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FOREWARD

This final report presents the results of research undertaken
at Purdue University under Air Force Contract No. F33615-78-C-2401.
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i) "Water Ingestion into Axial Flow Compressor", Report No.

AFAPL-TR-76-77, August, 1976; and

ii) "Analysis of Water Ingestion Effects in Axial Flow
Compressors", Report No. AFAPL-TR-78-35, June, 1978.

The research reported in the current report pertains to a further
development of a prediction code for the performance of an axial com-
pressor with water ingestion, experimental studies on a small engine-
driven axial compressor with water ingestion and an analysis of the
results.

The final report consists of three parts, Part I entitled
Analysis and Predictions, Part II entitled Computational Program and
Part III entitled Experimental Results and Discussion. Each part is
presented in a separate volume.

Dr. Bruce A. Reese, currently Chief Scientist at the Arnold
Engineering Development Center, Arnold Air Force Base, who was Professor
and Head, School of Aeronautics and Astronautics, Purdue University,
up to June 30, 1979, participated in the conduct of research from
January, 1978 until June 30, 1979.

The Drive Engine and the Test Compressor provided by the Air
Force for the experimental studies under this project were manufactured
by the Detroit Diesel Allison of Indianapolis. They refurbished
the units during this program under a subcontract. In that work and "
in a variety of ways the DDA and several of their personnel have been
most helpful and have given their time and advice generously to the
investigators.
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(AH0)4 work input absorbed by droplets which impinge upon blade
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AT0  rise in total temperature0

AT rise in overall temperature of gaseous phase

(ATg)ht drop in temperature of gaseous phase due to heat transfer

(AT g)wk rise in temperature of gaseous phase due to work done

ATw  rise in overall temperature of droplet

(ATw)ht rise in temperature of droplet due to heat transfer

(ATW)wk rise in temperature of droplet due to work done
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6 corrected pressure (6=p/Pref)
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0 corrected temperature ( 6=T/Trf)
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a surface tension of droplet

a solidity

particulate liquid volume fraction

equivalent temperature ratio

* flow coefficient

equivalent pressure ratio

W rotor angular velocity

W total pressure loss coefficient

wgR total pressure loss coefficient across rotor due to gas
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Subscript

a pertaining to assumed value

c pertaining to calculated value
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SUMMARY

The PURDU-WICSTK program developed for predicting the performance

of an axial flow compressor operating with mixtures of gases and water

droplets has been described in detail. The utilization of the program

has been illustrated with a test case.

xix
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CHAPTER I

INTRODUCTION

Water ingestion into an aircraft gas turbine arises due to two

circumstantial reasons:

(1) wheel-generated spray clouds entering the engine inlet during

take-off and landing from a rough runway with puddles of

water; and

(2) rain, occasionally mixed with hail, enterirg the engine inlet

during various parts of a flight in a rain storm.

A number of studies (Refs. 1-6) have shown that adverse effects can arise

in engine performance due to such ingestion of water at engine inlet,

when the engine has been designed for operation with air flow. In

particular the engine may surge and may suffer blow-out or unsteadiness

in the main burner or the after-burner. Simple corrective steps, such

as resetting the throttle, have generally been ineffective in overcoming

the problems of loss of power and nonsteady behaviour of the engine. In

the case of wheel-spray ingestion, it has again become clear that basic

changes in engine installation may be necessary in relation to inlets

and landing wheels.

In the current investigation, there is no particular emphasis on

the precise cause for the presence of water at the engine inlet. Water

is assumed to enter the compressor along with air in droplet form. The

droplet (nominal) diameters may be in the range of 20 to 1,300 microns.

The water content by weight may be in the range of 2.5 to 15.0 per cent.

In case of rain through which an aircraft may have to fly (Refs. 7-9)

the droplet sizes may be of the order of 100 to 1,500 microns, although

3,000 micron size droplets have also been reported (Fig. 1.1). On the

1MOM-



other hand, 15.0 per cent of water by weight is probably to be consider-

ed as a large amount of ingestion into the inlet, corresponding to

flight through storm conditions. Under such extreme conditions there

may also be hail and snow ingestion into the engine. However, only

water ingestion effects are examined here.

A comprehensive investigation of the problem of water ingestion

into engines during flight should take into account details of the

engine, its installation and the engine and aircraft controls. In the

current investigation attention is focussed on the engine and its control.

Furthermore, it is felt that the response of the compressor in the

engine to water ingection plays a determining and crucial role in the

response of the engine as a whole in view of two considerations.

(1) The compressor receives the ingested water directly and, as a

rotating machine, is most strongly affected by the ingested

water, and also changes the "state of water" before the

fluid enters the burner.

(2) The compressor performance most directly affects the operating

point of the engine under steady and transient state conditions.*

However, the compressor performance is affected by the presence of an

inlet through the changes in the flow field introduced by it, especially

the distortion of the compressor inlet flow field. While noting such

strong interaction between the inlet and the compressor flow fields, the

* It may be pointed out that the operating point of an engine is
determined by the matching between all of the components of the engine.
Thus, the swallowing capacity of the turbine and nozzle, for example
in a simple jet engine, at a given engine speed and turbine entry temperature,
determine the engine operating point on the compressor map. However, any
changes in the compressor outlet conditions affect the engine operating
point most directly with a given turbine and nozzle. In particular, during
water ingestion, the compressor map becomes completely changed, causing
at least a change in the surge margin for a possible operating point and,
in extreme cases, a total mismatch between the components. Even with a
turbine and nozzle that have variable-area capability, it may become
necessary to regulate the compressor outlet conditions independently.
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most important aspect of the problem of water ingestion into an engine

is still considered to be that pertaining to changes in the compressor

performance itself.

In the case of turbofan engines, the air-water mixture upon entering

the inlet becomes divided between the fan and the compressor. In parti-

cular cases, the compressor stream may have a different water content
and droplet size distribution from that of the compressor stream in the

absence of a fan. The effects of water ingestion are important both

in the fan and the core engine compressor, although, perhaps, more so

in the latter. When there is an after-burner in the fan stream or when

a "mixing" Nozzle is employed, water ingestion into the fan stream

may, however, become critically important.

From practical operational and design points of view, the effects

of water ingestion in a compressor are as follows:

(1) changes in temperature ratio, pressure ratio and efficiency

of the compressor;

(2) changes in surge line and operating line, and therefore the

surge margin under given operating conditions;

(3) blade deformation and erosion due to impact of droplets;

(4) blade and casing deformation due to differential thermal

expansion under transient conditions;

(5) oscillation of pressure ratio and flow; and

(6) changes in dynamic loading including aero-elastic effects.

For given entry conditions, the response of the compressor is

determined by the following:

(1) compressor geometry;

(2) blade loading;

(3) machine rotational speed; and

(4) parameters of the engine of which the compressor is a part.

The latter pertain to engine matching and should include not only the

steady state performance parameters but also the mechanical, aero-

dynamic and thermal inertia of the various components of the engine

3



under transient conditions. It should be noted that in particular

cases, the engine components may include a fan, an after-burner or a

second nozzle as part of the engine.

In establishing the response of a compressor to water ingestion,

it seems therefore useful to divide the total problem into two parts.

(1) The compressor as a machine itself; and

(2) The compressor as a part of the engine system.

In that fashion, one can separate the problems associated with engine

matching (steady or transient) from those dependent upon the design
of the compressor itself. Once the latter have been understood in

detail, the engine as a whole may be studied from a system point of

view. This is the approach adopted in the current investigation, since

it is also especially convenient in conducting experimental studies.

A number of parameters pertaining to the air-water mixture entering

a compressor during water ingestion are the following:

(1) amount of water approaching and actually entering a blade row

as a fraction of the total mass flow of fluid entering

compressor;

(2) form in which water is present, film and droplets;

(3) temperature and pressure of air, temperature of water and

temperature of machine;

(4) vapor content;

(5) turbulence; and

(6) distortion, radial and circumferential.

Water vapor is always present in air-water mixtures ingested into
an engine. The water vapor content changes in the compressor because of

changes in pressure and temperature and because of transfer processes

between the two phases. In particular, in a multi-stage compressor of

large pressure ratio, there is a possibility of some of the water

reaching local saturation temperature and undergoing a phase change due

to boiling causing addition of large quantities of vapor to the gas phase.
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It will be observed that each of the afore-mentioned six parameters

changes after each blade row and the cumulative changes are therefore

especially significant in a multi-stage machine. Furthermore, both

time-dependent changes during sudden and sporadic ingestion, as well as

steady state changes, as, for example, may arise in a laboratory experi-

ment, need consideration. Thus, a detailed study of this problem should

result in the determination and verification of methods for establishing

(a) the changes in the performance of a compressor with water ingestion

and (b) the changes in the state of fluid between the inlet and the

outlet of the compressor. Such a study requires investigations both

on a single row of blades (stationary and rotating) as well as on a

unit with several rows of blades, under steady, transient, and distorted

flow conditions. The latter is a means of establishing the response of

a blade row to the flow generated by a preceding row. Furthermore, in

order to examine the occurrence and effects of phase change in a blade row,

the entry conditions to the blade row have to be selected such that they

are suitable for such phase change. In a multi-stage compressor of

large pressure ratio, there is, of course, a considerable change in

air temperature at design conditions.

However, at this stage there are still considerable problems in con-

ducting detailed measurements of two-phase flows in rotating machinery.

It has therefore been felt in this investigation that one should aim at

establishing overall performance changes and fluid flow changes In a com-

pressor for given entry conditions of state of the two-phase fluid. Once

such overall changes are established and related to verifiable models for

performance prediction, it is felt one can proceed to more detailed

measurements and modeling.

For a given compressor, the variables of interest during water

ingestion are the following:

(1) speed of the machine;

(2) throttle setting;

(3) stagnation pressure

(4) temperature of air and water;
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(5) amount of water as a fraction of total mixture flow;

(6) droplet size and number density distribution, and

(7) vapor content.

The variables (3) to (7) have a spanwise and circumferential distribution

at compressor inlet, which may or may not be uniform.

The overall performance parameters of a compressor with two-phase

flow are the following:

(1) pressure ratio temperature ratio and efficiency;

(2) changes in total water content and droplet size across

the compressor; and

(3) changes in vapor content across the compressor.

Each of these varies along the span of a compressor blade. Both the

measurements and prediction of these is beset with considerable

difficulties at this time. In particular the determination of water

and vapor content and of droplet size distribution requires further

advances in instrumentation, data acquisition and data processing.

On establishing and demonstrating predictive methods for the

estimation of such overall performance parameters for a compressor, an

analysis can be carried out for an engine operating with water ingestion.

Under steady conditions, the equilibrium running of a simple engine

depends upon the following parameters:

(1) engine speed;

(2) mass flow;

(3) compressor performance with air-water mixture;

(4) ratio of turbine entry temperature to inlet temperature;

(5) turbine operational point (choked or unchoked); and

(6) thrust nozzle geometry.

* Regarding the latter, a fixed geometry thrust nozzle with a constant

area turbine restricts the renJber of variables for equilibrium running

of a simple engine to a single parameter, namely engine speed or mass

flow. In a variable geometry engine which permits changes in area of

the turbine and the thrust nozzle, one can select, at least in principle,

three variables independently for equilibrium running; engine speed,

mass flow and turbine entry temperature.
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An analysis of steady state equilibrium running of an engine with

water ingestion can be expected to reveal the following:

(1) whether equilibrium running is feasible under a given set

of operating conditions,

(2) changes in surge margine, and

(3) effect of fuel scheduling and bleed of working fluid.

The latter, along with other aspects of engine operation, is dependent

upon the type of engine control incorporated in the system.

Even when attention is focussed on the performance of a compressor

by itself, several aspects of the performance may come to light only

when it is operated as a part of an engine. However, if engine matching

and its effect on compressor performance are not included, one can test

a compressor as a separate unit by driving it, for example, with an

aerodynamically-independent drive engine. This has been the basis for

experimental studies in the current investigation.

1.1 Objectives and Scope of the Investigation

The principal objectives of the present investigation are as

follows:

(1) Establishment and demonstration of a predictive method for

the calculation of the performance of an isolated compressor

driven by an external drive unit and operating with air-water

mixture flow; and

(2) Obtaining and correlating experimental data on a multistage

compressor with air-water mixture flow.

In both of the above, the vapor content of the mixture is taken into

account, both initial humidity and changes in vapor content due to phase

change of water droplets.

The other objectives of the present investigation are as follows:

(1) Determination of the manner in which engine performance

becomes affected by water droplet ingestion into the engine

compressors; and
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(2) Providing a review of instrumentation suitable in compressor.

1.1.1 Analytical-Predictive Investigations

The analytical-predictive investigations are divided into two

parts; (1) investigation on the performance of a compressor with water

ingestion, and (2) analysis of a simple gas turbine engine with water

ingestion.

Part I: Performance of Compressor with Water Ingestion

The analytical-predictive investigations on performance of compressor

with water ingestion are divided into three parts:

(1) Setting up the general aero-thermodynamic equations for

compressor with air-water mixture flow and deduction of a

one-dimensional model.

(2) Establishing one-dimensional models for the estimation of per-

formance of a compressor in four limiting cases as follows:

(i) Ingestion of mixtures of gases directly into a compy-esscr

at inlet, without water droplets.

(ii) Ingestior of small droplets that can be assun*s o

follow gas motion and hence absorb angular momentum.

(iii) Ingestion of large droplets that can be assumed to

move with equal probability in all directions and

that cause a loss of compressor performance due to

drag forces acting on them; and

(iv) Injection of water with sudden phase change into

steam at an appropriate stage in the compressor.

(3) Adapting and exercising a three-dimensional streamline computer

code, the UD-0300 computer code (Ref.lO), for the case of

direct ingestion of mixtures of gases into a compressor.

Part II: Analysis of Gas Turbine Engine with Water Ingestion

The objectives of Part II are as follows:
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(1) Establishing a model for steady state engine matching with

water ingestion; and

(2) Establishing a model for calculation of flight performance

with water ingestion.

1.1.2. Experimental Investigation

The experimental investigations have been conducted on a specially

built Test Compressor. The experimental investigations may be divided

into the following three parts:

(1) Tests with air as the working fluid;

(2) Tests with air-methane mixture as the working fluid; and

(3) Tests with air-water droplet mixture as the working fluid.

The Air Force System Command has provided the Test Compressor and

a T-63 Drive Engine for the experimental investigations. The predictive

methods developed for estimating compressor performance with two phase

flow have also been employed to calculate the performance of the Test

Compressor.

Details regarding the Test Compressor and Drive Engine are provided

in Appendix I to this Report.

The Test Compressor, it will be observed, has several limitations:

(1) the annulus and the blade heights are small and only overall

performance parameters at one or at most two radial locations

at the exit plane can be measured.

(2) the overall pressure and temperature ratios, even at design

point, are too small to cause evaporation of more than 2.5

per cent of water (by weight) although the inlet temperature

is raised to as high a value as 185°F (850C).

(3) the compressor assembly permits little flexibility in locating

instrumentation, especially at the compressor exit.

Since the Test Compressor casing has a plastic coating that does not
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withstand high temperatures, the Test Compressor has been tested at low

inlet temperatures in the range of 70°F to 100°F (about 20°C to 40°C).

Such inlet temperatures do not cause water evaporation within the Test

Compressor. The test program has therefore been conducted in two parts:

(1) With a mixture of gases to simulate air-steam mixture flow

corresponding to (a) high humidity in the air and (b) operation

of different stages with air-steam mixture following complete

evaporation of water, and

(2) With air-water droplet mixture flow.

In examining the effects of presence of water vapor on a compressor

performance, it is clear that another gas, such as methane, can be sub-

stituted for water vapor so long as the desired similarity laws with

respect to Reynolds and Mach numbers, are satisfied. A comparison of

properties for steam and methane is presented in Table 1.1. In view

of the similar properties, experimental studies have been undertaken in

this investigation utilizing air-methane mixtures.

The tests with air-water droplet mixtures have been conducted utili-

zing the following variables: mixture temperature, mixture composition

and droplet size.

1.1.3 Measurements and Predictions

The results of the experimental investigation have been compared

with prediction from models from the point of view of examining selected

assumptions introduced in the models. It is clear that in view of

limitatiOns on the feasibility of measurements and the nature of assump-

tions introduced in modeling, comparison of analytical predictions with

experimental results is restricted to certain overall performance para-

meters, in particular, the effects of mechanical-aero-thermodynamic

interactions are established indirectly from overall compressor perfor-

mance parameters and changes in water and vapor content.
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TABLE 1.1

COMPARISON OF PROPERTIES FOR STEAM AND METHANE

Steam Methane

Chemical Formula H 0 CH4

Molecular Weight 18.016 16.043

Specific Heat at Constant Pressure

(Btu/lbm-0F 0.445** 0.531*

(kJ/kg-0C) 1.863** 2.223*

Ratio of Specific Heats* 1.329** 1.304*

Enthalpy Increase

(Btu/lbm) 62.70 + 69.96 +

*(kJ/kg) 145.84 + 162.73 +

pressure I atm; temperature = 780F(260C)

*pressure I atm; temperature =212 OF (1000C)

+pressure ratio, P 02/P 01 *2.6; T 01 =68
0F (200C)



1.1.4 Measurement Techniques

A brief review of instrumentation suitable for use in axial flow

compressors and cascades operating with two phase fluid flow has been

undertaken.

Two important overall performance parameters in compressors are the

stagnation pressure ratio and the stagnation temperature ratio. A probe

for the measurement of stagnation pressure in two phase flow has been

developed. Its possible use in a compressor flow field has been

examined. The development of a similar probe for the measurement of

stagnation temperatures has been considered.

1.1.5 Engine Performance

The engines considered are those that have been designed for air

flow through the inlet. Engines in which there may be injection of

water at gas flow part locations beyond the compressor or in other

stream such as fan ducts or after-burners are not under consideration.

Specifically water ingestion effects have been examined in the case of

simple turbo-jet and turbo-fan engines that have originally been designed

for air flow operation only. Thus (a) the adverse flow effects due to

water ingestion and (b) possible methods of mitigating such effects are

of interest.

The response of an engine to water ingestion depends upon the

following:

(a) component geometrical constraints;

(b) component performance characteristics; and

(c) nature of control incorporated into the engine.

The performance characteristics that are of major interest are the

following:

(a) Changes in component performance characteristics due to water

injection, in particular the compressor;

(b) Changes in operating characteristics of engine under conditions

of equilibrium running;
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(c) Changes in surge margin; and

(d) Limiting conditions of operation.

The foregoing have been analyzed in order to establish general

performance trends without reference to specific engine configurations.

It may be noted that, because of the aero-thermo-mechanical pro-

cesses arising on account of water ingestion, one may also expect,

at least in extreme cases, aero-elastic processes becoming significant.

However, the manner in which flutter, for example may be altered during

two phase flow in compressors is not included for study in the current

investigation.

1.2 Effects of Water Ingestion

The two critical factors during water ingestion may be said to be

the following: (a) the aero-thermo-mechanical processes associated with

two phase flow and (b) the centrifugal action on droplets in the comp-

ressor. The first of these includes droplet disintegration and evapora-

tion processes. The latter gives rise to a change in gas phase mass

flow as well as reduction in gas phase temperature. The centrifugal

action introduces a radial distortion in the flow and fluid properties,

and the distortion changes in every stage of a multistage compressor.

In particular, the spanwise distribution of the composition and proper-

ties of the fluid, in terms of air, water vapor and water droplets

(both content and size distribution), undergoes changes continuously

along the compressor flow path. The effects (a) and (b) should be

examined in a compressor in relation to the following:

(i) Formation of a water film in the tip region, that may flow

into the diffuser;

(ii) Possibility of choking hub sections and stalling tip

sections with redistributed gas and liquid phase mass

flow; and

(iii) Nonuniform distribution of water vapor in the radial

direction.

The foregoing will in turn affect engine performance depending
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upon engine-matching and the type of control in the engine.

In order to reduce the effects of water ingestion, one can

consider the following in order of increasing complexity.

(i) Bleeding of gas or liquid phase flow at appropriate locations

in the compressor;

(ii) Resetting stator blades;

(iii) Modifying engine control; and

(iv) Introduction of variable geometry nozzle and also turbine.

The results of some preliminary studies on bleeding and also gas injec-

tion have been reported in Ref. 11.

1.2.1. Relation to Other Two-Phase Flow Problems in Turbo-Machinery

The current investigation deals with air-water droplet mixture

ingestion into engines. On the other hand there has also been consid-

erable interest in the problem of dust particle ingestion into engines

(Refs. 12-13). In the latter case the principal interest is in erosion

of blades and nozzles, although there is some loss in aerodynamic per-

formance.

It is generally considered that the solid particulates may agglom-

erate but not disintegrate during dust ingestion. Furthermore the heat

and mass transfer processes between the two phases are considered

negligible.

Solid particulates are also of interest in certain rocket motor

nozzle and plume flows (Refs. 14-16). In this case, in addition to

erosion and particulate drag effects it is generally necessary to

take into account heat and mass transfer processes, as well as conden-

sation, solidification and other phase change processes. However, in

this case there is not strong centrifugal action, although there may be

some swirl in the flow.

The low pressure stages of a steam turbine (Refs. 17-19) may
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operate, as is well known, with steam-water droplet mixture, the drop-

lets arising through condensation. However, in this case, while

erosion, loss of aerodynamic performance, and consequences of strong

centrifugal action are important, one does not have the problems of

stalling and surging. A compressor is prone to surging and the surge

margin with respect to operating line when it is part of an engine is an

extremely important parameter in engine operation. Hence the problem of
water ingestion into an engine compressor attains a leval of complexity and

significance much larger than the two phase flow problem in steam tur-

bines. One should also note that a turbine is basically a nozzle, while

a compressor flow (both past a blade and through a blade passage) involves

diffusion and complicated blade wake interactions.

The current investigation does not take into account geometrical

changes in a compressor because of, say, differential contraction of ro-

tor and casing upon water ingestion. In general one can expect a

change in clearance between rotor and stator. If a compressor has been

designed with optimum clearance, one has to examine both aerodynamic

and mechanical effects caused by changes in clearance. This aspect of

water ingestion should be examined in relation to the general problems

of gas flow path integrity (Ref. 20).

While nonsteady state operation is not considered in the current

investigation, one of the most important aspects of water ingestion into

compressors and engines is transient state operation. The aero-thermo-

mechanical interactions including differential contraction of casing

and rotor under transient conditions are significant in evolving various

means of reducing the effects of water ingestion.

Finally, it is recognized that the entry conditions into a com-

pressor are not uniform radially and circumferentially. The effects of

distortion with respect to pressure, temperature, velocity and turbulence

continue to be a subject of concern even with air flowing alone (Ref. 21).

During water ingestion, one can expect, in general, distortion both at

entry and to the compressor and at entry to each stage. The sensitivity
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of an engine to water ingestion should include consideration of inlet

distortion with regard to water content and water droplet size distri-

bution. This problem has been entirely neglected in the current investi-

gation. It may be pointed out that even under uniform inlet flow

conditions, radial distortion, of course, arises within the compressor

due to centrifuging and heat and mass transfer processes.

1.3 Implications of Models

The models derived in the current investigation may be divided into

four groups:

(i) Model for the calculation of stage performance with air flow.

(ii) Model for droplet motion across a blade rjw.

(iii) Model for centrifuging of water, and

(iv) Model for heat and mass transfer processes, including droplet

disintegration.

Experimental investigations have been conducted in order to

determine overall compressor performance changes for given iiitial and

operating conditions. A comparison between predictions and measurements

therefore yields no detailed verification of the models. It is in any

case doubtful if detailed verification of all aspects of the models can

be obtained even if one attempted additional measurements.

The performance of a compressor stage with two phase flow depends

upon the following parameters:

(i) geometrical design of blade and blade passage,

(ii) spacing between blade rows,

(iii) leading and trailing edge geometry,

(iv) casing geometry,

(v) rotor and stator blade junctions,

(vi) incoming flow conditions, and

(vii) operating speed and throttle setting

The foregoing determine (a) the stage work input, (b) the states
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of gas and liquid phases, (c) the efficiency of compressor, (d) the

redistribution of water and vapor and (e) limiting condition of steady

state operation of compressor. When the compressor is part of an

engine, the operating characteristics of all other components of the

engine and of the engine as a whole are also determined by the compressor

design and initial conditions. It is clear that while the models

developed can be employed to determine the performance of any compressor

under a set of reasonable operating conditions, there is need to establish

relations that can be employed to scale the performance of a compressor

with respect to design, initial and operating conditions. Such

scaling laws have to be based on characteristic lengths, characteristic

times, and blade, blade passage and blade row characteristics of the

compressor and, when the compressor is part of an engine, the character-

istics of other components such as diffuser, burner, turbine and nozzle.

Under certain assumptions an attempt has been made to establish scaling

laws for both a compressor and a simple jet engine.

1.4 Organization of Report

The final report is being issued in three parts:

Part I: Analysis and Predictions

Part II: Computational Programs; and

Part III: Experimental Results and Discussion

This report constitutes Part II of the Final Report. Chapter I

is the introduction. Chapter II is devoted to a discussion of overall

program structure, and Chapter III presents a detailed description

of the subroutines and external functions. The description of input

data is given in Chapter IV while a description of the output is

presented in Chapter V. Finally, a test case is discussed in Chapter VI.
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CHAPTER II

OVERALL PROGRAM DESCRIPTION

The numerical-computational work undertaken in the current investi-

gation may be divided into two parts as follows.

(1) Modification of UD-0300 computer program for use with mixtures of

gases; and

(2) Development and use of PURDU-WICSTK program for the calculation

of performance of axial compressors operating with air-water

droplet mixture, based on one-dimensional flow analysis.

The modification of UD-0300 program for use with mixtures of gases

is described in detail in Ref. 22. Typical performance results for the

Test Compressor employed in this investigation, based on the UD-0300 pro-

gram, are-also presented in Ref. 22.

The PURDU-WICSTK program is described in the following.

2.1 Description of PURDU-WICSTK Program

The one-dimensional flow equations for two phase flow in axial com-

pressors have been derived in detail and presented in Ref. 22. Those

equations are suitable for the calculation of performance of any chosen

section along the span of an axial compressor blade row. The PURDU-

WICSTK is based on those equations. For given initial conditions at the

entry to a stage, the outlet conditons can be calculated using those

equations.

The PURDU-WICSTK deals with a fluid that may consist of (a) a mix-

ture of three different gases and (b) a mixture of two types of water

droplets, distinguished by size. The mixture of gases may consist of air,

water vapor or steam, and methane. The water droplets may be "small" and
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"large" diameter droplets. Small droplets are defined as those that

follow the gas flow path and hence, absorb work input into the compressor

along with the gaseous phase. Large droplets are assumed to move largely

independently of the gas phase, with equal probability of motion in all

directions and without absorbing work input but introducing drag losses.

In the general two-phase mixture that is considered as the working fluid

in the compressor, the proportion of the five constituents (namely, three

gases and two types of droplets) may be chosen as desired in the initial

conditions assumed for a calculation. Thus, to consider humid air carrying
large droplets, the content of methane and of small droplets are set equal

to zero while water vapor content is related to humidity.

The performance of a stage of a compressor is based in the PURDU-

WICSTK Code on five physical models as follows.

(1) Model for the calculation of stage performance with respect to

the gaseous phase and water droplets.

(2) Model for droplet motion across a blade row from a chosen

upstream location to a designated downstream location.

(3) Model for centrifuging cf water droplets.

(4) Model for heat and mass transfer processes between the two phases;

and

(5) Model for droplet break-up and equilibration with respect to size.

The foregoing five models have been described in detail in Ref.22.

However, a further description is included in Appendix 2 of this report

regarding the model for the calculation of stage performance with respect

to gaseous phase and water droplets.

The general procedure for calculation is the same as described in

Ref. 22. The performance of a stage is calculated for given initial and

operating conditions with respect to the gaseous phase and the water

droplets. Regarding small droplets, any fraction of their total number

may be taken into account depending upon assumptions relating to droplet

impingement and rebound processes. Details are provided in Ref. 22. Then,

at the exit of a blade row, the three major processes. namely
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(1)) centrifugal action on droplets, (2) heat and mass transfer processes

between the two phases and (3) droplet size adjustment, are taken into

account. When the stage performance parameters are corrected for the

afore-mentioned three processes then one obtains the outlet conditions

from a stage.

The outlet conditions from a stage are modified, to account for

geometry of compressor, in order to obtain the initial conditions for

the next stage, where such exists.

Calculations are repeated for subsequent stages based on the well-

known concept of stage-stacking.

The Code can be used to predict the design point performance as well

as off-design performance of a multi-stage compressor. Regarding off-

design performance calculation, further details are provided in Appendix 2

of this report.

The Code is also suitable for the calculation of compressor performance

with (a) bleeding of working fluid at different stages in the compressor

and (b) resetting stator blades. It may be recalled that two of the

recommended methods for mitigating the effects of water ingestion in

compressors consist in (a) bleeding of working fluid and (b) resetting

of stator blades.
The program is written for calculation of performance both in British

and metric units.

2.2 Main Program

The program consists of a main program, twenty seven subroutines and

thirteen external functions.

The main computer code routine is entitled MAIN. It calls all of

the major subroutines in the code.

MAIN first reads all of the input data and prints them out. Then

MAIN calls the subroutine WICSPD to calculate the design point performance.
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At the compressor inlet the overall mixture mass flow rate is deter-

mined from the inputed initial overall flow coefficient and selected

compressor operating speed. In order to calculate the stage performance,

it is necessary to establish the stage axial velocity and stage flow

coefficient at the entry to the stage. The axial velocity and therefore the

stage flow coefficient are determined by the composition of the mixture.

The influence of mixture composition arises through (a) the density of

the mixture and (b) the proportion of large droplets in the mixture, the

large droplets, it may be recalled, having random motion with respect to

the gas phase and the small droplets. Details regarding stage flow

coefficient are provided in Ref. 22 and Appendix 2 of this report.

2.2.1 Work Done in Stage

The stage performance calculation may be carried out in one of

three ways by setting the input parameter IPERFM equal to 1,2, or 3:

(1) WICSPA is called to utilize inputed stage characteristics;

(2) WICSPB is called to utilize the analytical/correlation method(Appendix 2)

for small droplets; and (3) WICSPC is called to utilize method described

in Appendix 2 for large (or general) droplets. The program is written

such that if more than 20 per cent of droplets belong to the class of large

droplets, WICSPC is always used.

The foregoing stage performance calculation refers only to the

determination of work done by the stage on the fluid that is assumed to

absorb work input into the stage. The state of the fluid at the exit of

the stage is then obtained by accounting for (1) the centrifugal action

on droplets leading to a redistribution of liquid phase, (2) heat and

mass transfer processes leading to a redetermination of mass flow and

temperature of both gas phase and liquid phase.

2.2.2 Droplet Impingement Processes

In order to perform calculations pertaining to impingement of droplets

on rotor blades and rebound of droplets, MAIN calls subroutine WICIRS and

WICIRL for small and large droplets, respectively. The small and large

droplet trajectories are different by assumption and their impingement on

blades, therefore, has to be calculated in different ways. For stator

blade, the subroutines WICISS and WICISL are called for small and large

droplets, respectively. 22
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The rebound of droplets is treated parametrically as a fraction

of the droplets that impact a blade. The unrebound droplets are assumed
to move over the blade surface and to be reingested into the blade wake at

the blade trailing edge. Details regarding these processes may be found in

Ref. 22.

2.2.3 Droplet Drag

The stage performance calculation described earlier yields a value of

gas phase pressure at the stage exit. This to be corrected for droplet

drag in the case of large droplets. The droplet drag due to large

droplets is accounted for by calling the subroutine WICDRG. The pressure

loss due to drag depends upon (a) the chosen drag coefficient, and

(b) the number of droplets taken into consideration. The latter in

turn depends upon the droplet impingement and rebound processes. Further

details may be found in Ref. 22.

2.2.4 Droplet Size Adjustment

At the trailing edge of a blade, it is necessary to establish

(a) the size of droplets that re-entrained into a blade surface and

(b) the nominal size of all of the droplets. In both cases, the droplet

size is assumed to be determined by the critical value of Weber number.

The subroutine WICWAK yields the size of droplets that are re-entrained.

Regarding the nominal size of all of the droplets in the blade wake region,

the WICSIZ is called to determine it. It may be observed that the

droplets attain an equilibrium size in the blade wake region only after

traversing a distance since the droplets undergo an accelerating motion

starting from the blade trailing edge till they attain momentum

equilibrium with respect to the gas phase.

2.2.5 Centrifugal Action

The spanwise redistribution of droplets due to centrifugal action is

based on the theory developed in Ref.22. The centrifugal action arises

due to (a) the whirl component of velocity of droplets and (b) the rota-
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tional motion of blades in a rotor. In the case of small droplets,

centrifugal action thus applies to (i) droplets in blade passages with

respect to the whirl component of velocity and (ii) droplets on blade

surfaces with respect to the blade rotational velocity. In the case of

large droplets, on the other hand, centrifugal action arises only for

droplets that impact the blade and are not rebound; in other words, for

droplets that impinge on a blade and remain on it.

The centrifugal action arises both in a stator and a rotor for small

droplets, while it arises only in a rotor for large droplets. This is

again based on the earlier postulated difference between small and large

droplet motion.

The centrifugal action is determined utilizing the subroutine WICCEN.

It may be pointed out that the spanwise redistribution of droplets

due to centrifugal action is a time-dependent process. In other words,

-the total effect of centrifugal force is proportional to the length of

time over which the force acts. It is assumed in the model adopted here

that the time over which centrifugal force action arises on a droplet

during its passage through a blade row is the mean length of time re-

quired for transit through the blade row. Thus, the particles at the

trailing edge of a blade row, as they come out of a blade row, are assumed

to be centrifuged at that location over a period of time equal to the time

of passage through the blade row under consideration. A similar assump-

tion applies if a complete stage is being considered. Further detalis are

available in Ref. 22.

2.2.6. Heat and Mass Transfer processes

The heat and mass transfer processes between the two phases are also

time-dependent processes. The mean duration of time for heat and mass

transfer processes across a blade row or a stage is again calculated on

the basis of mean transit time through a blade row or a stage. The heat

transfer is from the gas phase to the liquid phase. The mass transfer

arises due to two reasons as follows.
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(i) The change of pressure and temperature in a stage and the

resulting change in thermodynamic equilibrium conditions and,

(ii) the evaporation of water when conditions are appropriate.

The details of models for heat and mass transfer calculations are presented

in Ref. 22.

The heat and mass transfer calculations are carried out by calling

the subroutines WICHET and WICMAS, respectively, at the exit of a stage.

The stage exit conditions are thus fully established and are printed

out.

2.2.7. Multi-Stage Compressor Performance

When there is a stage following the stage for which exit conditions

have been determined, the inlet conditions to the following stage are

determined taking into account changes in the geometry of the interstage

spacing. Utilizing those conditions as the input conditions, the per-

formance of the following stage is established in terms of final exit

conditions from that stage. The procedure is the same as that described

for the first stage.

This procedure is continued for all of the stages in the case of a

multi-stage compressor and the exit conditions from the last stage are

printed out as the output conditions of the compressor for given initial

conditions into the first stage of the compressor at the chosen operating

speed.

2.3 Off-Design Performance

In order to calculate the performance of a stage at an off-design

point, with respect to speed and/or mass flow, one utilizes the subroutine

WICSPA, WICSPB, or WICSPC by setting the input parameter IPERFM = 1, 2, or

3. The utilization of the three subroutines is the same as at the design

point.
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It may be pointed out that the profile loss calculation preedure

set out in the subroutine WICGSL is considered especially suitable for

the case of the Test Compressor employed in the current investigation.

In another case, appropriate modifications or even a replacement of this

procedure may become necessary.

2.3.1. Corrections at'Stage Exit

In Section 2.2, the methods of applying corrections to the basic

stage performance with respect to the following have been discussed.

(1) droplet impingement processes,

(2) droplet drag loss,

(3) droplet size adjustment,

(4) centrifugal action, and

(5) heat and mass transfer process.

It may be recalled that the corrections are related to (a) the assumed

distinctions between small and large droplets, and (b) the parametri-

zation of droplet impingement, rebound and reingestion.

In performing off-design performance calculations, the procedure is

the same as described in Section 2.2. The distinctions between small

and large droplets remain the same. One can, of course, introduce de-

sired values for droplet impingement, rebound and reingestion at each

calculation point.

2.4 Bleeding and Injection

At the exit of any stage of a compressor, the output yields the

composition of the mixture of gases and liquid droplets. In eslab-

lishing inlet conditions into the following stage, in addition vo taking
into account changes due to the geometry of inter-stage spacing, one

can take into account bleeding or injection of any component of the

mixture by adjusting the mass flow and the mixture ratios.

26

2



2.5 Stator Blade Setting

The program includes a provision for blade setting as feature of

off-design performance calculations. Further details are provided in

Appendix 2.

2.6 Calculation of Stage Losses

The calculation of stage losses is fully described in Appendix 2.

A summary is provided here.

The stage loss calculation consists of the following five subroutines:

(1) Subroutine WICGSL

single-phase (gas) flow profile loss calculated using the

analytical/correlation method;

(2) Subroutine WICSDL

loss for small droplets on account of the change in momentum

thickness of boundary layer due to the presence of such drop-

lets;

(3) Subroutine WICSTL

loss due to Stokesian drag of droplets in the free stream of

blade passage;

(4) Subroutine WICFML

loss due to film formed on blades when large droplets are

present either by themselves or along with small droplets; and

(5) Subroutine WICRSL

loss due to the mixture boundary layer formed over the rough

film surface referred to in (4).

The calculation schemes for various types of working fluids are as

follows.

(a) Ir dealing with the flow of gas phase along, two options exist

as follows.

(1) Using inputed stage characteristics by utilizing subroutine

WICSPA; or

(2) Using analytical/correlation method by utilizing the rele-

vant part of subroutine WICSPB and WICGSL.
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(b) In dealing with the flow of a mixture of gas and small droplets,

again two options exist as follows.

(1) Using inputed stage characteristics through the use of

WICSPA and correct for the pressure of droplets by

using the subroutine WICSDL; or

(2) Using analytical/computational method according to

subroutines WICSPB, WJICGSL, and WICSDL.

(c) Finally, in dealing with the flow of a mixture of gas and large

or large and small droplets, one proceeds by using the subroutines

WICSPC, WICGSL, WICSTL, WICFML, and WICRSL.

2.7 Overall Program Structure

The overall program structure is presented in Fig. 2.1 and also

described below step by step.

Step 1: Read input data.

Step 2: Printout inputed data.

Step 3: Calculate the design point performance by calling WICSPD.

Step 4: Read initial flow coefficient.

Step 5: Calculate mass flow rate of gas phase and liquid phase

from the inputed initial flow coefficient. The subroutine

WICPRP and WICMAS are called.

Step 6: Calculate stage performance in one of the following five

cases:

(i) If there is no liquid phase, and the inputed stage

characteristic curves are to be used, WICSPA is called.

(ii) If there is no liquid phase, and analytical/correlation

method is to be used, WICSPB is called.

(iii) If more than 80 per cent of droplets belongs to "small"

droplet, and the inputed stage characteristic curves

are to be used, WICSPA is called.

(iv) If more than 80 per cent of droplets belongs to "small"

droplet and the analytical/correlation method is to be

used, WICSPB is called.
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(v) If more than 20 per cent of droplet belongs to "large"

droplet, WICSPC is called.

Step 7: Calculation of droplet impingement on rotor blade:

For small droplets, WICIRS is called.

For large droplets, WICIRL is called.

Step 8: Droplet size adjustment at rotor outlet: WICWAK and

WICSIZ are called.

Step 9: Calculation of centrifugal action and spanwise redistribution

of droplets:

For small droplet,WICCEN and WICDtS are called.

For large droplet, WICCEN and WICDML are called.

Step 10: Calculation of droplet impingement on stator blade:

For small droplet, WICISS is called.

For large droplet, WICISL is called.

Step 11: Droplet size adjustment at stator outlet: WICWAK AND

WICSIZ are called.

Step 12: Calculation of heat transfer:

WICHET is called.

Step 13: Calculation of mass transfer:

WICMAS is called.

Step 14: Printout stage performance.

Step 15: Repeat steps (6) - (14) until the complete stage performance

is obtained.

Step 16: Calculate the overall performance and print them out.

Step 17: Repeat steps (4) ' (16) for a new value of initial flow

coefficient.
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CHAPTER III

SUBROUTINES AND EXTERNAL FUNCTIONS

There are 27 subroutines and 13 external functions in this program.
The following is the list of subroutines and external functions. Only

brief descriptions of these subprograms are given here. A more detailed

description of each subprogram is presented in Appendix 3.

Subroutine WICSPA: calculation of stage performance based on the

imputed stage characteristic curves.

Subroutine WICSPB: calculation of stage performance based on the

analytical/correlation method for small droplet.

Subroutine WICSPC: calculation of stage performance based on the

analytical/correlation method for large droplet.

Subroutine WICSPD: calculation of design point performance.

Subroutine WICSCC: calculation of the equivalent pressure ratio,

equivalent pressure ratio, equivalent temperature rise ratio, and

stage adiabatic efficiency for a particular stage based on the

imputed stage characteristic curves.

Subroutine WICGSL: calculation of single-phase (gas) flow loss.

Subroutine WICSDL: calculation of loss for small droplets on account

of the change In momentum thickness of boundary layer due to the

presence of such droplets.

Subroutine WICSTL: calculation of loss due to Stokesian drag of drop-

lets in the free stream of blade passage.
Subroutine WICFML: calculation of loss due to film formed on blade

surface when large droplets are present either by themselves or

along with small droplets.

Subroutine WICRSL: calculation of loss due to the rough surface when

large droplets are present either by themselves or along with
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Subroutine WICVT: calculation of components of velocity triangle and

angles.

Subroutine WICCEN: calculation of swanwise replacement of droplets due

to centrifugal action.

Subroutine WICDMS: calculation of amount of small droplets which is

centrifuged.

Subroutine WICDML: calculation of amount of large droplets which is

centrifuged.

Subroutine WICDRG: calculation of drag force on droplet.

Subroutine WICMAC: calculation of Mach number.

Function WICASD: calculation of acoustics speed in two phase flow.

Subroutine WICBOA: calculation of blade outlet angle.

Subroutine WICEDD: calculation of equivalent diffusion at design point.

Function WICED: calculation of equivalent diffusion.

Function WICMTK: calculation of dimensionless momentum thickness.

Function WICLOS: calculation of total pressure loss coefficient.

Subroutine WICIRS: calculation of droplet impingement and rebound in

rotor for small droplet.

Subroutine WICIRL: calculation of droplet impingement and rebound in

rotor for large droplet.

Subroutine WICISS: calculation of droplet impingement and rebound in

stator for small droplet.

Subroutine WICISL: calculation of droplet impingement and rebound in

stator for large droplet.

Subroutine WICWAK: Calculation of water reingestion into wake.

Subroutine WICHET: calculation of heat transfer between gaseous phase

and droplets.

Subroutine WICMAS: calculation of mass transfer between gaseous phase

and droplets.

Function WICMTR: calculation of mass transfer rate.

Function WICPWB: calculation of vapor pressure.

Function WICNEW: calculation of new trial value in the iterative

procedure.

Function WICTAN: calculation of the value of tangent function.

Function WICBPT: calculation of boiling point.
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Function WICSH: calculation of specific humidity.

Subroutine WICSIZ: calculation of nominal droplet size.

Subroutine WICPRP: calculation of flow properties for gaseous phase.

Function WICCPA: calculation of specific heat at constant pressure

for air.

Function WICCPH: calculation of specific heat at constant pressure

for vapor.

Function WICCPC: calculation of specific heat at constant pressure

for methane.
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CHAPTER IV

INPUT DATA

All input data that are needed to use PURDU-WICSTK computer code

are decribed in this section. The input data are presented in the

same sequence as they are used in the program. The units for the

input data can be selected as either all Metric or all English by

choosing the value of IUNIT as shown in Table 4.1.

The following is a list of the input data as they are read in

MAIN. Figures 4.1 and 4.2 show the geometry of compressor stage and

angles associated with a typical rotor blade element.

Card Input

No. Data Comment Format

1 NS number of stage II

2 RRHUB(1) hub radius at Ith stage rotor F5.3
inlet. I = I n NS
Unit: inch or cm

3 RC(I) chord length of Ith stage rotor F 5.3
I = 1 , NS
Unit: inch or cm

4 RBLADE(I) number of blade for Ith stage F 5.2
rotor. I = 1 % NS

5 STAGER(I) stager angle for Ith stage rotor F 5.2
I = 1 - NS
Unit: degree

6 SRHUB(I) hub radius at Ith stage stator F 5.3
inlet.
I = 1 ,. NS, I = NS+1 for IGV
Unit: inch or cm

7 SC(I) chord length of Ith stage stator F 5.3
I- I t NS, I-NS+1 for IGV
Unit: inch or cm
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TABLE 4.1 INDEX FOR UNIT SELECTION

Unit of Unit of
IUNIT Input data Output Variables

1 English English

2 Metric Metric

3 English Metric

4 Metric English

3
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Card Input
No. Data Comment Format

8 SBLADE(1) number of blade for Ith stage F 5.2
stator.
I=I. NS, I=NS+I for IGV

9 SIGUMR(I) solidity of Ith stage rotor F 5.3

I = 1-- NS

10 SIGUMS(1) solidity of Ith stage stator F 5.3
I=1'.NS, I=NS+l for IGV

11 FNF fraction of design corrected F 8.2
rotor speed for a particular
speed

12 XDIN initial water content F 5.3
(mass fraction) of small
droplet

12 ICENT index for centrifugal calculation 11
of small droplet
ICENT = 1 when XDIN = 0.0
otherwise ICENT = 2

12 XDDIN initial water content F 5.3
(mass fraction) of large
droplet

12 IICNET index for centrifugal calculation Ii
of large droplet
IICENT=1 when XDDIN=O.O
otherwise IICENT = 2

13 TOG total temperature of gas phase F 7.2
at compressor inlet
Unit: Rankin or Kelvin

13 TOW temperature of droplet at F 7.2
compressor inlet
Unit: Rankin or Kelvin

13 PO total pressure at compressor F 7.2
inlet
Unit: lbf/ft 2 or N/m 2

14 DIN initial diameter of small droplet F 6.1
Unit: um

14 DDIN initial diameter of large droplet F 6.1
Unit: um
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Card Input
No. Data Comment Format

15 FND rotor corrected speed at design F 7.1
point
Unit: RPM

15 TOlD compressor inlet temperature F 7.2
at design point
Unit: Rankin or Kelvin

15 POID compressor inlet pressure F 7.2
at design poi~t 2
Unit: lbf/ft or N/m

16 XCH4 initial methane content F 5.3
(mass fraction)

16 RHUMID initial relative humidity F 10.5

Unit: per cent

17 FMWA molecular weight of air F 7.3

17 FMWV molecular weight of steam F 7.3

[17 FMWC molecular weight of methane F 7.3

18 PREB percent of water droplet F 5.1
that rebound after impingement
on blade surface

18 DLIMIT maximum diameter for small F 7.1
droplet
Unit: um

19 STAGES(I) stager angle for Ith stage F 5.2
stator
I=INS, I=NS+l for IGV
Unit: degree

20 GAPR(I) gap between Ith stage rotor F 7.5
and (I-1)th stage stator
I = 1 %, NS
Unit: inch or cm

21 GAPS(I) gap between rotor blade F 7.5
and stator blade for
Ith stage

I 1 \, NS
Unit: inch or cm
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Card Input
No. Data Comment Format

22 RRTIP(I) blade tip radius at Ith stage F 6.3
rotor inlet
I = 1 --NS
Unit: inch or cm

23 SRTIP(I) blade tip radius at Ith stage F 6.3
stator inlet
I = 1 --NS
Unit: inch or cm

24 IPERFM index for stage performance 11
calculation
IPERFM=1: subroutine WICSPA is used
IPERFM=2: subroutine WICSPA is used
IPERFM=3: subroutine WICSPA is used

24 IUNIT index for unit Ii
IUNIT=1:Input=English,Output=English
IUNIT=2:Input=Metric, Output=Metric
IUNIT=3:Input=English,Output=Metric
IUNIT=4:Input=Metric, Output=English

25 IRAD index for radius at which calculation II
is carried out
IRAD = 1: performance at tip
IRAD = 2: performance at mean
IRAD = 3: performance at hub

26 RT(I) rotor inlet radius at which tip F 5.3
performance calculation is
carried out
I = 1 %NS
Unit: inch or cm

27 RM(I) rotor inlet radius at which F 5.3
mean line performance calculation
is carried out
I = 1 --NS
Unit: inch or cm

28 RH(I) rotor inlet radius at which hub F 5.3
performance calculation is carried
out
I = 1 --NS
Unit: inch or cm

29 ST(I) stator inlet radius at which F 5.3
tip performance calculation is
carried out
I = 1 -NS
Unit: inch or cm
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Card Input
No. Data Comment Format

30 SM(1) Stator inlet radius at which F 5.3
mean line performance is
carried out
I=1 % NS
Unit: inch or cm

31 SH(I) stator inlet radius at which F 5.3
hub performance calculation
is carried out
I = 1 - NS
Unit: inch or cm

32 BLOCK(I) blockage factor for F 5.3
Ith stage rotor
O<BLOCK(I)< 1

33 BLOCKS(I) blockage factor for F 5.3
Ith stage stator
O<BLOCKS(I)<I

34 BET1MR(I) blade metal angle F 5.2
at Ith stage rotor inlet
Unit: degree

35 BET2MR(I) blade metal angle F 5.2
at Ith stage rotor outlet
Unit: degree

36 BET1MS(I) blade metal angle F 5.2
at Ith stage stator inlet
Unit: degree

3/ BET2MS(I) blade metal angle F 5.2
at Ith stage stator outlet
Unit: degree

38 DMASS mass flow rate at design point F 10.6
Unit: Ibm/s or kg/s

39 PR12D(I) total pressure ratio F 5.3
for the Ith stage rotor
at design point; I=I-. NS

40 PR13D(I) total pressure ratio F 5.3
for Ith stage
at design point; I = I- NS
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Card Input
No. Data Comment Format

41 ETARD(I) adiabatic efficiency for F 5.3
Ith stage rotor

42 SAREA(I) stream tube area F 10.7
Ith stage rotor inlet
Unit: ft2 or M

2

43 SAREAS(I) stream tube area for F 10.7
Ith stage stator inlet
Unit: ft2 or M

2

44 DELB1R(I) change of blade metal angle F 5.2

for Ith stage rotor resetting
I= P. NS
Unit: degree

45 DELB1S(I) change of blade metal angle F 5.2
for Ith stage stator resetting
I=-'NS, I=NS+1 for IGV

46 XGIBLD(I) amount of bleed or injection F 5.3
of air at Ith stage outlet
I = 1 NS
XG1BLD(I) < 0 for bleed
XG1BLD(I) = 0 for no bleed or injection
XG1BLD(I) > 0 for injection

47 XG2BLD(I) amount of bleed or injection F 5.3
of steam at Ith stage outlet
I= 1 % NS
XG2BLD(I) < 0 for bleed
XG2BLD(I) = 0 for no bleed or injection
XG2BLD(I) > 0 for injection

48 XG3BLD(I) amount of bleed or injection F 5.3
of methane at Ith stage outlet
I - 1 -u NS
XG3BLD(I)< 0 for bleed

XG3BLD(1) =0 for no bleed or injection
XG3BLD(1)> 0 for injection
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Card Input
No. Data Comment Format

49 XWBLD(I) amount of bleed or injection F 5.3
of small droplet at Ith stage outlet
I = 1 -- NS
XWBLD(1) < 0 for bleed
XWBLD(I) 0 for no bleed or injection
XWBLD(I) > 0 for injection

50 XWWBLD(I) amount of bleed or injection of large F 5.3
droplet at Ith stage outlet
l=l NS
XWWBLD(I) <0 for bleed
XWWBLD(I) =0 for no bleed or injection
XWWBLD(I) >0 for injection

51 BET2SS(1) absolute flow angle at Ith stage F 5.2
stator outlet
I = 11%, NS, I=NSl for IGV

52 FAI initial flow coefficient. F 7.5
The user can input FAI as many as
one wants. However, one card must
contain only one FAI and the last
card must be 9.99999
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CHAPTER V

OUTPUT

The user can select the units for output variables by choosing the

value of the input variable IUNIT as shown in Table 4.1.

There are two kinds of output in this program code--regular output

and diagnositic output. The regular output consists of four parts

as follows:

(1) output of the inputed data;

(2) output of design point performance;

(3) output of stage performance; and

(4) output of overall performance.

5.1 Output of Inputed Data

All of the data inputed can be printed out at the beginning of

output.

5.2 Output of Design Point Performance

5.2.1 Compressor Inlet (Design Point Performance)

At the compressor inlet, the following properties can

be printed out for the design point performance:

(1) total temperature at compressor inlet: (R) or (K)

(2) total pressure at compressor inlet: (lbf/ft2) or (N/m2)

* (3) static temperature at compressor inlet: (R) or (K)

(4) static pressure at compressor inlet:(lbf/ft
2) or (N/m2)

(5) static density at compressor inlet: (lbm/fts) or (kg/M)

(6) acoustic speed at compressor inlet: (ft/s) or (m/s)

(7) axial velocity at compressor inlet: (ft/s) or (m/s)

(8) Mach number at compressor inlet

(9) stream tube area at compressor inlet: (ft
2) or (M2)

(10) flow coefficient at compressor inlet
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5.2.2 Stage Performance (Design Point Performance)

At the end of each stage, the following properties

can be printed out for the design point performance:

(1) total temperature: (R) or (K)

(2) total pressure: (Ibf/ft2 ) or (N/m2)

(3) static temperature: (R) or (K)

(4) static pressure: (lbf/ft2) or (N/m2)

(5) static density: (Ibm/ft3) or (kg/m 3)

(6) axial velocity: (ft/s) or (m/s)

(7) absolute velocity: (ft/s) or (m/s)

(8) relative velocity: (ft/s) or (m/s)

(9) tangential component of absolute velocity: (ft/s) or (mis)

(10) tangential component of relative velocity: (ft/s) or (m/s)
(11) rotor whepl speed: (ft/s) 'or (m/s)

(12) absolute Macn number

(13) relative Mach nun,-er

(14) total temperature based on relative Mach number: (R) or (K)

(15) total pressure based on relative Mach number: (Ibf/ft2)
or (N/m

2 )

(16) absolute flow angle: (degree)

(17) relative flow angle: (degree)

(18) stream tube area:(ft2) or (M2 )

(19) radius at which caculation is carried out : (ft) or (m)

(20) flow coefficient

(21) stage total pressure ratio

(22) stage adiabatic efficiency

(23) rotor total pressure ratio

(24) rotor adiabatic efficiency

(25) stage total temperature ratio

5.2.3 Overall Performance (Design Point Performance)

After all of stage performance is printed out, the

following properties can be printed out.

(1) compressor inlet total temperature: (R) or (K)
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(2) compressor inlet total pressure: (lbf/ft2 ) or (N/m2)

(3) corrected mass flow rate: (lbm/s) or (kg/s)

(4) overall total pressure ratio

(5) overall total temperature ratio

(6) overall adiabatic efficiency

(7) overall temperature rise: (F) or (c)

(8) relative flow angle at rotor inlet: BETISR(I) (degree)

(9) relative flow angle at rotor outlet:BET2SR(I) (degree)

, • (10) incidence for rotor: AINCSR(I) (degree)

(II) deviation for rotor: ADEVSR (degree)

(12) absolute flow angle for stator inlet: BET1SS(I) (degree)

(13) absolute flow angle for stator outlet: BET2SS(I) (degree)

(14) incidence for stator : AINCSS(I) (degree)

(15) deviation for stator: ADEVSS(I) (degree)

(16) stage inlet temperature: TD(I) (R) or (K)

(17) total pressure loss coefficient for stator: OMEGSI)

(18) total pressure loss coefficient for rotor : OMEGR(I)

5.3 Output of Stage Performance

The performance of a stage is calculated for given initial and

operating conditions with respect to the gaseous phase and the water

droplets. At the exit of a blade row, the four major processes associated

with two phase flow, namely (a) droplet impingement process; (b) centri-

fugal action on droplets; (c) heat and mass transfer processes between

the two phases; and (d) droplet size adjustment; are taken into account.

When the stage performance parameters are corrected for the afore-mentioned

four processes, then one obtains the outlet conditions from a stage. The

output of stage performance consist of two parts. First the following

properties can be printed out before the afore-mentioned four processes

are taken into account.

(1) stage total pressure ratio

(2) stage total temperature ratio

(3) stage adiabatic efficiency

(4) stage flow coeftlcient

(5) axial velocity: (ft/sec) or (m/sec)

(6) rotor speed: (ft/sec) or (m/sec)
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(7) total pressure: (lbf/ft 2) or (N/m2)

(8) static pressure: (Ibf/ft2) or (N/m2)

(9) total temperature of gas phase: (R) or (K)

(10) static temperature of gas phase: (R) or (K)

(11) static density of gas phase: (lbm/ft 3) or (kg/m 3)

(12) static density of mixture: (lbm/ft3) or (kg/m 3)

(13) axial velocity: (ft/s) or (m/s)

(14) absolute velocity: (ft/s) or (m/s)

(15) relative velocity: (ft/s) or (m/s)

(16) blade wheel speed: (ft/s) or (m/s)

(17) tangential component of absolute velocity: (ft/s) or (m/s)

(18) tangential component of relative velocity: (ft/s) or (m/s)
(19) acoustic speed: (ft/sec) or (m/s)

(20) absolute Mach number

(21) relative Mach number

(22) flow coefficient

(23) stream tube area (ft2) or (iJ2)

(24) absolute flow angle: (degree)

(25) relative flow angle: (degree)

(26) incidence: (degree)

(27) deviation: (degree)

After the stage parameters are corrected for the afore-mentioned

four processes, the following second parts of output of stage performance

can be printed out.

(1) stage total pressure ratio

(2) stage total temperature ratio

(3) stage adiabatic efficiency

(4) water vapor content: XV

(5) water content of small droplet: XW

(6) water content of large droplet: XWW

(7) total water content: XWT

(8) mass fraction of dry air: XAIR

(9) mass fraction of methane: XMETAN

(10) mass fraction of gaseous phase: XGAS
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(11) mass flow rate of small droplet: WMASS(lbm/s) or (Kg/S)

(12) mass flow rate of large droplet: WWMASS (lbm/s) or (Kg/S)

(13) total mass flow rate of droplet: WTMASS (lbm/s) or (Kg/S)

(14) mass flow rate of dry air: AMASS (lbm/s) or (Kg/S)

(15) mass flow rate of methane: CHMASS (lbm/s) or (Kg/S)

(16) mass flow rate of water vapor: VMASS (lbm/s) or (Kg/S)

(17) mass flow rate of gaseous phase: GMASS (lbm/s) or (kg/S)

(18) mass flow rate of mixture: TMASS (lbm/s) or (Kg/S)

(19) specific humidity: WS

(20) density of air: RHOA (lbm/ft 3) or (Kg/M
3)

(21) density of mixture: RHOM (lbm/ft 3) or (Kg/m 3)

(22) density of gaseous phase: RHOG (Ibm/ft 3) or (Kg/M 3)

(23) temperature of gaseous phase: TG (R) or (K)

(24) temperature of small droplet: TW (R) or (K)

(25) temperature of large droplet: TWW (R) or (K)

(26) pressure: P (lbf/ft2) or (N/m2 )

(27) boiling point: TB (R) or (K)

(28) dew point: TDEW (R)or (K)

5.4 Output of Overall Performance

At the end of compressor, the overall performance can be printed out.

The properties to be printed out are as follows:

(1) initial flow coefficient

(2) corrected speed of compressor and fraction of design corrected

speed

(3) initial water content of small droplet

(4) initial water content of large droplet

(5) initial total water content

(6) initial relative humidity

(7) initial methane content

* (8) compressor inlet total temperature: (R) or (K)

* (9) compressor inlet total pressure: (lbf/ft2) or (N/M2)

47



*(l0) corrected mass flow rate of mixture: (Ibm/s) or (Kg/S)

*(11) corrected mass flow rate of gaseous phase: (Ibm/s) or (Kg/S)

(12) overall total pressure ratio

(13) overall total temperature ratio

(14) overall adiabatic efficiency

(15) overall temperature rise of gaseous phase: (F) or (c)

5.5 Diagnostic Printout

At the inlet of each stage, the flow coefficient is calcualted. If

the flow coefficient gives the value of equivalent pressure ratio which

is less than 1.0 or the value of stage adiavatic efficiency which is

less than 0.0, the following message will appear. "FAI IS TOO BIG OR TOO

SMALL AT STAGE=." If this message appears, the computation for the

particular initial flow coefficient will be terminated and the next

initial flow coefficient will be read.

The iterative procedure is used to determine the Mach number. If the

desired accuracy can not be obtained after 50 times of iteration , the

following message will appear. "M DOES NOT CONVERGE AT STAGE=." If this

message appears, the final value of Mach number will be used and

computation will be continued.

When the axial velocity become either higher than local acoustic speed

or negative, the following message will appear: "VZ IS TOO HIGH OR TOO LOW."

If this message appears, the computation for the particular initial flow

coefficient will be terminated and the next initial flow coefficient will

be read.

* The mass flow rate corresponds to stream tube area specified in input
data. The mass flow rate which corresponds to compressor total flow
area is also printed out in the brackets.
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CHAPTER VI

A TEST CASE

The application of the PURDU-WICSTK program is illustrated with

a test case pertaining to the Test Compressor described in Appendix 1.

The Test Compressor consists of the six axial stages of the ALLISON T63-

A-5 engine compressor. The design point overall pressure ratio (mass

averaged) is 2.9 with 3.0 lbm/sec of mass flow rate, and the design rotor

speed is 51120 RPM.

The test case consists of the following predictions for the Test

Compressor.

(i) Part I: Operation with air flow at a selected speed and

throttle setting.

(ii) Part II: Operation with air-small droplet mixture flow at a

selected speed and throttle setting; and
(iii) Part III: Operation with air-large droplet mixture flow at

a selected speed and throttle setting.

The test case has been reproduced in Appendix 5.

6.1 Test Case Part I

The Test Case Part I demonstrates the use of the code for

predicting the performance of a compressor which operates with air flow

(only) at a selected speed and throttle setting. The performance predic-

tion has been presented at the mean line of the Test Compressor.

6.1.1 Input Data

The input data for Test Case Part I are listed below as they

are read in program MAIN.
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Card I: NS 6

Card 2: RRHUB(1) = 0.770 inch

RRHUB(2) = 1.035 inch

RRHUB(3) = 1.232 inch

RRHUB(4) * 1.378 inch

RRHUB(5) = 1.489 inch

RRHUB(6) = 1.572 inch

Card 3: RC(1) = 0.605 inch

RC(2) = 0.554 inch

RC(3) = 0.534 inch

RC(4) = 0.510 inch

RC(5) = 0.483 inch

RC(6) = 0.456 inch

Card 4: RBLADE(1) = 16.00
RBLADE(2) = 20.00

RBLADE(3) - 20.00

RBLADE(4) = 25.00

RBLADE(5) = 28.00

RBLADE(6) = 32.00

Card 5: STAGER(1) = 34.25 degree

STAGER(2) = 29.96 degree

STAGER(3) =27.37 degree

STAGER(4) = 28.30 degree

STAGER(S) -29.17 degree

STAGER(6) - 29.75 degree

Card 6: SRHLJB() a 0.923 inch

SRHUB(2) a 1.145 inch

SRHUB(3 a 1.311 inch

SRHUB(4 = 1.445 inch

SRHUB(5 a 1.538 inch

SRHUB(6) = 1.580 inch

SRHUB(7 x 0.774 inch
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Card 7: SC(1) = 0.442 inch

SC(2) = 0.412 inch

SC(3) = 0.412 inch

SC(4) = 0.412 inch

SC(5) = 0.412 inch

SC(6) = 0.412 inch

SC(7) = 1.100 inch

Card 8: SBLADE(1) = 14.00

SBLADE(2) = 26.00

SBLADE(3) = 28.00

SBLADE(4) = 32.00

SBLADE(5) = 36.00

SBLADE(6) = 30.00

SBLADE(7) = 7.00

Card 9: SIGUMR(I) = 1.052

SIGUMR(2) = 1.120

SIGUMR(3) = 1.037

SIGUMR(4) = 1.182

SIGUMR(5) = 1.211

SIGUMR(6) = 1.283

Card 10: SIGUMS(1) = 0.640

SIGUMS(2) = 1.061

SIGUMS(3) = 1.093

SIGUMS(4) = 1.199

SIGUMS(5) = 1.311

Cr SIGUMS(6) = 1.087
SIGUMS(7) = 0.858

Card 11: FNF 1.0
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Card 12: XDIN = 0.000

ICENT = 1

XDDIN = 0.000

IICENT = 1

Card 13: TOG =518.70 R

TOW = 513.70 R

PO = 2116.80 lbf/ft2

Card 14: DIN = 20.0 A.~

ODIN = 600.0 umn

Card 15: FND = 51120.0 RPM

TOID = 518.70 R

P01D = 2116.80 lbf/ft 2

Card 16: XCH4 = 0.000

RHUMID = 0.00001 per cent

Card 17: FMWA = 28.964

FMWV = 18.016

FMWX = 16.043

Card 18: PREB = 50.00 per cent

DLIMIT = 100.0 um

Card 19: STAGES(1) = 23.67 degree

STAGES(2) = 25.62 degree

STAGES(3) a 26.94 degree

STAGES(4) = 28.41 degree

STAGES(5) - 29.82 degree

STAGES(6) = 38.99 degree

STAGES(7) a 10.99 degree
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Card 20: GAPR(1) = 0.125 inch

GAPR(2) = 0.125 inch

GAPR(3) = 0.125 inch

GAPR(4) = 0.125 inch

GAPR(5) = 0.125 inch

GAPR(6) = 0.125 inch

Card 21: GAPS(1) = 0.125 inch

GAPS(2) = 0.125 inch

GAPS(3) = 0.125 inch

GAPS(4) = 0.125 inch

GAPS(5) = 0.125 inch

GAPS(6) = 0.125 inch

Card 22: RRTIP(1) = 2.16 inch

RRTIP(2) = 2.16 inch

RRTIP(2) = 2.16 inch

RRTIP(3) = 2.16 inch

RRTIP(5) = 2.16 inch

RRTIP(6) = 2.16 inch

Card 23: SRTIP(1 = 2.16 inch
SRTIP(2) = 2.16 inch

SRTIP(3) = 2.16 inch

SRTIP(4) = 2.16 inch

SRTIP(3) = 2.16 inch

SRTIP(6) = 2.16 inch

Card 24: IPERFM = 2
IUNIT = 1

Card 25: IMAD = 2
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Card 26: RT(1 = 2.149 inch
RT(2) = 2.151 inch

RT(3) = 2.148 inch

RT(4) = 2.149 inch

RT(5) = 2.149 inch

RT(6) = 2.147 inch

Card 27: RM(1) = 1.426 inch

Rt4(2) = 1.575 inch

Rt4(3) = 1.642 inch

RM(4) = 1.722 inch

RN(5) = 1.789 inch

Rt4(6) = 1.836 inch

Card 28: RH(1 = 0.781 inch

RH(2) = 1.056 inch

RH(3) = 1.252 inch

RH(4) = 1.411 inch

RH(S) = 1.533 inch

RH(6) = 1.621 inch

Card 29: ST(1) = 0.934 inch

ST(2) = 1.152 inch

ST(3) = 1.318 inch

ST(4) = 1.453 inch

ST(S) = 1.548 inch

ST(6) = 1.592 inch

Card 30: SM(1) = 1.502 inch

SM(2) =1.573 inch

SM(3) = 1.637 inch

SM(4) - 1.712 inch

SM(S) - 1.766 inch

SM(6) - 1.784 inch
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Card 31: SH(1) = 2.147 inch

SH(2) = 2.138 inch

SH(3) = 2.127 inch

SH(4) = 2.123 inch

SH(5) = 2.118 inch

SH(6) = 2.100 inch

Card 32: BLOCK(l) = 0.983

BLOCK(2) = 0.976

BLOCK(3) = 0.967

BLOCK(4) = 0.949

BLOCK(S) = 0.923

BLOCK(6) = 0.902

Card 33: BLOCKS(1) = 0.978

BLOCKS(2) = 0.966

BLOCKS(3) = 0.945

BLOCKS(4) = 0.928

BLOCKS(5) = 0.908

BLOCKS(6) = 0.863

Card 34: BET1MR(1) = 42.72 degree

BET1MR(2) = 42.74 degree

BET1MR(3) = 41.62 degree

BET1MR(4) = 42.85 degree

BET1MR(5) = 44.00 degree

BET1tIR(6) = 45.07 degree

Card 35: BET2MR(1) = 25.79 degree

BET2MR(2) = 17.17 degree

BET2MR(3) = 13.12 degree

BET2MR(4) = 13.76 degree

BET2MR(5) - 14.33 degree

BET2MR(6) = 14.43 degree
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Card 36: BET1MS(1) = 35.15 degree

BETlMS(2) = 40.11 degree
BET1MS(3) = 43.36 degree

BET1MS(4) = 45.00 degree

BETIMS(5) = 46.31 degree

BET1MS(6) = 48.71 degree

BET1MS(7) = 0.00 degree

Card 37: BET2MS(1) = 12.19 degree

BET2MS(2) = 11.13 degree

BET2MS(3) = 10.51 degree

BET2MS(4) = 11.81 degree

BET2MS(5) = 13.32 degree

BET2MS(6) = 29.28 degree

BET2MS(7) = 21.99 degree

Card 38: DMASS = 0.375538 ibmn/sec

Card 39: PR12D(1) = 1.154

PR12D(2) = 1.165

PR12D(3) = 1.221

PR12D(4) = 1.237

PR12D(5) = 1.230

PR12D(6) = 1.215

Card 40: PR13D() = 1.152

PRi13D(2) = 1.159

PR13D(3) = 1.213

PR13D(4) = 1.228

PR13D(5) = 1.221

PR13D(6) = 1.208
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Card 41: ETARD(l) - 0.966
ETARD(2) = 0.966

ETARO(3) = 0.968

ETARD(4) = 0.965

ETARD(5) - 0.962

ETARD(6) =0.954

*Card 42: SAREA(1) = 0.0103647 ft 2

SAREA(2) = 0.0092977 ft 2

SAREA(3) = 0.0080300 ft2

SARE(4) 0.06924 f 2

SAREA(5) = 0.0059094 ft2

f2
SAREA(6) = 0.0051104f

SAREAS(2) = 0.0084050 ft2

Card43:SAREAS(3) =0.009707 ft2

SAREAS(4) =0.006051 ft2

SAREAS(5) =0.0052626 ft 2

SAREAS(6) =0.0046691 ft 2

SAREAS(7) =0.0105669 ft 2

Card 44: DELB1R(1) =0.00
DELB1R(2) =0.00

DELB1R(3) =0.00

DELB1R(4) =0.00
DEL8iR(5) =0.00

DELB1R(6) = 0.00

Card 45: DELBlS(1) - 0.00
DELB1S(2) - 0.00

*DELBIS(3) -0.00

DELB1S(4) - 0.00

DELBIS(S) -0.00
*DELB1S(6) a 0.00
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Card 46: XG1BLD(1) = 0.000
XG1BLD(2) = 0.000

XGIBLD(3) = 0.000

XG1BLD(4) = 0.000

XG1BLD(5) = 0.000

XG1BLD(6) = 0.000

Card 47: XG2BLD(1) = 0.000
XG2BLD(2) = 0.000

XG2BLD(3) = 0.000

XG2BLD(4) = 0.000

XG2BLD(5) = 0.000

XG2BLD(6) = 0.000

Card 48: XG3BLD(1) = 0.000

XG3BLD(2) = 0.000

XG3BLD(3) = 0.000

XG3BLD(4) = 0.000

XG3BLD(5) = 0.000

XG3BLD(6) = 0.000

Card 49: XWBLO(1) = 0.000

XWBLD(2) = 0.000

XWBLD(3) = 0.000

XWBLD(4) = 0.000
XWBLD(5) = 0.000

XWBLD(6) - 0.000

Card 50: XWWBLD(1) = 0.000
XWWBLD(2) = 0.000

XWWBLD(3) = 0.000

XWWBLD(4) = 0.000

XWWBLD(5) = 0.000

XWWBLD(6) = 0.000
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Card 51: BET2SS(1) = 21.89 degree

BET2SS(2) = 19.09 degree

BET2SS(3) = 19.33 degree

BET2SS(4) = 20.18 degree

BET2SS(5) = 21.15 degree

BET2SS(6) = 34.86 degree

BET2SS(7) = 15.61 degree

Card 52: FAT = 0.5000

Card 53: FAI = 9.99999

6.1.2 Output

The output for Test Case Part I is presented in Appendix 5.

The details of the output obtained are described in Chapter V.

6.2 Test Case Part II

The Test Case Part 11 demonstrates the use of the code for

predicting the performance of a compressor which operates with air-small

droplet mixture flow at a selected speed and throttle setting. The water

content of small droplet has been specified as four per cent by weight.

The performance prediction has been presented at the mean line of the

Test Compressor.

6.2.1 Input Data

The input data for Test Case Part II are the same as those

for Test Case Part I except in regard to the following.

Card 12: XDIN = 0.040

ICENT = 2

XDDIN = 0.000

IICENT = 1
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6.2.2 Output

The output for Test Case Part II is presentee ,w Appendix 5.

The details of the output obtained are described in Chapter V.

6.3 Test Case Part III

The Test Case Part III demonstrates the use of the code for

predicting the performance of a compressor which operates with air-

large droplet mixture flow at a selected speed and throttle setting.

The water content of large droplet has been specified as four per cent

by weight. The performance prediction has been presented at the mean

line of the Test Compressor.

6.3.1 Input Data

The input data for Test Case Part III are the same as those

for Test Case Part I except in regard to the following.

Card 12: XDIN = 0.000

ICENT = 1
XDDIN = 0,040

IICENT = 2

6.3.2 Output

The output for Test Case Part III is presented in Appendix 5.

The details of the output properties are described in Chapter V.
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C Start Subroutines

Read input datAII
Printout Inputed data

(Calculate the desion point performance -. .WICSPD
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Calculate mass flow rate of gas phase-----WICPRP
and liquid phase from the inputed and
initial flow coefficient WICMAS

talculate staqe perfoance ........... WICSPA
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WICSPB
or

WICSPC
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d LWICIRL
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Calculation of droplet impingement on ------. WICISS
Istator blade and/or
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Droplet size adjustment at stator outletj..... WICWAK
and

WICSIZ

Kalculation of heat transfe .......... WICHET
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C

Figure 2.1 Flow Chart of of Overall Program Structure
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Figure 2.1 Flow Chart of Overall Program Structure (Continued)
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Fig. 4.1 Geometry of Compressor Stage
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Fig. 5.1 Station Number in Compressor Stages
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APPENDIX 1

DETAIL OF TEST COMPRESSOR AND DRIVE ENGINE

1. Drive Engine

A T63-A-5 engine is used to drive the Test Compressor. The

specifications, limits, and performance ratings for the Drive Engine

are as follows:

Design power output: 250 shp

Ram power rating: 275 shp

Design speeds:

Gas producer 51120 rpm (100%)

Power turbine 35000 rpm (100%)

Power output shaft 6000 rpm

Fuel Specification : MIL-J-5624E(JP-4)

The Drive Engine power turbine drives the Test Compressor through

mechanical gearing. The power turbine speed has been increased to an

output of 9,643 rpm at 100 per cent speed from the normal rating of 6,000

rpm. The Test Compressor is operated at 110 per cent (56,251.7 rpm)

while the engine operates at 100 per cent or 51,120 rpm. One power

turbine tachometer is used to monitor the Test Compressor speed. The

ratio of the tachometer speed to the Test Compressor speed is 0.119676.

2. Test Compressor

The Test Compressor consists of the six axial stages of the

ALLISON T63-A-5 engine compressor. The Test Compressor has been de-

signed and built such that various stages of the compressor can be
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assembled and tested. Thus the first two, the intermediate two or the

last two stages can be tested if desired, as well as the unit with all

of the six stages. Only the 6-stage unit has been used in the current

tests.

The first stage of the Test Compressor is preceded by an inlet

guide vane row which imparts swirl to the inlet air. The relative Mach

number of the incoming air at the rotor inlet is thereby reduced as far

as permissible without causing inlet blockage. The axial component

features unshrouded rotors, cantilever stators, and double circular arc

blading in all stages. The values of T-63 compressor design velocity

diagram are presented in Table A.1.1. Table A.1.3 and A.1.4 present the

hardware geometry and aerodynamic design data for rotor and stator,

respectively.

Figure A.1.1. to Figure A.1.6 show the stage performance charact-

eristics of Test Compressor supplied by the manufacturer. In each of

the figures, the equivalent pressure ratio, * , equivalent temperature

ratio, -r, and stage adiabatic efficiency, n, are presented in terms of

flow coefficient, *. The definitions of these parameters are as follows:

(i) flow coefficient: €

V z /Utip

(ii) equivalent pressure ratio: '

Stip 1  }y/(y-)

(iii) equivalent temperature ratio: T

U ti 2. AT
T = (m) ( )tip
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TABLE A.1.1

Test Compressor Design Velocity Diagram Values

Stage 1 2 3 4 5 6

R 2.161 2.161 2.161 2.161 2.161 2.161

U 963.5 963.5 963.5 963.5 963.5 963.5

Vzl 508.4 544.1 547.0 554.9 554.1 543.7

Ve 236.5 310.0 365.1 349.3 338.8 338.8

wel 727.0 653.5 598.4 614.2 624.7 629.9 Rotor Inlet

25.0 29.7 33.7 32.2 31.6 31.5

81 54.9 50.3 47.6 47.9 48.5 49.3

Mlabs 0.513 0.561 0.578 0.560 0.538 0.512
Mlrel 0.812 0.765 0.713 0.707 0.692 0.658

V 507.0 554.9 551.0 554.5 548.9 544.6

Ve2  405.2 501.3 598.8 614.6 625.1 630.3

We2  558.3 462.2 364.7 348.9 338.4 333.2 Rotor Outlet

L2 38.6 42.1 47.4 47.9 48.7 49.2

B2 47.8 39.8 33.6 32.2 31.7 31.5

M2abs 0.588 0.665 0.706 0.698 0.680 0.660

M2rel 0.683 0.643 0.574 0.552 0.528 0.506

Note: Symbols for Table A.1.1 are provided in Table A.l.2.
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TABLE A.1.2

Symbols for Test Compressor Design Velocity Diagram Values

R Radius, inches

U Rotor speed at R, ft/sec.

V z  Air axial velocity, ft/sec.

Ve Air absolute tangential velocity, ft/sec.

We Air relative tangential velocity, ft/sec.

a Air absolute flow angle, degrees

a Air relative flow angle, degrees

M Mach number

Subscript

1 rotor inlet

2 rotor outlet

abs absolute

rel relative
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TABLE A.1.3

Test Compressor Design Data (Rotor)

Stage 1 2 3 4 5 6

Radius R 2.161 2.161 2.161 2.161 2.161 2.161

Camber Angle a 22.6 15.9 18.0 19.7 20.9 22.0

Stagger y 46.1 42.3 36.5 36.1 36.0 36.3

Incidence i 0.0 2.0 2.0 2.0 2.0 2.0

Deviation 7.3 5.4 6.0 6.0 6.1 6.2
Chord c 0.605 0.554 0.534 0.510 0.483 0.456

Solidity a 0.713 0.815 0.787 0.941 0.997 1.075

Max. Thickness t 0.036 0.039 0.037 0.036 0.034 0.032

Thickness-Chord Ratio t/c 0.060 0.070 0.070 0.070 0.070 0.070

No. of Blades n 16 20 20 25 28 32

Note: R, c, t in [inches] and 0, y, 6, i in [degrees]

TABLE A.1.4

Test Compressor Design Data (Stator)

Stage IGV 1 2 3 4 5 6

Radius R 2.161 2.161 2.161 2.161 2.161 2.161 2.161

Camber Angle e 31.7 22.4 25.6 26.2 24.4 24.7 17.3

Stagger y -15.9 31.3 36.3 36.6 36.8 37.4 42.6

Incidence i 0.0 -2.0 -2.0 -2.0 -2.0 -2.0 -2.0

Deviation 6 6.7 9.6 5.2 8.0 7.9 7.5 5.6

Chord c 1.395 0.442 0.412 0.412 0.412 0.412 0.412

Solidity a 0.719 0.456 0.789 0.850 0.972 1.093 0.910
Max. Thickness t 0.170 0.040 0.025 0.025 0.025 0.025 0.025

Thickness-Chord
Ratio t/c 0.122 0.09 0.06 0.06 0.06 0.06 0.06

No. of Blades n 7 14 26 28 32 36 30

Note: R, c, t in [inches] and 0, y, 6, i in [degrees]
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(iv) stage adiabatic efficiency: n

S= To, (Lu) -1 o y1 1I

where ATo is stage total temperature rise, Po total pressure, To total

temperature, Vz axial velocity, U tip blade tip wheel speed, y specific

heat ratio. The subscripts 1 and 2 mean inlet and outlet, respectively,

and D design value.

Figure A.1.7 shows overall performance characteristics of Test

Compressor supplied by the manufacturer. The performance parameters

are the following:

(1) Corrected mass flow rate = 6

where Afi mass flow rate

To, = compressor inlet pressure

Po = compressor inlet temperature

0 = Tol/Tref

6 = Pol/Pref

Tref 58.70F(15.2°C)

Pref = 14.7 psi (1.0132 x 10SN/m 2 )

(2) Corrected speed = N
VT-

where N = rotor speed (RPM)

(3) Overall total pressure ratio =P2/PoI

where Po1  = compressor inlet total pressure

P02 = compressor outlet total pressure

(4) Overall adiabatic efficiency = In -- 1~ i
where To, = compressor inlet total temperature

ATO = compressor total temperature rise
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P2./Pol = overall total pressure ratio

y = ratio of specific heats

3. Limitations

The Test Compressor is driven, through a mechanical gear train,

by the power turbine of the Drive Engine. The 6-stage Test Compressor

has been utilized in the past for up to 30 hours. The available life-

time for further use of that Test Compressor has been uncertain.

The Test Compressor has a plastic coating on the casing that

supports the stator blade rings. The mechanical and thermal strength of
the coating has been uncertain since the casing was built over ten

years ago and may have aged. At design point, the Test Compressor

temperature rise is about 1920F, (1060C) when the inlet-air temperature

is 58.7°F, (15.20C). A casing has been replacedby a second casing during

preliminary testing.

The throttle regulating the Test Compressor mass flow at any

given speed of operation consists of a conical center piece that can be

set at any desired location concentrically in a diverging section which

is then opened to atmospheric conditions following a straight duct. The

center piece can be moved utilizing an electric motor. The throttle (annulus)
area that is available during center piece motion is shown in Fig. A.1.8.

It is possible to set the throttle to within a tenth of an inch (about

2.0 mms) during horizontal traverse of the throttle centerpiece. At a

given Test Compressor speed, a chosen throttle setting may yield one of two

types of performance: (I) when it is unchoked, the pressure ratio across

the throttle (the downstream pressure being related to the atmospheric
pressure) determines the mass flow throughout the Test Compressor; and

(II) when the throttle area is too large for passing the mass flow through

the Test Compressor with a particular set of inlet conditions, the Compressor

will operate under free-wheeling conditions.

The Test Compressor assembly with the gear box connecting it to the

Drive Engine is such that there is no simple access to its outlet section

for locating adequate instrumentation or adjusting probes to establish

compressor outlet conditions. The gear box disassembly and removal of the

compressor outlet ducting are required each time any access is desired

to the compressor outlet section.
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3.1 Refurbishment

The Drive Engine and the Test Compressor have been refurbished

in the following respects by the Detroit Diesel Allison of Indianapolis,

who are the original manufacturers of both the units.

(1) Engine fuel flow control;

(2) Drive shaft interconnecting the Drive Engine and the

Test Compressor;

(3) Test Compressor gear box;

(4) Test Compressor bearings; and

(5) The 6-stage assembly of Test Compressor, including

balancing.

Following this refurbishment and additional work undertaken at

Purdue University, proof-runs undertaken on the Drive Engine - Test Compre-

ssors installation showed feasibility of satisfactory operation of the

test unit.
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APPENDIX 2

STAGE PERFORMANCE CALCULATION

There are two options in the PURDU-WICSTK Code for the calculation

of stage performance:

(1) based on given stage characteristics, and

(2) through the estimation of work done and losses in a stage,

based on an analytical model.

In both cases, several approximations are required. It may also be

recalled that the stage performance calculation being discussed here

pertains only to establishing the stage work done, and the consequent

temperature and pressure rise, and the stage losses as they occur be-

tween the leading and trailing edges of a blade. As stated in Chapter

II, and also in Reference 22, the final exit conditions from a stage are

established after correcting the stage outlet conditions for various two

phase flow effects.

In calculating the stage performance, it is necessary to take into

account the presence of droplets in the fluid, and their motion,

particularly their impact on the blades. Such impaction leads to the

formation of a film on the blade surface, composed of water from

unrebound droplets, and a change in the boundary layer and separation
characteristics. Thus, the stage characteristics become different for a

droplet-laden gas flow from those for a single phase gas. The change

in stage characteristics arises through modification of (a) momentum

thickness of boundary layer, (b) diffusion factor and (c) deviation

angle.

It may be stated at the outset that no correlations of compressor,

cascade or even single airfoil performance data are available for two

phase flow. It is therefore necessary to model compressor flow based on

a number of approximations, in turn related to physical process models.
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In order to account for various drop sizes that may arise in a spray,

it has been suggested, in Reference 22 and again in Chapter 11, that

two classes of droplets be identified, one referred to as "small"and the

other as "large." In adjusting droplet sizes for any reason, it is

assumed that small droplets may only remain small, while large droplets

may become small enough to belong to the small droplet class. From the

point of view of blade passage flow, the principal distinction between

small and large droplets is, as has been mentioned earlier, that small

droplets are sufficiently small and follow the gas phase streamlines;

but large droplets, which arein order ofabout 100 um in diameter, are

assumed to have equal probability of motion in all directions in the

forward sector. In addition, it is assumed that only small droplets may

absorb part of the work input. Other distinctions between the two classes

of droplets arise from the foregoing and are taken into account in

developing compressor flow models for the two classes of droplets.

In order to simplify calculations of stage losses, three procedures

have been developed as follows:

(1) procedure when the compressor operate with a single (gas) phase;

(2) procedure when only small droplets are present; and

(3) procedure when large droplets are present either by themselves
or along with small droplets.

Typical velocity diagram for an axial compressor stage is presented in

Fig.A.2.1.

A.2.1. Procedure of Gas Phase Operation

One can use either (1) available stage characteristics or (2) an

analytical/correlation method for obtaining stage characteristics. For

the Test Compressor employed in this investigation, the analytical/

correlation method recommended is based on References 23 and 24.

A.2.1.1. Use of Available Stage Characteristics

The stage performance calculation for gas phase operation, with use

of available stage characteristics, are carried out as follows:
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Direction of Flow

Direction of Rotation --

W82' V82Stator

Fig. A.2.1 Typical Velocity Diagram for a Compressor Stage
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(1) From given inlet conditions or the previous stage outlet

conditions, the total temperature, T.1 , and the total
pressure, P , are known.

0Q1

(2) Calculate the density based on T., and P01

PO1- PO 1

(3) Assume Mach number N.

(4) Calculate static temperature, T, and density, p

p _ {, + (Y _ 1)42/.2} -l/(y -1)

T = {l + (y - I)M /2 -I. 1

(5) Calculate acoustic speed

a = (y RmT gc
)1/2

(6) Calculate the axial velocity

Vz = i /PA

(7) Calculate the absolute velocity at rotor inlet, V1.

V, a Vz/cos a,

(8) Calculate Mach number

M = V /a -Mc

(9) Compare the assumed Mach number, Ma , with the calculated one,

Mc. If Mc agrees within prescribed limits with Ma, proceed

to the next step. Otherwise, steps 3 to 9 should be repeated

until a satisfactory accuracy is obtained.

(10) Calculate the flow coefficient, *, at the entrance to the

stage under consideration.

* /Utip
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(ii) Enter the stage characteristics curve at the value ofOand

obtain the equivalent pressure ratio, ', equivalent temperature

ratio, T , and stage adiabatic efficiency, n.

The definitions of* ,T, and nare as follows:

(i) flow coefficient:

= Vz/Utip

(ii) equivalent pressure ratio:
V. Tz o (Y'I)/Y 1YI(Y 'I)

= { (ToD (Otip) [(-It) ( - +

(iii)equivalent temperature ratio: T

T ATo
T=  . U.--'

1 tip)

D

(iv) stage adiabatic efficiency:

nP02 (Y-1)/Y -ii L
Toz[p-2 1I 1~ (T(YI) 1')/T

t~oI ATO

where ATois stage total temperature rise, Po total

pressure, To total temperature, Vz  axial velocity,

U tip blade tip wheel speed, y specific heat ratio.

The subscripts 1 and 2 mean inlet and outlet,

respectively, and D design value.

The equivalent pressure ratio, p, equivalent temperature ratio, T,

and stage adiabatic efficiency, n, may be expressed in terms of flow

coefficient as follows:

- A, + B10+ C102 + DO 3 + E 1 4 + F105 + G106

n = A2 + B20
+ C2

2  D 3 + E2 4 + F205 + G2€ 6

T - A3 + B3
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(12) Once the values of *, r, andn corresponding to * are ob-

tained, the stage outlet properties can be calculated from

their definitions. Actually two of them are enough to deter-

mine the stage outlet properties. In the present calculation

scheme, the equivalent temperature rise ratio, T , and the

stage adiabatic efficiency, n , are used. The stage total

temperature rise, AT0 , stage and total temperature ratio,

TO 2 /To1  , and stage total pressure ratio, Po2/Po1 ,are given

by the following:

ATo = 'rU~ip /(Utip/To D
D

TO2/To I= 1 + ATo/To0 "

PO2/Po1  = (1 +n ATo/TO 1)

A.2.1.2. Use of Analytical/Correlation Method

The stage performance-calculation for gas phase operation is carried

out using the analytical/correlation method as follows:

(1) From given inlet conditions or the previous stage exit conditions,

the total temperature, T 1 and total pressure, P , are
obtained. 00

(2) Calculate specific heat ratio corresponding to the temperature.

(3) Calculate the stagnation density

= p z/RT
01 0 1

(4) Assume a value for Mach number, Ma -

(5) Calculate the static density and temperature.

P .: + (y-)M2/21 p

T, a _1+ ,-)M2/2 " o  To i

agI
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(6) Calcqlate the acoustic speed

a = (yRT g c) . 5

(7) Calculate the axial velocity

V = n/p A,

(8) Calculate the absolute velocity

V1  = Vz1 /Coscx

(9) Calculate the Mach number, Mc-
Mc = V /a1

(10) Compare the assumed value of Mach number, M, with the calcula-

ted one, Mc* If Ma agrees within prescribed limits with Mc.

proceed to the next step. Otherwise, steps (4) to (9) must be

repeated.

(11) Calculate the components of velocity from the velocity diagram

at rotor inlet as follows:

Vw = Vz/COS 6

ZI 6
Ve =V Vz tang 2).

a, tan' (We/VzI)

(12) Calculate relative Mach number at rotor inlet

M W/
1  1

(13) Calculate static pressure at rotor inlet

p * (T /T P0/(~ I
01 1
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(14) Calculate total pressure at rotor inlet based on the

relative Mach number, Mr.

P 1+ (y-1)M2 } (y-)oi,r I )rz/ •P

(15) Assuming VZ2 , calculate the total pressure loss co-

efficient across rotor and rotor outlet flow angle.

(16) Calculate the components of velocity at rotor outlet as

follows:
W = V tan 02

e2 Z2

V02 = U2 - W e

W2 = (V22 + W
2 2).5

z 02

V2 = (V22 + v2 )°'5

a2 = tan -' (V02/VZ2 )

(17) Calculate the total temperature at rotor outlet.

To2  = To, + (U2V82 - U VO1 )/cpgcJ

(18) Calculate static temperature at rotor outlet.
2

T2 = T02 - V2/2cPgcJ

(19) Calculate acoustic speed at rotor outlet.

a2 = (yRTgc)
0.5

(20) Calculate absolute and relative Mach number at rotor

outlet.

M2  U V2/a2
Mr = W2/a2
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(21) Calculate total pressure loss factor across rotor.

P P .p

P2, P - R(,_r = - (I ri 1
S olr olr Rl,r

where
P TY

P02, ri T 02,r)Y 'I

oi,r oi,r

+ 1 Y-1 2 1- )
2 RT r

(22) Calculate total pressure ratio across rotor, and total

and static pressure at rotor outlet.

P T y-1 P PP T 1 ( ar) ( o2,ri -1

SP i,r oi,r

P = (P02) Pol
02 P 0

01

P2  0 + - M2)Y/(Y1). P02

(23) Calculate density at rotor outlet.

P2 = P2/RT 2

(24) Calculate the axial velocity at rotor outlet.

VZ2 = N/P2A2

(25) Compare the calculated value of VZ2 in (24) with the assumed
VZ2 in (15). Iterate steps (15) to (24) until a desired

accuracy is obtained.
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(26) Calculate total pressure at rotor outlet.

P02 = { + (y - 1)M2/2 Y/(y-1). P2

(27) Calculate the total pressure loss coefficient across stator,

ws, and stator outlet angle ag.

(28) Calculate total pressure loss factor across stator.

P02  s 02

(29) Calculate the total pressure ratio and total temperature ratio

across the stage.

_Y_

PR = P03= (.0)y-1 (P r) P U. A (Po___)
PO T, (Po~r (oi,r 'P02'

TR = T03/T01

(30) Obtain total pressure and temperature at stator outlet.

P0 3 = 2 P02

To3 * T02

(31) Calculate the average value of specific heat ratio.

(32) Calculate the stage efficiency.

PR(Y ' )/Y - 1
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A.2.2 Procedure when Small Droplets are Present.

When all of the droplets present at entry to a stage can be

categorized as small droplets, the following assumptions are introduced.

(1) Droplets follow gas phase streamlines.

(2) A fraction of the droplets impacting the blades undergo

rebound. The balance of impacting droplets move over the

blade surface in the form of a thin film. The momentum of

the thin film is negligible.

(3) The development of the boundary layer over the blade surface

can be based on Reference 25. The following assumptions

are made in that Reference: (i) droplets do not interact

with one another; (ii) a two pbase boundary layer exists; and

(iii) the momentum thickness for the two phases can be

superposed after they are obtained in two parts.

(4) The deviation angle remains the same in two phase flow as

in single phase flow. The reasoning is that diffusion and

transport of particles can be neglected as being small and,

in any case, as balancing each other.

(5) The loss coefficient for two phase flow is thus the sum

of the loss coefficient for each phase. The loss coefficient

for the liquid phase may also be added in an appropriate form

to the stage efficiency for a stage obtained during operation

with air in order to obtain the stage efficiency for two phase

flow.

(6) Considering a blade passage flow, between two neighboring

blades, away from solid boundaries, the drag due to droplets

can be calculated assuming Stokes drag relation. The number

of droplets suffering such drag is the sum of the number of

non-impacting droplets and the number of rebound droplets.
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(7) The overall loss is obtained by adding the losses described

under (5) and (6).

A.2.2.1 Use of Available Stage Characteristics

In dealing with a mixture containing small droplets, it is assumed

that (a) gas phase and the small droplets behave in the same fashion

in absorbing work input as a gas, and (b) the influence of small droplets

arises in the determination of (a) the flow coefficient and (b) the

stage losses.

In using gas flow stage characteristics for a mixture with small

droplets, the pressure rise for the gas phase, the temperature rise of

water and efficiency are determined for the relevant value of flow

coefficient from the gas phase characteristics, and then, the efficiency

is further modified to account for the presence of small droplets.

The stage performance calculation for a mixture with small droplets

can thus be carried out using the available stage characteristics as

follows:

(1) From the previous stage outlet properties, the gas phase total

temperature, TOlg, and the total pressure, P0], are known.

(2) Calculate the gas constant, specific heat at constant pressure,

and specific heat ratio of the gas phase.

(3) Calculate the stagnation density of gas phase.

(4) Assume a value for Mach number, Ma.

(5) Calculate the static density and static temperature of the

gas phase.

(6) Calculate the acoustic speed in the gas phase.

(7) Calculate the acoustic speed in the mixture, a.
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(8) Calculate the density of the mixture.

P a

(9) Calculate the axial velocity.

Vz =

(10) Calculate the absolute velocity.

V = Vz/Cos a

where a,= air outlet angle of the previous stage stator.

(11) Calculate the Mach number, Mc'

Mc = V1/a

(12) Compare the assumed Mach number, Ma , with the calculated one,

Mc. If Ma agrees reasonably well with Mc, proceed to the next

step. Otherwise, steps (4) to (11) must be repeated.

(13) Calculate the flow coefficient at the entrance of the stage

,= Vz/Utip

(14) Enter the stage characteristic curve at the foregoing value

of o.

The compressor stage characteristics, described in A.2.1.1.,

which apply to air flow through the compressor, have been utilized in

this calculation for obtaining the stage temperature ratio and stage
adiabatic efficiency for the mixture of air and small droplets. It may

be recalled that the stage temperature rise corresponding to a mixture

flow coefficient has to be apportioned between the gas and the liquid

phases. The gas phase then undergoes a change in temperature and
pressure while the liquid phase undergoes only a temperature change.
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Utilizing the stage temperature ratio and adiabatic efficiency,

one can then calculate the stage pressure ratio and the change in

water temperature. In the current method of calculating stage

performance for two phase flow, all of the other effects due to the

presence of droplets are taken into account at the exit of the stage

under consideration.

(15) Apportion energy input into the mixture.

Regarding apportionment of energy input into the mixture

in a stage, one proceeds as follows. The work input is

expressed by the following relations:

= (APO)1 + (APO ) 2 + (AHo) 3 + (AHo) 4

where

ANO : actual work input in rotor;

(APO), : work input to gas phase;

(AHO) 2  : work input absorbed by droplets which do not

impinge upon blade surface;

(AHo)3 : work input absorbed by water droplets which

impinge upon blade surface, adhere to form a

film and are re-entrained from the trailing

edge; and

(ACo  work input absorbed by droplets which impinge

upon blade surface and rebound.

Defining mass fractions as follows:

xg : mass fraction of gas phase.

xw : mass fraction of water which does not impinge

upon blade surface

xw2 : mass fraction water which impinges on the blade

surface and rebounds

Xw3 : mass fraction of water which is re-entrained

from the trailing edge.
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and noting that

x +x +x +x =1,
X9 +XWi +XW2 + Ws

one can express the work input fractions as follows in terms of the

stage work done factor, ).

(Mfo)z = U2(W -We) 2

(AHo )2 = AU2(Wi - W;2 ) XW1

where W.1 and W e are relative inlet whirl velocities of the gas phase

and water droplets which do not impinge upon the blade surface,

respectively, and W' and We2 are the same velocities at outlet.

Also, from physical considerations, the angular momentum change of

water which impinges on the surface and adheres to form films and is

finally re-entrained from the trailing edge can be considered to be

negligible. Therefore,

(AH )3 = 0

Then, (AH0) 4can be calculated by writing

(APO)4 = A - (AHo)l - (Ao)2

The total work input, AHo , is calculated from the stage performance

curves. In the present analysis, since we are considering small droplets,

the velocity lag between gas phase and water droplet can be considered

to be negligible. Accordingly W ' and W;2 can be set to be the same as

as We, and W02.

From (AMo)l, (MWo) 2,(AHo) 3, and (AHo,)4, the total temperature rise

can be calculated for each phase.

(16) Obtain the total pressure loss because of the increase in

momentum thickness of the boundary layer due to the

existence of small droplets in the boundary layer.
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(17) Obtain the total pressure loss due to the Stokesian drag

of water droplets outside boundary layer.

(18) Calculate the stage outlet total pressure as follows:

P =P - AP -AP
02 01 e

where P02is the stage outlet total pressure obtained from the available

stage characteristics, APe is the the total pressure loss due to the

increase in momentum thickness because of the existence of small droplets

in the boundary layer, and APs is the total pressure loss due to the

Stokesian drag of water droplets in the free stream outside the

boundary layer.

It may be pointed out that in view of the assumption pertaining

to motion of small droplets ( with zero relative velocity with respect

to gas phase), the correction to stage pressure rise due to Stokeslan

drag becomes zero for small droplets.

(19) Calculate the stage total pressure ratio.

A.2.2.2 Use of Analytical/Correlation Method

In using the analytical/correlation method for the flow of a mixture

with small droplets, the basic procedure is the same as when utilizing

available stage characteristics, Appendix Section A.2.2. The pressure

rise for the gas phase and the temperature rise of water are determined

from the mixture turning angle over a blade. The losses are established

based on (a) the relation (due to Lieblein) between the loss coefficient

and the pressure loss; the loss coefficient in turn related to the

momentum thicm es of the blade boundary layer due to the gas phase

and the droplets; and (b) the Stokesian drag of droplets in the free

stream. The latter, of course, Is zero for small droplets, by definition.

The stage performance calculation for a mixture with small droplets

is carried out using the analytical/correlation method as follows:

(1) From the given inlet condition or the previous stage

properties, the gas phase total temperature, T , and

total pressure, P0 1, are obtained.
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(2) Calculate the gas constant, Rg, specific heat constant

pressure, cpg and specific heat ratio of gas phase,y

(3) Calculate the stagnation density of gas phase.

P =9 - Po0 /R T
oi,g = g o1,g

(4) Assume a value for Mach number, Ma'

(5) Calculate the static density and temperature of gas phase.

Pg, = [i+ (Y - 1)M2/2] -/(Y )

Tg1 = [i+ (y - 1)rf/2]. T

(6) Calculate the acoustic speed in the gas phase ag1 .

ag91  = (y RgTg 9c) 5

(7) Calculate the acoustic speed in the mixture, a,.

(8) Calculate the density of the mixture

p = .. + 1
m pg9 Pw

(9) Calculate the axial velocity

Vz %/pmI/PA
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(10) Calculate the absolute velocity

V, = V z/Cos a,

(11) Calculate the Mach number, Mc-

=C
Mc = VI/a,

(12) Compare the assumed Mach number, Mat with the calculated one,

Mc* If Ma agrees within prescribed limits with Mc, proceed

to the next step. Otherwise, steps (4) to (11) must be

repeated.

(13) Calculate the components of velocity at rotor inlet as follows:

V1  = Vz1 /COsa,

V1 = Vz /tana,

we, = U, - Vel

W = (V2 + W2 )1/2

61 = tan'(W el/VZI)

(14) Calculate relative Mach number at rotor inlet

M r = W /a

(15) Calculate static pressure at rotor inlet

p =(T /T )-Y /(Y ) •Po
01( 9 g 1
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(16) Calculate total pressure at rotor inlet based on the relative

Mach number, Mr, -

P = {I + (y -l)M r/21 . pol,r 1

(17) Assuming V the total pressure loss coefficient acrossz2
rotor due to gas phase, w g,R , and rotor outlet angle 02.

(18) Obtain the total pressure loss coefficient due to the
increase of momentum thickness because of the existence of small

droplets in the boundary layer over a rotor blade surface--,R .

(19) Obtain the total pressure loss across rotor due to the

Stokesian drag of water droplets outside boundary layer w-s, R"

(20) Calculate the components of velocity at rotor outlet as

follows:

W e2 = VZ2tanB 2

Ve2 = U2 - W2

W2 = (V2 + W22).5

v2 = (V2 + V2 ).5
V2Z2 82

012 = tan' (V8 2/Vz2)

(21) Calculate the work input.

AH0  = (U2V62 - U1V c)/gcJ

(22) Apportion work input to the mixture constituents as described

in item (14) of A.2.2.1.
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(23) Calculate static temperature of gas phase at rotor outlet.

T = T -V2/c 9
02,9 2 pg c

(24) Calculate acoustic speed in gas phase.

a 2  = (Y RgT g2g)0 "5agg 2

(25) Assume Pg. = Pgi and calculate the acoustic speed in the

mixture, a2.

(26) Calculate absolute and relative Mach numbers at rotor outlet.

M2  = V2/a 2

Mr2  = W2/a 2

(27) Calculate total pressure loss factor across rotor.

= Pol,r - (-Wg,R+',R+s,R) (1-P-,- )

(28) Calculate total pressure ratio across rotor, and total

and static pressures at rotor outlet.
Y

p0 P02 2r ~ O,1-

-y
T= (I - I M1) "
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(29) Calculate static density at rotor outlet.

P = P2/RgTg2

ggg2(30) Compare the calculated value of g2in (29) with the

assumed value of P 2 in (25). Iterate steps (25) to (29)

until a desired accuracy is obtained.

(31) Calculate the density of mixture at rotor outlet.

Pm2 = [g2 Pw

(32) Calculate the axial velocity at rotor outlet.

VZ2 = /pA

(33) Compare the calculated value of Vza in (32) with the

assumed value of VZ in (17). Iterate steps (17) to (32)

until a desired accuracy is obtained.

(34) Calculate total pressure at rotor outlet.

2 2 Y / (Y '1)

P0 2  = 1+(Y 1) M2/2) -P2

(35) Calculate the total pressure loss coefficient across stator
due to gas phase, -gS' and stator outlet angle, a3.

(36) Obtain the total pressure loss coefficient due to the

increase of momentum thickness because of the existence

of small droplets in the boundary layer on a stator blade

surface, W6,S'
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(37) Obtain the total pressure loss across stator due to the

Stokesian drag of water droplets in the free stream outside

boundary layer w5sS It may be noted that Stokesian drag is

zero in the case of small droplets by definition.

(38) Calculate total pressure loss factor across stacor.

P0 3 P2
- 1 - (wg,S +69OS + sS) (1 -

02 02

(39) Calculate the total pressure ratio and gas phase total

temperature ratio across stage.

P03  1T \P-
1 ( t 9 r PQ2,riPR =- = T g , P ) P02

Pol T 01,9 P a,r./\ a1r P

TR = T ,g/T0
0 3, 0 1,g

(40) Obtain total pressure and gas phase total temperature

at stator outlet.

P r 30 PO 2

03,g 02,g

(41) Calculate the average value of specific heat ratio.

(42) Calculate the stage efficiency.

PR(Y-')/Y 1
TR -1
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A.2.3 Procedure vhen Large or Large and Small Droplets are Present

It is postulated that when large droplets are present, they always

play the more dominant role.

The following assumptions are introduced.

(1) Droplets move with equal probability in all directions

in the forward sector.

(2) A fraction of the droplets impacting the droplets

undergo rebound. The balance of impacting droplets

move over the blade surface in the form of a thick

film. The momentum of the thick film is appreciable

and represents a loss of mixture momentum.

(3) The development of the boundary layer can be estimated

based on the following reasoning: (a) The thick film

presents a continuous rough surface; (b) the roughness

is at most of the order of droplet thickness; and

(c) the boundary layer is fully turbulent and extends

over the chord length. A coefficient of friction for

the flow can then be based on Ref. 26.

(4) The deviation angle remains the same as in the case of

single phase flow.

(5) Considering a blade passage flow, between two neighboring

blades, away from solid boundaries, the drag due to

droplets can be calculated assuming Stokes drag relation,
The number of droplets suffering such drag is the sum of

the number of non-impacting droplets and the number of

rebound droplets.

(6) The overall loss is therefore obtained by adding the

losses described under (2), (3) and (5).

It may be observed that the foregoing procedure for large droplets

precludes the use of available stage characteristics and subsequent

correction of efficiency due to the presence of droplets. The procedure

is also different from the Lieblein analytical/correlation method used

in the case of small droplets in that no simple superposition of blade
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profile losses is feasible in the case of large droplets. The loss due

to Stokesian drag of large droplets in the free stream, of course, is

accounted for by simple addition to other losses.

A.2.3.1. Details of Procedure

The stage performance, when large droplets are present, with or

without small droplets, is carried out as follows. It may be pointed

out that the determination of stage pressure ratio follows the same

procedure as in the case of a mixture with small droplets only,

Appendix Section A.2.2.2. The determination of the loss coefficient

when large droplets are present is wholly different.

(1) From given initial conditions or from the previous stage

properties the gas phase total temperature, T and0O1,g

total pressure, P , are obtained.
01

(2) Calculate the gas constant, Rg, specific heat at constant

pressure, C pg, and specific heat ratio, y .

(3) Calculate the stagnation density of gas phase,

PoI g P oi/Rg T01,g

(4) Assume a value for Mach number, Ma.

(5) Calculate the static density, and temperature of gas phase,

as follows,

2 -I/(y -1)
p 1  + (Y - 1)Ma/2 P

21-
P 1 £2O 1

Tg1  = 1+(y -1) Ma2/2) T01,9
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(6) Calculate the acoustic speed in the gas phase, age.

a = (y RgT gc
)O0.

(7) Calculate the acoustic speed in the mixture, a,.

(8) Calculate the density of the mixture.

P =m Pg Pw

(9) Calculate the axial velocity.

Vz1 = Am/PmA

(10) Calculate the absolute velocity.

V1 = Vz1/C /os

(11) Calculate the Mach number, Mc.

M = V al

(12) Compare the assumed Mach number, Ma, with the calculated one,

Mc. If Maagrees within prescribed limits with Mc, proceed

to the next step. Otherwise steps (4) to (11) must be

repeated.

(13) Calculate the components of velocity at rotor inlet as

follows:

V1 = VZ1/cosol

Ve = VZ tancI,
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2 2 1/2
-- (Vzl + Wei

81 = tan -I (WeI/VzI)

(14) Calculate relative Mach number at rotor inlet.

M Wl/a,

(15) Calculate static pressure at rotor inlet.

PI = { g(T/01gTg)} Ay -1)

(16) Calculate total pressure at rotor inlet based on Mr*

Po(,r 1+ (Y - 1) Mr/2 -1) P

(17) Assuming V2, calculate the total pressure loss due to
gas phase, "g,R' and rotor outlet angle 02

(18) Calculate the total pressure loss coefficient due to the
momentum gained by thick water film moving over the rotor

blade surface, wf,R *

(19) Calculate the total pressure loss coefficient due to
turbulent flow of mixture over the rough film surface of
rotor blade , r

(20) Calculate the total pressure loss coefficient due to the

Stokesian drag of water droplets in rotor passage, -s,R
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(21) Calculate the components of velocity diagram at rotor

outlets as follows:

W = V tan 82

V02" = U2- We 2

(. 2 2 )0.5
W2  (VZ2 W02

2 2 0.5
V2  = (VZ2 +V02

= tan'(V 6 /Vz,)

(22) Calculate the work input.

A = (U2V8 2 - U1V61 )/gcJ

(23) Apportion the energy input in the mixture as described in

item (15) of A.2.2.1.

(24) Calculate static temperature of gas phase at rotor outlet.

2Tg2 = T 02  - V2/ 2cpggcJ

(25) Calculate the acoustic speed in gas phase.

= (y RgTg )0 . 5
9g2  gg

(26) Assume Pg2 = Pg1 and calculate the acoustic speed in the

mixture a2.

(27) Calculate absolute and relative Mach number at rotor outlet.

M2 =V2/a 2

Mr2 =W2/ 2
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(28) Calculate total pressure loss factor across rotor.

0n2 ,r = .Q2.rLi _( ' +Z W(

P Pr -~ -c~ -j

P " (g,R fR r,R ws,R P(0 1 r o I r 0 1 r

(29) Calculate total pressure ratio across rotor, and total

static pressure at rotor outlet.

T_
PT y-i P P -1

01 01" 9

RO2
PO02 = (To, )b I0

2-y
P2  = (1 + Xj2 LM 2 )Y-1 P02

(30) Calculate static density at rotor outlet.

P = P2/RgTg2

(31) Compare the calculated p92in (27) with the assumed Pg2 in

(23). Iterate steps (23) to (27) until a desired accuracy

is obtained.

(32) Calculate the density of mixture.

Pm2  !, + x
9 w

(33) Calculate the axial velocity at rotor outlet.

V - n/pMA2
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(34) Compare the calculated VZ2 in (33) with the assumed VZ2 in
(34). Iterate steps (17) to (33) until the desired accuracy

is obtained.

(35) Calculate total pressure at rotor outlet.

( 2}Y /(Y -1)
P02  1+ (Y - 1) M2/1 Y P2

(36) Calculate the total pressure loss coefficient across stator

due to gas phase, wg.s, and stator outlet angle,'3.

(37) Calculate the the total pressure loss coefficient due to

the momentum gained by thick water film on the stator blade

surface, wf,S"

(38) Calculate the total pressure loss coefficient due to turbulent

friction over a rough film surface over the stator blade,--r,S .

(39) Obtain the total pressure loss across stator due to Stokesian

drag of large water droplets in the free stream outside

boundary layer, sW
sS'S

(40) Calculate total pressure loss factor across the stator.

P0 3 W - --
TO- = I " (Wg,S + f,S * Lr,S + wsS) (1 - P2 )Pa2

(41) Calculate the total pressure ratio and gas phase total

temperature ratio across stage.
_X_

TOo3, 9 - PO2,g) rPorl o P 3

PR PC 3/P4 Io~ P.~ J -7

TR = T /T

039g 0 1,g
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(42) Obtain total pressure and gas phase total temperature at

stator outlet.

fo {PD~. 3 o1
P03 ro 2j #PO2

T =T 003,g 29

(43) Calculate the average value of the specific heat ratio.

(44) Calculate the stage efficiency.

pR(Y-I )/Y-i

TR - 1
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APPENDIX 3

DETAILED DESCRIPTION OF SUBROUTINES

AND EXTERNAL FUNCTIONS

There are 27 subroutines and 13 external functions in this program.

Brief descriptions of these subprograms are presented in Chapter III. A

more detailed description of each subprograms is presented here. Each

of the subroutines and external functions is presented as follows:

(1) Description, (2) Input variables, (3) Output variables, and (4) Usage.

SUBROUTINE WICSPA

(1) Description:

The subroutine WICSPA is used for the calculation of

performance based on the inputed stage characteristic

curves. A detailed descriptions of calculation procedure

is presented in Appendix 2.

(2) Input Variables:

FAIO initial flow coefficient

ISTAGE stage at which performance calculation is

carried out

MMASS mass flow rate of mixture.

ALFA absolute flow angle at outlet of the previous

stage stator

WKDONE work done factor

DAVE nominal diameter of small droplet

XDIN initial water content of small droplet

AKI constant in Eq. (A.3.6)'

AK3 constant in Eqs. (A,3.1)' and (A.3.2)'

(3) Output Variables:

ETA stage adiabatic efficiency

BETA1 relative flow angle at rotor inlet

BETA2 relative flow angle at rotor outlet

VZ axial velocity
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ALFA2 absolute flow angle at stator inlet

ALFA3 absolute flow angle at stator outlet

DELTG rise in total temperature of gas phase across

a stage

DELTW rise in temperature of small droplet across

a stage

W1 relative velocity at rotor inlet

W2 relative velocity at rotor outlet

V1 absolute velocity at rotor inlet

V2 absolute velocity at stator inlet

V3 absolute velocity at stator outlet

(4) Usage:

CALL WICSPA (FAIO, ISTAGE, MMASS, ALFA1 ,WKDONE, DAVEXOIN

ETA, BETAI,BETA2, VZ, ALFA2, ALFA3, DELTG,DELTW

WI,W2, V1,V2,V3, AKI, AK3)

SUBROUTINE WICSPB

(1) Description:

The subroutine WICSPB is used for the calculation of stage

performance based on the analytical/correlation method for

small droplet. A detailed description of calcualtion

procedure is presented in Appendix 2.

(2) Input Variables:

FAIO initial flow coefficient

ISTAGE stage at which performance calculotion is

carried out

MMASS mass flow rate of mixture

ALFAI absolute flow angle at outlet of the previous

stage stator

WKDONE work done factor

DAV nominal diameter of small droplets
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DELV relative velocity between gas phase and large

droplets

XMAS mass flow rate of small droplets

N station number (Fig. 5.1)

AK constant in Eq. (A.3.6)'

AK2 constant in Eq. (A.3.7)' and (A.3.8)'

AK3 constatn in Eq. (A.3.1)' and (A.3.2)'

(3) Output Variables:

OMEGA1 total pressure loss coefficient due to single-

phase (gas) flow profile loss in rotor

OMEGA2 total pressure loss coefficient due to loss

for small droplets on account of the change in

momentum thickness of boundary layer due to the

presence of such droplets in rotor

OMEGA3 total pressure loss coefficient due to

Stokesian drag of small droplets in the free

stream of blade passage in rotor

OMEGA4 total pressure loss coefficient due to single-

phase (gas) flow profile loss in stator

OMEGA5 total pressure loss coefficient due to loss

for small droplets on account of the change
in momentum thickness of boundary layer due

to the presence of such droplets in stator

OMEGA6 total pressure loss coefficient due to Stokesian

drag of small droplets in the free stream of
blade passage in stator

" OMEGAT sum of total pressure loss coefficients
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BETA1 relative flow angle at rotor inlet

BETA2 relative flow angle at rotor outlet

VZ axial velocity

ALFA2 absolute flow angle at stator inlet

ALFA3 absolute flow angle at stator outlet

DELTG rise in total temperature of gas phase

across a stage

DELTW rise in temperature of small droplet

across a stage

W1 relative velocity at rotor inlet

W2 relative velocity at rotor outlet

VI absolute velocity at rotor inlet

V2 absolute velocity at stator inlet

V3 absolute velocity at stator..outlet

(4) Usage:

CALL WICSPB (FAIO, ISTAGE, MASS, ALFA1, WKDONE, DAV,

DELV, WMAS, N, OMEGA1, OMEGA2, OMEGA3,

OMEGA4, OMEGA5, OMEGA6, OMEGAT, BETAI,

BETA2, VZ,ALFA2, ALFA3, DELTG, DELTW, W1,

W2, V1, V2, V3, AKI, AK2, AK3)
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SUBROUTINE W.I CSPC

(1) Description;

The subroutine WICSPC is used for the calculation of stage

performance based on the analytical/correlation method for

large droplet. A detailed description of calculation

procedure is presented in Appendix 2.

(2) Input Variables:

FAIO initial flow coefficient

ISTAGE stage at which performance calculation is

carried out

MMASS mass flow rate of mixture

ALFAI absolute flow angle at outlet uf the

previous stage stator

WKDONE work done factor

DAV nominal diameter of large droplets

DELV relative velocity between gas phase

and large droplets

WMAS mass flow rate of small droplets

WWMAS mass flow rate of large droplets

N station number (Fig. 5.1)

REAVE Average Reynolds number
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DELVU2 relative velocity between gas phase and

droplet

DELVL2 relative velocity between gas phase and

droplet

AKI constant in Eq. (A.3.6.)'

AK2 constant in Eq. (A.3.7)' and (A.3.8)'

AK3 constant in Eq. (A.3.1)' and (A.3.2)'

(3) Output Variables:

OMEGA1 total pressure loss coefficient due to

the mixture boundary layer formed over rough.

film surface in rotor

OMEGA2 total pressure loss coefficient due to film

formed on rotor blade surface

OMEGA3 total pressure loss coefficient due to

Stokesian drag of large droplets in the

free stream of blade passage in rotor

OMEGA4 total pressure loss coefficient due to

the mixture boundary layer formed over

rough film surface in stator

OMEGA5 total pressure loss coefficient due to

film formed on stator blade surface

OMEGA6 total pressure loss coefficient due to

Stokesian drag of large droplets in the

free stream of blade passage in stator
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OMEGAT sum of total pressure loss coefficient

BETAI relative flow angle at rotor inlet

BETA2 relative flow angle at rotor outlet

VZ axial velocity

ALFA2 absolute flow angle at stator inlet

ALFA3 absolute flow angle at stator outlet

DELTG rise in total temperature of gas phase

across a stage

DELTW rise in temperature of small droplet

across a stage

Wi relative velocity at rotor inlet

W2 relative velocity at rotor outlet

V1 absolute velocity at rotor inlet

V2 absolute velocity at stator inlet

V3 absolute velocity at stator outlet

(4) Usage:

CALL WICSPC (FAIO, ISTAGE , MMASS, ALFA1, WKDONE, DAV,

DELV, WMAS, JWMAS, N, OMEGA1, OMEGA2, OMEGA3,
OMEGA4, OMEGA5, OMEGA6, OMEGAT, BETAI, BETA2,

VZ, ALFA2, ALFA3, DELTG, DELTW, WI, W2, VI, V2,

V3, REAVE, DELVU2, DELVL2, AKI, AK2, AK3)
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SUBROUTINE WICSPD

(1) Description

The subroutine WICSPD is used for the calculation of

design point performance. The properties obtained

in this subroutine become reference properties for

calculation of off-design performance.

(2) Input Variables

AMASS mass flow rate

ISTAGE stage at which performance calculation

is carried out

(3) Output Variables:

none

(4) Usage:

CALL WICSPD (AMASS, ISTAGE)
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SUBROUTINE WICSCC

(1) Description:

Subroutine WICSCC calculates the equivalent pressure

ratio, stage adiabatic efficiency, and equivalent

temperature ratio for a particular stage from the lr)uted

stage characteristic curves. The equivalent pressure

ratio, *, equivalent temperature ratio, r, and stage

adiabatic efficiency, i have been expressed in .terms of

the stage flow coefficient as follows:

2 3 4 5 6
= AI + B I+ C1 I 2 + D1 3+ E1 .+ F 1 + G 1 6

2 3 4 5 6
n = A2 + B2 + C2  + D2 €+ E2 €+ F2  + G2 €

= AO + B3

The definitions of these parameters are as follows:

(i) flow coefficient: 0

*=Vz/Utip

(ii) equivalent pressure ratio ,

* CT01 jD L ftipl ~

(iii) equivalent temperature ratio:

U2 4(tD ATO), Toii ) tp

where subscript D indicates the design point.
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It should be noted here that the subroutine WICSCC is

only suitable for the case of Test Compressor employed in

the current investigation. In another case, a replacement

of this subroutine is necessary.

(2) Input Variables:

FAI stage flow coefficient

ISTAGE stage number

(3) Output Variables:

SAI equivalent pressure ratio

ETA stage adiabatic efficiency

TAU equivalent temperature ratio

(4) Usage:

CALL WICSP (FAI, SAI, ETA, TAU, ISTAGE)

SUBROUTINE WICGSL

(1) Description:

The subroutine WICGSL is used for the calculation of

single-phase (gas) flow loss. In the current model,

the concept of the equivalent diffusion ratio by

Lieblein (Ref.23) and Swan's correlation (Ref.24)

have been employed in order to estimate the blade outlet

flow angle and loss due to turbulent flow of gaseous

phase over the rigid blade surface.

Lieblein has show that the design point loading factor, the

Diffusion Factor, does not represent a suitable criterion

for loading at off-design conditions, except possibly at
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other minimum loss points. This is due to the fact that

the basic derivation of the Diffusion Factor has been

based on a flow model which corresponds to operation at

or near minimum loss. He has therefore suggested a

generalized loading parameter. This parameter, the Equivalent

Diffusion Ratio, is based on the ratio of the maximum

suction surface velocity and trailing edge velocity for

a given section cascade. Lieblein has deduced an

expression which approximates this velocity ratio

in terms of measured overall perfoimanGe. The Equivalent

Diffusion Ratio is suitable for correlation of low speed

data. For the general case where the axial velocity ratio

may be large, such as in a rotor or stator cascade, the

Equivalent Diffusion Ratio, Deq, has been defined as follows:

D CosBCS2Vzl r 1

Deq COS Vz 1.12 + k (i-i*) 1*43 +0. 6 1 cos2o K] (A.3.1)

r2  V rr
2

where K = tanN - - tans, - (
zi ZI I

and k = 0.0117 for the NACA 65 (A10 ) blades and k = 0.007

for the C4 circular-arc blades. The Equivalent Diffusion

Ratio at minimum loss, Deq*, is obtained by dropping the

term representing the incidence angle effects, that is

as follows.

COS8 2 V~z _OS2____

D = 11.12 + 0.61 , 1 * K (A.3.2)
eq COS VZa

IZ2

The wake momentum thickness can be expressed nondimensionally
as follows:

2

where c is the chord length of the blades.
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Atminimumloss, Eq. (A.3.3) yields

= 2 lcosBl*J (A.3.4)

Also, from Eq. (A.3.3), the total pressure loss coefficient W, can be

expressed as follows:

cos02  (cos0~J (A.3.5)

From the cascade test data, the deviation angle, 6, and the non-dimension-e
al wake momentum thickness, E, are expressed in terms of the Deq, De*
(!)*, and inlet Mach number, M , as follows:

c

6 = 6* + (6.40 - 9.45(M4 - 0.60)) (Deq - Deq*) AKI (A.3.6)

2 3 D )2
)* + (0.827M, - 2.692M1 -2.675MI) (D -D AK2 (A.3.7)

c c eq eq
for Deq Deq*

6 3 2
)*+ (2.80-) - 8.71MI + 9.36MI) (Deq - De*) . AK2 (A.3.8)

for Deq Deq*

Using these empirical expressions, the air angle at blade outlet and

total pressure loss coefficient at an off-design point can be determined

as follows:

(i) Calculate the inlet angle, 0, , and the inlet Mach number, MI.

(ii) Calculate the Equivalent Diffusion ratio at minimum loss, D eq*.
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(iii) Calculate the nondimensional wake momentum

thickness at minimum loss(N*

(iv) Assume the fluid outlet angl ,(02)a.

(v) Calculate the incidence angle., i, i=a 1-.oi*+i*.

(vi) Calculate the Equivalent Diffusion Ration Deq

(vii) Calculate the deviation angle,6.

(viii) Calculate the fluid outlet angle,(0 2)c

(02) C B2*'6* + 6.

(ix) Compare the assumed value of fluid outlet angle,

(02)., with the calculated value of that, (02)c
to check if 1(02)a - (02)c j'c where cis the

desired accuracy. Iterate step (v) to step (ix)

until satisfactory accuracy is obtained.

(x) Calculate the nondimensional wake momentum thickness,

e
c

(xi) Calculate the total pressure loss coefficient -w

Figure (A.3.1) shows the flow chart of the calculation

procedure to predict the outlet angle and total pressure

loss coefficient.

The program also includes a provision for modifying the

equations given in Ref.23 and 24. Equations (A.3.1),

(A.3.2), (A.3.6), (A.3.7), and (A.3.8) can be modified

by introducing constants AK1, AK2, and AK3 as follows.
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Calculate M

Caclt

Calculate 

Assume 00
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COSA 2 V 1 .43 COS 2B
D = -- ZI 1.12 + k (.-i*) + 0.61 KAK3

eq oSa VZ2 I I
I (A.3.1)'

C 2 V r co2qe s V [1. 12 + 0. 6 1  AK3 (A.3.2)'Deq O- Vz2

= + 6.40 -9.45 (MO.60)I (D eq-D eq*)AK1

(A.3.6)'

6 6 + (0.827M1 2.692-2.695M3) 2
... 9cMDeq-De*) * AK2

for De Deq* ?A.3.7)

e )* + (2.80M- 8.71M 2 +9.36M3 ) (D -D *)2.AK2
C I eq eq

for D eD eq* (A.3.8)-

(2) Input Variables;

OMEGAS total pressure loss coefficient

SIGUMA solidity

BETAlS blade inlet flow angle at design point

BETA2S blade outlet flow angle at. design, point

AINCIS incidence at design point

ADEVIS deviation at design point

AMACH1 blade inlet Mach number

BETI blade inlet flow angle
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X Mach number below which the effect of Mach

number disappears in estimating deviation

angle. The value of 0.6 is recommended by

Swan (Ref.24).

IDESIN Index for design point calculation

AKI constant in Eq.(A.3.6)'

AK2 constant in Eq.(A.3.7)' and (A.3.8)'

AK3 constant in Eq.(A.3.1)' and (A.3.2)'

VZI axial velocity at blade inlet

VZ2 axial velocity at blade outlet

URI rotor blade speed at blade inlet

RI radius at blade inlet

R2 radius at blade outlet

(3) Output Variables:

DEQS equivaleotdiffusion ratio at design point, Deq*

DEQN equivalentdiffusion ratio , Dq

SITACS dlmension]ess momentum thickness at designee
point,(-e-)*

SITACN dimensionless momentum thlckness,(--)

BET2N blade outlet angle

OMEGAN total pressure loss coefficient
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(4) Usage:

CALL WICGSL(ONEGAS, SIGUMA, BETIS, BET2S, AINCIS, ADEVIS,

AMACH1, BET1, DEQS, DEQN, SITACS, SITACN,

BET2N, OMEGAN, X IDESIN, AK1, AK2, AK3, VZ1,

VZ2, UR1, R1, R2)

SUBROUTINE WICSDL

(1) Description:

The subroutine WICSDL is used for the calculation of loss

for small droplets on account of the change in momentum

thickness of boundary layer due to the presence of such

droplets.

In order to estimate the loss pertaining to the increase

of momentum thickness due to the existence of small

droplets in the boundary layer, Soo's boundary layer

analysis for a gas-solids suspension is introduced

(Ref. 25). In an Isothermal Incompressible system, Soo

has derived the following equation for suspended particles

under the assumption that the number of collisions among

particles is negligible when compared to that with the

wall,

S 4 2 () a3  6 1/2 4 'A
a 4a26 4a' 4a' (6]

+ 3 "

.n + x ) (A.3.9)

where

0.0225 (U- )

a=
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1 po<U 2>

b= 2 PU

0.1402 [ +p' ' ' 0.0972

Neglecting shear due to impact of solid particles, Soo

derived the following equation.

+i - 0.7 ( 'l/s0.8

0.37 (UP) / (1+1.442p /Po) (A.3.10)

The boundary layer thickness,t , can be obtained from

Eqs. (A.3.9) or (A.3.10). In the present model, Eq. (A.3.10)

was used.

The momentum thickness, due to liquid phase, Op, is

given by

- W_ __I__ _ _

-= Up (1+m) (2U) " p i+1

(A.3.10)

where aand m are constants associated with distribution of

velocity and density of liquid phase in the boundary

layer namely.

Po U I

up = U )pw + (U - U pw) ) m

Ppw "(Pp" pw)  - m 2
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For the case of solid, spherical particles of 100 and

200pm in diameter in air moving at room conditions with

a velocity of 50 to 100 fps, Soo has obtained the

following values for the various quantities.

n = 7, m = 1.25, c = 2.30,

0.812 Pw - 1.451Up P

P Po

Utilizing the above values, Eq. (A.3.10) becomes

e
= 0.1402

Following the procedure of Lieblein, the total pressure

loss coefficient due to the increase of momentum thickness,
8p,R , because of the existence of small droplets in the

boundary layer over rotor blade surface, w6,R, can be

expressed as follows:

2
2a cosa2J6, OC j.R CO 2 COS2)

Similarly, the total pressure loss coefficient due to the

increase of momentum thickness, epS , because of the exist-

ence of small droplets in the boundary layer on stator

blade surface weS' can be expressed as follows:

we' pS, 2a[~ cosa 2
13COSa3 COS3
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The stagnation pressure losses corresponding to we,r

and w,'S can be written as follows.
2_

APe1eP,R = PIWI e,R

12 2

Thus, the total pressure loss across a stage due to the

increase of momentum thickness because of the existence of

small droplets in a boundary layer is given by

AP0  = AP6,R + APo6s

(2) Input Variables

CHORD chord length

SIGUMA solidity

BETAl blade inlet flow angle

BETA2 blade outlet flow angle

UG average flow velocity

RHOG density

AMASSW mass flow rate

AREA flow area

VZ axial velocity

IPRINT index for printout

(3) Output Variables:

OMEGAP total pressure loss coefficient
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SUBROUTINE WICSTL

(1) Description:

The subroutine WICSTL is used for the calculation of

loss due to Stokesian drag of droplets in the free

stream of blade passage.

In view of the assumption pertaining to motion of small

droplets (with zero relative velocity with respect to

gas phase), the total pressure loss due to Stokesian

drag becomes zero for small droplets.

For large droplets, the model introduced is described

below.

The large droplets move with substantial relative velocity

with respect to the gas phase and have equal probability

of motion in all directions. However, regarding the

latter aspect, the droplets are divided into two

subclasses with a direction of motion for each class,

specified with respect to the gas phase velocity vector.

The number of droplets impacting on the blade surface

is then proportional to the blade surface area projection

normal to the velocity vectors for the two subclasses

of droplets.

Referring to Fig. A.3.2., the two subclasses are shown as

(1) and (2) which have direction of motion given by y1 ,and

y2 relative to the gas phase velocity vector. The total

number of droplets in subclass (I) is proportional to

angle 2Y1 and those in subclass (2) is proportional to angle

2Y1 (180 - 2Y ). The relative velocity between the gas

phase and droplets of subclass (1) is given by the difference

between V and the component of Vp (the velocity of drop-
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Fig. A.3.2 Model for Motion of Large Droplet
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lets in subclass (1) in the direction of Vg . Similarly

the relative velocity between the gas phase and the droplets

of subclass (2) is given by the difference between Vg1
and the component of V in the direction of V Thus

P2
for droplets of subclass (1) the relative velocity is

given by the relation,

V - VpCOS y191' P

and for droplets of subclass (2), the relative velocity is

given by the relation,

Vg9 - VP2 cosy 2

In Fig. A.3.2, the blade outlet conditions are also shown.

As at the blade inlet section the relative velocities between

the gas phase and droplets of subclasses (1) and (2) may

be written as follows:

V - VP1 cos 6, for subclass (1), and

Vg2 - VP2 cos 62 for subclass (2).

where 6, is the inclination of the mean velocity vector for

subclass (1) and 62 , the inclination of the mean velocity

vector at r.utlet, designated Vg* Once again, at the out-

let section, the number of droplets in subclass (1) is

proportional to angle 26,, and the number of droplets in

subclass (2) is proportional to angle 262, or (180-26,).

It is clear that the total number of droplets is divided

into two new subclasses at the outlet, based on the directions

of motion of droplets relative to the gas phase velcocity.

The two subclasses at the outlet are the output from the

blade row for the given initial and operating conditions.
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Based on the foregoing model of motion of large droplets

the total pressure loss coefficient due to the Stokesian

drag of large water droplets in a rotor passage, -sR can

be estimated 
as follows:

The Stokesian drag of water droplets across a rotor blade

is given by

D = CD0 a (Wg - Wp)ApNdr
D Co P91(Wg1 -WPi Ap N ,r

Where W and W are relative velocities of gaseous phase
g1 Pi

and droplets at rotor inlet, Ap, the project area of a

droplet, and Nd, r , the number of droplets that exist in

rotor passage. Referring to Fig. A.3.3, the Stokesian

drag, D, can also be written as

D= (P 01,r P 02 ,r
) AR

where P and P are total pressure at station (1) ando1 ,r o2 ,r
(2) in rotor coordinate system, and AR is the average flow

area in a rotor blade passage.

From the above equations, the total pressure loss across

a rotor blade due to the Stokesian drag, AP becomess,R

Ps,R = D 7 Pg1 Wg1 - WPi) ApNd,R/AR = D/AR

By definition, the total pressure loss coefficient across

a rotor blade due to Stokesian drag,_w can be obtaineds,R'cabeotid
as follows:

- -s .R 2 D/ARWs,R =  l c )D(Wg I - p ) ApNdR/WgIAR APIWR
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Fig. A.3.3 Control Vlume across a Blade
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Similarly, the total pressure loss across a stator blade

due to Stokesian drag, AP s S becomes

AP s s  cW v  - V2) ANd /A
sS CD 2 9g2 92  P2 ,s /As

and the total pressure loss coefficient across a stator blade

due to the Stokesian drag, w SS , can be obtained as follows:

- s S aPC V2/V2
Ws, 4- c( 9 VP) APNd,/ASWS'S TP (2 ,

Thus, the total pressure loss across a stage due to Stokesian

drag is given by

APs = APs,R + APs,S

12) Input Variables:

ISTAGE stage at which performance calculation is carried

out

IROTOR index for rotor or stator

DAV nominal droplet diameter

WI relative velocity at rotor inlet

W2 relative velocity at rotor outlet

DELV relative velocity between gas phase and droplet

V2 absolute velocity at stator inlet

V3 absolute velocity at stator outlet

WMASS mass flow rate of iroplet

VZ axial velocity

N station number (Fig.5.1)

BETA1 relative flow angle at rotor inlet

BETA2 relative flow angle at rotor outlet
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ALFA2 absolute flow angle at stator inlet

ALFA3 absolute flow angle at stator outlet

MMASS mass flow rate of mixture

(3) Output Variables:

DELVU2 relative velocity between gas phase and large
droplet in subclass (1) at blade outlet

DELVL2 relative velocity between gas phase and large

droplet in subclass (2) at blade outlet

OMEGRU total pressure loss coefficient across rotor

due to Stokesian drag in subclass (1)

OMEGRL total pressure loss coefficient across rotor
due to Stokesian drag'in subclass(2)

OMEGSU total pressure loss coefficient across

stator due to Stokesian drag in subclass (1)

OMEGSL total pressure loss coefficieot across stator

due to Stokesian drag in subclass (2)

DRAGRU drag force due to large droplet in subclass(1)

DRAGRL drag force due to large droplet in subclass(2)

DRAGSU drag force due to small droplet in subclass(I)

DRAGSL drag force due to small droplet in subclass (2)

REAVE average Reynolds number

(4) Usage:

CALL WICSTL (ISTAGE, IROTOR, DAV, WI,W2, DELV, V2, V3,

WMASS, VZ, N, BETAI, BETA2, ALFA2, ALFA3,

WNASS, DELVU2, DELVL2, OMEGRU, OMEGRL, OMEGSU,

OMEGSL, DRAGRU, DRAGRL, DRAGSU, ORAGSL, REAVE)
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SUBROUTINE WICFML

(1) Description:

The subroutine WICFML is used for the calculation of loss

due to film formed on blade surface when large droplets

are present either by themselves or along with small

droplets.

The momentum gained by the thick water film on the rotor

blade surface is given by rfilmVfilm per unit blade

length, where i m is the mass flow rate of water filmfilm
on the rotor blade per unit blade length and Vfilm is

the mean velocity of water film.

Considering the difference in viscosity between the two

phases, the velocity of water film can be estimated as

follows:

Vfilm =2 g ,

where Wa is the mean velocity of gaseous phase, and

1g and p, are the viscosities of gaseous and liquid

phases, respectively.

The foregoing momentum can be transformed into an

equivalent drag coefficient as follows.

CDf = film Vfilm/ PgY 91 c

where Pg1 is blade inlet density of gaseous phase, and c

is the chord length of the blade.

The drag coefficient can then be expressed in the form of

a total pressure loss coefficient as follows:

1 2C Dfg Wg91c O f s . Cos am
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where s is the blade pitch and B m is mean flow angle.

Noting that Vz MW cos Pm, one obtains the relation,

namely

Since Wg = Vz/cosB1 , the total pressure loss coefficient

due to the momentum gained by the thick film on the rotor

blade surface can be written as follows:

APf/p W( cos2Scos18B

(2) Input Variables:

WG1 flow velocity at blade inlet

WG2 flow velocity at blade outlet

FMASS mass flow rate of water film on blade

surface per unit blade length

RHOGI density

CHORD chord length

SIGUMA solidity

BETAI blade inlet flow angle

BETA2 blade outlet flow angle

(3) Output Variables:

CDF drag coefficient

OMEGAF total pressure loss coefficient

(4) Usage:

CALL WICFML (WG1,WG2, FMASS, RHOGI, CHORD, SIGUMA, BETA1,

BETA2, CDF, OMEGAF)
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SUBROUTINE WICRSL

(1) Description:

The subroutine WrCRSL is used for the calculation of

loss due to the rough surface when large droplets are

presented either by themselves or along with small

droplets.

Using the experimental results on pipes roughened with

sand, L. Prandtl and H. Schlichting carried out a

correlation to obtain the friction coefficient on a

rough place (Ref. 26). The correlation was based on

the logarithmic velocity distribution law for rough

pipes in the form, namely

= 2.5 ln(-) + B

where v* is friction velocity; k is roughness of surface,

and B is a roughness function which depends on the

roughness parameter, v*k/r.

In the completely rough regime, they obtained the following

relation for the drag coefficient for a plate.

x -2.5

cDr = (1.81 + 1.62 logo k )

In the present case, x is replaced by the chord length, c,

and the surface roughness k is assumed to be the same as the

order of mean diameter of large droplets.

Thus, the total pressure loss coefficient due to turbulent

friction over a rough film surface on a rotor becomes the

following.

2

,C Cos ~
Drcos' m
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(2% Input Variables:

SIGUMA solidity

BETA/ blade inlet flow angle

BETA2 blade outlet flow angle

CHORD chord length

DL droplet diameter

(3) Output Variables:

CDR drag coefficient

OMEGAR total pressure loss coefficient

(4) Usage:

CALL WICRSL (SIGUMA, BETA1, BETA2, CHORD, DL, CDR,

OMEGAR)

SUBROUTINE WICVT

(1) Description:

The subroutine WICVT is used for the calculation of

velocity triangle components and angles. Typical

velocity diagram for a compressor stage is presented
in Fig. A.2.1.

(2) Input Variables:

ISTAGE stage at which performance calculation is
carried out

ASPEED acoustic speed
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ALFA1 absolute flow angle at rotor inlet

VZ axial velocity

AKI constant in Eq. (A.3.6)

AK3 constant in Eq. (A.3.1)' and (A.3.2)'

(3) Output Variables:

VI absolute velocity at rotor inlet

VS1 tangential component of VI

WSI tangential component of WI

BETAI relative flow angle at rotor inlet

WI relative velocity at rotor inlet

BETA2 relative flow angle at rotor outlet

WS2 tangential component of W2

VS2 tangential component of V2

ALFA2 absolute flow angle at rotor outlet

W2 relative velocity at rotor outlet

VZ absolute velocity at rotor outlet

ALFA3 absolute flow angle at stator outlet

V3 absolute velocity at stator outlet

(4) Usage:

CALL WICVT (ISTAGE, ASPEED, ALFAI, VZ, VI, VS1, WSI,

BETA1, W1, BETA2, WS2, VS2, ALFA2, W2, V2,

ALFA3, V3, AKI, AK3)
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SUBROUTINE WICCEN

(1) Description:

The subroutine WICCEN is used for the calculation of

spanwise replacement of droplets due to centrifugal

action.

Three forces act on a droplet moving through a fluid:

(1) the external force consisting of gravitational and

and centrifugal forces; (2) the buoyancy force, which

acts parallel to the external force, but in the opposite

direction; and (3) the drag force, which appears whenever

there is relative motion between the droplet and the

fluid, and acts parallel to the direction of motion but

in the opposite direction. In the present case, the

direction of motion of a droplet relative to the fluid

is not parallel to the direction of the external and

buoyant forces, and therefore the drag force makes an

angle with the other two forces. However, under the

one-dimensional approximation,, the lines of action of

all forces acting on the droplet are co-linear and there-

fore the forces may be added in obtaining a balance of

momentum, as follows:

m du F F F
gc dt e Fb FD

where Fe, Fb and FD are the external, buoyancy and drag

forces respectively.

The external force can be expressed as the product of mass

and acceleration, ae, of the droplet due to this force, and

therefore

Fe g ae
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In the present case, because of the large rotor speeds,

the centrifugal acceleration is far larger than the

gravitational acceleration. Thus

ae =rw2

where r is the radius and w, the angular velocity. The

acceleration can also be written as follows:

2

ae = V/r

where V is the circumferential velocity of the droplet.

For droplets passing through a rotor blade passage, the

circumferential component of the relative velocity, W,

should be used in place of V0 . When there is a large

change in whirl velocity between the inlet and outlet

of a blade row, a mean value of velocity may be more

applicable.

The buoyancy force is, by Archimedes' Principle, the
product of the mass of the fluid displaced by the droplet

and the acceleration from the external force. The mass

of fluid displaced is (m/Pw)P , where Pw is the density

of water and P is the density of the surrounding fluid.
The buoyancy force is then given

Fb = mPgae/Pwgc

The drag force is expressed by the relation,

Fd C P UA
Fd = CD A2p

where CD is the drag coefficient and A is the projected

area of the droplet measured in a plane perpendicular to the

direction of motion of the droplet. The drag coefficient
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C can be expressed in a general form as follows:

D

CD = b1/Re
n

where Re is the Reynolds number based on relative velocity

between gas and droplet. The constants b1 and n are

as follows.

bi = 24.0, n = 1.0 when Re < 1.9

b, = 18.5, n = 0.6 when 1.9 <Re < 500

b, = 0.44, n = 0.0 when 500 < Re <200,000.

The equation of droplet motion then becomes the following:

du = A/r - B u2-n

where

2

A = (W)2._p/( ave (-pg/Pw),

B = 3 unb, 9 -n/4pw DB+n and

D being the average droplet diameter. Over a small time

interval, the equation of motion can be written as follows:

Au = (A/r - B.u2 n) At

This equation can be used to determine the radial location

of a droplet in a stage as follows:

(i) Select the initial values for uland rl.

(ii) Calculate the Reynolds number to determine

the values of bland n.

(iiI) Calculate A and B.
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(iv) Calculate the change of u during time interval At.

(v) CalcLlate the new velocity u2.

U2 = U1 + Au

(vi) Calculate the change in location of droplet

in terms of Ar.

Ar = (u] + u2) /2.0 . At

(vii) Calculate the new radial location.

r2 = r, + Ar

(viii) Repeat the calculation for new value of u2

and r2and progressively extend the calculation.

The time interval should be sufficiently small in order

to obtain reasonable accuracy. As stated in Section 2.1.3

in Chapter II of this Report, the length between the

leading and trailing edges of a blade is divided into

ten steps. The time interval At is then given by the

relation, namely

At= chord 1
V 10

where V is the velocity of moisture in the blade passage.

(2) Input Variables:

RZERO droplet spanwise location at rotor inlet

UZERO droplet spanwise velocity at rotor inlet

DD droplet diameter

VZ axial velocity

DELZZ axial length of a stage

ALFAAV average flow angle

FN rotor blade rotational speed
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IRS index for rotor or stator

RHOGAS density

RHUB radius at hub

XG mass fraction of gas phase

XA mass fraction of dry air

XVV mass fraction of vapor

XCH4 mass fraction of methane

RTIPIN radius at blade tip

(3) Output Variables:

R2 droplet spanwise location blade outlet

U2 droplet spanwise velocity at blade outlet

ITIP index for droplet spanwise location

VZTIME time in which flow pass through a stage

(4) Usage:

CALL WICCEN (RZERO, VZERO, DD, VZ, DELZZ, ALFAAV, FN,IRS,

RHOGAS, RHUB, R2, U2, ITIP, VZTIME, XG, XA,

XVV, XCH4, RTIPIN)

SUBROUTINE WICDMS

(1) Description:

The subroutine WICDMS is used for the calculation of amount

of small droplets which is centrifuged.

(2) Input Variables:

IPRINT index for printout

IRAD index for spanwise location
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AMASW1 mass flow rate of water at rotor inlet

AMASWT mass flow rate of droplet

A ASW mass flow rate of droplet

RI droplet spanwise location rotor inlet

R2 droplet spanwise location at rotor outlet

STAREA streamtube area

RSTAVE radius of streamtube at its center

RTIP radius at blade tip

(3) Output Variables:

DMIN amount of water that is centrifuged and enters

into a streamtube

DMOUT amount of water that is centrifuged and

leavesfrom a streamtube

AMASW2 mass fraction of water at rotor outlet after

correction for centrifugal action

DELMAS net amount of water that is centrifuged

(4) Usage:

CALL WICOMS (IPRINT, IRAD, AMASW1, AMASWT, AMASW, RI,

R2, STAREA, RSTAVE, RTIP, DMIN, DMOUT,

AMASW2, DELMAS)

SUBROUTINE WICDML

(1) Description:

The subroutine WICDML is used for the calculation of amount

of large droplets which is centrifuged.
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(2) Input Variables;

IPRINT index for printout

IRAD index for spanwise location

AMASWI mass flow rate of water at rotor inlet

MASWT mass flow rate of droplet

AMASW mass flow rate of droplet

R1 droplet spanwise location rotor inlet

R2 droplet spanwise location at rotor outlet

STAREA streamtube area

RSTAVE radius of streamtube at its center

RTIP radius at blade tip

(3) Output Variables:

DMIN amount of water that is centrifuged and enters

into a streamtube

DMOUT amount of water that is centrifuged and left

from a streamtube

AMASW2 mass fraction of water at rotor outlet after

correction for centrifugal action.

DELMAS net amount of water that is centrifuged

(4) CALL WICDML (IPRINT, IRAD, AMASW1, AMASWT, AMASW, RI, R2,

STAREA, RSTAVE, RTIP, DMIN, DMOUT, AMASW2,

DELMAS)

SUBTROUTINE WICDRG

(1) Description:

The subroutine WICDRG is used for the calculation of drag
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force on droplet.

(2) Input Variables:

D droplet nominal diameter

DELV1 relative velocity between droplet and gas

phase at blade inlet

RHGAS1 density of gas phase at blade inlet

RHGAS2 density of gas phase at blade outlet

(3) Output Variables:

CD2 drag coefficient

DELV2 relative velocity between droplet and gas

phase at blade outlet

DRAGI drag force

RE Reynolds number

(4) Usage:

CALL WICDRG (D, DELV1, RHGAS1, RHGAS2, CD2, DELV2, DRAG1,

RE)

SUBROUTINE WICMAC

(1) Description:

Subroutine WICMAC calculates the Mach number in the

gas-water droplet mixture. First the acoustic speed in

gaseous phase is determined by iteration as follows:
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(i) Assume Mach number and calculate static temperature and

density.

y_ 2
t (1 + -r M QI

(ii) Calculate acoustic speed in gaseous phase

ag = (yRtgc)0 5

(iii) Calculate the axial velocity

Vz = A/pA

(iv) Calculate absolute velocity

V1 = V3/cos al

(v) Calculate Mach number

R, = V,/ag

Compare the calculated Mach number with the assumed value

in (1). Iterate steps (i) to (v) until the desired

accuracy is obtained. After determing the acoustic speed

in gaseous phase, Fucnction WICASD is called to determine

the acoustic speed in droplet-laden gas flow.

(2) Input Variables:

ISTAGE stage number

AMASSM mixture mass flow rate
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TOIG total temperature of gaseous phase

PRES total pressure

XW1 total water content

ALFA stator outlet angle of the previous stage

RMIX gas content of gaseous phase

CPMIX specific heat at constant pressure for

gaseous phase

(3) Output Variables:

M Mach number

VZ axial velocity

C acoustic speed in mixture

(4) Usage:

CALL WICMAC (ISTAGE, AMASSM, TOIG, PRES, M, VZ, C, XW1,

ALFA, RMIX, CPMIX)

FUNCTION WICASD

(1) Description:

Function WICASD calculates the acoustic speed in droplet-

laden gas flow. The following equation is used (Ref.27).

a(1-a )P +0 Pw 1- v Vw}

where

ag = acoustic speed in gaseous phase
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aw = acoustic speed in water

Pg = density of gaseous phase

Pw density of water

av = particulate liquid volume fraction

xw  = particulate liquid mass fraction

ov = xwPg/ [ Pw-xw (Pw-Pg)1

(2) Input Variables:

XW total water content

RHOG density of gas phase

CG acoustic speed of gaseous phase

(3) Output Variable:

WICASD acoustic speed in gas-water droplet mixture

(4) Usage:

WICASD (XW, RHOG, CG)

SUBROUTINE WICBOA

(1) Description:

Subroutine WICBOA calculates the blade outlet flow angle
based on Swan's correlation curves (Ref.24). Swan's curves
and the concept of equivalent diffusion ratio are also

described in Subroutine WICGSL.
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(2) Input Variables:

OMEGAS total pressure loss coefficient at design

point

SIGUMA solidity

BETIS blade inlet angle at design point

BET2S blade outlet angle at design point

AINCIS incidence at design point

ADEVIS deviation at design point

AMACHI blade inlet Mach number

BETI blade inlet flow angle

(3) Output Variables:

DEQS equivalent diffusion ratio at design point

DEQN equivalent diffusion ratio

SITACS ratio of wake momentum thickness to chord

design point

SITACN ratio of wake momentum thickness to chord

BET2N blade outlet angle

(4) Usage:

CALL WICBOA (OMEGAS, SIGUMA, BETIS, BET2S, AINCIS, ADEVIS,

AMACHI, BETI, DEQS, DEQN, SITACS, SITACN, BET2N)

SUBROUTINE WICEDO

(1) Description:

Subroutine WICEDD is called in Subroutine WICBOA and WICGSL.

The equivalent diffusion ratio at design point, D*q, and the

ratio of wake momentum thickness to chord at design point,

(.)*, are obtained from the following equations:
c
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DCS2V ZICos 20,
0q = ---- 07 2 (1.12 + 0.61 -y K) *AK3

Z22

;*C0502* C0502*

(C -a Cos$,*

where

V Z2r
K - tan 0* - - 2 tanr /2\7

r T an- * yZ 1  .;?

(2) Input Variables:

AK3 constant, normally one

VZ1 axial velocity at blade inlet

VZ2 axial velocity at blade outlet

UR1 rotor blade speed at rotor inlet

R1 radius at blade inlet

R2 radius at blade outlet

BETIS blade inlet flow angle at design point

BET2S blade outlet flow angle at design point

SIGUMA solidity

OMEGAS total pressure loss coefficient at design

point

(3) Output Variables:

DEQS equivalent diffusion ratio at design point

SITACS ratio of wake momentum thickness to chord
at design point

(4) Usage:

CALL WICEDO (AK3, VZ1, VZ2, URi, RI, R2, BErI.S, BET2S,

SIGUMA, OMEGAS, DEQS, SITACS)
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FUNCTION WICED

(1) Description:

Function WICED is called in Subroutines WICBOA and WICGSL. The

equivalent diffusion ratio is obtained from the following

equation.

V, (1.12 +k( .*) + 0.61 c0SO K . AK3
Deq cos6 1 Vza

Z2

where

V 2
K = tana 1--r--z2tana1 _ _

r Vz V zI r

and where k = 0.0117 for NACA 65 (A10) blades and k = 0.007 for

the C4 airfoils.

(2) Input Variables:

AK3 constant, normally one

VZ1 axial velocity at blade inlet

VZ2 axial velocity at blade outlet

URI rotor blade speed at rotr inlet

R1 radius at blade inlet

R2 radius at blade outlet

BETI blade inlet flow angle

BET2 blade outlet flow angle

SIGUMA solidity

AINCIS incidence at design point

AINCI incidence

(3) Output Variable:

* WICED equivalent diffusion ratio
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(4) Usage:

WICED (AK3, VZ1, VZ2, UR1, R1, R2, BET1, BET2, SIGUMA,

AINCIS, AINCI)

FUNCTION WJICMTK

(1) Description:

Function WICMTK is called in Subroutines WICBOA and

WICGSL. The ratio of wake momentum thickness and chord

are obtained from the following equations.

- -) + (0.827 M, + 2.675 M ) (D - AK2
c eq ~

for D _ > D eq*

eq eq ec - +(2.80 M1 -8.71 2I93 M)(eq eq 2

for De< De*

eq eq

(2) Input Variables:

AK2 constant, normally one

SITACS ratio of wake momentum thickness to chord at

design point

AMACH1 blade inlet Mach number

DELDEQ difference between equivalent diffusion ratio

and equivalent diffusion ratio at design point.

(3) Output Variables:

WICMTK ratio of wake momentum thickness to chord

(4) Usage:

WICMTK (SI1, , AMACHI, DELDEQ, AK2)
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FUNCTION WICLOS

(1) Description;

Function WICLOS is called in Subroutine WICGSL and calculates

the total pressure loss coefficient from the following

equation:

- ( 2o (cos 2
C cos0 2  cos0 2

(2) Input Variables:

BETI blade inlet flow angle

BET2 blade outlet flow angle

SIGUMA solidity

SITA ratio of momentum thickness to chord

(3) Output Variable:

WICLOS total pressure loss coefficient

(4) Usage:

WICLOS (BETI, BET2, SIGUMA, SITA)

SUBROUTINE WICIRS

(1) Description:

Subroutine WICIRS is called at outlet of rotor and performs

the calculation of droplet impingement and rebound in rotor

passage for small droplet.

(2) Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

xW1 mass fraction of small droplet
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XG mass fraction of gaseous phase

RHOQG density of gaseous phase

BETA1 rotor inlet relative flow angle

WI rotor inlet relative velocity

(3) Output Variables:

WW1 amount of water that impacts stagnation

region of blade

WW2 amount of water that impact aft of blade

WW total amount of water that impact blade

(4) Usage:

CPLLWICIRS (ISTAGE, RTIPIN, XW1, XG, RHOGI, BETA1, W1,

WWI, WW2, WW)

SUBROUTINE WICIRL

(1) Description:

Subroutine WICIRL is called at outlet of rotor and performs

the calculation of droplet impingement and rebound in rotor

passage for large droplet.

(2) Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

XW1 mass fraction of large droplet

XG mass fraction of gaseous phase

PHOG1 density of gaseous phase

BETAI rotor inlet relative flow angle

Wi rotor inlet relative velocity
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(3) Output Variables:

WW1 amount of water that impacts upper surface

of blade

WW2 amount of water that impact lower surface of

blade

WW total amount of water that impact blade surface

(4) Usage:

CALL WICIRL (ISTAGE, RTIPIN, XW1, XG, RHOGI, BETAI, Wi,

WW1, WW2, WW)

SUBROUTINE WICISS

(1) Description;

Subroutine WICISS is called outlet of stator and performs

the calculation of droplet impingement and rebound in

stator passage for small droplet.

(2) Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

XW mass fraction of small droplet

XG mass fraction of gaseous phase

RHOGI density of gaseous phase

ALFA2 stator inlet absolute flow angle

W1 stator inlet absolute velocity
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(3) Output Variables;

WW1 amount of water that impact stagnation

region of blade

WW2 amount of water thatimpact off of blade

WW total amount of water that impact the blade

(4) Usage:

CALL WICIS5 (ISTAGE TRIPIN, XW, XG RHOGI, ALFA2, WI,

WW1, WW2, WW)

SUBROUTINE WICISL

(1) Description:

Subroutine WICISL is called at outlet of stator and performs

the calculation of droplet impingement and rebound in stator

passage for large droplet.

(2) Input Variable:

ISTAGE stage number

RTIPIN blade tip radius

XW mass fraction of large droplet

XG mass fraction of gaseous phase

RHOG1 density of gaseous phase

ALFA2 stator inlet absolute flow angle

WI stator inlet absolute velocity

(3) Output Variables:

WWI amount of water that impact upper surface of

blade

WW2 amount of water that impact lower surface of

blade
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WW total amount of water that impact on

blade surface

(4) Usage:

CALL WICISL (ISTAGE, RTIPIN, XW, XG, RHOGI, ALFA2, W1,

WWI, WW2, WW)

SUBROUTINE WICWAK

(1) Description:

Subroutine WICWAK is called at rotor outlet and stator

outlet, and calculates the droplet size of water that is

re.entrained at trailing edge of rotor and stator blades.

The size of droplet which is re-entrained into the wake

at the blade trailing edge is calculated as follows:

(i) Assume a value for a droplet diamter, d, that is re-entrained

into wake.

(ii) Calculate the stability number, SN.
2

SN = pf /pg dgc

(iii) Calculate the critical Weber number

We = 12 1 + (SN) 6 )

(iv) Calculate the largest stable droplet diameter

dmax = We agc

(v) Compare the assumed droplet diameter with the calculated one.
Iterate entire steps until the satisfactory agreement is

obtained.
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(2) Input Variables:

RHOG density of gaseous phase

V velocity of gaseous phase for small droplet

or relative velocity between droplet and

gaseous phase for large droplet

(3) Output Variables;

DWAKE droplet size that re-entrained at trailing

edge in(ft')

DWAKEM droplet size that re-entrained at trailing

edge in(11m)

(4) Usage:

CALL WICWAK (RHOG, V, DWAKE, DWAKEM)

SUBROUTINE WICHET

(1) Description:

Subroutine WICHET Is called at end of stage to perform the

heat transfer calculation between water droplet and

gaseous phase. The heat transfer rate can be determined

from the following equation

dh = h A (T -T)
Ht h g w

where hh is the heat transfer coefficient, A, the droplet

surface area, Tw, the droplet surface temperature, and

Tg, the temperature of the surrounding gas. The heat

transfer coefficient can be expressed as follows:

h = ka Nu
Dd
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where kais the thermal conductivity of air, and Nu, the

Nusselt Number. The Nusselt number can beecpressed in

terms of the dimensionless. groups as follows;

Nu = 2.0 + 0.6 (Re)'5O(Pr)
0
.
33

where Re is the Reynolds number based on the relative velocity

between the droplet and the surrounding air, and Pr is

Prandtl number.

After calculating the temperature rise of the water and

gas phase due to the work done by the rotor, the heat

transfer calculation is carried out as follows:

(M) Calculate the average droplet diameter, Dd.

(ii) Calculate the number of droplets, Nd

mw A

d - 4 7r(Dd/2)3  Va

where w is the mass flow rate of water phase, pw' the

density of water, V. , the axial direction velocity, and

Az, the axial length of one stage.

(iii) Calculate the droplet surface area, A.

(iv) Calculate the Nusselt number, Nu.

(v) Calculate the heat transfer coefficient, hh.

(vi) Calculate the stage outlet temperature for droplet and gas

without heat transfer, that is

T92 = Tg + (ATg)wk

TW2 = TwI + (ATw)wk

where (ATg)wk and (ATw)wk are the temperature rise of

of gas and water due to work done by rotor.
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(vii) Calculate the amount of heattransferred from the gas to the

droplet.

AH = hh A (T - T)
h g2 W2

(viii) Calculate the temperatures rise of the droplet and the

temperature drop of the surrounding gas.

(AHg)ht AH/m C

(AHw)ht = AH/mwCw

where Cw is the specific heat for water and Cs is the

humid heat for air-water mixture.

(ix) Calculate the stage outlet temperature for droplet and

gas.

Tg2 = Tg1+ (ATg )wk - (ATg)ht

TW2 = TW+ (AT w)wk + (ATw)ht

(X) Using the temperature calculated in step (ix), repeat the

steps (vii) to (ix) until a desired accuracy is obtained.

(2) Input Variables:

TG1 temperature of gaseous phase at stage inlet

TG3 temperature of gaseous phase at stage outlet

TWI temperature of droplet at stage inlet

TW3 temperature of droplet at stage outlet

DAVEN2 droplet nominal diameter at stage inlet

DEVEN droplet nominal diameter at stage outlet

DELZI length of stage

VZ axial velocity

WMASS1 mass flow rate of water

VMASS1 mass flow rate of water vapor
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AMASS mass flow rate of dry air

CHMASS mass flow rate of methane

DPG specific heat constant pressure to gaseous

phase

CPW specific heat of water

RE Reynolds number based on relative velocity

between droplet and gaseous phase.

(3) Output Variables:

DELIGH temperature drop in gaseous phase due to

heat transfer between water droplet and

gaseous phase

DELTWH temperature rise in droplet due to heat

transfer between water droplet and gaseous

phase

(4) Usage:

CALL WICHET (TG1, TG3, TW3, DAVEN2, DAVEN, DELZI, VZ,

WMASS1, VMASS1, AMASS, CHMASS, CPG, CPW,

DELIGH, DELTWH, RE)

SUBROUTINE WICMAS

(1) Description:

Subroutine WICMAS is called at end of stage to perform

the mass transfer calculation between water droplet and
gas phases.

The mass transfer rate can be calculated by the following
equation

dm hmA (Cwb - Cw)
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where hm is the mass transfer coefficient, A, the dropletsurface area, Cwb, the water vapor concentration at
droplet surface , and Cw the water vapor concentration

in fluid flow around droplet.

Since the density represents the mass concentration, and the
vapor is almost a perfect gas, the mass transfer rate can

be expressed in terms of vapor pressure as follows:

dmdm- hm A (Pwb-Pw)

or

P Pdm hA wb - w 1=hmA  - , 1

Twb w j v

where Rv is the gas constant for water vapor, Pwb' the

vapor pressure at droplet surface, Pw the vapor pressure

in fluid flowing around droplet, Twb, the vapor temperature

at droplet surface, and Tw , the vapor temperature in

fluid flowing around droplet.

The surface area, A, for the droplet cloud is given by

the relation,

2

A = TrDd Nd

where Dd is the average droplet diameter, and Nd, the

number of droplets.

The mass transfer coefficient, hm is expressed as follows:

Dv
h= d. Sh

A semi-empirical equation for the diffusion coefficient

in gases is given by the following: (Reference 28)

Dv  435.7 P + VB 1 +

PVA V/3 + VB'/a 3 MA +MBj
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where Dv is in square centimeters per second, T is in

degree Kelvin, p is the toal system pressure in newtons

per square meter, and VA and VB are the molecular volumes

of constituents A and B as calculated from the atomic

volumes. MA and MB are the molecular weights of constituents

A and B. For water-air systems, the numerical values of
VA, VB, MA and MB are given as follows:

VA = Vair = 29.9 MA = Mair = 28.9

VB = Mwater = 18.8 MB = Mwater = 18.0

When the relative velocity between a single droplet and

the surrounding fluid approaches zero, the following

relationship is used to determine the mass transfer rate:

Sh = 2.0.

Mass transfer rates increase with increase in relative

velocity between the droplet and the surrounding air

due to the additional mass transfer caused by the convection

in the boundary layer around the droplet. The mass transfer

coefficient from a spherical droplet can be expressed

in terms of dimensionless groups as follows:

Sh = 2.0 + k (Re)X(Sc)y

where Re is the Reynolds number based on relative velocity,

which expresses the ratio of inertial force to viscous force,

and Sc is the Schmidt number, which expressed the ratio of

kinetic viscosity to molecular diffusivity.

There is much discussion over the values of x, y, and k.
The form most widely applied is the Ranz and Marshall equation

which is

Sh = 2.0 + 0.6 (Re) 0' 0(Sc) '"
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The procedure for determining the mass transfer rate is

as follows.

(i) Calculate the Sherwood number, Sh.

(ii) Calculate the diffusion coefficient, Dv.

(iii) Calculate the average droplet size, Dd.

(iv) Calculate the mass transfer coefficient, hm.

(v) Calculate the total number of droplets, Nd.

(vi) Calculate the total surface area for all droplets.

(vii) Calculate the water vapor pressure at droplet surface,

Pwb' based on the droplet surface temperature, Ts.

(viii) Assume the vapor pressure, Pw' and set Pw = (P
dm wa

(ix) Calculate the mass transfer rate, L.

(x) Calculate the the new value of water mass flow rate.

w w dm

(xi) Calculate the new value of vapor mass flow rate.

mv = v +dm

(xii) Calculate the specific humidity, W.

W = Av/a

where ma is the air mass flow rate.

(xiii) Calculate the vapor pressure.

(xiv) Compare the calculated value, (pw)c , with the assumed
value (p w)a.

If (pw)c agrees resonablywell with the assumed value (p w)c

proceed to step (xv). Otherwise, steps (viii) to (xiv)
should be repeated.

(xv) Using the determined pw' the mass transfer rate is calculated
Also, the specific humidity can be determined by the
following equation:

W 0.6219 Pw

w
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(2) Input Variables:

HW1 specific humidity at stage inlet

ml temperature of droplet at stage inlet

TW2 temperature of droplet at stage outlet

PPI pressure of gaseous phase stage inlet

PP2 pressure of gaseous phase at stage outlet

TGl temperature of gaseous phase at stage inlet

TG2 temperature of gaseous phase at stage outlet

DZ length of stage

VZ axial velocity

DDAVE1 droplet nominal diameter at stage inlet

DDAVE2 droplet nominal diameter at stage outlet

AMASS mass flow rate of air

RE Reynolds number based on relative velocity
between droplet and gaseous phase

VMASSI mass flow rate of water vapor at stage inlet

WMASS1 mass flow rate of water droplet at stage

outlet

(3) Output Variables:

HW2 specific humidity at stage outlet

VMASS2 mass flow rate of water vapor at stage outlet

WMASS2 mass flow rate of water droplet at stage outlet

DMDTAV average mass transfer rate across stage

(4) Usage:

CALL WICMAS (HWl, TWI, TW2, PPl, PP2, TGI, TG2, DZ, PWbI,

PWB2, PWI, PW2, VZ, DDAVE1, DDAVE2, HW2,

VMASS1, VMASS2, WMASS1, W1MASS2, DMDTAV,

AMASS, RE)
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FUNCTIQN WICMTR

(1) Description:

Function WICMTR is called in Subroutine WICMTR and calculates

the mass transfer rate.

(2) Input Variables:

TTG temperature of gaseous phase

TTW temperature of water droplet

PPP pressure of gaseous phase

DAVW droplet nominal diameter

VZ axial velocity

DZ length of stage

MMASS mass flow rate of mixture

PW vapor pressure

RE Reynolds number based nn relative velocity

between droplet and gaseous phase

(3) Output Variable:

DMDT mass transfer rate

(4) Usage:

WICMTR (TTG, TTW,PPP, DAVE, VZ, DZ, MMASS, PW , RE)

FUNCTION WICPWB

(1) Description:

Function WICPWB calculates the saturation pressure for

water vapor is a function at temperature as follows:

log lop s = A - B/T
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where units are (Kg/cm 2) for ps and (K) for T. The

values of constant A and B are given as follows:

A = 5.97780, B = 2224.4 when 200C < T < l00C

A = 5.64850, B = 2101.1 when 1001C < T < 200 C

A = 5.45142, B = 2010.8 when 2000C < T < 350 0C

(2) Input Variable:

TWB temperature of gaseous phase

(3) Output Variable:

WICPWB saturation pressure for water vapor

(4) Usage:

WICPWB (TWB)

FUNCTION WICNEW

(1) Description:

Function WICNEW is used to estimate the new trial value in

the iteration procedure. Figure A.3.2. shows how to

determine the new trial value.

(2) Input Variables:

Xi first trial value

YI calculated value corresponds to X1

X2 second trial value

Y2 calculated value corresponds to X2

(3) Output Variable:

WICNEW new trial value

(4) Usage:

WICNEW (X1, Y1, X2, Y2)
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FUNCTION WICTAN

(1) Description:

Function WICTAN(X) is used to obtain the ratio of SINE(X)

to COSINE(X), that is, TAN(X).

(2) Input Variable:

X angle

(3) Output Variable:

WICTAN value of TAN (X)

(4) Usage:

WICTAN(X)

FUNCTION WICBPT

(I) Description:

Function WICBPT calculates the temperature at boiling

point.

(2) Input Variables:

TSTAG temperature

PSTAGE pressure

(3) Output Variable:

WICBPT temperature at boiling point

(4) Usage:

WICBPT (TSTAG, PSTAG)

177



AD-AIIN 8S PURDUE LR4IV LAFAYETTE IN SCHOOL OF MECHANICAL ENOINEERINS F/S 21/5
EFFECT OF WATER ON AXIAL FLOW COMPRESSORS. PART 1. ANALYSIS ANO--ETC(U)
JUN 81 T TSUCHIYA, S N MURTHY F33615-7B-C-2401

UNCLASSIFIED AFWAL-TR-8-2090-PTl NL

34flll..ffff



OF

AD

,,,AI14850

I W



FUNCTION WICSH

(1) Description

Function WICSH calculates the specific humidity.

(2) Input Variables:

TSTAGE temperature

PSTAG pressure

(3) Output Variable:

WICSH specific humidity

(4) Usage:

WICSH (TSTAG, PSTAG)

SUBROUTINE WICSIZ

(I) Description:

Subroutine WICSIZ'is called at outlet of rotor and stator to

determine the nominal droplet sizes. It is assumed that

two kinds of droplets exist at inlet of compressor; namely,

small droplet and large droplet. However, at trailing edge

of each blade, the new droplets are re-entrained into blade

wake. The droplets which are larger than DLIMIT are

treated as large droplets and droplets which are smaller

than DLIMIT are treated as small droplets. Each droplet

size weighted based on its mass fraction in determining

the nominal droplet size. Therefore, at outlet of each

blade row, Subroutine WICSIZ gives two nominal diameters;

one for small droplet and one for large droplet. It may be

noted that only two classes of droplets are recognized in

the model.
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(2) Input Variables:

WMASSL mass flow rate of large droplet

WMASSS mass flow rate of small droplet

AMINGi amount of water which is to be re-entrained

into wake, originally small droplet

AMING2 amount of water which is to be re-entrained

into wake, originally large droplet and upper

part

AMING3 amount of water which iS to be re-entrained
into wake, originally large droplet and lower

part

DL droplet nominal size for large droplet before

impingement

DS droplet nominal size for small droplet before
impingement

D1 droplet size associated with AMING1

D2 droplet size associated with AMING2

D3 droplet size associated with AMING3

DLIMIT largest droplet diameter which can be treated

as small droplet

(3) Output Variables:

AMSLL mass flow rate of small droplet after re-entrainment

AMLGE mass flow rate of large droplet after

re-entrainment

DSLL droplet nominal size for small droplet

DLGE droplet nominal size for large droplet

(4) Usage:

CALL WICSIZ (WMASSL, WMASSS, AMINGI, AMING2, AMING3, DL, DS,

D1, D2, D3, DLIMIT, AMSLL, AMLGE, DSLL, DLGE)
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SUBROUTINE WICPRP

(1) Description:

Subroutine WICPRP determines the flow properties such as

gas constant specific, heat ratio, and specific heat at

constant pressure for the gaseous mixture. The working

equations are as follows:

Rmix xa' Ra + X vR v+X " R C

C . Xa* C + ~ x .cpmix = a  pa + xv . pm Cpc

ymix = (1.0- Rmx )-1
Crnix

where

Xa = mass fraction of air in gaseous mixture

xv = mass fraction of water vapor in gaseous mixture

xc = mass fraction of methane in gaseous mixture

Xa + Xv +X =1

Ra = gas constant of air

Rv  = gas constant of water vc..-

Rc = gas constant of methane

Rmix * gas constant of mixture

Cpa = specific heat constant pressure for air

cpv specific heat constant pressure for water vapor

cpc specific heat at constant pressure for methane
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Cpmix = specific heat at constant pressure for mixture

rmix = specific heat ratio for mixture

(2) Input Variables:

XAIR mass fraction of air in gaseous mixture

XH20 mass fraction of water vapor in gaseous

mixture

XCH4 mass fraction of methane in gaseous mixture

T temperature of gaseous mixture

(3) Output Variables:

RMIX gas constant of gaseous mixture

CPMIX specific heat constant pressure for gaseous

mixture

GAMMA specific heat ratio of gaseous mixture

G1 value for GAMMA/ (GAMMA - 1.0)

G2 value for (GAMMA - 1.0)/2.0

G3 value for -1.0/(GAMMA - 1.0)

(4) Usage:

CALL WICPRP (XAIR, XH20, XCH4, T, RMIX, CPMIX, GAMMA, G1,

G2, G3)

FUNCTION WICCPA

S(1) Description

Function WICCPA calculates the specific heat at constant

pressure for air as a function of temperature as follows:

(Reference 29)

cp = (a + aT cT + dts + eT )R
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where units are (J/kg-K) for c,. (K) for T, and

(J/kg-K) for R. The values of coefficients a, b, c, d,

and e are as follows:

a - 3.65359

b - -1.33736 x 10-11

c = 3.29421 x 106

d = -1.91142 x 10 9

e = 0.275462 x 10
- 12

(2) Input Variable:

T temperature

(3) Output Variable:

WICCPH specific heat constant pressure

(4) Usage:

WICCPH (T)

FUNCTION WICCPH

(1) Description:

Function WICCPH calculates the specific heat at constant

pressure for water vapor as a function of temperature

as follows: (Reference 29)

Cp = (a + bT + cT2+ dT3+ eT1)R

where units are (J/kg-K) for cp, (K) for T, and (J/kg-K) for

R. The values of coefficients a, b, c, d, and e are as

follows:

a = 4.07013

b = -1.10845 x 10-
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c = 4.15212 x 10"6

d = -2.96374 x 10"9

e = 0.807021 x 10-12

(2) Input Variable:

T temperature

(3) Output Variable:

WICCPH specific heat at constant pressure

(4) Usage:

WICCPH (T)

FUNCTION WICCPC

(1) Description:

Function WICCPC calculates the specific heat at constant

pressure for methane as a function of temperature as follows:

(Reference 29)

Cp = (a + bT +cT2+ dT3+eT4)R

where units are (J/kg-k) for c, (K) for T, and (J/kg-K)

for R. The values of coefficients a,b,c,d, and e are as

follows:

a = 3.82619

b = -3.97946 x 10-

c = 24.5583 x 10-6

d = -22.7329 x 10-9

e = 6.92760 x 10
-12

(2) Input Variable:

T temperature
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(3) Output Variable:

WICCPC specific heat constant pressure

(4) Usage:

WICCPC (T)
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APPENDIX 4

PROGRAM SOURCE LIST
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PROGRAM MAIN(IMPUT, OUTPUT, TAPESuINPUT, TAPES=OUTPUT) MAIN 1
C+++++++++++++++++++ +++++++++++..++++++++++++++++++++..+++.++++ . MAIN 2
C PROGRAM PURDU-WICSTK MAIM 3
C++++++++++++++++++++++++++++++++++++++++++++++++++.++++++++++++.+++++ MAIN 4
C ABSTRACT: MAIN 5
C THIS PROGRAM CODE HAS BEEN PRODUCED FOR THE STUDY OF THE AXIAL FLOW MAIN 6
C COMPRESSOR PERFORMANCE FOR THE GAS-WATER DROPLET MIXTURE FLOW. MAIN 7
C THE MIXTURE CONSISTES OF TWO TYPES OF DROPLET SIZES AND THREE MAIN 8
C KINDS OF GASEOUS PHASES.THIS PROGRAM CODE IS WRITTEN ESPECIALLY MAIN 9
C FOR AIR+WATER UAPOR+METHANE+SMALL DROPLET+LARGE DROPLET. MAIM 10
C THIS FORTRAN COMPUTER CODE CAN PREDICT THE DESIGN AND OFF-DESIGN MAIN 11
C PERFORMANCE OF AXIAL FLOW COMPRESSOR. STAGE AND OVERALL PERFOROIANCE MAIM 12
C ARE OBTAINED BY A STAGE-BY-STAGE CALCULATION. MAIN 13
C THIS COMPUTER PROGRAM CADE HAS BEEN DEVELOPED AT PURDUE UNIVERSITY, MAIN 14
C THERMAL SCIENCE AND PROPULSION CENTER, WEST LAFAYETTE, INDIANA 47906, MAIN 15
C UNDER AIR FORCE CONTRACT F33615-78-C-2401,PRINCIPAL INVESTIGATOR:DR. MAIM 16
C S.N.B.MURTHY. THE AUTHER OF THIS PROGRAM CODE IS TOSHIAKI TSUCHIYA, MAIN 17
C PURDUE UNIVERSITY o DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS, MAIN i8
C GRADUATE INSTRICTOR IN RESEARCH. MAIN 19
C ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ MAIN 20
C++++++++++++++++++++++++.++++++++++.++++++++++++++++++++++++...+++ MAIN 21

REAL NDNUKAM,MMASSMMASSl MAIN 22
REAL MMASSO MAIN 23
COMMON TD(7),IUMIT MAIM 24
COMMON CFL, CFT, CFP, CFD, CFM, CFU, CFA MAIN 25
COMMON JPERFM, RHOG(3),RERUPRERLOW, RESUP,RESLOW MAIN 26
COMMON PREERRTIP(8),SRTIP(8),AAA1,AAA2,AAA3,SAREA(S),SAREAS(7) MAIM 27
COMMON P(3),TG(3),XA,XV(3),XCH4,XW(3),XWW(3),XWT(3),TW(3),TWW(3) MAIN 28
COMMON OMEGS(7),OMEGR(G),GAPR(g),GAPS(6) MAIN 29
COMMON RRHUB(6) , RC(6) v RULADE(6) , STAGER(6) MAIM 30
COMMON SRHUB(7) , SC(7) , SELADE(?),STAGES(7) MAIN 31
COMMON SIGUMR(6) , BETISR(G) , BET2SR(G) , AINCSR(6) v ADEVSR(G) MAIN 32
COMMON SICUMS(7) , BETISS(7) , BET2SS(7) , AINCSS(7) v ADEVSS(7) MAIN 33
COMMON UTIPG(S),UTIP(6),UTIPD(S),UOU(S),UMEAM(6),UHUB(G).U(G),FAI MAIN 34
COMMON AREA(6),AREAS(7),UU2(6),UTIP2(6),UMEAM2(6),UHUB2(6),IPRINT MAIN 35
COMMON ICENTIICEIITFMR1(6),FMA2(6),IDESIM,FAID MAIN 36
CGMMON NSNSI,RT(S),RM(G),RH(G),ST(8),SM(6),SH(6) MAIN 37
COMMON DSMASS,AArEA(7),AAREAS(7),PR12D(S),PR13D(G),ETARD(G) MAIN 38
COMMON DR(S),DS(6),DEOR(6),DEOS(G),BLOCK(S),BLOCKS(7) MAIN 39
COMMON BETIMR(6),BET2MR(6).BETlMS(7).BET2MS(7),RADII(S),RADI2(6) MAIM 40
DIMENSION D(20,3) v XD(20,3) , XXD(20,3) MAIN 41
DIMENSION WS(3),WMASS(3),VMASS(3),RHOA(3),RHOM(3),TB(3) MAIN 42
DIMENSION DELZ(G),ETAA(6) MAIN 43
DIMENSION XXA(3),XXU(3),DAVE(20) MAIN 44
DIMENSION TDEW(3) MAIN 45
DIMENSION DDAUE(20),WWMASS(3),WTMASS(3) MAIN 46
DIMENSION TMASS(3),GMASS(3),XAIR(3),XMETAN(3),XGAS(3),FAISTL(S) MAIN 47
DIMENSION DELBIR('),DELBIS(7),XGIBLD(7),XG2BLD(7),XG3BLD(7), MAIN 48

SXWBLD(?),XWWBLD(7) MAIN 49
C++.+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ MAIN 50
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 5!
C C MAIN 52
C REHD IUPUT DATA C MAIN 53
C C MAIN 54
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 55

READ(5,S9) NS MAIN 55
99 FORMAT(I1) MAIN 57

NSl=NS+1 MAIN 58
READ(5,100) (RRHUB(i),I=I,NS) MAIN 59

100 FORMAT (6F5.3) MAIN so
READ(5,111)(RC(1),I=vS) MAIN SI

111 FORMAT(UF5.3) MAIM 62
READ(5,112) (RBLADE(I),I=1,NS) MAIN b3

112 FORMAT(6F5.2) MAIN 64
READ(5,113)(STAGER(I) ,l=1,NS) MAIN 65

113 FORMAT(6F5.2) MAIN 66
READ(5, 114)(SRHUB(I),I=1,7) MAIN 67

114 FORMAT(TFS.3) MAIN 68
READ(5,115) (SC(I),I=l,7) MAIN 69

115 FORMAT(7F5.3) MAIN 70
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READ(5, 116) (SBLADE(I). 1=1, I7) MAIN 71
116 FaRMAT(7F5.2) MAIN 72

READ(5, 117)(SIGUMR(I), I=1*NS) MAIN 73
117 FORMAT(SF5.3) MAIN 74

READ(5. 122) (SIGUMS( I) PI1.NS1) MAIN 75
122 FDRMAT(7F5.3) MAIN 76

READ(5v127) FNF MAIN 77
127 FORMAT(F8.2) MIAIN 78

READ(5, 128) XDIN, ICENTvXDDIN. IICErIT MAIN 7S
128 FORMAT(F5.39I19F5.3, Ii) MAIN 80

*READ(5912S) TOGPr01JP0 MAIN 81
*129 FORIIAT(3F7.2) MAIN 82

READ(5, 130) DIN9DDIM MAIN 83
130 FORMAT(2F6.1) MAIN 84

*READ(5, 132) FND,TOID#P01D MAIN 85
132 FORMAT(F7.192F7.2) MAIN 8s

READ(5. 133) XCH4PRHUMID MAIN 87
133 FORMAT(F5.39F1O.5) MAIN 88

READ(5, 134) FMWA,FMUFM4C MAIN 89
134 FORMAT(3F7.3) MAIN so

READ(5. 135) PREB,DLIMIT MAIN 91
135 FORMAT(FS.1,F7.1) MAIN 92

READ(5#140) (STAGESCI),I=1,N91) MAIN 93
140 FORMAT(7F5.2) MAIN 94

READ(5#141) (GAPR(I)#I=1,NS) MAIN 95
141 FORMAT"6F7.5) MAIN 96

READ(59142) (GAPS(I).I=1,NS) MAIN 97
142 FORMAT(6F7.5) MAIN 98

READ(5,146) (RRTIP(I)YI=1rlS) MAIN 99
146 FORMAT(6F6.3) MAIN 100

READ(59147) (SRTIP(I)PI=1.NS1) MAIN 101
147 FORMAT(7F6.3) MAIN 102

READ(5, 148) IPERFM, IUMIT MAIN 103
148 FORMAT(211) MAIN 104

READ(5. 1491) IRAfl MAIN 105
1491 FORMAT(I1) MAIN 106

READ(591492) (RT(I)oI=1,NS) MAIN 107
1492 FORMAT(GF5.3) MAIN 108

READ(5,1493) (RM(I)91=19NS) MAIN 105
1493 FORr'LTrSF5.3) MAIN 110

READ(5,1494) (RH(I),I=1,NS) MAIN Ill
1494 FORMAT(6F5.3) MAIN 112

READ(S.1495) (ST(I),I=19NS) MAIN 113
1495 FORIIAT(SF5.3) MAIN 114

READ(5.1496) (SM(I),I=19NS) MAIN 115
1496 FORMAT(6r5.3) MAIN 116

READ(5,1437) (SH(I),I=19NS) MAIN 117
1497 FORMAT(6F5.3) MAIN 118

READ(591498) (BLOCK(I)#I=19MS) MAIN L19
1498 FORflAT(6F5.3) MAIN 120

READ(5, 1499) (BLOCKS( I)#I =1. NS1) MAIN 121
1499 FORMAT(7F5.3) MAIN 122

READ(5*1502) (BET1MR(I),I=19NS) MAIN 123
1502 FORMAT(6F5.2) MAIN 124

READ(5, 1503) (BET2MR(i)9r11,Ns) MAIN 125
1503 FORMAT(6F5.2) MAIN 126

READ(5, 1504) (BETlMS(I). I=1,NS1) MAIN 127
*1504 FOR(1AT(7F5.2) MAIN 128
*READ(591505) (BET2MS(I)@I=19NSI) MAIN 129

1505 FORMAT(7F5.2) MAIN 130
*READ(5. 1506) DS!IASS MAIN 131

*1506 FORMAT(FIO.6) MAIN 132
READ(5. 1507) CPR12D(I)91=1,NS) MAIN 133

1507 FOPMAT(GF5.3) MAIN 134
READ(591508) (PR13D(I)tI=1,NS) MAIN 135

1508 FORMAT(V5S.3) MAIN 136
READ(5, 1509) (ETARD(I)tI=1.NS) MAIN 137

1509 FORMAT(675.3) MAIN 138
READ(591511) (SAREA'I)PI=1,NS) MAIN 139

1511 FORMAT' V10.7) 17MAIN 140



READ(5, 1512) (SAREAS(I)vI=1,NSI) MAIN 141
1512 FORMAT(7F10.7) MAIM 142

READ(5. 1513) (DELBIR(I), 1=1,119) MAIN 143
1513 FORrIATC6FS.2) MAIM 144

READ(5.1514) (DELEIS(I),I=1,MSI) MAIM 145
1514 rORMAT(7r5.2) MAIN 146

READ(591515) (XG1BLDCI)9I=1,MS) MAIM 147
1515 FORMATr(6r5.2) MAIN 148

REAII(591516) CXG29LD(I),I=1.N5) MAIN 149
1515 FORMAT(6F5.2) MAIN 150

READCS,1517) (XG3BLD(I).I= 9r1S) MAIN 151
1517 FORMAT(6F5.2) MAIM 152

READ(591518) (XLJLD(I),I=1,MS) MAIM 153
1518 FORMAT(6F5.2) MAIM 154

REAIX5, 1519) CXWWBLD(I), I=1,MS) MAIN 155
1519 FORMAT(6F5.2) MAIM 156

READ(5,1520) (BET2SS(I)vlIN51) MAIN 157
1520 FORMAT(7F5.2) MAIN 158

CFL=2. 54 MAIM 159
CFT=1.0'1.8 MAIM 160
CFP=47.*880258 MAIM 161
CFD=16. 018463 MAIN 162
CFltO.45359237 MAIM 163
CFU=0.3048 MAIM 164
CFAO0.09290304 MAIN 165
IF(IUNIT.NE.3) GO TO 850 MAIM 166
DO 1560 I21,NS MAIN 167
RRHUB( I)=RRHUE( I)*CFL MAIM 168
2C I )=RC(I )*CFL MAIM 169
CAPRC I)=GAPR( I)*CFL MAIM 170
GAPSCI )=GAPS(I )*CFL MAIN 171
RRTIP( I)=RRTIP(I)*CFL MAIM 172
RT(I)=RT(I)*CFL MAIN 173
RM(I)=RM(I)*CFL MAIN 174
PH( I)=RH( I)*CFL MAIM 175
Sf I )=ST( I)*CFL MAIN 176
SM(I)=SMCI)*CFL MAIN 177
SH( I )9H(I)*CFL MAIN 1TS
SAiREA( I)=SAREA( I)*CFA MAIM 179

1560 CONTINUE MAIM 180
DO 1570 IrI,NSI MAIN 181
SRHUB( I)=SRHUB( I iCFL MAIM 182
SC( I)=SC( I)*CFL MAIN 183
SRTIP( I )SRTIP( I)*CFL MAIM 184
SAREAS( I )SAREAS( I)*CFA MAIN 185

1570 CONTINUE MAIM 186
T0C=TOG'CFT MAIN 187
TOW=TOW*CFT MAIM 188
P0=P0*CFP MAIN 189
TO1TJ=TO1D*CFT MAIN 190
P01 D=PO 1D*CFP MAIN 151
DSMASS=DSMASS*CFM MAIM 192
IUNIT=2 MAIM 193

850 CONTINUE MAIN 194
IFCIUNIT.NE.4) GO ra 851 MAIN 195
DO 1561 I=1,NS MAIN 196
RRHUB( I)WRRHUB(I )'CFL MAIM 197
RC(I)=RC(I)'CFL MAIM 198
CAPR(I )=GAPR( I)'CFL MAIM 193
GAPS( I )GAPSCI )'CrL MAIN 200
RRTIP( I )RRTIP(I )'CFL MAIN 201
kT( I)=RT( I)'CFL MAIM 202
2W I )=RM(I )'CFL MAIM 203
RH( I)=RH( I )CFL MAIM 204
ST(I)=ST(I)/CFL MAIM 205
SM( I )5M(I )'CFL MAIM 206
5t-( I)=SH( I)'CFL MAIN 207
SAREA( I)=SAREA( I)'CFA MAIN 208

1561 CONTINUE MAIM 209
DO 1571 I=1,MSI MAIM 210
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SRHUB( I)=SRHUB( I)/CFL MAIN1 211
SC(I)=SC(I)/CFL MAIN 212
SRTIP( I)=SRTIP( I )CFL MAIN 213
SAREAS( I)=SAREAS( I )CFA MAIN 214

1571 CONTINUE MAIN 215
TOG=TOG/CFT MAIN 216
TOW=TOW/CFT MAIN 217
PO=PO/CFP MAIN 218
TOID=lTOlD/CFT MAIN 219
POIIJ=POID-'CFP MAIN 220
DSMASS=DSMASS'CFM MAIM 221
IUNIT=l MAIM 222

851 CONTINUE MAIN 223
FNFN=FNF*100. 0 MAIN 224
CRPII=FNF*FND MAIM 225
IF( IUN1IT.EO. 1) FN=FND*FNF*SGRT(TOG/518.7) MAIM 222G
IF(IUNIT.EO.2) FN=FND*FNF*S0RT(T0G/288.17) MAIN 227

C +it@+++++++++++++++++++4 .................................. MAIM 228
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MA IN 229
C C MAIN 230
C PRINT OUT OF INPUT DATA C MAIM 231
C C MAIM 232
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 233

WRITE(6, 1600) MAIM 234
1600 FORMAT(lH1,5X,#****************.*** eoe* INPUT DATA **....MAIM 235

MAIN 236
WRITE(6, 1610) NS MAIN 237

1610 FORMAT(lH0,XlIS(NU1BER OF STAGE)=;9912) MAIM 238
IF(IUNIT.EO.1) WRITE(6*1601) MAIN 239

1601 FORIAT(H 91X,#UNIT=ENGLISH UNIT$) MAIN 240
IF(IUNIT.EO.2) WRITE(6,1602) MAIM 241

1602 FORMAT(1H l,1XUNIT=M1ETRIC UNIT$) MAIM 242
WRITE(6, 1603) IPERFM MAIN 243

1603 FORMAT(1H l1Xv~IPERFM='-9Il) MAIN 244
IF(IRAD.EQ.1) WRITE(6, 1604) MAIN 245

1604 FORMAT(IH vlXo*PERFORMANCE AT TIP$) MAIN 246
IF(IRAD.EQ.2) WRITE(691605) MAIN 247

1605 FORMAT(IH 91X94PERFORMANCE AT MEANA) MAIN 248
IF(IRAD.EU.3) WRlTE(69160G) MAIN 249

1606 FORMAT(lH .1X,#PERFORMNCE AT HUBX) MAIN 250
W.RITE(6, 1620) MAIN 251

1620 FORMAT(1HO,14 l9X*0S93,X$4,X00SPG9XOGO MAIN 252
WRITE(6,1630) (RRHUB(I),I=1,NS) MAIN 253

1630 FORMAT(lH vlXvARRHUB(I)4,3X,6(F5.3plX)) MAIN 254
WRITE(Go1640) (RC(I),I=1.NS) MAIN 255

1640 FORMAT(1H lXvxRC(I)9,GXv6(F5.3,lX)) MAIN 256
WRITE(SP1650) (RBLADE(IhvI=1.NS) MAIN 257

1650 FORMAT(IH l1X99RBLADE(I)'v2XqG(FS.2vIX)) MAIN 256
WRITE(G#16G0) (STAGER(I)PI=1,NS) MAIN 259

1660 FORMAT(lH l1X#ASTAGER(l)*v2X,6(F5.2plX)) MAIM 260
WRITE(691661) (STAGES(I)#I=19NS) MAIN 261

1661 FORIIAT(lH 91XwsSTACES(I)992X,6(F5.2#1X)) MAIN 262
WRITE(6, 1670) (SRHUB(I), 11,NSI) MAIN 263

1670 FORIIAT( 1H l X#9SRHUB( I )0s3X9 7(FS.3v1iX)) MAIN 264
WRITE(6#1680) (SC(I),I=1,MS) MAIN 265

1680 FORMAT(IH #1XvX5C(I)Xv6Xv6(F5.3*1X)) MAIN 266
WRITE(691690) (SBLADE(I)#I=1,NS) MAIN 267

*1690 FORMAT(1H ,1XvxSBLADE(I)*92X#G(F5.2v1X)) MAIN 268
WRITE(SP1700) (SIGUMR(I)9I=1,NS) MAIM 269

1700 FORtIAT(IH l1X9xSIGUMR(l)0p2Xp6(F5.3v1X)) MAIN 270
WRITE(691750) (SICUMS(I)oI=19NS) MAIN 271

*1750 FORMAT(IH l1Xtg3IGUMS(I)$,2X*S(F5.3#lX)) MAIN 272
LRITE(6#1795) (GAPR(I).I=1,NS) MAIN 273

1795 FORI1AT(1H P1XPOGAPR(I 094X*G(F5.391X)) MAIN 274
WRITE(691796) (tGAPS(I)vI1,I1S) MAIN 275

1796 FORMAT(1H v1X#4GAPS(I)*,4XvG(F5.3. X)) MAIN 276
W-RITE(691798) (RRTIPI=19NS) MAIN 277

1798 FORMAT(IH , 1Xo#RTIP(I)o#3XpG(F5.2v1X)) MAIN 278
WRITE(6,1799) (SRTIP(I)#I1,MSI) MAIN 279

1799 FORMAT(IH vIXvXSRTIP(I)#,3Xv7(F5.2v1X)) MAIN 280
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WRITE(691801) (RT(I)vI=1vNS) MAIN 281
1801 FORMAT(IH l1Xv0RT(I)0,6X*G(FS5.3vIX)) MAIN 282

WRITE(691802) (RM(I),I=1oNS) MAIN 283
1802 FORMAT(IH l1XpsRM(I)vGXv6(FS.3v1iX)) MAIM 284

WRITEC691803) (RH(I)9I=1vNS) MAIN 285
1803 FORMAT(IH l X90RH(I)XvGXp6(FS.3v1X)) MAIN 286

WRITE(6,1804) (ST(I),I=1,NS) MAIN 287
1804 FORMAT(IH ,1X,#SH(I)4,6XS(FS.3,IX)) MAIN 288

WRITE(691805) (SM(I),IrlI,NS) MAIN 289
1805 FORMAT(IH l1Xp4SM(I)096Xv6(F5.3v1IX)) MAIN 290

WRITE(6,1806) (SH(I),I=1,NS) MAIN 291
1806 FORMATtiN lXXSH(I)*vGXvG(F5.3v1X)) MAIM 292

WRITE(S,1807) (BLOCK(I),I=1,NS) MAIN 293
1807 FORMAT(IH .IX.sBLOCK(I)'*3X,G(F5.3vlX)) MAIN 294

1-RITE(6.1808) (BLOCKS(IhI=1,NS) MAIN 295
1808 FORMAT(1H 91X,XBLOCKS(I)#,v2Xv6(FS.3v1X)) MAIN 296

WRITE(6,1811) (BET1MR(I)vI=1*NS) MAI'N 297
1811 FORMAT(1H l1Xp*BETlMR(I)0t2XpG(F5.2v1X)) MAIN 298

WRITE(6,1812) (BET2MR(IhtI=1.NS) MAIN 299
1812 F0RMFVT(H 91X,4iET2MR(I)0,2Xv6(F5.2v1X)) MAIN 360

WRITE(6,1813) (BET1MS(IbvI=1,N51) MAIN 301
1813 FORMAT(1H 9lX.*BET1MS(I)92X.7(F.2,1X)) MAIN 302

WRITE(691814) (BET2MS(I).I=1.NS1) MAIN 303
1814 FORMAT(IH ,1X9$BET2MS(I)0p2Xv7(FS.2vlX)) MAIN 304

WRITE(6,1815) (PR12D(I),I=1,NS) MAIN 305
1815 FORMAT(IH ,1X99PR12D(I)*o3X,6(FS.39 Ix)) MAIN 306

WRITE(691816) (PR13D(I)vI=1,NS) MAIN 307
1816 FORMAT(IH l X,sPR13D(I)093X.G(F5.3vlIX)) MAIN 308

WRITE(6p1817) (ETARD(I)vI=1,NS) MAIN 309
1817 FOPMAT(1H l1X,9ETARD(I)0v3Xq6(F5.3vlX)) MAIN 310

WRITE(6, 1818) MAIN 311
1818 F0RMAT(1H1,5X,**n*******.*********nun INPUIT DATA n**~nMAIN 312

MAIN 313
WRITE(69 1800) FNF MAIN 314

1800 FORMAT(IHO,IXFrIF(FRACTION OF DESIGN CORRECTED SPEED).AF5.3) MAIN 315
WRITE(S, 1810) XDINPXDIJIN,RHUMIDXCH4 MAIN 316

1810 F0RMAT(1H091Xv0XIINITIAL WATER CONTENT OF SMALL DROPLET)=#,FS.3 MAIN 317
S./92X,;LXDIN(IriITIAL WATER CONTENT OF LARGE DROPLET)=*,FS.3,/, MAIN 318
$2X#RHUMID(INITIAL RELATIVE HUMIDITY)=V,F6.2,1X,*PER CENT#,'/. MAIN 319
S2X#OXCH4(IMITIAL METHANE CONTENT)=#,F5.3) MAIN 320
WRITECG,1820) TOC,TOWPO MAIN 321

1820 FORMAT(1H0~1XXT0G(COMPRESSOR INLET TOTAL TEMPRATURE OF GAS)=#, MAIN 322
SF7.2p,,2X, *T0W(COMPRESS0R INLET TEMPERATURE OF DlROPLRET)=*, F7.2v'. MAIN 323
S2X, OP0(COMPRESSOR INLET TOTAL PRESSURE)=0,F1O.2) MAIN 324
WRITE(6,1830) DINDDINi MAIN 325

1830 F0RMAT(1H091X,*flIN(INITIIL DROPLET DIAMETER OF SMALL DROPLET)=$, MAIN 326
SF6.1,/.2X.,#DDIN.INITIAL DROPLET DIAMETER OF LARGE DROPLET)=O.F6.1) MAIN 327
WRITE(6, 1850) FNiD MAIN 328

1850 FORMAT(IHOIXv9FND(DESICN ROTATIONAL SPEED)=#,oF7.1) MAIN 329
WRITECS, 1851) DSMASS MAIN 330

1851 FORMAT(1H0,1X.#DSMAS5(DESIGN MASS FLOW RATE)=09FF.0.4) MAIN 331
WRITE(6,1860) TOG MAIN 332

1860 FORMAT(IHO,1XVC-OMPRESSOR INLET TATAL TEMPERATURE(GAS PHASE)$* MAIN 333
SF7.2) MAIN 334
WRITE(6, 1870) P0 MAIN 335

1870 FCRMAT( IHO. IX, COMPRESSOR INLET TOTAL PRESSUREX. FIO.2) MAIN 336
WRITE(C, 1880) PREB MAIN 337

1880 FORMAT(1HOIX#$PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGE MAIN 338
SMlENT)=0vFS. 1, IX. PERCENT*) MAIN 339
WRITE(6,1900) FiN MAIN 340

1900 FORMAT(IHO,1X.WROTOR SPEED=0,F7.1,IXt0RPM*) MAIN 341
NRITE(6, 1910) CRPM.FNFN MAIN 342

1910 FORMAT(1H0,IX,#CORRECTED ROTOR SPEED= #v71ltRM~0029Sl MAIN 343
$$PER CENT OF DESIGN CORRECTED SPEED)$) MAIN 344
IF(IUNIT.NE.2) GO TO 852 MAIN 345
DO 156 I=1,NS MAIN 346
RRHUB( I)=RRHUB( I )CFL MAIN 347
RC(I)=RC(I)/CFL MAIN 348
CAPR(I )=GAPR( I)/CFL MAIN 349
GAPS(I )=GAPS( I)'CFL MAIN 350
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RRTIP( I)=RRTIP( I )CFL MAIN 351
RT( I)=RT( I)'CrL MAIM 352
RM(I)=RM(I)'CFL MAIN 353
RH( IWRH(I)'CFL MAIN 354
ST(I )=ST( I)'CFL MAIM 355
SM(13=SM(I )'CFL MAIM 356
SH( I)=SH(I )'CFL MAIN 357
SAREACI )=SAREA(I)'CrA MAIM 358

156 CONTINUE MAIM 35S
DO 157 I=19MSI MAIM 360
SRHUE( I)=SRHUE( I)'CFL MAIN 361

*SC(I)=sC(I)'CrL MAIN 362
SRTIP( I)=SRTIP( I)'CFL MAIN 363
SAREAS( I)=SAREAS( I)'CFA MAIN 364

15? CONTINUE MAIM 365
TOC=TOC'CFT MAIN 366
TOW=T014'CFT MAIM 367
PO=PO/CFP MAIM 368
TOID=TOID'CFT MAIM 369
POID=POID'CFP MAIM 370
DSMASS=DSiIASS'CFM MAIM 371

852 CONTINUE MAIM 372
C+.............................. . ......giiiitii~~:;1 MAIN 373
C OTHER INPUT DATA MAIN 374

WKDONE=1.*0 MAIM 375
IPRINT=1 MAIN 376
DO 153 I=1,NS MAIM 377
FMRI(I)=0.6 MAIN 378
FMA2(I )0.6 MAIN 379

153 CONTINUE MAIN 380
AK 1=1.0 MAIN 381
AK2=1.0 MAIN 382
AK3=1.0 MAIN 383
AAAIGU=SAREA( 1) MAIN 384
RU=1545.3 MAIN 385
RHOIJ=62.54 MAIN 386
CPW=1. 00 MAIM 387
RA=RU/FMiLA MAIM 388
RU=RU/FMJU MAIM 388
RCH=RU'FMJC MAIM 390
DELU=0.0 MAIM 391
DELUU2I 0.*0 MAIM 392
DELUL2=1 0.*0 MAIM 393
CC=32. 174 MAIM 394
AJ=778. 16 MAIM 395
PAI=3. 1415926 MAIM 396
DO 150 1=1,MS MAIM 397
AAREA(I)=PAI*(RRTIP(I)/12.O)n2-CRRHUI(I)/12.O)n2)BLOCK() MAIM 38
AAREAS(I)=PAI*(SRTIP(I)**2-SRHUB(I)**2)/l44.0eDLOCK8CI) MAIM 399
DELZ(I)=(RC(I)+SC(I))'12.0 MAIM 400

150 CONTINUE MAIM 401
NSI=NStI. MAIM 402
AAREAS(MSI)=PAI*(SRTIPCMSI)**2-SRHUE(MSI)*2)144.0*HLOCKS(S) MAIM 403
AAARIT=AAREA( 1) MAIM 404

DO 152 I=1.MS MAIM 405
AREA( I)=SAREA( I) MAIM 406
AREAS( I)=SAREAS( I) MAIM 407
AREAS(NSI )SAREAS(MS1) MAIM 0
OTO1G=TOG MAIM 1
OTOID=TOW MAIM 411

Oo= MAIM 412
DO 151 1=1.MS MAIM 413
UTIP(I )=RT(I )/12.0*2.0*PAI*FND4O0.O MAIM 414
UTIPG( I)WRRTIP( I)'12. 0*2. 0*PAI'FMD/6O. 0 MAIM 415
UTIP2(I )ST(I)/12.0*2.0*PAI*FMD/60.0 MAIM 416
UTIPD( I )RT( I)/12.0*2.0*PAI*RMD,60.0 MAIM 417
UOU( I )(UTIP(I )'UTIPD( I))*e2 MAIM 418
UMEAN( I )RM(I)/12.0*2.0*PAI*FMD,60.0 MAIM 419

*UMEAM2(I)=SM(I )/12.0*2.0*PAI*rND/60.0 MAIM 420
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UHUE I )=RH( I)/12. 0*2. 0*PAI*FND/60. 0 MAIN 421
UHUB2( I)=SH(I )/12.0*2.0*PAI*FMD/60.0 MAIN 422
IF(IRAD.EO.1) U(I)=UTIP(I) MAIN 423
IF(IRAD.E0.2) U(I)=UMEAN(I) MAIM 424
IF(IRAD.EO.3) U(I)=UHUB(I) MAIN 425
IF(IRAD.EO.1) UU2(I)=UTIP2(I) MAIM 426
IF(IRAD.EQ.2) UU2(I)=UMEAN2(I) MAIN 427
IF(IRAD.EQ.3) UU2(I)=UHUB2(I) MAIM 428
IF(IRAD.EO.l) RADII(I)=RT(I) MAIM 429
IF(IRAD.EO.l) RAD12(I)=ST(l) MAIM 430
IF(IRAD.EO.2) RADII(I)=RM(I) MAIM 431
IF(IRAD.EQ.2) RAD12(I)=SM(l) MAIM 432
IF(IRAD.EO.3) RADII(I)=RH(I) MAIN 433
IF(IRAD.EO.3) RAD12(I)=SH(I) MAIN 434

151 CONTINUE MAIM 435
C4--+++++++++++++++++++++'++ ..................... .....444 MAIM 436
C BLADE RESETTING MAIN 437

DO 154 I=1.MS MAIN 438
BETIMR( I)=BETlMR( I)+DELB1R( I) MAIM 439
BET2MR( I)=BET2MR(I)+DELBIR(I) MAIN 440
STACER( I)=STAGER( I)+DELBIR( I) MAIM 441
BETlM'S(I)=BETIMS(I)+DELBlS(I) MAIM 442
BET2MSCI )=ET2MS(I)+3ELBIS(I) MAIN 443
STAGES( I )STAGES( I)+DELB1SC I) MAIM 444

154 CONTINUE MAIM 445
TG( 1)=TOID MAIN 446
P(1)=Po1D MAIN 447
CALL WICSPD(DSMASS. ISTAGE) MAIN 448

C ...................................... +44444+++++444 MAIN 449
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 450
C C MAIM 451
C ROTER SPEED AND RADIUS C MAIN 452
C C MAIN 453
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 454

DO 155 I=1,NS MAIM 455
UTIP( I)=RT(I )/12.0*2.0*PAI*FM,60.0 MAIM 456
UTIPC( I)=RRTIP( I),12.0*2.0*PAI*FN,60.0 MAIM 457
UTIP2( I)=ST(l )/12.O*2.0*PAI*FN/6O.D MAIM 458
UTIPD(I )=RT(I)/12.0*2.0*PAI*FMD/60.0 MAIN 459
UGUC I)=(UTIP(I )/UTIPD( I) )**2 MAIN 460
UMEAM( I )RM( I )12. 0*2. O*PAI*FN/60. 0 MAIM 461
UMEAM2( I)=SM( I )12. 0*2. 0*PAI*FM,60.0 MAIM 462
UHUB(I )=RH(I)/12.0*2.0*PAI*FN/60.0 MAIN 463
UHUB2(1I)=SH( I )12. 0*2. 0*PAI*FN/60. 0 MAIM 464
IF(IRAD.EQ.1) U(I)=UTIP(I) MAIM 465
IF(IRAD.EQ.2) U(I)=UMEAM(I) MAIM 466
IF(IRAD.EQ.3) U(I)=UHUB(I) MAIM 467
IF(IRAD.EQ.1) UU2(I)=UTIP2(I) MAIM 468
IF(IRAD.EO.2) UU2(I)=UMEAN2(I) MAIM 469
IFCIRAD.EO.3) UU2(I)=UHUB2(I) MAIN 470
IF(IRAD.EQ.1) RADI1(1)=RT(I) MAIM 471
IF(IRAD.EO.1) RAD12(1)=ST(I) MAIM 472
IF(IRAD.E0.2) RADII(I)=RM(I) MAIM 473
IF(IRAD.EO.2) RAD12(1)=SM(l) MAIM 474
IF(IRAD.EO.3) RAI1I(I)=RH(I) MAIM 475
IF(IRAD.E2.3) RAD12(1)=SH(I) MAIM 476

155 CONTINUE MAIM 477
C ........................... ++*+4++4-e+4+++444+ MAIM 476
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 479
C C MAIM 480
C MASS FLOE RATE C MAIM 481
C C MAIM 482
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 483

901 READ(5#200) FAI MAIM 484
200 FORMAT(F7.5) MAIM 485

ISTAGE=0 MAIM 486
N I MAIM 487
IF(FAI.GT.1.0) GO TO 998 MAIM 488
IF(IPRIMT.EO.2) WRITE(6#197) FAI MAIM 489

197 FORMAT(lH1,2X9#FAI=o'.f7.5) MAIM 490
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FAIO=FAI MAIN 491
UZ=UTIPG(1 )*FAI MAIN 492
TG( 1 )OTOIG MAIN 4S3
UZEROO0.0 MAIN 494
UUZEROO0.0 MAIM 4S5
RZERO=RRHUB( 1) MAIN 496
RRZERO=RRHUB( 1) MAIN 497
ITIP=D MAIN 496
IITIP=O MAIN 499
JAUE(N)=0.0 MAIM 500
DDAUE(N)=0.0 MAIM 501
TW( 1)=DTOID MAIM 502
TLJW( 1)0OT01U MAIM 503
IF(XDIM.GT.0.0) fAUE(M)=DIN MAIM 504
IF(XDDIM.GT.0.0) DDAUE(N)=DDIM MAIM 505
IF(XDIN.GT.D.0) TU(1)=Oi~lD MAIM 506

-FXDNC..)TWI=T1 MAIM 508
P()OPIMAIM 509
TB~) WCBT(TQ) PD)MAIM 510
WS~) =WISH(G~) vP~l )RHLMI/10.0MAIM 511

TDEW(1 )=WIBP(TG(1 ) ,PW2) MAIM 512
XDW(1)DICBTTlW MAIM 513
XW(1)=XDI MAIM 514
XWT(1)=XW(D)XW(1 MAIM 515
XI4TO1=X(1)+XWl MAIM 516
XWXU()WS(l)(.+S1)(.W()X) MAIN 516
XA(=0-XLJT(1)-XU()CH4 XTl)XC4 MAIM 518
XG=XA+-XW( )XH4 -C MAIM 518
XAI=XAX()XH MAIN 520
XCHI=XC MAIM 521
XCH41N=XCH MAIM 522
CSAEL IRPAXU1XC4T()RIXCMXAf1.1G,) MAIM 522
CALLMI CAMM(AXVIXC4T loMICPIGAMpl2G3 MAIM 524
RHOAG( )(I MIXTC MAIM 525
RHOA 1 )=PC 1)/RA'XT( ) MAIN 525
RASS=1 0 /T( MAIM 527
AAS=AAI MAIM 528
AAA3=AAA IGV MAIN 528
CA=ALLWCAISTMSMT()PlMUZCXJC)ITS(S MAIM 530
CALLX, CMAIX, AAA3) SoG()PlttZPPW~.PBTS(M MAIM 530
$RMOI )=1C0+2*IX2*43*RAG31 MAIM 532
RHOM(1)=.(1.0-XWT(1*))'CRHOG(1)xTIRa) MAIM 533
RMSS= RHOM(1.0FAI*TI(l) *AAA3+WTI)RH MAIM 534
MMASS = MMASS IUTPGI*AA MAIM 535
MASSO=MMASS0XI MAIM 536
WMASO=1MASSO*XDIN MAIM 537
IF(IPRIMT.EO.2) WITE655)MASXINMSOM1 MAIM 538

558F(IRNTH0,2,4(FI.(5,2X ) MAS9DNWAStMS MAIM 539
558DA=T~OC'518. 7 92X) MAIM 540

DAMV=OPOIG/( 1.7~140 MAIM 541
CMSS=MMASS*SORT (DAM) Die MAIM 542
AMASS =X*MMASS(AY/AY MAIM 543
AMASS( 1 )X4 *MASS MAIM 544
I.WMASS(1I)=XW( I )MMASS MAIM 545
WTMASS( 1)=XT( 1)*MMASS MAIM 546
WMASS( I W( I)*MMASS MAIM 547
CMASS)XCH4 *MMASS MAIM 548
CMASS 1 4*MM-ASS(1 MAIN 549
CMASSl=S-WTMASS( )SRTDM),DI MAIM 550
AMCMASSMS()SR(AY/AY MAIM 551
AMO=UMASS() MAIN 551
CMO=CMASS~l MAIM 553
CMO=GMASS1 MAIM 554
WMO=WMASS( 1) MAIM 555
WWMO=UUIIASS( 1 MAIM 556
WTMG=I4TMASS( 1) MAIM 557
TLMO=GMO+WTMO MAIN 558
TW~MASWMASSOAAART/AAAIGU MAIM 559
TWWMAS=I4#IASO*AAARIT/AAAIGU MAIM 560
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WMASTL=TLIMAS4TWWMAS MAIN 561
C ............................. loiiiaii 4 .......... MAIN 562
CCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 563
C C MAIN 564
C INITIAL UALUES C MAIN 5S5
C C MAIN 566
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 567

TG(3)=TG(1) MAIN 568
Tt4(3)=TW( 1) MAIN 569
TWW(3)=TWW( 1) MAIN 570
P (3)=PCI) MAIN 571
TB(3)=TB(l) MAIN 572
WS(3)=WS(l) MAIN 57*3
TDEW(3)=TDEW( 1) MAIN 574
XU(3)=XU(I) MAIN 575
XC=XA+XU(3)+XCH4 MAIN 576
XW(3)=XW(1) MAIN 577
>flJI.(3)=XWW(1) MAIN 578
UMASS(3)=UIASS( 1) MAIN 579
WMASS(3)=WMASS(l) MAIN 580
WWMASS(3)=WWMASS( 1) MAIN 5.31
WCENThIJMASSO MAIN 582
WI4CENT=WWtIASO MAIN 583

C ............. .. MAIN 584
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 585
C C MAIN 586
C IGU C MAIN 587
C C MAIN 588
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 589
C IGU IMPINGEMENT MAIN 590

CALL WICISS(?,RADI1(1)t XW(1) 9 XG t RHOG(1).00..PUZoW1U142U) MAIN 581
AMI MPS=WW MAIN 592
AtIWAKS = AMIMPS * (1.0-PREB) MAIN 593
AMREBS=AMI MPS*PPEB MAIN 594

C ..................................................................... MAIN 595
C ICU WAKE MAIM 596

N=2 MAIN 597
DAUE(2)=DAVE(l) MAIN 598
DDAUE(2)=DDAVE( 1) MAIN 599
ALFA3=BET2SS(NSI)*(FAID/'FAI )*I(1.O/7.0) MAIN 600
DLIHKEM=0. 0 MAIN 601
IF(XDIN.GT.0.0.OR.XDDIN.GT.0.0) GO TO 628 MAIN 602
GO TO 629 MAIN 603

628 CALL WICWAK(RHOC(l)oUZPDWAKEDWAKEM) MAIN 604
629 CONTINUE MAIN 605

C .................................................. ..........4++4 MAIN 606
C ICU OUTLET MAIN 607

WMASS(3) = WMASS(1) MI o
XW(3) = XW(1) MAIN 609
PRATIO=1.0 MAIN 610
TRATIO=1.*0 MAIN 611
EFF=1 .0 MAIN 612
AMIMPRO * 0 MAIN 613
AMREBR=0.0 MAIN 614
AMWAKR=0.*0 MAIN 615
DELTCW=0.*0 MAIN 616
DELTDW=0 .0 MAIN 617
DELTGH=0.0 MAIN 6I8
DELTDH=0.0 MAIN 619
DELT=0.0 MAIN 620
DELPO0.0 MAIN 621
DMDTAU=0.0 MAIN 622
XU(3i=XU(1) MAIN 623
XW( 3) =XW( 1) MAIN 624
XWW (3) =XLW( 1) MAIN 625
WMASS(3) = WMASS(1) MAIN 626
WWMASS(3)=WWMASS( 1) MAIN 627
UMASS(3) = UMASS(1) MAIN 628
WS(3) aWS(1) MAIN 629
TDEW(3)=TDEW(l) MAIN 630
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RHOA(3) = RHOA(1) MAIN 631
RHOM(3) = RHOM(1) MAIN 632
RHOG(3) = RHOG(l) MAIN 633
TG(3) = TG(1) MAIN 634
TLJ(3) = TW(1) MAIN 635
TWW(3)=TWW(1) MAIN 636
P(3) =P(1) MAIN 637
TB(3) =TB(1) MAIN 638
XU (a~)=0 * MAIN 639
XW(2) = 0.0 MAIN 640
XWW(2)=0.0 MAIN 641
WMASS(2) = 0.0 MAIN 642
W.WMASS(2)=0.0 MAIN 643
UMASS(2) =0.0 MAIN 644
WS(2) = 0.0 MI 4

RHA2)OOMAIN 645
RHOA(2) -0.0 MAIN 646
RHOM(2) = 0.0 MAIN 647
RHG(2)= 0.0 MAIN 648
TC(2) =0.0 MAIN 649
TLI(2) =0.0 MAIN 650
PU(2) 0.0 MAIN 651
P(2) 0.0 MAIN 652
TDE(2)= 0.0 MAIN 6534
TflEMJ(2=0.0M MAIN 654
PGMA=RHOMMA MAIN 655

C .................... MAIN 656
CCCCCCCCCCCCCCCCCCCCCC444.CM.IrrrrCCI:IC::IrrrrrrCCCCCMC.CCCCC +.+.... MAIN 657CcCCCCCCCCCCCCCCCC cc~CCcccC~~cCCCcC~ C MAIN 659C OE INE C MAIN 650
C RTRILTC MAIN 660
CCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCC MAIN 661
900CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEcCCC MAIN 662

900 ITREITAE+1)WIE680 A0ITG MAIN 663
8001 IPRINT.El.2)l LIRITE(6,8001) FAIO.ISTAGEx MAIN 664
8001 IL LO COEFT(H1I .- FICINT.. 1X....3......*.GE itt1X, ~ MAIN 665

S~IITAL LO C0TIIET=~1XF5,,1,~I5TG~ %.2,XMAIN 666
TC()=T2, G(3)~ oo..***$ MAIN 667
TC(1I)=TC(3) MAIN 668
TI.J(1)=TW(3) MAIN 669
TW( )=TW(3) MAIN 670
PB(1WP (3) MAIN 671
TEC 1)=E()/R/G MAIN 672
WHO( )=PS( 1/AC) MAIN 673
TDES( I )=T(3 MAIN 674
TDE()=TD(3) MAIN 675
XU( I =XU(3)/MA MAIN 676
XCH4MAS /MMASS MAIN 677
XA=AASS/MMASS MAIN 678
XXA+U( I )X H MAIN 679
XA()=XCH MAIN 680
XMEA( I)=XCH MAIN 681
XWA()=X(3 MAIN 682
XU(I)=XW(3) MAIN 683
XWJ( 1 )=XW.(3)XW) MAIN 684
UTA(I)=W(1AXW() MAIN 686
UMASS( I)=UtIASS(3) MAIN 686
WWMASS(1=WWMASS(3) MAIN 687
WIJMASS(I)=WMASU)+WWM AS3 ) MAIN 688
MAAMA 1)=WMASS+41A9(1)WMS) MAIN 690
MMASS(DMMACflS+ISSI)LIASSC) MAIN 690
TMASS( I )MAl-WTM AS ) MAIN 691
ALAS I)A SS I)WTAS( MAIN 692
ALLICPLF A X()XH9GIPM~oPIoAMP~C9 MAIN 693
CAM=ALL MMCR(AXU)XC4T()RIXCHXAIA.,GG3 MAIN 694

AIMASA#A MAIN 695
C ............... MAIN 696

CCCCCCCCCCCCCCCCCCC+CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMCCCCCCCC MAIN 697
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 698
C STAGE PERFORMANCE CALCULATION 15C MAIN 700



C C MAIN 701
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.. - ..rrrCcCCrrcCCCCrCCCCCCCCCM MAIN 702

IF(IPERFI.EG. 1) JPERFM=l MAIN 703
IF(IPERVM.EO.2) JPERFM=2 MAIN4 704
IF( IPERFM.EG.3) JPERFM=3 MAIN 705
DAMY=0.0 MAIN 706
IF(IJTMASS(1) .GT. 1.OE-4) MAIN 707

SDAMYN=WUMASS( 1)/WTMASS( 1) MAIN 708
*IF(DAtIY.GT.O.20) JPERFM=3 MAIN 709

IF(IPRINT.EQ.2) WRITE(G9 8000) JPERFM MAIM 710
*8000 FORMAT(1N0,s STAGE PERFORMANCE CALCULATION (JPERFRm0#12#0 )0) MAIN 711

IF(JPERFMt.EQ.1) GO TO 1300 MAIN 712
IF(JPERF1I.EQ.2) GO TO 1301 MAIN 713
IF(JPERFM.EQ.3) GO TO 1302 MAIN 714

1300 CALL WICSPA(FAI0O ISTAGEMMASSPALFA1,WKDONEDAE(N),XDINETA9 MAIN 715
SEETAI.BETA2,UZ.ALFA2,ALFA3DELTGPDELTWI,W2.UlU2,U3,AK1,AK3) MAIN 716
GO TO 1303 MAIN 717

1301 CALL WICSPB(FAIOISTACEvMMASSALAIWKDOIEDAUE(M)DELULIIASS(1) MAIM 718
$,N,.OMEGA1, MAIN 719
SOMRGA2. tIEGA3e OMEGA4, OMEGAS, OMEGA6S OMEGAT, BETAI, BETA2. UZ, ALFA2. MAIM 720
$ALFA3.DELTGDELTW*lJW42.Ul.U2,U3.AKIAK2,AK3) MAIM 721
CO TO 1303 MAIN 722

1302 CALL WICSPC(FAIO, ISTAGE.MMASSALFA1oUKDOME.DDAUE(M),DELU.UMASS( MAIM 723
$1S)*WWLMASS(1)PNPOMEGAI MAIN 724
S. OMEGA2. OtEGA3, OMEGA4, OMEGAS, OMEGAG, OMEGAT, BETAl. BETA2, UZALFA2t MAIM 725
SALFA3,DELTG,DELTWoW1l9WUl,U2,U3,REAUEDELUU2oDELVL2?,AK1,AK2, MAIN 726
$AK3) MAIN 727

1303 CONTINUE MAIN 728
DELTG1 =DELTG MAIM 729
DELTW1=DELTW MAIM 730
IF(UZ.LT.0.0.OR.VZ.GT.1000.0) WRITE(6.1304) LIZ MAIM 731

1304 FORMAT(lH0.1X99AXIAL LIELOCITY IS TOO HIGH OR TOO LOLJ*,XUZms, MAIM 732
SF10.5) MAIM 733
IF(UZ.LT.0.0.OR.UZ.GT.1000.0) GO TO 901 MAIM 734

*AAA2=AREAS(ISTAGE) MAIM 735
AAA3=AREA( ISTAGE+1) MAIM 736
IF( ISTAGE.EQ.MS) AAA3=AAA2 MAIN 737

C ....................... ma++m.........4+++++ee+++++++++.......... - MAIM 738
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 739
C C MAIM 740
C ROTOR IMIPINGEMIENT C MAIM 741
C C MAIM 742
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 743
C ROTOR IIPINGEMENT(SMALL DROPLET) MAIM 744

IF(IPRIMT.EQ.2) WRITE(6*8010) MAIM 745
8010 FORMAT(1H194 ROTOR IMPINGEMENT(SMALL DROPLET);g) MAIM 746

CALL WICIRS(ISTAGE,RADI1(ISTAGE).XW(1),XGRHOG(l)tBETA1,U1.WUI, MAIM 747
51412,WW.) MAIN 748
AMIMPR=UW MAIM 749
IF(AMIMPR.LT.0.0) AMIIIPR=0.O MAIM 750
IF(AMIMPR.GT.UMASS(1)) AMIMPR=WMASS(l) MAIM 751
AMREBR=AMIMPR*PlEB/100. 0 MAIN 752
AMW.AKR=AMIMPR*( 1.O-PREB'100.0) MAIM 753
AMMOIR=WMASS(l1)-AMIMPR MAIM 754
XI4NOIR=AMfNOIR/MIASS MAIM 755
XIREBR=AMREBR/MMASS MAIM 756
XI4UAKRwAiIAKR/MMASS MAIM 757
IF( IPRIMT.EG.2) WRITE(69609) AMIMPR*AMREBR*AMWAKRoAMMOIRt MAIM 758

SXWNOIR, XIREBR, XWWAKR MAIM 759
609 FORMAT(IH *7(F12.5*IX)) MAIM 760

C ................++.++++f++..q. !!.....+.+..........+.......... MAIN 761
C ROTOR ItPIMGEMEMT(LARGE DROPLET) MAIM 762

IF(IPRItIT.EO.2) WRITE(6.8ON0) MAIN 763
8020 FORMAT(lH0vs ROTOR IMPIMGEMEMT(LARGE DROPLET)O) MAIM 764

CALL WICIRL(ISTAGEPRADII(ISTAGE).XWUCI).XG.RHOG(I).BETAI141.WidIJ MAIM 765
$2. UI.) MAIM 766
BMIMPRZI4I MAIM 767
IF(BMIMPR.LT.0.0) BMIMPR=0.0 MAIM 768
IF(BMIMPR.GT.I4WMASS(l)) BMIMPRI.ILMASS(1) MAIM 769
BMREBR-BIIIMPR*PREB/100.0 MAIN 770
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BIIWAKR=BMIMPR*(1I.O-PREB/100.O) MAIN 771
BMNOIR-WJMASS(lI -BMIMPR MAIN 772
XWWBO0.0 MAIN 773
IF(WWMASS(1).GT.1.OE-6) XLIUBsDII.IKRWWMASS(1) MAIM 774
XWWtiOR=BMNOIR/MMASS MAIN 775
XIWRERBMREBR/MMASS MAIN 776
XWWWAR=BMWAKR/MMASS MAIN 777
IF(IPRINT.EO.2) WRITE(696090) BMIMPR.DMREBRDtIJAKRMNOIRPXaINOR, MAIN 778

SXWWRER, XWI.UAR MAIM 779
6090 FORMAT(1H .7(F12.5*lX)) MAIM 780

C ..........................................+4,+++++,+..........+ MAIN 781
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC=CCCCCCCCCCCCCccCCCCCCCCCCCC MAIM 782
C C MAIM 783
C ROTOR WAKE C MAIN 784
C C MAIM 785CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCC=CCC CCCCCCCCCCCCCC MAIM 786

IF(IPRIMT.EO.2) WRITE(698030) MAIM 787
8030 FORMAT(1H0,s ROTOR WAKE$) MAIN 788

N=N+1 MAIN 789
ALFA=BETA2 MAIM 790
DWAKEM=0.*0 MAIN 791
IF(AMWAKR.GT.0) GO TO 630 MAIM 792
GO TO 631 MAIN 793

630 CALL I4ICUAK(RI4OG(1)9W29DWAKEvDWAKEM) MAIM 794
631 Dl=DWAKEM MAIM 795

IF(D1.LT.O.0) DI=0.0 MAIM 796
IF(DI.GT.DI!1) DI=DIN MAIM 7S7
AMING1=AMWAKR MAIM 798
ALFA=BETA2 MAIM 799
RIJELU1 =DELUU2 MAIM 800
DWAKEMO0.0 MAIM 801
IF(BMWAKR.GT..0) GO TO 6310 MAIN 802
GO TO 6311 MAIM 803

6310 CALL WICWAK(RHOG(1) 3 RDELU1.DWAKEwDIAKETI) MAIM 804
6311 D2=DWAKEM MAIM 805

IF(D2.LT.0.0) D2=0.0 MAIM 806
IF(fl2.GT.DDIN) 02=DDIM MAIM 807
RUP2=(90. 0-BETA2)/180. 0 MAIM 808
AMING2=BMWAKR*RUP2 MAIM 809
RDELU2=DELUL2 MAIM 810
DWAKEM=0.0 MAIM 811
IF(BMWAKR.GT.0.0) GO TO 6312 MAIM 812
GO TO 6313 MAIM 813

6312 CALL WICWAK(RHOG(1),RDELU2DWAKEDJAKEM) MAIM 814
6313 f3=DWAKEM MAIM 815

IF(D3.LT.0.0) D3=0.0 MAIM 616
IF(D3.GT.DlIM) D3=DDIN MAIM 817
RL0W2=(90.0+BETA2)/180. 0 MAIMN1
AMING3=BMI4AKR*RLOW2 MAIM 819
WMASSS=WMASS(l1)-AMWAKR MAIM 820
WMASSL=WWMASS( 1)-BMIIAKR MAIM 621
CALL WICSIZ(WMASSL.UMASSSAflIMG1,AMIMG2.AflIMG3,DAIE(1 MAIM 822
S).DAUE(1).D1PD2,D3,DLIMITAMSLLA1LGEDSLL.D)LGE) MAIM 823
WUVASS (2) AMLGE MAIM 824
WMASS(2)=AMSLL MAIM 825
IF(WMASS(2).LT.0.0) WMASS(2)=0.0 MAIM 826
IF'(WW.MASS(2).LT.0.0) IWMASS(2)0O.O MAIM 827
WTMASS(2)-WWMASS(2)+WMASS(2) MAIM 828
LJMASS(2)=VMASS( 1) MAIM 829
MMASS=AIIASS+CHMASS+UMASS( 2 )WTMASS(2) MAIM 830
TMASS (2)=MMASS MAIM 831
GMASS( 2)=TMASS(2)-WTMASS( 2) MAIM 832
DAUE(N)=DSLL MAIM 833
DDAUE(M)=DLGE MAIM 834
XW(2)4IMASS(2)/MMASS MAIM 835
XWW(2)=WW.MASS(2 )/MMASS MAIM 836
XWT(2)=WTtIASS(2 )/MMASS MAIM 837

*XU(2)=XU(1) MAIM 838
*XCH4=CHMASS/MIASS MAIM 839

XA=AMASS/MMASS 17MAIM 840



XG=XA+XU(2) +XC144 MAIN 841
XAIR(2)=XA MAIN 842
XrETAN(2)=XCH4 MAIN 843

XGAS(2)=XG MAIN 844
PI1=LS(2)P(2)/(WS(2)40.6219) MAIN 846

CALL IICPRP(XA.XU(2),XCH4,TG(2)PRMIXCPMIX.GAMMAG1,G2,G3) MAIN 849
RHOG(2)=P(2)/RMIX'TG(2) MAIN 850
IF(JPERFM.NE. 3) BMASS=MMASS MAIN 851
IF(JPERFM. EQ.3) BMASS=GMASS(2) MAIN S52
CALL WICMAC(ISTAGEBIASSTG(2),P(2),t1.UZ.CXUT(2),ALFA2 MAIN 853

SRMIX, CPMIX. AAA2) MAIN 854
RHOG(2)=(l. 0+G2*J1**2)**G3.RHOGC2) MAIN 855
RHOM(2)=1.0'((1.0-XWT(2))RHOG(2)+XWT(2)RHOI) MAIN 856
RHOA(2)=( 1. +G2*fl.*2)**G3.Rt4OA(2) MAIN 857
IF(IPRINT.EO.2) WRITE(6,614) UZvALFAvD1,-D2vD3,WWlIASS(2)v MAIN 858

SWMASS(2)#UMASS(2)#XW(2)tXU(2) MAIN 859
614 FORMAT(IH PIO(FI2.5,1X)) MAIN 860

IF(IPRINT.EG.2) WRITE(S6l5)WS(2),DAUE(N),DDAE()RHOM(2)RIOA MAIN 861
S(2), RHOM(2).RHOC(2) MAIN 862

615 FORMAT(1H 97(F12.5,LX)) MAIN 863
IF(UZ.LT.0.0.OR.UZ.GT.l500.0) WRITE(6,6150) MAIN 864

6150 FORMAT(1H0.OUZ IS TOO HIGH OR TOO LOW: UZ#.vF1O.4) MAIN 865
C .................................................. ......44+*4-O4+ MAIN 866
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 867
C C MAIN 868
C CENYRIFUGAL ACTION IN ROTOR C MAIN 869
C C MAIN 870
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 871

C CENTRIFUGAL EFFECT IN ROTGR(SMALL DROPLET) MAIN 872
IF(IPRINT.EQ.2) WRITE(698040) MAIN 873

8040 FORMAT(lH0,OCENTRIFUGAL ACTION IN ROTOR (SMALL DROPLET)$) MAIN 874
DELtIW=0 .0 MAIN 875
DELMAS=0. 0 MAIN 87S
RI4=0.*0 MAIN 877
RWW=0.O MAIN 878
IF(WTMASS(1).CT.1.OE-6) RW-WMASS(1)/ITMASS(1) MAIN 879
IF(WTMASS(1).GT.1.OE-6) RWW=UUMASS(1)/WTMASS(1) MAIN 880
AMASU= (WMASTL-UCENT-LJUCENT )*RW MAIN 881
EMASW=(C JIASTL-WCENT-WWCENT ) 'RUWXUII MAIN 882
IF(DAVE(N-).LT.1.0E-6) GO TO 996 MAIN 883
DD=DAE(N-1) MAIN 884
DELZZ=RC( ISTAGE )/12. 0 MAIN 885
ALFAAU=(BETA! +BETA2) /2.*0 MAIN 886
IRS=2 MAIN 887
RHOGAS=RHOG(2) MAIN 868
RHUB=RRHUB( ISTAGE) MAIN 889
CALL WICCEN(RZEROUZERO,D)D,UZDELZZALFAAU tFN#IRSRHOGAS9 MAIN 880
IRHUBR2.U2,ITIPUZTIME.XG.XAXU(2)PXCH4,RRTIP(ISTAGE)) MAIN 891
CALL WICDMS( IPRINT. IRAD.WMASS(1),AMASW,AtIASW.RZERO.R2,AAREA(rSTA MAIN 892
SCE)PRADI1(ISTAGE)RRTIP(ISTAGE)DMIIDMOUTAASIJ2,DELMAS) MAIN 893
WCENT=DELIAS MAIN 894
RZERO=R2 MAIN 895
UZERO=U2 MAIN 896

996 DELMI4=DELMAS MIAIN 897
C .........................+... ++ ..........+e+ +...... ill!..... MAIN 888
C CENTRIFUGAL EFFECT IN ROTOR(LARGE DROPLET) MAIN 889

IF(IPRINT.EG.2) LRITE(6,8050) MAIN 900
8050 FORMAT(1HO0 CENTRIFUGAL ACTION IN ROTOR (LARGE DROPLET)O) MAIN 901

DELMAS=0.0 MAIN 902
DELMWmO *0 MAIN 903
IF(DOAVE(N-1).LT.1.OE-6) GO TO 9999 MAIN 904
DD=-DDAIJE(N-1) MAIN S05
DELZZ-RC( ISTAGE )/12. 0 MAIN 906
ALFAAU=0. 0 MAIN 907
I IRS=2 MAIN 908
RHOGASuRHOG(2) MAIN 909
RHUB=RR4UB( ISTAGE) MAIN 910
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CALL WICCEN(RRZERO.PUUZERO~tDDoUZ.DELZZ.ALFAAU 9FN.-irRspRHOGAS, MAIN 911
IRHUB.R2BU2. IITIP,UZTIrIEXGXAXU(2),XCH4,RRTIP(ISTAGE)) MAIN 912
CALL WICDIIL( IPRINT. IRADW.MASS()BMASI4.MASURRZERO.R2.AAREA(IS MAIN 913

STAGE).RADI1( ISTAGE),RRTIP(ISTAGE)DIIMDIOUT.AtASW2.DELMA9) MAIM 914
RRZERO=R2 MIAIN 915
UUZEROwU2 MAIN S16

9996 DELMIWl-DELMAS MIAIN 917
1JM=UIASS(2) MAIN 918
WUII4JIMASS( 2) MAIN 919
WIIASS(2)uI*IASS(2)+DELMWI MAIN 920
WIJMASS(2)=LJUMASS( 2)+DELMWU MAIN 921
WTMASS(2)uIJMASS(2)+WWLMASS(2) MAIM 922
IF(WTMASS(2).GT.LJNASTL) TT=WThASS(2)/WMASTL MAIN 923
IF(WTMASS(2).GT.WMASTL) Wt1ASS(2)u4MASS(2)/TT MAIN 924
IF(WTMASS(2).GT.I*IASTL) I4MASS(2)=WIMASS(2)'TT MAIN 925
DELMU=U#IASS (2) -IJI MAIN 926
DELMWWI4JIIASS (2) -1.11 MAIN 927
WTMASS(2)=WMASS(2)+WWMPASS(2) MAIN 928
DELMAS ITMASS(2)-WTMASS( 1) MAIN 929
MMASS=MtASS+DELMAS MAIN4 930
XW(2)=WIASS(2)IIMASS MAIN 931
XU&(2)=WUIASS(2)MMASS MAIN 932
XU(2)=UASS(2)'MMASS MAIN 933
XA=AMASS/MIASS MAIN 934
XCH4=CH#IASS'fIMASS MAIN 935
XG=XA+XU( 2) +XCH4 MAIN 936
DELUUM-RHO(2)RHOW*DELMAS MAIN 937
etMASS=ANASS-DELUUII* CAtASS-'GtASS(2)) MAIN 938
UIIASS(2)=UfIASS(2)-DELUUM*(VIASS(2),QIASS(2)) MAIN 939
CHt1ASS=CH#1ASS-DELUUM*( CHMASSGMASS(2)) MAIN 940
MMASS=AIIASS+UMAS(2 )+CHtIASS+WTMASS(2) MAIN 941
WS(2)=VMASS(2)/MMASS MAIN 942
WCENTIJCENT+DELMW MAIN 943
WWCENT=UWCENT+DELM4W MAIN 944
IF(iWMASS(2).LT. 1.OE-6) DAE()0.0 MAIN 945
IF(WWMASS(2).LT.1.OE-6) DDAUE()=O.0 MAIN 946

C ................................ t-I.IIIIIII p i iiif MAIN 94?

C C MAIN 949
C STATOR IMPINGEMENT C MAIN 850
C C MAIN 951
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrrrr- rrCCCCC MAIN 952
C STATOR IMPINGEMENT(SMALL DROPLET) MAIN 953

IF(IPRINT.EO.2) WRITE(698060) MAIN 954
8060 FORMAT(1H0,o STATOR IMPINGEMENT (SMALL DROPLETW ~ MAIN 955

CALL WICISS(ISTAGE,RADI2(ISTAGE),XW(2)PXGPRHOG(2),ALFA2U29 MAIN 956
SWIPWU2pW14) MAIN 957

AtIIMPS=WI MAIN 958
IF(AtIIMPS.GT.WMASS(2)) AMIMPSoWMASS(2) MAIN 959
IF(ANIPS.LT.0.0) AIMPS=0.0 MAIN 960
AMREBSAMIMPSPREB100 .0 MAIN 961
AMUAKS-A(1IMPS*( 1.0-PRED-'100.0) MAIN 962
IF(IPRINT.EO.2) WRITE(69617) XW(2),XGRHOG(2),U2.WJ.AMIMPSAMRE MAIN 963
SS.AMIJAKS MAIN 964

617 FORIIAT(H o8(F12.5vIX)) MAIN 965
C ................................. ............ ........4 MAIN 966

*C STATOR IMPIMGEMENT(LARGE DROPLET) MAIN 967
*IF(IPRIMT.EO.2) WRITE(6,8070) MAIN 968

8070 FORMAT(1H00 STATOR IMPINGEMENT (LARGE DROPLETW ~ MAIN 969
CALL WICISL(ISTAGE.RAD12(ISTAGE),XWU(2)PXGsRHOG()ALFA2U2IIHI MAIN 970

*sowU2.IJW) MAIN 971
BMIMPS=WW MAIN 972
IF(DtIIIPS.LT.0.0) BMIMPS0.0 MAIN 973
IF(BMIMPS.GT.UUMASS(2)) BMIMPSaI.JbMASS(2) MAIN 974
Bt1REBS-B?IIPS*PREB/1 00.0 MAIN 975
BMI"KSutIMPS*( 1.0-PREB'100. 0) MAIN 976
IF(IPRINT.EO.2) WRITE(6.6617) XUI.(2)XAROA(2).UZ.UIJ,3IIMPS.UM MAIN 977

WEBS. BMWAS MAIN 978
*6617 FORMAT(1H #8(F12.5,1X)) MAIN 979

C ....................... 
.... ...... MAIN 980
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CCCCCCCCCCCCCCCCCCCC;LCtCCCCCCCCCCCCCCCCCCCMCCCCCCCCCCCCCCCCCCCCCC MAIM g81
C C MAIN 982
C STATOR WAKE C MAIN 993
C C MAIN 984
CCCCCCCCCCCCCMCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMCCCMcCCCCCCCcCCCC MAIN 985

IF(IPRIMT.EO.2) WRITE(698090) MAIN 986
8080 FORMAT(IHO.# STATOR W.AKE$) MAIN 987

M=M+1 MAIN 988
$ALFA-ALFA3 MAIN 989

DWAI(EM=0. 0 MAIN 990
IF(AMIJAKS.GT.0) GO TO 632 MAIN 991
GO TO 633 MAIM 992

832 CALL WICUAK(RHOG(2)P33DUAKE.DWAKEM) MAIN 993
833 D1=DWAKEM MAIN 994

IF(D1.LT.0.0) 10.0 MAIN 995
IF(DI.GT.DIN) D1=DIH MAIN 996
AINIGl=AMWAKS MAIN 997
ALFA=ALFA3 MAIN 998
SDELUI=DELUU2 MAIN 999
DWAKEM=0.0 MAIM 1000
IF(BMIJAKS.GT.O.0) GO TO 6330 MAIM 1001
GO TO 6331 MAIM 1002

6330 CALL WICWAKi(RHOG(2),SDELU,DWAKEDA(E) MAIM 1003
6331 D2=DWAKEM MAIM 1004

IF(D2.LT.O.0) D2=0.0 MAIN 1005
IF(D2.GT.DDIN) D2=DDIN MAIN 1006
SUP2=(90. 0-ALFA3)/180. 0 MAIM 1007
AMING2=BMWAKS*SUP2 MAIM 1008
SDELU2=DELUL2 MAIM 1009
DI4AKEM=0.0 MAIM 1010
IF(BMWAKS.GT.0.0) GO TO 6332 MAIM 1011
GO TO 6333 MAIM 1012

6332 CALL WICWAK(RHOG(2),SDELU2DWAKEPDWAKEI) MAIM 1013
6333 D3=DJAKEI MAIM 1014

IF(D3.LT.0.0) D3=0.0 MAIM 1015
IF(D3.GT.DDIN) D3=DDIN MAIM 1016
SLOW2=(90. 0+ALFA3)/180. 0 MAIM 1017
AMING3=BMWAKSSLOWd2 MAIN 1018
WMASSS=IJMASS(2)-AIIWAKS MAIN 1019
LJMASSL=UWIIASS (2) -BMUAKS MAIM 1020
IF(W.MASSS.LT.0.0) WMASSO=.0 MAIM 1021
IF(WMASSL.LT.0.0) WMASSLO0.0 MAIM 1022
CALL WICSIZ(LJMASSLUMASSS.AINIMC1AMIMG2,At Th3DXU(2).DAUE( MAIM 1023

S2)1DlPD2pD3,DLI1IT.AMSLLPA1LGE.DSLL.DLGE) MAIM 1024
WWJIASS(3)=AMLGE MAIV 1025
WMASS( 3)=AMSLL MAIM 1029
IF(WMASS(3).LT.0.0) WMASS(3)=0.0 MAIN 1027
IF(WLIMASS(3).LT.0.0) WWMASS(3)=O.0 MAIM 1028
WTMASS(3)=WWMASS( 2)+WMASS(2) MAIM 1029
UMASS( 3)=UMASS(2) MAIM 1030
MMASS=AMASS+CHMASS+UMASS( 3) +WTMASS(3) MAIM 1031
TMASS( 3) =MMASS MAIM 1032
CMASS( 3)=TMASS( 3)-WTMASS( 3) MAIM 1033
DAUE(M)=DSLL MAIM 1034
DDAUE( M)DLGE MAIM 1035
XW(3)=WMASS(3)/MMASS MAIM 1036
XWW(3)=WWMASS(3)/MMASS MAIM 1037
XWT (3) =WTMASS( 3)/MMASS MAIM 1038
XU(3)=XU(2) MAIM 1039
XA=AMASS/iIMASS MAIN 10(J
XCH4=CIIMASS/MMASS MAIM 1041
XG=XA+XU( 3) +XCH4 MAIM 1042
XAIR (3)=XA MAIN 1043
XMETAM(3)=XCH4 MAIM 1044
XGAS(3)=XG MAIM 1045
IF(WMASSO.LT. 1.OE-6) UMASSOwWMASS(3) MAIM 1046
IF(WWMASO.LT.1.OE-6) WWMASO=WWMASS(3) MAIM 1047
IF(WTMASS(3.).GT.0.0) RW=WMASS(3)/WTIASS(3) MAIN 1048
IF(UTMASS(3).GT.O0) RWU=WWMASS(3)/JTMASSC3) MlAIN 1049
TG(3)=TG(2) MAIM 1050
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TU(3)=TW(2) MAIN 1051
IF(IPRINT.EO.2) WRITE(69619) RH0AC2)9UZpALFAvD1,D~vWUqA9Sc3) MAIN 1052

S.I.JtASS(3)UMASS(3)XW3)tXUC3) MAIN 1053
619 FORIIAT(1H ,10(Fl2.5tIX)) MAIN 1054

IF(IPRIMT.EO.2) WRITE(G,62O) DAUE(N)9TG(3)vTU(3) MAN 1055
620 FORMAT(IH 93(F12.59IX)) MAIN 1056

IF(WASS(2).GT.0..AID.WLIMASSC2).GT.O.0) GO TO 951 MAIN 1057
IF(MAS().G.O0)GO O 51MAIN 1058

IF(WMASS(2).GT..0) GO TO 951MAN 15
WF(3)WS(2).T.0GOO95 MAIN 1050
WS(3)=LIS(2) MAIN 1060
TDE(3)=T(2 MAIN 1061
DELTG2O * 0 MAIN 1063
DELTG3=0.0 MAIN 1064

*DELTL42=0.0 MAIN 1065
TRATIO=TG(3)/TG( 1) MAIN 1066
DAUE(N)=0.0 MAIN 1087
RHOA(3)=P(3)/RA/TG(3) MAIN 1069
CALL WICPRP(XAXU(3)PXCH4TG(3)RIIX.PIX.GAIMAG1G2.G3) MAIN 1069
RHOG(3)=P(3)/RMIX/TC(3) MAIN 1070
IF(JPERFtI.NE.3) BIASS=MMASS MAIN 1071
IF(JPERFM.Eg.3) BMASS=GMASS(3) MAIN 1072
CALL WICMAC(ISTACEBMASSTG(3)tP(3).MtUZPC.XWT(3)PALFA3 MAIN 1073

SRMIX, CPMIX. AAA3) MAIN 1074
RHOG(3)=(1.0+G2*M**2)**G3*RHOG(3) MAIN 1075
RHOI(3)=1.0'((1.0-XWT(3))'RHOG(3)+XUT(3)/RHOW) MAIN 1076
RHOA(3)=( 1 * +G2*M**2)**G3*RHOA(3) MAIN 1077
GO TO 950 MAIN 1078

951 CONTINUE MAIN 1079
WTMASS(3 )=WMASS(3)+IJWMASS(3) MAIN 1080

C ............................+...++.+.4+~++~+++.+..+. MAIN 1081
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 1082
C C MAIN 1083
C HEAT TRANSFER CALCULATION C MAIN 1084
C C MAIN 1085
cccccccccccccccccccccmcccccccccrrrr MAIN 1086
C HEAT-TRANSFER (SMALL DROPLET) MAIN 1087

IF(IPRIMT.EO.2) LRITE(6,8120) MAIN 1088
8120 FORMAT(1HO0 HEAT TRANSFER$) MAIN 1089

DELTGH=0.0 MAIN 1090
DELTWH=0.0 MAIN 1091
1F(DAE(N-2).GT.0.0.AND.DAUE(N).GT.0) GO TO 912.1 MAIN 1092
GO TO 8122 MAIN 1093

8121 RE=0.0 MAIN 1094
XU1=(XU(1 )+XV(3) )-2.0 MAIN 1095
XWI=(XW( 1)+XWJ(3) )/2.0 MAIN 1096
WMASS1=(LJMASS( 1)*UMASS(3) )/2.0 MAIN 1097
UMASS1=(UMASS( I)+VMASS(3) )/2.0 MAIN 1098
CPGI=XA*UICCPA(TG(1 ))+XU(1)*UICCPH(C(l))+XCH4*WIGOPC(TG(l)) MAIN 1093
CPG3=XA*IICCPA(TGC3))+XU(3)*WICCPH(TG(3))+XCH4*WICCPC(TG(3)) MAIN 1100
CPG=(CPGI+CPG3)/2. 0 MAIN 1101
CALL IICHET(TG(1),TG(2).TW(1),TLI(3),DAUE(N-2),DAUE(N) MAIN 1102
S.DELZ(ISTAGEUZPMASSlUMASSPAMASSPCHMSCP.CPWIDELTGH MAIN 1103
$vDELTUHvRE) MAIN 1104

8122 DELTG2=DELTCH MAIN 1105
DELTW2-DELTIH MAIN 1106

C .................. ......................+...+ +.......... MAIN 1107
*C HEAT TRANSFER(LARGE DROPLET) MAIN 1108

DELTGH=0.*0 MAIN 1109
DELTWHO0.0 MAIN 1110
IF(DDAUE(N-2).GT.0.0.AtID.DAUE(N).GT.0.0) GO TO 8123 MAIN 1111
GO TO 8124 MAIN 1112

8123 REO0.0 MAIN 1113
IF(DDAUE(M-1).GT.0.0) REwREAUC MAIN 1114
XUI=(XV(1 )+XU(3) )/2.0 MAIN 1115
X141=(XWWI()+XUU(3))/2.0 MAIN 1116
WMASSIZ(WWMASS( 1)+WIJMASS(3) )/2.0 MAIN 1117
UMASSla(VMAS5( 1)+UMASS(3) )/2. 0 MAIN 1118
CPGI-XA.WICCPA(TC(1)).XV(1eWICCP(TG(1))+XCH4OUICCPC(TG(l)) MAIN 1119
CPG3=XA*UICCPA(TG( ) )+XL(3).*WICCPH(TG(3) )+XCH4*IJICCPC(TGC3)) MAIN 1120
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CPG=(CPGI+CPG3)'2. 0 MAIN 1121
CALL WICHET(TG(1)TG(3),T41()TI(3),DDAE(l-2),DDAUE(tI) MAIM 1122
SDELZ( ISTAGE).UZ,WMASSI.UMAS1.AASSCHflASCPG.CPW.DELTGH MAIN 1123
S, DELTWH. RE) MAIN 1124

8124 DELTG3=DELTCH MAIN 1125
fELTW3=DELTWH MAIN 1126
TG( 3)=TG( 1) +DELTGI-DELTG2-DELTG3 MAIN 1127
TW(3)=TW(1I)+DELTW1+DELTW2 MAIN 1128
TWW(3)=TWW( I)+DELTW~.3 MAIN 1129
TRATIO=TG(3)/TG(l) MAIN 1130
IF(IPRINT.EQ.2) WRITE(69627) DELTG2.DELTU2.DELTG3.DELTU3,TG(3). MAIN 1131

STW(3),TWW(3)oTRATIO MAIN 1132
627 FORMAT(1H P8(F 15.6. IX)) MAIN 1133

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCC MAIN 1135
C C MAIN 1136
C MASS TRANSFER CALCULATION C MAIN 1137
c C MAIN 1138
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCcCCCCC MAIN 1139

IF(IPRINT.EQ.2) WRITE(GP8130) MAIN 1140
8130 FORMAT(1H0.X MASS TRANSFER$) MAIN 1141

DAUEN2=DAUE(N-2) MAIN 1142
DAUEN=DAUE( N) MAIN 1143
DZ=DELZ( ISTAGE) MAIN 1144
RE=0.0 MAIN 1145
DMDTAU=0.O MAIN 1146
IF(DAUE(N-2).CT.O.0.AND.DAUE(N).GT.O.0) GO TO 636 MAIN 1147
GO TO 637 MAIN 1148

636 CALL WICMAS(WS(l),TW(1),TW(3),P(1),P(3),TGCI),TG(3),DZPB.P1B2 MAIN 1145
$,PWl.PW2.UZ.DAUEN2,DAUEN.HW2.UMASS(1).UMASS2,WMASS(1),WMASS2, MAIN 1150
$DMDTAU, AMASS, RE) MAIN 1151

637 DMDTA1=DMDTAV MAIN 1152
IF(DMIJTA1.L'r.o.0) DMDTA1=0.0 MAIN 1153
fAVEN2=DDAVE(N-2) MAIN 1154
DAUEN=DDAUE (N) MAIN 1155
DZ=DELZ( ISTACE) MAIN 1156
RE=0.*0 MAIN 1157
DMDTAUO * 0 MAIN 1158
IF(DDAUE(N-1).GT.O.O.AND.DDAVE(N).GT.0) RE-REAVE MAIN 1159
IF(DDAUE(N-2).GT.O.O.AND.DDAUE(N).GT.O.O) GO TO 6360 MAIN 1160
GO TO 6370 MAIN 1161

6360 CALL IICMAS(LS(1)TWW(1),TWW(3),P(1),P(3),TG(1)TG(3)DZPI1,PU32 MAIM 1162
$,PW1,PW2,UZDAEi2, IAUEN.H&12,UMASS( 1).UMASS2&JWMASS(1),WMASS2, MAIN 1163
SDMDTAU, AMASS, RE) MAIN 1164

6370 DMDTA2=DMDTAU MAIN 1165
IF(DMDTA2.LT.O.0) DMDTA2O0.0 MAIN 1166
WMASS( 3)=IJMASS(3)-DMDTAI MAIN 1167
WWMASS(3)=WMASS(3)-DMDTA2 MAIN 1168
LJMASTL=WMASTL-( DMDTA1+DMDTA2)*AAREAS( ISTAGE)'AAA2 MAIN 1169
IF(WMASTL.LT.0.0) WMASTL=0.0 MAIN 1170
IF(WMASS(3).LT.0.0) WMASS(3)=O.0 MAIN 1171
!F(WWMASS(3).LT.0.0) IWMASS(3)uO.O MAIN 1172
WTMASS( 3)=WMASS k3 )+WLJMAS5( 3) MAIN 1173
UMASS( 3) =UMASS (3) +DMDTAI+DIIDTA2 MAIN 1174
MMASS=AMASS+CHMASS+UMASS(3)iITMASS(3) MAIN 1175
TMASS(3)=MMASS MAIN 1176
GMASS(3)=TMASS(3)-WTMASS(3) MAIN 1177
XU(3)=WMASS(3)'tMASS MAIN 1178
XIJW(3) =WWMASS( 3 )MMASS MAIN 1179
XW.T(3)=UTMASS( 3)/MMASS MAIN 1180
XU(3)=UiIASS(3)/IIMASS MAIN 1181
XA=AMASS/MMASS MAIN 1182
XCH4=CHMASS'MMASS MAIN 1183
XG=XA+XLI(3)+XCH4 MAIN 1184
XAIR(3)=XA MAIN 1185
XMETAH(3)=XCH4 MAIN 1186
XGAS(3)=XG MAIN 1187
WS(3)=UMASS(3)/AMASS MA4IN 11s8
PW=WS(3)*P(3)'(WS(3)+0.6219) MAIN 1189
TDEI4(3)=WICBPT(TC(3)oPW) MAIN 1190
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RHOA(3')=P(3)/RA/TC(3) MAIN 1191
CALL WILPRP(XA.X(3)PXCH4T(3)RIIXCPIIXPAMMtAG162,G3) MAIN 1192
RHOC(3)=P(3)'RMIX'TG(3) MAIN 1193
IF(JPERFtI.NE.3) BMASS=MMASS MAIN 1194
IF(JPERFM.EG. 3) BMASS=GMASS(3) MAIN 1195
CALL WICMAC(ISTACE,BMASST(3)P(3)I1,UZ.CXUT(3),ALFA3v MAIN 1196
$RMIXPCPMIXAAA3) MAIN 1197
RHOG(3 )=(1. 0+G2*r1**2)**G3*RHOG(3) MAIN 1198
RHOM(3)=1.0'((1.0-XWT(3))/RHOG(3)+XWT(3)/RHOW) MAIN 1199
RH0A(3)=(l.0+2***2)**G3*RHOG(3) MAIN 1200
TB(3)=WICBPT(TG(3)#P(3)) MAIN 1201
IF(IPRINT.EQ.2) WRITE(69624) WWMASS(3)PXWW(3)PDDAUE(M),UMASS(3), MIAIN 1202

$UMASS(3)tXW(3),XtJ(3),WS(3),DAUE(N) MAIN 1203
624 FORMAT(IH ,9(F12.5,lX)) MAIN 1204

IF(IPRINT.EQ.2) WRITE(69625) RHOA(3).RHOtI(3),RHOG(3).DMDTAl.DMD MAIN 1205
$TA2,PW2,TW(3), TC(3) MAIN 1206

625 FORMAT(IH #8(F12.5,lX)) MAIN 1207
950 DELTGW=DELTG1 MAIN 120C

DELTDW=DELTWI MAIN 1209
DELTCH=-DELTG2-DELTG3 MAIN 1210
DELTDH=DELTW2 MAIN 1211
DELP=P(3)-P(l) MAIM 1212
GAMMAO=GAMMA MAIM 1213
TB(3)=WICBPr(TG(3)PP(3)) MAIN 1214

C ................................ ........4+444++44444+ MAIM 1215
CCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCC MAIM 1216
c C MAIN 1217
C OUTPUT(STACE PERFORMANCE) C MAIM 1218
C C MAIM 1219
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 1220

IF(IUNIT.NE.2) GO TO 853 MAIM 1221
W-MASS( I)=WMASS( 1)*CFM MAIM 1222
W.MASS(3)=WMASS( 3)*CFM MAIN 1223
WJWMASS( I)=WWMfASS( 1 )CFM MAIN 1224
UI4MASS(3 )=W(iQSS( 3)*CFM MAIN 1225
I-TMASS( 1)=WTMASS( I)*CFM MAIN 1226
UTMASS (3) =WTMASS (3) *CFl MAIM 1227
AtASS=AMASS*CFM MAIM 1228
CHMASS=CHMASS*CF1 MAIN 1229
UMASS( I)UVMASS( I)*CFM MAIN 1230
UMASS( 3)=UMASS(3 )*CFM MAIN 1231
GMASS(1)=GtiASS(l)*CFM MAIN 1232
CtIASS(3)=CtiASS(3)*CFM MAIN 1233
TMASS( 1)=TMASS( I)*CFM MAIN 1234
TMASS(3)=TMASS(3)*CFM MAIN 1235
RI4OA(1 )=RHOA( I )CFD MAIN 1236
RHOA(2)=RHOA(2)*CFD MAIN 1237
RHOA(3)=RHOA(3)*CFD MAIN 1238
RHOM(1 )=RHOM( 1)*CFl MAIM 1239
RHOM(2)=RHOM(2)*CFD MAIM 1240
RHOM(3)=RHOM(3)*CFD MAIN 1241
RHOG(1)=RHOG(1)*CFD MAIN 1242
RHOG(2)=RHOC(2)*CFD MAIM 1243
RIHOC(3)=RHOG(3)*CFD MAIM 1244
TG(1)=TG(1)*CFT MAIM 1245
TC(2)=TG(2)*CFT MAIM 1246
TG(3)=TG(3)*CFT MAIM 1247
TW( 1)=TW14(I)*CFT MAIN 1248
TW(2)=T14(2)*CFT MAIM 1249
TW(3)=TW(3)*CFT MAIN 1250
TWW.( 1)=TWJ( 1)*CFT MAIM 1251
TWW(2)=TWW(2)*CFT MAIM 1252
TWW(3)=TWWI(3)*CFT MAIN 1253
P(1W=P(I)*CFP MAIM 1254
P(2)=P(2)*CFP MAIM 1255
P(3)=P(3)*CFP MAIN 125
TB( I)=TB( 1)*CFT MAIN 1257
TB(2)-TB(2)*CFT MAIM 1258
TD(3)=TB(3)*CFT MAIN 1259
TDEW(1I)=TDE.I1)OCFT MAIM 1260
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TDEW(2)=TDEW(2)*CFT MAIN 1261
TDEW(3)=TTPEW(3)*CFT M1AINi 1262

8353 CONTINUE MAIN 122
WRITES.40 FAIO,ISTAGE MAI; 12c,4

400 FORtIAT(H1,1X,gi ,**********~***.* 0.1X, MAIN 1265
V'INITIAL FLOW COEFFI0IEHi'hg.lXF7.5,1Xg(ISTAGE= ;IPI2,1Xv MPIN 1266
$--) 4, 2X# !*** MAIrN 16
PRATIO=P(3)'P( 1) MAIN 126B
TRATIOTCCZ"TG! MAIN 1269
Gf; NAu= (GAhi-AS+GAMMAO) /?. 0 MAIN 1270
G4=(A'IIAV-1.*0)/GAMMAU MAIN 12; l
ETAA(ISTAGEJ=(FRATlO*-C4-1.0)/(TRATIO-1.0) MAIN 1272
WRITE(6, 402i JPER<FI MAIN 1273

402 FORMAT(1H0v5X,0STAGE PERFORMANCE AFTER INTER-STAGEc ADJUSTMENTOV MAIN 1274
V (JPERil=;9, 11, -) ) MAIH 1275
WRITE(6,401) PRATIOTRAfIOPETAA(ISTAGE) MAIN 127G

401 F0PMAT(IH0~, <STAGE TOTAL PRESSURE RATIO=s,Fl2.5,/9 MAIN 127
$G~vSTACE TOTAL IEMPIRATURE RATIO=;dvF12.5,',* MAIN 127Z3
4GXOSTAGE ADIABATIC EFFIC1ENCY=s.F12.5) MA1iN 1273
WRJITE(6944O25) MAIN 1280

4025 FORMAT( 1I-0, 2X9 :-*TAGE lNLET**#1,4X, ;..*STAGE OUTLET**--. MAIN 1281
$4X, ;**S;TAGE OUTLE-;9 MAIN 122
wRITE(6,4026, MAIN 1263

4026 FORMAT(IH ,33X,OBEFORE INTER-OP6X#O(AFTER !NTER-9) MAIN 1284
ITTITE(6, 4027) MAIh 12S5

4027 HjR11AT(H 9,4X.93TAGE AfJUST-'-97X,'-STAGE ADJUST-0) MAIN 12C36
WRITE(6,402.t MAIN 12-37

43i28 170RMAT(I1H *34Xv -.riENT)9, 15XFMENT)9) MAIN 1286
L.RITE(Gv40b) XU(1)s X XV(3 MAIN- 12ES

4:05 FORMAT(I1,, ,3V.5X) MAI 12E1-0
W.!ITE(G,40.i X1(i), XW(1) 9 XW(3) MA1IN 12C.1

406 I2ORiAT(lH i!Xvl,3=93(F'15.5,5X)) MAIN 1292
WRITE'(694CXw,' XWlI*(I).X0W-(1)tXWW(3) MAIN 12S34060 FORrAT(H *XX4W.(S5,X)MAT', 12S4
L7fTE(G,4061) XtiT(1)vXW-T(1)sXWT(3) Mr.-11 125

4061 FORMAT(1H v5X#-i;,'=93(F5.55X))S

4062 FOPMAT(IFI 5 1,;!XAlP;9,3tFI5.5.5X)) liV 12 8
WRITE(G,40E3) XMETANIIU,XM'ETANU,#XMETAN(3) MAIN l2iS

4063 FORNiAT(lH 5X#9XNETAN=9,3(Fl5.595X)) MAIN 1300
W~ l ,'1Eg)XCGiS(1),XGAS(1)vXGAS(3) MAIN 1301

4064 FOPM1A ' (ihli 5.LS43(V15.bv5X)) MAIN 1302
WFRIfE(G.4Ci7 WNPSlS(!), WMASS(1) , WMASS(3) MAIN 1303

-:07 FORMAT(1H 9! X,-WflA5S=S,3(FI5.5v5X)) MAIN 1204
I4PITE(6.40?O) WLJ.-;AS(l),WWMASS(1),WWMASS(3) MAIN 12 (15

4070 FGI,'iAT( 1H *5Xo .4-fIASS'.3'(F15.5,5X)) MAIN 1306
;RITE(6,407Au WTMAStI.),WTllASS(1DvWTMASS(3) M;.IN 1307

4071 F6I11W'T(1H X,4I9T~lASS"9,3(F15.5,5X)) MAiNi i3ti
tFITH 6, 4072) Af.4S FA1ASSP AMASS MAIN 1'- 0

4072 F0RNAf(1H *.AIK =.(1S55) MAIN 1230
WRITE(6,4073) CHMASS. (Ad-ASSCHMASS MAIN 1311l

4073 FOPHAY(I iN* 3X.;dCliMASS---gp3(FI5.!395X)) MAIN 1312
LRITE(G.4C~j UMAStt) , UMASS(1) 9 UMASS(3) MAIN 1313

408 FORIiAT(1H !,,fN5=.(l.vX' MAIN 1'31.4
W-I1E(b,40613) CMASSQ1.,CfASS(1),CMASS(3) MAIN 1315

4080 FUFZI:AT(IH ,S~tAS;,(1.,X)MAIli 1316
W.'ITE(6,43L!) TMAS5S(1),TMASS(l),TMA3S(3) MAINi 1317

4081 FORIIAT(IH -5Xv'TMA5S~g.3(FlS.5,5X)) MAIN 1a.6
LIRITE(6,400) W;(!) v L0(I) 9 S3) MAIN 1"

409 FORriAT(IH ,X,9W.Ji=v3(Fl5.5,5X)) MAIN 13 210
WRITEk6,410. RHOA'') , RI4OA(2) 9 RHiOA(3) MiAIN 1"21

410 FORIATdM 5X,$R~H0A=X,3(Fl5.59SX)) MAIN 1;
Ir?!TE(6o411) RHCrIl) rlH0F(2)vRHOM(3) MAIN 13

4111 FoUlAT(IH *x~'~3F555) MAIN L-
WRITE(G.412j df0Gl~)vRHCG(2)vRHOG(3) MAIN l3fr5

412 FORMAT'1h 5,skf;0G=4-3(Fl5.S,5X)) MAui 1'37G

413 FO1RIIAT(1H ,5Xp,;-,3(Fl5.5,5X)) MAIN I3e8
WRITE(S,414i m'(i.'TW(2),TIJ(3i MAIN 13293

414 FOR1IAY~lH ,l-XvfTW=;:,3lFF5.5.5X)) MAIN 1,.
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WPITE(6*4140' TWW1i),TWW(2)YTWW(3) MAIN 1331
4140 FORNhAT(H vSq-~W-vF555) MAIN 1332

415 FOPMAT(IH v5":PP ,-3(Fl5.5v5X)) MAIN 3Z
Wr'VIE(6.44U; Tb(1iTB.)TB(3) MAIN 3.

41G FOPIIAT(H ',,? TD~=;,3(Fl5.5.5X)) MAIN 13
W~RITE(6,422) TD,-(l),'fDEW(2)PTDEW(3) MAIN 13'37

422 FORMAT(IH ,,;TE;!3(Fl5.5v5X)) MAIN 13:;8
IF(IUNIT.NE.2) U) f0 654 MAIN 1339
WN1ASS( I)=lII'FiSS( I 'CFt MAIN 1340
WMSS(3)=WMA~SS(3)/LF1 MAJIN 1341l
WL4MASS(lI)=WWilASS~. I)/CFM MAIN 1:3 .2
WMASS (3 4"WtAS3 .3 '/CF~i MAIN' 14
WTMAS5'U)=W-,1AS3t1.iCF~l MAIN 1344
lJ1ACP mSS(3) /~3.CFM MA.IN 1345
AiIA5S=AiA3SS'CFl MA1II N 1346
CHfIASS=CHiiASS'CFN II 1347
UM1ASS( 1)=UmoSS( 1 )CFm MI 1348
UMASS (3) =VUASS (2.'/CFMi MAIN 1 ' -

lNHSS ( 1) =Mi SS ( 1 ) CFM MAIN 1350o
CM1ASS ( 3) =GMASS 3 )'/CFII MAIN 13Ei
11IASS ( 1 ) =TrASS ( i ) /ErIm MAIN 1352
TNASS (3) -TMASS (3) /CFl-i MAIN 1353
RH-OAC I)=RHOA( I )/CFJ MAIN 1354
RHOA (2) =RHOA (2) /CF i MAIlN 1355
RHOA(3)=RHA3)'LC.D MAIN 1356
RHOti(!I)=RHOM( ±)/CFD MiAIN 1357
RHlON (2) =RHOM (2) /CFD MAD", 13;
[i':-!.0(3)=rHM(3)E CFD MA~IN i
RHOC(1I ) =Rl-U( 1 )/c.:-U MAIN 1360
rF;UG( 2 )RHOG(2) /CF3J MAI! 13;1
RAUG( 3)=RH-OG(3 ) /'Yi MAIN 13E2
TG( 2)=YUC-2)/CFf MAIN i 31-3
TC(3)=TG(3)-'CFT MAIH 1364

ii12)~I42)~FTMAIN .iScs
YI-(3)=TW.()/CFT tAIh 1367
*fIJW ( I ) TWW( 1 ) /CFT MAI.I., Is
TW-W(3)=TWI:iG)/CFT MAIN 1370

P(3)=P(3)/CFPMAN 17
TB(1)=TB(1)/CFT MAIN 1374
T' .2)=TB(2)/CFTf MAIN 1375
T13(3)=TB(3) 'CFT MAIN 1376
TL'W( !)=TDE4( 1 )/CFT MAIN 1377
TDEA4(2)=TDELI(2)'CFT MAIN 137-8
TbjEL-f2I=TDjEW.J3)/CFT MAIN 1379

654 CONTYIIUE MAIN 1380
C ........... ... MF.IN 1361
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC'CCccccccccccccc Ccc MA IN~ 1382
c C MAIN 1383
C BOILING C MAIN 1384
C C MPIN 1385
CCCCCCCCUCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 1366E

-iFiXIJIN.CT.9.0) CU TO 4(0 MAIN 13H7
G'10 4150 MAIN 1.38

460 lF(TWlJ3).Ll.TE(3)) CO TO 450 MAIN 1389
HuI-115.3272 0.US~40909*(TB(3)-460.O) MIAIN 1350
DAMY=CPC/,hU.(TG(': )-Tb(3)) MAIN 1391
XE=DAiY/(flA~iY+1 .0) ili 13f12
lFkXE.CT.XW(31) UC TO 'S1 MAi I 1373
XEUAPU~rz)?E MAIN ISF4
T'W(3)=TB(3:, MAlN 13E,5
1'C(3)=TB(3) MA IN 1-'T S
Xt 1(3) =XW CD -XEUAFID MAIN 135-7
NU (3) =XU (5)+XEUr'lO'L MAIN 13DB

45GO TO 452 MAIN 13s9
41XEUAPQX .I(3) MAIN 1400
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TLJ(3)=O.0 MAIN 1401
TG(3)=TG(3)-XW(3)/(1.0--XW(3) )*HU/CPG MAIN 1402
XW(3)=0.0 MAIN 1403
XU(3)=XU(3)'+XEUAPO MAIN 1404

452 WMASS( 3)=X(3) *MMASS MAIN 1405
UI1ASS(3)=XU(3)*iIMASS MAIN 1406
GMASS (3) =UMASS (3) +AMASS MAIN 1407
IF(IPRINT.EG.2) WRITE(69453) MAIN 1408

453 FORMAT( 1H0,#BOILINGO) MAIN 1409
IF(IPRINT.EO.2) WRITE(69454) HUXEUAPOT(3)TG(3).XW3),XU(3) MAIN 1410

S.LJMASS(3), CMASSUMASS(3) ,NMASS MAIN 1411
454 FORMAT(1H0,10(F10.5.2X)) MAIN 1412
450 CONTINUE MAIN 1413

C ....................................................................... MAIN 1414
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 1415
C C MAIN 1416
C BLEED C MAIN 1417
C C MAIN 1418
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 1419

AMASS=AMASS*( I.* +XG1BLD( ISTAGE)) MAIN 1420
CHMASS=CHMASS*( 1.*0+XG3BLD( ISTAGE)) MAIN 1421
UMASS(3)=UMASS(3)*( 1.0+-XG2BLD(ISTAGE)) MAIN 1422
W.MASS(3)=WMASS(3)*( 1. +XWBLD(ISTAGE)) MAIN 1423
LWMASS(3)=WWIASS(3)*( 1.0+XWI4BLD(ISTAGE)) MAIN 1424
WTMASS(3)=WIASS(3)+WWIMASS(3) MAIN 1425
MMASS=AMASS+CHMASS+UMASS (3) +WTMASS( 3) MAIN 1426
TMASS( 3) =MMASS MAIN 1427
CMASS(3 )=TtASS( 3)-WTMASS( 3) MAIN 1428
XW(3)=WMASS(3)/IIASS MAIN 142S
XI4W( 3)=I4WMASS(3)/MMASS MAIN 1430
X1WT(3)=WTMASS(3)/MMASS MAIN 1431
XV(3)=Uf1ASS(3 ) 'iiASS MAIN 1432
XA=AMASS/MIASS MAIN 1433
XCH4=CHMASS/MMASS MAIN 1434
XG=XA+)"(J(3)+XCH4 MAIN 1435
XAIR(3)=XA MAIN 1436
XMETANI(3 )=XCH4 MAIN 1437
XGAS(3)=XG MAIN 1438

C++..................................4444+++4+......+++++++4+H+ MAIN 1439
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 1440
C C MAIN 1441
C REPEAT C MAIN 1442

CC MAIM 1443
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 1444

IF(ISTAGE.EO.NS) GO TO 902 MAIN 1445
GO TO 900 MAIM 1446

902 OUALPR=P(3)/OPO1 MAIN 1447
OUALTR=TC(3) 'OTOIG MAIN 1448
CAMMAV=(GAMMAI+GAMMAO)/2. 0 MAIN 1449
G4=(GAMMAU-1 .0)/GAMMAU MAIN 1450
OUALEF=(OtJALPR.*G4-1.0)/(OUALTR-1.O) MAIN 1451
OBELTG=TG( 3)-OTOIG MAIM 1452
ODELTW=0.0 MAIM 1453
DELTUIJ=0.0 MAIN 1454
DELMT=O.0 MAIN 1455
DELMWT=0.0 MAIN 1456
DELMG=0.*0 MAIM 1457
IF(XDI.;T.0.0) ODELTW=TW(3)-OTOID MAIN 1458
IF(XDDIN.CT.0.0) DELTLI=TIJI.(3)-aTOID MAIN 1459
DELMT= (MMASS-TLMO ) TLMO MAIN 1480
IF(WTMO.GT.0.0) DELMWT=(WTMASS(3)-WTMD)/WTMO MAIN 1461
DELMG= ( MASS( 3) -GMO )/GMO MAIM 1462

C ............................. if ++*+++++4++444+......+4 MAIN 1463
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcccccccccCCCCCCc MAIN 1464
C C MAIM 1465
C OUTPUT (OUERALL PERFORMANCE) C MAIN 1466
C C MAIN 1467
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIM 1468

CCMASS=CMASS*AAARI T/AAAIGU MAIM 1469
C2MASS=CMASS2*AAARI T/AAAIGU MAIM 1470
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IP(IUNIT.NE.2) GO Ta 855 MAIN 1471
TOG=TOG'.CPT MAIN 1472
iPO=PO*CvP MAIN 1473
CMASS=CMASS*CFM MAIN 1474
CCMASS=CCr.ASS*CFM MAIN 1475
CMASS2=C. ASS2*CFM MAIN 1476
C2MASS=C2MASS*CFM MAIN 1477
ODELTC=ODELTC*CV.T MAIN 1478

855 CONTINUE MAIN 1479
WRITE( 69421) MAIN 1480

421 FORMAT(IHI.**.ne.* OVERALL PERFORMANCE ~~@)MAIN 1481
WRITE(694220) FAIO MAIN 1482

4220 FORtIAT(1HO.IXoOINITIAL FLOW COEFPICIEIIT=.F7.5) MAIN 1483
WRITE(6#423) CRPMIIFNF MAIN 1484

*423 FORMAT( IHO, IX. CORRECTED SPEED=o.r7.1.5x.P5.3. ZX. MAIN 1485
SMF'RACTION OF DEIGN CORRECTED SPEEDis) MAIN 1486
WRITE(69424)XDIhXDDIi.XWTO.RNUMID.XCH4IN MAIN 1487

424 FORMAT(IHO.IX.%INITIAL WATER COtITENT(StIALL DROPLET)fl.FS.3s'. MAIN 1488
52Xo*INITIAL WATER CONTENT(LARGE DROPLET)u#.P5.3./. MAIN 1489
52XPINITIAL WATER CONTENT(TOTAL)=#.P5.3.'. MAIN 1490
$2X9$INITIAL RELATIVE HUMIDITV=OFS.1,1X.OPER CENT*./. MAIN 1491
52X. SINITIAL METHANE CONTENT=OPF5.3) MAIN 1492
WRITE(6.425) TOO MAIN 1493

425 FORMAT(1H01IX#COMPRESSOR INLET TOTAL TEMPERATURE-09P8.2) MAIN 1494
LJRITE(69426) PO MAIN 145

426 FORMAT(IHOPIXOCOMPRESSOR INLET TOTAL PRESSURE~s.F10.2) MAIN 1496
CCMASS=CMASS'AAARI T'AAAIGU MAIN 1497
C2MASS=CMASS2*AAAR1T/AAAIGV MAINI 1498
WRITE(6,427) CMASS. CCMASS MAIN 1488

427 FORMAT(IHOIX9#CORRECTED MASS FLOW RATE OF MIXTURE=$.P6.39 MAIN 5,
$40,6.q00)MAIN 1501

WRITECS. 428) CMASS2.C2MASS MAIM 1502
428 FORMAT(1hOvlX#CORRECTED MASS FLOW RATE OF GAS PHASE 09F6.3, MAIN 1503

$'9v6.90*)MAIN 1504
WRITE(6.429) OUALPR MAIN 1505

429 FORMAT(IHOIXt.%OUERALL TOTAL PRESSURE RATIO=%.9FG.4) MAIN 1506
URITE(6.430) OVALTR MAIN 1507

430 FORMAT(1HO.IXOVERALL TOTAL TEMPERATURE RATIO=WoF6.4) MAIN 1508
WRITE(6.431) OVALEF MAIN 1509

431 FORMAT(1H0.1X.#cJVERALL ADIABATIC EFFICIENCY=O.F6.4) MAIN 1510
WRITE(6.432) ODELTG MAIN 1511

432 FORMAT(1H0. IX. SOVERALL TEMPERATURE RISE OP GAS PHASE#FS.3) MAIN 1512
IF(IUNIT.NE.2) GO TO 856 MAIN 1513
TOG=TOG/CFT MAIN 1514
PO=PO'CFP MAIN 1515
CMASS=CMASS'CFM MAIN 1516
CCMASS=CCtIASS'CFM MAIN 1517
CMASS2=CMASS2/CFM MAIN 1518
C2MASS=C2MASS/CFM MAIN 1519
ODELTG=ODELTG'CFT MAIN 1520

656 CONTINUE MAIN 1521
GO TO 901 MAIN 1522

998 STOP MAIN 1523
END MAIN 1524

C ...... ++.++....+...+.+..........++4'+4-444............................. WICSPA 1
C +++++++++++++++++++....++.+..................................... WICSPA 2
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCC WICSPA 3
C C WICSPA 4

*C SUBROUTINE WICSPA C WICSPA 5
C C WICSPA 6
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICSPA7

SUBRUTIE WCSP(FAIPISAGEMMAS#ALAI*KDGE#DVE# DIMET~ WISPA 8
$BETA1.DETA2.VZ.ALFA2.ALFA3.DELTGDELTW.UI.IJLUUUU3.AKI.AK3) WICSPA S

REAL M.MMASS WICaSPA 10
COMMON TD(7). IUNIT WICSPA 11
COMMON CFL. CFPCFP. CFD, CPMCFP.CPA WICSPA 12
COMMON JPERFM. RHOG(3) #PERUP. RERLOW. RESUP. RESLOW bIICSPA 13
COMMON PRED. RRTIP(8). SRTIP(8), Ale #AAA2.AAA3. SAREACG) .SAREAS(7) bIICSPA 14
COMMON P(3).TGC3).XAX(3)XCH4XW3)XJI.13).XWT(3).TU3)TJU(3) WICSPA 15
COMMON OIEGS(7).OMEGR(6).-GAPR(Bh*GAPS(6) WICSPA 16
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COMMON RRHUB(S) vRC(6) 9 RULADECS) @ STAGER(S) L1ICSPA 17
COMMION SRHUB(7) v SC(7) v SBLADE(7) * STAGES(7) WICSPA 18
COMMON SIGUMR(6) v BETISR(6) v BET2SR(6) 9 AINCSR(6) # ADEUSR(6) LIICSPA 19
COMMON SIGUtIS(7) 9 BETISS(7) 9 BET2SS(7) , AINCSS(7) , ADEIJSS(7) WICSPA 20
COMMON UTIPC(6),UTIP(6),UTIPD(6).UOU(6),UMEAN(6).UHUB(6),U(6),FAI IIICSPA 21
COMMON AREA(6),AREAS(7),UU2(6),UTIP2(6),UMEAN2(6),uHUB2(6),IPRINT W.ICSPA 2a
COMMON ICENTIICENT*FMRI(6),Ft1A2(6).IDESIN.FAID LIICSPA 23
COMMON NS,NS1,RT(6),RM(6),RH(6),ST(6),SM(6),SH(6) WICSPA 24
COMMON DSMASSAAREA(7),AAREAS(7),PRI2D(6),PR13D(6),ETARD(6) I4ICSPA 25
COMMON DR(6)PDS(6).DEOR(6),DEOS(6).DLOCK(6).BLOCKS(7) WICSPA 26
COMMON BET1MR(6),BET2MR(6),DETIMS(7)PBET2MS(7)PRADI1(6),RADI2(6) I.ICSPA 27
DIMENSION RHOtI(3)PETAA(8) IIICSPA 28
CPIJ=1.0 WICSPA 29
RH0W=62.3 WICSPA 30
CALL WICPRP(XA.XU(1),XCH4TG(1),RIIX.CPMIX.GAMIA.Gl.G2,G3) UICSPA 31
RHOG(1)=P(1)/RMIX/TG(l) WICSPA 32
BMASS=MMASS WICSPA 33
CALL IICMAC(ISTAGE.BMASS.TG(I).P(1).NUZC,XUT(1),ALFAI, WICSPA 34

$RMIXoCPMIXPAREA(ISTAGE)) WICSPA 35
ASPEED=C WICSPA 36
RHOC(1)=(l.0+G2*M **2)**G3*RHOG(1) WICSPA 37
RHOK(1)=1.0'((1.0-XIJT(l))'RHOG(1)+XUTC1)RHOJ) WICSPA 38
UZ=BMASS/RHOM(l1i/AREA( ISTAGE) WICSPA 39
UZZ=UZ WICSPA 40
FAI=UZ/IJTIPG( ISTAGE) WICSPA 41
IF(IPRINT.EO.2) WRITE(69602) ISTAGE WICSPA 42

602 F0RMAT(lHl,1XvAROTER INLET ISTAGE=$9I2) WICSPA 43
XC=XA+XJ(1I)+XCH-4 WICSPA 44
IF(IPRINT.EO.2) LRITE(6.601) ASPEED.RHOG(1),RHOM(1)XGXIT(1), WICSPA 45

$RHG(),FAI#UZ#UTIP WICSPA 46
601 FORMAT(lHO,9(F12.5vlX)) I4ICSPA 47

C ........................................... HH ......... ++4++++. WICSPA 48
C VELOCITY TRIANGLE WICSPA 49

CALL IICUT(ISTACEASPEED*ALFA1.UZ*U1*USI.USI.DETAl.UIBETA2, WICSPA s0
$WJS2, S2* ALFA2,W~2, L2, ALFA3, U3,AK!, AK3) IJICSPA 51
DELWS=WS1-WS2 WICSPA 52
!F(IPRINT.EQ.2) WRITE(G,605) WICSPA 53

605 FORMAT(1H0plXv9UEL TRIO) I4ICSPA 54
IF(IPRIMT.EQ.2) LRITE(666) ALFAIPUZU1,USWSIPDETAIIlBETA2v UICSPA 55

SW.S2, US2 &JICSPA 56
606 FORMAT( iHO, 0(F!2.5, iX)) IJICSPA 57

IF( IPRINT.EQ.2) WRITE(G607) ALFA29W2,U29ALFA3*DELJStU3 WICSPA 58
607 FORMAT(IH G6(F12.5olX)) WICSPA 59

C .....................................................................+ WICSPA 60
C PERFORMANCE CURVE WICSPA 61

CALL WICSCC(FAIgSAIETA*TAU. ISTAGE) WICSPA E2
ETAA(ISTAGE)=ETA WICSPA 63
IF(SAI.GT.l.0.AI1D.ETA.GT.0.0) GO TO 203 WICSPA 64
IF(IPRINT.EO.2) WRITE(6,204) ISTAGE,FAI9SAIoETAvTAlU WICSPA 65

204 FORMAT(IHO.%FAI IS TOO BIC OR TOO SMALLE AT ISTAGE-09 WICSPA 66
512v2Xv4(FS.4v5X,) WICSPA 67
GO TO 901 IIICSPA 68

203 DELT=TAU*TD( ISTAGE)*UOU( ISTAGE) WICSPA 69
DELHIN=WICCPA(TG(I) )*DELT WICSPA 70
DELHM=OELHIN LJICSPA 71
DELHG=DELHfl*( I *0-XW( 1)) WICSPA 72
DELHW=DELHM*XW( 1) WICSPA 73
DELHUW=0.*0 I4ICSPA 74
DELTW0.0 WICSPA 75
CPG=CPMIX W.ICSPA 76
DELTG=DELHG'CPG/(XU 1 )+XA+XCH4) WICSPA 77
IFtXDIN.GT.0.0) GO TO 850 WICSPA 78
DELTW=0.O WICSPA 79
GO TO 851 IIICSPA s0

850 DELTW=DELHW'CPW/XW (1) W.ICSPA e1
851 PRATIO=(DELTG/TG(1I)*ETA+1.0)WUCI bIICSPA 82

P(3)=PRATIO*P(1) t1ICSPA 83
P(2)=P(3) WICSPA S4
TG(2)=TG( 1)+DELTG WICSPA El5
TW(2)=TW( I)+DELTW 208 WICSPA 86



TG(3)=TC(2) WICSPA 87
TW(3)=TW(2) W.ICSPA 88
IF(IPRINT.EO.2) WRITE(69603) LJICSPA 89

603 FORMAT( iHO. IX, OPERFORI1ANCE CURUEP9) IJICSPA s0
IF(IPRINT.EO.2) WRITE(6,604) FAIPSAI#ETATAoDT@PRATIOP(3). IJICSPA 91

SDELHIN I4ICSPA S2
604 FORMAT(H PS(F12.5#lX)) WISA 93

IF'(IPRIfIT.EQ.2) WRITE(69650) DELT.DELJI1.DELHG.DELH~hDELTC.DELTU &ICSPA 94
650 FORMAT(1H o6(F12.5@lX)) LIICSPA S5
901 RETURN WICSPA 96

*END LIICSPA 97
C +...................++~+ .++,+++, +...-............+...... wICScc ICCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccc uIcscc 2C C UICSCC 3
C SUBROUTINE LJICSCC c IICSCC 4

ccccccccccccccccccccccccccccccccccCCCCCCCC CCCcccccccccccccccccccccccccc uzcscc 6
SUBROUTINE WICSCC(FAIPSAItETAtTAU. ISTAGE) wlJCSCC 7
X=FAI IICSCC 8
IF(ISTAGE.EQ.I) GO Ta 11 bIICSCC 9
IF(ISTAGE.EQ.2) GO TO 12 IIICScc 10
IF(ISTAGE.EQ.3) GO TO 13 .IICSCC 11
IF(ISTAGE.E0.4) GO TO 14 wIcScc 12
IF(ISTAGE.EQ.5) GO TO 15 ICSCC 13
IF(ISTAGE.EO.6) GO TO 16 WICSCC 14

11 A1=26.456 wIcSCC 15
BI=-366.48033 wICSCC i6
CI=2161 .46222 UICSCC 17
Dl1=-6670. 16668 IICScc 18
El=11405.55557 IICScc 1s
FI=-10280.00001 wICSCC 20
GI=3822.22223 wICSCC 21
A2=-120.02 &JICScc 22
B2=15S.02 WICSCC 23
C2=-8730. 12223 UICScc 24
D2=25068. 33336 UICSCC 25
E2=-39322.22228 UICSCC 26
F2=33466. 66671 wICSCC 27
C2=-11555.55557 UICSCC 28
A3=-0. 34 LIICScc 29
B3=0.226 UICScc 30
GO TO 200 ICScc 31

12 Al=-4.285 wICScc 32
B1=65. 44567 wICSCC 33
Cl=-332.95889 WICScc 34
DI=907.0 WICSCC 35
El=-1375.55556 WICSCC 36
FI=1093.33334 wICScc 37
Gl=-355.55556 UIcSCC 38
A2=116.32 IcSCC 39
B2=-1354.*73334 WICSCC 40
C2=6515. 80003 WIcSCC 41
D2=-16503. 33341 UIcSCC 42
E2=23266.66677 bIIcSCC 43
F2=-17333. 33341 LIIcSCC 44
C2=5333. 33336 bIICSCC 45
A3=-0. 055 iJIcSCC 46
B3=0. 095 ICSCC 47
GO TO 200 WICSCC 48

13 Al-154.07500 wICScc 49
BI=-1761 .37834 WIcSCC s0
CI=8374 .33337 WICSCC 51
01=-21034. 16676 ICScc 52
E1=29450. 00013 wIcSCC 53
FI=-21800.00010 WICSCC 54
Gl=6666.66670 IcScc 55
A2=-492.*54 UIcScc 56

*B2=5539.88003 lc S
C2--25815.48301 IcScc 58

*D2=63806.66696 bIICSCC 59
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E2=-88155.55596 IIics~C 60
F2=64533. 33363 wicscc 61
G2=-19555.*55565 Uicscc 62
A3=-0. 1333333 UICSCC 63
B3=0.1539993 UICSCC 64
GO TO 200 IJicscc 65

14 AI=75.43300 WICSCC 66
BI=-860.65834 IwICSCC 67
Cl=4090.41113 WICSCC 68
fl=-10210.83338 wicscc 69
EI=14147.77784 Uicscc 70
Fl=-10333.33338 Uicscc 71
GI=3111.11113 LJICSCC 72

E2=-221844. 44546 wicscc 77
F2=163466.G6741 LIicscc 78
G2=-49777. 77800 w~sc 79
A3=-0. 04 WICSCC 80
B3=0.092 UICSCC 81
GO TO 200 wICSCC 82

15 A1=-105.07400 uicscc 83
B1=1149.70467 UIcscc 84
Cl=-5143.83224 UICSCC 85
D1=12189.83339 WICSCC 86
El=-16138.88897 wicscc E7
FI=11320.00006 I4icscc 88
GI=-3288. 88891 LIICSCC 8s
A2=352. 04 IJicscc so
B2=-3991 .84002 IJICSCC 91
C2= 18707.68897 wzcscc 52
D2=-46346.66688 UICSCC 93
E2=64088.88918 wicscc 94
F2=-46933.33355 UIcscc 5
G2=14222.22229 IJICSCC 56
A3=-0. 1066666 UICSCC 97
B3=0. 129599S WICSCC 98
GO TO 200 UICSCC 99

16 Al=-110.32400 WICSCC 100
B1=1282.14134 I4ICSCC 101
CI=-6126. 79558 I.ICSCC 102
D1=15550.00007 WICSCC 103
Ei=-22068.88899 wicscc 104
Fl=16586.66674 I ICSCC 105
Gl=-5155.55558 UICSCC 106
A2=-175.54 UICSCC 107
B2=1836.93001 IJICSCC 108
C2=-7955. 44448 I4ICSCC 109
D2=18268. 33342 UIcscc 110
E2=-23411. 11123 wicscc III
F2=15866.66675 IJICSCC 112
G2=-4444. 44447 wicscc 113
A3=-0.255 wicscc 114
B3=0.21375 I4icscc 115

200 SAI=A1+B1.X.CI.X'*2.Dl.X..3.El.X..44f1X..5.GI.X..S bIicsC 116
ETA=R2+B2*X+C2*X..24D2*X..3+E2.X**4+F2.X..5.G2.X..6 wicscc 117
TAUJA3*X*33 wicscc 118RETURtI Iwicscc 119END bIicscc 120

C ............................. HHM ....... ++ .. +.. e+HHH WICSPB 1
cccccccccccccccccccccccccccccccccCCCCCCCCC CCccccccccccccccrrrrrrr I.ICSPp 2
C c WICSPB 3C SUBROUTINE LIICSPB C WICSPB 4
C c IlICSPB 5

SUBROUTINE WICSPB(FAIO, ISTAGEPMMIASSALFAI.IJKDOtEDAU.DELU.IWMASvN. IlICSPB 7
SOMEGAl OIIEGA2, 0iEGA3. OtEGA4. OIEGA5,OlIEGAG. OtEGAT. WICSPB a
SBETAI.BETA2.UZ.ALFA2,ALFA3.DELTGoDELTWWIW,2,UlU2,U3.AKL.AK2 LIICSPB S
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SAK3) WICSPB 10
REAL t1.ttASS WICSPB 11
COMMOaN TD(7),TUNIT WICSPB 12
COMMuONi CFL*CFT#CFPPcFDPCFrI.CFU*CFA W.ICSPB 13
COMMON JPERFM. RHOG(3) ,RERUP, RERLGW.RESUJPPRESLOJ WICSPB 14
COMMION PREB, RRTIP(8), SRTIP(8), AAAI. AAA2. AAA3.SAREACG) ,SAREAS(7) I4ICSPB 15
COMMtONl P(3),TG(3)XAXU(3),XCH4XW'(3),XUI4(3),XUT(3).TU(3)-T4W(3) WICSPB 16
COMMONI OIES(7),OMEGR(6).CAPR(6).GAPS(6) WICSPB 17
COMMiON RRHUB(6) v RC(6) 9 RBLADE(6) 9 STAGER(S) tJICSPB 18
COMMION SRHUB(7) , SC(?) 9 SBLADE(7) 9 STAGES(7) WICSPB 19
COMMlONi SIGUIIR(6) P BETISR(S) vBET2SR(6) v AIHCSR(6) v ADEUSR(G) IJICSPB 20
COMMONat SIGUMS(7) , BET1SS(7) 9 BET2SS(7) 9 AItICSS(7) v ADEUSS(7) WICSPB 21
COMMiON UTIPG(6)*UTIP(6).UTIPD(6)UOIJ(6)UIEAN(6).UIIU(S).U(6).FAI I4ICSPD 22
COMMfONI AREA(6),AREAS(7)UU2(6)UTIP26)LNIEA2(6),UHU2(S)IPRINT 1.1CSPB 23
COMMION ICEhTIICEITFtR1(6),FtIA2(6),IDESII1.FAID WICSPB 24
COMMON rSrS,RT(6).RM(6).RH(6),ST(6)oS1(6).SH(6) WICSPB 25
COMMION DSMASS.AAREA(7)*AAREAS(7)PPRI2D(G)*PR13D(6)*ETARD(6) I4ICSPD e6
COMMON DR(6),DS(6).DEOR(6).DEOS(6).DLOCK(6)*BLOCKS(7) WICSPB 27
COMMION BETIIR(6hvBET2MR(6).DET1MS(7)PBET2IS(7).RADII(6),RADI2(6) WICSPB 28
DJIMENSIONI RHOP(3PETAA6S) WICSPB 29
AJ=778.26 WICSPB 30
PAI=3. 1415926 WICSPB 31
CPW=1 *0 W.ICSPB 32
RHOI4=62.3 WICSPB 33
GC=32. 174 UICSPB 34
CALL UICPRP(XAXU(I)oXCH4T()RUXCPMIXGAMAPG1,G2.G3) WICSPB 35
CAMMiAIGAiMA WICSPB 36
RHOG(1 )=P(I WRIIX/TG(1) WICSPB 37
BMiASS=PIMASS IIICSPB 38
AAA2=AREAS( ISTAGE) WICSPB 39
AAA3=AREA( ISTAGE+l) I4ICSPB 40
IF( ISTAGE.EQ.IiS) AAA3=AAA2 WICSPB 41
CALL UICM'AC(ISTAGEBMASSTG(1)P(),MIJZCXW.T(1),ALFAI, WICSPB 42

SRMIXPCPMIXgAAA1) IIICSPB 43
ASPEED=C I4ICSPB 44
ASPEDI=ASPEED WICSPB 45
RHOG(1)=(1.0+2*l **2)**G3'.RHOG(l) WICSPB 46

FA12/UTIPG( ISTAGE) WICSPB 4o

ALFAlR =ALFAl *PAI / 180.0 WICSPB 51
Ul V2Z COS (ALFAIR )WICSPB 52
VS1 V Z *TANl ALFAIR ) ICSPB 53
WSI U(ISTAGE)- USI WICSPB 54
T = W91 /UZ WICSPB 55
BETAIR ATAN (T) WICSPB 56
BETAI =BETAIR *180.0 / PAI WICSPB 57
TT = V2 **2 + W51 **2 WICSPB S8
WI = SORT ( TT ) WICSPB 59
AtIACHI = ll / ASPEED IJICSPB so
AIAC=U1/ASPEED IJICSPB 61
TS1=TG( 1)/( 1. 0+G2*ArAC1**2) UICSPB 6
PSI=(TG(1)/TSI)**(-G1).P(1) UICSPB 63
PREL1=( 1. 0+G2*AtACH12)**GI.PS1 I.ICSPB 64
TREL1=( 1 * G2*AtiACHI**2)*TSI I.ICSPB 65

JJJJ ICSPB 66
2000 UZ2AS=DZ IJICSPB 67

CALL WICGSL(OMEGR(ISTAGE),SIGRV(ISTAGE)oUETISR(!STAGE).UET29CZST ICSPB se
$AGE).AINCSR(ISTAGE),ADEUSR(ISTACE)PAMACNIDETA.DE*DEnISITACS. UICSPB e9
SSITACN. BET2iIOMEGAN, FflRI (ISTAGE)* ZDESItIAKIAK(2AK3,LIZ.IZ2A, IWICSPB 70
SU(ISTAGE).RADII(ISTAGE)PRADI2(ISTAGE)) IlIC9PB 71
IF(IPRItIT.EQ.2) WRITE(6,190) OIIEGR(ISTAGE)PSIGUI (ISTAGE)o ICSPB 72

$DET1SR(ISTAGE).BET2SR( ISTAGE),AINCSR(ISTAGE).ADEUSR(ISTAGE). 14ICSPB 73
$AMACHI.DETAlDE.DEOISITACSSITACIBET2IOtEGAl 14ICSPB 74

190 FORMAT(1HO,1X#14(F7.3,2X)) IIICSPB 75
DEQRR=DEII ICSPB 76
SITACRmSITACN WICPB 7

*tAZNCIR=BETAI-BETPIR(JSTAGE) IJICSPB 78
ADEUIR=3ET2tI-BET2MR( ISTAGE) WICSPB 79
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IF(IPRIIIT.EO.2) WRITE(6#191) AINCIRPAINCS(ISTAGE)PADEUIRt LJICSPB 80
SADEUSRU STACE) UICSPB 81

191 FORIAT(IHO,X4(F7.3p2X)) &IICSPB 82
OMEGAIOEGAN UIC5PB 83
BETA2=BET21 WICSPB 84
BETA2R=BETA2*PAI'180.*0 UICSP8 85
12=UZ'CQS(BETA2R) IJICSPB 86
UG=(Wl+W2)/2.0 UICSPB 87
OMEGAP=0. 0 UICSPB 88
IF(XW(l).GT.0.0) WICSPB 89

$CALL WICSDL(RC(ISTAGE)PSIGUIRCISTAGE)PBETAI.BETA2.UG.RHOG(l). UICSPB 90
SLWlASoAAA1,UZ. IPRIMT*1 iEGAP) UICSPB 91
OIIEGA2=OMEGAP I.ICSPB 92
DELP2=OMEGA2'0.* RH0G( I)/GC*(IJ1.52) UICSPB 93
OIIEGA3=0.0 WICSPB 94
DELP3=0.0 WICSPB 95
BETA2R = BETA2 *PAI / 180.0 UICSPB 96

200 VZAS=UZ WICSPB 98
WS2= Z TN ET2RWICSPB 99

US2 = UU2(ISTAGE) - WS2 WICSPB 100
IF(S2.T.O0)GO O S9 ICSPB 971

TTT=S2/Z WISPB 102
ALFAR = TAN TT WCSPB 103

ALFA2 = ALFA2R *180.0 /PAI I.ICSPB 104
TTTT = UZ *'2 + WS2 .. 2 WICSPB 105
W.2 = SORT (TTTT ) WICSPB 106
TTTTT = UZ ** 2 + US2 *e2 wICSPB 107
UJ2 = SORT (TTTTT ) LIICSPB 108
DELH=IKDOrE*(UU2 ISTAGE)*US2-U(ISTAGE)*US1)/GC/AJ IIICSPB 109
XG=1 .0-XLIT( ) WICSPB 110
CALL WICIRS(ISTAGE.RRTIP(ISTAGE)X()XGRHOG(1)UETA1IIUWIP 141CSPB ill

swU2vWW) IIICSPB 112
AMHIPR=WWL IJICSPB 113
IF(AMIMIPR.GT.WIAS) AIIIMPR=.MAS WICSPB 114
PREB=SO.0 WICSPD 115
AIREBR=AMIMPR*PREB/100.0 a ICSPB 116
AiIWAKR=AtIIMPR*( 1. -PREB/100. 0) WICSPB 117
AMNOIR=WIAS-AMIfIPR WICSPB 118
XWMDiIR=AM1tOIR/Mr1ASS W.ICSPB 119
XLIREBR=AIIREBR/MfIASS I4ICSPB 120
XWWAKR=AMWAKR/MMtASS WICSPB 121
X141=0.0 UICSPB 122
XW2=0. 0 WICSPB 123
XU3=0. 0 &JICSPD 124
IF(I4MAS.GT. 0.0) XIJ1=ArMOIR/WMAS WICSPB 125
IF(WiIAS.GT. 0.0) XU2=AMWAKR/WMAS UICSPB 126
IF(W11AS.GT. 0.0) XW3-Ar REBR'14MAS I4ICSPB 127
DELTG=DELH/CPfIIX WICSPB 128
DELTW1=DELH/CP. WICSPB 129
DELTW2=DELM/CPIJ W1ICSPB 130
DELTW3=0.*0 UICSPB 131
DELTW-XWI*DELTIIXU2.DELTW2+XU3.DELTW3 IJICSPB 132
TW(2)=TW( 1)+DELTW ICSPB 133
TG(2)=TG(1 )+DELTG WICSPB 134
TS2-TG (2 )-U2**2/ (2. 0.CPiIIX*GC*AJ) WICSPB 135
AG2=(GAttIA*RfIIXOTS2uGC).'0 .5 WICSPB 136
ASPEED=W~ICASD(XJT(1 ).RHOG(1 ).AG2) WICSPB 137
AIIAC2=U2/ASPEED WICSPB 138
AflACH2-W2/ASPEED IJICSPB 139
PP1 =GAMMrARrIIX*TRELI.GC IJICSPB 140
PP2-(UU2(ISTAGE)'U(ISTAGE) )*02-1.0 UICSPD 141
PP3=1.*04G2*U( ISTAGE)**2/PPI*PP2 WICSPB 142
PP=PP3**GI WICSPB 143
PRREL=PP-(COIEGA1+OMEGA2+OIIEGA3)*( 1.*0-PS1'PRLl) IJICSPB 144
PR12=(TG(2)/TG(1) )*.GI'PRREL/PP WICSPB 145
P(2)=PR12*P(1) WICSPB 146

* PS2s( 1 * +G2*ArAC2*2**(-G1 )0PC2) ICSPB 147
RHOG2=PS2'RMIX/TS2 WICSPB 148

*RHOG( 2) .RHOG2 212 ICSPB 149



RHMt2=1.*0/~(XG/RHOG2+XWT( I )RHOU) wICSPB 150
UZ=DIIASS/RHOM2/AAA2 WICSPB 151
UZ2=VZ WICSPB 152
EPS=1.OE-4 WICSPB 153
IF(JJ.EG.2) GO TO 201 WiCSPB 154
IF(JJ.GT.2) GO TO 202 WiCSPB 155
XI=UZAS wICSPB 156
Y1=UZ2 WICSPD 157
UZ=UZ2 &JiCSPB 15B

JJJJI IICSPB 159
GO TO 200 WICSPB 160

201 X2=UZAS IJICSPB 161
Y2=UZ2 WICSPB 162
UZ-cWICtIEW(XIYI.X2.Y2) WICSPB 163
IF(IPRINT.EO.2) W.RITE(6,203) JJ9UZ WICSPB 164

203 FORrATIH #1X.I1.2Xv#UZ2=0vF10.5) Wi4CSPB 165
JJ=JJ*1 IJICSPB 166
IF(VZ.LT.0.0.OR.VZ.GT.ASPEED) GO TO 999 WICBPB 167
G' TO 200 WICSPB 168

202 IF(AD5((UZAS-UZ2)/UZAS).LT.EPS) GO TO 300 IJICSPB 169
X1=X2 WICSPB 170
Y1=Y2 I4ICSPB 171
X2=UZAS WiCSPB 172
Y2=UZ2 WICSPD 173
UZ=UICrIEW(X1.YI. XCY2) WICSPB 174
IF(IPRIIT.EO.2) WRITE(SP204) JJ.UZ WICSPB 175

204 FORflAT(1H0,1XI1.2X.OUZ2=O.F10.5) WICSPB 176
.JJ=JJ+i WiCSPB 177
IF(UZ.LT.0.0.OR.VZ.GT.ASPEED) GO TO 999 WICSPB 178
IF(JJ.EO.20) GO TO 300 IJICSPB 179
GO TO 200 WICSPB 180

300 UZ2CL=UZ I4ICSPB 161
IF(JJJ.Ea.2) GO TO 2010 WICSPB 182
IF(JJJ.GT.2) GO TO 2020 WICSPB 183
XXI=UZ2AS WICSPB 184
YYI=UZ2CL UICSPB 185
JJJ=JJJ+1 WICSPB 186
GO TO 2000 WICSPB 187

2010 XX2=UZ2AS WICSPB 188

YY2=3(1C WICSPI 189

YY=ICMW(Y2IPX9Y2 WICSPB 197

IF(IPRINT.EQ.2) LRITE(692040) JJJPUZ WICSPB 2s1
2040 FORMAT(IH ,lXg I2v$UZ22=0vF10.5) WICSPB 12

JJJ=JJJ+1 I4ICSPB 293
I(J..0)GO TO 3000 WiCSPB 204

200I(B(U2SV2L/ZA)L.P)GO TO 000 IlICSPD 205
300 UZ=UZ2L bICSPB 206

* FA2=Z2'UIG(ITAE WICSPB 207
YYP2)=( 2C WICSPB 208
JJJ=1MWX1Y1X2Y2 bIICSPB 209

301IF(Z3AS=UZ .2 WRTU#00)JJUICSPD 21
C00FA H I4CGL(tISI STAGE),S*PIGUI(ITGE.EIS(STG IICSPB 202
JJJ=SIJ SSIJJBE2.ME~lFM(SAG)IEShA1.g2l IJICSPB 213
IFSJEG.20)EE GTO30 iCSPB 215
GOSTON 0 ICSPB 216

3000 C=SIACI IlICSPB 217
AII2S.L2-ETI IS( ITG) UICSPB 218
ADEUI=BE IDTtI(SAE UICSP3 215

300 213=V ISP 1



IF(IPRIrIT.EQ.2) WRITE(69302) AINCISPA11ICSS(ISTAGE)vADEUISP WICSPB 220
SADEUSS( ISTACE) WICSPB 221

302 FORMAT(1HO,1X#4(F7.392X)) IJICSPB 222
OFIEGA4=OIEGAI WICSPB 223
ALFA3=BET2I WICSPB 224
ALFA3R=ALFA3*PAI/180.0 UICSPB 225
U3=UZ/COS (ALFA3R) WICSPB 226
UG=(U2+U3)/2. 0 WICSPB 227
OMEGAP=0.0 I4ICSPB 228
IF( XW( 1).* T.* *0) I4ICSPB 225

$CALL LJICSDL(SC( ISTACE),SICUMS(ISTACE),ALFA2,ALFA3,UCRHOG(2). W.ICSPE 230
$, UMAS AAlA2, UZIPRI'T. OMEGAP) I4ICSPB 231
OtEA5OMEGAP UICSPB 232
DELP5=Ot1EGA50 . 5*RHOC( 2)/GC(U2*.2) LIICSPB 233
DELP6=0.0 WICSPB 224
OJECAS0. 0 WICSPB 235
PR23=1.*0-( OMECA4+OMEGA5+OMEGA6)'( 1. 0-S2/PC2)) WICSPB 236
PR131=(TG(2)/TG(l ))**Gl IIICSPB 237
PR13=(TG(2)/TG(1) )**GI*PRREL*PR23/PP WICSPB 238
P(3)=PR13*P( 1) WICSPB 23S
TG(3)=TG(2) LJICSPB 240
TS3=T ( 3)-U3**2/( 2. 0*CPMIX*CAJ) WICSPB 241
AG3=(CAI1MA*RMIX*TS3*GC )** 5 WICSPB 242
ASPEED=JICASD(XJT( 1).RHOG(2),AG3) WICSPB 243
ASPED3=ASPEED WICSPB 244
AMAC3=U3/ASPEED WICSPB 245
PS3=(1. 0+C2*AIIAC3**2)**(-CI )*P(3) WICSPB 246
RHOG3=PS3/RIIIX/TS3 WICSPB 247
RHOG(3)=RHOG3 UICSPB 248
RHOM3=1 . 0(XG/RHOC3+XWT( 1)'RHOJ) WICSPB 249
UZ=BMASS'RHOtI3'AAA3 WICSPB 250
UZ3CL=UZ WICSPB 251
IF(JJJJ.EQ.2) GO TO 3010 WICSPB 252
IF(JJJJ.CT.2) GO TO 3020 WICSPB 253
XXX 1=LJZ3AS WICSPB 254
YYY 1=UZ3CL WICSPB 255
JJJJ=JJJJ+l WICSPB 256
CO TO 3001 WICSPB 257

3010 XXX2=UZ3AS WICSPB 258
YYY2=UZ3CL WICSPE 255
UZ=WICNEW(XXXI. YYY19XXX2pYYY2) IJICSPB 260
IF( IPRItiT.EO.2) WRITE(693030) JJJJPUZ WICSPB 261

3030 FORMAT( H 9lX, 2. 2X9AUtZ33=0#Fl0.5) WICSPB 262
jjjj=jjjj+j WICSPB 263
GO TO 3001 WICSPB 264

3020 IF(ABS((UZ3AS-UZ3CL)'UZ3AS).LT.EPS) GO TO 4000 WICSPB 265
XXXI=XXX2 WICSPB 266
Y1 =YYY2 I4ICSPB 267
XXX2=UZ3AS WICSPB 268
YYY2=UZ3CL WICSPB 265
UZ=WICIIEW(XXX1. YYYI, XXX2, YYY2) WICSPB 270
IF(IPRIrIT.EO.2) WRITE(693040) JJJJPUZ WICSPB 271

3040 FORMAT( IH %lXv1I2vXUZ33=XvFI0.5) WICSPB 272
JJJJ=JJJJ+1 WICSPB 273
IF(JJJJ.EQ.20) CO TO 995 WICSPB 274
GO TO 3001 WICSPB 275

4000 UZ3=UZ3CL WICSPB 276
FA13=UZ3/UTIPG( ISTAGE+l) WICSPB 277
TW(3)=TW(2) WICSPB 278
OIECTR=OMEGAI+OMEGA2+GMEGA3 IIICSPD 279
OMEGTS=OMEGA4+OMEGA5*OMEGAS ISP 6
POMEG1=OMECA1/OMECTR*100. 0 WICSPB 281

POMEG2=OfIEGA2/OMIEGTR' 100.*0 WICSPB 282
POMEC3=OMEGA3/OIECTR*100. 0 LIICSPB 283
POMEC4-OMECA4/OMECTS'1 00.0 UICSPB 284
POMECS=OMECA5/rIECTS.!00. *ISP 0
POtIEC6=OMECAS/OMlECTS'100.*0 W.ICSPB 286
PRATIO=P(3)/P(1) WICSPD 287
TRATIO=TG(3)/TG(1) WICSPB 288

* CALL LICPRP(XAXU(3).XCH4.TG(3)R1I,CP1IX.GA"t1AG1,Ga.G3) UICSPB 288
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GAMMA2=GAIMA WICSPB 290
GAIMiAU=(GAMMAI+CAMMA2)/2. 0 WICSPB 291
G4=(GAIIMAU-1. 0)GAMIAU WICSPB 292
ETAA(ISTAGE)=(PRATIO**G4-1.0)/(TRATI0-1.0) WICSPB 293
IF(UNIT.rlE.2) GO TO 857 WICSPB 294
UTIPG( ISTAGE)=UTIPG( ISTAGE)*.cMU WICSPB 295
PCI )=P( I )CFP WICSPB 296
P(2)=P(2)*CFP WICSPB 297
P(3)=P(3)*CFP I4ICSPB 298
PSI=PS1*CFP WICSPB 299
PS2=PS2*CFP I4ICSPB 300
PS3=PS3*CFP WICSPB 301
TG( 1 WTG( 1)*CFT WICSPB 302

*TG(2)=TG(2)*CFT WICSPB 303
TG(3)=TG(3)*CFT WICSPB 304
TS1=TS1*CFT WICSPB 305
TS2=TS2*CFT WICSPB 306
TS3=TS3*CFT WICSPB 307
RHOG( 1)=RHOG( 1)*CFD WICSPB 3C8
RHc3G2=RHOG2*CFD I4ICSPB 309
RHOG3=RHOG3*CFD I.ICSPB 310
RHOIC I)=RHOM( I)*CFD UICSPB 311
RHO2=RHOM2*CFD WICSPB 312
RHOrI3=RHOM3*CFD WICSPB 313
VZI=UZ1*CFU WICSPB 314
UZ2=UZ2*CFU I4ICSPB 315
UZ3=tJZ3*CFU UICSPB 316
Vl=UI*CFU WICSPB 317
V2=V2*CFU WICSPB 318
U3=U3*CFV WICSPB 319
WlJ=W1'CFU I4ICSPB 320
L12=W2*CFU WICSPB 321
U( ISTAGE)=U( ISTACE)*CFU UICSPB 322
UU2(ISTAGE)=UU2(ISTAGE)*CFU WICSPB 323
UC ISTAGE+1 )=U( ISTAGE+1 )*CFU WICSPB 324
US1=VS1'CFU &JICSPB 325
US2=US2*CFU UICSPB 326
W51=WS1*CFV UICSPB 327
WS2=WS2*CFU WICSPB 328
ASPED1=ASPEDIVCFU UICSPB 329
ASPED2=ASPED2*CFU WICSPB 330
ASPED3=ASPED3*CFU WICSPB 331
AAA1=AAAI*CFA WICS'B -332
AAA2=AAA2*CFA WICSPB 333
AAA3=AAA3*CFA WICSPB 334

857 CONITINIUE WICSPB 335
WRITE(6.404) FAID, ISTA',E WICSPB 336

404 FORMAT(lH1,1X,%*********HHNH.... 0lxv WICSPB 337
SVItITIAL FLOW COEFFICIE1T=0.1XF7.5,lX,$(9TAGE-OPI2 Xe.i WICSPB 338

WRITE(69401) PRATIOTRATIOPETAA(ISTAGE) WICSPB 340
401 FORMAT(1HOP5XPOSTAGE TOTAL PRESSURE RATI0=p~vF12.5v/9 WICSPB 341

$6XvdSTAGE TO1,t.. TEMPERATURE RATIOus#F12.59/# WICSPB 342
$6XvsSTAGE ADIABATIC EFFICIEICYu=iF12.5) WICSPB 343

WRITE(6,402) FAXI1UZ19UTIPG(ISTAGE) WICSPB 344
402 FORMAT(1H0#5X.#STAGE FLOW COEFFICIEr1T-0,F5.3o/t WICSPB 345

$6X. XAXIAL UELOCITY=OF7.2,/9 WICSPB 346
S6X. 0ROTOR SPEED=,O,F7.2, /) WICSPB 347
WRITE(6,403) PRI39PR1319PRRELPR23 WICSPB 348

403 FORtIAT(IH 95X90STAGE TOTAL PRESSURE RATIO(ACTUAL)oiF12.5#', WICSPB 349
* SXPOSTAGE TOTAL PRESSURE RATIO(IDEAL)-#9F12.5./, WICSPB 35~0

SSXPOLOSS FACTOR IN1 ROTORmOPF12.59/9 WICSPB 351
$6X.vLOSS FACTOR III STAT0R~otFl2.59/) I4ICSPB 352
WRITE(SP405) WICSPB 353

405 FORi1AT(1H0v24X#0'ROTOR INILET* *ROTOR OUTLET* *STATOR 0UTLET*o) IIICSPB 3_94
WRITE(69406) P(1)vP(2)9P(3) WICSPB 355

406 FORtIAT(H P1X,OTOTAL PRESSURE0.10Xv3(Fl0.295X)) I4ICSPB 356
47WRITE(6#407) PSIPS29PS3 I4ICSPB 357
47FORMAT(IH P1X90STATIC PRESSURE0.9Xv3(FlO.2,)) I4ICSPB 358

WRITE(69408) TG(1)PTG(2),TG(3) WICSPB 359
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408 FORMATCIH PIX90TOTAL TEt1PERATIRE(GAS)e03X,3(FIO.4,5X)) WICSPB 380
WRITE(6,409) TS19TS2PT63 UICSPB 361

409 FORMAT(IH 91XPOSTATIC TEMPERATURE(GAS)',1X,3(F10.4,5X)) WICSPB 362
WRITE(69410) RHOG(1),RHOG2,RH0G3 WICSPB 363

410 FORMAT(IH vlX,*STATIC DENSITY(GAS)0.5X,3(FI0.4.5X)) WICSPB 364
W.RITE(6,411) RHOM(Ih*RHOM29RHOI3 WICSPB 365

411 FOR1IAT(H PIXtOSTATIC DENSITY(MIXTURE)X,1X,3(Fl0.4,SX)) UJICSPB 366
WRITE(G9412) UZ1,tJZ29UZ3 WICSPB 367

412 FORt1AT(lH0.1X90AXIAL UELOCITYO#10XP3(FI0.495X)) WICSPB 368
WRITE(G.413) Ul,U2.U3 WICSPB 369

413 FORIIAT(H 91XYOABSOLUTE UELOCITY097Xv3(FI0.4o5X)) WICSPB 370
WRITE(6,414) W19W2 WICSPB 371

414 FORMAT(IH v1X,0RELATIUE UELOCITY#@7X*2(FI0.4v5X)) WICSPB 372
WRITE(6,415) U(ISTAGE)9 UU2(ISTAGE)PU(ISTAGE+1) WICSPB 373

415 FORMAT(lH PlXoOBLADE SPEED~v13X,3(F10.4,5X)) WICSPB 374
WRITE(69416) USIUS2 WICSPB 375

416 FORMAT(1H #lXv#TANG. COMP. OF ABS. UEL.*,P(Fl0.4v5X)) WICSPB 376
WRITE(6,417) WS1.WS2 WICSPB 377

417 FDRMAT(IH P1XXTAIG. COMP. OF REL. UEL.0v2(Fl0.4#5X)) WICSPB 378
WRITE(69418) ASPEDIASPED29ASPED3 WICSPB 379

418 FORMAT(IH l1X,OACOUSTIC SPEED*#l0Xv3(FI0.495X)) WICSPB 380
WRITE(6,419) AMACI,AMAC2,AMAC3 WICSPB 381

419 FORIIAT(H P1X,XABSOLUTE MACH NUMBER%,4X93(FIO.4v5X)) WICSPB 382
WRITE(6. 420) AMACH , AMACH2 WICSPB 383

420 FORfIAT(H l1X90RELATIUE MACH hUMBER~v4X92(FI0.4,5X)) WICSPB 384
WRITE(6#421) FAIIPFAI2vFAI3 UICSPB 385

421 FORMAT(1H091X90FLOW COEFFICIENT0,8X,3(F10.495X)) WICSPB 386
WRITE(6v422) AAA1,AAA2,AAA3 WICSPB 387

422 FORtIAT(IH *1XPOFLOW AREA*.15X#3(Fl0.4p5X)) WICSPB 388
WRITE(6. 423) ALFA1.ALFA29ALFA3 WICSPB 389

423 FORMAT(1H0vlX9*ABSOLUTE FLOW ArICLE#,5Xt3(F10.495X)) WICSPB 390
WRITE(6,424) BETAl#BETA2 WICSPE 391

424 FORMAT(IH qIX90RELATIUE FLOW AI1GLE~v5XP3(F10.495X)) WICSPB 392
WRITE(G,425) AINCIRsAINCIS WICSPB 393

425 FORIIAT(H .1XPOINCIDENCE0.16X92(FI0.4,5X)) WICSPB 3S4
46WRITE(6942G) ADEUIR,ADEUIS I4ICSPB 395
46FORMAT(IH 91X,$DEUIATIOt1X930X92(F10.4.5X)) WICSPB 396

IF(IUtIIT.NE.2) GO TO 858 WICSPB 357
UTIPG( ISTAGE)=UTIPG( ISTAGE)/CFU WICSPB 398
P(1)=P(1)/CFP WICSPB 399
P(2)=P(2)/CFP WICSPB 400
P(3)=P(3)/CFP WICSPE 401
PS1*PS1/CFP WICSPB 402
PS2=PS2/CFP WICSPB 403
PS3=PS3/CFP UICSPB 404
TG(1)=TG(1)/CFT WICSPB 405
TG(2)=TG(2)/CFT WICSPB 406
r(3=TG(3)/CFT WICSPB 407
TSI=TS1/CFT WICSPB 408
TS2=TS2/CFT WICSPB 409
TS3=TS3/CFT ICSPB 410
RHOG( 1 )RHOG( I)/CFD WICSPB 411
RHOG2=RHOC2-'CFD WICSPB 412
RH003=RHOC3/CFD iIICSPB 413
RHOM( 1)=RHOI(1I)/CFD WICSPB 414
RHOM2=RHOM2/CFD WICSPB 415
RHOtI3=RHDfI3/CFD WICSPB 416
UZ1=UZI/CFU WICSPB 417
VZ2UVZ2/CFU WICSPB 418
UZ3=UZ3/CFU WICSPB 419
UI=UI/CFU WICSPB 420
V2=U2/CFJ WICSPB 421
U3=U3/CFU WICSPB 422
Wl=IICFU WICSPB 423
W2=W2/CFU WICSPB 424
UC ISTAGE)=U( ISTAGE)/CFV WICSPB 425
UU2( ISTAGE)=UU2( ISTAGE)/CFU wrCSPB 426
U( ISTAGE+1 )=U( ISTACE+1 )/CFV WICSPB 427
US1=US1'CFU WICSPB 428
VS2=VS2/CFV 26WICSPB 425



WSI=WSI/CFU WICSPD 430
WS2=WS2/CFU WICSPB 431
ASPED1=ASPEDl/CFU IIICSPB 432
ASPED2=ASPED2/CFU UICSPB 433
ASPED3=ASPED3/CF'U WICSPB 434
AAA1=AAAl/CFA IJICSPD 435
AAA2=AAA2/CFA WICSPB 436
AAA3=AAA3/CFA WICSPB 437

858 CONTINUE WiCSPB 428
999 RETURN WICSPB 439

END WICSPB 440
C+++++++++++++.+++ ................... lii,, I, WICSPc 1
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccCCCCCCCc WICSFC 2
C C WICSPC 3
C SUBROUTINE WICSPC C LJICSPC 4
C C WICSIPC S
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcC=cCCCCCCCcCCCCCCCCCCCCCCCc WICSPC 6

SUBROUTINE WICSPC(FAIO, ISTAGEPMMASSALFAI4KDO1E.DAU.DELUUI1AS, WICsPC 7
SWI4MAS, N, WICSPc 8
$OMECAl ,OMEGA2, OMECA3, OMEGA4, OIECA5, OMEGA6, OMEGAT, LIICSPc 9
$BETAl.BETA2.UZ.ALFA2,ALFA3.DELTGDELT4.W2,Ul.U2,U3,REAUE, WICSPC 10
$DELUU2, DELUL2, AKI, AK2. AK3) WICSPc 11
REAL M.MMASS WICSPC 12
COMMON TDC7), IUNIT WICSPC 13
COMMON CFL, CFT, CFP, CFD, CFM, CR3.CFA WICSPc 14
COMMON JPERFM, RHOC( 3), RERUP, RERLOWIRESUP. RESLOW WICSPC 15
COMMON PREB,RRTIP(8),SRTIP(8),AAA1,AAA2,AAA3.SAREA(6),SAREAS(?) WICSPC is
COMMON P(3).TC(3),XA.XV(3).XCH4XW(3)XJW(3)PXWT(3),TJ(3),TW(3) LJICSPC 17
COMMON OMEGS(7),OMECR(6),CAPR(6).GAPS(6) WICSPc 18
COMMON RRHUB(G) o RC(G) , RELADE(6) 9 STAGER(6) WICSPC is
COMMON SRHUB(7) , SC(71 # SBLADE(7) PSTAGES(7) WICSPC 20
COMMON SICUMR(G) 9 BETISR(6) v BET2SR(6) 9 AINCSR(6) P ADEUSR(6) WICSPC 21
COMMON SIGUMS(7) P BETISS(7) ,BET2SS(7) , AINCSS(7) ,ADEUSS(7) WICSPC 22
COMMON UTIPG(6),UTIP(6),UTIPD(6),UOU(6),UMEAN(6),UHUB(6).U(G).FAI WICSPC 23
COMMON AREA(6)oAREAS(7),UU2(6)UTIP()UE~t12(6),UHUB2(6),IPRI1T WICSPC 24
COMMON ICErTIICENT,FMR1(6),FMA2(6),IDESIN.FAID WICSPC 25
COMMON NS#NS1oRT(6),RM(6),RH(6),ST(6)Sf1(6),SH(6) WICSPC 26
COMMON DSMASSPAAREA(7),AAREAS(7).PR12D(6).PR13D(6).ETARD(6) WICSPC 27
COMMON DRC6),DS(6).DEOR(6).BDS(G),BLOCK(G),BLOCKS(7) WICSPC 28
COMMON BETIMR(6),BET2?IR(G),BET1MS(7)PBET2MS(7),RADI1(6),RADI2(6) WICSPC 29
DIMENSION RHOM(3),ETAA(S) WICSPC 30
IPRINT=1 WICSPC 31
CPWI1.O WICSPC 32
RHOW=62.3 WICSPC 33
GC=32. 174 WICSPC 34
AJ=778.26 WICSPC 35
PAI=3. 1415926 WICSPC 36
CALL WICPRP(XA.XU(1).XCH4.TG(1).RMIX.CPMIXPGAIMACIG29C3) WICSPC 37
CAMMAI =GAMMA WICSPC 38
RHOG(1)=P( I)/RMIX/TG( 1) WICSPc 39
BMASS=rIMASS-WMA3-WJMAS WICSPC 40
AAA2=AREAS( ISTAGE) WICsPC 41
AAA3=AREW'TSTAGE+l) WICSPc 42
IF(ISTAGE. .Q.NS) AAA3=AAA2 WICSPC 43
CALL WICMAC(ISTAGEoBMASS,TG(1).P(1).MUZC.XWT(1).ALFAI, W4ICSPC 44

$RMIX, CPMIX, AAA1) WICsPc 45
ASPEED=C LJICSPc 46
ASPEDi =ASPEED WICSPc 47
RHOG(1)=(1.0+G2*M **2)**G3*RHOG(l) UICSPc 48
RHOM(1)=1.0/((1.O-X4JT(l))/RHOG(1)+XWT(1)/RHOW) WICSPc 49
UZI=VZ WICSPc 50
UZZ=UZ WICsPc 51
FAI1=UZI/UTIPG( ISTAGE) WICSPC 52
ALFAIR =ALFAI *PAI / 180.0 I.ICSPc 53
Ul = UZ /COS CALFAlR 3 ICSPc 54
VSI = LiZ *TANM ALFAIR 3WICSPC 55
WSI U(ISTAGE)- USI WICSPc 56
T =WSI / uZ WICSPC 5
BETAIR =ATAN CT) WICSPC 58
BETRI =BETAIR *180.0 /PAI UICSPc 59
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TT = UZ **2 + WSI **2 LJICSPC 60
WI = SORT ( TT ) WICSPc 61
AtIACH1 Wl / ASPEED WICSPC 62
ArAC1=U1/ASPEED WICSPC 63
TS1=TG(1 )/( .0+G2*ArlACl.2) WICSPC 64

PRELI=( I.* +G2*AMACHI**2)**Gl.PS1 WICSPC 66
TREL1=( 1. +G2*AMACH1**2)*TS1 WICSPC 67
TG(2)=TG(l) WICSPc 68
P(2)=P( ) WICSPC 68
ALFA2=BETlSS( ISTAGE) WICSPC 70
JJJ=1 wIcspc 71

2000 UZ2AS=UZ WICSPC 72
CALL WICGSL(0MEGR(ISTACE),SICUiR(ISTAGE),BETlSR(ISTAGE),BET2R WICSPC 73

$ISTAGE),AII9CSR(ISTAGE),ADEUSR(ISTAGE),AMACH1,BETAIDEOS,DEQN, WICSPC 74
SSITACSSITACN,B:-T2NOMEGANPFMRI(ISTAGE), IDESINAKIAK2,AK3tUZi, UICSPC 75
SUZ2AS.U(ISTAGE)1RADII(ISTAGE).RADI2(ISTACE)) WICSPC 76
OIIEGA7=OMEGAI WICSPC 77
BETA2=BET2N WICSPc 78
BETAIR=BETAI*PAI/180.0 WICSPC 79
BETA2R=BETA2*PAI/180.0 WICSPC 80
BETAUE= (BETA IR+BETA2R )/2.0 LJICSPC 81
TANGT=WICTA#4(BET~lR )-IICTAN(BETA2R) WICSPC 82
CSAU=COS (BETAUE) LJICSPC 83
CSI=COS(BETAIR) WICSPC 84
CL=2.0/SIGUMP( ISTAGE )*TANGT*CSAU WICSPC 85
CDS=0.018-*(CL**2) I4ICSPC ES
OMEGSE=CDS*SIGUIR( ISTAGE)*(CS1**2)/(CSAV**3) WICSPC 87
H=RRTIP( ISTAGE)-RRHUB( ISTAGE) WICSPC 88
SHR=RC( ISTAGE)/H'SIGUMR( ISTAGE) WICSPC 89
CDA=0. 020*SHR L4ICSPc so
OMECArI=CDA*SIGUIRi ISTAGE)*(CS1..2)/(CSAU..*3) WICSPc 91
IF'(IPRItIT.EO.2) LRITE(692001) OIIEGAIOMEGSEOPIEGAtIOMEGA7,CDS.cDA WICSPC 92

2001 F0RMAT(1H0P6F10.6) WICSPC S3
OtIES1 =OMEGSE WICSPC 94
DMEA1=tlEGAl WICSPC 95
AIrICIR=BETAI-BETIMR( ISTAGE) WICSPC 96
ADEVIR=BET2i-BET2MR( ISTACE) WICSPC 97
BETA2R=BETA2*PAI'180.*0 WICSPc 98
W42=UZ/CDS (BETA2R) WICSPC 55
UG=(Wl+1J2)/2.0 IICSPC 100
CALL WICRSL(SIGUMR( ISTAGE),BETAlBETA2,RC(ISTAGE)DACDROrIEGAR) WICSPC 101
IELPI=OiEGAI*0.5*RHOG( I)/GC*(U1**2) WICSPC 102
IF(IPRItIT.EQ.2) WRITE(SP2002) OIIEGAIDELP1 WICSPC 103

2002 FORMAT( H ,IX9 0MEGA=92F10.S) WICSPc 104
XC=1. 0-XWT( 1) WICSPC 105
CALL WICIRL(ISTAGE.RRTIP(ISTAGE)XW1C1)XGRHOG()BETA,W1WIJ1owW WICSPC 106
$2, UW) LIICSPC 107
BMI MPR=LJW WICSPC 108
IF( BMIrIPR.GT.WfIAS) BMIMPR=WWMAS WICSPC 109
BFIREBR=BMItPRPREB/100.0 WICSPC 110
BtIUAKR=BIIPR*( 1.0-PREB'100.0) WICSPC ill
BMI4OIR41 IIAS-BrIIMPR UICSPC 112
XUWWNOR=BrtIOIR/MTIASS WICSPC 113
XL4WRER=BMREBR/MrIASS WICSPC 114
XWWWAR=BMWAKR/rMiASS WICSPC 115
IF(IPRIrIT.EO.2) WRITE(696090) BMIMIPRBIREBRBIWAKRBMMtIIRX~i#OR, WICSPC 116

$XUI.RER, XWWWAR WICSPC 117
6090 FORtIAT(IH #7(F12.5plX)) WICSPC 118RSTI=RADXI1(ISTAGE)**2-AAA1*144.0/2.0/PAI WICSPC 119

RST1=SGRT(RSTI) IJICSPC 120
RST2=2. 0.RADI I( ISTAGE )**2-RSTI*'2 WICSPC 121
RST2=SORT(RST2) WICSPC 122
DELR=(RST2-RST1 )/12.0 I4ICSPC 123
FMASSR=BIUAKR/fl!LR WICSPC 124
CALL WICFML(W1,W2,F7IASSR.RHOG(1),RC(ISTAGE)tsIGUIR(ISTAGE),BETAlt WICSPC 125

SDETA2. CDF,0OMEGAF) WICSPC 126
OMEGA2=OMEGAF WICSPC 127
DELP2=0l1EGA2*0.5*RH0G( 1)/GC*(Uloo2) WICSPC 128
IF(IPRIT.EO.2) WRITE(696091) OTIE W 9DELP2 WICSPC 129
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6091 FORIIAT( IH tMO. OMEGA2-=. 2F10.5) WICSPC 130
V2=0.0 WICSPC 131
U3=0.*0 WICSPC 132
ALFA=0.0 WICSPC 133
ALFA3=0.0 WICSPC 134
CALL WICSTL( ISTAGE, 1.DAU.Wl.W2.DELUU2.U3,uuMASPuZNBETAI1,BTAB. WICSPC 135

SALFA2, ALFA3, EMASS, DELUU2, DELUL2. OZEGRU, OIEGRL Ol1EGSU. OIEGSL, WICSPC 136
SDRACRU, DRACRL, DRACSUP DRACSLI REAUE) LIICSPC 137
OMEGA3=OMEGRU+IIEGRL WICSPC 138
DELP3=OMEGA3*0.5*RHOG( 1)/C*(Wl**2) WICSPC 139
IF(IPRINT.EQ.2) LRITE(696092) OtEGA3,DELP3 WIcspc 140

6092 FORMAT(1H lX#*OMEGA3=092FI0.5) W.ICSPC 141
REAUE1=REAUE WICSPc 142
BETA2R - BETA2 *PAI / 180.0 WISP 144
JJ=1 Is~ 4

200 LJZAS=UZ IJICSPC 145
WS2 = LiZ * TAN BETA2R )WICSPC 146
LIS2 = ULJ2(ISTACE) - WS12 WICsPC 147
TTT=US2/UZ WICSPC 148
ALFA2R ATAN (TTT )WICS~c 149
ALFA2 ALFA2R *180.0 /PAI WICSPc 150
TTTT = LZ 2 + WS2 **2 WICSPc 151
W2 = SORT (TTTT ) WICS~c 152
TTTTT = UZ **2 + US2 **2 WICSPC 153
V12 = SORT (TTTTT ) I4ICSPC 154
DELH=WK3OrE*(UU2( ISTAGE)*US2-U(ISTACE)US)GAJ WICSPc 155
CALL IICIRS(ISTAGE.RRTIP(ISTAGE),XWl(1),XGRHOG()BETA,I,11jJ1, I4ICSPc 156

$WW2. WW) WICSPC 157
AMIMPR=W.W WICSPc 158
IF(AMItIPR.CT.LIMAS) AMIfIPR=WMAS WICSPc 159
PREB=50.0 WICSPC 160
AMREBR=AMIMPR*PREB/10O .0 WICS~c 161
AMWAKR=AMIMPR* (1. -PREB/1 00.0) WICSPc 162
AtMOIR=WMAS-AMIMPR WICSPC 163
XW1O0.0 WICSPc 164
XW2=0. 0 WICSPc 165
X143=0. 0 WICSPc lE
IF(WMAS.GT.0.0) XIAMfN1IR/WMAS UICSPC 167
IF(WMAS.GT. 0.0) XW2=A'WAKR/WMAS WICS~c isa
IF(WMAS.CT. 0.0) XW3=AtIREBR'1JMAS WICSPC 169
DELTG=DELH/CPIIX WICSPC 170
JJELTI=IJELH/CPJ WICSPC 171
DELTJ2=DELH/CP4 WICSPC 172
DELTW3=0.0 WICSPC 173
DELTW=XWI*DELTWl+XW2*DELTW2,XW3*DELTW3 WICSPc 174
DETWW1=0.0 WICSPC 175DETWW2=0.0 0IS 7DETWW3=0.0 WICSPC 177
DELTWW=0.0 I4ICSPc 178
TW(2)=TW( I)+DELTW I4ICSPC 179
TWW(2)=TW( I)+DELTWJ IICsPC 180
TG(2)=TG(1 )+DELTG WICsPC 181
TS2=TG (2) -U2**2,(2. OOCPMIX.GCCAJ) WICSPC 182
AG2= CCAMMA*RMIX*TS2*GC )**0 .5 WICSPC 183
ASPEED=WICASD(XWT(l1).RHOG( I).AG2) WICSPc 184
ASPED2=ASPEED WCP e
AMAC2=U2'ASPEED W.ICSPC 186
AMACH2=W2'ASPEED IIICsPc 187
PP1 =GAMMA*RMIX*TREL 1*GC WICsPc isa
PP2=(UU2(ISTAGE)/U(ISTAGE) )*2-l.0 WICSPc 189
PP3=1 .0+G2*U( ISTAGE)**2/PPI*PP2 wicspc 190
PP=PP3**GI WICsPc 191
PRREL=PP-OMEGA7+aMEGAI+OIIEGAB+opEA3)*.c.-PSI/PRELI) IIICSPc 192
PR12=(TC(2)/TG(1) )**G1*PRREL/PP IIicspc 193
P(2)=PR12*P( 1) WICSPC 194
PS2=( . +2AMC**)*(G)*P(2) WICSPC 195
RHOG2=PS2/RMIX'TS2 bIICSPc 196
RHOC(2)=RHOG2 WJcsPC 197
RI10M2= 1.0/C XG'R140G2+XWT (1) RHOW) UICSPc 198
UZ=BMASS/RHOG2/"AAA2 WIcsPC 199
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UZ2UVZ WICSPC 200
EPS=1 OE-4 WICSPC 201
IF(JJ.EO.2) GO TO 201 WICSPC 202
IF(JJ.GT.2) GO TO 202 I4ICSPC 203
X1=VZAS UICSPC 204
Y1=UZ2 WICSPC 205
UZ=UZ2 WIC5Pc 206

JJJJlWICSPC 207
IF(UZ.LT.0.0.OR.VZ.GT.ASPEED) GO TO 999 &JICSPc 208
CO TO 200 WICSPc 209

201 X2=UZAS I4ICSPc 210
Y2=VZ2 WICSPc 211
VZ=LJICNEW(X1,Y1, X2vY2) IJICSPc 212
IF(IPRINT.EG.2) WRITE(69203) JJvVZ WICSPC 213

203 FORMAT(IH 91X,I1.2X9,#UZ2=;dPF10.5) UICSPC 214
JJ=JJ+l WICSPC 215
IF(VZ.LT.0.0.OR.VZ.GT.ASPEED) GO TO 999 UICSPC 216
GO TO 200 WICSPC 217

202 IF(ABS((UZAS-UZ2)/VZAS).LT.EPS) GO TO 300 WICSPC 218
Xl=X2 WICSPC 219
YI=Y2 WICSPC 220
X2=UZAS WICSPC 221
Y2=UZ2 WICSPC 222
UZ=LJICNEW(Xl9YliX2, Y2) WICSPC 223
IF(IPRINT.ED.2) WRITE(69204) JJPUZ WICSPC 224

204 FORMAT(1H091X,I1.2XOUZ2=O9 F10.5) LJICSPC 225
JJ=JJ+l WICSPC 226
IF(UZ.LT.0.0.OR.LJZ.GT.ASPEED) GO TO 999 WICSPC 227
IF(JJ.EO.20) GO TO 999 WICSPC 228
GO TO 200 WICSPc 229

300 UZ2CL=UZ WICSPC 230
IF(JJJ.EO.2) GO TO 2010 WICSPC 231
IF(JJJ.GT.2) GO TO 2020 WICSPC 232
XXI=VZ2AS WICSPC 233
YYlVIU2CL WICSPC 234
JJJ=JJJ+ I IICSPC 235
GO TO 2000 WICSPC 236

2010 XX2=VZ2AS WICSPC 237
YY2=UZ2CL WICSPc 238
UZ=WICNEWCXX1Y1#XX2, YY2) WICSPC 239
IF(IPRINT.EQ.2) WRITE(6,2030) JJJ#UZ WICSPC 240

2030 FORIIAT( 1H #lX, I2.*UZ22=%d,F10.5) UICSPC 241
JJJ=JJJ+1 UICSPC 242

202 O0 TO 2000 300WICSPC 243

XX2=VZ2AS WICSPc 247
YY2=UZ2CL UICSPc 248
UZ=WICIEL(XX1I,1, XX2, YY2) IJICSPC 249
IF(IPRIINT.EQ.2) WRITE(6,2040) JJJ,UZ WICSPc 250

2040 FORM1ATUH IN .X. 2,0UZ22=0#F10.5) UICSPC 251
jjjjjji-j IICSPC 252
IF(JJJ.EU.20) GO TO 3000 UICSPC 253
CO TO 2000 WICSPc 234

3000 UZ2=tJZBCL UICSPC e5
FAI2=UZ2'UTIPG( ISTAGE) IJICSPC 256
P(2)=( 1.0+G2*AMAC2**2)**GIOPS2 WICSPC 257
JJJJ=l I.ICSPC 258

3001 UZ3ASUVZ UICSPC 259
CALL WICGSL(OEGS( ISTAGE)PSIGUI9(ISTAGE).3ETISSCISTACC).DET2SS I4ICSPc 260
S(ISTAGE),AIrICSS(ISTAGE),ADEUSS(ISTAGE)AIAC2ALA2DES,9DErI WICSPc 261
SSITACS.SITACN, BET2N.OMEGAfl.FMA2(ISTAGE), IDES1II.AKI@AK2.AK3.U2 Me ICSPc 262
SUZ3AS,0.0,PADI2(ISTAGE),RADI1(ISTAGE.1)) WICSPC 263
OM1GA8=OMEGA9 WICSPC 264
ALFA3=BET2N WICSPC 265
ALFAIR=ALFA2*PAI/180.*0 UXCSPC 26
ALFA2R=ALFA3*PAI/180.0 WICSPC 267

* ALFAAU= (ALFAIR+ALFA2R) /2.*0 UICSPC 268
TAi4GT=WICTAN(ALF'AIR )-WICTAtI(ALFA2R) I4ICSPc 269
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CSAU=COS(ALFAAU) WICSPC 270
CSI=COS(ALFAlR) WICSPC 271
CL=2. 0SIGUIS( ISTAGE)*TANGT*CSAU WICSPC 272
CDS=0. 018*(CL**2) WICSPC 273
UriEGSE=CDS*SIGUIS( ISTAGE)*(CS1O*2)/(CSAU..3) WICSPC 274
H=SRTIP(ISTAGE)-SRHUB(ISTAGE) WICSPC 275

OMEGAN=C1JA*SIGUMS( ISTACE)*(CS1Oo2)/(CSAU-3) WICSPC 278
IF(IPRINT.EQ.2) WRITE(693002) WIC5PC 279

SOIIEGA4, OMEGSE, OMEGAIOMEGA8, CDS, CDA WICSPC 280
3002 FORMAT(1H0.6F10.5) WICSPC 281

OMES2=OMEGSE WICSPc 282
OMEA2=OMEGAN I4ICSPC 283
AINCIS=ALFA2-BETIMS( ISTAGE) WICSPc 294
AUIIS=BET2rI-BET2MS ( ISTAGE) WICSPC 285
ALFA3R=ALFA3*PAI/180.0 IJICSPC 286
U3=UZ/COS (ALFA3R) WICSPC 287
CALL WICRSL(SIGUMS(ISTAGE).ALFAeALFA3sc(STAGE)DAJCDROIEGAR) WICSPC 28
DELP4=OMECA4*0.5*RHOC( 2) /'C*(U2**2) WICSPC 289
IF(IPRINT.EQ.2) WRITE(693003) OMECA4#DELP4 WICSPC 290

3003 FORMAT(IH * 1X.%0'ECA4=Ov2FI0.5) UICSPC 291
CALL WICISL(ISTA(6E,SRTIP(ISTAGE)PXWW(2),XGRHOG(2),ALFA2,U2,Uw1 WICSPC 292
$.WW2pWW) WICSPC 293
BIIPS=UUW UICSPC 294
IF( EMIMPS. CT. WWMAS) BMIMPS=WWMAS WICSPC 295
BMREBS=BMI MPS*PREB/ 100.*0 WICSPC 296
BMWAKS=BMIMPS*( 1.0-PREB/100.0) WICSPC 297
IF(IPRIrIT.EO.2) WRITE(6,6616) WICSPC 20-8

6616 FORMAT(1H P1X9#IMPIS9) WICSPC 299
IF(IPRIrIT.EO.2) WRITE(6,6617) XWW(2),XARHO(2)UZUWMBIPS3f1 WICSPc 300

$REBS, BMUAKS W1CSPC 301
6617 FORMAT(IH 98(F12.5,1X)) WICSPC 302

RST1=RADI2( ISTAGE)**2-AAA2*144.0/2.0/PAI WICSPC 303
RST1=SGRT(RST1) UICSPC 304
RST2=2. 0*RADI2( ISTAGE ) *2-RST1*.2 WICSPC 305
RST2=SQRT(RST2) IJICSPC 306
DELR=(RST2-RST1 )/12. 0 WICSPC 307
FfIASSS=BMWLAKS/DELR WICSPc 308
CALL WICFML(U2,U3,FMASSSRHOG2,SC(ISTAE)SIGJHS(ISTAGE)PHETAI, WICSPC 309

SBETA2, CDF, OtECAF) WICSPc 310
OMECA5=OMEGAF WICSPC 311
DELP5ODMEGA5*0. 5*RHOC (2) /GC* (V2**2) IJICSPc 312
IF(IPRIN'T.Eg.2) WRITE(6,6618) OtIEGA5,DELP5 WICSPC 313

6618 FORMAT(1H #lXv0OMEGA5=#92Fl0.5) wicspc 314
CALL I4ICSTL( ISTACE,2,DAULI,W2,DELU2U3IIIWlA9UZPr1,BETAI,BETA2, bIICSPC 315

$ALFA2. ALFA3, EMASS. DELUU2. DELUL2. OIEGRU. OMEGRL, OIEGSU, OMEGSL.t W~ICSPC 316
SDRAGRU, DRAGRL, DRAGSU, DRAGSL. REAUE) UXCSPC 317
OMEGA6=OMEGSU+DMEGSL WICSPC 318
fELP6=OMEGAS*0 .5*RHOG(2)/C(U2**2) WICSPC 319
!F(IPRINT.EQ.2) WRITE(6,6619) OIIECA6.DELPG I.ICSPc 320

6619 FORMAT(IH , 1X,*0MECA6=0,2Fl0.S) IJICSPC 321
fEAUE2=REAUE WIcsPc 322
REAUE= (REAUEI+REAUE2 )*0.5 IcsPC 323
PR23=1 .0-(OMEGAB+OMEGA4+OMEGA5+OMEGA6).( 1.0-PS2'P(2)) bIICSPC 324
PR13-(TG(2)/TG(l) )**GI*PRRELOPR23,PP wicspc 325
PR13I=(TC(2)/TG( 1) )**C I4ICSPC 326
P(3)=PR13*P( 1) WIcsPC 327
TG(3)=TG(2) WICSPC 328
TS3=TC( 3)-U3**2/(2. 0*CPMIX*C*AJ) WICSPC 329
AC3=( CArMA*RMIX*TS3*GC)**0 .5 W.IC5PC 330
ASPEED4JICASD(XWT(1 ),RHOC(2).AG3) WICSPC 331
ASPED3=ASPEED WICSPC 332
AMAC3=U3/AS'EED WICSPc 333
PS3( 1. 0+G2*ArAC3**2)**(-G1 )*P(3 LIICSPc 334
RHOG3=PS3'RMIX/TS3 I4IC9PC 335
R1O(3)=RHOG3 IIicspc 336
RHOt3I.0/(XG/RHOG3*XWT( 1)/RHOW) bIICSPC 337
UZ=BMASS/RHOG3/AAA3 wicspc 338
VZ3CL=UZ WICSPC 339
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IF(JJJJ.EG.2) GO TO 3010 UICSPC 340
IF(JJJJ.GT.2) GO TO 3020 WICSPC 341
XXX1=UZ3AS WICSPC 342
YW 1=UZ3CL wIcspc 343

JJJJ=JJJJ+l WICSPC 351
GO TO 3001 WICSPC 35

300XXX2=UZ3AS WICSPC 356
*YYY2=UZ3CL WICSPc 357

UZ4JICrIEW(XXXI, PYYl, XXX2, YYY2) IJICSPC 358
IF(IPRINIT.EG.2) WRITE(693040) JJJJPUZ IJICSPc 355

3040 FORMAT(H LM ,XI2v2X#Z33-=FI0.5) WICwPc 350
jjjj=JJJJ+l WICSPC 361
GO(JJT O 3 001 GOT 001ICSPC 352

30 TO I(B (3001 3C)V3A)LTES GOT 40 ICSPC 353
400 UZ=Z3CL WICSPC 364

YYI=UZ3UTY2 ISWE IIcSPC 3655
XXX=(3)=T(2 WICSPC 36
TYULI3)=I.(2 WICSPC 367
OMZ=OE(XXOMEA2+IEGA3+OflEGA WICSPC 368
OIEGIRTSOtIEGA4+OMEGAS+OMEGAS.OtIEGA8ICSPC 359

300POMG1=OrIEGA1OMEGTR.0v0. 5 0 ICSPC 370
PjrIEG=OMGA/OIETR 0. WICSPC 361
PI(JEG3=OMA O ETO* 400 *0 WICSPC 372
GO TC4OMEA'~ET 30001 WIC5PC 373

4000 EG=OIEGS'fEGS. 0. WICSPC 375
FA13G=Z3UTG(ISTGECTR10 0 ICSPC 3765
P'iiEG=OIEGSONGT*10. WICSPC 377
PTIO(3) () WICSPC 37
OTROMG3)'T G) MG3+ME WICSPC 379
CALL UICPRP(XOEA5X3)XCMEG(3,RiI.Ct1xEtA.;.e, I4ICSPC 380
PGAMI=OGAA ETR10. IICSPC 381
PGAMA=OMGA2ME1G~T1MA'. 0 UICSPC 382
PO4= EGtA3 /* ) GTR*100.0 WICSPC 383
PEA(STAEG=A4OETO*G4-.0)(RTO1o WICSPC 384
IFUMtIITOME.2 CMGTO 859 LJWICSPC 375
POTIPG= ISTAE)=UrIG(STAGE.C WICSPC 386
P( 1 )=( M)CFPOEGR10. WICSPC 3876
P(2)G=(2)* CMETS0. W.ICSPC 388
P(3)I=P(3)/P~l WICSPC 38
PRATl=I*CFP~ l &ICSPC 39
PSM2=2'CF WICSPC 391
GAS3=3'CFP MM2)2. IICSPC 392
G(1G(IAU1)/GAM WICSPC 393
TG(IUNT.2) G T O 85UICSPC 394
TI()=TG UI(ST)*CF IICSPC 395
TS1)=S1*CF &IICSPC 396
TS2)=S2*CF WICSPC 387
TS3)=93*CF WICSPc 39RHOG( I*F uHW .F ICSPC 390RHO2=RH2*CF WIC3PC 400
RHO3.RI13*F IICSPC 401
RHI( 1 )-RHI )*CF IICSPC 403
RHOI2=TGI2*CFD W'ICSPC 34
TG(I3=RHO3*CFT WICSPC 404
UZ1UZIO*CFU W'ICSPC 405
TZ2=TJZ2*CFT WICSPC 406
UZ3=UZ3*CFT WICSPC 407

R*OU=*CFU C WICSPC 43

RHM=HM*F WI SPC 409



U3=U3*CFU WICSPC 410
Wl=W1'CFV WICSPC 411
W2=W2*CFV WICSPC: 412
U( ISTAGE)=U( ISTAGE)*CFU WICSPC 413
UU2( ISTAGE)=UU2t ISTAGE)OCFV WICSPC 414
U( ISTAGE+ )=U( ISTAGE+1 )*CFJ WICSPC 415
VSI=USI*CFU WICSPC 416
US2=US2*CFU WICSPC 417
WS1=WS1'CFV WICSPC 418
WS2=WS2*CFU IJICSPC 419
ASPED1=ASPED1'CFU WICSPc 420
ASPE02=ASPED2*CFJ I4ICSPC 421
ASPED3=ASPED3*CFU WICSPC 422
AAA1=AAAI*CFA WICSPc 423
AAA2=.AAA2*CFA WICSPC: 424
AAA3=AAA3*CFA LJICSPC: 425

859 CON1TIN1UE WICSPC 426
LJRITE(6,404) FAID, ISTAGE WICSPC 427

404 FORI AT(IHIlX,$**.*...*****....* s,1Xv WICSPC: 428
SVINITIAL FLOW CIEFFICIENT-O, IX,F7.5, 1Xso(STAGE=-. I!. iX, WICSPC 429

~ 2, ~..**.*.**..***#)WICSPC 430
WRITE(6,401) PRATIO.TRATIOvETAA(ISTAGE) WICSPC 431

401 FORMAT(lH0P,X.STAGE TOTAL PRESSURE RATIO%,-0F12.5v/v WICSPC: 432
S6),STAGE TOTAL TEMPERATURE RATIO--OF12.5,'. I.ICSPC 433
$GXvs5TAGE ADIABATIC EFFICIEr1CY=#vF12.5) WICSPC 434

WRITE(6,402) FAI1.UZ19UTIPG(ISTAGE) WICSPC: 435
402 FORMAT(1H0,SXPOSTAGE FLOW COEFFICIEtiT=*vF5.3v/v WICSPC 436

$6XvoAXIAL VELOCITY=OPF7.29/t WICSPC 437
SSX, sROTOR SPEED=#,F7.2./) LIICSPC 438
WRITE(69403) PR13.PR13I.PRRELPPR23 WICSPC 439

403 FORIIAT(IH ,SX99STAGE TOTAL PRESSURE RATIO(ACTUAL)=%,#F12.5,/9 WICSPc 440
SGX,OSTAGE TOTAL PRESSURE RATIO(IDEAL)=OPF12.59/9 WICSPC 441
$6Xv9LOSS FACTOR IN ROTOR=0pF12.St/# WICSPC: 442
$GX,#LDSS FACTOR IN1 STATOR=O.Fl2.S,/) WICSPC 443
WRITE(6,405) WICSPC: 444

405 FORf1AT(lH0,24X,**RDTOR INILET* *ROTOR OUTLET* *STATOR OUTLET*ot) IJICSPc 445
WRITE(69406) P(1),P(2),P(3) WICSPC 446

406 FORMAT(1H ,1xXTOTAL PRESSUREsvl0X#3(F1O.2,5X)) UICSPC 447
WRITE(6*407) PSI.PS2sPS3 WICSPC: 448

407 FORMAT(1H ,1XPASTATIC PRESSURE*,9X,3(Fl0.2,5X)) LJICSPC: 449
IJRITE(6#408) TG'.1).TG(2)vTG(3) WICSPC 450

408 FORMAT(IH ,IX90TOTAL TEMPERATURE(GAS)%,3X,3(F10.4,5X)) WICSPC 451
W4RITE(6.40S) TSloTS29TS3 WICSPC: 452

409 FORrIAT(IH l1XoOSTATIC TEMPERATURE(GAS)$,1X,3(FI0.4,5X)) WICSPC 453
WRITE(69410) RHOC(1)*RHOG2,RHOG3 WICSPC 454

410 FORMAT(IH #1X90STATIC DENSITY(GAS)0o5Xv3(Fl0.4,5X)) I4ICSPC 455
WRITE(6.411) RH'3M(1)tRHOM29RHOM3 UICSPC 456

411 FORMAT(1H 91XPOSTATIC DErSITY(MIXTURE$,1X,3(FIO.4,5X)) WICSPC: 457
WRITE(6.412) UZI*UZ2,UZ3 WICSPC 458

412 FORMAT(lH0,lXv#AXIAL UELOCITYsvl0X,3(F10.495X)) WICSPC 459
WRITE(6*413) Ul9U2.U3 WICSPC 460

413 FORIIAT(1H ,1X,#ABSOLUTE UELOCITY*#7X93(Fl0.4,5X)) WICSPC: 461
WRITE(6,414) Wl.W2 wICSPC 462

414 FORMAT(lH ,1X90RELATIVE UELOCITYX97X92(Fl0.4,5X)) WICSPC 463
WRITE(69415) U(ISTAGE).UU2(ISTAGE).,U(ISTAGE+1) WICSPC 464

415 FORMAT(lH v1X,4BLADE SPEED$.13Xv3(Fl0.4v5X)) WICSPC 465
WRITE(69416) US19US2 wIICSPC: 466

416 FORMAT(IH ,1XPOTAN1G. COMP. OF ADS. VEL.0v2(Fl0.4o5X)) IIICSPC 467
WRITE(6,417) USIPWS2 WICSPC 468

417 FORfIAT(IH P1XPOTA1G. COMP. OF REL. VEL.0p2(Fl0.4v5X)) WICSPC 469
WRITE(69418) ASPEDIASPED2,ASPED3 WICSPC 470

418 F'ORMAT(1H P1X,09ACOUSTIC SPEEDsvl0Xv3(Fl0.4p5X)) wi.CSPC 471
WRITE(69419) AI ACI.AMiAC2pAIIAC3 WICSPC 472

419 FORMAT(lH oIX90ABSOLUTE MACH NUMBER~o4X93(Fl0.4#SX)) WICSPC 473
WRITE(69420) AMACH19At ACH2 WICSPC 474

420 FORMAT(1H ,1X#ORELATIUE MALH IUMBER~v4Xv2(F1O.4v5X)) IJICSPC 475
URITE(6.421) FAIIPFAI29FAI3 WICSPC 476

421 FORMAT(1H0.1X90FLOW COEFFICIEr1T098X93(F10.4,5X)) WIC5PC 477
L!RITE(6.422) AAAIAAA2.AAA3 wi.CSPC 478

422 FORMAT(1H o1X9u'FLOW AREA#915Xv3(F10.4v5X)) IIICSPC 479
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WRITE(69423) ALFAI, ALFA29 ALFA3 WICSPC 480
423 FORMAT(1IHO.1XPOABSOLUTE FLOW ArGLE~t5XP3(Fl0.495X)) WICSPC 481

WRITE(6,424) BErAlBETA2 WICSPC 482
424 VORIIAT(IH PIX90RELATIUE FLOW ANGLEJ995X93(F10.495X)) WIcSPC 483

i4RITE(69425) AINCIRtAINCIS WICSPc 484
425 F'ORIAT(IH PlX.0INCIDEriCE0,lSX,2(FIO.4,5X)) WIcSPc 485

.WRITE(69426) ADEVIRPADEUIS WICSPC 486
426 FORtIAT(H PIX90DEUIATION~,30X,2(FIO.4,5X)) WIcSPC 487

IF(IUrIIT.NE.2) CO TO 860 WIcSPc 488
UTIPG( ISTAGE)=UTIPG( ISTAGE)/CFU WIcSPC 488
P(1)=P(1)/CFP WICSPC 490
P(2)=P(2)/CFP WICSPC 431
P(3)=P(3)/CFP WICSPC 492
PS1=PS1/CFP WIcSPc 493
PS2=PS2/CFP UICSPc 494
PS3=PS3'CFP WICSPC 495
TG(1)=TG(1)/CFT WIC5Pc 496
TC(2)=TG(2)/CFT WICSPC 497
TG(3)=TG(3)/CFT WICSPC 498
TSI=TSI/CFT IJICSPC 459
TS2=TS2/CFT WIcSPC 500
TS3=TS3/CFT WICSPC 501
RHOG( 1)=RHOG(1I)/CFD WICSPC 502
RHOG2=RrIOG2'CFD WICSPC 503
RHOG3=RHOG3/CFD WICSPc 504
RHDI( 1 )RHOI( 1 )/CFD WICSPC 505
RHOM2=OHnM2/CFD WICSPC 506
RHOM3=RHOII3/CFD WICSPc 507
UZI=UZI/CFU WIcSPC 508
UZ2UVZ2/CFU WICSPC 509
UZ3=VZ3/CFV WICSPC 510
U1=U1'CFu WICSPC 511
U2=V2/CFU WICSPC 512
U3=U3/CFV WICSPC 513
W1411/CFU WICSPC 514
W424U2/CFU WICSPc 515
U( ISTAGE)=U( ISTACE)/CFU WICSPC 516

*UU2( ISTAGE)=UU2( ISTAGE)/CFU WICSPC 517
U( ISTAGEGI )=U( ISTAGE+i )/CFU WICSPC 518USI=US1'CFU WICSPC 519
U52=US2/CFU WICSPC 520
WS1=WSI'CFU WICSPC 521
WS2=WS2/CFV WICSPC 522
ASPEDI=ASPEDICFJ WICSPC 523
ASPED2-ASPED2/CFU UICSPC 524
ASPED3-ASPED3/CFU WICSPC 525
AAA1=AAAI/CFA WICSPC 526
AAA2=AAA2/CFA WICSPC 527
AAA3=AAA3-"CFA WICSPC 528

860 CONTJINUE WICSPC 529
999 RETURN UIcSPC 530

END WICSPC 531
C ................................ 44.444.44.4.+++.44~4 H ICMAC I

CCCCCCCCCCCCCCCCCCCCCCCCCCCCcccccccccccCCCCMCCCCCCCCCCCCCC CCCCCCC WICfIAC 2
C C WICMAC 3
C SUBROUTINE WICFIAC C WICMAC 4
C C WIC14AC 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCmCCCCCCCCCCCCCCCCCCCCCCCCMC WICHAC 6

SUBROUTINE WICMAC(ISTAGEAIASSrITO1GPRESM.LIZCXW1,ALFA WICMAC 7
ItSRrIX, CPMIX. AREAl) WICMAC 8

REAL M PMAI#MCIMA29MC2pMANEWvMCNEW WICMAC 9
COMMON TUC?), IUNIT WICMAC 10
COMMON CFL, CFT CF'P, CFD. CFM, CFU, CFA WICtIAC 11
COMMON JPERFM, RHOG( 3)' RERUP, RERLO4,RESUPI RESLOW WICrIAC 12
COMMON PREE.RRTIP(8) *SRTIP(8).AAAI. AAA2.AAA3.SAREACS) .SAREASC7) WICtIAC 13
COMMON P(3)PTG(3).XA.XU(3).XCH4.XW(3),XWW(3),XWTL3),TWC3),TWU(3) IJICMAC 14
COMMON OMEGS(7)9 OMEGR(6).GAPRC6),GAPS(6) WICMAC 15
COMMON RRHUB(6) o RC(6) 9 RBLADE(G) v STAGER(S) WICMAC 16
COMMON SRHUB(7) v SC(7) , SBLADE(7) o STAGES(7) IIICMAC 17
COMMON SIGUfIR(G) 9 BETISR(6) 9 BETBSR(6) 9 AINC9R(6) 9 ADEUSR(6) WICMAC 18
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COMMON SIGUMS(7) , BET1SS(7) 9 BETRSS(7) * AINCSS(7) , ADEUSS(7) WICMAC 18
COMMON UTIPG(6).UTIP(6),UTIPD()UU(),UIEAN(6),UHU()U()FAI WICMAC 20
COMMON AREA(6),AREAS(7),UU2(6).UTIP2(6)UIEAN2(6),uHUB2(6). IPRINT WICMAC 21
COMMON ICENT,IICENT,FMRI(6),FMA2(6).IDESIN,FAID WICtiAC 22
COMMON NSNSI,RT(6),RM(6),RH()ST6)Srl()s14c) WICPIAC 23
COMMON DSMASSAAREA(7),AAREAS(7),PR12D(6),PR13D(6).ETARD(6) WICMAC 24
COMMION DR(6),DS(6),DEQR(6),DEOS(6),BLOCK(6),DLOCKS(7) WICMAC 25
COMMON BETIMR(6).BET2MR(6)PBETlMS(7),BET2iS(7),RADII(6),RADI2(6) I4ICMAC 26
GAMMA=1.*0/( 1. 0-RMIX/CPMIX/778. 0) WICMAC 27
G2=(GAMMA-i .O)12. 0 WICMAC 28
63=-1.0/(GAMMA-1.0) LJICMAC 28
MA1=0.5 &4ICMAC 30
RHOG1=PRES/RMIX/TOIG L4ICMAC 31
RHOGS=( 1. O+G2*MAI**2)**G3*RHOGI WICMAC 32
RHO W=62.4 WICMAC 33
RHOMS=1. /( (1.0 -XWI )/RHOGS+XW1/RHOW) WICMAC 34
TS=TOlG/(1. O+G2*MAI**2) WICMAC 35
A=SORT (CAMMA*RM IX*TS*32. 174) WICIIAC 36
C=WICASD(XW1,RHOGSPA) WICMAC 37
IF(JPERFM. NE. 3) LZ=AMASSM'RHOMS'AREAI WICMAC 38
SF ( JPERFI *EG.3) UZ=AMASSM'RHOGS/AREAI WICMAC 38
IF(AMASSM.LT.O001) UZ=UTIPG(ISTAGE)*FAI WICMAC 40
ALFAR=ALFA*3. 1415927/180.0 WICMAC 41
MCI=UZ/,C/COS(ALFAR) WICMAC 42
I1A2=O.6 WICMAC 43
RHOCS=( 1.0+G2*MA2**2)**G3*RHOCI WICMAC 44
RHOMS=1 .0/( (1.*0-XI1)/RHOGS+XW1'RHOW) WICMAC 45
TS=TO1C/(1. 0+G2*MA2**2) WICMAC 46
A=SORT (GAMtIA*RMIX*TS*32. 174) WICMAC 47
C=WICASD(XWI,RHOCS, A) WICr1AC 48
IF(JPERFM.NE. 3) UZ=AMASSM/RHOMS/AREA1 WICMAC 48
IF(JPERFM.EO. 3) UZ=AMASSM/RHOGS'AREAI WICMAC 50
IF(AMASSM.LT.0.001) UZ=UTIPG(ISTAGE)*FAI WICMAC 51
MC2=UZ'C/COS(ALFAR) WICtIAC 52
J= 1 WICMAC 53

300 11AHEW=ICN'EW(t1AlPMICltlA2pMC2) WICMAC 54
RHOGS=( 1.*0+G2*MANiEW**2)**G3*RHOGI UIrCMAC 55
RHOMS=1.0/(1 * 0-XWI )/RHOGS+XW1/RHOW) WICMAC 56
TS=TO1G/( I.* +G2-kMANEW**2) WICMAC 57
A=SORT(GAMMA*RMIX*TS*32. 174) WICMAC 58
C=WICASD(XWlPRHOCS, A) WICtIAC 59
IF(JPERFM.NE. 3) UZ=AMASSMRHO1S/AEAI WICP1AC 60
IF( JPERFM.EQ.3) UZ=AMASSM/RHOGS/AREAI WICMAC 61
IF(AMASSM.LT.0.001) UZ=UTIPC(ISTACE)*FAI WICMAC 62
MCNEW=UZ/C/COS(ALFAR) WICMAC 63
ERROR=ABS(MAiEW-MCIEW) WICMAC 64
ERROR=ERROR.'MANEW WICMAC 65
EPS=1.OE-6 WICMAC 66
IF(ERROR.LT.EPS) GO TO 200 WICMAC 67
MAl =MA2 WICMAC 68
MCI=MC2 WICMAC 69
;1A2=MANEW WICMAC 70
MC2=MCNEW WICMAC 71
J=J+l WICMAC 72
IF(J.LT.50) GO TO 300 WICMiAC 73
WRITE(69403) ISTAGE WICtIAC 74

403 FORMAT(lH0,OMZ DOES NOT CONVERGE AT STAGE0oll) WICMAC 75
GO TO 98B WICMAC 76

200 M=MANEU WICtIAC 77
IF(AMASStI.LT.0.001) ISTAGE=0 !.JCMAC 78

898 RETURN WICtIAC 79
END WICMAC 8o

C++.................................4.444.+44.+44+444 WICASD I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccCcrrCccC IIICASD 2
C C IJICASD 3
C FUNCTION WICASD C WICASD 4
C C WICASD 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICASD 6

FUNCTION WICASD (XW P RHOG 9 CG WICASD 7
RH0W=62.2567 WICAISD 8
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CU = 4956.04 UICASD S
SIGUrIA = ( XW * RHOC G RHOW - XW R14OU - RHOG ))WICASD 10
Al = ( 1.0-SIGUIA )*RHOG + SIGUM1A *RHOW WICASD 11

A2=( 1.0- SIGUtIA ( RHOG * CG* CC )WICASD 12
A3 = SIGUMA / ( RHOLI CU. CU) WICASD 13
A4 = Al *( A2 + A3) WICASD 14
LJICASD =1.0/ SORT ( A4 )WICASD is
RETURN WICASD 16
END WICASD 17

C+4..................................... ++++++,4++ ...++44,+++++ WI CBOA 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICBOA 2
C C WICBOA 3
C SUBROUTINE WICDOA C WICEDA 4
C C WICBOA 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICBOA 6

SUBROUTINE WICBOA( OMECAS, SIGUIABETIS. BET25. AINCIS. ADEUIS. AtACH1, WICEDA 7
IBET1,DEOSDEGN.SITACSSITACNBET2NX.AKI,AK3.UZ1.UZ2.URl.Rl.R2) WICEDA 8
CALL WICEDDCAK3,VZlUZ2,UR1,RlR2BETlSBET2SSIGUIAOMEGAS, WICBOA 9

$DEOS, SITACS) WICBOA 10
AINCI=BETI+AINCIS-BETlS WICBOA !I
BET2A=BET2S WICBOA 12
XI=BET2A WICBOA 13
DELDEO=WICED(AK3,UZIPUZ2.UR1,Rl,R2.EETIvXI.SIGUMA.AINCISPAINCI) WICBOA 14

$-BlEDS WICBOA i5
ADEUI=ADEUIS+(6.40-9.45*AMACH1+9.45*X)*DELDEO*AK1 WICBOA 16
IF(AMACH1 .LT.X) ADEUI=ADEUIS+6.40*DELDEQ*AKI WICEDA 17
BET2C=BET2S-ADEUI S+ADEUI WICEDA 18
Y1 =BET2C WICBOA Is
11=1 WICEDA 20

12 IF(N.GT.1) GO TO 10 WICEOA 21
BET2A=BET2S*1 * WICBOA 22

10 ',2=BET2A WICBOA 23
!JNWICED(AK3,UZ1,UZ2,URI.RlR2.BETIX2pSIGUMAAINCIS.AINCI) WICBOA 24
DELDEO=DEON-IJEQS WICBOA 25
ADEUI=ADEUIS+(S.40-9.45*AMACH1+9.45*X)*DELDEQ*AK1 WICBOA 26
IF(AIIACH1 .LT.X) AfEUI=ADEVIS+6.40*flELDEG*AKI WICBOA 27
BET2C=BET2S-ADE'JIS+ADEUI WICBOA 28
Y2=BET2C WICBOA 29
DELBET=ABS( (X2-Y2)/X2) WICBOA 30
EPS=1. OE-6 WICBOA 31
IF(DELDET.LE.EPS) GO TO 11 WICBOA 32
BET2A=WICNEW(X1 ,VIX2,vY2) WICBOA 33
Xl=X2 WICBDA 34
y1~y2 WICBOA 35
N=N+1 WICBOA 36
IF(N.GT.50) GO TO 13 WICBOA 37
GO TO 12 WICBOA 38

11 BET2N=X2 WICBOA 39
GO TO 15 WICBOA 40

13 WRITE(6,201) WICBOA 41
201 FORr1AT(IH0.ODO NOT CONVERGE$) WICBOA 42
15 RETURN WICBOA 43

END WICBOA 44
C .......................... +++-Il-'4+4++44+ 1111,1I , WICEDDI
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICEDD 2
C C WICEDD 3
C SUBROUTINE WICEDD C WICEDD 4
C C WICEDD 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICEDD 6

SUBROUTINE WICED(AK3,UZ1,UZ2,UR1.R1.R2.BET1S.BET2S.SIGUMAt WICEDD 7
SOMEGAS, DEOS. SITACS) WICEDD a
C1=180.0/3. 1415326 WICEDD 9
IETSR=BETIS/C1 WICEDD 10
BET2SR=BET2S/C1 WICEDD 11
CSB1=COS(BET1SR) WICEDD 12
CSB2=COS(CBET2SR) WICEDD 13
CSCS=CSB2/CSB1* C Z1'UZ2) WICEDD 14
CSCSS=CSB2/CSB1 WICEDD 15
YNE1=WICTAI4(BETISR) WICEDD 16
TNB2=WICTAN(BET2SR)*(UZ2/UZ1)*(R2/R1) WICEDD 17
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TNTN=TNBI-TNB2-(UR1/UZ1)*( 1.0-(R2/R1)u.2) WICEDD 18
I3EOS=1. 12*CSCS+o.61*'CSB1.*2)/SIGUMA.TNTN*CSCS WICEDD 1s
DEOS=AK3*DEGS WICEDD 20
SITACS=OMEGAS*C3B2/2. 0/SIGUIIA*(CSCSS4.2) WICEDD 21
RETURN WICEDD 22
END WICEDD 23

C .......................................... e...H4+++4+.4444 WE 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCVCCCCC WICED 2

C C WICED 3
C FUNCTION WICED C WICED 4
C C WICED 5CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC LJICED 6

FUNCTION WICED(AK3,ZIUZ2,URlRIR2,BETI,BET2,SICUjrAAINcIS. WICED 7
$AINCI) WICED 8
CI=180.0/3. 1415926 WICED 9
B7-TlR=BETI/Cl LJICED 10
BET2R=BET2/Cl LJICED 11
CSBI=COS(BETIR) WICED 12
CSB2=COS (BET2R) WICED 13
CSCS=CSB2/CSBI* (VZ1/UZ2) WICED 14
TNB1=WICTAN(BETIR) WICED 15
TNB2=WICTAN(BET2R)*(UZ2'UZ1)*(R2'R1) WICED 16
TNTN=TrBI-TNB2-cUR1~I/Zn1) .O-(R2/R1)**2) WICED 17
DEG1=1 *12*CSCS WICED 18
AAA=ABS(AINCI-AINCIS) WICED 1s
DE02=0. 0117*(AAA**1 .43)*CSCS WICED 20
DEO3=0.61*(CSBI**2)/SIGUMA*TNTN*CSCS WICED 21
WICED=DEQI+DE02*DE03 WICED 22
WICED=AK3*WICED WICED 23
RETURN WICED 24
END WICED 25

C ................................ ++++++++++++44 .......++ WI CMTK I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICMTK 2
C C WICMT( 3
C FUNCTION WICMTK C WICMTK 4
C C WICMTK 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC=CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICMTK 6

FUNCTION WICMTK(5ITACSAMACH1.DELDEO.AK2) WICMTK 7
IF(DELDEO.LT.0) GO TO 10 WICMTK 8
AI=O.827*AilACH1 WICMTK s
A2=2. 692*(AMACH1**2) W.ICMTK 10
A3=2. 675*(AMACHI**3) WICMTK 11
A=A1-A2+A3 WICMTK 12
WICMTK=SITACS+A*( DELDEG**2) *RK2 UICMTK 13
CO TO 11 WICM1TK 14

10 B1=2.80*AMACHI WICMTK 15
B2=8.71*(AMACHI**2) WICMTK 16
B3=9. 36*(AIIACHI**3) WICMTK 17
E=B1-B2+B3 UICMTK 18
WICrITK=SI TACS+B* (DELDEQ"2 ) 'AK2 WICMTK is

11 RETURN IJICMTK 20
END WICMTK 21

C .................................. .........444+++ 4++44++ W141CLOS1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICLOS 2
c C WICLOS 3
C FUNCTION WICLOS C WICLOS 4
C C WICLOS 5
CCCCCCCCCCCCCCCCCCCCC!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICLOS 6

FUNCTION WICLOS(BET19BET29SIGUIA#SITA) WICLOS 7
C1=180.0/3. 1415326 WICLOS 8
BETIR=BETI/C1 WICLOS 9
BET2R=BET2/C 1 WICLOS 10
CSB1=COS(BETIR) WICLOS 11
CSB2=COS (BET2R) WICLOS 12
CSCS=CSBI 'CSB2 WICLOS 13
WICLOSaSITA*2. 0*SICUrIA/CSB2*(CSCS**2) WICLOS 14
RETURN I4ICLCS 15
END WICLOS i6

C4..................... 4++ + .4..........+...4.++..................... WICIRS I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICIRS 2
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C C WICIRS 3
C SUBROUTINE WICIPS C WICIRS, 4
C C WICIRS 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICIRS, 6

SUBROUTINE WICIRS( ISTAGEPRPXLJIPXG,RHOG1,BETA1,Wl, WICIRS 7
IWI , WW2 v 1W IICIRS 8
REAL LUC WICIRS 9
COMMON TD(7),IUNIT WICIRS 10
COMMON CFL, CFT, CFP. CFD, CFM. CR1,CFA WICIRS 11
COMMON JPERFM, RHOG( 3), RERUP, RERLOW. RESUPI RESLOW WICIRS 12
COMMON PREBRRTIP(8),SRTIP(8),AAA1,AAA2.AAA3,SAREACS).SAREAS(7) WICIRS 13
COMMON P(3),TC(3).XA.XU(3).XCH4,XW(3)PX4W(3).XWT(3).TW(3),TWW(3) WICIRS 14
COMMON OMEGS(7),OMEGR(6).GAPR(6).GRPS(6) WICIRS 15
COMMON RRHUB(6) 9 RC(6) ,RBLADE(6) v STAGER(S) WICIRS 16
COMMON SRHUB(7) ,SC(7) P SBLADE(7) , STAGES(7) IJICIRS 17
COMMON SIGUMR(6) 9 BET1SR(6) v BET2SR(6) v AIMCSR(6) 9 ADEUSR(6) WICIRS 18
COMMON SICUMS(7) , BETISS(7) , BET2SS(7) t AINCSS(7) * ADEUSS(7) WICIRS !9
COMMON UTIPG(6),UTIP(6).UTIPD(G),UOU(6).UMEAN(6),UHUB(6).U(6),FAI WICIRS 20
COMMON AREA(6),AiREAS(7),UU2(6),UTIP2(S)oUMiEAN2(6),UHUB2(6),IPRIiT WICIRS 21
COMMON ICENT.IICENT,FMR1(6),FMA2(6),IDESINFAID WICIRS 22
COMMON NSNS1,R(6),Rf1(6),RH(G),ST(6),SM(6).SH(6) WICIRS 23
COMMON DSMASS,AAREA(7).AAREAS(7),PR12D(6),PR13D(6),ETARD(6) WICIRS 24
COMMON DRC6),flS(G),DEOiR(),DEOS(6),BLOCK(G).BLOCKS(7) WICIRS 25
COMMON BETlMR(6),BET2MR(G),BET1MS(7),BET2MS(7),RADII(6),RADI2(S) WICIRS 26
N = ISTAGE WICIRS 27
PAI = 3.1415926 WICIRS 28
Bl 1.0 WICIRS 29
B2R = ( 90.0 - BETAl + STAGER ( N ))*PAI / 180.0 WICIRS 30
B2 = COS ( B2R ) WICIRS 31
Lk'C=XWI/XG*RHOG1 WICIRS 32
DS1=0.07*RC(N) LJICIRS 33
EETAlR =BETA1* PAI / 180.0 UICIRS 34
fS2 = 2.0 * PAI R / RBLADE(N) *COS (BETAIR) /WICIRS 35

$COS(B2R) WICIRS 36
IF(flS2.CE.RC(N)) DS2=RC(N) I4ICIRS 37
H=(AAA1*144.0)/(2.0*PAI*R) WICIRS 38
Al=DS1*H*RBLADE(N)/144. 0 WICIRS 39
A2=DS2*H*RELADE (N) /144.0 WICIRS 40
WW =LWC *WI *BI* Al W.ICIRS 41
WW2 =LWC *Wl *B2 *A2 WICIRS 42
WW 4= WWI1+1WW2 WICIRS 43
RETURN WICIRS 44
END WICIRS 45

C ................................. ... ++++++. .'--......+. WICISS I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICISS 2
C C WICISS 3
C SUBROUTINE WICISS C WICISS 4
C C WICISS 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WII.ISS 6

SUBROUTINE WICISS( ISTAGE PR ,XW1. XG P RHOGAS PALFA29UI v WICISS 7
$WI14112,1W) WICISS 8
REAL LWC WICISS S
COMMON TD(7), IUNIT Uiciss 10
COMMON CFL, CFT, CFP. CFD, CFM, CR1,CFA WICISS 11
COMMON JPERFM, RHOG( 3), RERUP, RERLOW, RESUP. RESLOW WICISS .
COMMON PREBPRRTIP(8),SRTIP()AAA1AAA29AAA3,SAREA(S).SAREAS(7) WICISS 13
COMMON P(3)9 TG(3) 9 XA9 XU(3).XCH4.XW(3)PXUW(3).XWT(3),TU(3).TUU(3) WICISS 14
COMMON OMEGS(7),OMEGR(6),GAPR(6).GAPS(6) WICISS 15
COMMON RRHUB(6) ,RC(G) v RBLADE(6) 9 STAGER(S) wiciss 16
COMMON SRHUB(7) , SC(7) ,SBLADE(7) 9 STAGES(7) WICISS 17
COMMONI SIGUMR(6) 9 BETISR(6) 9 BET2SR(6) v AINCSR(6) 9 ADEVSR(8) WICISS 18
COMMON SIGUMS(7) 9 BET1SS(7) 9 BET2SS(7) 9 AINCSS(7) 9ADEIJSS(7) WICISS is
COMMON UTIPG(6),UTIP(6).UTIPD(6).UOU(6).UMEAN(6),UHUB(G).U(6).FAI WICISS 20
COMMON AREA(6).AREAS(7),UU2(6),UTIP2(6).UMEAN2(6),UHUB2(6), IPRIrIT WICISS 21
COMMON ICENTIICENTFMR1(6),FMA2(6),IDESIMFAID WICISS 22
COMMON NSPNSlRT(6),RM(6),RH(6),ST(6)tSM(6).SH(6) WICISS 23
COMMON DSMASS.AAREA(7)PAAREAS(7),PR12D(6),PR13D(6).ETARD(6) WICISS E4
COMMON DR(6),DS(6).DEOR(6),JiEO5(6).BLOCK(6),BLOCKS(7) WICISS 25
COMMON DETIMR(6).BET2MR(6).BET1MS(7).BET2MS(7).RADII(6),RADB(6) WICISS 26
LWC XUI/ XC *RHOCAS UICISS, 27
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DS1=( 0.06 * SC ( ISTAGE ))/12.0 ulclss 28
PAI=3. 1415926 WICISS 29
D31=1.0 WICISS 30

)LFAP=AFA2*AI/.. WICISS; 33
flS2=2. O.PAI*R/SBLADE( ISTAGE)*COS(ALFA2R)/CDS(B2R) UlCISS 34
IF(DS2.GT.SC(ISTAGE)) DS2=SC(ISTACE) WICISS 3
H=(AAA2*144.0)i.2. O*PAI*R) WICISS 36

*Al=DS1*H*SBLADEkISTAGE)/144.O WICISS 37
* A2=DS2*H*SBLADE(CISTACE) '144.*0 LJICISS 38

WW1=LWC*Vl*BI*Al WICISS 39
W2=LWC*U1 *B2*A2 wiciss 40
LJW=LJL1+WW2 WICISS; 41
RETURN WICISS 42
END WICISS 43

C+4................................................ +++-................ WICIRL I

C C WICIRL 3
C SUBROUTINE WICISL C WICIRL 4
C C WICIRL 5
CCCCCCCCCCCCCCCCCCCcCCCCcCccCCCCccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICIRL 6

SUBROUTINE WICISL(ISTAEoRXWlXGRHOG,ALFA2WWWII,UI.) WICIRL 7
REAL LWC WICIRL 8
COMMON TD(7),IUIIT WICIRL 9
COMMON CFL, CFT, CFPCFO, CFM. CFU. CFA WICIRL 10
COMMON JPERFM, RHOG(3) ,RERUP. RERLOW.RESUP.RESLOW WICIRL 11
COMMON PREB.RRTIP(8).SRTIP(8).AAAI.AAA2,AAA3.SRREA(6),SAREAS(7) WICIRL 12
COMMON P(3),TG(3),XAXU"3).XCH4,XW(3), XWW(3).XWT(3),TW(3),TWW(3) WICIRL 13
COMMON OMEGS(7).OMEGR(6),GAPR(6),GAPS(6) WICIRL 14
COMMON RRHUB(6) v RC(6) PRBLADE(6) , STAGER(6) WICIRL 15
COMMON SRHUB(7) v SC(7) 9 SBLADE(7) 9 STAGES(7) WICIRL 16
COMMON SICUMR(6) 9 BETISR(6) , BET2SR(6) 9 AINCSR(6) P ADEUSR(6) WICIRL 17
COMMON SIGUMS(7I 9 BETlSS(7) 9 BET2SS(7) 9 AINCSS(7) v ADEUSS(7) WICIRL 18
COMMON UTIPG(6).UTIP(S),UTIPD(6),UOU(6),UMEAN(6),UHUB(6).U(6).FAI WICIRL is
COMMON AREA(6),AREAS(7),UU2(6),UTIP2(6).UMEAN2(6),UHUB2(6),IPRIhT WICIRL 20
COMMON ICENT.IICENT,FMRI(6),FMA2(6),IDESIN,FAID WICIRL 21
COMMON NSNS1,RT(G),RM(6),RH(G),ST(6),SM(6),SH(G) WICIRL 22
COMMON DSMASS.AAREA(7).AAREAS(7),PRI2D(6),PR13D(6),ETARD(6) WICIRL 23
COMMON DRCS)PDS(C).DEOR(6).DEOS(G).BLOCK(6),BLOCKS(7) WICIRL 24
COMMON BET1MR(6), BET2hlR(G),BET1MS(7),BET2MS(7),RADII(6),RAD12(6) WICIRL 25
PAI=3. 1415926 WICIRL 213
LWC = XWI/ X(G * RHOCi WICIRL 27
ALFA=(90. 0-ALFA2)/2. 0*PAI/180. 0 WICIRL 28
BETA=(90. O+ALFA.a)/2.0*FAI/180.0 WICIRL 29
Bl=SIN(ALFA) WICIRL 30
B2=SIN( BETA) WICIRL 2i
U1=W1*COS(ALFA) WICIRL 32
U2=W1*COS( BETA) WICIRL 33
S=2.0*PAI*SRTIP(ISTAGE)-/SBLADE(ISTACE)/2.O WICIRL 24
GSI=ALFA2+(90.0-ALFA2)/2. 0 WICIRL 35
GSIR=GSI*PAI/180. 0 WICIRL 36
STAGR=STAGES( ISTACE)*PAI'18O.O WICIRL 37
Y2=GAPS( IST.ACE)',2.0*( WICTAN(STAGR)-WICTAN(GSIR) )+S WICIRL 38
DAMY1=(90.0-GSI )*PAI/180.0 WICIRL 39
Yl=Y2*SIN(DAMV1', WICIRL 40
DAMY2=(GSI-STAGCS( ISTAGE) )*PAI/180. 0 WICIRL 41

*DSI=YI-'SIN(DAMY2) WICIRL 42
IF(DSI.CT.SC(ISTACE)) DS1=SC(ISTAGE) WICIRL 43
DAWM'3=(90.-(S0.O'-ALFA2)/2.0)*PAI/180.0 WICIRL 44
DAMY'4=STACEG( I5rAGE)*PAI/1B0.0 WICIRL 45
DAMY5=ALFA2*PA I 180.0 WICIRL 46
DAMY6=S-GAPS( ISTAGE)/2.0*(WICTANDAMY5)-WICTAN(DAMY3)) IICIRL 47
DAMY7=COS(DAMY4 )*WiCTAN(DAMY3)+SIN(DA1Y4) WICIRL 48
DS2=DAMY6'DAMY7 WICIRL 49
IF(D52.CT.sC(ISTAGE)) DS2=SC(ISTAGE) WICIRL 50
H=(AAA2*144.0W,2.0*PAI*R) UICIRL 51

*A1=DSl*H*SBLADE( iSTAGE)/144.0 WICIRL 52
A2=DS2*H*SBLADE(ISTAGE)/144.0 WICIRL 53

* LWl=LWC*Ul*Dl*Al 22WICIRL 54



LW2=LWC*U2*B2*A2 WICIRL 55
WW=WW1+WW2 WICIRL 5

REUNWICIRL 57
END LIICIRL 58

............................... ...............+++4.+-.... WICWAK I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC LIICW.JK 2
C C WICLJAI 3
C SUBROUTINE WICWRK C WICWAK 4
C C WICWAK 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICLJRK 6

SUBROUTINE W4IC.JK ( RHOG U DWAKE ,DLIAKEM )WICLIAK 7
UISCOF=1 .20E-3 WICWAK 8
SICUMA = 4.GS34E-3 WICWAK 9
C= 32.174 WICI4AK 10
W-E=21.0 WICWAK 11
DWAKE1 =CWE * SICUMA * CC) RHOG 'U **2 WICWAK 12
SN=UISCOF*2/(RHOCSIUiA*DWAKE1*CC) WICLJAK 13
WELIMT=12. 0*(1. O+SN**0.36) WICWAK 14
flI=WELIIIT*SIGUtIA*CC/(CRHOC*VI*2) WICLJAK 15
WE=22. 0 WICWAK 16
DWAKE2=(WE*SIGUMA*GC )/RHOGIV**2 WICW.AK 17
SNUVISCOF**2/( RHOG*SICUMA*DWAKE2*GC) WICWAK 18
W.ELIT=12.0*( 1.0+SN**0.3G) WICWAK is
12=WELIMT*SIGUMA*GC/( RHOC*U.*2) WICWAK 20
XXXX=WICNEW(DWAiE1,D1, IjWAKE2,D2) WICWAK 21
SN=UISCOF**2/( RHOG*SICUMA*XXXX*GC) WICWAK 2
L!ELIMT=12.0*( 1.0+SN**0.3G) WICWAK 23
DWAKE=WELIMT*SIGUMA*GC/ (RHOG*U**2) WICWAK 24
DWAKEM =DWAKE / 3.2802 * 1.0ES WICWAK 25
RETURN WICWAK 26
ENDl WICWAK 27

C++..................................... .. ++,,+,+.+. ....+...+ W ICHET I
CCCCCCCCCCCCCCCCCCCCCCCCCCCC.CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICHET 2
C C WICHET 3
C SUBROUTINE W1ICHET C WICHET 4
C C WICHET 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I4ICHET 6

SUBROUTINE 'JICHET(TC1, TG3. TWI, TW3, DAVUEN2,DAVEN, WICHET 7
$DELZI, UZ, WMASS1.UMASS1 ,AtASS.CHMASS, CPG, CPW, DELTGH, DELTUN, RE) WICHET 8
DIMENSION DELHET(51) WICHET 9
REAL ND , KA 9 NU 9 fMiASS#NU WICHET 10
DELTCH=0.0 WICHET 11
DELTWHO0.0 WICHET 12
IF(I4MASSI.LT.1.OE-6) CO TO 11 WICHET 13
PAI = 3.1415927 WIC14ET 14
DAUEA) (DAUEN2+DAUEN ) 2* 1. OE-6*3.2802 WICHET 15
IF(DAUEAU.LT.1.OE-G) CO TO 11 WICHET 16
RHOW = 62.54 WICHET 17
ril= WrIASSI /(RHOW *4.0 / 3.0 * PAI DAUEAU /2.0 )'3) WICHET 18

KA =0.015 / 3600.0 WICHET 1s
PR=0.*7 WICHET 20
NLI=2. 0+0.6*SORT(RE)*PR*o0.33 WICHET 21
HCONUE =KA / DAUEAV * NU WICHET 22
j = I WICHET 23

10 DELT=((TCl-TWI)+(TC3-TW3))'2.0 WICHEI 24
DELHH = HCONVE * 4.0 * PAI DAUEAV 2 0 ) '2*DELT *WICHET 25

$PiD*DELZI AJZ WICHET 26
CMASSI =UMASS1+AMASS+CHMASS WICHET 27
DELTCH=DELHH/ C iIASSI*CPC) WICHET 28
DELTWH=DELHH/ CWMASSI*CPW) WICHET 29
TC3=TG3-DELTC:4 WICHET 30
TW3=TW3+DELTWH WICHET 31
DLLHET(J)=DELHH WICHET 32
J=J+1 WICHET 33
IF(J.EO.2) GO TO 10 WICHET 34
EPOR=ABS(DELHET(U-i )-DELHET(J-2)) WICHET 35
EPS=0. 0001 WICHET 36
IF(J.GT.50) CO TO 11 WICHET z
IF(EROR.GT.EPS) CO TO '0 WICHET ::8

11 RETURN WICHET 35

230



END WICHET 4n

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICMAS 2
c C WICMAS 3
C SUBROUTINE I4ICMAS C WIClIAS 4
C C WICMAS 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I.ICIIAS 6

SUBROUTINE WICrIAS( H11 TWi o TW2 v PPI P P2 9 TGI 9 TG2 9 DZ ,WICMAS 7
I P1481 , PWB2 , P141 9 PW2 * IZ , DDAUEI 9 DDA&JE2 P IHW2 # UMASSI W ICMAS 8
I UtIASS2 , Wr.ASSI 9 WMASS2 9 DMDTAV v AMASS 9RE) WICMAS 9
PUB1 = WICPWB(T141)*144.0 LJICMAS 10
PWB2 =WICPWB( TW2 )*144.0 WICM1AS 11
P141 HWI * PPI )/CHWI + 0.6219) &ICIIAS 12
DMDTI WICMTR( TG1 *TWI v PP1 v DDA1)EI , 1)2 9 DZ # WMASS1 WICI1AS 13

IPWI oRE) UICMAS 14
P142AS1 P141 WICMAS 15
DMDT2 = 1ICMTR( TC 2 *TW 2 *PP2 v DDAUE2 o 1)2 v DZ v 1.JIASS1 v WICMAS is

pIPW2AS1 *RE) WICMAS 17
DMDTA) = ( JINDTl + DMDT2 ) '2.0 14ICMAS 18
U1IASS2 = UMASSI + DMDTAU WICMAS 19
W-MASS2 = LIMASSI - DMDTAU WICIAS 20
H142=UMASS2/AtIASS WICMAS 21
PW2CLI = ( (-(12 * PP2 ( / ((12 + 0.6219 ) ICMAS 22
PW2AS2 = P141 * 1.05 WICMAS 23
DMDT2 = 14ICMTR( TC2 *T142 *PP2 * DDAVE2 * 12 *D2 * 1MASS2 W ICMAS 24
IPW2AS2 9RE) WICMAS 25
DMDTAU = (IJMDTI + DMDT2 ) / 2.0 WICIIAS 26
UMASS2 = UMASSI +- DMDTAV 14ICMAS 27
WKASS2 = UMASSI - DMDTAV WICMAS 28
H142 = QMASS2 / AMASS WICMAS 29
PW2CL2 =C H142 PP2 ( HW2 + 0.6215 WICMAS 30

2 P 42ASN = WICNEW CPW2AS1 *PW2CLI # P142AS2 9 PW2CL2 )WICMA~S 31
PW2ASl = PW-2AS2 WICMAS 32
PW2CLI = PW2CL2 WICMAS 33
PW2AS2 = P142ASN UICMAS 34
DMDT2 = WICMTR( TC2 9T142 ,PP2 v DDAUE2 9 UZ 9 2* WtIASS2 9 PW WICMAS 35
12AS2 WrE) WICMAS 36
DMDTAU = ( DMDTI + DMDT2 )/2.0 WICMAS 37
1)MASS2 = UMASSI + DuIDTA1) WIC.IAS :38
WMASS2 = WMIASSI - DMDTAU WICMAS 3S
H142 = VMASS2 / AMASS WICIAS 40
PW2CL2 = I HW2 * PP2 3/CHW2 + 0.6219) W~ICMAS '1V
ERROR = ABS ( PW2AS2 -PW2CL2 3WICIIAS 42
EPS =0.01 WICMAS 43
!F ( ERROP . CT . EPS 3GO TO 2 (JIC!IAS 44
P142 = PW2HS2 WICMAS 45
RETURN WICMIAS 4
END WICMAS 47

C+ ...... ; ............................. =11 .......... ............. * WI CMTR 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICMTR 2
C C WICMTR 3
C FUNCTION9 WICMTR C WICIITR 4
c C W.IC!ITR 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCC WI CMTR 6

FUNCTION W-ICMTR(TTG, TTW.PPP, DAUEUZ.DZMMASS*PW.RE) WICMTR 7
REAL KG , NDo MMASS WICMTR 8

*IF(DAUE.LT.1.OE-6) 1ICMTRO0.0 WICMTR 9
7 F(DAUE.LT.1.OE-6) CO TO 10 WICtITR 10
DD=DAUE*1 OE-6*3. 2802 WICMTR 11
T = ( TTG +- TTW )/2.0 WICMTR 12
PAZ 3.14'5926 WICMTR 13
rHOW = 2.2567 WICMTR 14

IR=DD /P.O WICMTR 15
I T *5.0 / 9.0 WICMTR is
O= PPP * 47.8a0258 WICMTR 17

DU=4.24028E-3*(TT**1 .5)/PP WICMTR 18
SCT0. 60 WICMTR is
1=2. 0i0.60*SORT(RE)*SC T**0.33 WICMT- 20

KG DVlu DD *SH WICMTR 21
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I-V=11 15.3279-O.G840909*(TTW-460.O) WICMTR 22
PWBB=PIJ+23. 0/18.0.0.45/HU*PPPe(TTG-TTW) WICrITR 23
R =85.78 WICtiTR 24
ND MMASS /( RHOW * 4.0 /3.0 *PAI *RR *3) WICMTR 25
WICMTR KG *4.0 *PAI *RR *2 (PtB,/TTW PW /TTG)/R WICrITR 26
1 * ND *DZ / UZ WICMTR 27

10 RETURN WICMTR 28
END WICMTR 29

C ...........+ ....................++++~+*.-.+++++................. WI CPWB I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccc WI CPWB 2
C C WICPWB 3
C FUNCTION WICPWB C WICPWB 4
C C UICPWB 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICPWB 6

FUNCTION WICPWB(TWB) WICPWB 7
TSTAG=TWB WICPWB 8
TSTAGC=(TSTAG-492. 0)/i .8 WICPWB 9
IF(TSTAGC.LT.100.0) GO TO 40 WICPWB 10
IF(TSTAGC.GE.100.O.AND.TSTAGC.LT.200.0) GO TO 41 WICPWB 11
A=5. 45142 WICPUB 12
B=2010.8 WICPJB 13
GO TO 42 WICPWB 14

40 FA=5.9778 WICPWB 15
B=2224.4 WICPWB 16
GO TO 42 WICPWB 17

41 A=5.6485 WICPWB 18
B=2101 .1 WICPWB 19

42 AA=A-B' (TTA~c+273. 0) WICPWB 20
PS=1O. 0**AA WICPWB 21
PS=PS/4.*88247E-4 WICPWB 22
WICPWB=PS/144.0 WICPWB 23
RETURN WICPWB 24
END WICPWE 25

C ................................ .......++ .......... +......... WI CNEA 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICNEJ 2
C C WICNEW 3
C FUNCTION WICNEW C IJICNEW 4
C C WICNEW 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC W ICNEW 6

FUNCTION WICNEW'.X1,Y1.X2vY2) WICNEW 7
T=ABS( (X2-XI )/Xi) WICNEW 8
IF':T.LT.1.OE-6) WICNEW=(YI+Y2)r2.0 WICNEW 9
IF(T.L'r.1.0-6-) GO TO 100 WICNEW 10

B=Yl-A*Xl WICNEW 12
I.ICNEI4=B'( 1.0-A) WICNEW 13

100 RETURN WICNEW 14
END WICNEW 15

C+..........................+ ... ...+..,...................... WICEPT 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICEPT 2
C C WICBPT 3
C FUNCTION WICBPT C WICDPT 4
C C WICEPT 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICEPT 6

FUNCTION LI1CBPT(TSTAG, PSTAG) WICBPT 7
TSTAGC=(TSTAG-432.O)'1 .8 WICBPT 8
IF(TSTACC.LT.100.0) CO TO 20 WICBPT s
IF(TSTACC.GE.100.O.AND.TSTAGC.LT.200.O) GO TO 21 WICBPT 10
A=5.45142 WICEPT 11
B=2010.8 WICBPT 12
CO TO 22 WICBPT 13

20 Hi=5.9778 WICBPT 14
D=2224.4 WICBPT 15
CO TO 22 WICBPT 16

21 A=5.6485 W , -CBP7 17
B=2101.1 W.LCr.PT 18

22 PS=PSTAC*4.88247E-4 WICBFT !9
TBOILK=E/(A-ALO-710(PS)) 14ICBPT 20
WICBPT=TBOILK*1 .8 WICEPT 21
RETURN 232 WICEPT 2



-- -7

END WICBPT 23
C .............. ++++++++4?---4 1111:11 I++4++...... WICSH I
CCCCCCCCCCCCCCCCCCCCC~tCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccccccccccccccc W~IC5H 2
C C WICSH 3
C FUNCTION WICSH C WICSH 4
C C WICSH 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICSH 6

FUNCTION I4ICSH( TSTAGJ PSTAG) WICSH 7
TSTAGC=(TSTAG-422.0)'1 .8 WICSH a
IF(TSTAGC.LT.100.0) GO TO 40 wicsH 9
IF(TSTAGC.GE.100.0.AND.1STAGC.LT.200.0) GO TO 41 WICSH 10
A=5. 45142 &lICSH 11
B=2010.8 WICSH 12
GO TO 42 WICSH 13

40 A=5.3778 WICS4 14
B=2224 .4 WICSH 15
GO TO 42 WICSH is

41 A=5.6485 WICSH 17
B=2101.1 WICSH 18

42 AA=A-B/(TSTAGC+273. 0) IJICSH is
PS=10. 0**AA WICSH 20
PS=PS'4.88247E-4 WICS4 21
WICSH=0 .621 8847*PS' CPSTAG-PS) WICSH 22
RETURN WICSH 23
END WICSH 24

C++.................................4+ .........4-4~+ WI CTAN 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICTAN 2
C C WICTAN 3
C FUNCTION WICTAN C WICTAN 4
C C WICTAN 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICTAN 6

FUNCTION WICTAN(X)' WICTAN 7
A=COS CX) WICTAN 8
B=SIN(X) WICTAN 9
WICTAN=B/A WICTAN 10
RETURN WICTAN 11
END WICTAN 12

C ................................. ............ .........++4++++ WICCEN 1
CCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICCEN 2
C C WICCEN 3
C SUBROUTINE WICCEN C WICCEi 4
c C WICCEN 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICCEN 6

SUBROUTINE WICCEN(RZEROUZERO.DD.UZDELZZtALFAAUFNPIRSRHOGAS WICCEN 7
IRHUBR2,U2,ITIPUZTIM'E.XG.XA.XUUXCH4oRTIPIN) WICCEN 8
REAL N WICCEN 9
PA1=3. 1415926 WICCEi 10
ALFAAR=AL.FAAU*P~l/180 .0 WICCEN 11
IF(DD.LT.1.OE-6) GO TO 12 WICCEN 12
fL=DD*1 .OE-6*3.2S02 WICCEN 13
RH-OA=IRHOGAS WICCEN 14
RHOD=62.37 WICCEN 15
X)XAA=XA/XG WICCEN 16
XXUU=XUXG WICCEN 17
XXCC=XCH4/XG WICCEN 18
UISCO=(XXAA*0.05?lS+XXUU*0.03293+XXCC0.035)/~36OO.O WICCEN 19
ENDTIM=DELZZ/VZ WICCEN 20
JJ=10 WICCEN 21
BELTIII=EMDTIM'FLOAT(CJJ) WICCEN 22
RI=RZERO WICCEN 23
U1=UZERO WICCEN 24
TIME=0.0 WICCEN 25
.JJJ=1 WICCEN 26

11 RE=13*UI/VISCO WICCEN 27
B1=0.44 WICCEN 28
N=0.0 WICCEN 29
IF(RE.LT.1.9) B1=24.0 WICCEN 30
IF(RE.LT.1.9) N=1.0 WICCEN 31
IF(RE.GT.1.S.AND.RE.LT.500.0) B1=18.5 WICCEN 32
IF(RE.GT.1.9.AMD.RE.LT.500.0) N=0.6 WICCEN 33
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WICCEN 34
ULJ1=Rl/12.0*2. 0*PAI*FNV60.0 WICCEN 36
IF(R1.GT.RTIPIN) VW1=RTIPIN/I2.0.2.O.PAI'F1VGO0.0 WICCEN 37

UO TO 11 AN(LFAR WICCEN 58
12 AFAUGTI0 RETURN2. WICCEN 40

A=U*UW(IO-ROARHD. ICCEN 41

DERST ARIP*1D2.0-CDMUT*(. MASW2DELM WICDN 42

120 IF(DMCELU../2 EN.0 WICDMS 15
IF( DMCET CTM*12.SW0DICN=AAW WICDN 16
R2(Rl.GT.RTI OO10 WICDCiS 17
TIMINDMETI WICCMS 18
IPIUThDME WICflMS 18
CO TO 100Q.2 WICDIIS 20

DrlI=0. WICDCS 2
DMO=2 EN WICCEN 23
IF(RA.EO3)nriiiol WICCS 54
AZTISL=AZMW1INDtO WICCES 26
IF(AIMU.T.0.0TI) GOTOAS 2 WICCMS 27
IF(JJJSW.E.J CT. AMSTO 12SJ2AIA WICDMS 28
DE0IA=TO SW-A11W WICCES 28

12RETURN WICCES 33
ENID WICCES 34

C .......... ...................................+4.+.+e+,4+++... + WICDML 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeCC WICD~L 2
C C WICDlmL

SUBROUTINE WICDML C WICDML 4

SUBROUTINE WICDML( IPRINT. IRADPAMASW1.AMASITAMASIJRI.R2.STAREA9 WICDIL 7
$RSTAUE. RTIP, DMND. MOUT, AMASW2, DELIIAS) WC~

PAI=3141596 WIC234



RST1=RSTAVE WICDML 10
Al=STAREA WICDIL 11
A2=PAI*(R2**2-Rl**2)/144. 0 WICDIL 12
k2=A2*0.*5 WICDIL 13
DtICENT=A2/A 1'AMASW WICDML 14

120 IF(DMCENT.LT.O.0) DIICENT=0.0 LIICD#IL 15
I ( DMCENiT.G T. At1SWT) DMCEtIT=AtIASWT WICDML 16
IF(RI.GT.RSTI) GO TO 110 UICDIL 17
DMIII=DMCENT UICDML 18

GO(IRTO E10 ~ OU=. WICEMfL 24
IIRD.)DMI II=0.0 WICDL 25

AMASW2=AASWI+DMIN-UMOUT WICDIL 26
IF(AMASU2.LT.0.0) AMASW2=0.O WICDIL 27
IF (A!IASW2. CT.*AMASWT) ATASW2=AMASWT WICDML 28
DELMAS=AMASW-2-AiIASW1 WICDML 29
IF(IPRINT.EO.2) WRITE(6,200) AMASW2,AASUI.DtlIMlDTOUTDIICEIIT WICDML. 30

$AMASWT, AMASW, DELMAS WICDML. 31
20FORtiAT(IHO.8(FIO.S#3X)) UICDIL 32
RETURN WICDIL 33
END WICDML 34

C ................................ ......-444+++++**+......... WICDRG 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccccccccCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICDRG 2

C ICDRG 3
CSUBROUTINE WICDRC CWICDRG 4

CCWICDRG 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC ICDRG 6

SUBROUTINE WICDRG(DDELV19RHGAS1.RHGAS2,CD2,DELV2.DRRG1,RE) WICDRG 7
REAL Ndl LJICDRG 8
GC=32. 174 WICDRG 9
!PRINT1l WICDRG la
UISCOC=12. OE-G WICDRG 11
PIAI=3. 1415927 14ICDRG 12
IF(D.GT.O.O) GO TO 300 WICDRG 13
CD2=0.0 WICDRG 14
IELU2O * 0 WICDRG i5
DRAC1=0. 0 WICDRG 16
RE=0 * 0 WICDRG 17
GO TO 301 WICURG 18

300 REI=(RHGAS1*D*DELUI )/UISCOC WICDRC 19
RE=REI WICDRG 20
B11=0.44 WICDRG 21
N1=0.0 WICDRG 22
IF(RE.LT.1.9) B11=24.0 WICDRG 23
IF(RE.LT.1.9) N1=1.0 WICDRC 24
i-F(RE.GT.1.9.AND.RE.LT.500.0) B1118.5 WICDRG 25
IF(RE.CT.I.9.ANIJ.RE.LT.500.0) N1=0.6 WICDRG 26
CD1=B1 1/(RE1**N1) WICDRG 27
DRAGI=0.5*RHGAS1*(DELVI.*2)i.(PAI*D**2)*CDI WICDRG 28

S/GC UICDRG 29
DAMY=DRAC1*GC/(CD1*0.5*RHGAS2*(PAI*D**2)) WICDRG 30
IF(IPRINT.Eg.2) WRITE(69200) D.DELUIRHGASI.RMGAS2RE1,B1INl1. WICDRG 3

SCD19DRAG1, DAMY WICDRG 32
200 FORIIAT(IHOP10(F*-O .592X)) WICDRG 33

DELU2=SRT(DAIY) 11ICDRC 34
RE2=RHGA032*D*DELU2/UISCOG WICDRG 35
B1=0.44 WICDRG 36
N=0.0 WICDQG 37
IF(RE2.LT.1.9) B1=24.0 WICDRG 38
IF(RE2.LT.1.9) N=1.0 WICDRG- 3
IF(RE2.CT.1.3.AND.RE2.LT.500.O) B1018.5 WICDRG 40
IF(RE2.GT.l.9.AND.RE2.LT.500.0) M0.6 IJICDRG 41
CD2=Bl..(RE2**N) WICDRG 42
IF(IPRINT.EQ.2) WRITE(6#101) RE1.BII.M1.CD1.DELIoRE2.3,rl.CD. WICDRG 43

$DELV2 WICDRG 44
*101 FORIAT(1HO,2X'10(F1O.5v2X)) WICDRG 45

* 235



RE=(RE1+RE2)/2.0 LJICDRC 46
301 RETURN WICDRO 47

END WICDRG 46
C .......... 4~ +++++++++++ ...............+........+-+4+++-4 +++++.+.4.+.. WI CS!2 ZI
cctcccccccccccccccccccccccccccccccccCCCCCcccccccccccccccccccccccctcccc uxcszz 2
C C I.ICSIZ 3
C SUBROUTINE UICSIZ C &ucsz 4
c C WICSIZ 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICSIZ 6

SUBROUTINE WICSIZ(WMASSLWMASSSAIING1,AMIN2AING3,DLDStDD, WICSIZ 7
5D3.DLIMIT, AMSLL,AMLCE. DSLL.DLCE) UICSIZa
TMASSI=WMASSL+WMASSS+AMINC1.AN!N6G2*ANING3 &lIC5IZ 9
AMLO0.0 WICSIZ 10
AMSO0.0 WICSIZ 11
IF(DL.GT.DLIMIT) ANL=AML+JIASSL WICSIZ 12
IF(DL.LT.DLIMIT) AMS=ArIS+WtIASSL WICSIZ 13
IF(DS.GT.DLIIT' AML=Qf'L+WIASSS WICSIZ 14
IF(DS.L..DLIMIT) AMS=AS+LIMASSS WICSIZ 1s
IFCD1.CT.DLIrIIT) AMLsAtILtAIINCI IJICSIZ 16
IFCD1..LT.DLIrIIT) AMS=ANS+AMINC1 WICSIZ 17
IF(D2.GT.DLIMIT) AML=AML+AMINtP. WIC5IZ 16
IF(D2.LT.DLIMIT) AMS=AiIS+ANING2 wicsiz 13
IF(D3.GT.DLIMIT) AML=FML+PMING3 WICSIZ 20o
IF(D3.LT.DLIMIT) AMS=AMS+AIIINC3 IJICSIZ 21
TMPSS2=AML+AMS WICSIZ 22
ERROR=ABS( T!ASSI -TMASS2) WICSIZ 23
IF(ERROR.LT.1.OE-6) GO TO 100 WICSIZ 24
IF(ThASS2.LT.1.OE-6) CO TO 100 WICSIZ 25
TT=TMASS1'TIIASS2 WICSIZ P26
IF(TT.LT.1.0) ATL=AtL'TT WICSIZ 27
IF(TT.LT.1.0) ANS=AMS'TT WICSIZ 26
IF(TT.GT.1.O) AML=ANL*TT UICSIZ 23
IF(TT.CT.1.O) Ar1S=ANS*TT WICSIZ 30

100 HLE=ANL WICSIZ 31
AMSLL=ANS WICSIZ 32
ADL=0. 0 WICSIZ 33
RDS=0. 0 WICSIZ 34
IF(DL.CT.DLIMIT.AND.AML.CT.0.0) ADL=RADL+DL*(WIASSL/AIL) WICSIZ 35
IF(DL.LT.DLIMIT.AND.AIIS.CT.0.0) ADSADS+DL(WIASSLAIS) I4ICSIZ 36
IF(DS.CT.DLIIIIT.AND.AIIL.GT.0.0) ADL=ADL+DS*(WIASSS/AML) WICSIZ 37
T(DS.LT.DLI'IT .AND.AriS.GT.o.0i ADS=ADS+DS.(WNASSSANS) WICSIZ 36
1FD1l.GT.DLIMIT.AND.Art-.GT.O.0) ADL=ADL+D1*(AMING1/AML) WICSIZ 33
IF(D1.LT.DLIMIT.AND.AhS.CT.0.0) ADS=ADS+DI"(ANINC1/ANS) WICSIZ 40
IF(D2.CT.DLIMIT.ANJ.ATJL.GT.0.0) ADL=ADL+D2*(AN2/AIL) WICSIZ 41
IF(D2.LT.DLIIIIT.AND.AMS.GT.0.0) ADS=ADS+D2*(AMINC2/AMS) WICSIZ 42
IF(D3. CT. DLINIT.AND. AML.CT. 0.0) ADLCADL+D3*(AMIIC3/ANL) WICSIZ 43
IF(D3.LT.DLIIIT.FiND.AfiS.GT.0.0) ADS=ADS+D3*(AMINC3/ANS) WICSIZ 44
DLCE=ADL WICSIZ 45
DSLL=ADS WICSIZ 46
IF(DL.CT.0.0.ANTJ.DLCE.GT.DL) DLCE=DL WICSIZ 47
IF(DS.CT.0.0.AND.DSLL.CT.DS) DSLL=DS WICSIZ 48
RETURN wicsiz 49
END WICSIZ s0

C ...................................................... -O4'+4444 WWPRP 1
cCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMCCcCCC WICPRP 2
C C WICPRP 3
C SUBROUTINE L.ICPRP C WICPRP 4
C C UICPRP 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICPRP 6

SUBROUTINE WICPRP(XAIR.XH2O.XCH4T.RIXCPIXGAMtl.IG2,63) I.ICPRP 7
C T IN R WICPRP 8
C CPMIX IN BTU'LBM-R WICPRP 9
C RMIX IN LBP-FT'LBI-R WICPRP 10

RAIR=1S4S. 3/26.964 WICPRP 11
RN2O=1545.3'18. 016 WICPRP 12
RCH4=1545.3'16. 043 WICPRP 13
XXAIR=XAIR' CXAIP+XH2O+XCH4) WICPRP 14
XXH2O=XH2O'(XAIR&XH2O+XCH4) WICPRP 1s
>XCH4=XCH4(XAIR+XH2O+XCH4) IICPRP 1s
RIIX=XXAIR'RAIR.XXI20R20+XXC4RCH4 IJICPRP 17
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CPrIX=XXAIRWICCPAT+XXH20*WICCPI4T)XXCH4*ICCPcCT) WICPRP i8
GAMMlAl *0/( 1. 0-RMIX/CPIIX/778. 0) WICPRP is
GI=CAIIMA/(GAttIA-1.*0) UICPRP 20
G2=(GAMtIA-1.0)'2.0 WICPRP 21
G3=-1. 0/(GAMMA-1. 0) I4ICPRP 22
RETURN IIICPRP 23
END LJICPRP 24

C ............. ............. +*++44++.4I.. W41CCPA I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC IJICCPA 2
C C 1IICCPA 3
C FUNCTION WICCPA C WICCPA 4
C C WICCPA 5*CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICCWA 6

*FUNCTION WICCPA(T WICCPA 7
C TIN R I4ICCPA a
C CPAIR IN DTU/LBN-R IJICCPA S

TK=5. 0/9. 0*T I.ICCPA 10
A=3.65359 I4ICCPA 11
B=-1.3373SE-3 WICCPA 12
C=3.29421E-6 WICCPA 13
D=-1.91142E-S WICCPA 14
E=0.*275462E-12 IJICCPA 15
R=8314. 3/28.964 WICCPA 16
CP= (A+DBTK+C*TK**2+D*TK**3+E*TK**4).R WICCPA 17
WICCPA=CP*2. 3885E-4 WICCPA 16
RETURN WICCPA 1s
END WICCPA 20

C +............. ..++.+++ 1++++44+44+44444..444 ...... ICCPH 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCL-JCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICCPH 2
C C WICCPH 3
C FUNCTION WICCPH C WICCPH 4
C C IJICCPH 5

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccccccccccccccccc ccccc CCCCCCC I4ICCPH 6
FUN~CTION WXLCPH(T) WICCP4 7

C T IN R IJICCPH 8
C CPH20 IN BTU/LBM-R WICCPH S

TK=5. 0/9. 0*T WICCPH 10
A=4.07013 WICCPI4 11
B=-1. 10845E-3 WICCPH 12
C=4. 15212E-6 WICCPH 13
D=-2. 96374E-9 WICCPH 14
EO .80?021E-12 WICCPH 15
R=8314.3/18.016 WICCPH 1s
CP=(A+B*TK+C*TK*.2.D.TK**34E*TK*.4).R WICCPH 17
WICCPt4=CP*2. 388SE-4 WICCPH 18
RETURN I4ICCPI4 is
END WICCPH 20C ............................... 444+44+44.4.+i4..4eI WICCPC 1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccCCccCCCCCCCCCCCCrcCCCCrcCCCCCC UICCPc 2
C C WICCPC 3
C FUNCTION WICCPC C UICCPC 4
C C WICCPC 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCec CCCCCCCCCCCCir rCCCCCCCCC WICCPC 6

FUNCTION WICCPC(T) bIICCPC 7
C T IN R W~ICCPC 8
C CPCH4 IN BTU/LBII-R IJICCPC 9

*TKN5.0/9.0*T WICCPC * 10
A=3.8261S IIICCPC 11
B--3. 97946E-3 IJICCPC 12
C=24.55S3E-6 IJICCPC 13
D--22. 7325E-9 WICCPC 14
E-..96270E-12 WICCPC 15
RuS314.3/16.043 iiICCPC 16
CP=(A.9*TI+CTK.24DTK.3.E.TK..4).R WlCCPC 17
WICCPC=CP2. 388SE-4 IJICCPC 18
RETURN IIICCPC Is
END WICCPC 20

C ....... 4 ...................... +++,g,;~,1:,I WICGSL I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC~ccccc cccCCCC CCCCcCCCrrccrrcCCC IJICGSL 2
C C IJICGSL 3
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C SUBR~OUTINE WICCSL C WICGSL 4
c C IJICGSL 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICGSL 6

SUBROUTINE WICGSL(OtIEGASPSIGUIIABET1S.DET2SAINCISADEISPAIACH1 WICGSL 7
IBETIDEOS. DEON,SJTACS, SITACNBET2t.OEGAt1pXP IDESINiAKIAK2,AK3 I4ICGSL 8
2 U, Z22 URi ,RI R2) WICGSL 9
CALL ICEDDAK3,UZ1.UZ2,URl.Rl.R2,BETSBET2SSIGI1A.OtEGAS, LJICGSL 10

$DEGStSITACS) WICGSL 11
AINCI=BETI-BETIS*AINCIS WICGSL 12
BET2A=BET2S WICGSL 13
XI=BET2A UICGSL 14
DELDEQ=WICED(AK3,UZ1,UZ2.UIR1.R1,R2.BETI.XsSIGU1AAIMCISPAIMCI) WICGSL 15

$-DEUS WICGSL is
ADEUI=ADEVIS+(6.40-9.45*A1ACHi+9.45*X)*DELDEO.AK1 WICGSL 17
IF(AMACH1 .LT.X) ABEtJI=ADEUIS+6.40.DELDEQOAKI W~ICGSL 18
BET2C=BET2S-ADEUIS+ADEVI WICGSL Is
Yl=BET2C WICGSL 20
ri~i WICGSL 21

12 IF(N.GT.1) GO TO 10 WICGSL 22
BET2A=BET2S*1.*1 WICGSL 23

10 X2=BET2A I4ICGSL 24
DEON=WICED(AK3.UZ1,VZ2,URl.RlR2.DET1.X2SIGUIA.AIMCISPAIMCI) WICGSL E5
DELDEG=DEON-DEGS WICGSL 26
ADEUI=ADEVIS+(6.40-9.45*AIACH1+9.45*X)*DELDEO.*AKI WICGSL 2?
IF(AtIACHI .LT.X) FiEUI=ADEUIS+6.40*DELDEO*AKI WICGSL 28
EET2C=BET2S-ADEUIS+ADEUI WICGSL 29
Y2=BET2C WICGSL 30
DELBET=ABS( (X2-Y2)/X2) WICGSL 31
EPS=1.OE-6 WICGSL 32
IF(DELBET.LE.EPS) GO TO 11 WICGSL 33
BET2A=WICMEW(X1,YIPX2vY2) WICGSL 34
>X1=X2 WICGSL 35
V 1=Y2 WICGSL 36
N=N+1 W.ICGSL 37
IFlrl.GT.50) GO TO 13 I4ICGSL 38
CO TO 12 WICGSL 39

11 BET2N=X2 LJICGSL 40
GO TO 14 WICGSL 41

13 WRITE(69201) WICCSL 42
201 FORMAT(1H0,oDO NOT CONVERGE$) W.ICGSL 43

GO TO 15 WICGSL 44
14 SITACN4JICf1TK(SITACSAMACH1I DELDEOAK2) WICGSL 45

OMEGAN41ICLOS(BET1I DET2Nl.SIGUMA, SITACN) WICGSL 46
SSS=SI TACN-SITACS WICGSL 47

15 RETURN WICGSL 48
END WICGSL 43

C ........................................... +++44+44++ U ICSDL I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrcCCcCCCC WICSDL 2
C C WICSDL 3
C SUBROUTINE WICSDL C UJICSDL 4
C C L4ICSDL 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC UJICSDL 6

SUBROUTINE LICSL(CHORD,SIGUMA.DETA1.DETA2*UG.RHOGv WICSDL 7
$ArIASSW, AREA, UZ, IPRINT. OfEGAP) WICSDL a
PAI=3. 1415926 IJICSDL. 9
RHOGO=RHOG WICSDL. 10
RHOPO=AMASSW/AREA/VZ WIcSDL 11
RR=RHOPO/RHOGO UXCSDL 12
VISCOGo0. 128E-4 I4ICSDL 13
C=CHORD/12. 0 IJICSDL 14
RE=UG*C*RHQO/VISCOG WICSDL 15
DELC=0.37/(RE**0.2)/( 1.0+1.442.RR)**0.8 WICSDL 16
DELP0. 1402*DELC WICSDL 1
BETA1R=BETA1'PAI/180.*0 WICSDL. 18
BETA2R=BETA2*PAI/180.*0 WICSDL 1s
OMEGAP=DELP*2.0*SIGUfACOS(E.'MR'.CCOS(BETA1R)/COS(BETA2R) )**2 UICSDL 20
PETURI IICSDL. 21
END I.ICSDL 22

C .................................. H! ............................. W ICSTL I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCM WICSTL a
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C C WICSTL 3
C SUBROUTINE WICSTL C WICSTL 4
C C I4ICSTL 5
cccccccccccccccccccccccccccccccccccccccCCCrcCCCCC CCCCC cccc CCC WICSTL 6

SUBROUTINE I4ICSTL(ISTAGE, IROTORDAUWI,U2,DELUU2,PU3.UMASSPUZN WICSTL 7
S, BETAl. BETA2. ALFA2oALFA3. MMASS. DELUU2, DELUL2, UICSTL 8
SOMEGRU, OMEGRL, OMEGSU, OMEcSL, DRACRU. DRAGRL, DRACSU. DRAGSL. REAUC) IJICSTL 9

REAL MoMMASS W~ICSTL 10
COMMON TD(7). IU'iIT WICSTL 11
COMMON CFL, CFT, CFP. CFD, CFM, CFU. CFA UICSTL 12F

*COMMON JPERFM, RHOG(3),RERUP, RERLOW. RESUP. RESLO. WICSTL 13
COMMON PREBRRTIP(8),SRTIP(8),AAA1.AAA2,AAA3,SAREA(6),SAREAS(7) UICSTL 14
COMMON P(3),TG(3)PXAXIJ(3),XCH4,XW(3),XWW(3).XWT(3).TW3)flS(3) wICSTL 15
COMMON OMEGS(7),OMEGR(6).CAPR(6).GAPS(6) WICSTL 16

*COMMON RRHUB(6) v RC(6) 9 RBLADE(S) , STAGER(6) WICSTL 17
cannON SRHUB(7 o SC(7) 9 SBLADE(7)PSTAGES(7) WICSTL 18
COMMON SIGUMR(G) v BETlSR(6) 9BET2SR(6) 9 AINCSR(6) 9 ADEVSR(6) UICSTL is
COMMON SIGUMS(7) v BET!SS(7) 9 BET2SS(7) 9 AINCSS(7) t ADEUSS(7) WICSTL 20
COMMON UTIPC(6),UTIP(6),UTIPD(S),uOu(6)UIEAN(6),uHUBcs),ucS),FAI WICSTL 21
COMMON AREA(6).AREAS(7.UU2(6)UTIP2(6)UnlEA2(6)UHUB2(6)IPRIIT WICSTL 22
COMMON ICENT.IICENTFMR1(6).FMA2(6),IDESIN.FAID WICSTL 23
COMMON NS.NSI.RT(6).RM(6).RH(6),ST(6),S1(6),SH(6) WICSTL 24
COMMON DSMASS.AAREA(7),AAREAS(7).PR12D(6),PR13D(6),ETARD(6) WICSTL 25
COMMON LR(),S(6),DEQR(6)tDEOS(6).BLOCK(6),BLOCKS(7) n4ICSTL 26
COMMON BETItIR(S).BET2MR(S).BETItIS(7).5ET2MS(7),RADI1(6).RAD12(S) WICSTL 27
PAI=3. 1415927 WICSTL 28
GC=32. 174 UICSTL 29
RHOIJ=62. 3 LIICSTL 30
IF(IROTOR.EQ.2) GO TO 100 WICSTL 31

C DROPLET DRAG IN ROTOR WICSTL 32
DD=DAU*1 . E-6*3.28 I4ICSTL 33
UG1=W1 WICSTL 34
UP1=UG1-DELU WICSTL 35
Al=IJMASS*RC( ISTAGE)/12. 0/LZ WICSTL 36
A2=RHOW*4.0/3.0*PAI*(DD/2.0)**3 WICSTL 37
TMO0.0 WICSTL 38
IF(WMASS.GT.0) GO TO 2000 WICSTL 39
GO TO 2001 WICSTL 40

2000 TN=AI/A2 WICSTL 41
2001 UAUE=(Wl+W2)/2.0 WICSTL 42

GMU1=(90.0-BETA1 )'2.0*PAI/180.0 I4ICSTL 43
DELUU1=UGI-UPI*COS(GMU1) WICSTL 44
IF(N.GT.2) DELU1DELVU2 WICSTL 45
TNUJ=TN' (180. 0-BETAI-BETA2 )/360 .0 W.ICSTL 46
XWW(2)XWWi(l) IIICSTL 47
XIJT(2)=XWT( 1) WICSTL 48
CALL WICPRP(XA.XU(2).XCH4,T(2)RIXtCP1IXGAI1MA.G1.G2oG3) wICSTL 49
IF(IPRINIT.EO.2) IRITE(6,4000) I.ICSTL 50

4000 FORMAT(1H0,XDROPLET DRAG IN ROTOR (UPPER PART)$) IIICSTL 51
CALL UXCDRGCflB.DELUU1,RIOG(1),RHOC(2),CD2,DELU2,DRAG1RE) WICSTL 52
DELUU2=DELU2 WICSTL 53
CDRU=CD2 UICSTL 54
RERUP=RE WXCSTL 55
DRAGRU=DRAGI*TNU WICSri. 56
AREA=PAI(RRTIP(ISTAGE)*2-RRHUB(ISTAGE)2)144.0/10.0 I.ICSTL 57
DELPRU-DRAGRU'AREAI &JICSTL 58
OIIEGRU=DELPPU' (0. 5RHO!G( 1)/GC*U1O*2) IJICSTL 58

* CDRUUuCDRU*DELU2*2.PAI'4.* DD**2*TNU/UAUE*.2/RC( ISTAGE).12. 0 bIICSTL s0
* &Ll=(90.0+BETA1)'2.0*PAI/18O.0 WICSTL 61

DELULI=UCI-UPI*COS(GMLI) IJICSTL 62
IF(M.GT.2) DELULI=DELUL2 IIICSTL 63

* TNL=Th*( 180. O+B!TAI+BETA2)/360.*0 I4ICSTL 64
IF(IPRINT.EO.2) WRITE(6,4001) IIICSTL 65

4001 FORIIAT(1HOPODROPLET DRAG IN ROTOR (LOW4ER PART)$) IJICSTL 66
CALL WICDG(DD,lELULI.RHOG(1).RtIOG(2).CD2,DELU2,DRACI.RE) I.ICSTL 67
DELUL2=DELU2 I4ICSTL 68
CDRL=CD2 WICSTL SOS
RERLOW=RE WICSTL 70
DRAGRL=DRAG1*TNU W.ICSTL 71
DELPRL=DRAGRL/AREAI WICSTL 72
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OIEGRL=DELPRL/(0.5*RHOG( 1)/GC*W1..2) W~ICSTL 7
CDRLL=CDRL*iDELUL2**2*PAI/4. 0*DD**2*ThL4IRUE**2/RC( ISTAGE)*12. 0 WICSTL 74
IF(IPRUIT.EJ.2) WRITE(SP2002) I4ICSTL 75

2002 FORMAT(lH0.ODROPLET BRAG SUMMIARY$) WICSTL 76
IF(IPRINT.EQ.2) WRITE(69720)DELUU1.DELUU2.DELULIPDELUL2.CDRUCD WICSTL 77

SRUU, CDRL, CDRLL LIICSTL 78
S. DRAGRU. DRAGRL WICSTL 79

720 FORMAT(lHO.10(FlO.5s2X)) WICSTL 80
RU1(9.-BETAI )/180. 0 LJICSTL 8

RLOWI1=(90.0+BETAI )/180. 0 WICSTL 82
RUP2=(90.0-BETA2)/180. 0 WICSTL 83
RLOU2=(90.0+BETA2)/180 .0 WICSTL 84
REAUE=RERUP*(RUP1+RLP2)*0.5+RERLOU.(RLOWI+RL0U2).0. S WICSTL 85
IF(IPRINT.EG.2) LRITE(6#2010) RUP19RUP29RLOW19RLOW2 WICSTL 86

2010 FORIIAT(1104(F1O.5,2X)) WICSTL 87
GO TO 200 WICSTL 58

C DROPLET DRAG IN STATOR WICSTL 89
100 DD=DAU*1 .0E-6*3.28 WICSTL so

UGI=WI WICSTL 91
VPI=UG1-DELU UICSTL 92
A1=WrIASS*SC( ISTAGE)'12. 0/UZ WICSTL 93
A2=RHOW*4. 0/3. 0*PAI*(DD/2.0)**3 WICSTL 94
Tr1=o.0 WICSTL 95
IF(WtIASS.GT.0.0) GO TO 5002 WICSTL 96
CO TO 5003 WICSTL 97

5002 TN=A1'A2 WICSTL 9e
5003 UAUE=(U3+U2)/2. 0 WICSTL 9

DELUUI =DELUU2 WICSTL 100
TNU=Trl*( 180.0-ALFA2-ALFA3)/360. 0 WICSTL 101
IF(IPRINT.EQ.2) WRITE(G*2005) WICSTL 102

2005 FORMiAT(IHOPODROPLET DRAG IN STATOR (UPPER PART)$) WICSTL 103
CALL WICDRG(DD.DELU1RHOG(2).RHOG(2),CD2,DELU2.DRAG1,RE) WICSTL 104
DELUU2=DELU2 WICSTL 105
CDSU=CD2 WICSTL 106
RESUP=RE WICSTL 107
DRAGSU=DRAG1*TNU WICSTL 108
FREA2PAI*(SRTIP(ISTAGE)**2-SRHUB(ISTAGE)**2)/144.0/10.0 WICSTL 109
DELPSU=DRAGSU/AREA2 WICSTL 110
OMEGSU=DELPSU' (0. 5*RHOG (2 )/GC*U2**2) WICSTL ill
CDSUU=CDSU*DELUU2**2*PAI/4. 0*DD**2*Tr1U/UAUE**2/SC( ISTAGE)*12.0 WICSTL 112
DELULl =DELUL2 IJICSTL 113
TNL=TFI*( 180. 0+ALFA2+ALFA3)'360. 0 WICSTL 114
IF(IPRINT.EQ.2) WRITE(6,2006) WICSTL 115

2006 FORI1AT(1H0.ODROPLET DRAG IN STATOR (LOWER PART)$) WICSTL 116
CALL LWICR(BD*DELULhtR'iG(2).RHOG(2)PCD2.DELU2.DRAGl.RE) WICSTL 117
DELUL2=DELU2 WICSTL 118
CDSL=CD2 WICSTL 119
RESLOW=RE WICSTL 120
DRAGSL=DRACI*TNL WICSTL 121
DELPSL=DRAGSL/APEA2 WICSTL 122
OfIEGSL=DELPSL/ (0. 5*RHCC (2 )/GC*V2**2) WICSTL 123
CDSLL=CDSL*DELUL2**2*PAI/4. 0*DD**2.TNL./UAUE**2/SC( ISTAGE)*12. 0 UICSTL 124
IF(IPRINT.EO.2) WRITE(6,2007) WICSTL 125

2007 FORMAT(1N0.ODR0PLET DRAG IN STATOR (SUMMFARY)$) WICSTL 126
IF(IPRIIIT.EQ.2)WRITE(6.721) DELUUI,DELVU2DELULIDELUL2,CDSUPCD WICSTL 127

SSUU, CDSL. CDSLL WICSTL 128
DPRAGSU, DRAGSL WICSTL 129

721 FORM1AT(1HO.10(FIO.5#2X)) WICSTL 130
SUPI=(90.0-ALFA2)/180.0 WICSTL 131
SLOIJ1=(90. 0+ALFA2)/180. 0 WICSTL 132
SUP2=( 90. 0-ALFA3)'180. 0 WICSTL 133
SLOI.2=(90.0+ALFA3)/180. 0 WICSTL 134
REAUERESUP*(SUPISUP2)0.5RESLO*(SL014+SLOJ2)O.5 WICSTL 13-5I F(IPRIIIT.EO.2) WRITE(6.2011) SUPlvSUP2vSLOW1*SLOJ2 WICSTL 136

2011 FORIIAT(lHO.4(F1O.5,2X)) WICSTL 137
200 RETURN WICSTL 138

END WICSTL 139
C ................. ...... WI CFML I
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICFML 2

C 
C WICFML. 3
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C UBPOUTI!IE WICFML C WEFNL 4
L C WICFML 5
Ll,.CLE.CCC!:CLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICFlIL S

'J ,OIJII i. IJICF ML(ICI v L!G2P FfAS59 RHOG1CHORD, SGUrABETA1. BETA2, IFM

O1LLiF WICFML 7

7b -C i( E m) ~ WICFML
CF CD ;ICUi4.sC1'CS WICFML 91

UIFG=.2Gd WICFML 10
UT SCU GI0- WICF!IL 13

C -HOD 1++ - 0 ~:-+++:++--*.++++++++.+4+++++*++ WICRSL 12

PCALL05iClW2 WICFSL 1
: U LYfl .I iICAUSL CCUICO WICFSL 14

3.80. WICFML is
CrlUIC CC.CCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICFSL 17

.buI ri(. EP2FSLT ICUIITA2P)EA~PT2CDD LCR0EA)iJCS
I-'AI-31~I E WICFSL 18

~FdL.L~i.a-C' rm~~oWICFML 2G
(IGCF<fLL..O)IC TU 10 LJICRSL F11
i~~~Bh ".. PiiI18. WICFSL 12
L!r~=:T~A'~ 100 WICFSL 1_3

EEcck-t-reCLC0.E3 CC C CC(ECCCfCCCCCCCCCCECCCCCCCCCRCC WICRSL 14
L CSBTE1~)< WICRSL 13

U S OSE1O3Y)'E .3CPL WICRSL 16
U C0E WICRSL 17

YF::c it~c.LTc.0i?) A=1CWcccccCCCCCCCCCCCCCCCCCC WICR'SL 19
'.A;ItPOU hEW C13+i - (2 L0lG IA BET 1 EAPCHR,1L CR MC WICfRSL 20

CJ~&-~. .,C~~*,2.5WICRSL 2S
~ WICRSL 22

10[ETUl'=EY ?AI18. WICRSL 12
UEAL=N 7ALPI/0. WICRSL 24

C ++++± P=O.++++++ "fA++--E+-E ++T+44+++++4+++4+++R++4, WICUTL 14

CCWICKSL 1

f~iIIN C .' Irt WICUTL 10
IZOMIOI!LW, (.0 )T A 1.C-M FU F WICUTL 19

co~rio~ ~WICUT 21
cOIEoN 0CP.( 7)U,Ul1Fi.6)ta(6)GAP(6 WICUTL 22
10~i PETR:BC ?(. BAE6 TGR6 WICUTL 16

COIO4L Hi37 CJ, ,LD()* TG9D' WICUT 2
CCMO ............ 4+ ............ ...... ....... IMSR6 AESR WICUT 1

CLCLCCCtCCON SI CCCC2~' lEC() , ET2SCqYCCCCCCSB(7) , AD2USS(7)CCC WICUT 12
C OtO CJICb,,PrPh)UU6,MA()UU()U6,A WICUT 20
U :OIIIOUN Ei()g WISCVT2 CUTP(),I~~'4!6',HB(),P~ WICUT 4l
C UfIf CCH,:.~rI.'JF~6,DSf, I WICUT 52

COMMON1 TV(F),5,(L.D l,.EC56,LC(6rLCS7 WICUT 15
COMMION EETPLF r+,. I&I)r PU,BETIIS(7,EflET2S(7LO I16WAD6 &ICVT 1

como rFEI-,TFORI()AAPA241ApAE(S*AES?) W T1

LAMO F()T- - __U3)XH9X()X143PW()T()oW() WCT1



PAI 3.1415E)27 WICUT U7
();.FAIP? ALFAl PAI 180.0 WICUT 28
UT UZ /COS ( AL.FAll? LICUT 29

US' UZ T TAd CALVAP i R ICUT 3U
W3- U(ISliACE)- USI W.ICUT 31

T -WS! V'U WICUT 22
BETAIR = ,Tk.' T) LJICUT 3
E:TA1 = EEr~1R 10 /FAI WICUT 34
17 = UZ -~:2 + WS-, '**2 WICUT 35
W! = SORT ( TT I.JICUT 3G
(i1iCH1 = WI ' / -IE WICUT 37
CAoLL WICLdJq (ONELR(ISTACE), STGUMR ( ISTACE v BET1SR CISTAGE W~ICUT 28

I.',BET2S(IE~crE:, WICT 5
I AYNCSR I tTA['- H DiJJUWI ( ISTAGE )WICUT 40

IAtIACHi , BEiHI flOS.3LLQlM.SITAC-S,SITACN,8ET2N 9FIIR1(7STAGE)p WICUT 41
li-i(1, gA:K3.V UZ, .U(1STACE ,7)RfDI1(lSTAGE).RADI2(ISTAQE)) WICUT 42
1,!:TA2 = BET21l WICUT 43
EETA2R = BETr2 PAI / 180.0 WICUT 44
[!S2 = UZ * TAN ( ETA2R )WICUT 45
US2 =U(ISTAGE) -W32 WICUT 46
'fTT=US2/UZ WICUT 47
P.LFA2r,' AT'iN C TT r WICUT 4
i*:LFA2 =ALFAE;2 !EJ-C0 /PAI WICUT 49
TTTT UZ 2 + W'_ 2 WICUT 50

=- SO M C TT TT ) WICUT 51
TTTT =UZ -.,* 2 -,. 'j52 2 WICUT 52

V2 -- SOR-1 TT' f ) WICU~T E2
AMACH' = U2 /ASPE' D WICUT E
CALL WTLB'OA (OMEGS ISTAGE), SICUMS(ISTACE) P BET1SS(ISTACE) , WICUT 55

ILFET2SS ( ISTACE 1-AINCSS ( ISTAGE ) ,ADEUVSS ( ISTACE ), WICUT 56
IWEACH2 9 ALFA2 s DECS5.OEUdSITACSSITACNBEr2NtFI1;A2(ISTAGE), WICUT 57
1A,i A:,3p,ZZ,~P'r PDI2ISTAE),RADIIISTAG--+1)) WICUT 56
rILFA3 = £$ET2N WICUT 59
ilLFA3R=PLFA *PAI/180. 0 WICUT so
UU'.' z cs(LFA2-:F,; WICVT 61
IETURII WICUT 62

VDWICVT 63
C+f++i ........ ......... -+++++++............................................. WICsPD I
cccccccccccccccccccc(cccuccccccccccccccccccccccccccccccccccccccccccccccc I.icspD 2
C C WICSPD 3
C 2JUBPOUTINE LiICSPD C WICSPD 4
c c WICSPD 5
CCCCCCCCCCCCCCCCCCCCCCC-CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC WICSPD 6

!T'ROUTIHE WICSPD(AMH ESP ISTAGE) WICSPD 7
P~EAL ii, I IN, 111, 112, 11-RD 112fREL WICEPD 8
CO0141ON TIJC7,, WHIIT WiCsPD 3
CO~MON CFL, CFT, CrP.CFD, CFM, CPU, CPA WICSPD) 10
LUT IMOH JPEF 11, RIQIG (3), F1 ERUP, RERLOI.JRES'JPRESLOW WICSPD 1i
C~iuNON PPEED.PRT'PC8),lripc8)AAA1AAA2AAA3,SAREA(G),SAREAS(7) wicSpD 12
('0iio 710 ' (3),T *13) -XA, X t3)XCH., XW(3), XWW(3) #XWT (3) vTW (3) vTWW(3) WiCSPD 13
:OrlInIN O)MEC(7),OMEGRkG),GAPR(6),GAPS(G) WICSPD 14
WhUM0M ".HL'13(G) ,rPL(6), BLAl (6), STAGER (S) WiCsPD is

COMMON bF'HU " 7) 9 '0(7).SLAlE (7) ,STAC55 (7) WICSPD) i6
COMMON SIGCJdR(6i,LET15R(6).BET2SR(6),Arij.CSR(6),ADEUSR(6) WICSFD 17
ELONMON SIC~iIS(7)PLETISS(7),BET2SS(7),AIt1CSS(7),ADEUSS(7) WICSPD 18
COMMON UTIPCG(6),UTIP(G),UTIPD(6),UOU(C),UIMER4N(6),UHUB(6),U(G),PAI WiCsPD !9
COMMON AREA(C),rji.E(17),UU2c6),UTIP2c6),UMEAN2(6),UHUB2(6),IPRINT WICSPD 20
C17MMON I CENY, ILCLH T 9FhR 1(6) v MA2 (6) vIDES I NqFAI D WiCsPD 21
COMMON NS.NiS1,RT(6,R~il'6),PH(6).ST(6)PSM(6),SH(6) WICSPD 22
COMO101 Ui'MASS,IAAREA(?-),AAIREIS(7),PR12T)(G),PR13D(6),ETARD(6) WICSPD 23
COtIMON flRC6.iDS(G). DECR(G),DEQS(6),BLOCK(6),BLOCKS(7) WICSPD 24
COMIMON BET1iiR(6)P,LET2."IR(6),BETlMS(7),BE-T2MS(7),RAlh1(6),RADI2(6) WIC5PD Es
AJ=778 *26 WICSPD 26
HI=3.*141S926 I.ICSPD F-7

CI.32.174WICSPD 2-8
iFkEF=:3IS. 7o WICSPD PS
PREF=14.7*144.0 WiCSPD 20

P1T=PAI*.FRRTIPC1)*,r2-RRHUBC1)**2)/144.0*BLOCK(l) WICSPD 31
C;ASSr-tISS.4SOPT(TCiJ),T-,EF)/(P(1)/PREF)AARlT'SAREA(l) WICSPD 22

C ICU !N'LEr* WICSPD Z.3
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lSTAGE=N31 WICSpD 4
CALL WICPPP(l.0,0.00.0TC1)RIIXCPMIX,P.MMAG'.,C2,G3) WICSPD 25
CALL llIClC(IS rAUE, A111ASTGU), P(l) oM, Uzv,c 0.o09 .o09RMIX# CPMIXARE WICSPD 26r

zflsIiJ ')WICSPD 27
UZIr1=UZ WICSPI) Z8
fI i=C WICSF'D 2
IN= 1141ICSPD 40
TOIll=TG( 1) WICSPD 41I
P0IN=P( 1) WICSPD 4
F5YN=P( 1)/(1.0+GP*M**2)**Sl LJICSPD 43

rH0CIi1=FSlN1Pi IX/TSIN WICSPI) 45
FIN"UZIN/UTIPG(l) WICSPD 4

FAIfl=FkIIH WICSPD 47
LIIAI=AIIiH LICSPD 48
7ulN'=TG( 1) WiCSPD 49
P0IHi=P(1) WICSPI) so

C IGU :JlLEF PRIi OUT WICSPD 51
liF(IU1IT.11E..2) GO TO ES1 1WICSPD 52
T0IN=-T0II1*Cf7T 1.ICSPB 55
POII N=FlNC WICSPD 54
'-3111TSIN*1U-T WICSPD) 55
>eSjj P3IMNCP LJICSPD 56
aIOCIIN rlHCIHCFD WIC5Pl S7
fil=~+:F WICSPD 58

'"lN=UZIN; CFU IJICSPD E9
.1 A3I51=~ES(M1)~FAWICSPD 60

8GI CONITINIUE LJICSPI) 61
0RVTE(Gq, 000) WJICSPD E2

1000 1 DESIGNI POINIT INFOJRMATIONI****** WICSPD E3
I4ICSPD e4

UPITE(6, 1010) IJICSPI) 65
10-10 rC-PliAT(!H0q1X,,*--:** L-'RES60R INiLET ***4)LICSPD C

~l~Ti610')T0Tl'iP0lhip-IM.~PIiRHOGI N WICSPI) 67
1020 F U INAT(.LHO,IX ' TOTAL Ci1l-PERATURE AT COWPRESSOR INLET=1,F1O.50/. WJiCSPD E8

SVL% "t"T(TAL PRESSURE J~ COHiPRESSOR INLET=, F10.29 /p WICSFD 65
$2h'TTX EIIPEPATU~r: AT COMPRESSOR I11LET=--pFIO.5/t WICSPD 7

$Z'.;45TATIC PPESSUPE rly LOMPRESSOR INILET;, FiO.2,, WICSPD
$;2X,#STATIC DEi~il .' Pff'C121PRESSOR I11LET=0-.F10.S) WICSPD 7

~k(E6,0)ATii,UZ~ii,MH,ARERS(NSI),FAIIN WICSPD 7
1030 FtJ2M'AT(lH0v91X,9ACOUSTIC SPEED AT COMPRESSOR I1LET=9,F10.5,/, WICSPD 74

Vcr~ VELOCITY AT CL "PFRESSOR INLET,.Fl.5./, WICSPD 75
~Y~4CHN'hilEER AT COEI7ESSO I1LET=99F10.59/9 WICSPD ?6

$,". ,-STREAmrUBE AR--EA AT COMPRESSOR IN1LET=!, F0.5,, WICSPD) 77
-PFLOW COEFFICIENT AT COMPRESSOR INLET=.F10.5) WICSPI) 7s

I1UWITIiE2.2) GU TL E-32 &ICSPD 7
'fTXibrT0±/CFT LJIcSPD 60
Po~lN=PoIl'CFP WICSPD 81
15!3j'NzYSIN/CFT WICSPD E2
FK± i=F3111'crp WICSPI) 83
fHlCG W=RHOGIN/CFD WICSPD E4

AII~iiVFVWICSPI) 85
U'~H-t 11/C-UWICSPD 66

l PaAs(;I~1 AR2AS(N31 )/CFA WICSPD ST
8l62 CO"NTItUE WICSPD e8

C ROTOR INLET WICSPI) 69
ISTAGL~'1 WICSPD so

100 IYISTAGE-1 WICSPD) 91
IF(I.EO.0) 111SI WICSPD S2
kaLFAl=EET2Si( I) WICSPD S3
flDEUSS( I)=ALFAl-BZT2[1S( I) WICSPD S4
CA~LL WICMAC(ISTAGE,AilASSTC(1),P(1),MUZ-CO.ALFA1,R1IX WICSPD S5

SLPPIIX, AtEA( -iSTAGCJ) WlCSPD 96
CPHlI .cpMil WICSPD S7
GA~i1dA1 -CAM!iNA WICSPI) S8

'l=ZWICSPD 89
Al --C WICSPD ico

ll~lWICSPD) 101
PS1=P( 1 )/(!.+C2*Ml**2)**C1 WICSPD 102
TSI=TC(1I)/( I.* 0GE*M1*2) WICSPD 10i3
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RHOCS1=PS1'/t1IX/TS1 WICSPD 104
FiAIRIr=UZ1'UTIPG' ISTAGE) WICSPD 105
ALFAlR=ALFAI*PAI/180.*0 WICSPD 106
Ul=UZ1/COS(iALFAlR) WICSPD 107
US1=UZ1*WICTAiM(ALFAIR) WICSPD 108
W5J1=U( ISTAGE)-USI WICSPD 109
WU=IS1AJzI LJICSPD 110
BETAlR=RTANWJ) W.ICSPD i11
BETAI=BETA1R*180. 0/PAI WICSPD 112
BETlSR( ISTAOE)=BETAI WICSPD 113
AICSR( ISTAGE)=BETA1-BETIMR( ISTAt;E) WICSPD 114
W1=UZ1/COS(BETAlR) WICSPD 115
MlREL=Wl/Al WICSPD 116
TREL1=(1. 0+G2*tI1REL**2)*TSI LJICSPD 117
PREL1=( 1. 0+G2*MlREL**2)**Cl*PS1 WICSPD 118
IF(ISTAGE.GE.2) DS(ISTACE-1)=1.0-UI/U2.ABS(US2-USI)/2.0/ WICSPD 119

$SICUMS( ISTAGE-1 )/U2 WICSPD 120
IF(ISTAGE.GE.2) DEOS(ISTACE-1)=-COS(ALFAIR)/COS(ALFA2R)* LJICSPD 121

$(1.12+0.61*COS(ALFA2R)**2'SIGUMS(ISTAGE-1)*(WICTArI(ALFA2R)- WICSPU 122
S$IICTAN(ALFAIR))) WICSPD 123
IF(ISTACE.GT.lS) GO TO 101 WICSPD 124

C ROTOR OUTLET WICSPD 125
P(2)=PR12D( ISTAGE)*P( 1) WICSPl 126
TR12=(PR12D(ISTAGE)**(1.0/Gl)-1.0)/ETARD(ISTACE)+1.0 UICSPD 127
TC(2)=TR12*TC( 1) IJICSPD 128
CALL IICPRP(1.0,0.0,0.0,TQC2)oRMIXCPMIX.GArIMAG1,G2,G3) WICSPD 129
GAMMA2=CAMMA WICSPD 1-N
CPMIX2=CPIIX WICSPl 131
GAMflAU=(GAMMA14C':,1MA2)/2. 0 WICSPD 132
CPIX=(CPMIXI.CPPNIX2)/2. 0 ICSPD 133
GIAiU=CAMMAU/(CAiIMAU-1 .0) WICSPD 134
G2AU=(GAMMAVi-1.0)/2.O WICSPD 135
PR13I=(TG(2)/TC(1) )**G1AU WICSPD 136
DELT=TG(2)-TC( 1) WICSPD 137
US2=(U( ISTAGE)*US1-'DELT*CPiIXUOCC*AJ)/UU2( ISTACE) WICSPD 138
JJ~l 1 WICSPfl 139
UZ2AS=VZ1 WICSPD 140

200 US2UZ2=VS2/UZ2AS WICSPD 141
ALFA2R=ATAN(US2UZ2) WICSPD 142
ALFA2=ALFA2R*180. 0/PAI WICSPl 143
BETISS( ISTAGE )=ALFA2 WICSPD 144
AIN'CSS( ISTACE)=ALFA2-BETltiS( ISTAGE) WICSPD 145
W-S2=UU2( ISTAGE)-tUS2 UICSPU 146
WS2UZ2=WS2/UZ2AS WICSPD 147
BETA2R=ATAN CWS2U'2) WICSPD 148
BETA2=EETA2R*180. 0/PA1 WICSPl 149
BET2SR (I STAGE) =BETA2 WICSPn 150
ADEUSR( ISTAGE)=BETA2-BET2MR(ISTAGE) LJICSPD 151
U2=UZ2AS/COS(ALFA2R) WICSPD 152
W2=UZ2AS/CCS(BETH2R) WICSPD 153
TS2=TC (2) -U2**2/(.*0*CPMIX2*GC*AJ) WICSPD 154
A2=SGRT(CCAMtIA2*PM I XTS2*CC) WICSPD 1 55
2U2/A2 WICSPD 156

PS2=P(2)/(lI.0+C2*M2**2)**GI WICSPD 157
RHOGS2=PS2/RM IX/TS2 WICSPD 158
Pf2REL=W2/A2 WICSPD 159
TREL2= (1. +G2*M2REL**E) *TS2 WICSPD 160
PREL2=.1. 0+M2REL**2)*~*G1*PS2 WICSPD 161
VZ2CL=I MASS/( RHOCS2*AREAS( ISTAGE)) WICSPD 162
EPS~l * OE-6 WICSPD 163
IF(JJ.EO.2) GO TO 201 WICSPD 164
IF(JJ.GT.2) GO TO 202 WICSPD 165
Xl=UZ2AS WICSPD 166
Yl=UZ2CL WICSPD 167
UZ2AS=UZ2CL WICSPD 168
JJ=JJ+1 W.ICSPD 169
CO TO 200 WICSPD 170

201 X2=UZ2AS WICSPD 171
*Y2UVZ2CL WICSPD 172

UZ2AS=WICNlEW(X1v'~l9X2. Y2) LJICSPD 173
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JJ=JJ-?l WICSPD 174
Go To -00 WIC5PD 17b

202 IF((Ard)!3UZ2.)S-U22CL)/U22AS).LT.EPS) GO TO 300 WICSPn i1's
Xl -''2WIC5PD 17-7

Y1:Y2 WICSPD 1i.
".C-VZ2AS LJICSPD 1 75

' 2=Z2LJICSPD 160
UZ2AS=W!CCE-W(X19Y1.X2,Y2) WICSPl 181
..jj~j-JJ WICSPD 1E2
Go TO 200 WICSPl !L,2

300 UZ2=UZ2CL WICSPD 184
FAIOU r=UZ2'UTIPGC STACE) WICSPD 185
13R( 1STLE)=:.0 W2"',Wl+hL.(WSI-WS2)/2.OfSIGU!1R(ISTAGE)/W1 WICSPD 186
DEOR( ISTAGE)=COS(EETA?-R)/CS(3ETZlR)* WICSPD 187

$(1.12-+0.63.*COS(BEi'AR)-;;f2/SIUM'R(ISTAGE)* I4ICSPD 1FS
$1 W4CTA I 'E-,i i?) -W.ICTAH I EETA2R) )) WICSFD 182
P~ L-(.+2UUITG)-.2(AMURI*RL*C WICSPl ISO

$ I.cI:? ) ALIK1 1.1TA E) )**2 -1. 0**G I W WICSPD 191
SWICSPD 192

IF'PPRELI.I.T.PLOSE;R) FFL.1LiL11.0 WICSPD 183
O!ER(ISTC&':=:PFPELI-FLOSSR)/(1.0-PS1,PRECLL) W~ICSPD 194

C STA~TOR UJTL!:r WICSRD 155
PLOS' 3-FRI3J( I ThilE)'F'R12D( ISTAC E) WICSPD ISs
PR13=( fG(2)/TGI.1 )*4:tIrU*PLOSSR*PLOSSS/PRRE'-I WICSPD 197
ONEGS(Y.ST.)=(.O-PL0ISSS)/'(1.0-PS2/P(2)) WICSPD 186a
ETASG=tPRL.3*( 1.0)/GC!I)-1.O)/CTR12-1.0) WICSPD 189

Pt3~-F~i~7.i)WICSPD 2C0
T1 ) =C ~)WICEPE; 20 1

TD(ISTACE)=TC( 1) IJICSPD 202
C PRINTOUT OF ST~r7E PERFORM1ANCE WICSPD 203

1F(IUN1T.NL.2) CQ TO 663 WICS?-D 204
T ( 1)=1G( 1) ':CFTr WICSPD 265
TG(2)=TLi.2):CFTf WICSPD 26G
P I )=P,,Di )CFP LJICSPD 207

p(2=p.d :7PWICSPD 208S
151=191 *C(*T WICSPD 209
1132=TS2*CFT WICSPD 2:0
r I=s I451 1.Ji F'- ICSPD 2-11
PP522CFP IJICSPD 212
FrH001; F G3*CFfl IICSPD 213

Rl-Oz9-2 FHU C32 *CFIJ WICSPD 214
1 FUWICSPD 215

(.Z2=VZ ' tCF' WICSPD 216
W!.V1*LFU WICSPD 217U2-U2uLFU W.ICSPD 238
WJ=W1v FV. JICSPD 219

L-i2=142 L FU w ICSPD 2:20
1'-, 1 -05CF' WICSPD 22i

1SL-UL)cpk;WICSFD 222
~3, ~ 1 tA UICSPD 2::3

WS,?24JS1'CFV WICSPD 2L4
U( iGTt-itE)=U( ISTACE)*CFU WICSPD 2'-
UU2(!SiTACE)=UU2( ISTAG7E)*CFV WICSPD 2
TRELl=TFELi&:CFT WICSPD 227$PREL!=FRELL :VFP WICSPD 228
TPEL2=FELC -CF i WICSPD 229
PVEL2 PRELR.;CVP WICSPD 220

;PEWi 1 - rACE- I=AREA( ISTG) CFA WICSPD 2$1J
r.RFA1;' 'STAr. v)=AiREAS(! iSTACE)*CFA I4ICSPD 22

UI1.TS~-C) RiL1(I~fAE)'FLWICSPD 2 3
FRAfli2'ISTACE)=RAIJI2(I RTjGE)*CFL WICSPD 2,34

8S3 CON f iINL WICSPD 2:5
LJRITE(G.-1000) WICSPD 2,:s
WRI TE (C y110 1) 'ISTA--E WICSPD 2:'

1100 iJ1AT jIm Hr,IX,~* S TACE=;eP1290 *.*..*;) WICSPD 2,:
LjRITL(C0,110l) WIcsPl 2.:9

1101 FORIIAr(IHO, IGP-TIA; B,!DA979fTTC07PITTC9X WICSPD 240
$-STATi(.':,' ", 7>9TEMPO. FXv 9PRESSURE#,p7X, $TEMPO, 7X9 9PRESSUREOP6Xv WICSPD 24 1
$-,DENSf11,-.i W1CSPD 2-.2
L!IE'.6,111u) TGU1),P(!),TSFS1,H0GSI WIcSPD 2,.3
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1110 FORMAT(lH0vlXv0ROTOR INL.ETp~,1Xv5(Fl0.3v3X)) I.ICSPD 244
WRITE(6,1120) TG(2)vP(2),TS29PS2,RHOGS2 1.ICSPD 245

1120 FORMAT(IH #lXv#ROTOR OUTLET~,5(Fl0.3,3X)) WICSPD 246
WRITE(6, 1111) WICSPD 247

1111 FORMAT( iHO. *AIA~GPABOUEXRLTVEPX0 CONPot WICSPD 248
$5XPOTA1 COMP$,', 15X,#UELOCITY$,5X,$UELOCITYX,5XiUELOCITY$.4X, WICSPD 249
$ OF ABS UEL*#3X9XOF REL UELX) WICSPD 250
WRITE(6,1130) UZI,U1,W1,US1,WS1 LJICSPD 251

113 JFRIT(6,1140 DO UZ2.U2W2.US ,5F053 WICSPD 253
110FRtIT(,10 OTO IMLEU~W29S,IX5FI.,3 WICSPD 252

1140 FORt'AT(IH l1XPORUTOR OUTLETO,5(FIO.5,3X)) WICSPD 254
WRITE(G, 1141) WICSPD 255

1141 FORMATdlH0p15X#*ROTOR~v7XXABS MACHX95X90REL MACH*.5X#OREL TOTAL49 WICSPD 256
$4X, OREL TOTALO, /,16X. 9SPEEDO, 8X,%NUMBER#,7X#riUMBER$, TX, TEMPO,8X, W.ICSPD 257
$$PRESSURE$) WICSPD 258
WRITE(6,1150) U(ISTAGE),Ml,rI1REL#TREL1,PRELI WICSPD 259

1150 FORMAT(1H0.1Xv*ROTOR IN'LET,X5(Fl0.3v3X)) WICSPD 260
W.RITE(G,1160) UU2(ISTACE).M2.M2RELPTREL2.PREL2 WICSPD 261

1160 FORtIAT(IH ,1Xv#ROTOR OUTLETOP5(FI0.3,3X)) WICSPD 262
I=ISTAGE WICSPD 263
IF(ISTACE.EO.1) 1=8 LJICSPD 264
LJRITE(6, 1161) WICSPD 265

1161 FORt1AT(1HO.14Xv$ABS FLOW*#S.X9XREL FLOW0,4X99STREA1TU[IE~p18Xv WICSPD 266
$4FLOWO,/, XONL$#XONL~BXOR~$SPOAISX WICSPD 267
$OCOEFFICIENTO) WICSPD 268
WRITE(6,1170) BET2SS(I-1),BET1SR(ISTACE)PAREA(ISTAGE), WICSPD 269

$RADI 1( ISTAGE)PFAIRIN WICSPD 270
1170 FORIIAT(1HO, 1XsROTOR INLETs,1Xv5(F10.5#3X)) WICSPD 271

LRITEC6.1180) BET1SS(ISTAGE)PBET2SR(ISTAGE)PAREAS(ISTAGE), WICSPD 272
$RAD12Q STAGE),FAIOUT WICSPD 273

1180 FORMAT(IH ,1X,0ROTOR OUTLET095(F10.5,3X)) WICSPD 274
WRITE(G.1190) PR13,ETASG*PR12D(ISTAGE)PETARD(ISTACZ)PTR12 WICSPD 275

1190 FORMAT(1H0,1X,sSTAGE TOTAL PRESSURE RATIO AT DESIGN POINT=-XqF10.59 WICSPD 276
$'.2X.OSTAGE ADIABATIC EFFICIENCY AT DESIGN POINT=0oFl0.5p/p2X9 LJICSPD 277
$$ROTOR TOTAL PRESSURE RATIO AT DESIGN PO1NT=4#F10.59'.2X, WICSPD 278
$VROTOR ADIABATIC EFFICIENCY AT DESIGN POIr1T=OF10.5p,2X, I4ICSPD 279
SVROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT=O.F10.5) WICSPD 280
IF(IUNIT.NE.2) GO TO 864 WICSPD 281
TG(1)=TG(1)/CFT WICSPD 282
TC(2)=TC(2)/CFT WICSPD 283
P( 1)=P( 1)/CFP WICSPD 284
P(2)=P(2)/CFP WICSFD 285
TS1 =TSX 'CFT I4ICSPD 286
TS2=TS2/CFT LJICSPD 287
PSI=PSI/CFP WICSPD 288
P52=PS2'CFP WICSPD 259
RHOGS1=RHOCS1/CFD WICSPD 2s0
RHOCS2=RHDZS2/CFD WICSPD 291
UZ1=UZ1/CFU WICSPD 292
UZ2=UZ2/CFU WICSPD 293
U1=UI'CFU WICSPD 294
V2UV2/CFU WICSPD 2?5
WlJ=W1/CFU WICSPD 296
W2=W2/CFU WICSPD 257
USi =VSI'CFV WICSPD 298
VS2=VS2/CFV WICSPD 299
WS1=WI/CFU WICSPD 300
WS2=W.S2/CFV WICSPD 301
U( ISTAGE)=U( ISTAGE)/CFU WICSPD 302
UU2( ISTACE)=UU2(ISTAGE)/CFV W.ICSPD 303
TRELI =TRELl/ CFT W.ICSPD 304
PRELI=PRELI'CFP WICSPD 305
TREL2=TREL2/CFT WICSPD 306
PREL2=PREL2.'CFP WICSPD 307
AREA( ISTAGE)=AREA( ISTAGE)/CFA WICSPD 308
AREAS( ISTAGE)=AREAS( ISTAGE)/CFA WICSPD 309
RADI2( JSTAGE)-RAD12( ISTAGE)/CFL LIICSPD 310

864 CONTINUE WICSPD 311
C REPEAT WICSPD 312

*TG(1)=TG(3) WICSPD 313
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PC 1)=P(3) WICSPD 314
IF(ISTAGE.EO.NS) ADEUSSCINS)=BEFT2SS(tlS)-BET2?1iS(NS) WICSPI) 3!5
!STOGE- jSYA -Er WICSFD 316
!F(ISTAGE1U.1iS1) GO TO 101 WICSPD) 317
GO TO !.00 WICSPD 318

C OUEI-.L PERFORMA~NCE AT DESIGN POINT WICSPD 319
101 0vALPR~=P(2-)-'P0IN UICSPD 320

UA'LTf=TC(,3)'I1 N I4ICSPD 321
GAtIMAU= C CA Ii PC(-MIA) / 2. 0 WICSPI) 322
(. LIUCMIV/(~l .JVI j ICSPI) 533
OVALEIV=(OVU!'.PR*r,(1.U/G1AU)-1.O)/(OUALTR-1.0) WICSFRD 324
OVALDT=TG( l-TUH1 W~ICSPU 323

C PRINTOUT OF OUEROLL PERFORMANCE AT DESIGN POI1W WICSPD 326
IF(IU'I1T.NP.2) GO TO 665 WICSPD 327

0 IN=T0INWU-T WICSPDJ 328
PG IMPO IN-CFP WICSPD 329
CMASS=CI1AS5~tCFM WICSPD 320
0UALVT=OUALDT*CFT. IICSPD 331
110 422 I=1,IiS WICSPD 332
T3 I)=TD(I) :-CFT WICsPD 333

422 CONTINUE WIC5PD 334
865 C~ONTINUE WICSPD 335

WRITE(6, 1000) WICSPD 336
14RITE(6,421) WICSPD 337

421 OVMT1H.DERALL PERF'ORM~ANCE AT DESIGN POINT *'* WICSPD 338
& .. U ICSPD 339

V.IEU"2)TUIH IJICSPD 340
425 3 W~f H,1X Ci~~iO INLET TOTAL TEMPERATURE=;',F8.P2) LJICSPD 341

LJRITE-:6,42G) P0111 WICSPD 342
426 FOPMlA[ IHO, >;C, JMPPE5SOR INLET TOTAL PRESSURE=9, FI.2) WICSPD 343

LIP!TE(6.427) L.NA3S WICSPD 344
,427 l'fl~ikT(HO,1% C',PmECTED MASS FLOW RATE=,FG.3) WICEPD 345

0 'f'TE ( Li42a. A FLP, WICSPD 346
429 2IIpi il( iO, IX, 0-UEPALL TOTAL PRESSURE RATIO=9, FG.4) WICSPD 347

V!,"TE->G,4:30 OUAiLTF? WICSpD 34S
430 Oh~I101,VEALTOTAL TEMPERATURE RATIO=-,F6.4) WICSPD 343

&'P1TE(G,4:31) OUF LEF &JICSPD 350
431 Fi1Pi1'-T(2.10,X,,-0ERALL ADIABATIC EFFICIENCY=,-,F6.4) WICSPI) 351

L: li d Li,4-2 OU;'-l'J WICSPD 3E2
-111\1- 1f.HXCLERALL TEMPERATURE RISE=APF3.3) JSP 33

','iFE(G, 1,21) WlJCSpD 354
1Li21 OR-l(H,4,A5,2 5.3,~WICSPD 355

L...!ITE(69 !'!0) (EET'SP(T)pI=-1,NS) WICSPD 352

~?TF~, 72)(K~T25RP(),I-XlNS) WICSPD 358
i.720 Pi1I1 EE.d I)2X(F..) WICSPD) 359

[2 ITE(r ,1730) (rnliCSP(I)vI=1,NS) WICSPD 380
i±;'s-o I- CAIi1AT(IH v IX, ILNCSR(I) ,2X, 6(FS.29 IX)) WICSPD 361

W;iTE(Gvl740) (AL US(T),I=-1,IS" WICSPD 36-2
.740 1:Qpj~iyiTld- 9, .s;0EVSP' jT ;-92X,6(F5.2,lX)) WICSPD 363

WTEt6,1760,') (EFLT1SS'-). I=!1NS) WICSPD 364
1~C .,2HiT1 1X,g-LLTISS(l);r,2X,G(FS.2vlX)) WICSPI) 365

LI~E~,77)(UE2SkI),IZ1,N3jg WICSPD 366
170 lIflilAi'(iH ,,',E,,T25(l)'92XP7(F5.2,1X)) LJICSPI) 367

HPTTE(6,7LU) (Al NCSS(I).Im1,MS) W.ICSPD 3GS
1780 iii IIAT (! H 9 ,iX , v "(I!CSS (I ); #2X, S(F5.2 v1X)) WICSPD) 3-1S

tiRirL(6,1.795) (A!JESSITJI=1,NS) UICSPD 370
1700 I OR.-IAT(!H ,1X,IADE(JSS..i;iP,.G(FS.2*lX)) WICSPD 371

I2PITE(691791) (T -(T)-, 1-,MJ WJICSPI) 372

171 ~ll()TlHWICSPl 374

1793 1-,,E1!fI IS3! 7

IFUIT.NE.2) GO TO E;GG isl 7

CllASSmCMASZ.'CFM WICSPI) 361
UUALDT=OUALDT/LFT WICSPD) 382
1)0 423 I~1,N3 WICSPE 3
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TD( I)=TD( I '*CFT WICSPD 3E4
423 CONTINIUE WICSPD W~5
8EG CONTINUE UICSPD 3ZIF

[rLTURi1 WICSPD 387
EDWICSPD 388
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APPENDIX 5

PRINTOUT OF TEST CASE
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A.5.1 Test Case Part I

1 250



**.*~ *~.***.*,~.4o**v~*I NPUT DATA

NS(NUMBER OF STAGE)= G
UNIT=ENGLISH UNIT
IPERFM=2
FEIFORMANCE AT MEAN

1 2 3 4 5 G IGU
RRHUB(I) .770 1.035 1.232 1.378 1.489 1.572
RC(I) .605 .554 .534 .510 .483 .456
RBLADE(I) 16.00 20.00 20.00 25.00 28.00 32.00
STAGER(I) 34.25 29.26 27.37 28.30 29.17 29.75
STACES(I) 23.67 25.62 26.94 28.41 29.82 38.99
SRHUB(I) .923 1.145 1.311 1.445 1.538 1.580 .774
SC(I) .442 .412 .412 .412 .412 .412
SBLADE(1) 14.00 2G.OU 28.00 32.00 36.00 30.00
SIGUMR(I) 1.052 1.120 1.037 1.182 1.211 1.283
SIGUMS(I) .640 1.061 1.093 1.199 1.311 1.087
GCPR(I) .125 .125 .125 .125 .125 .125
GAPS(Y) .125 .125 .125 .125 .125 .125
RRTIP(I) 2.16 2.16 2.16 2.16 2.16 2.16
SRTIP(I) 2.16 2.16 2.16 2.16 2.16 2.16 2.'G
RT(1) 2.149 2.151 2.148 2.149 2.149 2.147
RM(I) 1.426 1.575 1.642 1.722 1.789 1.836
RH(I) .781 1.056 1.252 1.411 1.533 1.621
ST(I) 2.147 2.138 2.127 2.123 2.118 2.100
SM(I) 1.502 1.573 1.637 1.712 1.7G6 1.784
SH(I) .934 1.152 1.318 1.453 1.548 1.592
BLOCK(I) .983 .976 .967 .949 .923 .902
BLOCKS(I) .978 .966 .945 .928 .908 .863
BETIMR(I) 42.72 42.74 41.62 42.85 44.00 45.07
BET2MR(I) 25.79 17.17 13.12 13.76 14.33 14.43
BETIMS(I) 35.15 40.11 43.36 45.00 46.31 48.71 0
EET2MS(I) 12.19 11.13 10.51 11.81 13.32 29.28 21.99
PR12D(I) 1.154 1.165 1.221 1.237 1.230 1.215
PR13D(I) 1.152 1.159 1.213 1.228 1.221 1.208
ETARD(I) .566 .96G .968 .965 .962 .954
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* .INP.T DATA_ ..... . .........

FNF(FRACTION OF DESIGN CORRECTED SPEED)=1.000

XDIN(INITIAL WATER CONTENT OF SMALL DROPLET)= 0
XDDIN(IIITIAL WATER CONTENT OF LARGE DROPLET)= 0
RHUMID(IIITIAL RELATIUE HUMIDITY)=  .00 PER CENT
XCH4(INITIAL METHANE CONTENT)= 0

TOG(COMPRESSOR INLET TOTAL TEMPRATURE OF GAS)= 518.70
TOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)= 513.70
PO(COMPRESSOR fi'LET TOTAL PRESSURE)= 2116.80

DIN(INITIIL DROPLET DIAMETER OF SMALL DROPLET)= 20.0
DDIN(INITIAL DROPLET DIAMETER OF LARGE DROPLET)= 600.0

FND(DESIGN ROTATIONAL SPEED)=51120.O

DOMASS(DESIGN MASS FLOW RATE)= .3755

COMPRESSOR INLET TATAL TEMPERATURE(GAS PHASE) 518.70

COMPRESSOR INLET TOTAL PRESSURE= 211G.80

PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGE MENT)= EO.0 PERCENT

ROTOR SPEED=51120.O RPM

CORRECTED ROTOR SPEED= 51120.0 RPM( 100.OPER CENT OF DESIGN CORRECTED SPEED)
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**n* **..***** DESIGN POINT IFORKATIOM .... *. . e

COMPRESSOR INLET ****

TOTAL TEMPERATURE AT COMPRESSOR INLET= 518.70000
TOTAL PRESSURE AT COMPRESSOR INLET= 2116.80
STATIC TEMPERATURE AT COMPRESSOR INLET= 496.28109
STATIC PRESSURE AT COMPRESSOR INLET= 1813.73
STATIC DENSITY AT COMPRESSOR INLET= .06850

ACOUSTIC SPEED AT COMPRESSOR INLET=1092.25914
AXIAL UELOCITY AT COMPRESSOR INLET= 518.81873

MACH NUMBER AT COMPRESSOR INLET= .47500
STREAMTUBE AREA AT COMPRESSOR IrLET= .01057
FLOW COEFFICIENT AT COMPRESSOR INLET= .53817
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**.**** ..**.* ESIGM POIIT INFORIATION *- -

*.*** STAGE= 1 *****

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 518.700 2116.300 492.637 1767.579 .067
ROTOR OUTLET 541.148 2442.787 508.269 1961.576 .072

AXIAL ABSOLUTE RELATIUE TAN COMP TAM COMP
VELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 538.76531 559.39838 725.32398 150.52734 485.62003
ROTOR OUTLET 525.97105 628.55682 618.75550 344.14S38 325.90306

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 636.147 .514 .667 536.454 2381.210
ROTOR OUTLET 670.051 .569 .560 540.141 5091.750

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 15.61000 42.03015 .01036 1.42600 .55886
ROTOR OUTLET 33.19714 31.78325 .00987 1.5000 .54559

STAGE TOTAL PRESSURE RATIO AT DZSIGM PDIHT= 1.15200

STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .95383
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.15400
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96600
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.04323
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* '*****.** DESIGN POINT INFORMATION I *4*

STAGE= 2

* TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 541.148 2438.554 511.984 2008.852 .074
ROTOR OUTLET 566.141 2840.915 522.316 2142.394 .077

AXIAL ABSOLUTE RELATIUE TAN COMP TAN COMP
UELOCITY UELOCITY UELOCITY OF ABS LEL OF REL UEL

ROTOR INLET 543.21299 591.88727 730.68951 220.67086 481.94632
ROTOR OUTLET 581.16447 725.94045 639.44211 435.01464 266.71034

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 702.617 .534 .659 556.431 2688.136
ROTOR OUTLET 701.725 .648 .571 556.331 5751.007

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 21.89000 41.26765 .00930 1.57500 .56970
ROTOR OUTLET 36.81569 24.65154 .00841 1.57300 .60285

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.15900
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .33231
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.16500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .36600
ROTOR TOTAL TEMPERATURE RATIO AT EESIGN POINT= 1.04618
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****m*u******* DESIGN POINT INFORMATION ********** ***

STAGE= 3 ****

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 566.141 2826.284 535.362 2323.668 .081
ROTOR OUTLET 600.462 3450.892 549.786 2533.049 .086

AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY VELOCITY VELOCITY OF ABS LEL OF REL VEL

ROTOR INLET 574.81563 608.26663 784.29006 193.93541 533.57089
ROTOR OUTLET 614.43880 781.11343 662.59507 4S2.28S50 247.98627

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 732.506 .536 .69? 586.533 3199.070
ROTOR OUTLET 730.276 .680 .577 586.263 6929.751

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA FADIUS COEFFICIENT

ROTOR INLET 19.09000 42.86892 .00803 1.64200 .59626
ROTOR OUTLET 38.12932 21.97990 .00708 1.63700 .63736

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.21300
STAGE ADIABATIC EFFICIENCY AT DE3IGN POINT= .33464
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.22100
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .36800
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.06062
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* *~.*..***..*.'* DESIGN POINT INFORMATION *4 ** **

**.** STAGE= 4 ****

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 600.462 3428.282 569.069 2839.988 .094
ROTOR OUTLET 639.381 4240.785 585.841 3118.959 .100

AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY UELOCITY VELOCITY OF ABS VEL OF REL VEL

ROTOR INLET 580.04590 614.69778 809.54747 203.47020 564.72459
ROTOR OUTLET 619.63965 803.61317 668.93304 511.70446 252.02926

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 768.195 .526 .692 623.F19 3912.431
ROTOR OUTLET 763.734 .678 .564 622.S51 8231.914

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 19.33000 44.23321 .00692 1.72200 .60169
ROTOR OUTLET 39.55025 22.13332 .00607 1.71200 .64276

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.22800
STAGE ADIAEATIC EFFICIENCY AT DESIGN POINT= .93002
ROTOR TOTAL PRES3URE RATIO AT DESIGN POINT= 1.23700
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .3S500
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.06481
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*:.********.* DESIGN POINT INFORMATION STATC* STTIC*TA**

**STAGE= 5 **

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 639.381 4209.930 G06.962 3506.755 .108
ROTOR OUTLET 679.732 5178.214 625.197 3S57.244 .116

AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY VELOCITY VELOCITY OF ABS UEL OF REL VEL

ROTOR INLET 586.84149 625.22167 826.78513 215.68308 582.40082
ROTOR CUTLET 617.08368 811.98444 669.65381 527.75042 260.07304

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 798.084 .518 .685 663.653 4798.526
ROTOR OUTLET 787.823 .G63 .547 662.302 9691.778

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 20.18000 44.78240 .00591 1.78300 .60873
ROTOR OUTLET 40.53794 22.85308 .00526 1.76600 .G4011

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.22100
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .92580
ROTOR TOTAL PRESSURE PATIO AT DESIGN POINT= 1.23000
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96200
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.06311
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**4***O***'* DESIGN POINT INFORMATION *.....U... **o

* *'* STAGE= G *****

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET C79.732 5140.325 646.933 4318.954 .125
ROTOR OUTLET 720.259 6245.495 665.989 4736.E91 .133

AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY VELOCITY VELOCITY OF ABS VEL OF REL VEL

POTOR INLET 587.19574 629.60666 833.74045 227. 16E90 591.88199
ROTOR OUTLET 603.39773 811.09676 654.61329 542.02:20 253.83017

ROTOR ABS MACH REL MACH REL TOTAL REL TOVAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 819.051 .506 .669 704.449 5829.034
ROTOR OUTLET 795.853 .642 .518 701.350 10970.182

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 21.15000 45.22772 .00511 1.83s00 .60910
ROTOR OUTLET 41.93288 22.81494 .00467 1.78400 .62591

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.20800
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .92365
POTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.21500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .33400
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.05962
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.***.**** *** DESIGN POINT INFORMATION ********** **

** ***** OVERALL PERFORMANCE AT DESIGN POINT ** * *****w

COMPRESSOR INLET TOTAL TEMPERATURE= 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE= 3.168

GUERALL TOTAL PRESSURE RATIO=2.9334

OUERALL TOIAL TEMPERATURE RATIO=1.3886

OVERALL ADIABATIC EFFICIENCY= .9223

OVERALL TEMPERATURE RISE= 201.559

1 2 3 4 3 6 IGU
DETISR(I) 42.03 41.27 42.87 44.23 44.78 45.23
BET2SR(I) 31.78 24.65 21.98 22.13 22.85 22.81
AINCSR(I) -.65 -1.47 1.25 1.38 .78 .16
ADEVSR(I) 5.39 7.48 8.86 8.37 8.52 8.38
BETISS(I) 33.20 36.82 38.13 39.55 40.54 41.93
rET2SS(I) 21.89 19.09 19.33 20.18 21.15 34.86 15.61
AINCSS(I) -1.95 -3.29 -5.23 -5.45 -5.77 -6.78
ADEUSS(I) 9.70 7.96 8.82 8.37 7.83 5.58
TD(I) 518.7 541.1 566.1 600.5 639.4 679.7
OMEGS(I) .009 .021 .025 .028 .029 .024
OMEGR(I) .020 .021 .024 .028 .030 .036
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thrTIAL FLOWl COEFFICIENT- .50000 (STAGE- 1I------

STAGE TOTAL PRESSURE RATIO= 1.18052
STAGE TOTAL TEMPERATURE RATIOa 1.05118
STAGE ADIABATIC EFFICIENCY= .94se

STAGE FLOW COEFFICIENT- .500
AXIAL UELOCITY= 482.12
ROTOR SPEED- 964.04

STAGE TOTAL PRESSURE RATIO(ACTUL)- 1.18052
STAGE TOTAL PRESSURE RATIO(IDEAL), 1.19072
LOSS FACTOR IN ROTOR= 1.01779
LOSS FACTOR IN STATORm .99767

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*
TOTAL PRESSURE 2116.80 2504.78 2498.93
STATIC PRESSURE 1833.16 2064.66 2151.05
TOTAL TEMPERATURE(GAS) 518.7000 545.2462 545.2462
STATIC TEMPERATURE(GAS) 497.7954 515.9463 522.3760
STATIC DENSITY(GAS) .0690 .0750 .0772
STATIC DENSITY(MIXTURE) .0690 .0750 .0772

AXIAL VELOCITY 482.1211 465.8891 480.6330
ABSOLUTE VELOCITY 500.9898 593.2170 524.1017
RELATIVE VELOCITY 694.5426 555.6590
BLADE SPEED 636.1474 670.0514 702.6172
TANG. COMP. OF ADS. UEL. 136.1987 367.2243
TANG. COMP. OF REL. LEL. 499.9486 302.8271
ACOUSTIC SPEED 1093.9243 1120.9182 1120.6073
ABSOLUTE MACH NUMBER .4580 .5327 .4677
RELATIVE MACH NUMBER .6349 .498S

FLOW COEFFICIENT .5001 .4833 .4986
FLOW AREA .0104 .0099 .0093

ABSOLUTE FLOW ANGLE 15.7749 38.2460 23.5019
RELATIVE FLOW ANGLE 46.0400 33.0238INCIDENCE 3.3200 3.0960DEVIATION 7.2338 11.3119
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------------------- : INITIAL FLOW COEFFICIENT= .50000 (ISTAGE 1 ) = -

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTIIET(JPERFMw2)

STAGE TOTAL PRESSURE RATIO- 1.18052
STAGE TOTAL TEMPERATURE RATIO= 1.05118
STAGE ADIABATIC EFFICIENCY- .94929

**STAGE INLET** **STAGE OUTLET** **STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU= .00000 .00000 .00000
XW= 0 0 0
XWW= 0 0 0
XWT= 0 0 0
XAIR= 1.00000 1.00000 1.00000
XMETAM= 0 0 0
XGAS 1.00000 1.00000 1.00000
WMASS= 0 0 0
WWMASS= 0 0 0
WTMASS= 0 0 0
AMASS= .34491 .34491 .34491
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34491 .34491 .34491
TMASS= .34491 .34491 .34491
WS= .00000 .00000 .00000
RHOA= .07649 .07500 .07718
RHOM= .06904 .07500 .07718
RHOG= .06902 .07500 .0771S
TG= 518.70000 545.24617 545.24617
TW= 513.70000 513.70000 513.70000
TWW= 513.70000 0 513.70000
P= 2116.80000 2504.776W 2498.92898
TB= 671.40656 0 679.62039
TDEW= 271.93506 273.35228 273.35228
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•.. . . InIITIAL FLOW COEFFICIENT- .50000 (STAGE- 2 )

STAGE TOTAL PRESSURE RATIO- 1.18150
STAGE TOTAL TEMPERATURE RATIO- 1.052M73
STAGE ADIABATIC EFFICIENCY= .Se538

STAGE FLOW COEFFICIENT- .499
AXIAL UELOCITY= 480.65
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACT.AL)= 1.18150
STAGE TOTAL PRESSURE RATIO(IDEAL)a 1.19700
LOSS FACTOR IN ROTOR= .99305
LOSS FACTOR IN STATOR- .99331

*ROTOR INLET* *RaTOR OUTLET* OSTATOR OUTLET*
TOTAL PRESSURE 2498.93 2972.36 2952.48
STATIC PRESSURE 2151.02 2334.66 2553.83
TOTAL TEMPERATURE(GAS) 545.2462 573.996M 573.9966
STATIC TEMPERATURE(GAS) 522.3793 535.7319 550.6973
STATIC DENSITY(GAS) .0772 .0817 .0869
STATIC DENSITY(MIXTURE) .0772 .0817 .08s

AXIAL UELOCITY 480.6495 502.3934 494.1596
ABSOLUTE VELOCITY 524.1276 678.1185 529.1491
RELATIVE UELOCITY 688.9633 559.5039
BLADE SPEED 702.6172 701.7250 732.5063
TANG. COMP. OF ABS. UEL. 209.0116 455.4619
TANG. COMP. OF REL. UEL. 493.6056 246.2631
ACOUSTIC SPEED 1120.4811 1150.2843 1150.4507
ABSOLUTE MACH NUMBER .4678 .5976 .4599
RELATIUE MACH NUMBER .6149 .4931

FLOW COEFFICIENT .498G .5211 .5126
FLOW AREA .0093 .0084 .0080

ABSOLUTE FLOW ANGLE 23.5019 42.1950 20.9539
RELATIUE FLOW ANGLE 45.7619 26.1132
INCIDENCE 3.0219 2.0850
DEUIATION 8.9432 9.8239
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-* INITIAL FLOW COEFFICIE1T .50000 (ISTAGE- 2 ) :::-: ---

STAGE PERFORMANCE AFTER IMTER-STAGE ADJUSTMEMT(JPERFII2)

STAGE TOTAL PRESSURE RATIO- 1.18150
STAGE TOTAL TEMPERATURE RATIO= 1.05273
STAGE ADIABATIC EFFICIENtCY= .92538

**STAGE INLET** -.STAGE OUTLET** *ISTAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU= .00000 .00000 .00000
XW= 0 0 0
XWW= 0 0 0
XWT= 0 0 0
XAIRU 1.00000 1.00000 1.00000
XMETAI- 0 0 0
XGAS 1.00000 1.00000 1.00000
WMASS= 0 0 0
WWMASS= 0 0 0
WTMASS= 0 0 0
AMASS= .34491 .34491 .34491
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34491 .34491 .34491
TMASS= .34491 .34451 .34491
WS= .00000 .00000 .00000
RHOA= .08590 .08168 .08692
RHOM= .06904 .08168 .08692
RHOG= .07718 .08168 .08692
TG= 545.24617 573.99661 573.99661
TW= 513.70000 513.70000 513.70000
TWW= 513.70000 0 513.70000
P= 2498.92898 2972.35955 2952.48188
TB= 679.62039 0 688.08016
TDEW= 273.35228 274.74655 274.74655
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T- ITIAL FLOW COEFFICIENT-o .50000 (STAGE= 3 -

STAGE TOTAL PRESSURE RATIO= 1.2
STAGE TOTAL TEMPERATURE RATIO=  1 .06596
STAGE ADIABATIC EFFICIENCY= .92118

STAGE FLOW COEFFICIENT= .513
• AXIAL VELOCITY= 494.17

ROTOR SPEED- 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL), L.221
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.25071
LOSS FACTOR IN ROTOR= .99061
LOSS FACTOR IN STATOR= .99091

*ROTOR INLET' *ROTOR OUTLET* 0STATOR OUTLET*
TOTAL PRESSURE 2952.48 3663.87 3630.55
STATIC PRESSURE 2553.80 2827.58 3166.80
TOTAL TEMPERATURE(GAS) 573.9966 611.8566 611.8566
STATIC TEMPERATURE(GAS) 550.7079 568.2392 588.4487
STATIC DEMSITY(GAS) .0869 .0933 .1009
STATIC DEMSITY(MIXTURE) .0869 .0933 .1009

AXIAL VELOCITY 494.1744 522.5140 494.0333
ABSOLUTE VELOCITY 529.1692 724.3096 530.6107
RELATIVE VELOCITY 734.4023 570.3622
BLADE SPEED 732.5063 730.2758 768.1948
TANG. COMP. OF ABS. UEL. 189.2399 501.6010
TANG. COMP. OF REL. UEL. 543.2664 228.6748
ACOUSTIC SPEED 1150.2627 1188.4867 1189.024L
ABSOLUTE MACH NUMBER .4600 .6199 .4463
RELATIVE MACH NUMBER 6385 .4881

FLOW COEFFICIENT .5126 .5420 .5125
FLOW AREA .0080 .0071 .0069

ABSOLUTE FLOW ANGLE 20.9539 43.8301 21.4115
RELATIVE FLOW ANGLE 47.7092 23.6363
INCIDENCE 6.0892 .4701
DEVIATION 10.5163 10.9015
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INTIAL F! O COEFFIClEN- .50000 (ISTAGE- 3 )

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMET(JPERFI2)

STAGE TOTAL PRESSURE RATIO- 1.22m966
STAGE TOTAL TEMPERATURE RATIO- 1.06599
STAGE ADIABATIC EFFICIENCY- .92118

**STAGE INLET** -STAGE OUTLET** **STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MEMT)XU= .00000 .00000 .00000

XW= 0 0 0
XWW= 0 0 0
XWT= 0 0 0
XAIR= 1.00000 1.00000 1.00000
XMETAM= 0 0 0
XGAS 1.00000 1.00000 1.00000
WMASS= 0 0 0
WWIASS 0 0 0WTASS= 0 0 0
AMASS= .34491 .34491 .34491
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34491 .34491 .34491
TMASS= .34491 .34491 .34491
WS= .00000 .00000 .00000
RHOA= .09641 .09326 .10086
RHOM= .06904 .09326 .10086
RHOG= .08692 .09326 .10086
TG= 573.9'6G1 611.85659 611.85S59
TW= 513.70000 513.70000 513.70000
TWW= 513.70000 0 513.70000
P= 2952.48188 3G3.87348 3930.55342
TB= 688.08016 0 698.86348
TDEW= 274.74655 276.46988 276.46988
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-- ITIAL FLOM COEFFICIUff- .50000 (STAGE- 4 ) -

STAGE TOTAL PRESSURE RATIO. 1.24218
STAGE TOTAL TENPERATJRE RATIO. 1.06978
STAGE ADIABATIC EFFICIENCY- .91298

STAGE FLOW COEFFICIENT- .513
AXIAL VELOCITY- 494.07
ROTOR SPEED- 964.04

STAGE TOTAL PRESSURE RATIOCACTUAL)m 1.24218
STAGE TOTAL PRESSURE RATIO(IDEAL)- 1.2684
LOSS FACTOR IN ROTOR. .98759
LOSS FACTOR I" STATOR= .98968

*ROTOR INLET* *ROTOR OUTLETO *'STATOR OUTLET*
TOTAL PRESSURE 3630.55 455.82 4509.80
STATIC PRESSURE 3166.66 3525.69 3957.68
TOTAL TEItPERATURE(GAS) 611.8566 654.5529 654.5529
STATIC TErPERATURE(GAS) 588.4681 608.4010 630.6384
STATIC DENSITY(GAS) .1009 .1086 .1176
STATIC DEMSITY(MIXTURE) .1009 .1086 .1176

AXIAL VELOCITY 494.0715 522.8404 496.2018
ABSOLUTE VELOCITY 530.6990 745.6155 536.7235
RELATIVE VELOCITY 757.6978 572.0630

* BLADE SPEED 768.1948 763.7337 798.0839
TANG. COMP. OF ABS. UEL. 193.7350 531.5829
TANG. COMP. OF REL. UEL. 574.4558 232.1508
ACOUSTIC SPEED 1188.6880 1230.0789 1230.5425
ABSOLUTE MACH NUMBER .4465 .6169 .4362
RELATIVE MACH NUMBER .6374 .4733

FLOW COEFFICIENT .5125 .5423 .5147
FLOW AREA .0063 .0061 .0059

ABSOLUTE FLOW ANGLE 21.4115 45.4750 22.4163
RELATIVE FLIW ANGLE 49.3022 23.9421
INCIDENCE 6.4522 .4750
DEUIATION 10.1821 10.6063
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.;:*:I:::::I INITIAL FLOM COEFFICIENT- .50000 (ISTAGE- 4

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMEPT(JPERFT 2)

STAGE TOTAL PRESSURE RATIO- 1.24218
STAGE TOTAL TEMPERATURE RATIO= 1.06978
STAGE ADIABATIC EFFICIENCY= .91298

**STAGE INLET- "STAGE OUTLET** **STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-

STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU= .00000 .00000 .00000
XW= 0 0 0
XWW= 0 0 0
XWT= 0 0 0
XAIR= 1.00000 1.00000 1.00000
XMETAN- 0 0 0
XCAS 1.00000 1.00000 1.00000
WMASS= 0 0 0
WWMASS= 0 0 0
WTMASS= 0 0 0
AMASS= .34491 .34491 .34491
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34491 .34491 .34491
TMASS= .34491 .34491 .34491
WS= .00000 .00000 .00000
RHOA= .11122 .10860 .11762
RHOM= .06904 .10860 .11762
RHOG= .10086 .10860 .11762
TG= 611.85659 654.55293 654.55293
TW= 513.70000 513.70000 513.70000
TWU= 513.70000 0 513.70000
P= 3630.55342 4556.82036 4509.79574
TB= 698.86348 0 710.54436
TDEW= 276.46988 278.29004 278.29004
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------------------- VMINAL FLOl COEFFICIENT- .50000 (STAGE- 5 )-------------

STAGE TOTAL PRESSURE RATIO- 1.23414
STAGE TOTAL TEMPERATURE RATIO- 1.06,93
STAGE ADIABATIC EFFICIENCY= .90663

STAGE FLOW COEFFICIENT- .515
AXIAL UELOCITY= 496.25
ROTOR SPEED- 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL) 1.23414
STAGE TOTAL PRESSURE RATIOC(IDEAL)- 1.25590LOSS FACTOR IN ROTORs= .98308
LOSS FACTOR IN STATOR, .98949

*ROTOR INLET* *ROTOR OUTLET* 'STATOR OUTLET'
TOTAL PRESSURE 4509.80 5624.85 5585.72
STATIC PRESSURE 3957.52 4401.30 4921.73
TOTAL TEMPERATURE(GAS) 654.5529 699.0183 699.0183
STATIC TEtPERATURE(GAS) 630.6739 651.9165 674.9958
STATIC DEMSITY(GAS) .1176 .1265 .1367
STATIC DENSITY(MIXTURE) .1176 .1265 .1367

AXIAL UELOCITY 496.2499 517.9326 493.7867
ABSOLUTE VELOCITY 536.8130 754.0599 538.5133
RELATIUE UELOCITY 773.5389 570.7437
BLADE SPEED 798.0839 787.8235 819.0509
TANG. COiP. OF ABS. UEL. 204.7050 548.0439
TANG. COMP. OF REL. UEL. 593.3789 239.7796
ACOUSTIC SPEED 1230.0502 1272.1584 1L272.5386
ABSOLUTE MACH NUMBER .4364 .6030 .4232
RELATIUE MACH NUMBER .6289 .4564

FLOW COEFFICIENT .5148 .5373 .5122
FLOW AREA .0059 .0053 .0051

ABSOLUTE FLOW ANGLE 22.4163 46.6180 23.5232
RELATIUE FLOW ANGLE 50.0939 24.8420
INCIDENCE 6.0939 .3080
DEUIATION 10.5120 10.2032
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IMITIAL FLOW COEFFCIEPIT= .50000 (ISTAGE= 5 son

STAGE PERFORMACE AFTER INTER-STAGE ADJUSTIEIT(JPERFtI=2)

STAGE TOTAL PRESSURE RATIO- 1.23414
STAGE TOTAL TEMPERATURE RATIO- 1.06793
STAGE ADIABATIC EFFICIENCY= .90663

**STAGE IMLET** **STAGE OUTLET** **STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU= .00000 .00000 .00000
XW= 0 0 0
XWW= 0 0 0
XWT= 0 0 0
XAIR= 1.00000 1.00000 1.00000
XMETAN- 0 0 0
XGA5 1.00000 1.00000 1.00000
WMASS= 0 0 0
WWMASS=  0 0 0
WTMASS= 0 0 0
AMASS= .34491 .34491 .34491
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34491 .34491 .34491
TMASS= .34491 .34491 .34491
WS= .00000 .00000 .00000
RHOA= .12914 .12651 .13665
RHOM= .06904 .12651 .13665
RHOG= .11762 .12651 .13665
TG= 654.55293 699.01831 699.01831
TW= 513.70000 513.70000 513.70000
TWW= 513.70000 0 513.70000
P= 4509.79574 5624.84868 5565.71763
TB= 710.54436 0 725.30379
TDEW= 278.29004 270.78298 270.78298
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:----------- ------ N INITIAL FLOW COEFFICIENT- .50000 (STAGE- S ) -

STAGE TOTAL PRESSURE RATIO- 1.21895
STAGE TOTAL TEMPERATURE RATIO- 1.06377
STAGE ADIABATIC EFFICIENCY- .90463

STAGE FLOW COEFFICIENT- .512
AXIAL VELOCITY= 493.84
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL) 1.21895
STAGE TOTAL PRESSURE RATIO(IDEAL), 1.24345
LOSS FACTOR IN ROTOR= .97403
LOSS FACTOR IN STATOR- .99138

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLETs
TOTAL PRESSURE 5565.72 6843.38 6784.36
STATIC PRESSURE 4921.56 5436.20 5876.36
TOTAL TEMPERATURE(GAS) 699.0183 743.593M 743.5938
STATIC TEMPERATURE(GAS) 675.0454 696.5955 713.9007
STATIC DENSITY(GAS) .1367 .1463 .1543
STATIC DETSITY(MIXTURE) .1367 .1463 .1543

AXIAL VELOCITY 493.840F 505.0266 478.8044
ABSOLUTE UELOCITY 538.5989 754.2557 599.5224
RELATIVE VELOCITY 780.2545 557.2913
BLADE SPEED 819.0509 755.8534 .5000
TANG. COMP. OF ABS. UEL. 214.9655 560.2230
TANG. COMP. OF REL. UEL. 604.0850 235.6304
ACOUSTIC SPEED 1271.8959 1307.3852 1307.9918
ABSOLUTE MACH NUMBER .4235 .5838 .4584
RELATIVE MACH NUMBER .6135 .4313

FLOW COEFFICIENT .5123 .5239 .4994
FLOW AREA .0051 .0047 .0047

ABSOLUTE FLOW ANGLE 23.5232 47.962 37.0059
RELATIVE FLOW ANGLE 50.7339 25.0124
INCIDENCE 5.6639 -.7438
DEVIATION 10.5824 7.7259
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''**ee'*'O::::': IMITIAL FLOWI COEFFICIENT= .50000 (ISTAGE- )

STAGE PERFORMAMCE AFTER INTER-STAGE ADJUSTMEMtT(JPERFM=2)

STAGE TOTAL PRESSURE RATIO- 1.21895
STAGE TOTAL TEMPERATURE RATIO= 1.06377
STAGE ADIABATIC EFFICIENCY= .S0463

**STAGE INLET* **STAGE OUTLET-. *STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU= .00000 .00000 .00000
XW= 0 0 0
XWW= 0 0 0
XWT= 0 0 0
XAIR= 1.000Cq 1.00000 1.00000
XMETAN= 0 0 0
XGAS 1.00000 1.00000 1.00000
WMASS= 0 0 0
WWMASS= 0 0 0
WTMASS= 0 0 0
AMASS= .34491 .34491 .34491
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34491 .34491 .34491
TMASS= .34491 .34491 .34491
WS= .00000 .00000 .00000
RHOA= .14924 .14623 .15426
RHOM= .06904 .14623 .15426
RHOG= .13665 .14623 .15426
TG= 699.01831 743.59381 743.59381
TW= 513.70000 513.70000 513.70000
TWW= 513.70000 0 513.70000
P= 5565.71763 6843.37717 6784.35886
TB= 725.30379 0 737.46504
TDEW= 270.78298 272.44415 272.44415
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. .. .. .. ..OVERALL PERFORMIA.CE . ..

INITIAL FLOW COEFFICIENT= .50000

CORRECTED SPEED=51120.O 1.000 FRACTION OF DEIGN CORRECTED SPEED

INITIAL WATER CONTENT(SMALL DROPLET)= 0
INITIAL WATER CONTENT(LARGE DROPLET)= 0
INITIAL WATER CONTENT(TOTAL)= 0
INITIAL RELATIVE HUMIDITY= .0 PER CENT
INITIAL METHANE CONTENT= 0

COMPRESSOR INLET TOTAL TEMPERATURE= 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE OF MIXTURE= .345( 2.910)

CORRECTED MASS FLOW RATE OF GAS PHASE .345( 2.g10)

OVERALL TOTAL PRESSURE RATIO=3.2050

OVERALL TOTAL TEMPERATURE RATIO=1.4336

OUERALL ADIABATIC EFFICIENCY= .9057

OUERALL TEMPERATURE RISE OF GAS PHASE= 224.894
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A.5.2 Test Case Part 11
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.. _!- INPUT DATA-

MS(MUMIBER OF STAGE)= 6
LIT-EIGLISH UNIT
IPERFM=2
PERFORMA CE AT MEAN

1 2 3 4 5 6 ICU
RRHUB(I) .770 1.035 1.232 1.378 1.489 1.572
RC(I) .605 .554 .534 .510 .483 .456
RBLADE(I) 16.00 20.00 20.00 25.00 28.00 32.00
STAGER(I) 34.25 29.96 27.37 28.30 29.17 29.75
STA ESCI) 23.67 25.62 26.94 28.41 23.82 38.99
SRHUB(I) .923 1.145 1.311 1.445 1.538 1.580 .774
SC(I) .442 .412 .412 .412 .412 .412
SBLADE(I) 14.00 26.00 28.00 32.00 36.00 30.00
SIGUIR(I) 1.052 1.120 1.037 1.182 1.211 1.283
SIGUIS(I) .640 1.061 1.093 1.199 1.311 1.087
GAPR(I) .125 .125 .125 .125 .125 .125
GAPS(I) .125 .125 .125 .125 .125 .125
RRTIP(I) 2.16 2.16 2.16 2.16 2.16 2.16
SRTIP(I) 2.16 2.16 2.16 2,16 2.16 2.16 2.16
RT(I) 2.14S 2.151 2.148 2.149 2.145 2.147
RM(1) 1.426 1.575 1.642 1.722 1.789 1.83
RH(1) .781 1.056 1.252 1.411 1.533 1.621
ST(D) 2.147 2.138 2.127 2.123 2.118 2.100
SM(I) 1.502 1.573 1.637 1.712 1.766 1.784
SH(I) .934 1.152 1.318 1.453 1.548 1.592
BLOCK(I) .983 .976 .967 .949 .923 .902
BLOCKS(I) .978 .966 .945 .928 .908 .863
BETIMR(I) 42.72 42.74 41.62 42.85 44.00 45.07
BET2MR(I) 25.79 17.17 13.12 13.76 14.33 14.43BETIMS(D) 35.15 40.11 43.36 45.00 4S.31 48.71 0
BET2MS(D) 12.19 11.13 10.51 11.81 13.32 29.28 21.99
PR12D(I) 1.154 1.165 1.221 1.237 1.230 1.215
PR13D(D) 1.152 1.155' 1.213 1.228 1.221 1.208

ETARD(I) .966 .966 .968 .965 .962 .954
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- - - -- - - - - - - - No n INPUT D T :

FMV(FRACTIOM OF DESIGN CORRECTE S1EED)-1.000

XDIN(IIITIAL WATER CONTENrT OF SMALL DROPLET)= .040
XDDIN(INITIAL WATER CONTENT OF LARGE DROPLET)= 0
RHUMID(INITIAL RELATIVE HUMIDITY)- .00 PER CENT
XCH4(I"IITIAL METHANE CONTENT)- 0

TOG(COMPRESSOR INLET TOTAL TEtPRATURE OF GAS)- 518.70
TOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)= 513.70
PO(COIIPRESSOR INLET TOTAL PRESSURE)= 2116.80

DIrt(I"ITIIL DROPL.ET DIAMIETER OF SMALL DROPLET)= 20.0
DDIN!(Ir!ITIAL DROPLET IAM~ETER OF LARGE DROPLET)= 600.0

FND(DESIGN ROTATIONAL SPEED)-51120.0

DSMASS(DESIGh MASS FLOW RATE)= .3755

COMPRESSOR INLET TATAL TEMPERATURE(GAS PHASE) 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGE MENT)- 50.0 PERCENT

ROTOR SPEED=51120.0 RPM

CORRECTED ROTOR SPEED= 51120.0 RPM( 100.OPER CENT OF DESIGN CORRECTED SPEED)
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DESIGN POINT IMFORMTIOM we.

*n*COMPRESSOR INLET

TOTAL TEMPVRATURE AT COMPRESSOR INLET- 518.70000
TOTAL PRESSURE AT COMPRESSOR INLET. 2116.80
STATIC TEMPERATURE AT COMPRESSOR INLET- 496.26109
STATIC PRESSURE AT COMPRESSOR INLET- 1813.73
STATIC DENSITY AT COMPRESSOR INLET- .06850

ACOUSTIC SPEED AT COMPRESSOR INLET-10S.25914
AXIAL UELOCITY AT COMPRESSOR INLET- 518.81873
MACH NUMBER AT COMPRESSOR INLET= .47500
STREANTUDE AREA AT COMPRESSOR INLET- .01057
FLOW COEFFICIENT AT COMPRESSOR INLET- .53817
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-~~~DESIGN POW1~ IJMFOR1ATION1::v u:
ee STAGE-, I1**

TOTAL TOTAL STATIC STATIC STATIC

TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 518.700 2116.800 492.637 1767.579 .067
ROTOR OUTLET 541.148. 2442.787 508.269 1961.576 .072

AXIAL ABSOLUTE RELATIUE TAN COMlP TAM COMP
UELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 538.76531 559.39838 725.32398 150.52734 485.62003
ROTOR OUTLET 525.97105: 628.55682 618.75550 344.14838 325.90306

ROTOR ABS MACH REL MACH REL TOTAL REL TOTALSPEED NUMBER IIUMBER TEMP PRESSURE

ROTOR INLET 636.147 .514 .667 536.454 2381.210
ROTOR OUTLET 670.051 .569 .560 540.141 5091.790

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT-

ROTOR INLET 15.61000 42.03015 .01036 1.42600 .55886
ROTOR OUTLET 33.19714 31.78325 .00987 1.50200 .54559

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.15200
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .S383
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.15400
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96600
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.04328
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DESIGN POINT IN FORMATION e

** STAGE- 2 *****

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 541.148 2438.554 511.964 2008.852 .074
ROTOR OUTLET 566.141 2840.915 582.316 2142.394 .077

AXIAL ABSOLUTE RELATIUE TAN COW TAI COP
UELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 549.21299 591.88727 730.68551 220.67086 481.94632
ROTOR OUTLET 581.16447: 725.94045 639.44211 435.01464 266.71034

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 702.617 .534 .659 556.431 2688.136
ROTOR OUTLET 701.725: .648 .571 556.331 5751.007

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT'

ROTOR INLET 21.89000 41.26765 .00930 1.57500 .56W70
ROTOR OUTLET 36.81569 24.65154 .00841 1.57300 .60205

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT- 1. 15900
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .93231
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT- 1.16500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT- .98600
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT- 1.04618
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---------- - DIESIN POINT INFOR'ATION

TOTAL TOTAL STATIC STATIC STTIC
TEMP PRESSURE TEMP PRESSURE DEISTY

ROTOR INLET 566.141 2826.284 535.362 2323.868 .081
ROTOR OUTLET 600.46t 3450.892 549.786 2533.049 .088

AXIAL ABSOLUTE RELATIUE TAM COMP TAI COWP
UELOCITY UELOCITY UELOCITY OF ABS VEL OF REL UEL

ROTOR INLET 574.81563 608.266;3 794.29006 198.93541 533.57089
ROTOR OUTLET 614.43880 781.11343 662.59507 482.28950 247.8627

ROTOR ADS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 732.506 .536 GS2 586.533 3199.070
ROTOR OUTLET 730.276: .680 .577 586.263 6328.751

ABS FLOW REL FLOW STREAMTUUE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT'

ROTOR INLET 19.09000 42.86892 .00803 1.64200 .5626
ROTOR OUTLET 38.12932: 21.97890 .00708 1.63700 .63736

STAGE TOTAL PRESSURE RATIO AT DESIGN POINTz 1.21300
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .93464
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.22100
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96800
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT- 1.06062
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DESGN POINT IWfRATION u-::..:

, STAGE- 4 *fl

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEIP PRE9 DENSITY

ROTOR INLET 600.462 3428.2 2 569.069 2839.988 .094
ROTOR OUTLET 639.381. 4240.785 585.841 3118.59 .100

AXIAL ABSOLUTE RELATIUE TAh COMP TAN COIP
VELOCITY VELOCITY UELOCITY OF ABS VEL OF REL EL

ROTOR INLET 580.04590 614.69778 809.54747 203.47020 594.72459
ROTOR OUTLET 619.63965 603.61317 668.93304 511.70446 252.028

ROTOR ADS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 768.195 .526 .692 623.519 3912.431
ROTOR OUTLET 763.734: .678 .564 6P.951 8231.814

ABS FLOW REL FLOW STREATUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT'

ROTOR INLET 19.33000 44.23321 .00692 1.72200 .60169
ROTOR OUTLET 39.55025 22.13332 .00607 1.71200 .64276

STAGE TOTAL PRESSURE RATIO AT DESIGN POIMT- 1.M2800
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT- .93002
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT- 1.23700
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT- .9500
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT- 1.06481
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----------* -DESIGN POINT r*'UORMTIO1 :

'.@O STAGE- 5 o....

TOTAL TOTAL STATIC STATIC STRTIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 639.381 4209.930 6O.962 3506.755 .108
ROTOR OUTLET 679.732: 5178.214 625.197 3857.244 .116

AXrAL ABSOLUTE RELATrUE TAN COMP TAt COMIP
VELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INfLET 586.84149 625.22167? 8G.78513 215.68308 582.40082ROTOR OUTLET 617.08868 811.98444 669.65381 527.75042 260.07304

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 798. 084 •.518 •.G85 GG3.6G53 4798.52)G
ROTOR OUTLET 787.823. .663 .547 662.302 9691.78

ABS FLOW REL FLOW STREAfTUDE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT'

ROTOR INLET 20.18000 44.78240 .00591 1.78900 .60873
ROTOR OUTLET 40.53794t 22.85308 .00526 1.76600 .64011

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT- 1.22100
STAGE ADIABATIC EFFICIENCY AT DESIGN POlITm .S50
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT- 1.23000
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96200
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.06311
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DESIGN POIN IFRM1ATION **ooom

*04 STAC~w 9 04*

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE mEISITY

ROTOR INLET 679.732 5140.325 646.933 4318.954 125
ROTOR OUTLET 720.259: 6245.495 665.989 4736.291 .133

AXIAL ABSOLUTE RELATIUE TAN COMP TAM CoIP
UELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 587.19574 629.60666 833.74045 227.16890 591.88199
ROTOR OUTLET 603.39773 811.09676 654.61329 542.02320 253.83017

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 819.051 .506 .669 704.449 5829.034
ROTOR OUTLET 795.853. .642 .518 701.350 10970.182

ABS FLOW REL FLOW STREATUBE FLOWi
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 21.15000 45.22772 .00511 1.83600 .60910
ROTOR OUTLET 41.93288: 22.81494 .00467 1.78400 .62591

STAGE TOTAL PRESSURE RATIO AT DESIGN POIIT= 1.210O0
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT- .92365
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.21500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .95400
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.059 2
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urn DESIM OT F IT INFORMATION-------0

.OUERALL PERFORMANCE AT DESIGN POINT i

COMPRESSOR INLET TOTAL TEMPERATURE= 518.70

COMPRESSOR INLET TOTAL PRESSURE- 2116.80

CORRECTED MASS FLOW RATE- 3.168

OUERALL TOTAL PRESSURE RATIO=2.9334

OUERALL TOTAL TEMPERATURE RATIO=1,3886

OUERALL ADIABATIC EFFICIENCY- .9223

OUERALL TEMPERATURE RISE- 201.559

1 2 3 4 5 6 IG'J
BETISR(I) 4203 41.2 27 4287 4423 44.78 456:23

BET2SR(I) 31.78 24.65 21.98 22.13 22.85 22.81
AIMCSR(I) -.69 -1.47 1.25 1.38 .78 .16
ADEUSR(I) 5.99 7.48 8.86 8.37 8.52 8.38
BETISS(I) 33.20 36.82 38.13 39.55 40.54 41.93
BET2SS(I) 21.89 19.09 19.33 20.18 21.15 34.86 15.61
AICSS(I) -1.95 -3.29 -5.23 -5.45 -5.77 -6.78
ADEUSS(I) 9.70 7.96 8.82 8.37 7.83 5.58
TD(I) 518.7 541.1 566.1 600.5 639.4 679.7
OMEGS(I) .009 .021 .025 .028 .029 .024
OMEGR(I) .020 .021 .024 .028 .030 .036

41
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* I ::: : IN IITIAL FLOW COEFFICIENT- .50000 (STAGEI I )

STAGE TOTAL PRESSURE RATIO= 1.17523
STAGE TOTAL TEMPERATURE RATIO= 1.05076
STAGE ADIABATIC EFFICIENCY- .93056

STAGE FLOW COEFFICIENT= .500
AXIAL UELOCITY= 482.13
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)w 1.17523
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.18907
LOSS FACTOR IN ROTOR= 1.01550
LOSS FACTOR IN STATOR= .99678

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*
TOTAL PRESSURE 2116.80 2495.77 2487.73
STATIC PRESSURE 1821.98 2038.83 2123.98
TOTAL TEMPERATURE(GAS) 518.7000 545.0303 545.0303
STATIC TEMPERATURE(GAS) 496.9259 515.5746 521.8709
STATIC DENSITY(GAS) .0687 .0741 .0763
STATIC DENSITY(MIXTURE) .0716 .0772 .0795

AXIAL UELOCITY 482.1269 469.4052 484.1839
ABSOLUTE UELOCITY 500.9958 594.7932 527.4057
RELATIUE UELOCITY 694.5454 559.6606
BLADE SPEED 636.1474 670.0514 702.6172
TANG. COMP. OF ABS. UEL. 136.2004 365.2913
TANG. COMP. OF REL. UEL. 499.9470 304.7602
ACOUSTIC SPEED 1070.9353 1097.8191 1097.4899
ABSOLUTE MACH NUMBER .4678 .5453 .4806
RELATIUE MACH NUMBER .6485 .5131

FLOW COEFFICIENT .5001 .4869 .5022
FLOW AREA .0104 .0099 .0093

ABSOLUTE FLOW ANGLE 15.7749 37.8901 23.3618
RELATIUE FLOW ANGLE 46.0395 32.9935
INCIDENCE 3.3195 2.7401
DEUIATION 7.2035 11.1718
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-: hIITIAL FLOW COEFFICIENT- .50000 (ISTACE- I )

STAGE PERFORIAINCE AFTER IITER-STAGE ADJUSThET(JPERFI=2)

STAGE TOTAL PRESSURE RATIO- 1.17523
STAGE TOTAL TEMPERATURE RATIO= 1.0507S
STAGE ADIABATIC EFFICIENCY- .93059

**STAGE INLET** *STAGE OUTLET** **STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU- .00000 .00000 .00003
XW= .04000 .04000 .03997
xw&= 0 0 0
XUT= .04000 .04000 .03997
XAIR- .96000 .96000 .96000
XIMETAI- 0 0 0
XGAS .96000 .96000 .S6003
UMASS- .01431 .01431 .01430
IM ASS- 0 0 0
WTMASS= .01431 .01431 .01430
AMASS- .34340 .34340 .34340
CHMASS= 0 0 0
UMASS- .00000 .00000 .00001
GMASS= .34340 .34340 .34341
TMASS: .35771 .35771 .35771
WS= .00000 .00000 .00004
RHOA- .07649 .07432 .06829
RHOtM= .07160 .07741 .07961
RHOG- .06872 .07432 .07643
TG= 518.70000 545.03032 545.02S35
TW- 513.70000 519.12521 519.13056
TWUm 513.70000 0 513.70000
P= 2116.80000 2495.76975 2487.72825
TB- 671.40656 0 679.39541
TDEW- 271.99506 273.32309 395.40315
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----------- INITIAL FLOW COEFFICIENT- .50000 (STAGE= 2 ) - -

STAGE TOTAL PRESSURE RATIO= 1.17581
STAGE TOTAL TEMPERATURE RATIO= 1.05225
STAGE ADIABATIC EFFICIENCY- .90620

STAGE FLOW COEFFICIENT- .501
AXIAL VELOCITY= 483.25
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)w 1.17581
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.19510
LOSS FACTOR IN ROTOR= .99123
LOSS FACTOR IN STATOR= .99193

*ROTOR IHLET* *ROTOR OUTLETO *STATOR OUTLET*
TOTAL PRESSURE 2487.73 2948.91 2925.11
STATIC PRESSURE 2124.70 2286.71 2506.57
TOTAL TEMPERATURE(GAS) 545.0293 573.5085 573.5085
STATIC TEMPERATURE(GAS) 521.0067 534.8122 549.7050
STATIC DENSITY(GAS) .0764 .0801 .0855
STATIC DENSITY(NIXTURE) .0796 .0835 .0890

AXIAL VELOCITY 483.2456 509.8557 500.4203
ABSOLUTE VELOCITY 526.4003 681.9413 534.8508
RELATIVE VELOCITY 690.9735 567.3462
BLADE SPEED 702.6172 701.7250 732.5063
TANG. COMP. OF ABS. VEL. 208.7366 452.8698
TANG. COMP. OF REL. VEL. 493.8806 248.8552
ACOUSTIC SPEED 1096.4867 1126.0773 1126.2833
ABSOLUTE MACH NUMBER .4801 .6139 .4749
RELATIVE MACH NUMBER .6302 .5107

FLOW COEFFICIENT .5013 .5289 .5191
FLOW AREA .0053 .0084 .0080

ABSOLUTE FLOW ANGLE 23.3618 41.6125 20.6723
RELATIVE FLOW ANGLE 45.6236 26.0165
INCIDENCE 2.8836 1.5025
DEVIATION 8.8465 9.5423
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N I W N INITIAL FLOW COEFFICIENT- .50000 (ISTAGE, 2 )

STAGE PERFUORMANCE AFTER INTER-STAGE ADJUSTMEMT(JPERFM02)

STAGE TOTAL PRESSURE RATIO 1. 1781
STAGE TOTAL TEMPERATURE RATIO= 1.05225
STAGE ADIABATIC EFFICIEtCYO .90625

-STAGE INLET" **STAGE OUTLET** "STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-

STAGE ADJUST- STAGE ADJUST-
MNT) MENTT)xv= •.00003 .00003 •.00011

XW= .03SS7 .0.039978xww= 0 0 0
XWT= •.03997 .0397 •.0399

XAIR •96000 .96000 .96000
XMETArI, 0 0 0
XGAS S56003 .96003 .96011
WMASS- .01430 .01430 .01427
WWMASSm 0 0 0
WTMASS= .01430 .01430 .01427
AMASS- .34340 .34340 .34340
CHMASS= 0 0 0
UMASS= .00001 .00001 .00004
GMASS= .34341 .34341 .34344
TMASS= .35771 .35771 .35771
WS- .00004 -.00004 .00011
RHOA .08555 .08043 .07670
RHOM= .07160 .08377 .08918
RHOG= .07S43 .08043 .08563
TG= 545.02S35 573.50850 573.50651
TW= 519.13056 524.60917 524.62018
TWU 513.70000 0 513.70000
P= 2487.7825 2948.91283 2925.10631
TB= 679.39541 0 687.60211
TDEWw 385.40315 398.30836 418.76408
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INTTIAL FLOW COEFFICIENT- .50000 (STAGE- 3 )

STAGE TOTAL PRESSURE RATIO= 1.22491
STAGE TOTAL TEMPERATURE RATIOu 1.06555
STAGE ADIABATIC EFFICIEIICY= .90795

STAGE FLOW COEFFICIENT= .518
AXIAL UELOCITY= 499.52
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)- 1.22461
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.24902
LOSS FACTOR IN ROTOR. .98903
LOSS FACTOR IN STATOR- .98975

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*
TOTAL PRESSURE 2925.11 3619.23 3582.11
STATIC PRESSURE 2507.36 2750.82 3093.78
TOTAL TEMPERATURE(GAS) 573.5065 611.0987 611.0987
STATIC TEMPERATURE(GAS) 548.8198 566.7669 587.0191
STATIC DEMSITY(GAS) .0856 .0910 .0988
STATIC DENSITY(MIXTURE) .0892 .0947 .1029

AXIAL UELOCITY 499.5199 533.4818 502.3745
ABSOLUTE UELOCITY 533.8350 730.2472 538.1919
RELATIVE UELOCITY 738.5713 581.5931
BLADE SPEED 732.5063 730.2758 768.1948
TANG. COMP. OF ADS. UEL. 188.4774 498.6562
TANG. COMP. OF REL. UEL. 544.0289 231.6196
ACOUSTIC SPEED 1125.2535 1163.7666 1163.7592
ABSOLUTE MACH NUMBER .4745 .6386 .4625
RELATIUE MACH NUMBER .6564 .5086

FLOW COEFFICIENT .5182 .5534 .5211
FLOW AREA .0080 .0071 .0069

ABSOLUTE FLOW ANGLE 20.6723 43.0675 21.0210
RELATIUE FLOW ANGLE 47.4423 23.4688
INCIDENCE 5.8223 -.2925
DEUIATIOM 10.3488 10.5110
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-- ---:---- INITIAL FLOWI COEFFICIENT .50000 (STAGE, 3 ) --

STAGE PERFOMNCE AFTER INTER-STAGE ADJUSTIET(JPERN2)

STAGE TOTAL PRESSURE RATIO= 1.22461
STAGE TOTAL TEMPERATURE RATIO= 1.06554
STAGE ADIABATIC EFFICIENCY- .90801

**STAGE INLET. -OSTAGE OUTLET* **STAGE OUTLETo*
(BEFORE INTER- (AFTER INTER-

STAGE ADJUST- STAGE ADJUST-
MIENT) MENT)

XU= .00011 .00011 .E00N 3
Xw: .03989 .0398S .03977
xww, 0 0 0
XWT: .03989 .03989 .03977
XAIR- .96000 .96000 .96000
XMETANw 0 0 0
XGAS .96011 .96011 .96023
WMASS .01427 .01427 .01422
WWMIASS: 0 0 0
WThASS- .01427 .01427 .01422
AMASS- .34340 .34340 .34340
CHMASS= 0 0 0
UMASS= .00004 .00004 .00008
GMASS= .34344 .34344 .34348
TMASS= .35771 .35771 .35771
WS- .00011 .00011 .00024
RHOA= .09560 .09133 .08912
RHOMI= .07160 .09511 .10303
RHOG= .08563 .09132 .09834
TG= 573.50651 611.09874 611.09555
TW= 524.62018 531.47995 531.49766
TWW= 513.70000 0 513.70000
P= 2925.10631 3619.22732 3682.11448
TB= 687.60211 0 698.15264TDEW= 418.76408 422.85381 437.94261
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MINTIAL FLOW COEFFICIET- .50000 (STAGE- 4 )

STAGE TOTAL PRESSURE RATIO- 1.23734
STAGE TOTAL TEMPERATURE RATIOu 1.06937
STAGE ADIABATIC EFFICIENCY- .90133

STAGE FLOW COEFFICIENT- .520
AXIAL ELOCITYu 501.59
ROTOR SPEED- 964.04

STAG;E TOTAL PRESSURE RATIO(RCTUA)- I1mN7
STAGE TOTAL PRESSURE RATIO(IDEAL)- 1.26524
LOSS FACTOR IN ROTOR= .98600
LOSS FACTOR IN STATOR= . 8874

*ROTOR IMLET* *ROTOR OUTLET* .STATUR OUTLET*
TOTAL PRESSURE 3582.11 4482.78 4432.28
STATIC PRESSURE 3094.58 3413.81 3849.29
TOTAL TEMIPERATURE(GAS) 611.0955 653.4876 653.4876
STATIC TEIIPERATURE(GAS) 586.1317 606.4676 628.7251
STATIC DEMSITY(GAS) .0989 .1055 .1147
STATIC DENSITY(MIXTURE) .1030 s1099 .1195

AXIAL VELOCITY 501.5901 536.1439 506.6302
ABSOLUTE VELOCITY 537.3515 752.6615 546.2044
RELATIUE UELOCITY 763.3644 585.5788
BLADE SPEED 768.1948 763.7337 798.0839
TANG. COMP. OF ABS. UEL. 192.7537 528.2509
TANG. COWP. OF REL. EL. 575.4411 235.4829
ACOUSTIC SPEED 1162.6546 1204.1692 1204.1634
ABSOLUTE MlACH NUMBER .4622 .6364 .4536
RELATIVE MACH NUMBER .6566 .4951

FLOW COEFFICIENT .5203 .5561 .5255
FLOW AREA .0069 .0061 .0059

ABSOLUTE FLOW ANGLE 21.0210 44.5751 21.9444
RELATIUE FLOW ANGLE 48.9226 23.7118
INCIDENCE 6.0728 -.4249
DEVIATION 9.9518 10.1344
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:::e INITIAL FLOWCOEFFICIENT- .50000 (ISTAGE- 4 )

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT(JPERFN-2)

STAGE TOTAL PRESSURE RATIO= 1.23734
STAGE TOTAL TEMPERATURE RATIO- 1,0693
STAGE ADIABATIC EFFICIEINCY- .90140

"STAGE INLET-. **STAGE OUTLET** "0STAGE OUTLET**
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MEIT) NENT)

XU- .00023 .00023 .00043
XJ= .03977 .03977 .03957
XWW= 0 0 0
XWT= .03977 .03977 .03957
XAIRm .96000 .96000 .96000
XMETAN= 0 0 0
XGAS .96023 .96023 .91043
WMASS. .01422 .01422 .01416
WWIlASS: 0 0 0
WTIMASS= .01422 .01422 .01416
AMASS= .34340 .34340 .34340
CHMASS= 0 0 0
UMASS= .00008 .00008 .00015
GMASS= .34348 .34348 .34355
TMASS= .35771 .35771 .35771
WS= .00024 .00024 .00044
RHOA= .10987 .10590 .10390
RHOM= .07160 .11027 .11964
RHOG= ,0S894 .10589 .11491
TG= 611.09555 653.48757 653.482S92
TU= 531.49766 538.61927 538.64525
TWW= 513.70000 0 513.70000
P= 3582.11448 4482.77596 4432.28162
TB= 698.15264 0 709.59620
TDEm 437.94261 442.65883 455.51405
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MORO" IrlrTIAL FLOW COEFFICIrEf-T .50000 (STAGE. ) "-e

STAGE TOTAL PRESSURE RATIO- 1.22960
STAGE TOTAL TEMPERATURE RATIO= 1.06748
STAGE ADIABATIC EFFICIENCY- .89617

STAGE FLOW COEFFICIENT= .525
AXIAL UELOCITY= 505.96
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)w 1.220
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.25805
LOSS FACTOR IN ROTOR= .98167
LOSS FACTOR IN STATOR= .98872

*ROTOR INLET'* ROTOR OUTLET' *STATOR OUTLET*
TOTAL PRESSURE 4432.28 5512.15 5449.96
STATIC PRESSURE 3850.OS 4245.77 4768.53
TOTAL TEMPERATURE(GAS) 653.4829 697.5827 697.5827
STATIC TEMPERATUREW(AS) 627.8227 649.5072 G72.5710
STATIC DErISITY(GAS) .1149 .1225 .1329
STATIC DEMSITY(MIXTURE) .1196 .1275 .1383

AXIAL UELOCITY 505.9606 532.9952 505.9950
ABSOLUTE UELOCITY 545.4824 761.9382 549.5787
RELATIUE UELOCITY 780.4550 585.9152
BLADE SPEED 798.0839 787.8235 819.0509
TANIG. COMP. OF ABS. UEL. 203.8501 544.4869
TANG. COMP. OF REL. UEL. 594.2338 243.3366
ACOUSTIC SPEED 1202.9772 1244.6349 1245.1170
ABSOLUTE MACH NUMBER .4534 .6227 .4414
RF.LATIUE MACH NUMBER e6488 .4789

FLOW COEFFICIENT .5248 .5529 .5249
FLOW AREA .0059 .0053 .0051

ABSOLUTE FLOW ANGLE 21•9444 45.6111 22.9819
RELATIUE FLOW ANGLE 49.5873 24.5389
INCIDENCE 5.5873 -.6989
DEVIATION 10.2089 9.6619
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- INITIAL FLOWJ COEFTICIEKTo .50000 CISTAGEm 5 )-

STAGE PERFORMANCE AFTER INTER-STAGE ADJJSTIEMT(JPERF?12)

STAGE TOTAL PRESSURE RATIO= 1.22960
STAGE TOTAL TEMPERATURE RATIO= 1.06747
STAGE ADIABATIC EFFICIENCY= .89626

**STAGE INLET** OSTAGE OUTLET** **ISTAGE OUTLET-.
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MEMT) MENT)

XU= .00043 .00043 .00069
XW= .03957 .03957 .03931
XWW= 0 0 0
XWT= .03957 .03957 .03931
XAIR= .96000 .96000 .96000
XMETAN= 0 0 0
XGAS .96043 .96043 .96069
WMASS= .01416 .01416 .01406
WWMASSz 0 0 0
WTMASS= .01416 .01416 .01406
AMASS= .34340 .34340 .34340
CHMA55= 0 0 0
UMASS= .00015 .A0015 .00025
GMASS= .34355 .34355 .34365
TMRASS= .35771 .35771 .35771
WS= .00044 .00044 .00072
RHOA= .12713 .12295 .12090
RHOM= .07160 .12737 .13846
RHOG= .11491 .12291 .13303
TG= 653.48292 697. 58272 97.57655
TW= 538.64525 545.85731 545.89207
TWW= 513.70000 0 513.70000
P= 4432.28162 5512.15360 5449.95512
TB= 709.59620 0 724.03629
TDEW= 455.51405 452.07093 463.59244
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INITIAL FLOW COEFFICIENT- .50000 (STAGEn- 6 ) --::: -:

STAGE TOTAL PRESSURE RATION 1.21465
STAGE TOTAL TEMPERATURE RATIO= 1.06335
STAGE ADIABATIC EFFICIENCY- .89377

STAGE FLOW COEFFICIENT= .524
AXIAL VELOCITY= 505.48
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)- 1.21465
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.24176
LOSS FACTOR IN ROTOR= .9727?
LOSS FACTOR IN STATOR- .99051

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*
TOTAL PRESSURE 5449.96 6683.24 6619.79
STATIC PRESSURE 4769.14 5228.99 5656.21
TOTAL TEMPERATURE(GAS) 697.5765 741.7702 741.7702
STATIC TEMPERATURE(GAS) 671.6630 693.7308 710.6187
STATIC DEMSITY(GAS) .1330 .1412 .1491
STATIC DENSITY(MIXTURE) .1385 .1470 .1552

AXIAL VELOCITY 505.4755 521.2389 493.6021
ABSOLUTE UELOCITY 549.0550 762.7687 614.2333
RELATIUE UELOCITY 788.1246 573.4053
BLADE SPEED 819.0509 795.8534 .5000
TANG. COMP. OF ABS. UEL. 214.3734 556.8897
TANG. COMP. OF REL. VEL. 604.6775 238.9637
ACOUSTIC SPEED 1243.8832 1279.4619 1279.4537
ABSOLUTE MACH NUMBER .4414 .6034 .4801
RELATIVE MACH NUMBER .6336 .4536

FLOW COEFFICIENT .5243 .5407 .5149
FLOW AREA .0051 .0047 .0047

ABSOLUTE FLOW ANGLE 22.9819 46.8939 36.5240
RELATIVE FLOW ANGLE 50.1063 24.6292
INCIDENCE 5.0363 -1.8161
DEVIATION 10.1992 7.2440

295

4- --



INITIAL FLOW COEFFICIENlT- .50000 CISTAGE- 6)

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSThENT(JPERFN2)

STAGE TOTAL PRESSURE RATIO= 1.21465
STAGE TOTAL TEMPERATURE RATIO= 1.06334
STAGE ADIABATIC EFFICIENCY- .89388

**STAGE INLET-. -. STAGE OUTLET-. **STAGE OUTLET..
(BEFORE INTER- (AFTER INTER-

STAGE ADJUST- STAGE ADJUST-
MtENT) MENT)

XU:- .00069 .00069 .00105
XW= .03931 .03931 .03895
XWW, 0 0 0
XWT= .03931 .03931 .03895
XAIR- .96000 .96000 .96000
XMETAM- 0 0 0
XGAS .96068 .96069 .96105
WMASS- .01406 .01406 .01393
WIWMASS= 0 0 0
WThASSm .01406 .01406 .01393
AMASS- .34340 .34340 .34340
CHMASS= 0 0 0
UMASS- .00025 .00025 .00038
GMASS= .34365 .34365 .34377
TMASS= .35771 .35771 .35771
WS= .00072 .00072 .00110
RHOA= .14644 .14172 .13343
RHOMI= .07160 .14744 .15538
RHOG= .13303 .14165 .14935
TG= 697.57655 741.77019 741.76245
TW= 545.89207 552.83791 552.88194
TWW= 513.70000 0 513.70000
P= 5449.95512 683.24452 6619.79326
TB= 724.03629 o 735.93466
TDEW= 463.59244 468.68226 479.11464
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- fERLL PERFORMANCE-

INITIAL FLOW COEFFICIENT- .50000

CORRECTED SPEED-SI120.0 1.000 FRACTION OF DEIGN CORRECTED SPEED

INITIAL WATER COMTENT(S.L. DROPLET)- .040
INITIAL WATER COHTENT(LAR(E DROPLET)- 0
INITIAL WATER COTENT(TOTAL)- .040
INITIAL RELATIVE HUMIDITY- .0 PER CENT
INITIAL METHANE CONTENT 0

COMPRESSOR INLET TOTAL TEMPERATURE- 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE OF MIXTURE- .358( 3.018)

CORRECTED MASS FLOW RATE OF GAS PHASE .343( 2.897)

OVERALL TOTAL PRESSURE RATIO=3.1273

OVERALL TOTAL TEMPERATURE RATI=1 .4300

OVERALL ADIABATIC EFFICIENCY= .8905

OVERALL TEMPERATURE RISE OF GAS PHASE- 223.02
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A.5.3 Test Case Part III
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-- -- - -- - - -- - INPUT DATA - :

NS(IUMBER OF STAGE)= 6
UrIT=ENGLISH UNIT
IPERFM=2
PERFORMANCE AT MEAN

1 2 3 4 5 6 IGU
RRHUB(I) .770 1.035 1.232 1.378 1.489 1.572
RC(I) .605 .554 .534 .510 .483 .456
RBLADE(I) 16.00 20.00'20.00 25.00 28.00 32.00
STAGER(I) 34.25 29.96.27.37 28.30 29.17 29.75
STAGES(I) 23.67 25.62 26.94 28.41 28.82 38.99
SRHUB(I) .923 1.145 1.311 1.445 1.538 1.580 .774
SC(I) .442 .412 .412 .412 .412 .412
SBLADE(1) 14.00 26.00 28.00 32.00 36.00 30.00
SIGUMR(I) 1.052 1.120 1.037 1.182 1.211 1.283
SIGUMS(I) .640 1.061 1.093 1.199 1.311 1.087
GAPR(I) .125 .125 .125 .125 .125 .125
GAPS(I) .125 .125 .125 .125 .125 .125
RRTIP(I) 2.16 2.16 2.16 2.16 2.16 2.16
SRTIP(I) 2.16 2.16 2.16 2.16 2.16 2.16 2.16
RT(I) 2.145 2.151 2.148 2.149 2.149 2.147
RM(I) 1.426 1.575 1.642 1.722 1.789 1.836
RH(I) .781 1.056 1.252 1.411 1.533 1.621
ST(I) 2.147 2.138 2.127 2.123 2.118 2.100
SM(I) 1.502 1.573 1,637 1.712 1.766 1.784
SH(I) .934 1.152 1.318 1.453 1.548 1.592
BLUCK(I) .983 .976 .967 .949 .923 .902
BLOCKS(D) .978 .966 .945 .928 .908 .863
BETIMR(1) 42.72 42.74 41.62 42.85 44.00 45.07
BET2MR(I) 25.79 17.17 13.12 13.76 14.33 14.43
BETIMS(I) 35.15 40.11 43.36 45.00 46.31 48.71 0
BETEhS(I) 12.19 11.13 10.51 11.81 13.32 29.28 21.99
PR12D(I) 1.154 1.165 1.221 1.237 1.230 1.215
PR13D(I) 1.152 1.159 1.213 1.228 1.221 1.208
ETARD(I) .966 .966 .968 .96S5 .962 .954
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-------------- o INPT DATmano"~"

FW(FRACTIONI OF DESIGN CORRECTED SPEED)-1.000

XDIN(IMITIAL WATER CONTENT OF SMALL DROPLET)= 0
XDDIN(QNITIAL WATER CONTENT OF LARGE DROPLET)= .040
RHUMID(INITIAL RELATIUE HUMIDITY)= .00 PER CENT
XCH4(IMITIAL METHANE CONTENT)= 0

TOG(COtPRESSOR INLET TOTAL TEMPRATURE OF GAS)= 518.70
TOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)= 513.70
PO(COMPRESSOR INLET TOTAL PRESSURE)- 2116.80

DIN(INITIIL DROPLET DIAMETER OF SMALL DROPLET)= 20.0

DDIN(INITIAL DROPLET DIAMETER OF LARGE DROPLET)= 600.0

FND(DESIGN ROTATIONAL SPEED)=51120.0

DSMASS(DESIGN MASS FLOW RATE)= .3755

COMPRESSOR INLET TATAL TEMPERATURE(GAS PHASE) 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGE MEfIT)- 50.0 PERCENT

ROTOR SPEED=51120.0 RPM

CORRECTED ROTOR SPEED= 51120.0 RPM( 100.OPER CENT OF DESIGN CORRECTED EED)
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-- -- - -- - -- -- - -- - DESIGIN POINT INFORMATIOII- - - - -

SCOhPRESSOR INLET 

TOTAL TEMPERATURE AT CO P ILETu 518.70000
TOTAL PRESSURE AT COMPRESSOR INLET= 2116.80
STATIC TEMPERATURE AT COMPRESSOR INLET- 456.28108
STATIC PRESSURE AT COMPRESSOR INLET= 1813.73
STATIC DENSITY AT COMPRESSOR INLET- .06850

ACOUSTIC SPEED AT COMPRESSOR INLET-1092.25,14
AXIAL UELOCITY AT COMPRESSOR INLET- 518.81873
MACH NUMBER AT COMPRESSOR INLET= .47500
STREATUBE AREA AT COMPRESSOR INLET= .01057
FLOW COEFFICIENT AT COMPRESSOR INLET= .53817
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---------- DESIGN POINT IfORMATION--

.. **. STAGE= 1

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DElSITY

ROTOR INLET 518.700 2116.800 492.637 1767.57S .067
ROTOR OUTLET 541.148 2442.787 508.26S 1961.576 .072

AXIAL ABSOLUTE RELATIUE TAM COMP TAN COMP
VELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 538.76531 559.39838 725.32398 150.52734 485.62003
ROTOR OUTLET 525.S7105 628.55682 618.75550 344.14838 325.90306

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 636.147 .514 .667 536.454 2381.210
ROTOR OUTLET 670.051 .569 .560 540.141 5091.790

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 15.61000 42.03015 .01036 1.42600 .55886
ROTOR OUTLET 33.19714 31.78325 .00987 1.50200 .54559

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT- 1.15200
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .95383
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.15400
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT: .96600
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.04328
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-. 4,, DESIGN POINT INFORMATION

.u..i.. STAGE, 2 au*

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 541.148 2439.554 511.984 2008.852 .074
ROTOR OUTLET 566.141 2840.915 522.316 2142.394 .077

AXIAL ABSOLUTE RELATIUE TAM COWP TAM COMP
UELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 549.21299 591.88727 730.68951 220.67086 481.94632
ROTOR OUTLET 581.16447 725.94045 639.44211 435.01464 266.71034

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 702.617 .534 .659 556.431 2688.136
ROTOR OUTLET 701.725. .648 .571 556.331 5751.007

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 21.89000 41.26765 .00930 1.57500 .56970
ROTOR OUTLET 36.8156. 24.65154 .00841 1.57300 .60285

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT, 1.15900
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT- .93231
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.16500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96600
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT- 1.04618
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------------ - -DESIGN POINT INFORMATION

*..STAGEw 3 .**."

TOTAL TOTAL STATIC STATIC 'STATIC
TEMP PRESSURE TEMP PRESSURE ZENSITY

ROTOR INLET 566.141 2826.284 535.362 2323.868 .081
ROTOR OUTLET 600.462 3450.892 549.786 2533.049 .086

AXIAL ABSOLUTE RELATIUE TAM COMP TAM COP
LELOCITY UELOCITY UELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 574.81563 608.26663 784.29006 198.93541 533.57088
ROTOR OUTLET 614.43880 781.11343 662.59507 482.28950 247.9872

ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 732.506 .536 .692 586.533 3199.070
ROTOR OUTLET 730.276 .680 .577 586.263 929.751

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT'

ROTOR INLET 19.09000 42.86892 .00803 1.64200 .59626
ROTOR OUTLET 38.12932: 21.97890 .00708 1.63700 .63736

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT, 1.21300
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .93464
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT- 1.22100
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96800
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.06062
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-~~DESIGN POINT I tFORNATIOIIa.

.14. STAGE- 4 .a

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY

ROTOR INLET 600.492 3428.282 569.069 2839.988 .094ROTOR OUTLET 639.381 4240.785 585.841 3118.959 .100

AXIAL ABSOLUTE RELATIUE TAN COMP TAN COMP
VELOCITY UELOCITY UELOCITY OF ADS UEL OF REL UEL

ROTOR INLET 580.04590 614.69778 809.54747 203.47020 564.72459
ROTOR OUTLET 619.6386%. 803.61317 668.93304 511.70446 252.08S92

ROTOR ABS IIACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 768.195 .526 .692 623.519 3912.431
ROTOR OUTLET 763.734 .678 .564 622.951 8231.914

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR INLET 19.33000 44.23321 .00692 1.72200 .60169
ROTOR OUTLET 39.55025. 22.13332 .00607 1.71200 .64276

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT- 1.22800
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT- .93002
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT- 1.23700
'ITOR ADIABATIC EFFICIENCY AT DESIGN POINT= .96500
ROTOR TOTAL TEMPERATURE RATIO AT DESIIGN POINT- 1.06481
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D m4 , POINT IVORl#AMTIO M ,

om STArE" S 5 .TOTAL TOTAL STATIC STATIC STATIC
TEMP PESULRE TEMP PRESSURE DENSITY

ROTOR INLET 639.381 40.930 606.582 3506.755 .108
ROTOR OUTLET 679.731 5173.214 625.197 3857.244 .116

AXIAL ABSOLUTE REIATIUE TAN COP TAM COIP
VELOCITY UELOCITY ULOCITY OF ADS UEL OF REL UEL

ROTOR INLET 586.94149 625.02167 826.79513 215.68308 582.40082
ROTOR OUTLET G17.08G8W 811.98444 669.65381 527.75042 260.07304

ROTOR ADS ICH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE

ROTOR INLET 798.084 .518 .685 663.653 4798.526
ROTOR OUTLET 787.823 .663 .547 662.302 9691.778

ADS FLOW REL FLOW STREANTUDE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT'

ROTOR INLET 20.18000 44.78W40 .00591 1.78900 .60873
ROTOR OUTLET 40.53794 22.85308 .00526 1.76600 .64011

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT- 1.22100
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT- .92580
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT- 1.23000
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT- .96200
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT- 1.06311
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- , E~lGN POIMT INFORMATION

STAGE- S

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DEIsITy

ROTOR INLET 679.732 5140.325 646.933 4318.954 .125
ROTOR OUTLET 720.259: 6245.495 665.989 4736.291 .133

AXIAL ABSOLUTE RELATIVE TAN COMP TAM COP
VELOCITY VELOCITY VELOCITY OF ABS UEL OF REL UEL

ROTOR INLET 587.19574 629.60666 833.74045 227.16890 591.8899
ROTOR OUTL 603.39773 811.09676 654.61329 542.02320 253.83017

ROTOR ABS MACH REL MACH REL TOTAL REL T
SPEED NUMBER NUMBER TEMP PESR

ROTOR r T 819.051 .506 .669 704.449 529.09
ROTOR OU LET 795.853 .642 .518 701.350 10970.1R

ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT

ROTOR NLET 21.15000 45.22772 .00511 1.83600 .60910
ROTOR UTLET 41.S3288 22.81494 .00467 1.78400 .6121

STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.20800
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .9635
ROTOR TOTAL PRESSURE RATIO AT DESIGN POIMT- 1.21500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .95400
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POItTw 1.05S62
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-- -- -- -- -- -- -- DESW PmI1T itWORimt~-------e

.' OUERALL PERFORtAE AT DESIGN POINT '

COMPRESSOR INLET TOTAL TEMPERAT.RE- 518.70

COMPRESSOR INLET TOTAL PRESSURE- 2116.80

CORRECTED "M FLOW RATE, 3.168

OUERALL TOTAL PRESSJRE RATO,,e.9334

OUERALL TOTAL TEMPERATURE RATIO-1.3886

OUERALL ADIABATIC EFFICIENCY- .9223

OUERALL TE1PERATURE RISE= 201.559

1 2 3 4 5 6 IGU
BETISR(I) 42.03 41.27 42.87 44.23 44.78 45.23
BET2SR(I) 31.78 24.65 21.98 22.13 22.85 22.81
AItICSR(I) -.69 -1.47 1.25 1.38 .78 .16
ADEUSR(I) 5.99 7.48 8.86 8.37 8.52 8.38
BET1SS(I) 33.20 36.82 38.13 39.55 40.54 41.93
BET2SS(I) 21.89 19.09 19.33 20.18 21.15 34.86 15.61
AIMICSS(I) -1.95 -3.29 -5.23 -5.45 -5.77 -6.78
ADEUSS(I) 9.70 7.56 8.82 8.37 7.83 5.58
TD(I) 518.7 541.1 566.1 600.5 639.4 679.?
OMEGS(I) .009 .021 .025 .028 .029 .024
OIEGR(I) .020 .021 .024 .028 .030 .036
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----------- INITIAL FLOW COEFFICIENT- .50000 (STAGE- I )

STAGE TOTAL PRESSURE RATIO- 1. 16790
STAGE TOTAL TEMPERATURE RATIOu 1.05044
STAGE ADIABATIC EFFICIENCY= .89532

STAGE FLOW COEFFICIENT- .500
AXIAL VELOCITY- 482.10
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)- 1.16790
STAGE TOTAL PRESSURE RATIO(IDEAL)w 1.18791
LOSS FACTOR IN ROTOR- 1.01167
LOSS FACTOR IN STATOR= .99536

*ROTOR INLETO *ROTOR OUTLET* *STATOR OUTLETo
TOTAL PRESSURE 2116.80 2483.73 2472.21
STATIC PRESSURE 1822.02 2027.51 2105.98
TOTAL TEMPERATURE(GAS) 518.7000 544.8657 544.8657
STATIC TEMPERATURE(GAS) 496.9285 515.3151 521.3902
STATIC DENSITY(GAS) .0687 .0737 .0757
STATIC DENSITY(MIXTURE) .0716 .0768 .0789

AXIAL UELOCITY 482.0985 471.7651 487.8474
ABSOLUTE UELOCITY 500.9664 595.7508 530.9922
RELATIUE UELOCITY 694.5315 562.4474
BLADE SPEED 636.1474 670.0514 702.6172
TANG. COMP. OF ABS. UEL. 136.1924 363.8085
TANG. COMP. OF REL. UEL. 499,9550 306.2429
ACOUSTIC SPEED 1070.9380 1090.5707 1096.9841
ABSOLUTE MACH NUMBER .4678 .5463 .4840RELATIUE MACH NUfIBER •6485 .5157

FLOW COEFFICIENT .5001 .4894 .5060
FLOW AREA .0104 .0099 .0093

ABSOLUTE FLOW ANGLE 15.7749 37.6381 23.2615
RELATIVE FLOW AtGLE 46.0417 32.9893
INCIDENCE 3.3217 2. 4881
DEVIATION 7.1993 11.0715
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I hITIAL FLOW CEFtFICIEN1T- .50000 (QSTAE- 1 ) :man""-:--woe

STAGE PERFORMANCE AFTER I "TER-SAGE ADJUSThMET(JPERFMN3)

STAGE TOTAL PRESSURE RATIO= 1.16790
STAGE TOTAL TEMPERATURE RATIO- 1.05044
STAGE ADIABATIC EFFICIENCY= .85532

**STAGE INLET** **STAGE OUTLET" 'STAGE OUTLET"
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
IEJIT) MEHT)

XU= .00000 .00000 .00000
XW= 0 0 .01801
XWW= .04000 .04000 .02139
XWT= .04000 .04000 .04000
XAIR- .96000 .96000 .96000
XMETAt4- 0 0 0
XCAS .96000 .96000 .96000
WMASS= 0 0 .00644
WNMASS= .01431 .01431 .00786
WTIlASS= .01431 .01431 .01431
AMASS= .34340 .34340 .34340
CHMASS= 0 0 0
UMASS= .00000 .00000 .00000
GMASS= .34340 .34340 .34340
TMASS= .35771 .35771 .35771
WS= .00000 .00000 .00000
RHOA= .07649 .07395 .06767
RHOMI= .07160 .07702 .07902
RHOG= .06872 .07395 .07586
TG= 518.70000 544.86572 544.86571
TW= 513.70000 513.70000 513.70000
TWW= 513.70000 513.70000 513.70012
P= 2116.80000 2483.73050 2472.21005
TB= S71.40656 0 679.08227
TDEU= 271.99506 273.28391 339.24784
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Moso = INITIAL. FLOW COEFFICXEIIT- .50000 (STAGE= 2 )

STAGE TOTAL PRESSURE RATIO= 1.16781
STAGE TOTAL TEMPERATURE RATIO=- 1.05175
STAGE ADIABATIC EFFICIENCY= .87555

STAGE FLOW COEFFICIENT= .505
AXIAL UELOCITY= 486.86
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)= 1.16781
STAGE TOTAL PRESSURE RATIO(IDEAL)a 1.19311
LOSS FACTOR IN ROTOR- .w8822
LOSS FACTOR IN STATOR= .98982

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*
TOTAL PRESSURE 2472.21 2916.76 2887.07
STATIC PRESSURE 2106.74 2255.26 2462.37
TOTAL TEMPERATURE(GAS) 544.8657 573.0631 573.0631
STATIC TEMPERATURE(GAS) 520.5178 533.9732 548.5689
STATIC DENSITY(GAS) .0759 .0792 .0841
STATIC DENSITY(MIXTURE) .0790 .0825 .0876

AXIAL VELOCITY 486.8556 516.0982 508.2930
ABSOLUTE VELOCITY 529.9329 685.3880 542.5448
RELATIVE VELOCITY 693.1121 573.7782
BLADE SPEED 702.6172 701.7250 732.5063
TANG. COMP. OF ABS. UEL. 209,2856 450.9981
TANG. COMP. OF REL. UEL. 493.3315 250.7269
ACOUSTIC SPEED 1095.9433 1110.0181 .1125.0890
ABSOLUTE MACH NUMBER .4835 .6175 .4822
RELATIVE MACH NUMBER .6324 .5169

FLOW COEFFICIENT .5050 .5354 .5273
FLOW AREA .0093 .0084 .0080

ABSOLUTE FLOW ANGLE 23.2615 41.1489 20.4692
RELATIVE FLOW ANGLE 45.3785 25.9111
INCIDENCE 2.6385 1.0389
DEVIATION 8.7411 9.3392
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------- I"rTIAL FLOW ICrENTw .50000) (,STAGE,...
STAGE PERDRANE AFE I"TR-TAE ADJUSTI'ffN(jptM3)

STAGE TOTA.. PRESSURE IATION 1.16781
STAGE TOTAL TENPERATURE RATIO, 1,05175
STAGE ADIABATIC EFFICIENlCY, .8;SB1

**STAGE INLET** "STAGE OUTLET. "STAGE OUTLET.*
(BEFORE INTER- (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MIENT)XU= .00000 .00000 .00012Xi= .01801 001801 .02726XWI= .02199 .02159 .01262XWTM .04000 .04000 103988XAR- .56000 .96000 .9GO000

XMETAtw 0 0 0XGAS .9600 .9000 960121flASS= .00644 .00644 .00575WIWiASSv .00786 .00786 .00452?UTMASS= .01431 .01431 .01427AMASS= .34340 .34340 .34340CHMASS= 0 0 0UMASS- .00000 .00000 ,00004GMASS= .34340 .34340 .34344TMASS= .35771 .35771 .35771WSW .00000 .00000 .00012
RHOA= .08504 .07945 .07525RHOM= .071GO .08276 .08779RHOG= .07586 .07945 .08429TG= 544.8G571 573.06306 573.06071TW: 513.70000 519.14631 519.16899TWMa 513.70012 513.70012 513.70036
Pa 2472.21005 2916.76359 288 ,07247T 67S.08227 0 S6.53158TDEW= 333.24784 341.32476 419.65418
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------------------- INITIAL FLOW COEFFICIENT- .50000 (STAGE- 3 )

STAGE TOTAL PRESSURE RATIO- 1.21691
STAGE TOTAL TEMPERATURE RATIO= 1.06493
STAGE ADIABATIC EFFICIENCY- .88732

STAGE FLOW COEFFICIENT= .52S
AXIAL UELOCITY= 507.38
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL)m L.21651
STAGE TOTAL PRESSURE RATIO(IDEAL)= 1.24647
LOSS FACTOR IN ROTOR= .98667
055 FACTOR IN STATOR= .98789

*ROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*
TOTAL PRESSURE 2887.07 3556.35 3513.29
STATIC PRESSURE 2463.17 2688.47 3014.69
TOTAL TEMPERATURE(GAS) 573.0607 610.2670 610.2670
STATIC TEMPERATURE(GAS) 547.6584 565.1550 585.1747
STATIC DENSITY(GAS) .0843 .0892 .0966
STATIC DENSITY(MIXTURE) .0878 .0929 .1006

AXIAL UELOCITY 507.3826 544.2751 513.9069
ABSOLUTE UELOCITY 541.5777 736.6414 549.3895
RELATIUE UELOCITY 743.2430 592.3993
BLADE SPEED 732.5063 730.2758 768.1948
TANG. COMP. OF ABS. UEL. 189.3821 496.3922
TANG. COMP. OF REL. UEL. 543.1142 233.8835
ACOUSTIC SPEED 1124.0705 1141.8852 1161.93?7
ABSOLUTE MACH NUMBER .4818 .6451 .4728
RELATIUE MACH NUMBER .6612 .5188

FLOW COEFFICIENT .5263 .5646 .5331
FLOW AREA .0080 .0071 .0069

ABSOLUTE FLOW ANGLE 20.4692 42.3656 20.7047
RELATIUE FLOW ANGLE 46.9481 23.2540
INCIDENCE 5.3281 -.9944
DEUIATION 10.1340 10.1947
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INITIAL FLOW COEFFICIEfT- .50000 (ISTAGE- 3 )

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSThET(JPERFTI-3)

STAGE TOTAL PRESSURE RATIO=  1.21691
STAGE TOTAL TEMPERATURE RATIO= 1.06490
STAGE ADIABATIC EFFICIEICY= .88760

**STAGE INLET** -STAGE OUTLET- **STclGE OUTLET.
(BEFORE INTER- . (AFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) IENT)

XU= .00012 .00012 .00077
XW .02726 .02726 .03181
XWJJ= .01262 .01262 .00743
XWT= .03988 .03988 .03923
XAIRm .96000 .96000 .96000
XItETAtI 0 0 0
XGAS .96012 .96012 .96077
UMASS= .00975 .00975 .01138
WMIAISS= .00452 .00452 .00266
WTMASS= .01427 .01427 .01403
AIASS= .34340 .34340 .34340
CHrIASS= 0 0 0
UIIASS= .00004 .00004 .00027
Gl1ASS= .34344 .34344 .34367
TNASS= .35771 .35771 .35771
WS: .00012 .00012 .00080
RHOA= .09443 .08952 .08667
RHOM: .07160 .09323 .10063
RHOG= .08429 .08951 .09668
TG: 573.06071 610.29699 610.25190
TW. 51S.16899 529.02007 526.13187
TWI4= 513.70036 513.70036 513.70075
P= 2887.07247 3556.34709 3513.29461
TB= 686.93158 0 697.12854
TDEW= 419.65418 423.67496 463.62629
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---=------- INTIAL FLOW COEFFICIENT .50000 (STAGE- 4 ) :: -:-
STAGE TOTAL PRESSURE RATIO- 1.23m67

STAGE TOTAL TEMPERATURE RATIO= 1.06871
STAGE ADIABATIC EFFICIENCY- .90751

STAGE FLOW COEFFICIENT= .533
AXIAL UELOCITY= 513.61
ROTOR SPEED= 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL) 1.23867
STAGE TOTAL PRESSURE RATIO(IDEAL)- 1.26254

LOSS FACTOR IN ROTOR, .98671
LOSS FACTOR IN STATOR- .Sm9o

*ROTOR INLET* RTrOR OUTLET* *STATOR OUTLETe
TOTAL PRESSURL 3513.29 4390.45 4344.80
STATIC PRESSURE 3014.95 3322.28 3749.71
TOTAL TEIIPERATURE(GAS) 610.2519 652.1841 652.1841
STATIC TEMPERATURE(GAS) 584.2131 604.1817 626.3816
STATIC DEMSITY(GAS) .0967 .1030 .1121
STATIC DEMSITY(MIXTURE) .1006 .1072 .1167

AXIAL UELOCITY 513.6087 54 .3247 518.6059
ABSOLUTE VELOCITY 549.0705 760.6511 557.7
RELATIVE VELOCITY 770.2922 598.5017
BLADE SPEED 768. 1948 763.7337 798.0839
TANG. COMP. OF ABS. UEL. 194.1249 526.1487
TANG. COP. OF REL. UEL. 574.0699 237.5850
ACOUSTIC SPEED 1161.2398 1202.4310 1202.4M38
ABSOLUTE MACH NUMBER .4728 .6441 .4638
RELATIVE MACH NUMBER .6633 .5068

FLOl COEFFICIENT .5328 568 .5380
FLOW AREA .0069 .0061 .0059

ABSOLUTE FLOW A1NGLE 20.7047 43.7655 21.5751
RELATIVE FLOW ANGLE 48.181F 23.3887
INCIDENCE 5.331g -1.2345
DEVIATION 9.6287 9.7651
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*.... ........ *h.. INITIAL FLOW COEFFICIENTO .50000 (ISTAGE- 4 )

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMET(JPERFN.2)

STAGE TOTAL PRESSLE RATIO= 1.23667
STAGE TOTAL TEMPERATURE RATIO= 1.0G864
STAGE ADIABATIC EFFICIENCY= .90822

**STAGE INLET** -USTAGE OUTLET** **STAGE OUTLET*
(BEFORE INTER- (AFTER INTER-

STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XU= .00077 .0007? .00248
X(1= .03181 .03181 .03307
XWW= .00743 .00743 .00445
XWT= .03923 .03923 .03752
XAIRm .96000 .96000 .96000
XMETAMI- 0 0 0
XGAS .96077 .96077 .96248
WMASS= .01138 .01138 .01183
WWMASS= .00266 .0026 .00159
WThASS: .01403 .01403 .01342
AMASS= .34340 .34340 .34340
CHMASS- 0 0 0
UMASS= .00027 .00027 .00089
GMASS= .34367 .34367 .34429
TMASS: .35771 .35771 .35771
WS: .00080 .00080 .00259
RHOA= .10791 .10346 .10094
RHOM- .07160 .10763 .11655
RHOG= .09668 .10341 .11218
TG= 610.25190 52.18409 652.14134
TW: 526.13187 533.30984 533.59527
TWW= 513.70075 513.70036 513.70137
P= 3513.29461 4390.44609 4344.79698
TB- 697.12854 0 708.50906
TDEW= 463.62629 468.88156 498.37453
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- IITIAL FLO COEFFICIENT- .50000 (STAGE= 5I-I----- --

STAGE TOTAL PRESSURE RATIO- 1.2P28
STAGE TOTAL TEMPERATURE RATIO- 1.06675
STAGE ADIABATIC EFFICIENCY- .90336

STAGE FLOW COEFFICIENT .539
AXIAL UELOCITY- 519.37
ROTOR SPEED= 994.04

STAGE TOTAL PRESSURE RATIO(ACTLUA) 1.22895
STAGE TOTAL PRESSURE RATIO(IDEAL)- 1.25515
LOSS FACTOR IN ROTOR- .985O
LOSS FACTOR IN STATOR= * 9896

*ROTOR INLET* *ROTOR OUTLET' *STATOR OUTLET*
TOTAL PRESSURE 4344.80 5395.45 5339.72
STATIC PRESSURE 3748.75 4131.68 4643.21
TOTAL TEMPERATURE(GAS) 652.1413 695.6709 695.6709
STATIC TEMPERATURE(GAS) 625.3469 646.6178 669.5503
STATIC DENSITY(GAS) .1122 .1196 .la8
STATIC DENSITY(MIXTURE) .1165 .1242 .1348

AXIAL UELOCITY 519.3675 547.1502 519.0957
ABSOLUTE VELOCITY 558.4980 770.3315 562.1291
RELATIVE VELOCITY 788.0677 599.791
BLADE SPEED 798.0839 787.8235 819.0509
TANG. COMP. OF ABS. EL. 205.3714 542.2521
TANG. COMP. OF REL. UEL. 592.7125 245.5713
ACOUSTIC SPEED 1202.5460 1243.7812 1244.3279
ABSOLUTE MACH NUMBER .4644 .6300 .4518
RELATIVE MACH NUMBER .6553 .4904

FLOW COEFFICIENT .5387 .5676 .5385
FLOW AREA .0059 .0053 .0051

ABSOLUTE FLOW ANGLE 21.5751 44.7424 22.5764
RELATIVE FLOW ANGLE 48.7734 24.1714
INCIDENICE 4.7734 -1.5676
DEVIATION 9.8414 9.3574
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-- TITIAL FLOW COEFFICIEMT- .50000 (ISTAGE- )

STAGE PERFORME AFTER INTER-STAGE ADJUSTHMEr(JPERF-2)

STAGE TOTAL PRESSURE RATIO= 1.22899
STAGE TOTAL TEMPERATURE RATIO= 1.06664
STAGE ADIABATIC EFFICIENCYR .90448

**STAGE INLET** **STAGE OUTLET-' **STrAGE OUTLET"
(BEFORIE IMTER- (AFTER IMTER-STEGE T EJUST- STGE ODJ1I06-

IET) MEIT)
XU= .00248 .00248 .0055S
X, - .03307 .03307 .03080
Xi,= .00445 .00445 0
XT- .03752 .03752 .03080
XAIR- .96000 .96000 .96360
XI1ETAr= 0 0 0
XGAS .96248 .96248 .96920
lMASS- .01183 .01183 .01098
1JIIASS- .00159 .00159 0
,TMASSm .01342 .01342 s01098
AMASS- .34340 .34340 .34340
CHMASS= 0 0 0
UIIASS- .00089 .00089 .00199
GMASS= .34429 .34429 .34539
TMASS- .35771 .35771 .35637
WS= .00259 .00259 .00580
RHOA= .12487 .12017 .11734
RHOM: .07160 .12465 .13382
RHOG= .11218 .11998 .12971
TG: 652.14134 695.67091 695.59860
TW= 533.59527 540.88803 541.37489
TWlJ= 513.70137 513.70036 513.70155
P= 4344.79698 5395.45042 5339.72029
TB- 708.50906 0 722.80827
TDEIJ= 498.37453 496.93587 520.46557
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- INITIAL FLOW COEFFICIEMT- .50000 (STAGE- 6 ) - -

STAGE TOTAL PRESSURE RATIO- 1.21378
STAGE TOTAL TEMPERATURE RATION 1.062M46
STAGE ADIABATIC EFFICIENCY- .90205

STAGE FLOW COEFFICIENT- .540
AXIAL UELOCITY= 521.03
ROTOR SPEEDs 964.04

STAGE TOTAL PRESSURE RATIO(ACTUAL) 1.21378
STAGE TOTAL PRESSURE RATIO(IDEAL)- 1.23841
LOSS FACTOR IN ROTOR- .97381
LOSS FACTOR IN STATOR= .98141

*ROTOR INLET* 'ROTOR OUTLET* *STATOR OUTLET.
TOTAL PRESSURE 5339.72 6537.40 6481.27
STATIC PRESSURE 4643.05 5093.62 5499.02
TOTAL TEIPERATURE(GAS) 695.5986 739.0448 739.0448
STATIC TEMPERATURE(GAS) 668.5834 690.0533 706.4154
STATIC DENSITY(GAS) .1297 .1379 .1454
STATIC DENSITY(MIXTURE) .1338 .1422 .1500

AXIAL UELOCITY 521.0291 536.5871 508.8163
ABSOLUTE UELOCITY 564.2700 771.9356 629.9781
RELATIUE UELOCITY 796.4797 588.1877
BLADE SPEED 819.0509 795.8534 .5000
TANG. COMP. OF ABS. UEL. 216.6319 554.9404
TANG. COMP. OF REL. UEL. 602.4190 240.9130
ACOUSTIC SPEED 1248.0901 1282.9307 1282.9214
ABSOLUTE MACH NUMBER .4521 .6088 .4910
RELATIUE MACH NUMBER .6382 .4639

FLOW COEFFICIENT .5405 .5566 .5307
FLOW AREA .0051 .0047 .0047

ABSOLUTE FLOW ANGLE 22.5764 45.9633 36.1308
RELATIUE FLOW ANGLE 49.1436 24.1788
INCIDENCE 4.0736 -2.7467
DEUIATION 9.7488 6.9508
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INITIAL FLO CFFICIENT .50000 CISTAGE- )-

STAGE PERFORMANCE AFTER INTER-STAGE ADJ9TUENWTCERFII2)

STAGE TOTAL PRESSURE RATIO= 1.21378
STAGE TOTAL TEIMPERATURE RATIO= 1.06219
STAGE ADIABATIC EFFICIENCY- o90445

**STAGE INLET*. **STAGE OUTLET** **STAGE OUTLnET.
(BEFORE INTER- CAFTER INTER-
STAGE ADJUST- STAGE ADJUST-
MENT) MENT)

XUa .00559 .00559 .01742
XI"- .03080 .03080 .01898
XILI= 0 0 0
XWT" .03080 .03080 .01898
XAIR- .96360 .96360 .9636O
X1IETAN- 0 0 0
XGAS .96920 .96920 .98102
WMIASS- .01098 .01098 .00678
WWMASS- 0 0 0
UTMSS- .01098 .01099 .00676
AMASS= .34340 .34340 .34340
CHIMASS- 0 0 0
UAISS, .00199 .00199 .00621
GtASS,, .34539 .34539 .34961
TMASS- .35637 .35637 .35637
uIS- .00580 .00580 .01807
RHOA .14388 .13869 .12770
RHOM- .07160 .14259 •14690RHOG: •.12=971 .13821 .14412=TG, 95.59860 739.04479 738. 85892

TW- 541.37489 548.44179 549.82046
TM w 513.70155 513.70038 513.70155

, 5339.72029 S537.39986 481.26579
TB- 722.80827 0 734.62173
TDEIJ 520.46557 526.83752 564.70213
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.e~n6.@**OLqRALL PERFORWC 'e

INITIAL FLOW COEFFICIEINT .50000

CORRECTED SPEE15II20O. 1.000 FRACTION OF DEIGN CORRECT SPE

INITIAL WATER CONTENT(SMALL DROPLET)= 0
INITIAL WATER COKTEMT(LARGE DROPLET)= .040
INITIAL WATER CONTENT(TOTAL)I .040
INITIAL RELATIUE HUMIDITY= .0 PER CENT
INITIAL METHANE CONTEIT= 0

COMPRESSOR INLET TOTAL TEMPERATURE 518.70

COMPRESSOR INLET TOTAL PRESSURE- 2116.80

CORRECTED MASS FLOW RATE OF MIXTURE- .358( 3.018)

CORRECTED MASS FLOW RATE OF GAS PHASE .343( 2.887)

OUERALL TOTAL PRESSURE RATIO,3. 0618

OUERALL TOTAL TEMPERATURE RATIOI.4244

OUERALL ADIABATIC EFFICIENCYz .8805

OUERALL TEIPERATURE RISE OF GAS PHASE= 220.159
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