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NOTICE

This report was prepare_ as an account of Government sponsored
work. Neither the United States, nor the National Aeronautics and

Space Administration (NASA), nor any person acting on behalf of
NASA: 1

A. Makes any warranty or representation, expressed or im o
plied, with respect to the accuracy, completeness, or I
usefulness of the information contained in _his report, or

that the use of any information, apparatus, method, or
process disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilities with respect to the use of, or for I
damages resulting from the use of any information, appara-

tus, method or process disclosed in this report. 1
,dJ

As used above, "person acting on behalf of NASA" includes any era-

, ployee or contractor of NASA. or employee of such contractor, to ]
the extent that such employee or contractor of NASA, or employee J
of such contra£tor prepares, disseminates, or provides access to,

" any information pursuant to his employment or contract with NASA,
or his employment with such contractor. &

1
2

e,_D
,J

Requests for copies of this report should be referred to -_

National Aercaautics and Space_AdministrP:Jon

Scientific and Technical Informatiozi Facility J "_
P.O. "Box 33 ,_

Coilege Park, Maryland 20_,40 -- * /_ _"
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AXIAL FLOW COMPRESSOR DESIGN COMPUTER PROGRAMS i_
INCORPORATING FULL RADIAL EQUILIBRIUM

PART II--RADIAL DISTRIBUTION OF TOTAL PRESSURE AND FLOW

PATH OR AXIAL VELOCITY RATIO SPECIFIED (PROGRAM lit) /

by _

Ii. F. Crevelingand R• H. Carmody _

SUMMARY ::<"

t-

The technical objectives of the:contract included generating a computer _?

programmed compressor aerodynamic design system which accounts for full ._=

radial equilibrium of the flow, including streamline curvature and radial gra- _
_ dients in total enthalpy and entropy. It was desired that the design system

] have the_capability of producing design information for given annulus geom- •_.

etry or, alternatively, computing annulus geometry along with aerods_namic __
_" design information. These capabilities are available as alternative options
_ in the computer program described herein. The option in which design is

_= performed =for given annulus geometry is=designated as Modification I; the _ ;_

I option designated as Modification II requires input of axial velocity ratio atthe mid-streamline for each rotor and stator, and establishes annulus geom-
:_: etry-subject to certain limitations described later in this report. The re- _

_ I suiting design-point computation i_, iterative, with efficiencies determinedthrough the use of correlated blade element profile loss data and the loss %
associated with a normal shock in the blade passages, where appropriate. _,_•

= The computer program is written with "buffer" storage capacity for up to :_

'_ N ten sets of profile loss parameter d_ta, each set including hub, mean, and _
_ tip data for diffusion factor values between 0 and 1 0. These profile loss

_'_ I data sets are elected by the program user for any given design calculation ___:: from a master file of up to 999 profile loss parameter sets. In this program, ._
_ energy addition is determined through specification of the profile of total :_-

'_' I pressure at each rotor exit, and through specification of limiting values on :._• five aerodynamic parameters for each stage• These aerodynamic parameters _
_ are:

--2_ J

i 1. Rotor tip diffusion factor _

_._ 2. Stator' hub diffusion factor
i

3. Stator hub Mach number
"e

4. Rotor hub relative exit angle _ '

" :1 5. Rotor tip exit whirl velocity

nn n m m _a _ n -_*
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The program accepts design input data for a specified maximum number ]
of stages and, barring any error messages from the calculation, computes
aerodynamic performance untileither the maximum number of stages is -l

reached or the specified overall pressure ratio is attained. The design corn- l
putationsmay be based on 5, 7, 9, or 11 streamlines, at the user's option.

Hub and tip blockages are input separately, at each axial station, as the un-
blocked fraction of local geometric annulus area. The program user has the !
capability of specifying the total mass flow at each axial calculation station.

Any changes in mass flow are distributed proportionally among all stream- 1

tubes involved in the design computation..1

The c.,mputation and the corresponding program logic are developed in "m
detailin Appendix A (System of Equations and Computations) and Appendix C l
(Program Flow Charts). The Fortran IV Source Deck listing of the computer
prograrh is shown in Appendix B. 11 !

Input format and the preparation of required input data are presented in ::
Appendix D, along with the data set describing two sample design problems.

Append._x E illustrates the format of program output, through presentation |
of the computed results for both sample design problems. !

1
= INTRODUCTION-:

1
As a part of Contract NAS3-7277 for the NASA-Lewis Research Center,

four axial flo_' computer programs were developed. The first (Reference 1) t
! assumed simple radial equilibrium of static pressure and constant efficiency J _

! " radially--limits arespeeified on hub and tip ramp angles, axial velocity '_

ratio across blade rows, rotor hub and stator tip loadings, rotor exit rela-
tive flow angle, and stator hub Mach number; the velocity diagram and stage- J

! by-stage perfor_nance are calculated.

. The second program (Reference 2) accounts for complete radial equiiib-

rium of flow. Losses are evaluated on the basis of blade element loss pre-
;! diction methods. Radial distribution of energy is specified as a polynomial _]

' variation of whirl velocities at the exit of each rotor blade row; rotor tip U
loadings are specified as are limiting values of rotor hub relative exit

angles, stator hub Mach numbers, stator hub load:.nhs, and the-compressor ,_
flow path.

: BA third program, A:'ial Flow Design Program HI, was developed under
this contract and is reported herein. Program I!I differs from Program II

:' in that the radial distribution of energy is established by specifying the poly o
:i nomial variation of total pressure at the exit of each rotor blade row, and

i there is the option of specifying either the flow path or the axial velocity
J

:!i ratios and calculating the resulting flow p,_th, ProgramlII also offers theoption of specifying as blade element data either the flow angle at the shock ,,

_ii__: or the ratio of supersonic to totalturning, to calculatevalues of shock loss
m

coefficient. c

i m ! • mmm I
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SYMBOLS ...._

_q

Note: The primary symbols are illustrated schematically in Figure 1. . _'_,
_2_

a Sonic velocity, ft / see - _)-_

A, B, C, D, E constants in total pressure profile and whirl velocity poly- ',_
nomials -:::_

b axial spacing of computational stations, in. N_

Cp specific heat at constant pressure, BTU/lbm-R ° c=_;

D diffusion factor; total derivative

F blade force on gas, Ibf/Ibm

F, G, K, W Constants, variously defined in Equations (A-38) through

(A-40) and in Equations (A-43) through (A-45)

: = gc universal gravitational constant, 32..174 ft-lbm/lbf-sec 2
.L

H enthalpy, BTU/lb m
: S

=: = J conversion factor, 778 ft-lbf/BTU

L overall compressor axial length, in.

M Math number

C

m molecular weight, Ibm/mole c,

" n axial station index

N number of axial stations

/ R _ RHg|i

p fraction of blade height, RTg. RHg

i p pressure, lbf]in. 2 abs
J

Q heat transfer rate, BTU/lb m- sec

R radius, in.

R c total pressure ratio

_ Ri ,_th rotor o
.i
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]
}'4 gas constant, ft-lbf/Ibm-R° ]

S entropy, BTU/Ib m- R °

Si i th stator

t ti.ze, sec =

T temperature, °R l
U wheel speed, ft/sec *_

V fluid velocity, ft/se_c l

w mass flow rate, lb m/sec 1
x fraction of blade span

Z axial coordinate, in.

Greek !
a ramp angle, degrees

D

fl air angle, measured from engine axis, degrees ]
L : 5

;': _ ratio of specific heats ]
8 blockage; unblocked fraction of annulus area _,

A change; final value minus initial value

•._: =_ _ adiabatic efficiency H

: 8 circumferential coordinate, radians

I, Prandtl-Meyer_ angle, degrees _

P density, lbm/ft 3 =

solidity -

-_ air turning angle, degrees
L;

co angular speed, radians/second

W blade total pressure loss coefficient

I
4 I

u n | m n n
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Subscripts

1 rotor entrance station

2 rotor exit station

I 3 stator exit station

e effective value (of hub or tip radius)

I g geometric value (of hub or tip radius) '_

I H hub section

i ideal
m

=_ j designates value of variable at reference streamline

I L limiting value

max maximum value

p profile _

I R rotor, radial component i

i S stator; stage
s shock

s s super sonic

I W tip section i
t total _.

I 0 whirl component 1

i Z axial componen _.
Superscript

I -' relative value of a variable

5

am J | i ea | aa mm i | Ha I |
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TECHNICAL DISCUSSION :_

#
The Modification I/Ifprogram, bearing Allison identificationQ-4F, ac- _

_Z

counts for full radial equilibrium including i'adial gradients in tGtal enthalpy _
and entropy. Specific heat is treated as a function of temperature with the .:_

exception of the computation of shock loss, where Cp is assumed constant; ":_
elsewhere in the calculation, all integrations involving Cp in the integrand 1_:_

are performed for variable Cp. The program will not calculate supersonic _}:_
axial flows; a check is laadc at the mean s_rcamlinc of each axial station and _. /

the computation is terminated whenever an axial Mach number greater than _:_
1.0 is encountered in three consecutive passes of the calculation.

For use of Mod I, the program requires description uf the flow path :_ •

geometry, including locat,:on of all axial stations, plus hub and tip blockages i-i
at a!l stations. The computation of adiabatic efficiencies uses blade profile

loss parameter data input as a function of diffusion factor for hub, mean,
and tip sections. This profile loss data is interpolated and extrapolated to
any point along the blade length by means of a second degree curve fit.
Shock loss is computed at each streamline position by means of the shock

model of Reference 3, using the ratio of Supersonic turning to total turning
input as a function of blade span for each blade row, or alternatively using

input- specified values of flow angle at the shock.

For use of Mod II, where stage flow path geometry is established by
computation, the inlet geometry is input as for Mod I. For each blade row,

limits on hub and tip ramp angle must be given, along with an initial value of
aspect ratio (difference in inlet geometric radii, divided by axial length) and
the ratio of exit axial velocity to inlet axial velocity for the row a_ ti,e mid-

streamline. Hub and tip ramp angles (all and _T) are shown in Figure 1.
The computation of annulus geometry for any g_:-,_n blade row begin_ with the

3pecified initial value of aspect ratio and a T = 0. In any required reduction
of annulus area at the exit of a blade row, aH is first increased to its limit

value, if necessary. Next, a T is increased to its given limit value, and, if
necessary, F.Le aspect ratio is finally reduced by an appropriate amount, to

achieve the required level of exit axial velocity. Under no circumstances is =:

a positivevalue of aT permitted. Inasmuch as Mod IIcm 4eld irregular
geometry, depending upon input constraints, the curvature of streamlines
can produce severe gradients in flow properties and result in failure of the

calculationwith appropriate error messages printed out. Input of reasonable

constraints is discussed further in Appendix D. Adiabatic efficienciesare
computed as in Mod I.

As mentioned in the summary, the program draws its input-speclfied
profileloss data sets from a master fileor library of up to 999 loss-data

sets. This master fileappears as permanent data and ls located at the rear

of the program deck; this library of loss data sets is the only information

P:i
n Him n mn | U nuum nlu • U inn n nNn nu m nm w In
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stored as permanent data. Up to ten of the profile loss-data sets may be N
selected for use in any one compressor design calculation. Each loss-data

: !

set consists of 20 values of profile loss parameter (_p cosB2)/2_r for each Iof the hub (10% span), mean (50% span), and tip (90%'span) sections, These
60 values of loss parameter appear on 5 cards; each card consists of 12

fields of 6 columns each: The values of loss purameter for the hub section
are entered f__rst; next the valuesfor the mean and tip sections. At each |
blade section, values are entered correspondin_ to increasing values of dif:
fusion factor. The program automatically assigns the 20 loss-parameter I
valucs at any blade section to the 20 diffusion factor values 0, 0.1.. 0.15, |

]
0.20, 0.25 ..... 1.0.

: Aerodynamic design of each stage is governed by specified limiting N
values for each of five _=erodyna•ntc design parameters. These parameters

are: n -
: 1. Rotor tip diffusion factor

!2. Stator hub diffusion factor _

3. Stator hub Mach number m e

!
4. Rotor hub exit relative flow,angle i

; 5. Rotor tip exit whirlvelocity

The program provides two alternative logic paths ensuring that the in-
put-specified limiting values of these parameters are not violated in any ._
stage. The program user may elect to: (1) drive the calculation to satisfac-

tion of the most re-,'trictive of its aerodynamic limits at each stage or (2) ad-
Jjust the calculation at each stage so that all aerodynamic design parameters

' for that stage are less than or equal to their specified limiting values.

PROGRA_ DESCRIPTION

.j The basic equations of motion which govern the three-dimensional flow _]
of an Llviscid compressible gasthrough a turbomachine have been derived in :_ "
many reports such as Reference 4.

The pertinent equations for steady axisymmetric flow in cylindrical co-
ordinates are:

il
, _ Continuity Equation

(: t a(pRvR)  (pVz)
• + -0 (l)

'q ]

'_ i m m • n • • a _ | n m • UNto mmmm_mlmmm mmmmmaumwm __ mmnm_mam
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Radial Equation of Motion

gc J'_ = gcFR+ gcJT,'_+ R _R + VZ _ 5g _Z] (2)

Circumferential Equation of Motion

1 IV _(RV0) _(RV8)] (3)
0 = gcF0 - -_ R _R + VZ _Z

Axial Equation of Motion

c_Ht _S VA }_(RV-# ) [-_V---Z _--_-Rz] (4)gc J_'-= gcFz+ geJT_'z+ R ;Z VR L _R
L

Energy Equation

DHt _ Q + _ D(RV0) (5) ._2
Dt gc J Dt _

5

Gradient of Entropy :

DS _ Q (6)
"<

Dt T
-i

Condition of Integrability _:

.9

Equations (1) through (7) relate eight unknowns in F R, F0 , F Z, V R, V0 ,

V Z, S, and I-It.

The compressor design analysis considered for this study considers full
:= radial equilibrium and radial gradients in total enthalpy and entropy. The

simplifying assumptions are: :(z,.

1. Only stations between blade rows are to be considered; therefore, _

FR, F0, and F Z are zero.

2. Heat transfer is zero therefore Q is zero.

3. Consideration need be given only to the radial equation of motion. _,

"_

•_ With these assumptions, Equations (3), (4), (6), and (7)are eliminated. _:.
! Equation (1) is then rewritten for convenience as ,

• "i] 9 _: ;

• i i1•11
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I
RTl"

w = 2_r /PVzRdR (8) -,,

RH _.

and Equation (2) is then written as: -:

T t R -_

V - Zj 2gcJ Cp (T)dT - ( - .) - 2 . R --
Ttj _ I

f £ [VR\
Rj Rj

l
where the subscript j here refers to the reference streamline used in the in-

tegration. The energy equation becomes 1
A[

gc J (&Ht) -- e .X(RVo) (10)
1

As outlined earlier, the program user may elect to solve this system of ]

equations by specifying flow path geometry or, alternatively, by comuuting

the annulus geometry for each designed stage using specified mid-streamline |
axial velocity ratio plus specified constraints on flow path. Energy addition :_
for a stage is established using a profile of total pressure at the rotor exit,

given in the form ]

Pt A

- B+ p + C+ Dp+ Ep 2 , (11) 1P+.y
-

and limiting values for the aerodynamic design parameters of each stage. I ::

Adiabatic efficiencies are computed through use of input profile loss data and J[
the shock loss across a normal shock in the blade passage (Reference 3).

I' i

With blade inlet conditions known, exit velocity conditions are then com-

puted iteratively through Equations (8) and (9) for Mod I. For Mod II, where ,_

exit axial velocity at the mid-streamline is established through the given ! "ratio for a blade row and the known inlet axial velocity, Equations (8) and (9) --

are used to establish the exit annulus area required to satisfy continuity and

radial equilibrium at the blade row exit. Hub and tip ramp angles and aspect 1
ratio are varied in the sequence outlined earlier, l

.I

!_ I0 I i!
• lm mm
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The primary objective of this computer program is to calculate design
parameters and performance in accordance with full radial equilibrium and

I with efficiencies determined from input blade element profile loss data,while ensuring that the specified limiting values of the five aerodynamic

stage design parameters are not violated in any stage. During iterative

I solutions of Equations (8) and (9), efficiency an d energy addition are revisedas required to achieve this objective.

I The detailed procedure to accomplish the objectives of this program andthe development of the program logic to automate this d_sign performance

analysis are discussed in the following subsection. A detailed summary of

I the calculations is given in Appendix A.
DEVELOPMENT OF PROGRAM LOGIC

I The given functional form for total pressure at the rotor exit and the
specified limiting values for thr" five aerodynamic design parameters com-

t bine to control the energy addition in any given stage. The limiting valuesof the aerodynamic parameters each represent a corresponding limiting

value of rotor exit whirl velocity at the streamline where the parameter is

t specified. One of these five values of whirl velocity is most restrictive ons_age design and is used in conjunction with efficiency and with the specified

form for rotor exit total pressure to establish stage energy addition.

At a point in the stage design computations, limiting values of the aero-

dynamic parameters may be used to establish stage energy addition, using

I current axial and radial velocities and current efficiency. Using the given
limiting values of DSH, MSH andfl_. H, it is possible to compute three values

for rotor effective hub exit tangential velocity. On the assumption tha*. allaerodynamic parameters increase monotonically with one another and with
local tangential velocity, the lowest of the three values of t,-ngential velocity

l just computed is used to compute a rotor hub total temperature rise. Withrotor entrance conditions and current rotor effective hub efficiency, this is

used to compute rotor effective hub exit total pressure. The polynomial de o

i scribing Pt/PtT for this rotor is used to establish a value for PtT directly.

Now, separately, the limiting value for DRT is used to compute a value

for tangential velocity at the rotor effective tip exit. This value is comparedwith the fifth aerodynamic desig_ parameter, the given maximum value of

rotor effective tip exit tangentia" velocity, and the smaller of the two values

used along with the current rotor effective tip efficiency to establish a second
value of PtT. The smaller of the two computed values of PtT is taken, and

the given total pressure profile is used to establish a distribution of Pt at the

I rotor exit. The current distribution of efficiency yields the distribution of
total temperature and the associated rotor exit tangential velocity distributirn

. _ directly.

....... • u m
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The. methods of rewriting the expressions for the limiting values of stage

_erodynamic parameters to solve for rotor exit values of V0 are developed in
Appendix A. .,

1. The expression for the rotor tip diffusion factor is ",
-i

V ! _ --

2T UIT VU IT U2T + V/_ 2T -i

= _ ' ._DRT 1.0 -__ + 2o" RT VIT
f

which rearranges to t

_ +ove +w =o (12)
2T 2T 1

where r-2 (U2T +KF) ] I

° : L I

W I Z2T U2'r VR2T F2.=!_ _7o:
, 11

3

K 2_ RT -':1-
, U1 T - V0 1T U2

F = 1.0 - + 2err T

Therefore, I
- O ± _G 2 - 4W

V#2 T = 2 (13) t

where the calculation is restricted to positive, real roots. When the

limiting value of rotor tip diffusion factor is used to evaluate F, the

chosen solution of Equation (13) represents a critical value of rotor tip
exit whirl velocity, satisfying the limiting value specified for rotor tip _,
diffusion factor. ,_

2. The expression for the stator hub diffusion factor is i"' !,

12 o
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v3_ V_2H V#3H (14)
DSH = 1.0- _+

V2H 2_ SH V2H

which rearranges to

V 2H+ G V02H+ W =0 --

I where

I - 2KF
G- F2 1.0 ;_

K 2 V 2 _ V 2
- Z2 H R2 H _?_

W = *

I F2-1 0 _"

2 1/2 V03H .'?

V 2 + 2 + VR 3 2¢rSHZ3H :_

K = 1.0 - D _
Sit .=

=' 1 _(

I 2o" SH (DSH - 1.0)

_" Hence, _,:_

,_, = - G± G 2 4W (15) ._"
V02H 2

| •._
where the calculation is again restricted to positive, real roots. Using

I the limiting value of DS H to evaluate K and F, the resulting solu Lon of ._V Equation (1 5) represents a critical value of V 02H, based on the specified

_ I limit f°r DSH in the given stage" !_

,_ 3. The expression for the stator hub Mach number is :_

MSH=

II m Ill I .
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where ."

-- H/_ gc $1aSH _ TSH

This rearrmlgcs to

\'_e = 1 2 - (V + V (16) -:
-H H aSH 2H 2 H

If the hmiting value, of stator hub entrance Mach number is used in

Equaziolt (16), there results the corresponding critical value of V82 H.

4. The relative exit flow angle at the rotor hub is expressed as

: , -F l= tan 1 2H -_
I{v2 +v2 y/21

it follows that "f

' --(Vz2 +v_ ¥/_ tan (17)
:

..J

and

v0 - v o (_8)
2H U2H 2H

,JThe limiting value of #2 H may be used to solve for the corresponding "';

critical value of V0 " l
2H"

: The computer program satisfies the stage aerodynamic design param- I
eters in either of two optional ways. The user may elect to: (1) reduce the -,
energy addition for any stage whenever necessary to avoid violation of any of

the limiting values specified for the five aerodynamic parameters or (2) use i1
the most critical of the five limiting aerodynamic parameters to establish the .'
energy addition for each calculation pass in each stage of the compressor.

The lattel or "drive" option ensures that each stage of the final compressor " 1
design will satisfy the critical one of the five specified limiting values of de- :J
sign parameters. The "no drive" option ensures only that no designed stage

will exceed any of its specified limits. _l
t

l
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!
I The radial profile of axial velocity at an axial station is obtained by

using the tangential velocity distribution in the radial equilibrinm equation

(9), and carrying out the integration from a reference streamline j to all

I other streamlines. For inlet and Mod I stage design computations, the tcrm
V2 serves as the constant of integration and must be adjusted to satisfy con-

F
_ tinuity; Vzj is established by trial and error at each axial station, for each

pass of the design computation. For use of Mod II, the reference streamline

! j in any blade row is also taken as the mid-streamline, where axial velocity
ratio is given. Thus, the inletaxial velocity and the given ratio fixthe exit I
axial velocity at the mid-streamline, and the blade row exit annulus dimen-

- sions are established iteratively according to the previously described sequence
- of ramp angle and aspect ratio adjustment seeking simultaneous satisfaction of

radial equilibrium and continuity.

[
The program begins a design computation by reading in the specified

data on which the design is to be based, including: (1) the coefficients de-

scribing variation with temperature, (2) the loss data sets elected fromCp

the master file, and (3) data basically describing the machine to be designed,
including relative error tolerances to be used in the iterative computations, _

_: and the design data for each of the maximum number of The
stages. stage

data includes: =;

• Limiting aerodynamic parameters
values for the

• Specific loss data sets to be used for rotor and stator
• Flow increments in rotor and stator

• Polynomial coefficients describing exit total pressure distribution for
rotor and exit whir] velocity distribution for stator

• Blade solidi_y distributions• Distributions of the ratio of supersonic turning to totalturning or of_low
angle at the passage shock in rotor and stator _

_i • For Mod H, limiting values for hub and tip ramp angles and initial valuesfor rotor and stator aspect ratio

_: _ The program considers ten axial stations at any one point in its iterative

L design computations. The first five axial stations of the flow path represent
the inlet, and the program computes three exit stations behind the last stage

being designed. Hence, the program initially considers only the first stage,with the inlet ducting and the program-computed exit ducting making up the
remaining eight axial stations initially considered.

The program begins its computation by evaluating Tt, Pt and Cp (T) in
' the inlet. Setting V R and V0 in the inlet to zero, and assuming dR/dZ and

_ d2R/dZ 2 both zero at the front of the machine, the program then sets mass

I flow rate throughout the inlet equal to the flow rate at the first station. Using
_ flow increment data specified at each blade row for which data is input, total

i flow rate at each of the maximum number of blade rows is then computed.

15

i H
m
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Hrving established the number of streamtubes and the midstream index .:

streamline to be used in axial velocity computations, the program next es o
tab]ishe_ a simple radial equilibrium solution of the flow equations for the

inlet only; to initially establish flow conditions in the first rotor, the program
either picks up the input geometry or computes a first approximation to rotor
annulus geometry, depending upon whether the Mod I or the Mod II option has

been selected by the user. (In the case of Mod II design computations, the
second stage and subsequent rotors are first taken as a copy of the last up-
stream rotor.) The initial approximation of rotor one flow conditions i_ ob-

tained using a loading based on tile given limiting value of DRT and a mid- ,,

_treamline axial ve]ocity ratio of 0.9, assuming free vortex flow and _R =
0.90. Next the first stator exit geometry is either picked up from input data

or estimated as required, and stator exit flow conditions are initially estab- '
fished using the given stator exit tangential velocity distribution and _S = O. 89.

Next, flow properties in the outlet are established and the limiting values of
the aerodynamic parameters are checked; any necessary adjustments in the

temperature and pressure profiles are made. Next, the program establishes 1

the current outlet ducting and computes the flow properties there. To this |
point, only simple radial equilibrium has been employed in flow calculations.
Next, the program establishes the full radial equilibrium solution to the flow

equations for the ten stations initially considered. Streamline curvature ef-
fects and radial gradients in total enthalpy and entropy are included.

Next, the stage aerodynamic limits for the stage(s) among the ten axial -!
. $

stations currently considered are checked and any necessary iteration on the
design of these stage(s) is performed, accounting for full radial equilibrium..
This iteration may be accomplished with either the "drive" option or "no-
drive" requested by the program user. Continuity is satisfied at every pass

: and convergence is established on efficiency.

When convergence is fully established, the desired pressure ratio input

: for this design is compared with the cumulative pressure ratio at the exit of -

' the last stage in the current converged design. If the desired pressure ratio
_ has not been met, and if the specified maximum number of stages allows,

another stage is added to the design at this point. Two stations from the

front of the design flow path are deleted, fully converged, at this point and . t
the exit ducting is re-established in the "new" ten-station design flow path.

When a new stage is added, the current values of slopes, curvatures and J
axial velocities from the immediately preceding stage are used in the first i:

pass on the new stage, and the design is redone (i. e., convergence is re- _) i
established) for all ten stations currently considered by the computer. The J

• check of cumulative pressure ratio is made, and another sta£e added as be-
fore if needed and if available. The design computation may stop at numer-

' ous points and produce one of a number of error messages ifdifficultyis |
_: encountered for physical or numerical reasons. The stopping points and
':; corresponding error messages are shown in the program flow charts and in I

|the source deck listing,Appendices C and B, respectively.

im m
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PROGRAM RESTRICTIONS

It has been pointed out already that use of the limiting values of theaerodynamic stage design parameters DRT, DSH, and MSH, to establish

corresponding critical values of tangential velocity, is subject to restric-

I tions on the choice of roots in establishing V_ 2 values at hub or tip.

A further restriction applies to the specification of limiting values for

I rotor tip diffusion factor and stator hub diffusion factor in a stage. If a f
maximum value of diffusion factor is exceeded in either case, both the cor-

responding roots for V0 2 are complex, and physical meaning is lost. Theprogram has error messages imbedded in the logic so that this condition
may be readily determined:

I The maximum level of rotor tip diffusion factor for the inlet flow condi-
tions, tip speed, axial velocity ratio, and solidity can be easily established.

I The diffusion factor is _
r.

!

I D R = l- __-77"+ , (19) .V 1 2 _=V 1

| or I

VZ 2 (U1 - V8 ! ) - VZ2 tanB2

I DR = l- I 'I ' + ' (20)cos f12 V1 2 _ V 1

I Since with established inlet conditions and VZ2 the rotor diffusion factor! I

is dependent only on V82 or _2, Equation (20) can be solved for its maximum

I value. Differentiating, with _ considered to be in the first or fourth quadrant,

I VZ2 1 _d (D R) VZ2 ,
, = - , , , (21) ,.

d/92 c°s2 f12 V{ sin ,82 2 cr V1 c°s2 _2 "=

I

Setting the right hand side to zero and solving for f12' it is found that #_=

(fl2)DR = arc sin (22)max _..

and that D R is at its maximum value. Substitution of Equation (22) into

i Equation (20) yields .
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VZ 2

VZ2 (UI - VOI) + %/4a"2 - I "
= _ + (23)

t -.DR max 1 2 2 cr
4cr -1 V

2g _'

Similarly, the maximum level of stator hub diffusion factor for given
flow conditions and solidity may be established. The stator diffusion factor ,. ,,
is

V3 V82 V83
D S = 1.0- -- �(24)

V 2 2 cr V 2
t

or

V31c°s/321 Ic°s/::J2l {Vz2tanfl2- V83} 1
= 1.0 - + (25)

VZ2 2 _ VZ2 ._

Considering ,3'2 to lie in the first or fourth quadrant, it is possible to estab-

lish the following derivative:

E '_s -_ I_.__.7 _ ""- sin f12 + + ..... (26)

dfl2 2 ¢r VZ2 J 2o" cosfl2 J .-

It follows that

arc (27) ](fl2)Ds max = tan V3 V8 3

Substituting Equation (27) into Equation (25) results in the expression I
m

(28) |!,

DSmax = 1.0- V3 + _ 2e_ [V'_VZ2 V83 ] +V83 I

_ Vz2J
! -

18 I]
|m.m i _ 1=
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APPENDIX A _!l

SYSTEM OF EQUATIOIIS AND COMPUTATIONS _.;,.

_ -!,i

| _

I L,
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The system of equations and computations presented in this appendix con-
stitute an iterative design system for computing performance of multistage
axia!-flow compressors. It has been pointed out that the computation considers
only stations between blade rows, in addition to inlet and exit stations. Full

radial equilibrium of the flow is computed, including radial gradients of total
enthaipy and entropy. Flow is assumed axisymmetric and the gas is con-

sidered ideal, with Cp taken as a function of temperature.

The computer.-programmed design system will handle a maximum of 12
stages, with the desxgn of individual stages limited by input-specified maximum _"
values of five aerodynamic parameters in each stage. These parameters are:
rotor tip diffusion factoI; stator hub diffusion factor, stator hub inlet Mach

number, rotor hub exit relative flow angle, and rotor tip exit whirl velocity.
As described under Development of Program Logic and in Appendix D, the pro-

gram user may elect to design all stages such that, in each stage, the con-
verged design satisfies the most critical of the five aerodynamic Uxnits.

. Alternatively, the program user may e,ect to design with only the assurance

tha_ no aerodynamic limits are violated anywhere in a converged design.

In summary, the following information is given:

: @ Specific heat at constant pressure, as" a function of temperature
• Molecular weight of the gas ='

--=

;. • Maximum number of stages in the planned design
• Minimum mass-averaged overall pressure ratio
• Total mass flow rate

,. • Number of streamlines to be considered in the design computation
(5, 7, 9, 11)

• Fraction of the total flow passing between the hub and each successive
streamline

Furthermore, in the inlet ducting and at the compressor entrance, the

] folio-zing items are given:

• Inlet total pressure
• Inlet total temperature

_ • Axial location of all inlet stations

, • Hub radius and blockage at each axial station

_ • Tip radius and blockage at each axial station {

• Radial variation of inlet guide vane loss coefficient (input by streamline) _,• Radial variation of inlet guide vane_exit whirl velocity

I • Tip at the inlet of the first rotor
speed

[:

i" A-I 1f_
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For each of the ma;-imum number of stages in the design, the following

items are given:
|

• Blockages at hub and tip and geometry information for Mod I or Mod II
• Radial distribution of solidity (rotor, stator) I

Radial distribution of rotor exit Pt/PtT _m
• Radial distribution o_ stator exit whirl velccity

• Profile loss parameter correlations at hub, mean, tip (rotor, stator)
• Radial distributionof the ratio of supersonic turning to totalturning i i

(rotor, stator)or of the relative flow angle at the passage shock

• Limiting values for rotor tipand stator hub diffusionfactors
• Limiting value of stator hub inletMach number I
• Limiting value of rotor hub exit relativeflow angle

• Limiting value of rotor tip exit tangential velocity I

The basic equations employed in this design system are displayed in the
description of computations presented here. The equations are presented in

cylindricalcoordinates, assuming axisymmetry and neglecting body forces. W
The solutionis necessarily an iterativeone, proceeding to tilesatisfactionof
several error tolerances specified as input and described in Appendix D.

CONTINUITY EQUATION

RT e

w= 2 ,¢_P 7zRdR (A-l) I
RH e

IFrom geometric input dimensions and blockage, aerodynamic hub and tip
radii are determined at each axial station. From the definitions

-R 2 IRT2 He i_
8H = _ _ = hub blockage factor (A-2)

RT 2 _I-I- 2

RT2e RH2 I :i
8 T = = tip blockage factor (A-3) "

RT2 - RH2 I

where blockage factor is the decimal portion of geometric area not blocked,

there results the expressions

[ 11 HI T_ I/2RHe = 8HR_ + -8 R (A-4) !

RTe = 8TR + - 8 (A-f)

A-2 _ _,_

i i m mmmmm m mm m r H - _..
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The annulus is subdivided into (j-1) streamtubes, where j is input as the
number of streamlines considered in the design. The fraction of the total mass
flow passing between the hub and each of the j streamlines is given as input and

R.

DELM (j) = 2= P V z RdR (A-6)

RH e

ENERGY EQUATION ,,

Tt2 is determined by an iterative solution of the equation

fTt2
= Jcp(TldT (A-8)Ht 2 - Htl •
Ttl •

;_

i solving for the upper limit of the integral. Z
The exit total temperature for the rotor at any Streamline is determined

I using exit total pressure and efficiency. The adiabatic efficiency is then re- :determined by calculatingan isentropic temperature rise from an iterative :_
solution of ._

=2

J---" cplT) •

_="" _ Ttl (A-9) :
I Pt2 =Ptle

and solving Equation (A-8) for i" Efficiency is then found from 4

Ht2 ' - Htl '{= i (A-10) _-i

Ht 2 Ht 1 ::

3*

2"

li ms _ l | m ._"_,.'.U..illli __.__1111 ,-- _--, _ "
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RADIAL EQUILIBRIUM EQUATION -"

T t R ,_,

v2 v_ 2,o_f°_<_>_(v_ vo2) 2fv,2
...... dR -_

J Rj
Ttj

(A-11) 7I

R R

/-2gcJ T-_dR + 2 VZ _Z ]R dR 7

Rj Rj

1
The entropy gradient term of the radial equilibrium equation is evaluated •

from the following expression i

S "" S" _/J°,><'>_'_ ,,<<A_I,.>I
2gcJ T--_" dR = 2gcJ --_ - Tln Ptlj _::

aj R1 LTtl |-
Thestreamline curvature term is evaluated from

/
2 V Z t_-Z-IRdR = 2 t-_-_1 _ 2 Rj (A-13) 1
Rj Rj -

1 i

. where the subscript _ designates a derivative taken along a streamline, i
I

EQUATION OF STATE

P _|
r = _---_ (A-14)

STATIC-TO-TOTAL AND RELATIVE-TO-ABSOLUTE cONVERSIONS I

i

{: From the definitionof totalenthalpy, the relationship II
V2

IIt - H - 2gcJ (A-15) i

is established. I
A-4 I f

ii!_i I i z-_--- m i!ill I I C....
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Statxctemperature is evaluatediterativelyfrom

Tt

Ht - H = / Cp(T)dT (A-16)
T

and static pressure is calculated from

_ P = Pte Tt 1A-17)

-- f Relative total enthalpies are determined from

Ht - H t = 2--_-cj - V (A-18) .:_

-_ Relative total temperature is found iterative!y from

;i_. H_ - H = cplT)dT (A-19)T

,_i! and relative total pressure is evaluated using the expression
Jr,:,

',_,_ _ t cp(T)
" [

_. Pt Pe T 7 d
= (A-20)

k_
,.:_ LOSS CALCULATION

"'_ The totalpressure losscoefficientisdefinedfor rotors as

? P 2.i
_" Ptl" P1

1_°" ,

•-," A-5
2 Jr
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and for stators as

Pt2 - Pt3 (A-22) =

t Pt 2 - P2

The total loss coefficient is taken as the sum of profile and shock loss
coefficients

- =_ +_s • (A-23)_t P

The shock loss coefficient is calculated on the basis of the normal-shock- . i

in-passage model presented in Reference 3 (See References in report). In
this computation, the specificheat of the gas is evaluated at local temperature -"

but is not treated rigorously as a variable, For each stage in a design cal- _i
culation,the computer program receives as input a radial distributionof either:

(a) the ratio of supersonic turning to total turning for both rotor and stator or -i
(b) the distribution of flow angle at the shock for rotor and stator. Supersonic -J

turning is computed as

: ]

(a) _ss = 1 - fl _total -_
or (A-24)

(b) @ss : _1 -_'2

: -.t
f For stators, the absolute air angles are substituted. Ifthe relative inlet
= Mach number is equal to or greater than 1. O, the inlet Prandt!-Meyer angle

i1_. is calculated from

The Prandtl-Meyer angle at the intersection of the assumed normal shock with i
the suction surface is calculated from

Vss = Vl +_ss " (A-26) -I

The Mach number at this location is then determined from an iterative solution

of the expression I

Uss = _ V'*_ ss" " - 1 (A-27)

The effectiveshock upstream Mach number, from which the pressure ratio I
the shock is computed, is _across

, ,) FMe = + M s • " (A-_.8)

A-£ _

I m mmm
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Using the normal shock relationship, Equation (99), Reference 5 (in report),

Pt2 7+ I)Me 2 7/7-I 7+ I I/7_i
--'7" = ,2 - _ - (A-29)
\Ptl/norma I 7- I)M e + 7M e (,- I)

shock

the shock total pressure ratio is determined. The shock loss coefficient is
then evaluated as

,r

1- \Ptt/norm a shock
s = " (A-30)

r

] where
_T

--_--- + - M (A-3 I)
tl 2

-_.

Now, if the inlet relative Mach number is less than 1.0, the effective upstream '_
shock Mach number is calculated as

M| ...o

M' - 1 (1 + '
e 2 Mss) (A-32)

where Mss' isa functionof_ss determincd by iterativesolutionofthe equation

= 7--T-/.Xtan "I _ ss - 1 - tan"1 Mss - i (A-33)

!

IfM e isgreaterthan I.0,_s isevaluatedusing Equations1A-29),1A-31)

and (A-30) as before. _,

The prof3.1e loss coefficient is determined from blade element loss data.

inputas profilelossparameter correlatedas a functionofdiffusion -!

:_ A-7

il ,, iiIitille I i l I I I , _........i_;
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factor for hub, mean and tip sections as described earlier and in Appendix D.
The hub and tip loss data seLs are associated with I )% span and 90% span,

respectively. Blade diffusion factor is calculated as

_°

' V f

DR = 1.0 - --7-V2_ (For rotors} (A-34)
Vl 2_V_ -"

and

v3 v02- v°3 i
D S = i. 0--- + {For stators) (A-35) -'

V 2 2 _V 2 _.

where solidity, _ , is determined at the average radius associated with a

stream surface in the blade passage.

When the diffusion factor is established for the flow along a given stream-

line in a given blade row, the average percent span for that streamline in the
passage is used to establish a profile loss parameter value associated with the

given streamline. The loss parameter is established using a circular inter- -]
polation along the blade span, using the mean section loss parameter value and

the hub or tip section value, as appropriate. Both loss parameter values are __
taken at the diffusion factor level computed for the subject streamline. The

interpolation takes the form -I
J

cos_ cos_ r i
-- _ o.5 _x o.5}2+ r2 "_X

where r = (0.16+ d 2) and d = P pC
2d ]0.9,0.1 ! 0.

_Y
The profile loss coefficient is then computed directly, using solidity and stream-

plane relative exit flow angle at the subject streamline. ii -
The _otal loss coefficient is used to establish an actual exit total pressure

using Equation (A-21) or Equation (,%-22), as appropriate. This exit total i
pressure is used to re-establish adiabatic efficiency through the use of Equations
(A-9), (A-8) and (A-10), as described earlier.

l

it
A-8 •

I n II INN I nu_n n_
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ENERGY ADDITION--Determined by Stage Aerodynamic Design Parameters

As described earlier, and in Appendix D, the computer program user may
elect to design each compressor stage to satisfy the critical one of the five

limiting values specified for its aerodynamic design parameters, or the user
may elect to design only with the assurance that all converged stage designs

will not violate any of the prescribed aerodynamic limits. Satisfaction of the
critical one of five aerodynamic limits in each converged stage design occurs _

in the so-called "drive" option, where the rotor exit total pressure level is
adjusted to satisfythe criticalaerodynamLc limit at each re-assessment of f_

loading in each stage during design computations. By contrast, tne "no-
drive" program option merely adjusts the J'otorexittotalpressure level
sufficientlyto avoid a violationof an aerod:vnamic limit each Lime such a

violationis encountered during re-assessment of loading. Itis possible
and likelythatduring design computations prior to convergence in any given
stage, the rotor exit totalpressure in this program option will be reduced
to a level such thatnone of the five design-limiting crite:ia are equalled

in the converged design. _:'

Summarizing, each of the five design criteria may be used to estab- :T
lish a corresponding level of rotor exit total pressure; that is, each aero- ?_;

dynamic limit may be used to determine a level of the rotor exit total pres- 7.
sure at e given point in the design computations. In the "drive" program
option, the lowest of these five levels is chosen and used to define the
rotor exit whirl velocitydistributionat that point in the calculation. In

the "no-drive" program option, the rotor exit totalpressure level is ::
?

changed to correspond to the lowest of the five limiting values only ifone
or more of the aerodynamic design parameters is found to be greater than
itscorresponding limit value.

Expressions for the tangentialvelocityin terms of aerodynamic param-
eters are developed as follows.

I. Tangential velocity in terms of rotor tip diffusionfactor "

The diffusion factor at the rotor tip is given by -"

r I -- V ! '_"

_/2 T VS1T 82 T '::,:
DRT --I.0 + . (A-37) _

v' T Ti T -_:

_. - U2TV T- U1T _ V_IT + V 82T _.,_._
DRT = 1.0 --- + =

Vl T 2O'R w V_ T _

A-9 "_
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This may be rearranged as

2T _ , UIT - 1T - U 2
V_T - + .0 - DR V1T +

2CrRT 2_RT ,

or as

P

V' = K V 0 + F (A-38)2T 2T

where

1

K = 2O.RT

and J

F = .0 - DR V_T + U1T - -_
2¢RT

now -_

V_.T _ V0 2 V2 + (A-39) -_= 2T 2 + R2T 2

Squaring and equating (A-38) and (A-39) results in

u_T _U_TV0_T+v_2T+V2Z2T

+ VZ2 T = K @ V 2 + 2KFV82 T + F 202 T

which reduc es to

1.0 - l

'iA-tO | ,
!

E __.l i n i | I I
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or

Vg2T + GV82 T + W = 0 (A-40) w

where

i j
and

+ VR2 T - F2 T + U2 T ,:

I W =
1.0 - K 2 ,._

f-

I The absolute tmlgential velocity at the r_tor tip may be obtained by solvin_ -_
Equation (A-40).

- G + _G 2 - 4W

I V0 2T = (A-41)
2

The calculationis restricted to positive real roots.

I 2. Tangential velocityin terms of stator hub diffusionfactor

t The stator hub diffusion factor is expressed as

V3H V02H- ve3H
DSH = I.0 + (A-42)

V2 H 2aSH V2 H

This equation may be arranged as

V2 H = " K + FVo2 H (A-43") '::

J

G=y
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where -"

["_H+v_ " "_R_,.,j1,/_ _
K = + 2erSH

1.0 - DSI I .

and
- p

1
F =

Now, expressing V2H in terms of itscomponents and squaring Equation _

(A-43), there results

v202H + v0_ G + w = 0 {A-44)

where :.]
J

- 2KFG-

F 2 - 1.0 -_ ]

K2 V 2_ !W;

F 2 - 1.0

Hence,

V82H = - G + 2 _ 4W (A-45)2 _

where the calculationis again restricted to p,,sitive,real roots. Using
the limiting value of DSH to evaluate K and F, the_ resulting solution of I

Equation (A-45) represents a critical value of V o 2H. I

A-12 ! :'

6- = - = =i == = m • • • I
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3. Tangential velocity in terms of stator hub Mach number

The sonic velocity at a stator hub is

aSH = _Tgc_.T2H (A-46) _:_

and ---

.q

V2H - (A-47)
as---_ MS H

This may be written as .
V.

2H _-

as H }_
Squaring and rearranging results in i_

V02H H _H (V2 V2 1/2 "-_.:'-_
= - + 1A-49) -;_

Z2 H R2 H :_

Note that :_here the quantity shown in parentheses here is negative, the -:_. __._

limiting value of MSH cannot be satisfied by adjusting Vo The program __._2H"

produces an error message when this condition is encountered.

4. Tangential velocity in terms of rotor hub exit relative flow angle

The relative exit flow angle at the hub is

V0 2H
!

fl 2H = tan'l (A-50)

+ V 2 H) 1/2H 1%2

Tiros,

V02H I H) l/2 tan( _' )' ffi V 2 + V_2 2HZ2 H

A-13
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and

= tan (A- 51)

V02H U2H Z2 H R2 H 2H .!

The limiting value of _'2H is employed to evaluate V0 2 " :,
H,L _.

-. !

f
A

]
l
]
]

il

" , J

A-14 i

I
A
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APPENDIX B

FORTRAN IV SOURCE DECK LISTING ._

,_:
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t
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ANEXT. - EFN SOURCE STATEMENT - IFNI5) -

SUBROUTINE AN EXIT ANX[ 2(_
ANX I 247

C ww._,THIS SUBROUTINE ADDS AN EXIT TO THE MACHINE BASED ON ANXI 248
C A HOR|ZONTAL TIP AND THE HUB CALCULATED FROM TIE RATIO ANXI 269

C OF THE AREA OF THE STATION TO THE AR_.A OF THE LAST ANX[ 250
ANXI 251

C STATOR EXIT. ANXI 252

FPATH ANXI 253
LOGICAL
DOUBLE PRECISION TITLE ANXI 25_ #
REAL MACH, HAPR, MOLF.WT, JOULE ANXI 255

B DIMENSION ATASI29,11), FLUW(321 ANXI 255LOGICAL IERROR, YES ANXI 257
COMMCN IMAIRIXI ALPHA(LO.III. ATARI29,LIIt B2(2g), ANXI 258

X @ETA(IOtIII, BH(32I, BLADEI29), BTI32I, _NXI 259

B ) C0(10,111, CP(3ZtLLI, CPCO(b), CR(32,11), -ANXI 260X CSLOPE(LOtLI;, CU21]I), CUI32,'_II, CUC0(29,5), ANXI 26t
X CXI3Z,II), CXM(IO, IlI, CXNEW(IO,III, CXRATO(29), ANXI 262

g CXSILO,I1) e OA(LOI, DEL4(Lll, DEPVILO,ll), ANX[ 263X DF(20I, DFACT(2C),Lll, DFLI29)¢ DFL(JW(32I, ANXI 266
X EMACH(29,111, FOUNI)(20,3,1OIt FRDEL(10,111, GAMMA(32,111, ANXI 265 _
X HMN129 ), HU_I 32), | KK110) , MACH( Zq _1 L ), ANX I 266 -

I X OBAR(29,11It POi32,LZ|, R(32,11), RCdRVE(IO,111, ANXI 267 ._:X RH(32)t RHO(32,11It RIN'I'III), ROSTAG(ll), ANX! 268 _,
X RSI32), RSLOPE|10,11), RTRAIL($LI, SOC0(29_51, ANXI Z69 ,_,

B X SOLIDI29,LI), SSCOI_C),,SIt TERMl(lO,11), TERMA(II), ANXi 27C)X TERMB(111, TERMC(111, TIPI321, TITLE(12), AN)(I 271 -_
X T0132.11), TSTATI11), UI32,111, WILt', ANXI 272

X XI321 ANXI 273

l COMMON /SCALER/ A, AA, AIO&O, A202AO, A303AO, A6OIAO, ANXI 27; .X A505AOt B, BBt OCt CM. CMEA_t CMEANP, COINTG, ANXI 275
X CPI2, CPI3t CPI4, CPIS, CPI6, CP02, CP03, CP04, ANXI 276
X CPDS, DAMP, DCP, DDt DIFCM. r)T, OUMMY, ERASI, ANXI 277

I X Gt GASKt GJt GR, GR2, JOULE t
MAPR. MOLEWT, ANXI 278 C

X POCOt Q, RPM, TCP, TERMD. TESTBHt TESTDS, TESTMS. ANXI 279 :_.?
X TOCOt lOlt TOLAT, TOLB2, TOLMIN, TOLMSt TP.LTIP, TDLCP, ANXI 28:) C_

I X TOLCX, TOLR, TOTINT, TUTPR, Vt VMI ANXI 281CO HMGN /INTEGRI It IBt IBL, IOUMPt IERROR, IFIRST, ANXI 282 4

X IG, IOUTTRt IPASS, IS, IT, J. JIN, JJt ANXI 283 :_
X JIWt JVZt Kt KZ, KK, L, LIMIT, LSTAGE, ANXI 28_ _"

1 X MSTAGE, kLINES, NTUBES, NX. NXI, YES ANXI 285 1EQUIVALENCE IATAR( I, IltATAS( I, L) 1, IFLOW( 11 ,DFL{IW(I) ) ANXI 285
CCMMON IVGEOM/ ALH(29), ALTI29|t ALTER, ANX| 287

I X ASPECT(291t FPATHt SAVEAI291 ANXI 2_J_
ANX I 289

IF (FPATHI OT- XILSTAGE) -XILSTAGE-I) ANXI 2':)0
AA= RSILSTAGE)W_,2 ANXI 2ql

I RH( LSTAGE 1_'2 ANXI 292
BB-
DO tO JK,,I,3 ANXI 293
JL-'LST AGE |ANXI 296

l IF IFPATH) XIJL-)= XIJL-I) +DT ANXI 295RSIJL)" RSILSTAGE) ANXI 29S
RHIJL)" SCRTIAA + IBB-AA)*ATARIZ,JK)) ANXI 297

LO CONTINUE ANXl 2qB

I RETURN ANXI 299END ANX I _0_

ira., II ._I II ILIL IIIIIIIII I -,,.._:t. ,,L,.,.,._I IIII ..:::II.:-:., II _ I ILL.2::: _.................. _,,., , _ ..... _ - . ........ :; ;: v ,,n.-'I- -- "

1968028585-040



q

11102167 '_
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L

MAIN 55 ISUBROUTINE 045 MAIN 57
COMMON IVLNEI NBLADE ,_AIN 59
INTEGER P.LADE MAIN 5q |
C(IMMON IVGEOMI ALH(2gl, ALTI2gl, ALTER,

X ASPECT(Z91, FPATH, SAVEAI2q) MAIN 63 !
MAIN 61

INTEGER ALT ERr GCCUNT MAIN 62
LOGICAL FPATH ,NO FAIL MAIN h3
DOUBLE PRECISION TITLE |
REAL MACti, MAPR, MOLEWT, JOULE MAIN 6_ f
DIMENS I(_N ATAS(2g, 11), FLOW(32| MAIN 65

MAIN 66 ILOGICAL IERRORt YES MA[_ 67
COMMEN /MATRIX/ ALPHA( lot 11 ), ATAR(29,11). B2(29),

X BETA(tO, 11 I, BHI32)e BLADEf2qt - BT ! ?--2) , MAIN 63

X CO(IO,II I, CP(32,11), CPCO(6|, Cn(32,i11, MAIN 69 1
X CSLO_'E(lO, 11I, CU2(III_ CU(32,1] , CUC..OI2q,5), MAIN 73
X CX(32,11I, CXM(lO,11|, -XNEWII" lit CX_AT{I(2 a-I, MAIN 7_

X CXSIIO, III, ,DAI1UI, OELMIII 9EPV(IO,III, MAIN 72

X OFI20|t OFACT(29, |I), DFL( 2ql , F)FLNW(32) , MAIN 73 I
X EMACHI2gtIIIt FOUND(20,_tIOI, FROEL[IOtIil, ( _'_'-'"'_2,11), MAIN 7(t

X HMN(2g) t HUB(32I , IKKIIOI, :_:'_(2g ,III• MAIN 75
X OBAkl 29,111_ P0(32,111, _(32,11), RCU_VE( I0,11|, _IN 75 .=

X RHK32 I, RH0(32, 11), RINT(I[I, ROSTAG(IX ), MAIN 77 I
X RSI32It RSLOPE( 10t111 , RTRAIL111I, SOC0129,5) , MAIN 7B
X SOLIDI29,11|, SSCOI2915)_ TERMIIIOtZll, TERMAI1].I , MAIN 7_1 :

X TERMB(II |t TERMC( 11I, TIP(321, TITLE(12I, MAIN 80 I
X T0132_111, TSTAT(111, U(32,11), W(lll, MAIN _I .m

X XI32I MAIN 82
COMMON /SCALER/ At AAt AIOAOt A202AOt A303AOt AA04_Ot MAIN R3

CMEAN, CMEANP, COINTG, MAIN 8_ It

" X A505AO, B, BB_ CC, CM, J
X CPI2, CPl3t CPI4, CPI5, CPI6, CP02, CP03, CPO_, MAIN 85 __

'! X OPUS, P.AMP," DCP, DO, OIFCV, DT, DUMMY, FRASI, MAIN 8_

X G, GASK, GJt GR, GR2, JOULE t MAPRt MOLEWT, MAIN 87 I
X POCO, Ot RPM, TCP, TERMD, TESTBH, TEST3S, TESTMS, MAIN _)B ,i

: X TOCO, TOL, TOLAT, TOLB2, TfILMIN, TQL_IS, TOLTIP, TILLER, MAIN B9

X T[:LCK, TOLRt TOTINT, TOTPR, V, VMI MAIN 93
IB]., IDUMP, IERROR, IFIRST, MAIN 91 ICOMMON IINTEGRI I, IB,

_ X IGt IOUTTR, IPASS, IS, IT, J, JIM, JJ, MAIN 9_
JI

'_ _ JM, J1¢1, Kt Kt, KK, L, LIMIT, LSTAGE t MAIN q3
X MSTAGEt NLINES_ NTUBES_ NX, NXI, YES MAIN 9t, 1 :

|" EQUIVALENCE IATAR( 1, I I,ATASIL, LI I, IFLOWIII ,DFLOWIII t MAIN q5
LOGICAL NO FAIL MAIN q$ ,;MAIN 97 '_

COMMCN /SPECAL/ NORM(14|,NX2,NOFAIL MAI_I 9B l

I CONT INUE MAIN 9cl Iq :_
C =_e READ ThE INPUT MAIN I00 i_=

CALL INPUT MAIN 101 I
C ,.* INITIALIZE IHE COUNTERS MAIN 102

C *** ALTERATIONS TO BLAOE ROW GEOMETRY IS MADE SE,JUENTI,LLY IDOWN 103 ,
• C STREAMI_ ONE SMALL CHANGE TO EACH BLADE ROW UNTIL ALL HAVE I

C CONVERGED, THE FIRST BLADE RC)W IS AT STATIOH 5, ?
C e,_e INITIALLY ThE NUMBER OF BL._DE ROWS CONSIDERED IS 2, AT _qST I0_ :
C 6 WILL _ CONSIOEREOo

ALTER- 5 MAIN 103 .,L

B-2 .

| °
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I 11102/67Q_,5, - EFN SOURCE STATEMENT - IFI_(SI -

l NBLADE= 2 _4AIN 104I15 IPASS= I MAIN 105
GCOUNT-- O MAIN 105

120 CONTINUE MAIN I07

I DAMP= 1.0 MAIN 10qLCA=O MAIN 109

C *4,4,SET UP THE ROTOR MAIN 110

I CALL ROTOUT MAI_ 111
I= l+l MAIN 112

C 4"4",kSET UP THE STATOR MAIN 113 f
130 CALL STAOUT MAIN 11#

I MAIN II5C 4"** CALCULATE CONDITIONS AT THE OUTLET MAIN I16
MAIN I17

, CALL OUTLET MAIN llq

Ic CHECK THE FLOW PARAMETERS AND MAKE ADJUSTMENTS IN THE MAIN If9
sww4"

'C TEMPERATURE AND PRESSURE PROFILES AS REQUIRED MAIN 123
CALL URIVE mAIN 121 :

C 4"4"*SET THE ITERAIION COUNTER TO ZERO MAIN 122 _c139 LC6= 0 MAIN 123 _
MAIN 12_ +q

.C 4"4,.PRINT OUTPUT AT THIS POINT, TRANSFER TO A NEW DATA SET MAIN I?5 i_

! MAIN l..J
1_.0 IF ILCA,,GTo5Ol CALL ERRCRIIgI MAIN 127

MAIN 12_ '_

C w,,_ CALCULATE THE AXIAL VELOCITIES INCLUDING CURVATURE EFFECTS MAIN 129 5' MAIN 133 :-
LCS= 0 MAIN 131

162 CALL CAXIAL qAIN 132

J LC5" LCS+I MAIN 133 ._:"
IF ILCSoGT.SOI CALL ERROR (IB) MAIN 134 f

"C 4,,1,4,TURN THE LOADING ITERATION TRIGGER ON, "1_5 - ._+

I NO FAIL= ,TRUE, MAIN 135 :IPASS= 4 MAIN 13_ '"
C 4"*_ CHECK THE LOADING PARAMETERS AGAINST THEIR DESIRED LIMITS. i37
C IF THEY ARE NOT CLOSE MAKE APPROPRIATE CHANGES IN THE ROTOR /

IC T EMPER ATUItE PROFILE. :_
+. CALL DRIVE MAIN l._? ._

C 4=4'*HAVE ALL OF THE FLOW PARAMETER RFQUIREMENTS BEEN MET MAIN 138

"+ I IF (.NOT. NO FRILl GO TO 142 MAIN 13_ ,_If)ASS = 2 MAI_I 140 ,_
C ,1,,1,4'CALCULATE THE LOSSES MAIN 141 ;_

CALL LOSS - MAIN ].4.2 +i+

I S,4,6 LCA=LC6+[ mAIN '],43 +:'+

ImLSTAGE-I MAIN 144
HAIti 14.5

C *** IPASS WILL BE EQUAL TO 3 IF THE LOSSES DO NOT CORRELATE MAIN-146 +:_-WITH THE EFFICIENCIES MAIN 147 :_
HAl N 14R _

+'+ IF I IPASS,EQ,3) GO TO 140 MAIN 149

I MAt9 '150 ++GCOUNT= GCOUNT „�MAINI+I ,:,'

_: C *** CHECK TIIE GEOMETRY ITERATION COUNTER MAIN 152 "_-

i IF IGCOUNT, GT,IOC) CALL ERROR (351 MAIN' 1_3 _,'_• IEFROR= .FALSE. MAIN L54 ':':'C
: C 4"*_ IS ThE GEOMETRY TO BE CALCULATEO MAi_155 " ,_.o'

i R-3 +:+
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IF IFPATH) CALL GEOM MAIN 15_

C .w,. IS TFE GEOMETRY CORRECT MAIN 157 1
IF i IERkL}RI GO TO 139 MAIN 15B 1

C #ww_ CHECK THE AXIAL VELOCITIES MAIN 15g
MAIN 163

C ONE MORE TIME MAIN 161 "_
CALL CAXIAL MAIN 167 i

C *** CALCULATE THE MASS AVERAGED PRESSURE RATIO MAIN 16_JMAIN 16_" I[

DO 155 J=I,NLINES MAIN 165 I
MAIN 165 I

TERMB(,JI-- TOiLSTAGE,J) MAIN 167

C .w_4,SCLVES FOR TERMB!JI IN GASKWWALOG(PO(LSTAGE,.I)IPO[I_I) = MAIN 1An I
C INTEGRAL FROM TO(I,I) TO TERMBIJI OF (CP/T| OT MAIN 169

MAIN 170

CALL THERM2(PO(LSIAGE,JIIPO(I,L),T ERMBIJ),TO(],I)) MAIN 171 I
TERMB(JI=IERMB(J IITO(I,I! MAIN IV2 I

155 DEPViq,JI= RHO(LSTAGE,JI*CX(LSTAGE, J|x_R|LSTAGEtJI MAIN 173
I=LSTAGE MAIN IT¢

MAIN 175 IL=9

CALL [NTEGADEPV,2) MAIN IT5 •
SUM= RINT(NLINES)-RINTII| MAIN ITT

L= 8 MAIN ITB
DO 157 J=ltNLINES MAIN 179 I

157 DEPV(B,J) = [TERMB[JI-I,IWWDEPV(9,J) _AIN IRO

CALL INTEG(DEPV,21 MAIN 181
RINTINL[ NESI-RINT| I) MAIN 182 IV=

MAPRzEXP!JOULEWWITHERM3IIVISUM+I-OI*TO|I,II I-THERM3(TOIItXI |IlGASK!MAIN 193 l
MAIN 1R4

C ,_,I,.IF THE MASS AVERAGED PRESSURE EXCEEDS THE PRESSURE MAIN 185 "I
C RATIO DESIRED ThE CALCULATION IS COMPLETE MAIN 186 1

MAIN lOT

IF IMAPR.GE.TOTPR) GO TO 175 MAIN ZqB

MAIN 189 IC _w,_ SINCE THE MASS _VERAGE PRESSURE RATIO HAS NOT BEEN MET WE MAIN IgC)

C CHECK TO SEE IF ANOTHER STAGE MAY BE ADr)ED. IF NOT THE MAIN Igi
C FLCW PARAMETERS WILL BE PRINTED MAIN 192

MAIN 193 ]
IF ((LSI"AGE-5)/2,GE,MSTAGE) GO TO 170 MAIN 1q_

MAIN Ig5

C *_* INITIALIZE THE CALCULATION TO ADD ONE MORE STAGE MAIN 196 I_
MAIN IgT J[

IFIRST=MAXOIIFIRST,LSTAGE-3) MAIN lq8 '_
I= LSTAGE + I MAIN I_9

MAINMAIN 201203 _I _}'
IB= IB+2

[BI= IBI -NX= NX+2 MAIN 202

NXI = NXI+2 MAIN 20_J i
NX2= I_X2+2 MAIN 204
NBLADE= MINO( NBLADE +2, 6) MAIN 205
LSTAGE=LSTAGE+2 MAIN 20._

MAIN 207 I
C *** SINCE THE CALCULATION AND CHECKING IS TO RE CONTINUED MAIN 208
C UPSTREAM FOR NO MORE THAN 3 WHOLE STAGEStIT IS ASSUMED MAIN 209

C 1,HAT OR/DX, C2R/DX2 AND OiCX)/DX AT STAGES PREVIOUS TO MAIN 2!0 !
C THESE WILL NOT BE AFFECTEO BY THE ADDITION OF ONE MORE MAIN 2L1

B-, I
i , ,, ,, ...... . ..... iill i i i, ............ i .............
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C STAGE, I'PEREFORE THE VALUES CALCULATEO FOR THE PREVIOUS MAIN 2[2

C CONFIGURATION ARE TO BE SAVED FOR IJSE IN THE NEW
MAIN

C CONFIGURATION MAIN 214
C S,_w_NOTE ONE VERSION OF THE ITERATION USES DRIDX AND DICR)/DX, 215

I MAIN 215i_O 160 J:I,NLINES MAIN 214
RSLOPE(I,J)=RSLOPE(3,JI MAIN 21.7
RCURVEII,J}=RCURVE(3,J} MAIN 2].9

I l&O CSLOPEII,J)=CSLF)PEI3,J) MAIN 219
GO TO 115 MAIN 229 f

MAIN 221

I _ w_ PRINT MESSAGE TO INDIC.:,TE THAT THE DESIRED PRESSURE RATIO MAIN 222HAS NOT BEEN MET MAIN 2?3
MAIN 224

170 CALL ERRORlgI MAIN 225

175 CALL OUTPUT MAIN 226MAIN 22?

C ,w,,_RETURN FOR A NEW DATA SET MAIN 228

MAIN 229IF (I,,GE,O) GO TO I MAIN 2_0
RETURN MAIN 231
END MAIN 232

[

,v

[ ,

/, B-5
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SU@.ROUTINE CAXIAL CAXI _05 I
l

CAX I 301

C *_ CALCULATES AXIAL VELOCITIES WHICH SATISFY THE CAXI 302

C AXIAL-VELOCITY EQUATION CAXI 303 R
CAX 1 3_)_
C.AXI 305

DOUBLE PRECISION IITLE C_XI 307 •

REAL MACH, MAPR, MOLEWT, JOULE CAXI 308 |
:,IMENSION ATAS(2_,IX), FLOWI32) CAXI 30g "
_.OGICAL IERROR, YES CAXI 313

ATAR{29tLL) t B2(2_) t CIXI 3L! irOMMON /MATRIX/ ALPHA( LO, 11),
X BETA([O,III, BH|32), BLADE(2ql, BT(321, C_XI 312
X COl/Or/LIt CPi32_tIlt CPCO(61_ CR(32tII), CAXI 313
X CSLOPE(IO_LI|_ CU2{I[|, CU()2,11)e CUCOI29t5), CAXI 31(_ •

X CX(32,111, CXM(IO,II|, CXNEW(IO,III_ CXRATO|2gI, CAXI 3!5 |
X CXSIIO, II)y OAIlO|, OELMIIII, DEPVIIO,II), CAXI 315
X OFI2OIt DFACTI2gtIIIt DFLIZg|t OFLOWI321t CAXI 317
X EMACHIZ9tIL|, FOUND(2G,3tXO), FRDEL|IO,[II, GAMMA(3.2t]I|, CAXI 3IB I
X HMNIZ9|, HUBI321t IKKIIOI, MACHI2g,II), CAXI 31g i

X OBARIZg,XL), P0(32,11), RI32tt[), RCURVE|lOt.11), CAXI 320
X RH(32I, RHO(3Z,IXIt RINT(I]I, ROSTAG(IIIt CAXI 321 •
X RS(32), RSLOPE|IOtlI), RTRAIL|It}, SOCO{Zg,51, CAXI 322 |
X SOLIOIZ9,ll), SSC0{2g,5)9 TERMIIIOtIII, TERMAIII), CAXI 323,
X TERMBILIIt TERMCilLIt TIPI321_ IITLE_I2I _ CAXI 32_
X TOI32,IL|, TSTATIIL|t U132,!.Llt Wilt), CAXI 325 I
X XI321 CAXI 326 II

COMMON /SCALER/ A, AAt AIOAO, A202AO, A303AO_ A40_AO, CAXI 327

X ASOSAO, B_ BBr CC, CM, CMEANt CMEANP_ COINTG, CAXI 32B
X CPl2t CPI3, CPI4t . CPISt CPI6t CP02, CPO3t CPCI_t C;%X_ 329 |
X CP059 DAMP[ OCPt " D_, DIFCF_t DTt DUMMY[ ERAS/, CAXI 33_)" "_
X Gt GASKt GJt GRt GR2_ J(llJLEt MAPR, MOLEWTt CAXI 331
X POLO[ (_, RPM, TCP, TERMD, TESTBH, TESTDS,, TEST_S, CAXI 332. I
X TOCOt TOL, TOLAI, TOLB2t Tf?LMIN, TOL'_S, T_LTIP, TOLC_, CAXI 333
X ,TOLCXt TOLRt TOTINTt TOTPR, Vt V41 CAXI 33¢
COMMON IINTEGRI [_ IBt |Bt_ IOUMPt [ERROR, [FIRST_ CAXI 335 m

X IG_ IOUTTR, IPASSt IS, IT, Jr JIN, JJ_ CAXI 33_ |
X JM_ JMLt K_ KLt KK, Lt LIMITS_ LSTAGE_ CAXI 337
X MSTAGEt M..INESt NTUBESt NXt NXI_ YES CAX). 338
EQUIVALENCE (ATAR( It I ),ATASII, L) I_ IFLOW{ LI,DFLOW(_I l C/_XI 339 lIB
COMMON /ENERGY/ H, T, GAMMER CAXI 36,3 B
REAL LIMIT CAXI 3(_1

C N,$$ SET LIMITS ON AXIAL VELOCITY TO RESTRAIN THE ITERATION, 34.2 I
CAX [ 34_ m -_

TEST= L.56 CAX_ 3_.3 _,_

ILIMIT= 1.6 ClXI 3_ ._
L= 0 CAXl 3¢5 _
OO I I=IB,NX CAXI 345- _
L= L+l CAXI 347 .=

CAX 1 3_B I

C *=$ SATISFY CONTINUITY. 341 1
CAX 1 353 :_

CALL STREAM CAXI 351 !1 _

It I "_• DO L J L,_LINES _AXI 3S_ '1 ;_.

_ ....................... im I IIII IIIII III IIill111--- " I ........... .._L_l ill i il_la','_ ....
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CAX. - EFN Sf]URCE STATEMFNT - IFN(SI -
C ww,_ SAVE FFFE AXIAL VELqCITIES. 35_ :

BETA(L,J)= CX(I,JI CAXI 35_

I I CONT INIJE C,AX I 35_DAMP = IU.U CARl 355
,r.AX ! 355

I C ww_ INITIALI/E THE ITERATIGN COUNTER CAXI 357
CAX I 35q

LOGPY=O CARl 35"_
5 CONTINUE CARl 363

I C **¢ TURN THE CGNVERGENLE vRIGGER ON. _f_lYES= .FALSE. C&XI _,'_l _'
LOC)Py=LOCFY + i C.AXI 362

I C *_"_ ERI_OR WILL PRINT THE RFSULI,S OF THE LAST ITFRATION
CAXI

C ANC TRANSFER TO A NEW DATA SET CAR! 385
CAX I _,,-_

I IF (LOqPY.GT.250) CALL ERRUR(4! C.AXI 367DO 12b J=ltNLINFS CARl 3_q

I C **+ (;EL,FIRST AN{) SECOND DERIVATIVtS qF R WLTH RESF.rCT TO Y. CARl 37,3
r.AXI 37|

125 CALL Xl)ERIVIR,RSLUPE,RCURVEi CAXl 372
£AX i 373

I L=O C&X I 3qlO0 133 I=IS,NX CART 382
L=L+1 cARl 38_

:_ I CM2=CX (I,J,,_)_"_2 CAXI 3R(,

"; I DO 12u J=I,r,.LINES CAXI "_CAR I 3_5
C ,4.wwSAVE THE AXIAL VFLUCIfIES CARl 387

.. • CAX l 38a _,

II,, CX(I,J)= (4.0,a,BEI,A(L,J| +CXKi,J))*O.2 CAXI 38q
BETA(L,J ;---CX(l,J ! CAXI "_g,')

+ m CU2(JI=CU([, Jr**2 CAX[ 3(I

II 120 DEPVIL,JI=CtJ2I.IIIR! l,J) CAXI 30_

._:, CALL INTEL: {L)EPV,2) CAXI 393
.-++. A= THERMI(TC(I,JM)) CARl 39_.

_" I CO 130 J=I, NI. INES CAW_ 3q5_ m C _ CALCULATE THE ENTHALPY AND CENTRIFUGAL FORCE TERMS AS WELL AS 39.5
::- C LºHE RAI)IAL VLLLTCITY TFRM.

""' 130 TERMI(L,J)= (GJ_flHERN_IITF) II JII-A) CARl 39'_
" X+CRII,JM)**2-CRII,J)'," 2 CARl _"+7

X -(CU) IJ| -CU2IJP. I|-2,0#RINT|JI| C.AXI 39_
X ICM2 CARl 3q_

I CAR I l+q')C *** FIN,.;E."!',;,-'OPYbRAE}lENT TERM IN AXIAL-VEtOCITY E+.)UAT[ON CAXI 4,,")|
C ,_*_ LIBTAIN FIRST DERIVAIIVF QF DEPV WITTH RESPECT TU RADIUS, CARl 4C2
C RESLILT IS £N CO CAX| 4q_

I CAX I 40_CAR 1 405
"" C **ww NC,TF THE RFFEKENCE I,F.RM5 HAVE BEEN LFFT f'UT OF ldlS CARl &O5

Doe

_- I C _rQUATION SINCE THEIR r)ERIVATIVES ARE ZERil C&X! 607

ii: CAX I 40RII
L=O CAXi _0:)

_:. DO 2:15 i-IB,NX CAXI 4|0

i+l L=L+] CAXl ,It

++ ]_.? +

L Jr - HI_II -I JJI I JJ =,- '11 ,,, :
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DO Z33 J=;.,NLINES CAXI 412
C ,J** DErEI_,',IINE PART OF THE ENTROPY TERM. 417

DEPVIL,JI= THPR_{3ITI.)(I,JiI/DCP -ALOGIPO([,JII CAXI 41_
H= -(CX( l,Jl_'*2 +CR('_JI*#2 +CUII.JI_*?IIGJ CAXl 41 (.
T= TOII,JI CAXI 4l =;
CALL [:,IT ALP CAXI 41 _, mr-

_'33 CUNTIN'JE C_XI _12
ALPHAIL, II= 0.0 CAXI _|q

DD 235 J=2, NLINES CAX! 423
CAX 1 4;)I

C ._4, I dTEC-RATE [I-E STATIC TEMPERATURE WITH RESPECT TO EqTROPY. 42._
._ CAW 1 47]

235 _LPHAIL,J)= ALPHAIL,J-]I +0.5_xl;R*(TSTAT(J| _-TSTAT(J-III CAXI 47_
)_ *(DEPVIL,JI-DEPV(L,J-I)) CAXI ¢+2_

210 DO 22'3 J=I,NLINES CAXI 4?6
CAX I ¢+:_T

C _w_,,_{;dTAIN TI-E Flw T DERIVATIVE OF RADIAL VELOCITY WITH P.ESP_CT 4.2R t
C T:) AXIAL LENGTH.

:. CAX ! 430
220 CALL XOERIVKCR,CSLDPEtCD) CAX! 431 "

L=O CAX I 432 I
_J

D0"490 l=I._,k'X CAXI 433
let= O CAXI 43_

C^x I 4"_5
C ¢=_wxH.ELP IS-ALTERED w,. OEDjCE IHE EFFFCT ('IFCIJRVAT;JRF WHEN CAXI G3._ -_
C THE ITERATI[JN 1_ "40, NEAR THE SflLUTIUN CAXi 437

CAX 1 43g
I_LP= 1.0 CAX! 43_
L=L+I CAXI 4t+9

2,?.5 DO 2/,0 J=I, NLINES CAxl 441
C **_ CFJMPUTE RADIAL VELOCITIES. _+"+I

2_0 CRII,JI=CX{ I,JI_RSLDPEIL,JI CAXI 642
CM=CX(L,JP') CAXI _/-7

CM2= HELP_CMW_'I'2 ChXI 4_9 -
2%5 DO 250 J=I,NL"_ES CAXI 449 :

CAX I 453 "
C .,t. _ "_ ST,_EaMLINE-CURVATURE TFRM IN &XIAL-VFLOCITY EQUATION CAXI 451

CAX I 4_2
: 250 DEPVIL_a,- CXI_,JI_CSLGPE(L_J)/CMZ CAX! 453 ,i

CALL INTEG IDEPV,2) CAXI 45(_

365 ILL= ILL +l CAxl _,_ -1

3"/0 DO 400 J=I,NLINES CAXI 45_ I
CAX I 4_7 ";

C *** dI)MAINE THE TEKMS IN THE AXIAL VELOCITY EOUATION. /+5H

CAxI 65, _lTERMD= (RINT(J| *RINT(JI +IALPH_,(I ,JMI -ALPHAIL_Jl)/C'42 -CAXI 460
X +[ER_I11 L, J I I/HE[ P CAXI 661
IF ITERMCI 381,365,383 CAXI 462 -I

385 TERMD= t.O c.4XI _63 i|
GO TO 400 CAxI 464 .J

CAXI 465

**" CI-LCK VALUES CF VELOCITY RATIC AGAINST REASnNAtiLE LIMITS CAXI 466 1
' CAX I 6_7 Jl

381 IF ITERMD.GT.-.?g) bO TO 390 CAI(I 46q

CAX I 469 ..,

C **'_ ALIER hELP TC REDUCE CURVAYUI_E EFFECTS ITFMPOR&RILY) CA.XI 67:) J

"1

_ J
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CAX. - EFN SOURCE STATEMENT - IFN(S) -

LAX[ 471
HELP= HELP*I.1 CAXI 672
IF I ILL.LT,25| GO TO 365 CAX[ 473
TERMD=O.I CA,'I 47_
GO TO 400 CAXI 475

' 383 IF (TER_4D.LT.TEST) SO TC 390 C.AXI 475
HELP= HELP*L.[ CAXI 477

l IF I ILL,LT,251 G.r) TO 365 CAXI 67BTERMD= LIMIT CAXI 47_
GO TO _00 LAX[ 480 .._

C qz4,_, CALCULATE NEW. AXIAL VELOCITY. 481

I 390 TEI_MD=F.JRT( I,O+TERMO| CAXI 68L400 CXNEW(L,JI=TERMD*CM CAXI 482
410 CONT INUE LAX[ 483

i LAX I 48_,• C _t=_=.CUMPAR_ V.EL(}_.I,,T4E_ INTO CURVATURE EOUATION WTTH THOSE GUT CAXI 4R5
CAX [ 485

DO _60 J=ltNL!NE$ CAXI 4._7

I IF IABSIICXNEW(LtJI-CX([tJII/CX(I,JII,GT, TOLCXI GO TO _50 CAXI 488• - 6_0 CONTINUE CAXI 4.qg
• GO TO _55 CAXI 493

i LAX I 493
C _* UNSUCCESSFUL CC_VERGENCE ON CX CAX[ 49_

LAX I 4_5
650 YES= .TRUE,, LAX[ 4ql

I 655 DO 460 J=E,,';LINES CAX[ ..92CXIItJI= |CX(I,J! +CXNEH(I'.,JI|_,O,5 CAXI 405
L. 460 CR(itJ) = CX(II, JI_=RSLOPE(L,JI CAX! 497

j LAX i 4q8
_- C 4,4,4, SATISFY CCNTINUITY CAXI 49:)
_:_ CAXI _oa '
:_ CALL STREAM CAXI 501
_* _ CAX I 502

= C *_t. MAKE &N ADJUSTMENT ON THE STREAMLINE POSITIENS, 503
:_ CA}( I 50_

CALL MOVE CAXI 505

_; 690 CONTINUE CAXI .505
'_" CAX I S07
:;:.: C .t,¢ CHECK CCNVERGEt4CE OF AXIAL VELOCITIES CAXI 508

- I CAXI 509
_':::Ill tOtO L=O CAXI =JL:)

DO 700 I=IB,NX CAX[ 511
L=L+I CAXI 5L2

I 00 700 J=[tNLINES CAXI 513IF (ABS(IBETA(LtJI-CX(ItJI)ICXI I,JII,GT, TOLCX! GO TO 1020 CAXI 51e,
TO0 CONTINUE _CAX[ 515

I L= 0 CAX I 516
I CAXI SIT

_: CAXI 5L8
GO TO 1021 CAX[ 519

I ],020 YES= ,TRUE, CAX[ fiZO1021 L" 0 CAXl 521
L=L+l CAXI $22

C. t,=, MOVE THE LIMITS ON AXIAL VELOCITY, 523. TEST= 1.02*TEST CAXI 523
LIMIT= SORT(toO _TESTI CAX.[ 32_

t ]3-9

_ i ...... I i __ _ --_-I I ] i

l l _ m i l
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CAX. - EFN SOURCE STATEMEN T - IFNISI - i

IF (YESI GO TO 5 CAXI 5__5
IT = 0 CAX! 52_ l_
RETURN " CAXI 5?.7 I
END C_(I 528

1
- -- I

I
!
!
!
!
!
!

U_

; B-IO
t

_ ....... , _ • ._-
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11/02/67
C,jPV, - EFN SOURCE STATEMFNT - IFNIS) -

SUfiROUTINE COPY
COPY 52_

LOGICAL FPATH COPY 5_3
COMMON /VGEO_/ ALH(291t ALT(29|t ALTERo COPY 53[

i X ASPECT(ZqI, FPATH, SAVEA(291 COPY 53_.DOUBLE PRECISION TITLE COPY 53._
REAL MACP, MAPR_ MOLEWTt JOULE COPY 53(*
DIMENSION ATASI29, LIlt FLOW(321 COPY 535

i LOGICAL IERROR, YES
COPY 5%

COMMON /MATRIX/ ALPHAIIO,[I), ATARI2q,L;.), B2129|, COPY 537 #
X BETAILO,XII, BHI32), BLADEI2g), BT(32), COPY 538

I X CO( |O,ll )# CP( 3Ztlll, CPCO(61 , CR(32t[I) , COPY 539X CSLOPE(tO, LLI, CU,?..(ttl, CUI32,LLI, CUC0(29,5), COPY _/.I._)
X CX(32tIII, CXMIIOtIII, CXNEW([O,[I|, CXRATO|29|, COPY 5"t[
X CXS(IO, III, OA(IOI, DELMIIII, OEPV(lO,ILl, COPY 547_

X OFACT|29t ].lit DFLI29|t DFLOW(32) , COPY 543
DFI2Ol,

X EMACH(29,11l, FOUND(20,3,10|, FRDEL(IOtIII, GAMMAI32,LII, COPY 54(*

X HMN(2g) , HUBI 32 ) t [ KK( !.01, M ACH( 29 ,[ ]. |, COPY 5_5

I X OBAR{29,IlI, PgI3Z,lt), RI32tIll, RCURVFiIO,III, COPY 546X RH(32), RHO(32e ltI, RINT( llI, ROSTAG( 11 ), COPY 5&7
X 4S(321, _SLOPE(IOtJ..., RTRA[LflII, $0CO(29,5), COPY 5&8
X SOLID(29,ll|, SSC0(29,5I, TERMIIIO,ll), T_RMA(IIIt COPY 54g

I X TERM_{[II, TEkMCIII), TIP|32|, TITL.E(L'Z), COPY 553X T0132,11), TSTATIII), UI32,111, WIIll, COPY 551
X X(32} Cf3PY 552

_ _ CCMMON 'SCALER/ At AA, AIOAO, A202AO, A303AO, A404_0, COPY 553

i X ASOSAO, B, BB, CC, CM, CMEAN, CMFANP, COINTG, COPY 55¢

X CP]2, CPl3, CPI4, CPIS, CPI6, CPO2, CPO3, CPO_, COPY 555 '
X CPOS, DAMP, DCP, DO, DIFCV, DTt DIJMMY, ERASI, COPY 5_5

I X G, GASK, GJ, GR, GR2, JOULE, MAPR, MOLEWT, COPY 557ii X P_CO, C, RPM, TCP, TERMD, TESTBHt TFSTDS, TESTMS, COPYSS8
X TOCO, TOl, TOLAT, TOLBZt TOLMIN, TOLMS, TOLT[P, TOLCP, COPY 559

I X TOLCX, TOLRt IOTINT, TOTPR, Vt VMI COPY 56()COMMCN IINTEGR/ I, [B, IBI, IDUMP, IERRUR, IFIRST, COPY S6L
': X "G, IOUTTR, IPASS, IS, IT, Jt JIN, JJ, COPY 562

X J_., JMlt K, Kit KKt L, LIM|Tt LSTAGE,m COPY 563
• J X MSIAGE, NLINESt NTUBES, NX, ;;X l, YE._ COPY 56_

tl EQUIVALENCE (ATAR( 1, 11,ATAS(I, 11 ), (FLOw(l) ,DFLOW(1) ) COPY -S&3-
COPY 56_

I L= 1-2 COPY ._67
::_ BE *** IS ; FE GEOMETRY BEINGCALCULATED. $67

IF (FPATH) GO TO 20 COPY 56B

C $$$ PICK IJp THE HUB AND TIP RADIUS, $69

I RH(I)= HUB( II COPY 5&g "RSIi I = TlP(II COPY 573
GO TO 30 COPY STI _

I $$$ SEI THE TIP, ESTIMATE THE HUB (LOW) AND COMPUTE THE SPACING, 572 -
C 2"0 RS([i = RS(I-II COPY 5?2 ,

, " Ol- IRSI 1-11 -RH( I-III/ASPECTIil COPY_ 57_
,; RH(I)= "MINLIRHI I), RHII-II HIII)COPY 57e_
" I X( [ I = X( I'-I ! _OT COPY 575 _:

l C $$_ ESTIMATE THE AXIAL VELOCITIES, SET THE EFFICIENCY (ON THE 576
*.: G HIGH SIDEI AND ESTIMATE THE TEMPERAYLIRE AND PRESSURE. _
_' 30 CALL RSTART_ COPY §76 "

/" I
:i DO 50 J_I,NL!NES COPY 57T
'_ CX-lltJI- (CX(:._J) $CX(L,JMItlO, 5 COPY 5"7B

B-It .a

., r II _, inllm _--I___- _ . .I _ j m _ _ -- ---- L. _ ,m_J
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COPY,, - EFN SOURCE STATEMENT - IFN(SI - I

ATAR(|tJI=,S_)RT|ATAP(LtJ) ) COPY .'37:)

-PO([,Jt= PO([-ItJItPO(L,JI/PO(L-I,J) COPY 5R3 ITO(l,J)= Tn(I-I,J)_TO(L,J)/TO(L-I,J| COPY 58L
CALL THERI_P COPY 58; ;)
CU(ItJIz CU(LtJ) COPY 583

50 CR(ItJÁ= CR(L,,JI COPY 58¢,. IL- 2 COPY 585
CALL STREAM COPY 5q_

CALL MOVE COPY 5R7 I
RETURN COPY 58.R
END COPY 58:_

• I
i. I
w

:" |

I

I
I

B-la

I
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DATA, - EFN SOURCE STATEMENT -. IFN(SI -

i DATA 5q:)BLOCK OATA DATA Eql
DOUBLE PRECISION TITLE
REAL MACHt MAPRt MOLEWT_ JOULE DATA 592

DIMENSION ATAS(2%II|t FLOW132! DATA 593LOGICAL IERRORt YES DATA 5q4
COMMCN IM_TRIXI ALPHAILOtII|t ATARI_q,ILIt B2(29), DATA 59._

X BETAILUtLL|t BH(321, BLADEI29)_ BTI32), DATA 595

J X COilO,tll, CPI32tLl), CPCOI6It CRI32,ll) t DATA 597X CSLOPE[lOtlllt CU2(LII, CUi32,1t)t CUC,3(2915|t DATA 59BDATA 59:)
X CX(3Z,[l I, CXM( lO, III, CXNEWIIO,ll), C XRAT.O(29 |,
X C)_S(lO, lI), OAllO|, DELMIII), DEPV(IlO,tl}t DATA 600

I X DFI20), DFACT(2gtI1),. DFLITql, DFLOW[_2|, DATA 601
X EMACH(Zq,I1)t FOUND(EO,3tlO), FRDELIIO,II)t GAMMA(32,[I), DATA 602
X HMNI29|, HUB(32), IKK[ I0), MACH(29,IIIt DATA 603

"" I RCURVE(101III, DATA 604
X OEAR( 29t IL), POI32tll), kI32tlL),
X RH(321, RHO(32tlllt RINTILI), ROSTAG([[), DATA 605

X RS(32)t RSLO_E(ZOt11|, RTRAIL(IIIt SOCn[Zq,Slt DATA 6OS
= X SOLIDI29,1[It SSCO(ZgtSI, TE_Ml(lO,lllt TERMAIII), DATA 607

J X TERMB (Il I, TERMC (111 t TIP 1321 t T ITLE ('I2), DATA 608
X TO132,111, TSTATI|LI, U132,I11, WlIt), DATA 609DATA 610

it! x,,,,,COMMON /SCALER/ A, AA, AIOAO, AZO2AOt A303AO, AAO#AOt DATA 611
X-AS"OSAOt Et BB, CC, CM, EMEAN, CMEANPt"CDINTGt D_TA 612

_: X CPI2, CPI3t CPI4t CPIS, CPl6t CP02, CP03, CP04, DATA 613

i_ _. X CP05, CAMP, D(-P, 'DO, OIFCM, DT, DUMNIY, ERAS[. DATA 6l(_
X G, GASK_ GJt GR, GRIt ,IOULEt MAPR, MOLEWTt DATA 6L5

_ X POCO, O, RPMt TCPt TERMD, TESTBH, rESTDSt TE.SIMSt DATA 616

._. X TOCO, TOLt TOLATt TOLB2, TOL.41Nt TOLMS, TOLTIP, TOLCP, DATA 617

_ _ X TCLCX, TQLRt TOTINT, TOrPRt V, VMI DATA 618
'C:"i; COMMON IINTEGRI I, IB, IBl, IDUMP, IFRROR, IFIRST, DATA 619

C_I_ X IG, IOUTTR, |PASS, ISt ITt J, JINt JJr DATA 620
X JM_ JMI, Kt Kit KK, L, LIMIT, LSTAGE, DATA 621

'S I YES DATA 622._ X MSTAGE, NLINES, NTUBES_ NX, NXl,
:_ EQUIVALENCE (ATAK(It 11,ATAS( I, II ), (FLOWIII ,DFLQW(I| ) DATA 623

'S !l COMMON /VVINt VO(291 _ DATADAT_$26625

_. t DIMENSION LZ(lTllt ZX(171lt ZYI65), Z(3871
OAT/. 626

EQUIVALENCE (COt/tZZlt (Z(1721tZX] t (ZI3431tZY) DATA 627
:_ OAT_ Gt GJt JOULE/ 1565.66t 50OTO, ATt 77B,17. / OATA 628

J DATA DF /O,Ot O, lt 0,15, 0,2, 0,25, O,3t 0,_5, 0,6, 0._5, O,St DATA 629X 0.55, 0.{), 0.65, 0.'I, 0.75, 0.8, O.85t O, O. gS, l. Ol DATA 633
DATA ZZ ./ DATA 63L

I X 6H tAF TH|tAMS PRtAHOGRAtAHM MUt4HST _AHE USt4HED Wtt_HITH t DATA 632X 4HCONStAHIDER._HABLE_4H CARtAHE ANtAHD THt6HDUGHt4HT, t_HSTEE't I]ATA 633

_ X 6HP tAH tAHPARA_4HMETEtAHR PRtAHOFILtAHESt _AHROUGtAHH FLt DATA 63¢X 6HOWPAt4HTHSttAh ANDt4H DATtAHA INtCHCONStAHISTEtAHNT 'Wt_H|TH t DATA 63S

I X ¢HTHE t4HPROGtAH/_AM t¢H t4HASSUtAHMPTItetHONS tAHWI_LtAH U._Ut DATA 63_IDt DATA 637

."_i X ¢HALLY_¢h LEAt¢HD TOt4H FAIt_HLUREtAH OF tAHTHE t¢HITERtAHATX 4HN, t4h tAH tAH 16H tCH tAH t4H tAH t DATA 63_

__ I X AM ,_tH tAH tAH tAH tAH ,AH tAH tAH t DATA 639

X_¢H ICH tAH 96H I4H tAH tAH tAH tCH t DATA 6/,3
) 6H IF t¢HTHE tAHPROGt¢HRAM tAHCAN t(uHNDT tAHFIND_AH A StAHOLUTt DATA 661
X 4HION tAHIT WtAHILL tAHPRINt¢HT AN_AH ERRtAHOR MtAHESSAtAHGE , DATA 662

t. X 6H tCHFOLLtAHOWEUtAH BY t4HTMF tAHSTANtAHDARDt4H DUTtAHPUT,t DATA 643

_ ,W CH TrttAt'IS ItCHS TORAH BE t&HUSEDtAH TU tAHDETFtAHRMINt/_HE t DATA 6&_.
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DATA. - EFN SOURCE STATEMENT - [FH(_' . I
X 6H tSH t6H t4HTHE t6HCAUSt4HE OFtkH THEtSH F_[ tSHLUREt DATA 645
X 4He t4f' eSH t SH tSH t4H eSH _4H _6H w DATA 645 III
X 61"I t/+l't e6H t6H t6H v6H t6H t6H t/-tH t DATA 667 |
X CH t41" t6H _6H t_,H t6H t6H t6H t6H t r)AT_. _6¢_
X 4H t6t- tSH tSH tSH tAH ,6H e"H "_1 AT s DATA 669
X 6HTHE t6HF|RS_4HT ANt_HD Lt6HAST t6H AX[tSHAL StSHTr, ,HONS / DATA 6_0 D

CATA ZX / DATA 65]. II
X 6H IT tSH[S At6HSSUNt4HED Tt6HHAT t6HTHE t6HFLOWt6tt . t4tt w DATA 65_
X 6h[S P,6HA_ALt41"LEL t4HTO Tt6HHE At6HX|S t6HOF R_6HOTATv¢HION., DATA 65] I
X 4H |Nt6_LET e6HAND t6HEX|Tt4H GE:Dt6HMETRt6HY SHtSHOULDt6H BE: t DATA 656 |
X 6H v6H ,SHCONStkHJSTEt6HNT ¼tSH|TH t6HTH[Sp4H ASSt4HUt4PTt DATA 6SS _ _'
X 6H|ON.t61_ THtCHE SPt6HACJNt6HG OFt6H THEt6H AXI_6HAL St_'tHTATIt r)ATA 656
X 4HONS tS_SHOUt6HLD t6H ,SHB.r _,t6HE:GULt6HARt tSHBLJT t6HNE:E:Ot DATA 657
X 6H NDTt6H i3E tSHEQUAt6HL, t6H t6H t6H t-.r_ e@H t OATA 65FI Ii
X 6H t6t" tkH tkH t4H ,6H t6H _4H t_'th t DATA 659
X 4H t41_ tCH tSH t6H t4H ,4H t6H eSH t DATA 663 BB
X 6H t4H t6H tSH tSH t4H t4H tSkt e4'H t DATA 661 •
X 6H D-Ft4HACTGt41_R LIt4HMiTSt4H WHitSHCH At_.HKE: U_4HNRL:At!_HSDNAt DATA 662 lIB

X CHBLE t41-AND t4PMACHtSH NUMt4HBEr_ tkHL|M|tkHTS WtSHHICHe4H t DATt_ 663
X 6H ,61_ARE ,6HTOO t6HLOkl I_tHW].LLtSH USUt6HALLYt4H CAUt@HSE Ft DATA 66_ •
X' 6HAELUtSI'RE: OeSHF THt6HE |TtCHERATtSHJON, t¢H tSH tCH t DATA 66S
X 4H t61" t6H t¢H tttH t6H t6H tltH eCH t DATA _f_
X 6H t6H ,6H t_*H t6H "tSH t6H _SH "t6H t DATA 667
X 6H t6H eZtH t6H tCH t6H t6H THEtZtH AX[ _tHAI. Vt DATA 668
X 4HELOCtSI-rTy t61_AT Et6HAC. H t6HSTREt6HAML| _6HNE l t6H._ COtCHNSTR_ DATA 669 _ .,
X 6HA|NEt6t'D TOt_tH LIEtSH BET_6HiSEEN_6H t6H t¢HLIM| tCHTS WI DATA i_70

DATA ZY / DATA 67]. II
X 6HHICH_61- ARE_VtH APPt6HRDXit6H_4ATEt_tHLY 1_6H0 PE:t6HRC.ENeSHT ANt OATA 67E |
X 6HD lo_Z_l'O PE_¢HRCEN,6HT OFeSH t4EDtSH-STR_SHEAt4L_¢HINE tSH t DATA 673
X 6HAXIA_4FL VEtkHLOC, ItSHTY. _6H SH(]t6HULD ,6HT_E tSHSCJLU,SHTiON_ DATA 67;
X 6H LIE_6H L_EYt#I'_.IND tkHTHESt6HE FAtkHILURt4HE OF,SH "THE:t6H t DATA 675 I
X 6H _SH tS_H_TER_SHAT|Ot6HN EIItSHLL D_kHCCUR,SH. _6H _ DATA 676 .... _

END DATA 677

!

I
" - _1 i I

'i 1
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1110_/67D&TAL, - EFN SOURCE SIATEMENT - iFN(S) -

SUEROUTIN E [ATAL
OATA [
DATA 2

C *** THiS SUBROUTINE PREPARES A MASTER TAPE CF LqSS DATA. DATA

_ IF A PERMANENT FILE IS USED THIS ROUTINF IS TO BE DATA (_
L. DISCARDED I THE SENTRY MUST RE CHANGED ALSOI, DATA 5

,')ATA S

: DOUBLE PKEC ISION TITLE DATA 7
REAL MACt_t NAPRt MOLEWT t JDULE DATA =J
DIMENSION ATAS(2£_ Zl|t FLOW{ 32) qATA 9 .
LOGICAL IERROR, YES DATA 13

! COMMON /MATRIX/ ALPHA(lO, [l It ATAR(29.11| t 52(291, DATA at
." X BETA( LOt lllt BH(321 , BLADE{2q| t fiT(32 |., _ATA [2

X CQ(IOtII)t CPI32tll}_ CPCO(61 t CR(32tIL) o DATa, 1S
X CSLOPE( LOt lllw CU2llltt CUI32,II), CUCOI2q,51 t DATA I(*

I X CX(32_lllt CXM(1011l I, CXNEW(LO,III, CXRATO(29) t f_ATA 15X CXSIIO, LI|t DA(IOIt DELM{IIIt DEPV(IOwlIIt OATA l$
X DFIZOI, DFACT (29v Lilt DFL(29| t DFLCW(321 t DATA 17

{ _ X EMACHI29,1LI, FUUND(2O,3,1O|, FRDEL(IOtIII, GAMMA(32,ILI, DATA 18
X HMNL29| t HUB(32| t IKK( lO|t MACH(29tiI) t DATA 19
X OBARl29t II It PO132tlllt RI32_ILIt RCURVE( IO_III t- DATA 29
X _H1321t RHOI 32,'III, MINT(Ill, ROSTAG( [I ), DATA 2[

I_" X RS(321, RSLOPE(IOtII) t RTRAIL(III, SOCO{ 2¢},5I, DATA 27.

: L X SOLID(29tII|t SSCO(29t5)t TERMI(IOtlI|t TERMA([X_ DATA 23
• X TERMBILI It TERMC(III t TIP(32)[ TITLE(L2) t r)ATA 2_
_. _ X TO|32tll|t TSTAT(III_ U(32,lL), WIIL), OATA 25

; E X X(32l DATA 26
COMMON /SCALER/ At AAt AIOAO, A.202AO_ A_O3AOt A4D4AOt DATA 27

X ASOSAO, Pt BBt CC9 CM_ CMEANt CMEANP, COINTGt DATA 28
i- _ X CPi2t CPI3t CPl4t CPI5, CPIAt CPO2t CPO3t CPO4t DATA 2g
'_ _ X CP05_ DAMP- DCPt ODt DIFCMt F)Tt DUMMY[ ERAS[t DATA 33

_ X Gt GASK_ GJt GRt GR2t JOULE _ M APR-t MOLEWT t DATA 3L
; i? X POCO, Q, RPM, TCP, IERMD, TESTBH, TESTDS, TESTMSt DATA 32

ti_ X TOCOt TOLt TOLAT_ TOLD2[ TOLMINt TOLMS, TOLTIPt T(}LCPt DATA 33
'i X TOLCX, TOLRt TOTINTt TOTPR, V_ VMI DATA 3_

COMMCN IINTEGRI It IB, IBL, IDUMP, IFRROR, IFIRSTt DATA 35
• | X IG_ IOUTTRt IPASSt IS[ IT_ J_ JIN, JJt DATA 35
t DATA 37X JM_ JM1t Kt KI_ KK_, Lt LIMIT[ LSTAGEt

- X MSTAGEt NLINES_ NTUBESt NXt NXI_ YES DATA 38
! r" EQUIVALENCE (AT._R(l_ L) tATASIZt LI I_ IFLOW(1) tDFLOW{ [1 ) DATA 3_

DATA 43
DIMENSION Z(3871 DATA _I

EQUIVALENCE (CO, Z) DATA _2

t WRITE (6,333t Z D_TA t_3333 FORMAT (].HL///I/IL2X2OA_I) DATA &¢.
READ (Stg_OIIG DATA _.5

- 9].0 FORMAT (2_,I31 DATA _$

I REWIND 2
DATA _7

DO 920 I'L_IG DATA _8
READ (5tg251 {(CX(K_J)_KuEt20)_J=It3'i

t .

_. I q20 WRITE (_1 ((CX(KtJI_K=Xt2U) tJutt3I
i g60 END FILEREWIND

! l_ 925 FORMAT (12F6.Ol DATA SZ
CALL Q,§ DATA 53

_ RETURN DATA _,

!_ B-I_
_ ........................ _ = " _ -- _ rlm'_T'_-- _ ......................................... l....... -- ....... . " '':' _ _"
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DATAL, - EFN SOURCE STATEMENT - IFNISI -
END DATA ¢_

!
t
|
!
1
]

• !

!
i ,
l
1

, !
!

--4

_ _o

i, B-16 _
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PAGE X68
rJER[• - EFN S_JURCE STATEHENT - ]FNIS| -

SUBROUT l NI: _)k;_I '¢(IR t!RbL(JPk t RCUI_VL t _ }

CCINMr.:N /INTEGRI It lBtlBlt lOUNPt [ERRC_R_ IFIRST t
X |Gt [L}UTTRt IPASSt [St lTt at JlNt Jdt JMt JMlt Kt KLt KKt Lt
X L._MITt LSTAGEt NSI'AGEt NLINESt NTUEIESI NXt NXlt YES
P.-- l
DO 5 |=[SltNY[
L= L*l ,_
AA-- (R(|-ltJi-RIItJIIIIX_i-II-X|II_
BB= (RiI*I_,JI-RiI,JIIIIXII II}
RSLOPE(L_,J|= (R([*].tJ) -R(]-].tJIIliX(l �@�„�-X([-].|)

5 RCU_VE(LtJ)= (AA -B8111._([-].) -X! [ ì�„�)'2o0
_ETURN
END

x_

1

;)

i

it _B-17
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_:TRIIMli-tt]I'],ilI,IlIlilIII'iI| THE OR IGIN_L P'AGE IS POOR
_.. 1 ' . _,nm,=,.....;,.,,_ TM _ '' ' ..........t .... mnmlu'Jll_...... ,,,__..-- -+ I t/02107

[')RIVE, - EFN SOURCE STATEMENT - IFNIS| -

r_RIV 67_

SUERI]!JTINE URIVE DRIV 67g ,

DRIV 6r'JO
C *'_* OPTIMIZES 1"0 ONE OF FIVE LIMITS nRIV 681

DUUBLE PRECISION TITLE I')RIVA_I2
REAL MACF_ MAPR, MULEt,,T, JOULE F)QIV 68"_ "
DIMENSIiiN ATASI2g, II), FLUW132) DRIV AFI_,
LOGICAL IEhROR, YES ORIV 695
COMMCN /MATRIX/ ALPHAiI(|,II), ATAR(29tlI), R2(2g), ORIV &85 .

X _ETA(LU,II), HH(32i; _LADE1291, HT(_2), F)RIV 687
X C0(I0,I]., CP(32,11|, CPCO{6), CR{32,11), ORIV 688 ,
X CSL[}PEIIO, II), CUZ(11), Ld(32,11I,. CUC0(29,5), DRIV 6q:)
X CXI32,11|, C_PIIOtLI}, CXNEW(IO,II), CXR&TOI2')), ')RIV 6q') "

X CXSIIO, IIt, DA(IOI, DELMIII), DEPV(IO,II), DRIV 691
X DF(20I, DFACT(29,111, OFL(291, DFLO_(32), F)RIV 69?
X EMACH{29,ll), FOUND(20,3,10), FRDEIIIO,II), GA_A132,11), nRIV _c:) -,
X HMN(291, HUB(32), IKK(IOi, MACH( 29 ,11) , .F)RIV6g_
X OEAR(29,11I, P[](32,11), P(._?,II), RCURV[(IO,II), r)RIV &q5 ._
X RH{321, PHO(32,]I), RINTIII)_ ROSTAG(LI), D_IV ._h
X RS132), RSLCIPEI!O,II), RTRAILIIIi, %nCL](29,St, r)RIV 697 "i
X S(JLIDIZgtlI), SSC0(20,5I, TERMI(IO,II), TERMAIII|, OR[V bq._ _._
X TERMH(III, IERMCIII), TIPl-_2), TITLe(12), DRIV 099

X TU(32,11), ISTAT_IIi,. II132,11), W{III, DRIV 703 ...:
X X(32| r)RIV 701 |

COMMON /SCALER/ A, AA, AI_AO; A2G2AO, A303AOt 640460, r)RIV 702 -
z

X 650560, B, GB, CC, CM, _,MEAN, CMF.ANP, COINTG, r}RIV 703
X CPI2, EP|_, CPI4, CPI5, CPI6, CP02, CPC}3, F.P04, DRIV 70_

X CP05, CAMP, OCP, DD, DIFCP, liT, r)UMMY, ERASI, _RIV 705 !
X G, GASK, GJ, GR, GR2, JUULE, MAPR, MOLEWT_ F)RIV 7C)6
X POCO, Qv RPM, !'CP, TERMD, TESTRH, TEST/IS, TESTMS_ DRIV 7(17
X IOCO, TO_., IULAT, TOLB2, TOLMIN, TOLMS, TOLrlP_ TOLCP, F}RIV 7On, 1_
X TOLCXo T'.)LR, TOTINT, TOTPR, V_ VMI DRIV 1'09 -._
CI'KMCN IIETEGR/ I, IB, IRI, IDUMP, IFRROR, IFIRST, ORIV 713

X ;,3, IOUTTR_ [PASS, IS, IT, J, JIN, JJ, DRIV 711 _"
X JM, ,IWI, K, KI, KK, L, LIMIT, LST_GF, OR|V 712
X MSTAGE, NLINES, NTUBES, NX, NXI, YES qRIV 71_
E_UI VALENCE .'AIART i, I),ATASI I, I) I, (FL_W(1) ,DFL_)WII) _ DRIV 71(_
COMMCN I_KcRGY/ F, T, (_AMMER DRIV 715
COMMCN /VMIN/ Vtl(2g) DRIV 715

DRI" 717

C_MMEN ISPECALI N(;RMII_i,NX2tNOFAIL DRIV 71B
LOGICAL NO FAIL DRIV 71_

REAL _SH, NORM F)RIV 723 -"
IF ILSTAGE. GT.II) GO IU 8 D_IV 771

DRIV 7_2 i[
C ":.,_,=C_LCULATE INLEI GU!OE VA_'I EXIT OUANTITIES D_IV 7_3

r)RIV 77(_

T" TOCO DRIV 725 l_

B= IPF._M_(1) ORIV 725 J
l)O 5 J=_,NLINE$ ORIV 727
CUIS,JI = ICUCO(5,] IlRIb, J) +CtJCOI5,2IIIR(S,J) 5,3|DRIV 72@

_ICUCOISo4i +CUC()(5,51'WRIS,J_I*R|5,J) DRIV 72:J 1X
li= -(C.X{5,Jl'_t2 +CRIS, JIW_'w2 +CUIS_Ji=_'2IIGJ DRIV 733

¢,_ _NT AL I) DRIV 73]

b Pt _oJ| =, P_}CO-WIJi_,IPL|CO -POCO=FXPIITHERMIITSTATIJ)|=B)IDCP)) r}RIV 7"_2 ]

B-18

1

1968028585-057



P

I!102/67
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B CONTINUE DPIV 733
DO 50 I=[f-IRST,LSTAGE,2 DRIV 7",_

.rpRIV 73_

C *_,* COMPUTE PERIINENT QUANTITIES r)PIV 735
V)RIV 117

j=! ORIV 73q
K= I12 DRIV 13_
A= {R(I,NLINES) 4RII-I,NLINES) -(RH[II ,))I(RS(1)*RS(I-II DRIV 740

X -(RHtII II))DRIV 7HI

I SOLIO(I,NLINESI= SOCO( ItIII(SOCQ(I,2I+A) �h�(�ˆ�I_3)+(SOJO,.(,4)i.RIV 142X +SUC )(I,bI*AI=A DRIV 743 ,_
A= (R( I,l} _-R(I+I,II-RHIII-KH{ I+IIII(RS(I) II-RHIII-RH(I_-IIIDolV 744
SULII)( I+I,1I= SUCO{I_I.,III(SEICU( I+I,2I �|�+SOC[(I+I,3I_R:,_"745

X +(S;_rOII+I,4I +SuCC( I+],51=AI=A .qRIV 74S

V= SQ,._ICX( [-I,NLINESI_(#2 +CR(I-I,NLINESIWX_,2 D,_IV 747
X +(CU( [-I,NI.INES)-U! [-1,NLINES)I=_2I ORIV 74B

I O_.lV 74_C =w,_,IS TFIS AN UPDATE WIIH NEW EFFICIENCIES DRIV 759
DRIV 751

I IF (IPASS.E_,3.0R. IPASSoEQ.21 GO TO 15 DRIV 752A= SQRT(CX( I,NLINESI_¢2 NLINES)==2DRIV 753
X +(CO{ I,NLINESI -U( .KLIN_SII_'_'21 ORIV 754
DRT= 1.0 -AIV ��¨�”�I-I,_LINESI-CUII-I,NLINFSI-U(I,NLINES| |"è•�|�DRIV755

I X NL:NES)IIVISULID(I,_LINESII2.O DRIV 75SA= S_RT(CX{ 14-I,I|*_2+CR(I+Itll_2+CU(141,1lwx_2) ORIV 757
B= SQRT(CX(ItII'W*2 *CR(I,[)_=_'2 *CU{I,]I_'_2 I DRIV 7_

t DSH= 1.0 -A/B + ICU, I_I)-CU(I+I,III/BISOL[D[I à�x�x�(_'.3DRIV 75Q

H=-BWWB IGJ f_RIV 763
T= I0([,1) OR[V 761
CALL ENTAL P t_QIV 762
CALL GAM DRIV 76) ,=

! MSH= _IS_Rr(GR2=GAMNER_TSIAT{J)) ORIV 76&
REL FLO= ATAN((UII,II-CU([,I ))ISQP.T{CX_I,[)_2 +CR II,[I=_,2w) ORIV 76_

Ol_!V /6S

C =,_t CI.ECK FOR LIMI1 VICLATIONS ORIV 767
ORIV 76(_ ,

IF { ({.)PT-_FL([)IIDFL(1),GT° TQLB2 ;}R|V 76g
X .GR, .... -OFL(I+IIIIDFL(I+I),GT, TOLR2 DRIV 773
X ,OR,I,_SH -HMN(I IIIFI_N( [I,GT, TOLB2 DR[V 771

X ,OR.(CU(I,NLINES| -VOIIII/VOIII .Gf. TQL_2 DRIV 172 _,
X .OR. H_NiI  �|FLO,GI. TOLB2 ) GO T_ 1,q DRIV 173

DRIV 774

C ._,w_IS CkL OF IFE LIM=TS Tl_ RE _ET DRIV 775
_RIV 77_

IF (LI_IT.NE,')| GO TO 5S F)RIV 777
F}RI_ 77_

C =_,wwHAS CNE OF TME LIMITS BEEN MET r)_IV 77_
I)RIV 7R_)

IF IlAIrS(IB,RI-DFI.(II)IDFL! I|),LT,TOLB2 ,{)R. nRIV ?RL
X AI_S{(OS_-L)FL( [" 11 )I'_FL(I+I)I,LT. TOLR2 .OR, qRIV 78_

X At]S( {MSH-H,_w( [ ) |IHMN( I | ),LT,TOLB2 ,fl_, r)qIV 783

A ABS{(C'J(ItNLINES) -VO(III/VQ(I||°LT.TOLB2 .(_R, DRIV 7rl_,
X ABSIREL FLO -HMN( I,III,LT.rOLB2 ) ,AND, NO FAir. | GI3 TO 50 F)RIV 78S

C; |0 NO tALL= .FALSE, ORIV 7_5

C _ CALCULA[E rFE TANGENTIAL VEI..UC[TY FROM DRIV 7_,_
-=,,,
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DRIVE, - EFN SOURCE STATEMENT - IFNISI

C THE ROT(JR TiP D-FACTOR rIRIV 789
,')RIV Tq3

Q= U,S/SELID([,NLINES) r)RIV ?qt
A=V*II,,O-CFLIIIItIUI I-ItNLINES|_'CUII-I,NLI._ESI-U(I tNLINESI I4,Q ORIV 7'9? (
COl ItLI"--2, eiUIItNLINESI II,-Q_'O|ORIV Tq_
COllt2-l-- [OR( ItNLINESIII2+CXII,NLINESIIIZ NLINFSII_'2-A'IA|/(ORIV 7q_ -.

Y I,O -Q'_QI DRIV ?q5
ERASi= CElltll,l,,I, 2- 6, '1'CU11, 21 r)RIV 7q$ "
IF IER&SI,LT,U.I CALL ERROR(3._I Oily 797
ERAS[= SQPTIERASII DRIV 79R
B= -CO(It li -Ei_ASi nRIV 7q:_
IF (B.LE,C...31 B----COl t, IT DRIV 800

B= O,5*H ORIV 891
B= AMINIIV3! iitBI DRIV 80__
I_= IU|itNLINES)*E-UII-I,NLINFSI*CUII-I,NLINESIIIATARIItNI. INES) DRIV R03

X *2,(I/GJ DRIV ROr_

T= TC(I-itNLINES) DRIV 805 -_
CALL ENT_LP r)RIV OO.t} ,-t

W,

PTIP= PFIII-I,NLINESle[XPI(TI4ERM3ITSTAT(JII -THERM_ITIIIOCPI _RIV 807
DRIV BOB

C ill_ CALCULATE TI-E TAhGENTIAL VELOCITY FR")M ORIV BOg "_
C TPE HUB ABSOLUTE MACH NUMBER ORIV Or.')

-. ORIV 811

" SQCO=CX( I,ll**2 tCRII,I)**2 ORIV BIZ
V= SQCO iCUIItLIiIZ ORIV B[3 ]
H= -VIGJ ORIV Oi_
T= TOt Till DRIV 815

CALL ENT ALP ORIV B15 _I
CALL GAM DRIV BIT
VMI= GR2*GAq_IEReI STAT IJ I ORIV Blq
A= VNI_HMh( I)W_#2-SGCO ORIV B[9 ,c.
IF (A°LE,O°O) CALL ERPt')RI3C) DRIV B23 "i
CUHMN= SQRTIAI ORIV 821

rtRlV B22 --:
C _,4=,_CALCULAIE TI'-E TANGENTIAL VEL(ICITY FR.OM .r)RIV823
C- THE HUB RELAI|VE FLOW ANGLF DRIV ,q2_ "-'_

DRIV !t25
CUBETA= U(I,[) -StJRT(CX(It 1)_'2 '4	Œ�ItIII$ZItTAN(HtaN(I4"[))ORIV OZ._ -_

DRIV B21 _.1

C ii_l CALCLLATE TFE TANGEKTIAL VELOCITY FROM DRIV B2B
: C THE STATUR HUB O-FACTOR DRIV 829

DRIV 833 [
AA= I-S_)RTICXII ��€�II,I,*2�CUll,l,t_ll*'i'2 �CRII*21- r)RlV 831 -"

X CU( I_.ItIII2,ISOLIDII+L, IIIIIr)FL(14.II-I,I DRIV 832
BB=.5/IDFL(I )/SOLID(IDRIV B33 _
_C = AA_HI_I( BI_qBB-[e| DRIV B3¢,
AA=( (Ok( I t £ ) _'_w2 (i t I lie2 I-AAW_AA) 1( ] .-BB_'Bfi) DRIV 635
AA= CCWi'CC- AA DRIV 835

ilDRIV 837
C _,=,_ ERROR TRANSFER It1 A NEW DATA SET DRIV 8_q

DRIV 8_9
IF (AA,LT,O,) CALL ERROR(III ORIV 8;3 _|
AA= SORT(AA| r)llV BBi

ORIV 8¢2
, i C *** CHECK Foe MULTIPLE POSITIVE ROOTS DRIV 863

, CUIIIII=-CC-AA _ ORIV B6_

_ B-30
9

1968028585-059
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O_[VE. - EFN _OURCE STATEMENT _ IFN(S) -

DRIV 8t*_

IF ICUllt ]I.LE.O.OI CU(IvII=AA-CC ORIV 86_
rIRIV 847

C -*,_* SELECT TI.,E _INIMUM CF THE HUt_ TANCENTIAL VELOCITIES r)RlV 848
DRIV R69

CU(ItII= A'AINIICUIitlIt (;UHMNt CURETAi DRIV 853
H= ICUIItlI*UII, I _ -CUI I-]_IIttlII,IIItATARIItIIA'2.0/GJ r)R|V 851
T= TOI i-ltll ORIV 852
CALL ENT lkLP O_IV B53
A= (KI It ] | -=_HI I IIiIRSI I I -RH( [ II ORIV 856
A= NORMIK_ICUCOIItII/IEUCOIIt_.I .I,A| t3)ORIV 855 "

X + |CIICOI itttl tEIA'A)'t'AI.r)RlV RS=_
DRIV R_7

C *_,* CALCULATE ThE RE_UIRfD TIP TOTAL PRE%SURE DRIV 858
r)RlV 85:1
I}R IV 863

POII,NLINF$I= AHINII PTIPt POII-Itl)*E_(P(ITHERP3ITSTATIJII r)RlV 861
X -THERM3(T)II DCPI IA ) ORIV R62

r)R|V 863

•_ C ,_*_ DETERMINE FLOH PARAHETE_S ORIV RC_ _::
" ORIV 865 :,

15 00 .20 J=ItNTUBES r}R[_/ 86b ._
ORiV 867 _

C 4=_* 3ETER'AINE TEE TOTAL PRESSURES FRqP THE PROFILE ORIV 86_
DRIV RC? _-:

-A= IKII_J)-RHII)IIIRSIII-RHII)) OPIV R70
20 POlltJl= POtI_NLINFS|=NORI_IK I_,ICUEOI]_I|/ICUCOII_ZI+AI+CUCOIIt3|DR[_? 8TI

X +(CUC{,IIt_I * CUCOIi_SI=AI=AI - L)RIV 87? "
00 30 J=ItNLINE5 nRlV 873 _
IF (PrI(I,JI.LE.POII-1,J)I CALL ERROR 1221 DRIV 87; .

ORIV 875 :_

C *_,_, GET THE TOTAL TEHPERATURF PROFILE ORIV 875
ORIV gT7 :

CALL THERI_2IPOII_JI/PO(I-I•JI•TO(ItJI;TO(i-I_JI) ORIV 878
H= THE_MIITOI[,J)I -THFRMIITO([-1,J)) : DRIV 879
H= HIATARII_J) ,, OR[V 880

DRIV 881

C ¢,_= CO_APLTE THE COPRESP[?NDING TANGENTIAL .VELOCITY ORIV 882 :
n.RIV 883

CUlltJ)= (0.5=h_GJ +CUII-ItJI=U([-t_JI|/UII_JI DRIV 8R_
T= TO(l-I_J) ORIV 885 :

CALL ENTAL P ORIV 88S
TOlltJI = TSTAT(JI DRIV 887
H= ATAS( I+I,JI_'H OR|V 8BB
CALL ENTAL P DRIV 88:_ "'_

•Pt)II_L_JI= POII-I_JI_,EXPIITHERM3(TSTAT(JI| -THERN3I_IIIDCP) ORIV 893
CALL THERIVP ORIV BqI '"

TOll+ItJl= TtllltJ) .._RIV 8q_
CP[ I+ltJ) = C°l I,J| DRIV 893
GAMMAI I'd'It J)= GAMMA( It J) DRIV 89¢ _"

DRIV 89S
C *** DETEPMINE THE TAN(.ENTIAL VELOCITY AT THE STATOR ExIT DRIV 8gs

rRIV 8_7 "-

-_., 30 CUll+ttJ) = ICUC(II|+ItII/RII+LtJ) +CUCCII+[t2|IIR(I+LtJ) O_lV 898 :_
X +CUCOlI +I_3l OklV 899

X I_It4I"*CUCOII II+t,JIItRII´4”�ˆ900 _._.

I

II II I I I I

1968028585-060



OF
REPRODUCIBILITY THE ORIGINAL,, PAGE IS POOR : :J

........ .I

111(}?167

DRIVE, - EFN SOURCE STAI"FhIFN T - IFNI_I - ,-

SO CrjNT TNUE r)R|V 90|
f)RIV 9(12

C _ U,'JATE rPE EXlI" DRIV qU3 -"
nR | V ClOq

DU 60 [=t_X2,NX Di_lV 005
DC 60 J=J. tNL[NES .r)RIV qo_ -.
POI ltJ)= POI i-ltJ! _ I_RIV 90T
CU( l,Jl= CUr [-1 tJ )_'!_( l- l,p JI IR{ [ tJ) DRIV 908 -"
CP(ItJI = Cl_( [-ItJ| r)R[V qo?
rc_{ [,J I= ro( l-l,J! ORIq 91,')

60 GA_IqA(I,J)= GAM_4AII-Z,J) ,_RIV q11
I_EIURN DRIV 912
E_D I')RIV q11 -:--

1

: I
]
l
]
]
]
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- . SUBROUTINE ENTALP H. 016
[JOUBLE PRECISION TITLF _, 915 :
COMMCN IEKFRGYI I-, T, CAMMER Ho q]6

H. 917

C _w_ CALCAJLATES IHI: TEMPERATURE RISE CORRESPONDING If) AN H. 91q

C ENTHAL PY CHANGE H. g1:)
REAL MAGI-, MAPR, Mt3LEWT, JOULE H. q2c)
DIMEN% IF,N ,Ir_(Zg, It), FLOW(32) H, 921
LOGICAL IEkROR, YES: Ho 922 &

COMMCN /MAIRIXI ALPHA(lOt 11 ), ATAR(ZgtII| , B2(29| , H, 923
X 6EIA( 10, I1. |t HH( 32l, BLADE(Zql, R,T(32 | , H. q2_

t X COIIO,II)t CPi32tlII, CPCO(6I t CRI32tl II ,p
H, 925

X CSLGPE{ lO, I Lit CU2(II|* CU(32,II), CUCUI29,5 |, H. 926

X CX{32,III, CXMI ,I.Ot l] l, CXNEW(IO,iI), C XRATf)(zq | t H. 921

I X CXS(IOsIII, DA(IUIt DELHI ll), DEPV(IOtII|, H. q28 ,_X DF (20;, DFACT(2q, 11 |, DFL{29| t DFLOW|32| t H. 929

X EMACH|.)9,|I|, FOUNO(20,3,[OI, FRI3ELIIO,]LII, GAMMA(32f].I|, 14. "q33

i X HM,NI 2g ), HUB(-_21, IKK| 10l, HACH(2? ,|ll, H° 9_11X OBAR(ZgtILIt PO(32tllI, R{32ttI|, KCURVE(IO,II|, H, g32 ._"
X RH(32), RHOI 32, 11)e R INTI t[),, ROSTAG| 11 ) t H° q33 _
X RSI32 ), RSLUPE( lOtIl| t RTRA IL( I. IL), SOC0(29,5) t H. 93t_ _ ._

I X SULID(29,ll), SSC0(29t5), TERMI(IO,III, TERMA|]I| t H° 935X TERM8(11), TERMCILI| t TIP(3?-) t TITLE([2I t H,, 935 ._
X tOt32,lllt TSTAT(11), Ui32tlII, W(lIlt H° 937 _,_
X X(3Z) H. 938 _-_

I A XOA_, A303AO, AttOttAO t H. 939 _
CDMMON /SCALER/ A, AA, aZLI2AOt
X ASOSAO, P, BRt CCt CMt CMEANt CMEANP, COI NTGt H. g/tO __
X CPi2, CPI3t CPI4, CPIS, - CP[6, C_02t CPO3t CP06, He 961

I X CPOS, £AHPt uCPt DOt OIFCMt DT, DUMMY t ERAS/t He 942 :_X Gt GASK, L,J, Gkt GR2t JOULE, MAPP-p MOLFWT, H° 943 "_-_
X PUCOt Ct RPMt TCPt TERM]), TESTBHt TESTCJSt TESTMS, H, 96_ '._._

I X TOCOt TOL, TOLAT, TuLB2t 1_,LMINt TOL4S, TOLTIP, TOLCPt H, 9¢5, *_!_-_X TOLCXt TOLR, TCTINT, TOTPRt V, VMI H° 9_,6 ._,
COIUMCN I[NTEGRI It IB, IB1t (DUMP, !ERROR, IFIRSTt H, q67 _:

X [G, It3.'UTI"R.t IPASSt ISt II't J, J!N, J Jr H, 94B _"

I X JM, JVIt K, Kit KK, L, LIMIT, LSTAGE, He 969X MSTAGE, I_LINESt NTUPES, NXt NXI, YES H, 9._
EQUIVALENCE (ATA_( It I ),ATASII, II l, (FLOWiII,DFLOW(1) I H, 951 '_-'

HOT= THERMI(T) H, q._2 ._
I TSTAT( J)= HICPlltl I+T H. qS3 -_DO 10 lTER=l,25 H. 95_

HIT= TttERIVL(TSTAT( Jil H, 955 _-.

I E=H-HI T ,HOT H, 95S _TSThTlJI = EICP(_I,I) +TSTAT(JI _ H, 9S7
IF (AHS(EI,LE.O.OLI GO TO 20 , H, 95_ _'i,

lO CONT INUE H. 958 .*
CALL ERROR(q. ) H, qS9 ?-.

20 RETURN H, 960 _C

END H, 961 \

I I I I
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SUBROUTINE ERROR (IERR| ERR q Q62
DOUt_LF PRECISION Title FRRO 96_ i

REAL MACI-, MAPR, MOLFWT t JOULF ERRF_ q/_(o J
DIMENSIUN ATASiZC_,Ill, FLUW(321 ERRO 965
LOGICAL IERROR, YES - ERRF) 06_ --,-

&TAR (2q ,].11 t P,2(2q| t EPR{) q67 |CONMCN I_,bT R._X/ ALPHA(lOt II It

X BETA( IO,11It BH()2I, 8LAI)E(2ql, RTI321t EPRO 96.m
b

X CO(IO:,ll), CP(32,IlIt CPCO(AIt .r..R(3Z,Lll t ERR3 96_
973CIJCl](29 o5 I, _RR_

i

X CSLOPE110, Ill, CU2( Ill, CUI32tII), _
X CXt)2,11)t CXM(I(),III, CXNEW(IOtLLI, C.XRATG(291t F_RO 971 & ,#
X CXSILOt II!, DA(IOtt I)ELH(|IIt DEPV(IO,|IIt ERR.1 q72

DF(20|, DFACI(2g,[1 It DFL(2gl t DFLOW()2) t ERRO QT_ 1
X EMACH(29,II)t FUUkD(ZCt3,1OIt FRDELIIO,II)t (,AMMA(32tIII, ERRD qTf_ !
X HMN(2q), HUB(32), IKK([Ott MACH(Zgt[I), FPP3 975
X OEAR(2gtlI), PO(32,IIIt RI32tlll, RCORVF(IU,IIIt ERR') 9T_
X RH(32)t PH(_(32tI].tt RINT(IL)t Rt'ISTAC,([[It ERR.q q77 1
X RSI}2I, RSLOPE(IO¢II|, RTRAILIIII, SF)C0(29,5l_ ERR{I q?g ]
X SCLID|29,II), 5SC0|29t5), TERMIIIOt[Itt TERMA(IIIt ERRO 979

X TERMBIIlt, TERPC(Ill, lIP(32)t TITLE(L2) , FARO 9A3 ,1l

X TO132,Lt)t TSTATi)ll, UI32tII), WtLII, ERRO 9RI ]
X X(321 ERR.') 9R2 i
COMMCN /SCALER/ A, AA, AIOAOt A2112AOt A303AOt Af*O4AOt ERRO qR3 ;

X ASOSAO, E, BB, CC, CP, CMEANt C_EANPt COINTGt _RRO 98_ ] 1
: X CPI2t CPl)t CPl4, CPI5, CPibt CP02, CPO3t CPO4t ERRr_ 985 : ,11

X CPOSt DA'4R. DCP, OD, DIFCIVt ,_T, DUMMY, ERAS|, ERR.q 9q5

X Gt GASK_ GJt GR, GRZ, JOULE, t'A_}Rt MOLEST, ERRCI 9_T 11
X PUCO, C, RPMt TCPt TFRMD, TESTBHt TESTDSt T_STMSt ERRO 9R8 J
X TOCO, TOLt TOLAT_ TOLBP, TOLMIN, TOLMS, TOLTIPt TOLCP, ERRn g_9
X TGLCX, TOLR, TOTINT, TCTPRt V, VMI ERRO 993
COMMCN /IkTEGRI It |B, IB)., IDUMP, IFRRIIRt |FIRST, EARl3 ggl

X IG, ICUTTRt IPASS, IS, IT, Jt JIN, JJ, ERR.O 99_. _ !
X JM, JWlt Kt KIt _Kt L, LIMIT, LST&GEt ERRI')9q3
X MSTAGEt NLINES, NTUBES, NX, hXt, YES ERRO qq_

- EQUIVALENCE" (ATARIItlItATASI!,I|), |FLOW(1)tDFLDW(1)) ERRO 9qS l
CCMMON IEkERGYI Ft T, GAMMER ERRO 995 "_
COMMCN IVMiNl vrJI2ql ERRO 997

i iNTEGER ALTER ERRI'J 99_ _
CCMMON ISPECALI NORM(14), NX2, NO FAil ERRO 99_

COM,_ION /VGEOM/ ALH(2gl, ALT( 291t ALTER', ERRrllOOO
X ASPECT(2g), FPATH, SAVEA(29) FRR01OO, -,

.CATA IER /0/ ERRO|O02
WRiTF (0,51 IERR ERROIO0_

5 FCRMAT (/i/ 13H ERR|JR NU,_BER |_llllll ERRO|O0$

lEA= !ER +l ERRr_tO05 _
IF (IER.GT.25)GO TO I05G ERRO[OOS _
GO TO (lOt 20, 30, _0, 50t 60, 70_ 90, 90_ 103, llOt l_Ot FRROIO07

X 130, ]./_Ot IbOt lOOt ].TOt _80, 190t 200t 210, 220t ?.30t 240_" 250_ ERRI3[O0_ _ !
: X 260, 270, 2HO_ 290_ 300, 310t 320, 3._Ot 3_Ot ?50),iFRR FRROIO09

10 WRITE 16,1l) ERR3[O[3 ,
II FORMAT (gx _SHIHE LOSS DATA SFT REQUESTED FROM THE MASTER F;LF IS ERR()IOI_

' '_ _NOT AVAILABLE ") ERRDlO%2 :_ '
: KL =1 ERROr013
', GO TO I040 =.RRO|OI_

i 20 WRITE (6,21) i ERROIOI' _ ,Zl F(IRMAT (9X 57HTHE AXIAL _A':H NUMRER OF THE MIDDLF STREAMLINE AT STFRR{IIOI$

!
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ERROR. - EFN SOURCE STATEMENT - IPNISl - __

XATIOr_ I3 / _X L,I-EXCEEDS 1.0 ) ERROIOIT
GU TO l',)OO FRROIO1B

}0 WRITE (b,31l I ERRr!IO][_
31 FORMAT fOX 44P_.UPITINUITY COUL r) NOT BE SATISFIED AT STATION 13 I ERROIOZ3

Gq TO I000 ERROI021 ,

_0 WRITE (6,_I) ERR31022
61 FORMAT (gX _OH[PE AXIAL VELOCITY ITERATION HAS FAILED. | ERR.qlO2)

GO TO 1000 ERR0102_
50 WRITE Ib,511 OELM ERR.q1025

j 5] FOR_tAr (qx 64HTHE FRACTIONAL MASS FLOWS ARE NOT INCREASING / qX ERROI026
X XIFXO.3 1 9X 2_HTHEY WILL BE CHANGED TO. I ERRO[02?

A= 1.0/FLGATI NTUdES) ERRO1028 "
OELM(I)= O.O ERROIO2-=

I CO 52 J=2,NLINES ERR31030 .52 DELMiJ)= DELMIJ-II �ˆ�_.RROIO_I
ERR31032 _-WRITE (6t E3) DELM- ..

5] FORMAT (gX llFiO,3l ERROI03] _

I GO TU I040 -*_
ERROI03_

bO WRITE (b_I) ERRr)I035 -i_
61 FORMAT (gx 52HTPE NUMBER bF STREAMLINES MUST BE EITHER 5_7,9 OR IIERRO|O'_6 _

I X /gX 2LHEXECUTION TERMINATED. J ERROr03? ::_GO TO 1030 F.RRO103_ :_
70 WRITE (6t?ll'- ERR3IO3:P -_

I T1 FURM,_r (,_x 35HNU MORE ThAN 12 STAGES CAN _E--INPUT ) ERROI043 :_
MSTAGE = 12 - ERROr061 ._
GO TO i04C ¢RRO1062 .,_;'

80 WRITE (6,81IH, i,J ERRI31063 ,_

I 81 FORMAl (9X 23HA CHANGE IN ENTHALPY OF =EI4. St 30H HAS LEAD TO A FAIFRRO|O/_¢XLURE 1'0 FIND /9X 26HA TEMPERATURE NEAR STATION I3, ISH A_3 STREAMLERROtO45 _
XINE 13 ) ERRDIO4_ -

i, GO TO 1020 ERR3106? ;_90 WRITE (,_,911 FRRDI068
9I FORMAT (gx 58HIHE DESIRED PRESSURE RATIO COULD NO1 BE MET IWARNINGERROI069 _;,

X ONLY) ) ERROIO53 ;*_

I GO TO I040 ERROI051 ._IO0 wRITE (6,I01) FRR3105Z ";_
lOl FORMAT (gX 68FEIIHER A NON-POSITIVE II_:LET TEMPERATURE O_ PRESSURE ERROI[_53 -_

I XHAS UEEN READ IN ) ERROI05_
TOCO= ABb(TOCU ) ERRO1055
POCO= ARSIr_UCO l ERROIO_5
IF ITDCO_'Pt]Cf].EO.U.OI G[J TO lOIO ERROI051

I GO TO 1040 FRRO|OSBILO WRITE I_,llll I ERR.31059
Ill FORMAT (qx _4HTHE STAIOR HUB D-FACTOR AT STATION I_, 16H IS UNATTAERRO[060

XINABLE I ERROt06I

I TO LOOO FRRqI062
GO

120 WRITE (6_121l I ERRI|06_
IZI FORMAT (gX bOHA NEGATIVE STATIC TEMPERATURE HAS BEEN CALCULATED ATERR3IOE_

I X SIATION l}t 5HCHECK lqX 33HTHE INLET CONDITIONS AND THE AREAl ERR{'ItOhSGO TO tO2O FRROI06_
130 WRITE (6_]Jl) ALIE_ ERR_106?
131 FORMAl (gX 3_HA NEGAIIVE AREA IS NEEDED AT STATION 13) ERRO_DEB

GO TO lO00 ERRO1069160 WRITE(6tI_LI ERROIO?()
161 FORMAT IgX 64HA NON-POSITIVE ASPECT RATIO HAS BEEN READ INI ERRrJI07].

_,;i! ASPECT( I t" 2,_ .................................. ERRO[O'7_r''_'"

B-_5
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tl/02/67

E=¢R(3R, - LFN SOURCE STATEMENT - IFNI¢;I - I
J

GO TO 1040 ERROIOT _.
1-30 _RITF (O,15I) 1 ERR3|O7(_

15l FORMAT (9X 5_HA NON-POSITIVE TOTAL TEMPFRATURF HAS BEEN Fr)UNO AT SERRIllO75 I
XTAI ION 13 ) FRREII075 |

IER= IEr_ +5 ERROI07?
GO rE_,1020 FR,ROIOTB

160 WRITE ('J,161) J,I ERR31079 I
161 FORMAT (9X 13HF)N STREAMLIhE 13, 13H NEAR STATION 13, 52H A NON-PDSI:RR'}IO_3

XITIVE STATIC TEMPFRATURE HAS BEEN DETECTFO ) ERROIO_Jl

GO TO 1020 FRRI'tlOB2 IN
170 WRITE (6,171) _LAOEII) EPRC)IO_3
171 FORMAT IqX 15, 44H IS AN ILLEGAL SELECTION OF A L_SS OATA SET. I [RR..qlOR(_ I

X 9X 24HII WILL BE CHANGFD TO I. ) ERROIOB5 i
IER= IER *5 ERR31085 •
BLADE( it= L ERROIOB7 III

GO Tll 1040 ERRI3108B

180 WRITE I6,1BI) ERRr)IOB:} m
|81 FORMAT (gx 64hNCNE OF THE AERODYNAMIC LIMITS COULD BE MET AT FINE OERROIOq3

XF THE STAL-'ES) EPR31Oql

GO TO I000 ERROIOq2 .

190 WRITE ,5,1gL, ERRDIOq3 l i
|91 FORMAT fox 38HTHE ITERATION ON EFFICIENCY HAS FAILEq , ERROlOq, ._

GO TO 1GO0 FRROtOg5 .

200 WRITE (6,201) ICUTTR ERRC)IOg6 m
20[ FORMAT (112, 29H IS AN ILLEGAL OUTPUT TRIGGER I ERROIOq7

IOUTTR= I ERROtOqB _,
GO TO 1040 ERRF]IOQg i _.

210 WRITE l_,2tll . F_RROIIO;) m _211 FORMAT IgX 45HAN UNREASONABLE HUB BL3CKAGE HAS BEFN READ IN I ERROIIOI
BH( I)= I.O ERRD1102
GO TO 1040 ERROII03

220 WRITE IEt2Zl) I ERR3IlO_ a
221 FORMAT (gx 5@HTHE If)TAL PRESSURE HAS DROPPED ACROS._; THE ROTOR AT SERROiI05

XTATICN I3 I ERR0110_
GO TO I000 ERROllO? !2._0 WRITE Ib,231) I ERROllO_ _

2:11 FOI_MAT (OX 44hTHE HUB AND TIP RAMP ANGLE LIMIIS AT SI:ATION 13 IgX ERRI]1109 )
X 25HHAVE BEEN READ IN AS ZERO ) ERR01].t_) _I

PHI I )= 20,0 ERRC)IllI _ _

GO TO I0_0 ERROllt2 _
2_0 GO TO lOlO ERRO).II_ llm

250 WRITE I6,_5_) ERR_3111(_ •
251 FORMAT fOX 45HAN UNREASCINABLF TiP BLt'CKAGE HAS BFFN READ IN I ERROIII5 _ )

3Till = 1,0 _RR3111.5
GO TO tO40 ERROItt7

260 WRITE (6t2_t) ERR.O,111_ 1
26!. FORMAT (gx 44HTHF ITERATILN ON TEMPERATURE RISE HAS FAILED ) ERROII1)

GO TL) I000 FRROlI23 =m

270 WRITE (6,271) ERR311.'I •
271 FORMAT (OX 13H(.IN5TREAMtINE 13, II__,AT STATION 13t 54H A NIIN-PO$1TERRO|I22 m

XIVE STATIC TEMPERATURE HAS BEFN CALCULATEO I ERROII23

IER= [ER +g ERROlt2_ I
GO TO lO00 ERROII2_ m

280 WRITE I6,28LI I ERROII2_
28l FORMAT (9X 58MAN UNREASONABLE D-FACTOR LIMIT HAS BEEN READ lf_l AT SERROII27 "=

"XTATIt3N I3 I FRROI12_ I

B-28
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ERROR. - EFN SOURCE STAIEMENT - IFNI S) -

DFL! If- 0.] ERR.3112_
GO TO IO_C FRRD|I_')

290 WRITE (6,291l I, J ERR311_l
?.'9[FORMAT (qX 57HTHE PRANDLE-MEYER ANGLE ITERATION HAS FAILED NEAR STERRF)lI32

XATION I3, 14H ON STREA/_LINE I3 ) ERR.'III33
GO TO IOC'O FRR0113_

300 wRITE (6,_uI) I ERROI135
301 FORMAT (qX)3HTHE PUB MACH NO, LIMIT AT STATION 13, 4@H IS TOO LOWF.RR(II[_6

X. THE MERIDIENAL MACH NO, IS GREATER 19X 15HTHAN THE LIMIT. ) ERROII3T

GO TO I)00 ERROII_R)lO GO TO I010 ERR3113 c;
320 WRITE (6,3__1) I ERROlI43

i 321 FORMAT (qx 83HEITHER A PRESSURE DROP OR A NON-POSITIVE TEMPERATUREERRDII41
X HAS BEEN CALCULATED AT STATION 13) ERR31142
IER= IER 49 ERRFJI.143

GO TO I000 FQRDII4_

' 1 3]o WRITE (6,_31) I F-RR31145
1 331 FORMAT {gX 33HTHE ROItlR TIP D-FACTOR AT STATION I3, ISH CAN NOT BFFRR01145

X MET ; _RRDI147/
, GO TO 1000 ERROII4R

I WRITE (6,]41) ALTER
340 ERROI14@

341 FORMAT (gX 55HTHE EXIT _RFA REQUIRED BY THE VELOCITY RATIO AT STATERR31150
XION 13,19X 21HCAN NOT B_ _)ETF.RMINEr) } ERROlISI

; _r Go TO lOOO ERRqll_?.
| 350 wRITE I6,351) ERROI153

351 FORMAT (qX 3bliTHE ITE_,_,I;t,, ;._ (;EOMETRY H_S FAILED ) ERRCIII_

_ I 1000 CALL OUTPUT F.RRDI155

_ I IOLO CALL Q45 ERRC)1156'_':_ 1020 CALL PDU'P(ALPHA, XI321,I,A,VMl,L,I,YES,2,NORMtNOFAIL, ItVOtVO(29t ERR01157
;_ X ,I,ALH, SAVEA(2g),II FRROltSq

I GO TO IOIC ERI_OllS._1030 CALL EXIT ERR_ll&}

_, 1040 REIURN ERR31161
_ 1050 WRIIE (6,1051) ERR31162

:

" |
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'",."IREP.RODUClB'IEITY OF THe'ORIGINAL PAGE IS POOR;,

11/0 :_/ 6"/'
G/xa, - Fr'l S{}IIRCE STATEMFNT - IFPI(S) -

SUBROUTINE GAM GAMEtI_T -*
GAME/lOB

i

'.; **_ T,41S SUBROUTINE CALCULATES THE RAIIO OF SPECIFIC HEATS GA_EIt69
GAMEII/3 -,.

DOUOLE PREC ISIUN TITLE GAME 117!
REAL _IACH, MAPR, MfILE_T, JOULE GAMEI172
DIMENSION ArAS(2£, 11l, FLOW(321 G/_MFt113
LOGICAL IEPROR, YES GAMEItT_ -"
COF4MON /M_TR{X/ ALPHA{ 10,11 l, ATAR(2gtlt), B2{29), GAMEIt75

X BETAI LOt lllt BH(32), BLADE129) t _T(32}, GAMF tI7{_ I
X C(_(]O,].ll, CP(32,11!t CPCO(6_, CR(32,11), GAME/t77

X CSLOPE( lOt iII, CU2I Ill, CU(32,111, CUCO(2") tSI, GAMFIITB |
X CX(32tlll_ CXMI lO, I])t CXNEWIIOtIIIt C XRAT(l(291 t GAME 1179 J

X CXSIIO, IIIt 9A( /0It D_LM(II), DEPVIiO,tL), GAMEtI.B3

X DFI2OIt DFACTI29,11)t DFLI2£It DFLOW(321 t GAMFIIqt T
X EMACH(29,111t FOUNDI?Gt3tIOI, FRDEI(I()tt]), GAMMA(32ttII, GAMEtI82 I
X HMN{291 t HUB{32), IRK{ I0), MACHI29,I_), GAMEII83

X OBAR(2'_, It It PU{32,IIl, R132,1tlt RCURVE (10,1I I, GAME I1St*

X RH{321, kHOI32tIl), RINT|II), ROSTAG( Ill _ GAMEIIR5 |
X RS(32)t RSLOPEI ][),IIIt RTRAIL(ITI, SOCr3129,5} _ GAMF 1185 .i

X SOLIDI29,IIl, SSC0129,51, TERMI{IO,II), TERMA111} t GAMEItq7

X TERMB(11}, II:RMC( ltl, TIP{32)t TITLE{12} , C,AMEIIqB I
X T(JI32,LIl, TSTATIIII, U132tI1), WIttl , GAME//.B9 |
X XI321 GAME/tO3

COMMON /SCALER/ At AA, AIOAOt A2O2AOt A303AOt A4OGAO, GAMEIIqI 11h

X A5[JSAO, E, BBt OCt (.Mr CMEAN, CMEANPt COINTG, GAMEI192 II
X CP[2, CPl3t CPI4t CPI 5, CP[6, CP02, CPO?t CPO/+t GAMP119} J

X CP05, GAMPt DCPy DOt DIFCM_ DT_ DI.IMMYt ERASIt GAME I19#

X Gt GASKt GJt GRt GR2, Jr)IJLE, MAPR, MOLEWT _ GAME t195 I_

X POCO, C, RFPt TCPt TERMDt TESTBH, TESTDS, I"ESTMSt GAMFIt96 J
X TOCOt TOLt TCLATt TOLII2t TOLMIN_ TOLMSt TOLTIP, TOLCPt GAME|197
X TELCX, TfJLRt fOflNft TOTPR, Vt VMI GAMEII98 "11

COMMON IINTEGRI I, IB, 161, IOUMP_ [ERRLIRt IFIRSTt GAMEIIe. 9 |
X IGt IUUTTR_ IPASS_ IS, ITt J_ JIN_ JJr GAMFI203 J

X JM, JMI_ K_ Kt_ KKt L, I. IMIT, LSTAGFt GAME I201

X MSTAGE, KLINLS, NTUBESt NXt NXI, YES GAME/202
EQUIVALENCE (ATAR( I, I),AIAS(1, It I, (FLOWItI,DFLOW(I)) GAME120_ J
COMMON /ENERGY/ F, Tt C-'A_MER GAME/20(*
A= CPC")([)*(CPCO(2I 3)(4)*(CPCO(5)+COCO(6| GAME/205

X _TSTAT(JI I_TSTAT(J| )_TSTAT{JI I GAME/206 .|
X _TSTAI(JI I_TSTAT| J) GAME 1207 J

GAMMER= AI{ A -[)COl GAMEI20B

RETURN GAME I_.O) 11
END GAMEI213

|.!

{.
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SUBROUTINE GEOM GEOMI211
COMMCN /VANE/ NBLADE GEOMI212
DOUBLE PRFCISION TITLE GFOMt213
REAL MACP_ MAPR, MOLEWTt JOULE GFOMI2I(_

DIMENSION ATASI2q, Ill, FLOWI321 GFO_L215
LOGICAL IERROR, YES 'r'EOMI21_
COMMON IMAT_IXI ALPHA( 10, IL It ATAR(29,Lt), B212g) t C,EOM12 |7

X BETAI LOt II), BH(32), BLADE(29) , BT(321, GEOMI2tB
X COl 10_ILl, CPI32,111, CPCOIhl, CR()2tlI), GEOMI2t_
X CSLOPE( I0, Ill, CU2I lilt CU(32,[I) t CUC0(29,5I _ GEOM122)
X CX(32,11 }, CXH(I0,11), CXNEW(IOttt), C XR_TtI(291, GEO_it221 "
X CXS(IO,II), OA(lO|t DELM(LII, DEPV(.tO,II), ,GFOM1222
X DF( 201, DFACT( 2cs,11 ), DFL(2gI, DFLOWI32) _ GFrIM1223

X EMACH(2:_,II), FOUNDI20,3tIO), rRDEL;tO,Lllt GA_AMAI32t£Z), GEO'A122_
X HMN(29)_ HUB( 321, IKK(IU| _ _ACH(29tIl), GEOM}.225

X OBAR( Zg, 11 I, P0(32,11) t R(32,lI), £CURVF(IOtlII t GEOMI22b
X RH!321, RH0{32,11), RINT(11), R_STAG(11|, GEOM1227
X RS_32), RSLOPE(]O_11), RTRAI[(11), SI]C0(29 _5) , GEOr_t22B
X SCLID(29,II|t S$CU(29t5Dt IERMI(IO_II), TERMA{11I _ GEOM122@ i_

X TERMB(11), TERMC(1LI, TIP(32|t TITLF(121 , GEOMt233 ,k
X TC(32,11}, TSTAI(]I), U(32,tt), W(LIl, GEOM 12"_[ -_
X X432_ GEOMt232 _.
COMMON /SCALER/ A_ AA, AIOAO, A202AO_ A103AO, AAOAAOv GEOM12_]_ :_

X A5O5AO, B, BB, CC, CM_ CMEAN, C#EANP, CUINTG_ GEOMtZB(* j
X CPI2, CPI}, CPIA_ CPI5_ (,PI6: CP02, C P{I_, CPO_ GEOMI2_ 7
X C P(]5, DA_A#, DCP_ DD, (_IFCM, .3T, 0 U_AMY, ERASt, GEOW12:_6

X G_ C-A_K, GJ, GR: GR2, JOULE, PAPR, MC3LEWT_ GE' Ml237
X PfJCO_ C, RPM_ TCP, TERMr)_ TESTBHt TESTDS_ TEST'4S_ GEOMI238 .
X TOCO, lOL, TOLAT, T(]LB2, TCLMIN, TOLMS, TOLflPs TOLCP, GE0'4123_ :

X TOLCX, TOLR, IOTINT, I01"PR, V, VM[ GEOMI2Zt3 "
COMMCN /I_,TEGR/ I_ lb_ IB1, IDtlMP, IERROR, IFIRST, GEOMI261 _

X IG, IOU fTR, IPASS, IS, IT, J, JIN, JJ_ GFOMI2_2

X JM_ JMI, K, KI, KK, L_ t IMIT, LSTAGE, GEOMI263
X MSTAGE, NLINES_ NIUBES, NX, NXI, YES GEOMI24_
EQUIVALENCE (ATAR (I, I|,AfAR(I, L) I, (FLOW(I),DFLPW(I| ) GEOMI265
INIEGER ALTER GEOM1265
COMMON ISPECAL/ NORM(/Q|, NX2, NO FAIL GEC)M]24T
COMMON /VGEOM/ ALH(29), ALT(29), ALTER_ GEOMI 2t_8 _,

X ASPECT(2g), FPAIH, SAVEA(29) GEO_t2_:_ ._,
REAL NORM GEOMI253

GEOMI251 ,.

C w,w.wITERATION DAMPING FACTOR GEOMI252
DATA RETARD / 0.4 1 GEOM12_3 :

GEOMI25tt

GEOM 1255 _

C _w,= SET THE BLADE ROW COUNTER TO ZERO GEOM|.256
NTRY = 0 GEOr41251 -_"

_EOM 12 :_B -_

C _w## AFTER ONE dLADE ROW HAS BEEN ALTERED THE PROGRAM WILL GEOMI25Q
C LOCK AT ALL OF THE OTHER BLADE ROWS BEFORE CHECKING GEOMI263 _:_

C OR ALTERING THIS ONE AGAIN GEOM1261. .:
,: GEOM,1262

.,. LO ALTER- ALT_-R *1 GEO_126_,GEOMt26__!_

•"." G **ww IF THE BLADE ROW JUST CHECKED OR ALTERE'D WAS PHYSICALLY GEOM1265 :_

_, B-29 :"
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- 'RF,_PRODUCIBILITY OF THE ORIGINAL PAGE IS POOR;

It/o?f6"i'
GEe'4. - EFN SCILIRCE STATEMENT - IFN(SI - -"

4
..,li&

ThE LA::.TBLADE RCW IN THE COHPR_.SSOR RETURN TO THE GEONtlZA&

FIRS[ ONE BEINb CCNSIDEREO GFOMI267

IF (ALIER.GT.LSTAGEI ALTER-- IFIRSI GFOM|26q |
GFOW]26g 41

e,e CALCULATE THE VELOCITY RATIO GE0"4__270
V TO J= CXIALTER.JMI/CXIALTER-].JMI GEO_41271

GEO'UI1272 }
*_* CHECK I_E ACTUAL VELP.CITY RATIO AGAINST TltF .'IT:SIRED RATIO GEOMI2T3

IF IAB:_(V TO V -CXRATIJIALTERII.GI.TGLTIP! GO TO 30 GEOM[27_

GEOWI275 ]*** INCRE'4ENT THE BLADE ROW COUNTER GEO_127& #
NIRY= NTRY4- 1 GFO'41_277

GEO_ 127_ I*** HAVE ALL eLADE G(;_,SBEEN CHECKED GEf)MIZ79
IE INTRY.LE,NBLAOE) GO TO lO GEO_12_3

ZO REIURN GFOM1ZRI

GEOqlZn2 ]**ww INCICATE THAN AN UNDESIRABLE _ATI{I HAS B_.EN FOUNDD GEOMI283
30 IERROR= .TRLIE. GEOM128_, ;

GEDM1285 I*_ SAVE TtJE I-UBtTIF AND AXIAL COORDINATES GEOMI286
OLD HUP,= RHi ALTERI GEOMI287
OLD TiP= RS'ALTER! GEO_I12B._

: OLD X= X|ALTER) GEOMIZR_ I
GEOM_2q3

,ww, CALCULATE THE TIP A_D HU_ LIMITS GEOWt29t

TIP LIM= RSIALTER-II +IX_IALTERI -XIALTER.-II)_=ALT(ALTFR) GEOMIZq?
HUB LI,4= RH(ALTER-|) +IX(ALTER) -K(ALTER-_II*ALH(ALTER) GEOMIZq_ |

GEO'_I129r,
**,_ OE_TER:4INE TF.E EXI] AREA GENM12q5 :

AREA= (RSIALTERI -RHIALTERII¢IRSIALTER) 4-RHIALTER) ) GEO_II296 I :
GEOWI297 J

_'_' CALCULATE i.N AREA CHANGE GFOMI298 ;

13 ARLA= AREAW_(( V TO VICXkATO(ALTER|)_,'_ P.TARD -1.OI GEOMIZqq
GEOM1303 g - ._

o -**_ TEST FEASIBILITY OF THE AREA CHANGE GEOHI30I i
IF I-D AREA.GE.AREA,OR, D AREA.GE.CLD HUB**2I CALL ERROR (341 GEOMI302 == }

- GEOMI303 _ _
. *** IS rilE AREA TC BE INCRE'SED GEOHt30_ I :

IF {O AREA. GT,U,0) GC; TO 70 GFOMI305

_. GF.OW130$ I __
. *** DETE,_INE THE NFW HUB GEOM1307 •

RHIALTER)= SORT|RHIALTER)**2 -D AREAl GEO'41308
GEO'q1309

,T, **ww IS THE HUB LESS IF.AN THE LIMIT GEO'413t0
IF IRHIALTE,'II.Lr:.HUB LIM) GO TO 90 _ GEOMI31I

GEDMI312
*** CALCULATE THE AREA TO BE OBTAINEr) FROM THE TIP GEOMt3[3

O AREA= (HJB LIM -RHIALTER)I(,IHUB LIM +RI4IALTFR)) GE0413I_. ]
- _. GE0_41315 _

*** S_I THE HUB ON ITS LIMIT GEOWI_16

RH|ALrE_}= HUB LIM GF.OM1317 ._
_t

GEO_1318 JI
;, ,w_, DETERMINE 1HE TIP RADIUS GFOMI319

RS(ALTER)= SQRTIRSIALTERI*$Z +D AREAl GEOMI.323 II
: GEOMI32t =

B-80 9
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! 1/02/67
GEOM. - EFN SO'JRCE STATEMENT - IF:N(5) -

C **_ IS THE TiP ABOVE ITS LIMIT GEOMt32Z

IF (RSIALIERI,GE,TIP LIM) GO TO 90 GE0.'41323
GEfI_I32_

C *** CALCULATE THE ANNULUS AREA GE0_1325
AREA-- IRSIALTERI-RHIALTER)I*IRS(ALTER) RI)GEQqI32S

GFO_132T
C *** DETERHINE TPE ASPECT RATIO FROM THE REQUIRED AREA GE0_1132_I

. GE0_11.329
40 AA= (ALT(ALTER) -ALH(ALTFR II_'(ALT(ALTER) +ALHIALTER) ) GEOM]330

GE0_4133[
C *** CPECK I-OR TwO POSITIVE ROOTS GFOMI332

IF IAA,EQ,O,O) GO TO 50 GEOW1J.3_3 "
BB=(RSIALTER-II*ALT(ALTER) -RHIALTER-I)*ALH{ALIER) )lAA GEOM133_
CC= fIRS(ALTER-If-RH(ALTER-I))*IRS(AI_TER-I) LTER-LI)-AREA)GF0.',11335

X /AA GEO_I33& o
AA= -BB +SQRTIBB**2-CC) - GEOM1337 :

GO TO 60 GEOMX33.q
50 AA= ((RSIALTER-I|-RH(ALTER-II)*(RS(ALTER-I) +RH(ALTER-[)) -AREA) GEOMI339 -

X I( 2,O*ALH( AL TERI*(RSI ALTER- ].) R-I))) GEOMI343 .._
60 ASPCT= (RS(ALT-ER-1) -RH(ALTER-IIIIAA GEOMI341 -_

C *=* RETARD THE ASPECT RATIO CHANGE GEDN[3_2 _

GEOML3t,3 i_
IF (AB S( (ASPECTI ALTER)-ASPCT )/ASPECT(ALTER) ),GToO, lI GFt'IM134_ ._

X ASPCT= ASPECT(ALTER)*{I,O +S][GN(O,I.,ASPCT -ASPECT(ALTER)D) GEO'_I345 _"

GEOM13/,5 .;:

C *** CFECK THE LIMIT GE0_1347 _
ASPECT(ALTER)= AMIN].(ASPCT, SAVEA(ALTER|) GEO_t34.B

GEOW1349 :_
C *** CALCULATE THE AXIAL LENGTH GEOM1350 :<:

DT= (RSIALTER-].) -RH(ALTFR-I))/ASPECT(ALTER) GEOM1351 __
X(ALTER)= X(ALTER-I) _CT GEOM]35__ C_

GEOM1353 ._.
C ,. **_ SET THE HUB AND TIP ON THEIR LIMITS GEOM1356

RH(_LTERI= RH(ALTER-I) +DT_ALHtALTER) GEOMI355 _:
RS(ALTER)= RSIALTER-I). +DT_ALT(ALTERI GEOM]35_ '

• :

GO TO 90 GEO_4135T
C,EOM135_ -

C *** IS THE ASPECT RATI[} t3N ITS LIMIT GEOM135@ "_,

70 IF (ASPECT(ALTERI,EQ,SAVFA(ALTERII GO TO 80 GEOMI363
AREA= AREA +O AREA GFOM136[ -°

GO TO 60 GEOM1362
GEOMI363

C **= I)ETERr4INE TI-E TIp RADIUS GEOM[36_ -':-

BO RS(ALTER) .--S(JRT{RS(ALTERI**2 �€�AREAlGEOMI365 _ ._"
GEOM],366 - -'"

._rC *** IS THE TIP ABOVE ITS LIMIT GEOM1367

IF (RSIALTERI,LE,RS(ALTER-E)I GO TO 90 GEOwt36B ._'
O AREA= (RS(ALTERI-RS(ALTER-].I)_(RS(ALTER) +MS{ALTER-Ill GEOM1369 ,_

GErJ,_I373 -_-,
C *** SET ThE TIP HORIZONTAL GEOM137[

RS(ALi"ER )= RS(AL TER-I) GEOM ).372 _
GEOM1373

C *** DETERMINE ThE NEW HUB GEOM_.37_ _
RH(ALTER)= SQRT(RH(ALTER)**2 -O AREAl GEOM1375 _

"_" 90 I = ALTER GFOM137(_ •
: GEOM 1377 J'

|1 mini ,
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11/02167 -.
GEOM. - EFN SOURCE STATEMENT - IFNISI -

..J;

C ,_* MOVE +THE STREAMLINES GE0_1379

CALL RADIUS GFOMI379
GEOMI_JB3 r

C o+, EVALUATE THE PRESSURE NORMALIZING FACTOR IF THIS GFO'4138L
C IS A ROTOR EXIT GEOMI_82 .

GEO'qt_ql jK= I12 GFOW138_

IF IK+K.NE, II GO TO 05 GEOMI3q5

A= (RII,NLINESI -RHIIIII(RSI II -RHIIII GFOMI3A_ ]

NORMIKI= I.OI(_..UCO(I,I)IICUCC(I,2I +AT +CUCDll,3I GF.0_413_7 .| .,
X _(CUCOI It/el +CUCC(It 5I*AI*AI .. GF.OMI_R9

GEOMI3B:} _"
• *_ IS THIS THE LAST BLADE ROW GEO'4I'_q3 JC

95 IF (ALTER.EQ.LSTAGEI GO TU 130 GEOMI39I J

K= ALTER +1 GFOMt392

GEO_I3q_ ]C *_ UP-DATE THE DOWN STREAM BLADE ROWS SEOMI394
GEO.M1395

DO 120 I=K, LST&GE GE0_41395
DT= |RS( I-]. I -RH(I-1I l/ASPECT{ ! I GEOMI3q7 •

+: HUB LIM= RH(I-11 +CT_'ALI-',(I) GEOM139R J

TiP LI4= RS(I-II +DTeALT{ll GEO.W1399

A= RHI I-1l _-(RH(II -OLD hUBI*DTIIX{II -OLD XI GE{IM1403 1
B= RS(l-l) +(RS( II -OLD TIP)*DTI(XIII -OLD J(l GEOMIteOI Jl
OLD HUB= RHI II GEOMI402

• OLD TIP= RS(I) GEOM14.03
OLD X= X(II GEOM140_ |
XllI= x(I-ll +DT GEO'414.05 i
RH(I}= A GEOM140$

RS(I)= B GEOMI40.7 1,, GEO,'4140.q
C ,¢www_CI-FCK THE LIMIIS GEOMI4.09 :

• GEO'41/* 13
IF (R$III,LT,TIP LIM) GO TO I00 GEOMI411 •
IF (RIi(I),GT.HUB LIM) GU TO IIO GEOMI41Z II

GO TO [20 GEOM,I413
+; lO0 RSIII= TIP LIM GEOM14I(_ 11 +
+ llO RH(II-; HU._ LIM GEOMI_I5 Jl

IZO CALL RADIUS GEOt.',I_15
130 CALL AN EXIT C._UM1417

GEOMI61R ] _C _ UP-DATE THE COMPRESSOR EXIT GENMI4.19
GEO.'41_23

DO 140 I=K_2,NX GEOMI62I 11
14.0 CALL RADIUS GEOMI422 ]

GO TO 20 GEOMI_23
END J GEOMI424

!
I

g
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INEST. - EFN SOURCE STATEMENT - IFNIS) -

SUBROUTINE |'_LST Ii,LbiL'dZ

C *** MAKES iNITIAL ESTIMATES OF AXIAL VELOCITIES FOR 1NES1484 ..
C STATIONS BETWEEN BLADE ROWS [NES|¢85

INESI486
DOUBLE PRECISION TITLE INES168T
REAL MACH, MAPR, MOLEWT, JOULE [NES[68B
DIMENSIUN ATASI2g,|I|, FLUW(321 INESL489
LOGICAL |ERROR, YES [NES1490
COMMCN IM_TR| XI ALPHAI 10, 11 |, ATAR(_gtI]), 82(291, INFS|691

X aETA( [0, [| It BH(32), BLAOE(29) , B1(32) , INES 1492
X CC(l,O,l[), CPI32,[[)e CPCO(6), CR(32,11) e |NES1693
X CSLOPE( LOt lilt CU2I lilt CU(32,11) , CU_0(29,5) t |NES149/_ "__..
X CX[32t[lit CXM(IO, I[|, CXNEWiZOtI1), CXRATO(2q)t |NES[695 _._
X CXSIIO, 11), DA( lOle DELHI 11), DEPV(10,11) t INES 1496 ':
X DF( 20It DFACI (2q, 111, DFL(291, DFLOWi 321 , [ NES149T -_:
X EMACH(29,II), FOUND(20,3,IO), FROELIIO,llIt GAMMA(32,II), INESI69B
X HMN(29) t HUB(32) t [KK( 10), IqACH{29ell ), INESlkgg

X OBA'RI29, U ), P0(32,111 t R132,111, RCURVE(lO ,111, INESISOO '_X RHI32 1, RHO(32, Ill, RiNTII1), ROSTAG( 11 ), INES 1501 -_

X RSi3ZIt RSLOPE(IO,II), _" RTRAILIIII, SOC0(29,5), INES1502 "_

X SOLIO(ZqtI1), SSCOi 29t5 1, ;_T_RM1(IO,11I, TERMA( Ill , INES 1503

X T*ERMB(11), TERMC(II), TIPI32)t _ITLEI£2) t INES[50_X T0(32,11), TSTATIXXI, U(32,lli, W(I1), INESIS05 _.X X(321" INES1506 -_
COMMON /SCALER/ At AA, AIOAO, A202AO, A303AOt AttO_AOt [NESISO7 _

X ASOSAOt Bt BBt CC, CMt CMEAN, CMEANPt COENTGt ]NESISOR :_
X CPI2, CPi3t CPI4, CPI St- CPI6t CPO2t CP03, CPOC, INES 1509 _
X CPOSt DAMP, OCPt DOt OIFCP, OTt DUMMY, ERAS1, |NES1513
X Ge GASKt GJt GR, GRZt JOULE, MAPRt MOLEWT, |NES151I
X POCO, C, RPM, TCP, TERMD, TESTBH, TESTDSt TESTMS, [NES[512 _
X TUCO, TOL,_ TOLAT, TOLB2, TOLMIN, TOL'_tSt TOLTIP, TOLCP, INESIS13 _
X TOLCX, TOLR, TUTiNTt TOTPR, V, VMI INES151_ _,_,

COMMON /INTEGR/ I, IB, |Bit |DUMP, /ERROR, IFIRST, INES1515, :_-'"
K IG, ICUTTR, IPASS t IS, IT, Jr JIN, JJt |NES 151S ._,_
X JM, JMX, K, KIt KKt L, LIMIT, LSTAGEt |NESI51T _o
X MSTAGEt _LINES, NTUBESt NX, NXI, YES INESI51B

EQUIVALENCE (ATAR { It I)tATASI|t 1) ) t IFLOW(I ) ,DFLOW( 11 ) |NES1519 'J-
_INES1523 _:

EELP=I.0 INES1521 _.
INESI522 "_-

C *** ESTIMATE MID-STREAM VELOCITIES 1NES1523 S"
[NES152¢ _-

ROSTAG(JMI=PO( ItJM )/(TO( i t JM )*GASK ) INESI525
CX ( I ,JMI =FLOW( I i/( ROSTAG( JM)*( RS( I )**2-RH( I )*.2) )/3.1_1592T INES1526 _
V=ICXl ItJMI**2tCU(ItJM)**2)IGJICP(I,JM) INES1527 "_'_
ERASI= I,O-V/TO(itJM) INES1528 _'_

INES1529 _
C **_ ERROR TRANSFER TO A NEW DATA SET lNES|530

INES1531 _
IF (ERAS|.LE O.O) CALL ERROR(12) INES1532 k
CX( ItJM)= CX([eJMII{ERASI*t(I.I(GAMMAII,JM)-I.))) [NES1533 '<

70 CONTINUE INES 153¢, _;
_" CM2=CX(itJM)_*2 INES1535 _,_

CM2-CM2*PELP INES1536 _.

B-33
*%

III I I I • I I I I

1968028585-072



INES 1537 "_
**_' CALCULATE VALUES OF CU_WWW2AND ESTIMATE STATIC TEMPERATURES [NESt53B

INES1539 ]DO 100 J=ItNLINES [NES[540
CU2 | J | ---CUI I, J )_1,_2 I NES 1541
V=( CM2+CUZI J I |IGJICP( I ,J) INESI562

100 TSTAI(JI=TO( ItJI-V |NES1543 i
INES 156'* J

,_,_ CALCULATE VAI.UES OF TERMA AND RADIAL DERIVATIVE TERM [NES1545

[NES 156.5 -_
DO 110 J=I, NLINES INES1547
TERMA(JI=GJ4'ICP(I, JI_TO(I,J)-CPII,JM)_TO(I,JM))-(CU2(J) -CUZIJM)_ INESI548
IF (TO(I.J).LT.TOCO| CALL ERROR (151 INESI569

INES1553 ]110 CONTINUE INES]551
INES1552

w,_,_CALCULATE DERIVATIVE OF DEPV WITH RESPECT TO RADIUS, INESI553 "I
" RESULT IS IN CO INESI55¢ JINES1555

INES|556

:- INES1557 ]: t._,=_CALCULATE VALUES OF TERMB INES1558
DO 120 J=I, NLINES INESI559

I NES 1560
IZO DEPVIL JI=CUZIJI/R_I,J) INESIS61 I

DO 200 J-I, NLINES [NES1562
TERMBI,;I=2.0'I'RINT( JI INES1563

INE51566 ]" _,_ CkLCULATE CX/CM AND CX DISTRIBLTIONS INESI565
INESI566

DUMMY=((TE_tMA(JI-TERMBIJII/CM2) X"8�„�INES15_7
IF (DUMMY')130,140, 160 INESI569 J130 CONTINUE INES 1569
HELP=HELP_I,25 INES1573
GO TO 70 [NESISTI

11,0 IF (DUMMY-I,OII55, lbO, 155 INESI57Z |
150 CXMIL. J)=loO INES1573

GO ro 16o _ INES157_ ,!1
155 CXM( L, J|=SQRT(DUMMYI INES 1575
160 CXIItJI=CXMILtJI*CXi'I,JM) INES1575 J
200 CONTINUE INES157T

AA= CX(I_JM)4'I.6 INES1578 1
BB= CXIItJM)_O.6 INES1579 |
DO _00 J=ItNLINES INES1580
IF (CXII,JI.GT,AAI CX( I,JI=AA INESI581
IF (CXII,JI.LT.BBI CX(I,JI=BB INES1582

600 CONT INUE INES1583 m

21o RETURN INES 1585

END INES1585 I

I
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iNLET. - EFN SOURCE STATEMENT - IFN(SI -

INLE14Z5
SUBROUTINE INLET INLE14ZS

C _** YIELDS INITIAL ESIIMATE OF FLUID FLOW IN THE INLET |NLEIkZ7
I NLE 16Z8

DOUBLE PRECISION TITLE INLE I4Z_
REAL NACP, MAPR, MOLEHT, JOULE [NLEI630
DIMENSION ATAS(2_, Ill, FLOWI 32l INLE 1431
LOGICAL IERROR, YES INLEI432
COMMCN /MATRIX/ ALPHA! lot 11 1, ATAR(29,11) t B2(291 t [NLEI633

X BETA( 10, 11 I, UH(32), BLADE(Z9), BT(3Z), INLEI63¢
X COI10,IIIt CP(32,111, CPCO(6), CRI3ZtIII, INLE1635
X CSLOPE( lOt 111, CU2(111 t CU(32,111 , CUC0(29,51 t INLE 1636 "
X CX(32,111, CXM( lOp 111, CXNEH(IOtII), C XRATO(29 ), INLE 1637
X CXSIIUt111, DA(IOI, DELM(III, DEPV!IO,II|, INLEL43B
X DFI20), DFACTI29,11I, DFL|29), DFLC_dI3Z), INLEl_39
X EMACH(2?,II), FOUND(Z0,3,10), FRDEL(IO,II), GAMNA(32, III, INLEt640
X HMN(29) , HUB(321, [KK( 10), MACHI29,1 L), INLEL641
X OBARI 29,11 ), PO(3ZtIl) , RI32,III, RCURVE(10,11), [NLE 14/.2
X RHI321, RHOI32, 11), RINTIII), ROSTAG(11) , INLE 1_#3 ++_
X RSI321, RSLOPEtIO,II), RTKAILIIII, SOC0129,5), INLE1644 +f
X SGLIOIZ9tIIIt. SSCOI29,SIt TERMIIIOtII), TERMJ_III) t INLEL645 _-
X TERMB(II I, TERf4C( Ill, TIPI32|e TITLE tlZI, INLE164_

X TGI32,1I)+, TSTATIllI, Ui32,111, H Ill), INLE 144.T _
X X1321 INLE1468 ._

COMMON /SCALER/ Ae AA, AIOAO, AZO2AOt A303AO, A604.AO, -INLEI4.4.9
X ASOSAO, B, BB, CCt CMt CMEAN, CMEANP, C01NTGt INLEt4.50 _
X CPI2, CPI3t CP 14., " CPIS, CPIbt CP02, CPO3t CPO4.t INLEI4.SI _._
X GP05, DAMP, DCP, DOt OIFCM, OT, DUMMY, ERASI, INLEI4.52 _+
X Gt GASKt GJ, GR, GR2_ JOULE, MAPR, MOLEWTt _ INLE14.S3 '++
X POCO, _, RPM, TCPt TERMD, TESTBH, TESTDS, TESTMS, INLE1654. _
X rocow TOL, TOLAT, TOLB2+ TOLHIN, TOLMS_ TOLTIP, TOLCPt [NLEI¢55 +:.-++-+++
X TOLCX, TULR, TOTINT, TOTPR, Vt VMI INLEI4.55 -
CUMMCN /INTEGRI It IBt IBI, IDUMPt - IERROR, IFIRST, INLEI45T +__

X IG, [OUTTR t IPASS, IS, IT, J, JIN_ JJ, INLE 14.58 +=
X JN, JVI, Kt Kit KKt L, LIMIT, LSTAGEt INLE 1459
X MSTAGE+ I_LINESt NTUBESt NX+ NXI, YES INLE14.60

•_ EQUIVALENCE IATARI It 1 ) ,ATAS(It 1) I, IFLOWI It ,DFLOW111 ) INLE14.61 _
INLEl_62 ,°+

: 00 10 t=L,5 INLEI4.63 ':_-
INLE 14.64.

C _4, GET INITIAL STREAHLINE RADIUS ESTIMATE INLEI465 ,_:
INLEI46f)

GALL RSTART INLE14.67 ' _,
INLE14.6B

C 4_,, GEl INITIAL ESTIMATE OF FLUID FLOW INLEIk69
_

+,+

IF (I,NE,S) GO TO 5 INLEt471 :::_
DO 4. J=ItNLINES INLEI_?2

6 CUlStJ) = ICUCOlStlt/RlS,J) Z)IIRIStJI+CUCOIS_3) INLEIT73 -S
X + ICUCO( 5,41 +CUC+O(5, 5I*R( 5,J ) )+RI 5, J') INLE 1474 _+++_

5 CALL INEST INLE14.75 '_
INLEt4.76 _;

G *_= SOLVE CONTINUITY EQUATION INLE1477 '+_+
INLE14.TB + ++_+

_,+. 10 CALL STR.E_M INLEI679 -_++.+_

ENn INLEI481 _:

+++ B-35
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PAGE 152 .,
|NPUT. - EFN SOURCE STATEMENT - IFNIS| -

5Ut_l<_VTI;'iLI._._'UI IJ,'JU,I.c.,4_ ._

INTEGER BLADE INPUt669 .t
LOGICAL FPATH INPU1650 .
COMMON /VGEOM/ ALH(ZqDt ALTI291t ALTERt |NPU!651

X ASPECT(291t FPATHt SAVE_1291 INPUt652 -_
COMMON /_PECAL/ NORMIIk|t NX2t NO FAlL [NPUI6fi3 j
DOUBLE PREC IS IUN TITLE iNPU165_
REAL MACI-t MAPRt MOLEWTt JOULE INPU1655
DIMENSION ATAS(2_t [|) t FLOW(32) I NPU1655 i
LOGICAL IERRORt YES INPUIGST J f
COMMCN /MATRIX/ ALPHA( lot II It ATAR(29tIII t B2(291 t INPUt658

X BETA(lOt 11 It BHI32It BLADEI291 t BT(321 t I NPU1659 "I
X COIlOtllJt CP(32tll|t CPCO|GIt CR(32elL| t " INP01663 J

_'X CSLOPEI lOt II It CU2( lilt CUI32tlI) t CUC0129,5) t INPUI661
X CX(32,11 l, CXM( lot ll|t CXNE#IIOtll) t C XRATOIZ9 ), INPUt662 I

lilt OA( 10)• OEL_(11) t DEPV( lO tl 1), [NPU1663 JX CXStzOt
X UF(20I, DFACTI29tll)t DFL(291t DFLL%I(321 t iNPLJt66¢ J

X EMACHI29tILIt FOUNOI20_3tIO)_ FRDELIIOgIIIt GAt4MA(32tIIIt INPU1665
X HMNI29!t HUB( 32)t IKK(IOIe MACH(29e[1)t INPU1666 1 "
X OBAR( 29t II 1, PO|32,11It R(32•lIlt RCURVE I lOtlll t INPUlb6T ]
X RHI32)• RHO(32t 111, R[NTIIItt ROSTAG(IZ) t tNPU1668 ;
X RS(32)t RSLOPEI lO•lll t RTRAILI lilt SOC0129t5) p INPUI669
X SOL|DIZgt11), SSC0(29,5)t TERRIIIO•lll, TERMAIII) t INPUIbTO ] "
X TERNB(IIi, TERMC(11I, TiP(32It TITLE(I2) t INPUI6T1 J

X TO132tll)t TSi'ATIll)• U132tlllt l.l(lI)• iNPUI672
X XI32) INPUZb73 1 i
COMMON /SCALER/ At AAt AIOAC• A202AOt A303AOt A¢OttAOt INPU16T tt J

: X ASOSAOt Bt BBt CCt CMt CHEAN• CMEANPt CO|NTGt INPUI675
' X CPI2, CPI3t CPI¢t CPISt CPi6t CPO2t CPO3t CPOrt, INPU1676 !
i INPU1677 I
; X CPOSt CAMPt OCPt DD_ DIFCt_t DTt DUM_tYt ERASI _ _X Gt GASKt GJt GRt GR2t JOULE• MAPRt MOLEHT t [NPUI67R

X POCOt Qt RPHt TGPt TERMDt TESTBHt TESTDSt TESTt4St INPUt679X TOCOt TOLt TOLATt TOLB2_ TOLMINt TOLMSt TOLTIPt TOLCPt [NPUI680 tl

i X TOLCXt TOLRt TOTINTt TOTPRt Vt VMI INPUI6BI I
,i COMMON IINTEGRI It iB, |BIt Ir)UMPt IERROR, IFIRSTt INPU1682 ,
[ _X IGw IOUTTRt IPASSt ISt -IT, J, JINt JJ• INPUI683

X JV., JMI, Kt Kit KKt L, LIMIT, LSTAGE, INPUI68_ l
X MSTAGEt NLINESt NTUBES• "NXt NXIt YES INPUI685 J -_

_. EQUIVALENCE IATARI It 1) ,AI'ASIIt 1) ) t ( FLO_II 11 tDFLO_/(I| I lNPUIb86 ,

"_ COMMON IVMiNI V0(291 INPU1687 ! !

DIMENSION TEL|6| INPUI68B
-_ DATA TIL / 6H--|Nt 6HLET t 4H • _H--FL_ 6HOW Pt 6HATH / [NPU16R9
,' [NPU1690

i C _,** READ TI-E JOB TITLE• NECESSARY FOR JO_ DESCRIPTION INPUI691 1

lNPUI692 ._
lO READ lStlII ITITLEIIItI=I_I2) INPU1693

READ 15_5) (CPCOIII,I=I,6I INPUI69_
INPUIGC)5 !C _* CALCULATE THE COEFFICIENTS NEEDED IN THE VARIOUS INPU1696-

C OPERATIONS INVOLVING CP [NPUl:697

INPUt698 IWRITE (6_121 INPUI699 _.
12 FOI_MAT ( IHOI INPOtTO0

CPOZ-CPCO(3cPO3.C1/2.. INPUI701 t !PCO(4 1/3 INPUt702

B-36 J
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INPUT, - EFN SOURCE STATEMENT - IFNIS) -

CPO4=CPCOI5 1/4, INPU1703
CPCS-C PC016 ) 15 • I NPU17OCt
AIOAO-CPCQI 2 I ICPGOI l ) INPU1705
AZUZAO=CPC2/CPCOI l t INPUI705
A3133AO=CPO3/CPCO (1) INPU170/
A4C4AO=CPC4/CPCO I l ) 1NPU 1708
ASOSAO=CPCS/CPCO ([) INPU1709
COINTG= TPERM31518.6881 INPUITI3
CPIZ=CPCO(2 1/2. INPUtTll
CP I3=CPCO(3113. INPULT12
CP I4-CPCU(4)/4. INPUITI3
CPl 5-CPCO(5 ItS. INPU1714
CP I6-CPCO(6 116. |NPU]7[5 "

II FORMAT ( [2AAI INPU1716
RK=[ INPUI717

INPU1718

C __* INPUT INDEX TO INDICATE NHICH LOSS DATA SETS TO USE INPClI719
INPUIT20

READ I5t910) IiKKlJlvJ=ltlOI INPUIT21
KI= IKKI [) INPU1722

INPUI72:5

C ,,e REWIND MASTER TAPE OF LOSS DATA INPUI72#
INPUIT25

935 REMIND 4
DO 950 L'I, IG INPUL727 .,

INPUI728 __

C _ READ LOSS DATA FROM MASTER TAPE INPUIT29 -_
INPU1733

READ I4) {(FOUNOIKtJ,KK)eK=It20)*J=|*3|
INPUIT32 ._

C ,1,_, IS THIS SET DESIRED INPU1T33
INPU173_

IF IKI,LT.I.ORoKI. GT.IGI CALL ERRf_RII) INPUIT35 .:
[NPdI736

! 937 IF (KI.NE.L) GO TO 950 :.
;.. INPU1739

i C _ STCRE LOSS DATA FROM MASTER TAPE INTO PROPER ALLOCATION INPUI740C TO BE USED IN LOSS SUBROUTINE INPUIT41 .
INPUI?_2

_" IF IKK,EQ,,IO| GO TO 960 _ IN PU1T4tt ""
| KK=KK �IINPUt?45 "
,J KI:IKKIKK) INPUI766

_. IF IKI°EQ,O) GO TGq60 INPUIT4T "
' 950 CONTINUE INPU1748

t GO TO 935
INPU174._

t 960 REHIND 6
KK= KK-[ INPUITS[

- J 910 FORMAT (26131 INPUtT52
t INPUIT53 ;_

-_ C _** READ THE SCALER QUANTITIES INPUI756 ..:
., INPU1755 "
"_ I READ 15,151 HSTAGEI NLINES, IOUTTR, FPATHt IOUMPt LIMIT, INPUtT55
_ 1 X FLOHI It_e'_3LEWTfTOCO, POCOI, TOTPRtTOLCX*TOLRtTOLCPtRPM*DAMP INPUZ75T
"-_ X ,TOLMINtTOLB2tTOLATtTGLNStTQLTIPtATAR(I*IItATAR(It2I*ATAR(Lt31 INPUIT58

': I INPUI759..: ' C _,_ ERROR HILL SET TPE TE_:PERATURE OR PRESSURE TO THE ABSOLUTE INPUIT60
-.. C . VALUE OF SANE AND 14ILL GO TO A NEW DATA SET IF ONE OF THE INPUI761 ._

r
:: B-37 •
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INPLI1763 ..

IF (POCD,LE,O,O,GR,TOCD,LE,O,O) CALL ERROR(tO| Ir;PU1766 _.
INPUI765 -'

G *_4, THE NUMBER OF STREAMLINES MUST BE 5,7t9 OR 11, ERROR INPUI766
C WILL TERMINATE EXECUTION INPUt767 -"

INPU1768 .;
IF (NLINES, LI',5,0R,NLINES,GT,II,OR,MOD(NLINESt2I,EQ, O) INPUIT69

X CALL ERRCR(6) INPUI773 ..

INPUIT71
C w_,4,ERROR RESETS THE NUMBER OF STAGES TO BE CONSIDERED TO 12, INPUI772 _ *'
C NOTE,,,NEXT DATA SET MAY NOT EXECUTE PROPERLY INPUIT73

INPU1776 ]IF (MSTAGE, GT,121 CALL ERROR(7) INPUt775

15 FORMAT (315,LS,215,4FIO.5/TFIO. 5/TFIO.S) INPUIT76
NX=_*MSTAGE + 8 INPUITTT

INPUIT7_ ]C ,I,_,I,READ THE INLET GEGMETRY AND BOUNDARY LAYER BLOCKAGE FACTORS INPU1777
INPU1783

READ (5,351 (X(II_ RH(IIt BH(l)t RS(I)t BT(llt ASPECT(I),I=I,NX) INPU1781 1
IF IFPATH) GO TO 1002 INPUITB2 :1
DO fOOl l=6tNX INPUITB3
HUBII)= RHI II INTUIT86
TIP{If= RSI I) INPU1785 "_

lOOl CON/INUE INPUI786 Ji
GO TO 1004 INPU1787

lOL)2 NX= NX-3 INPUITBB 1
' DO 1003 i=6,NX ENPUl..789 lCXRATO(I) = X(I) INPUI793

IF (ASPECT(II,LE,O,O| CALL ERROR (14) INPUITgI
- SAVEA{ I)= ASPECT(I) INPU17q2 1

IF (RH(I|.EO.O.O.ANO.RS(I|.EQ.O.OI CALL ERROR (23I INPU1793 J
' ALT(II= -ABS(TANIRSII)IS?.29578II INPUIT96
" 1003 ALH(1) = AES(TANIRH(II/S7,2957811 INPUIT95 -,B

NX= NX �„�INPUIT96
: INPUITg7 ,i

C ,_,1, READ THE FRACTION MASS FLOW BETWEEN THE HUB AND THE J-TH INPUITgB
C STREAMLINE, THESE NUMBERS MUST INCREASE MONOTONICALLY INPJIT99

': INPUI803 ]P,

1006 READ (5,20) (DELVIJ),J=ltNLINESI INPUIB01
NTUBES = NLi NES-I INPUt802

_ DO 3 I=ItNTUBES INPUI803
IF (DELM(II.GE..OELM(I œ�ˆERROR (51 INPU1BOt_ ,,.LI

3 CONT [NUE INPUIB05

INPUt806 ]C _"_' READ THE '05S FACTORS ACROSS THE-INLET GUIDE VANE INPUI807
C FOR THE J-TH STREAMLINE INPU180B

INoUIB09
8 READ |5,ZOI (W(I)tI=ItNLINES) INPU|BIO _|

READ (5t35) (CUCO(StJ)tJ'ItSI INPU1811 .IJ
REAU (5,20) (ATAR (6t J | t J=I,NL INES) INPUtBI2

; READ 15,201 (ATARI ?t J) tJ'lt NLINESI INPUIBI3

INPU1B14
INPUI81S

5 FORMAT 13E20.B) INPU1816 ,
20 FORMAT (TFIO.5) INPUIBI7 _

t
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INPUT. - EFN SOURCE STATEMENT - IFNIS! -

J5 FORMAT (AFIO.§) [NPU1B[B
]NPU|B?-t

CALL DATEIDAI [ NPUI822
NRITE 16t391 (TITLEIIItI=ItI2) tIDAII|tI=ItZI INPUI8?.3
HRITE 16t401 MSTAGEtTOTPRtNLINEStPOCO,,FLOWII)tTOCOtMOLEHTtRPHt [NhU182t_

X TOLCXt TOL_Zt TOI. AT_ TOLR INPUI825
IF I FPATH) NRITEIAt2| ) TOLTIP [NPUI826

INPUIB2T
21 FORMAT (19X 37HTI-E AXIAL VELOCITY RATIO TOLERANCE IS _-706 /I [NPUI828

INPd1829
HRITE (6,381 (DELMIJ)tJ=I,NLiNES| INPU1830

38 FORHAT (19X 79HTHE FRACTION OF THE TOTAL MASS FLOg BETHEEN THE HUBINPUI831
X ANO THE J-TH STREAMLINE IS. I/ 9X LIFT. 3 ) INPU1832

" NRITE (AtSII NLINESt IgIIItI=ItNLINES) [NPU1833
INPtJ183/t

': C _'* (tRITE OUT INLET GECMETRY INPU1835
_:" INPUI83_
._ .39 FORMAT (II_IZAXIAA6| [NPUI837

INPU1838

;_. 60 FORMAT(//I/Z9X63H**,_---=,_= ADVANCED /*ULTISTAGE AXIAL-FLOg COMPRESINPU1839
XSOR _,_,,_---#_,,1, //38X63H*,I,--_,_ ANALYSIS AT DESIGN CONDITIONS t4,--_INPUI8#O

l X /I/¢TXZAH----I N P U T O A T A.... /// 9X35HTHE MACHINE IS TO HAINPtJI861
XVE NO MORE THAN 13,7H STAGESISX25HA TOTAL PRESSURE RATIO OF F7.3, INPUIS#Z
XIIH IS DESIRED 1/OX35HCALCULATIONS ARE TO BE PERFORMED AT 13, INPUI863
X [2H STREAMLINES IOX 27HTHE iNLET TOTAL PRESSURE IS FO.2t IIH LBSIINPUI866

_. XSO IN,//OX 2THTHE INLET MASS FLOg RATE ISFT.2t7H LB/SECIgX3OHTHE INPUI865
_._. XINLET TOTAL TEMPERATURE IS F7.2t 7H DEC° R /I 9X 32HMOLECULAR NEIGINPU1866

_ XHT OF THE FLUID IS F7.2t 2IX IAHTHE TIP SPEED IS FT.I_ 9H FT.ISEC. INPUI84T! X II 9X 2THAXIAL VELOCITY TOLERANCE IS FT.Z_t 26X 30HTHE LOADING LIMINPU1868

.'_'_: XIT TOLERANCE IS F7°6_, II 9X 2THTHE EFFICIENCY TOLERANCE IS FT.At [NPU1867
_,_,_ X 2bX Z7HTPE CONTINUITY TOLERANCE IS F7°6 I INPU185D
_, | INPU1851

t 61 FORMAT 11/gX66HTHE INLET GUIDE VANE LOSS COEFFICIENTS FOR THE 13t |NPU1852
_'._ X 36H STREAMLINES ARE (FROM HUB TO tlpl II lOT I]LFT°6 //) INPUIBS3
4. INPU1856

42 FORMAT ( 9X 85HTHE RATIO OF THE AREAS OF THE LAST 3 STATIONS TO THINPU1855
_-k_, XE AREA OF THE LAST STATOR EXIT ARE FT°Av 2(IH, FToA|t ZH ,) INPUI856
_.' INPUIBST
_': /t5 FORMAT I1HI IIII 65X 2H-- 3Ake 15HOESCRIPTION .... 11123XTHSTATIONSXINPU1858

_. XSHAXIALtlX3HHUB6XI2HHUB BLOCKAGETX3HTIPTXIZHTIP BLOCKAGE I 25X |NPUI8S9
":/' X 3HNO,SXIOHCOORDINATE 6X_HRADIUSBXAHFACTOR 8X6HRADIUS 8XAHFACTORI INPUI860
_" X 35XSH(IN°| LOX §H(IN,) 23XSH(IN ) //) INPUL861._ °

:_ INPUI862
_ 46 FORMAT 120XlTt 5FI6,31 INPU1863
_ INPU 186_,

INPUI865..__ NRITE (b_ST) (CUCOlStJltJ=ltS) INPUIBA$
_ 57 FORMAT I 9X 61HTHE INLET GUIDE VANE EXIT TANGENTIAL VELOCITY IS SPINPUI867
'_ XEC|FIEO BY I 9X 3HA = ElS, 6t3X 3HB = EIS,At 3HC = EIS. 6_ 3X 3HD = INPUIRAB
_' X E15.6, 3X 3HE = EI5.6 //) INPUI869

INPUIBTO
'-._:, HRITE lbtSBI CPCC |NPUIRTI

lNPUIBTZ
"' 58 FORMAT (IhO33X53HTI'E SPECIFIC HEAT POLYNOMIAL.IS IN THE F('ILLOHING |NPU_B7_

_' B-39
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XFORM // 3X 4HCP = EI2,,St3H �ELZ.5_SH*T�Ft2.5_8H4'T4'WW2+ E12o5, INPU[87_
X 8HIWT_'_'3 + EX2°SpBH_WT4"_ �EI2°StSH_T**5// ) [NPJ1U75 ..

INPUI870
WRITE |6t421 ATARIItIIt ATARIXt2I_ ATAR(I,3I INPJI877 -
DA(I)= TIL(I) INPUt87B
CA(2)= T[L(2) IN_)U1879
DA(3)= TIL(3) [NPU1879
NN= 5 INPU1BBO "
IF (FPATHI GO TO 36 INPJ1881
CAll)= TIL(_I INPU1882 ":
DAI2I= TILLS) INPUI883 _. _,
OA(3|= TIL(6| INPU1883
NN= NX [NPU|RR_ -_

36 WRITE (6t_5) DA(IItDAI2I,DA(3} INPUt885
O0 37 J=Lv NN [NPU[880
WRITE (6t46) Jt X(JIt RHIJIt BH(J|t RS(J) t BT(J| [NPUIBR7

' 37 CONTINUE IMP JiB88 '_
NN= NX -3 INPUt889 _,
IF (FPATH) WRITE (0t22| (ItXIIItASPECT|I)tRHII)tBH|I),RSII)tBT(IINPU1893

X ItI=6,NN) INPU1891 -,-,
22 FORMAT (IP6 44X 30h_--_ GEOMETRIC PARAMETERS '_--'_ I// lOX 9HBLADEINPUtB92

X ROW 5z(IOI, AXIAL VEL. 5X |2HASPECT RATIO 6X 8HHUB R.AMP 6X 12HHUB BLINPUI893 "-'
XOCKAGE 4X 8HTIP RAMP 6X 12HTIP BLOCKAGE / lOY 9HEXIT STA, 5X 11HRAINPU189¢.
XT[O (Oll l 21X LIHANGLE LIMIT 7X 6HFAf_TOR 6X |triANGLE LIMIT 7X INP_JIB95 "'_
X 6HFACTOR ll(I16tkF16,3t2Ft5,31) INPUI89_}

N=Z_,MSTAGE INPUtBgT
INPUIBgB

C e** REdO T_E STAGE £ATA INPU1899 _
INPU1.903 J

DO 60 '-=5,N,2 [NPUI901
RLAD (5,251 OFLII "¸�•�HMNIIÄ"´�ˆ�HMNII"¸�ˆ�OFLII+2)tVOlI 4�ˆ�INPU1902"_

X BLADEIIt'I), BLADE(I OW(I LOWII4"2),INPUIg03 .}
X ICUCO([+|,JItJ=ItS), INPU1905
X (SSCO([ =Io51,INPUt905
X (SOCOI I %(,J=ltSI, INPUI?OS |
X (CUCO(I ��Œ�JItJ=It5},INPU1907 ..R

X (SSCO( [ 'L�x�J| tJ = It 5I, INPU]908
X (SOCOI I À�„SJ INPU1909 1

60 CONTINUE [NPU1910 J
INPU1911

25 FORMAT ISF10.zl/2ISt2FIO.4/ISE10.6)) |NP_J1912

INPU1913 ]C _t,_ CHECK THE BLOCKAGE FACTORS [NPUlgL_.
INPUZ915

NN=N+I INPU19_6DO 61 I=|iNN INPU1917
INPU1918 i

C ,_,w_ ERROR SETS THE BLOCKAGE FACTOR TO 1,0 INPU1919

INPUI920 ]IF IBTIII,GT,I,0,OR,BTIII,LE,O,5| CALL ERROR 125) INPUT921
IF (BHIII.GT.I.O.OR.BH(I).LE.O.5) GALL ERROR 121) INPUIg22

61 (_ONTINUE INPUI923 1
DO 70 I:5,N INPU192_ l
BZl [+1 I=CUCOI 1+1,21 INPUIq'?5 •

70 CONT [NUE INPUI926

.. NX=N •�INPUI92TI i

B-40 I
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I NPUT, -- EFN SOURCE STATEMENT - IFN(S) -

90 FORMAT (LHI,IIIIII63X 2.¢H ..... LOSS DATA SET NUMBERI3tSH • .... l/l/ INPJlg_O
X 9X BHD-FACTOR IOX 13HAT 10 PERCENT IOX 13HAT 50 PERCENT IOX [NPUt931
X 13HAT 90 PERCEN1 5X 2IH(OF BLADE HEIGHT FROM / glX 21HTHE GEOMETRINPU1932
XIC HUB, I / 2C(FIT, 3,FIB,_e2F23,6/II INPJ1933

INPUI93_

C *** CALCULATE THE GAS CONSIANT [NPU1935
INPU1936

GASK= G/MCL EWT |NPlJ1937
DCP= GASK / JOULE lNPU193S t
GR= 64.368*GASK INPU1939
GR2= GR*,5 INP31043 "

[NPUI941 "

C *_* CALCULATE THE TOTAL TEMPERATUREt TOTAL PRESSUREt AND [NPUL942
C SPECIFIC PEAT IN 1HE INLET [NPUI943

INPU1944 -

[ = 1 INFU1945 -_.

J=l [NPU1945 ._!_
TO(I,I 1= TOCO [NPU 1947 ._
CALL T HERMP [NPU 19_'9 "_.
DO 101 J=ltNLINES lNPUlI94'9 _
DO 99 I=1_5 INP_-:|950 ;_

TO( I ,J I= TOCO INPUt951 .'_!.
PO( I,Jl= POCO INPU1952 _.

CPII,JI = CP(ltl) [NPUlq53 ._.
99 GAMMA(ItJI = GAHMA(Itl) INPUlqF6 _

__ INPUt953 _

C *_,* SET THE RADIAL AND WHIRL VELOCITIES TO ZERO INPUI956 :'_"
INPU1957 "'_:

l 00 100 [=I, NX INPUI958 .._-CU( [,Jl= O. INPU 1959 --_
lO0 CR(I .d l= O, [NPUI96{) -_

INPJI961 _.

_i C *** ORtDX AND D2R/DX2 AND DICXI/IJ_ ARE ASSUMED ZERO AT I!.PUI962 :i-..;<-".__.:

C THE INLET TO THE MACHINE [NPUI963 ,F[NPUI96_.

RSLOPE(lid) = O. INPUt965 .._.
1 RCURVE{ t,J)= O, INPU1966 ._-.

lot CSLOPE(It,I)= O, [NPUI96T _.:_

NX=NX-3 INPUt968 "_
DO 105 I=6,NX INPU1969 _"'- ,_.

IF [OFL(It,LE°O,C°OR,OFL(II°GE,O,9I CALL ERROr..28| INPUI970 '_:
10.5 IF (BLAOE[[I,LT,I°OR,BLADE{II,GT,KK) CALL ERROR(IT) [NPUI971

INPUIgT2 "_'_:
C *w* CCkVERT THE RELATIVE FLOH ANGLES Tr] RADIANS [NPU1LgT3 ":_

INPUI97t_ _-

DO 106 [='/,NX,2 INPUI975
106 HMNII)= HNN(I}I57,29517¢;5 [NPU1975 __"

INPUIgT7 ._.
C _** SET THE MASS FLqW RATE THROUGH THE INLET TO THE VALUE [."_PUIgTB _
C AT THE FIRST STATION INPUIq79 _

INPUI983 _.'_FLOWIZI'-" FLOidIII [HPU1981
FLOW(3 I- FLO_I( 1 } INPU1982 _
FLC=d(4|= FLON( 11 INPUtg8_ _-:

$':_B-41
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FLOI4(5 )=FLOH( 1 ) [NPU198_ -_

: INPU1985
.. C _t_ CALCULATE THE TOTAL FLOW RATE AT EACH STATION INPU1986 -_

INPUI987 _
DO llO I=StN INPU198B

110 FLOWiI._I)= FLOWII)+DFLOM(I_.I! INPU198:)
_ INPU1993 J

C _t= SET THE FLOM RATE AT THE LAST 3 STATIONS EQUAt. TO THE INPUI991 -I
C FL,C_ RAi'E AT THE LAST STATOR EXIT INPU1992

INPUIq93 -I
FLOid(N tFLOW( I_+ I] INPUI994 I_.,, f
FLOM(N+3 l= FLOhll N+ I) INPUI995
FLOIplIN_| :_ FLOhll N_ II INPUI996

: [NP_llqq7 | .
C _ CALCULATE THE NUMBER OF $TREAMTUBES INPUt?98 J

" INPU1999
NTUBES= NLINES-L -[NPU2003

: . JNl= NLINESI2 INI)J2001 ]
INPU2002

C _k_ CHECK AND CALCULATE THE OUTPUT TRIGGER.-. INPU2003
: C I = ALL STREAMLINES INFt200_ ]1

C 2- " EVERY OTHER GNE INP,, 2005 .11
C 3 = MEANt HUBt AND TiP INPU2006

- C zt ='HUB AND TIP INPUZOOT t :
[NPU2008 J: IF |IOUTTRoLT.I,_RoIOUTTR.GT°6I CALL ERROR(20I INPU2009

: IF (IOUTTR°LT.31 GO TO 113 INPU2013
: It: (iOUTTR. EQ.tol GG TO 112 INPU2011 :_

IOUT TR= JM. 1 I NPU2012 ]
GO TO I13 INPU20I_

: 112 IOUTIR=,NTUBES INPU201_ -_ i
-: 19.3 IFIR$_=6 INPJ2015 _
; INPU2016 _ .

.i C _ CALCULATE THE MIO--STREAMLINE INDEX INPUZO1T :
INPU2018 :] "

.: JM= JML_I _ INPU2019
INPU2023

:_ C _ INITIALIZE THE INDICES (THE FIRST ROTOR INLET INPU2021
_i C IS AT STATION NUMBER 51 [NPU2022 !1
" : INPU2023

LSTAGE=T INPU202_
_ NX=LO INPU2025 _
: L= I INPU2026 _ 1

NXI=9 INPU2027
INPU2028

C ... CALCULATE THE SIMPLE RADIAL EQUILIBRIUM SOLUTION INPU2029 I
-,B= 1 ,NPU2033

INPU203_ _.
' " IPASS= 1 INPU2035
•, RPM= RPM/RS I 51 J INPU2036 I _

_-;:_- CALL INLET [NPU2037 .il 1
:_J I- 6 INPU203B !

:'_:_'_'i RETURN INPU203' I I!• n n i n n • • i, roll m nm mmml n m •
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INTEG. - FFN SOURCE STATEMFNT - IFN(S! -

SUBROUTINE INTEG (VDEP,IFCUN) INTEI58_
INTE1587

C *** PERFORMS kUMERICAL INTEGRATIONS OF THE VDEP VS. R CURVE INTEI_B.QINTrlS@_

C _*_ TRAPEZOIDAL RULE INTEGRATION INTE1590
INTEISql

DIMENSION Vt)EP(IO, 11; INTEI592

DOUBLE PRECISION TITLE INTEI593
REAL _ACH, MAPR, MOLFWT, JOULE INTEI5q_
DIMENSION ATAS(2q, 1119 FLOW132l INTE I595 .

LOGICAL IERROR, YES INTE 1595
COMMON /MATRIX/ ALPHA( I0• II), ATAR(29,111 , R2{??), INT" 15gi

X BETA(TO, 11 }, BH(32), BLAt)E( 2g), BT(32), INIEtSgq
X .CO(IO,II), CPI32•lID, CPCO(6|• CR(32,11), INTEISgg

X CSLOPE( [0, It), CU2I [1), CUl32,111, CUCO( 29 •5) , INTEI603
X CX(32,11), CXMI 10, 11), CXNEW(IO,III, C XRATOI2q) , [NTE 1601

X CXS(IO,11I, OA(IOI, DELM(Ill, DEPV{IO,II), [NTE1602
<.- X DF(20), DFACTI2g, liT, DFL(2?) , DFLOW(32) , INTE1603

X EMACH(Zg,11), FOUND(20,3,LOI, FRDELIIO,[[), GAMMA(32•III, INTE160$ _

i" X HMNI2gl , HU_(32|, IKK( 101:, MACH(29,ILI, INTEI605
X OBAR(29,11), P0(32,11), R(32,IIl, RCURVE t10,11) , INTEI60fi

;- X RH(321, RH0(32,11), RINT(IlI, ROSTAG(111, INTEt607 -

; X RS(32 }, RSLOPE(LO,II), RTRAIL(III, SOC0(29,5 ), INTE 1609
1_- X SOLID(29,11), SSC0(29,5), TERMI(IO,II), TERMA(LI) , INTEI6O9
__ TIP(._2), TITLEIIZ) • INTEI613
_... X TERMB( II }, TERMC(11),
._ X T0(32,]11, TSTAT(Ill, U(32,1l), W(ll), INTE1611- INTEI612
'_ X X(32)
: �INTE1613
: CQMMON /SCALER/ A, AA, AIOAO, A202AO, A_O3AO, A/eO%AO, - 161_
._'_ X ASO5AO, B, BB, CC, CM, CMEAN, CMEANP, CrJINTG, INTE
_ -'; X CPI2, CPI_, CPIA, CPI% CPI6, CPO2, CP03, CP04, INTEI615

X CP05, DAMP, DCP, DO, DIFCM, DT, DUMMY, ERAS/, [NTEI61_}
X G, GASK, GJ, GR, GR2, JOULE• MAPR, -MOLEWT, INTEI617

_._ TERMD, TESTBH, TESTDS, TESTMS, INTEI618X POCO, C, RPM, TCP, "-
"_+ ; X TOCO, TO1, TOLAT, TOLB2, TOL_IN, TOLMS, ToLTIP, TOLCP, [NTEI61_
"_. _ X TCLC_, TOLR, TOTINT, TCTPR, V, VM[ INTEI62C)
_'" IDUMP, [ERROR, IFIRST, INTEI621_:_., COMMON I INTEGRI I, IB, IBI,

_ X IG, ICUTTR, IPASS, IS, IT, J, JIN, JJ, [NTEI622
: KI, KK, L, LIMIT, LSTAGEt INTEI6Z3 '

_ _. X JM, Jel, K,
-_ X MSTAGE, kLINES, NTUBES, NX, NXI, - YES INTEI62_
_" EQUIVALENCE (ATAR(I, II,ATAS(I, I) ), (FLOW{ II,DFLOW(ll ) INTEZ625

INTE].62b
-_ INTE1627
_- RINT( I l=O,O
-- INTEI62B

GO TO (50,90),IFCON INTE1629

C *** CALCULATES INTEGRAL OF Vr)EP * P, OR [NTEI630
,,_,_ o INTEI631

°_'_ 50 DO 15 J=I,NTUBES INTEIb32
_ tO DA(J)=IVDEP(L_JI*R(ItJI+VDEP(L,J+II*RII'J+LI)*IR(I'J+I)-R( It Jr |*.5INTEI633

._ 1_5 RINTIJ+I I=R INT(J ) +DA(JI INTEI63_INTEI635
_',_- GO TO 150
;, INTE|635

":' C ,** CALCULATE NTUBES VALUES OF INCREMENTAL INTEGRALS FOR CURVE INTE163TINTEI63_
":'.._; C VDEP VS, R (RIJ) TO RId+L|)"':_:, INTE 1639

: ,,i, 9'0 DOIt5 J=I,NTUBES INTEI_4,_)

B-43
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INTEC. - EFN SOURCE STATEMENT - IFN(S) - _j

100 DA(J|=(VDEP(L,JI4"VDEP(L,J+I) I_'(R(I,J+II-R(I,JI l*.5 INTEI641
1[5 RINT(J+I)= RINT(J) +CAIJ! INTE164__ "I
150 B= RINT(JV| INTE1643 --_

O0 200 J=ltNLINES [NTE1646
200 RINT(J|= RINT(J)-B INTE16_5 "_

RETURN - [NTE|64.$ J
END INTE|647

1.
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,_.. REPRODUCIBILITY OF THE, ORIGINAL PAGE IS POOR; _i_!#
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t1/0_/67
LOSS, - EFN SOURCE STATEMENT - IFN(SI -

SUBRCUT INE LOSS LOSE2103 •
LOSE2101

C **_' MAICHES LUSS WITH ACIABATIC EFFICIENCY LOSF_I02
tOSE2103 -_

LOGICAL _rl FAlL L ISE219(_ ;"

I COMMON /SPECAL/ NORM( 141_NX2,NOFAIL LOSF2t05 -INTEGER BLADE LOSE210$
REAL LOSE LOSE_[07 :

I DOUBLE PRECISION TITLE LnS_2[08 -DOUBLE PRFC IS ION TITLE LOSE210g "I
REAL MACP, MAPR, MULEWT, JOULE LOSEZII3 .

DIMENSION ATAS(29,111, FLOW(32D LOSE2111

I LOGICAL IERRIJR, YES LOSE21t_. _;COMMON /M_I RIX/ ALPHA( 10, 1I I, ATAP,(2qt[ll t B2(29_, LOSEZ113 _
X BETA(lOt 11 |, BH( 321t BLADE(Z91 , BT(321, LOSE21L_ ._

I X CC(10,111, CP(32,111, CPCO(61, CR(32,11I, LOSFT_1L5X CSLOPEI I0, I[), CU2(III, CU(32,11I , CUCR( 29,5 ), LOSE2115
x CXI32,II I, CXM(IO,IlI, CXNEW(IC,III, C XRATOI2q |, LOSE2117
X CXS(IO, 11} , OA(1OI, _ DEL_IIll|, OEPV( lO,11l, LOSE2II8

I X OF(20I, DFACT(29,111, OFL(29I, DFLOW(32I, LOSE2119X EMACHI29,ILI, FOUND(2C,3,10I_ FRDEL(tO,III, GAMMA|32,11I, LOSE2123
X HMNI29I, HUB(32), IKK{tO); MACHI2q,III, LOSE212I

X OBAR( 2q, 11 I, P0(32,111, R(32,1tl, RCURVE( LO,111 , LOSE2122
X RHI32I, RHO(32,11I, RINT(II), PCSTAGILII_ LOSE2123

X RS(32I_ RSLOPF{ IO,LZI, RTRAILII[I, SOCO(2q _5I , LOSE212_
X SOLID(29,1II, SSCO(2q,SI, TERMIIIO._]II, TERMA(II) , LOSE2125

I X TERMB(]tl, TERMC(II), TIP(__2I, TITLE(12I, LOSE2125X T0(32,111, ISTAT(111, U(3Z,III, W(111, LOSE212T

X X(321 LOSF2t2B
COMMON /SCALER/ A, AA, AIOAO, AZO2AO, A303AO, &_O_AO, LOSE2129 ;.!

- I X A505AO, B, t_B, GC, CM, CNEAN, CMEANP, COINTG, LOSE2153
-: 1 X CPl2, CPI), CPI4, CPIS, EPIC, C_}02, CP03, CPO_, LOSE213I

X CP05, CAMP, DCP, DO, DIFCM, DT, DUMMY, ERASI , LOSE2132

: l- X G, GASK, GJ, GR, GR2, JOULE, PAPR, _OLEWT, LOSE2133

1 X POCO, C, RPM, TCP, TE_MD, TESTBH, TESTDS, TESTMS, LOSE213_
X TOCO, TOL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIPt TOLCP, LOSE2135

• X TOLCX, 1ULR, TOTINT, TOTPR, V, VMI 1.0SE213_

I CCMMON IIkTEGRI I, IB, IB[, IDUMP_ IFRROR, IFIRST, LOSEZI37X IG, lOU TTRy, IPASS, IS, IT, J, JIM, JJr LOSEZI33
X JMt JMI, k, KI, KK, L, LIMIT, LSTAGE, LOSE2139

X MSTAGE, kLINES, NTUBES, NX, NXI, YES LOSE2143EQUIVALENCE (AfaR( I,I),AIAS( I, II I_ -(FLF)W(I I,DFLCWIII I LOSE21_I
COMMEN /ENERGY/ H, T, GAMMER- LOSE21_2
OATA RADI_N /57.29578/ LOSE21_.3 ,_

I LOSE21_ ':' C *** OB_R CONTAINS THE LOSS FUNCTION LOSE2]_5

LOSE2145 ,_

, _ L=-I LOSE2t#*7 _"
00 IO I=IFIRST,LSTAGE,2 LOSE2|E8 _-

;. 1 L=L ˆ�LOSE21_9_
DU IO J=|,NLINES LOSE2150 _!,

LOSE2151 /_.
_' C *** CALCULATE ABSOLUTE PELATIVE VELOCITY LOSE2152 :'i'

_ LOSE2153 _
-_ _ CXM(L,JI= CX( I-I,j)**2 I,JI-U(I-1,J)I**2 _Jt**2LOSE2154 _.

I

• I B-45
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LOSE2155

C _ CALCULATE ABSOLUTE VELOCITY LOSE2|5$ I
LOSE215T J

CXM(L+ttJ)=CXII,JI_2 + CUII,JI_2 + CRII,J)*_2 LO_E2t5B
LOSE2159 I

C _*_ C_LCULATE RELATIVE FLOW ANGLE LOSE2LGO .|
LOSE2t6[

BETA|L,JI= ATAN( (U( I-I, J )-CU( [-L,J I)ISORT(CXI I-t,J)_2 + LOSE2162

X CRII-t, JI_e2)I LOSE_163

LOSE 216t, ._ d
C _x,_ CALCULATE RELATIVE FLOW ANGLE L05_2165

- LOSE2]65

BETA(L+I, Jl =ATAN (IU( l,J )-CU( I,J I}/SQRT(CX( ItJl_2+CR( I, J Iw_21 ) LOSE2167 |
LOSE2163 J

C _ CALCULATE ABSOLUTE FLOW ANGLE LOSE216g

LOSE2t?} lALPHAIL+t,JI=ATANICU|I,JIISQRT(C_II,JI_2 :- CR(I,JI_2ll LOSE217! i
: LOSE2t??

C _e_ CALCULATE ABSOLLTE FLOW ANGLE LOSE21?3

LOSF217_ ]ALPHA(L =ATAN(CU(I+ltJIISORT(CX(I+t,JI_2+ CR(I+t,JI_21) LOSE21?5
CXSIL,JI=CXII-I,J)_2 +CUT I-LvJI_2 +CR[I-L,JI_2 LOSE_t?5 _

H= -CXS(L,JIIGJ LOSE217? ] i
: I= TO( I-It J| LOSE2178
; CALL ENTALP LOSEZt79 ,--

CALL GAM LOSE2183
• _ LI1SE2t8! ] _

; C _,, CALCULATE RELATIVE MACH ..NUMBER LOSEZtB2

i LOSE2I_ i
MACH(I,JI= SdRTICXM(L ,J)IIGR2*GAMMER*TSTAT(J))) LOSE21_ I {

.[ LOSE2185 ._I._, C *** CALCULATE ABSOILTE MACH NUMBER LOSE2|86 ;
LOSE2187 {

_=-CXM(L*L_J|/GJ LOSE2t_8 _l _"

T= TOIl,J) LOSE218:_
CALL ENT'LP LOSE?Iq3

CALL _A' LOSE2tqt !1 !MACH( I+I, J)= $QRTICXMIL+t,J) I( GRZ_GAMMER-=TSTAT[ J) )) LOSE2192 !

10 CUNT INUE LOSE2Ig3 ,1
L=O LOSE21q_

O0 20 I=IFIRST,LSTAGE LOSE2,95 _ !_. L=L+I LOSE219_
,', 00 20 J=I_NLINES LOSF2t97 _t

LOSF2]'qcJ IC _w_ CG_STANT TERH LJS_O IN LOSS LOSF219_
LOSE2Z03

TE_._IIL_Jt= SQRT(IGAMMA(I-I_JI+I.IItGAMMA(I-ItJI-I,)) LOSE2201
Za CUNT INUE :, LOSE2202 _1

L=-I LO_E?203 I

L= L + 2 LOSE 2205 -_

LOSE2209
C _,e,wCOMPUTE SUPERSONIC TURNING ANGLE LOSE2209 II

LOSEZ2t.3 _
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A= (R(I,J)+RII-LtJ)-RH(II-RHII-I)IIIRS(1) .II-RH(I)-RH(I-[I)LOSE2211 .:
O= (R( I,JI+R([+t,JI-RHII)-RH(I IRSIII +t)-RH(II-RH(I L�„�LOSE2212_-_
AA= ISSCC(I,LIIISSCOII,2I +A) I,3)L(ISF22[) C_

X +ISSCO( 1,4I +SSCO(I,5I_'A)W_AI LOSE2216 ::_
BB= SSCOI I+t, IIIISSCO(I+t,21 �ˆ ILOSEZ215 _

X +(SSCC(I+I,4) +SSCO(I+lt5)*BI*B LOSF.2215 _
LOSE?217 :_

IF (AND( IDUMPt4I.NE.O.GI GO rO 25 LOSF22IB ::._
LOSE2219 -_

FRDEL(LtJ)= AAW_(BETA(LtJ) .-BETA(L+ItJI ) LOSE2223 _'-_
FROELII.+I,JI = gB*IALPHAIL+I,PJI -ALPHAILz.ZtJII LOSE22ZI _ J

GO TO 2.6 LCISE2222 i_
C *** CALCE;LATE TEE SUPERSONIC TURNING ANGLE FROM THE SHOCK ANGLE. 2222 -::

I 7.5 FRDELiL,JI= _ETA(LtJ| -AA/RADIAN LOSE?223FRDEL(L+ItJ I= ALPHAIL+I,J) -BBIRADIAN LOSE-_22(*
Z6 CONTINUE LOSE2225

j :_- LOSE2226
• C **_, TEST FOR SUPERSONIC VELOCITY . LOSE2227

LnSE2228
[F(MACHII,JI.LTot. O) GC TO 28 : LOSF222_

j A= (MACH( I,J )- I. I*( MACtt( I,J 1+ I-.O I LOSE2233LOSE2231
C **e IF FLOW I5 SUPERSONIC ADD PRANDTL-MEYER ANGLE TO LO$E2232
C suPER-sONI C TURN ING ANGLE - " L{'ISE2231

I LOSE223_,FRDELILpJ)= FRDELIL,J! + TERMI{LtJIW_ATAN{SQRT(AIITERMLIL,JI) - LOSE2235
o X ATAN( SORT( AI | LOSE2235

28 IF (MACHII+I,J).LI.[.I GO Itl 30 LOSE2237A= (MACH( I+ItJI-I.I_(MACH( I+ltJl+].OI LOSE223_
LOSE22_g

C _* IF FLOW IS SUPERSONIC ADD PRANDTL,-MEYER ANGLE TO LOSE2240• C SUPERSONIC TURNING ANGLE LOSE22_I"-:
LOSE2242

FROEL(L+I,JI= FROELIL+I,JI + TERMI(L ATAN(SORT(A)/TERMI{L$X�„�LOSE2243:

X J) l- ATAN( 3QRT(A) l LOSE22_(*30 CONT INIJE LOSF2245
L=O LOSE2245
DO 60 I=IFIRST,LSTAGE LOSE22%7

:_ L=L+I L_SE??_._DO 60 J=I,NLINES LOSE2249
LOSE2253

I C '_'¢* INITIALIZE PROFILE SHOCK AND LOSS FUNCTION LOSE2251• LOSEZZ52
OBAR { I, J I =0.0 LO_E2253

LOSF225_

C *** CALC'JLATE pROFILE SHOCK LOSE2255LOSE225S
(:=U. I '_ LOSF2257

t CXS( L, J )= 1. LOSE2258IF (FROEL(L_J|.LT.U.OI GO TO 44 LOSE2259
00 _,3 IS=l, lO(} LOSF2263

LOSE2261

_t C *** cALCULATES DIFFERENCE BETWEEN PRAN[)TL-MEY.ER ANGLE FOR MACH t,,OSE2262C NUMI_ER CXS(L,J) AND SUPERSONIC EXPANSION ANGLE LOSE2263
LOSE226_

• C,

.i_ VMI= SHOCK( CXS(L _J) _FI_DEL( L, J) I ..... LOSE2265

4 B-47,.
ir i _ m
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IF IABSIVMII.LE.O.O01) GO TO 44 LOSE225b
IF IVMI.GT.O.O) GO TO 43 LOSE_,?67 -_

GXS(L, JI=CXS( L,J )-Q LOSE22@8 i
Q= O13.O LOSE_269

43 CXSIL,J)= CXSIL,J) + O -- LOSEZ273

CALL ERROR(291 LOSE2271 I
44 IF (MACHII, J).GE.I.O! GO TO 45 LOSF.2772 -_

LnSE227._

C ,,, CALCULATE SUBSONIC SHOCK LOSE22T_ -)
LOSE2275 i

EMACH( ItJI=MACH( ItJ)*( 1.0+CXS(LtJ||sOe_ LflSE227_ I
IF (EMACH(I,JI-loO) 60,60t50 LOSE227?

LOSE227, !lC *_* CALCULATE SUPERSONIC SHOCK LOSE227g

.; LOSE22_3
45 EMACH( I,JI--(MACH(I,JI+CXS(L, JIi*O,5 - LOSE2281

LOSE?_-R2
C *** CC/_PUIE SHOCK LOSS LOSE2283

: LOSEZZ8_
50 OBAR(I,J)=(1.0- (((GAMMA(I-ItJ| O.5*EMACHII,JI**2)LOSE2285

X / (1 0 +O._5*(GAMMAII-I,JI-I.O)*EMACH(I,J)**2)) LOSE2285 _ :
X **(GAMMA(I-ItJI/(GAMMA(I-I,J) -I.O))*(GAMMA(I-1,JI*2.0 LOSE22B7

X / (GAMMA(I-I,J) +I,O)*EMACH(I,J)**2 -(GAMM&(I-1,J} -1,O) LOSE2288 _ "
X / (GAMMA(I-I,J) +l.O)i**(l.O/(l°O -GAMMA(I-I,J))) ) LOSE228g
X I (l.a -1.0/(I.G A(I-I,J)-1,0i* MACH(I,J)**2*O.5) LOSE229a
X ** (GAMMA! I-I,J)/(GAMMA(I-I,J) -l.O))I LOSE22'91

60 CONTINUE LOSE22gZ
65 L=-I LOSE22?3 .tl

00 80 I=[FIRSTtLSTAGE_2 LOSE229_.

l=t �€�LOSE2295
CO 80 J=I,NLINES LOSE229_

_, A= (R! I,JI+R(I-I,JI-RH(II-RH(I-II)/(RSII)_RS(I-1)-RH(II-RH(I-III LOSE2297
LOSE2298 -

. C *** CALCULAIE ROTOR MEAN SOLIDITY LOSE2299

LOSE230_)
*! SOLIDI I,J)= SOCC(I,I)/(SGCOIE,ZI �Œ ,3)LflSE2301
-: X +(SUCO(1,4) +SOCO( I, 5)*AI*A LOSE2302 __

LOSE230_
C *** CALCULATE ROTOR D-FACTOR LOSE230_

LOSF.2305

AA=SQRT( (CX ( I-l, J)**2+ (U( I-I,J)-CU( I- 1,J) t**2 ��ˆ�(I-I,J)**_) ) LOSE2306. iJDFACI( l,J)= I'oO-SQRT((CX(I,J)t*Z*(U(I,JI-CU(I,J!I**2 J)**2))1.0SE2307
X /AA + (U(I-ltJI-CU(I-I,J)-U([,JI+CU(I,JI)/2.1SOLID(I,JI/AA LOSE2308. ,.

LOSE2313 U'
C, *_'* CC;MPUTE ROTOR PROFILE LOSSES LOSE_.311 l_
C c *** LOSE READS THE PROFILE LOSS FRCM THE INPUT tuAPS LOSE2312

LOSE2313 H -OBAR(ItJ)=OBAR(I_J)+LOSE(DFACT(ItJ)t(R(I_-J),,RH(I))/A t LOSE_-31_
X BLADE(I))*Z.O=SOLIO(I,J)I COS(AMINl(BETA(L+I,J),].2217)) LO_E2315

.; A= (RI l+l,Jl + R_II,JI)*. = LOSE231S
• _ B= (RII,JI+RII+I,JI-RHIII-RHII RSIlI+RSII+I'I-RHllI-RH(I P�Œ�LOSE231?

LOSE2318

'J'lC *** CALCULATE ST/_TOR NEAN SOLIDITY LfISE2319

SOLIDI I+l,J )= SCCO( 1+1, 1 ) I1SOCO( I +1 _21+B) - I +1,31 LOSE232I

B-4 | t
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X +ISOCOII+I,4) +SOCOII BLOSE2322
LOSE2323

C _ ,_ww CCMPUTE STATOR I-FACTOR LOSE2324
LOSE2325 "

AA=SQRTI(CX( [tJI**2+CUII,JI*_2+CRI [,Jl**2II LOSE2326

DFACT( I+I,J I=I.O-SQRTI (CX( I+ I,J I**2+CUI I+I,J)_2+CRI I+I, Jl *.2) I/ LOSE2327
X AA+ICUII_JI- CUIIvI,J!I/2.1SOLIDII+I,J!/AA LOSE232R x

_" LOSE2329
C *** COMPUTE STATOR PROFILE LOSSES LOSE2330

LOSE2331 ._
...A,R$ ( I..+L)"RH{ I+l.)__ LOSE2332

LtlSE2333 -:
C *** LOSE READS THE PROFILE LOSS FROM THE INPUT MAPS LOSE233_ ::

LOSE2335 _;
OBAR( I+Z tJ)=OBAR( I+19J I+LOSE (DFACT I I €t(R( i i"RH(I �€�)/AoLOSE2336 _
X BLADEI [+IT |*2oO*S(JLID(I+LtJ)I COSIAMINIIALPHA(L+2,JI91o2217I) LOSE2337

80 CONTINUE LOSE233B -s.

L=-I LOSE2339 _*i

DO 100 I=IFIRST,LSTAGE,2 LOSE234_
L=L+2 LOSE234I
DO LOO J=I_NLINES LOSE23t_?.

LOSE2343_, :._
C *WW* CALCULATE THE STATIC ENTHALPY MINUS THE TOTAL LOSE234_" 31
C ENTHALPY LOSE2345

- LOSE2345
H= -(CXIl-l,JI**2 +CRII-I,JI**2 +CUiI-I,JI**2I/GJ LOSE2347
T= TC( I-I,J I LOSE?.348

":" LOSE234:I
:_ C w,** GET THE STATIC IEMPERATURE LOSE2353 - -_

LOSE235! ._
CALL ENTALP LOSE2352 ._.
8= THERM3ITI LOSE2353 "_

LOSE235_ _
C *** CALCULATE THE STATIC PRESSURE AT THE ROTOR INLET LOSE2355

LOSE2355 _

_, PSTAT= PO(I-I,J)*EXP((THERM3(TSTATIJI) -BI/DCPI LOSE2357 :._'-
H= U(I-ltJ)*IUiI-I,JI -2.0*CUiI-I,JIIIGJ LOSE2358 ,';
CALL ENTALP LOSE2359

" LOSE2363 i_
_ C ==_' CGPPUTE TPE ]DIAL RELATIVE PRESSURE LOSE236L ._:-.

LOSE2362 _-
P REL= PO(I-I_JI*EXP(IThERM3(TSTAT(JI| -BIIDCP| LOSE?363 :.
H= (U(I,JI -U(I-I_J|I*(U(I-],_J| +U(I_JII/GJ LOSE236(_ _
T= TSTAT(J) LOSE2365 :_,_
CALL EN,TALP LOSE2365 :L

B= THERM3IT t LOSE2367 _=
LOSE23_)8 C

C _,wx CCtwPUTE THE TOTAL IDEAL PRESSURE LOSE236_
LOSE237_ _*,'3:

'_, P IDEAL= P REL '_EXP((THERM3(TSTAT(Jll-BI/DCPl LOSE2371 ._
LOSE2372

C w,_.w_CALCULATE THE FXIT RELATIVE TOTAL PRESSURE FROM THE LOSF2373 _
_ C LC}SS COEFFICIENT LOS_237_ ;L
_ LOSE2375 _

:., P= P IDEAL-OBAR(ItJI*IP REL -P STAT) LOSE23T$ _
_-_ ;._ ti=-UII,JI*(Z.O*CUtI;JI -U( I, J) I /GJ LOSE23?T *

'_ B-4g./:. /.
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T= TO( [,J! LOSF?37_

CALL ENTALP LOSE2379 "_
LOSE2383

C *** CALCULATE THE EXIT TOTAL PRESSbRE LOSE23RI
LOSE23q2

P= P*EXP(II_ERM3(T) -THERM3(TSTAT(J|||IDCP) LOSE23_3
LNSE23q(_ -_

C *** GET THE ICEAL FXIT TOTAL TEMPERATURE LOSE2385-

LOSE _3B$ ]CALL THERM2(PIPC( I-l, J), T,T{}(I-I.,Jl | LOSE2387 _,
LOSE?38B

C *** CGePUTE ThE CORRESPONDING EFFICIENCY LOSE23Qg

LOSE_393 ]EFF= (THERMI(T| -TI_ERMI(TO(I-].,J|!) LnSE2391
x I(THERM I(TOI I,J) |-THERMI(TO( I-I,J ||| LOSE239_

PO(I,JI= P LOSE2393 I
LOSE23q(_ ]

C *** C_'ECK THE CONVERGENCE LOSE2395
l_OSE2395

IF (ABS((ATAR(I,J) -EFFI/ATAR(ItJ|).GT:,TOLATI IPASS= 3 LOSE2397
ATAR(I,J|= EI:F LOSE239B J

H= -(CX( l,Jl**2 4CR(I_J)**2 I**2I/GJLOSE239g

T= TO(|,J} LOSE_.403
CALL ENTALP LOSE2401

LOSE240_
C *** CALCULATE THE STATIC PRESSURE AT THE INLET TO THE STATGR LOSE2403

LOSE24,0_ ]P STAT= PC{ I,J I*EXP( (ThERe3( TSTAT( J| | -THERM3(T| lIDCPl LOSE2405

LOSE24.O_
C *** CALCULATE THE STATOR EXIT PRESSURE (TOTAL) FROM LOSE2407
C THE LOSS C[]EFFICIENT LOSE240q J

LOSE2409
P= PC(IpJ) -OBAR(I+ItJ)#(PO( l,JI -P STAT| LOSE2410

LOSE2_.IIC *** GET ThE ICEAL TOTAL TEMPERATURE LOSE2412
LOSE2¢13

CALL THERM2( PlPO( l-L| J| ,T, TO( I-l| J| ) LOSE241_
LOSE2_I5

C ***_CGI_PUTE T_E EFFICIENCY LOSE24"_6
EFF= ( THERM L(T) -THERMIITO{ I-1,J) I ) LOSE2_I7

LOSE2_19 II
C *** CHECK FOR CCNVERGENCE LOSE2423

LOSE2_ZI IIF {ABS(IATARII FFIIATARII_-ItJ)i,GT,TOLATIIPASS= 3 LOSE24Z2 i
ATAS(14.1tJI= EFF LOSS2623

].00 CONTINUE LOSS_6_6
101 CONTINUE LOSS2625 i i

NO F_IL = ,FALSE, LOSS2425 I
CALL DRIVE LOSS24_?

RETURN LI')SS 242_1END LOSSE42_ : -

B-BO I
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REAL FUNCTICN LOSE(ARGtPERHT,TYPEI LOSE2041
LOSE2O4?

C _,_, YIELf_S LOSS PARAMETER FROM INPUT MAPS AS A FUNCTION OF 2043
C PERCENT BLACE HEIGHT AND D-FACTOR AND CIRCULAR INTERPOLATION
C ALONG THE kADIUS).

L(ISF2045

INTEGER TYPE, FIRST Lt_SE2047 ::-
DOUBLE PRFC IS ION TITLE LOSE20/*8
REAL MACF, MAPR, MOLEI_T, JOULE LOSF204q e'
DIMENSION ATAS(2_, 11), FLOW(32! LOSE2053
LOG-ICAL IERROR, YES LOSF?051
COMMON /MATRIX/ ALPHA(lOt 11 It ATAR(29,11) _ B2(291t LOSE2052 ,

X BETA( 10t II ), BH(32I, BLAOE(29) , BT(32|t LOSE2053 :_
X CO(IO,II l, CP(32tt1}t CPCr_(61 , CR(32,11l , LOSE205_ ._
X CSLOPE( I0, Ill, CU2(11), CU(32,111 t C UC(I(29,5 ), LOSE_.OS5 :.

X CX(32,II l, CXM(IOt 11), CXNEW(IO,111, CXRATO( 29 l, LOSE205_ ._
X CXS(tO, 11), OAf 10|, DELM(11), DEPV( I0,11J, LOSE205T i_

X DF(20 J, L)FACT(29t 11J, DFL(291, DFLt'IW(321 _ LOSE205q _
X EMACH(2q,[I), FOUND(2C,3,1OI, FRDEL(ZO,II)_ GAMMA(3;C,111, LOSE205g

i X HMN(291, HUB(_ 21, IKK( 10l , MACH( 2q ,1].l, LOSE2O60
X OBAR[ 29,11), PO(32tIXl, R132t11)9 fRCURVE (IO t111 t LOSE_061 _
X RH(321, RH0(32,11l, RINT(111, ROSTAG(IlI, LOSE2062!

'_' X RS(32), RSLOPE( I0,I lJ, RTRAIL(111, SOC0(29,5), LOSE2063
X SOLIDI29tII_t _SSC0(29t5l, TERMI(IOtI[le TFRMA(lll _ LOSE2O6(_
X TERMB(11), TERMC(11), TIP(__2), TITLE(IZI, LOSE2065

I X T0(32,11), TSTAT(ILIt U(32,11), W(11|t 1.0SE?066• X X(321 LC,SE 2067
COMMON /SCALER/ A_ AAt AIOAOt A202AOt A303AOt A404AOt LOSE2068

I X ASOSa(J, B, _B, CC, CM, CMEAN, CMEA; t COINTG, LOSE_.O6g "_
X CPI2t CPI3, CPI4, CPIS, CPi6t CP{12t CP03, CPQ4, LOS E207'3

X CPOSt DAMP, DCP, DD, DIFCF, DTt DUMMYt ERASI, LOSE20?I
X G, GASK_ GJ, GR, GR2, JtIULE, MAPR, MOLEWT _ LOSE2072 _

I X POCO_ ¢, _PM, TCP, TERMD, TESTBH, TESTDSt TESTMS, L('ISE2OT3X TOCO, TOL, TOLAT, TOLB2, TGLMIN, T_ILMS, TOLTIP_ TOLCP, LOSE_.OT_
X Tt3LCX, TOLR, TCTINT, TOTPR, V, VMI LOSEZOT5

I COMMON IINTEGRI I, IB, IBI, IDUMP, IERROR, IFIRST, LOSE_OT$
X IG, ICUTTR, IPASS, IS, IT, J, JINt JJ, LOSE207?
X JM, JMI, K, K1, KK_ L_ t IMIT, LSTAGE_ LOSE 2078
X MSTAGE, I_LINES, NIUBES, NX_ NIl, YES LOSE2OTg

t EQUIVALENCE (ATAR( I, I },ATAS(I_ _) |, (FLCIW(I l,DFLOWIII I LOSE2083LOSE208t
FIRST= 1 LOSE 208_

10 FIRST= F[RST_-I LOSE_OB_J

I IF (DF(FIRSTI,LT.ARG,AND.FIRST.LT,20I GO TO 10 LOSE208_JJ=l LOSE:?OS=_
IF (PERHT,GT,O,5I JJ=3 LOSE2085

DEL = (ARG-DF (F IRST-11 I / (DF(F IRST I-DF(F IRST-1 | I LOSF2087FCI],=( (FOUND(FIRST_2_TYPEI-FOUND(FIRST-I_2,TYPEIISDELI LOSE2088
X IRST-I_2 _TYPEI _ LOSE2089

FCT2=((FOUND(FIRST_JJ,TYPEI-FUUND(FIRST-1,JJtTYPE) |_DEL) LOSE2OqO

l }
' X (F IRST-I, JJ_TYPE | LOSE209I :::_

DEL = FCT2-FCTI LOSE209_
; IF (ABS(DELI,(JT°C,OU).I GO TO 20 LOSE?091

',,,| LOSE= FOrt _ -- LOSE209_
:.:'._ RETURN LOS¢.2095
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LCSE. - EFN SOURCE STATEMENT - IFN(S) - L1107167 I

2U RAD= O°5*SQRTIDEL**2 +O.16)ISINlATAN12.5*DELI) LOSF2Ogh

LOSE=RETuRNFCTI +RAD*(L°O -COS(ATANIAgS(PERHT -0,,51 /RAP)l) LIISF?o99LOSE20_?]
END LOSE?09_

]

1
1
!
!

'iI,
i

]
!
!

!

aim m _ '

1968028585-091



" i

:i

• . .m................... rI

IIIf}?167

'_.]VE. - EFN SUURCE STATEMENT - IFN(S) -

SUERCUTINE MOVE MOVE24"_]
MOVF.2431

C **_ CAUSF:S THE RELOCATION OF THE STREAMLINFS BASED ON '0VF2432

C FR_CTI[!NAL MASS FLOW. (STREAM MUST BE CALLED FIRST) MOVEP433
MnVE24_

DOUBLE PRECISION IITLE Mr]V_?435
REAL ,_IACFt MAPR, MOLFWT, JO'JLE M_VE24_6
DIMENSION ArAS(Z9_II), FE[l_(32I MOVE2437

LOGICAL IERRf.)R,YES MDVC243B

COMMCN /_TRIX/ ALPHA(IO, II D, ATAR(?g,II), B2(Sg), MOVe24_ .-
X BETA{IO,11), ffHI32), BLADE( JgI, l_T(32I, MC]VE2443

X CC(IL),I] I, CP(32,1Ll, CPCO(6), CP(32,111 , MOVE244|
X CSLOPE( IO, 11), CU2'.II) , CU(32,111 , CUCC(29,SI, MOVF2442

_-,41X CX(32,11), CXM( I0, 11), CXNEW(IO,II ), CXRATO(29|, MOVF )"
;(CXS{IO, II), DA(IOI, DELM(III, DFPVIIO,II), MOVE?44_
X DFIZnl, DFACT{2g, 11|, DFLi2q), DFLOW{321, _rIVE?445

X EMACH(29,11), FOUNDIZO,3tIO), FRDEL(IO, II), GAMMA(32,11), MOVF7446
X HMN(Z'_}, HUB(32), IKK(IOI, MAC.4(29,11), '40V_2447

-_' MOV E244._:., X O_.AR{29, If), P0(32,11), R(32,]1), RCURVE(IO,ll) ,
X RH(32), RHO(32, ll), RINT(11|, RASTAG(11), M{_]VE2449

; X RS(32), RSLOP_(IO,11), RIRAIt (III, SOCn{29,5}, MOVE2453 :
_' X SOLIO(29,11), SSC(J(29, _.), TERMI{IO,II), TERMAIlI!, 40VE2451

X TERMB(III, TERMC(III, TIP(_2I, TITl.E(12) , '40V_2452

,_. X T0(32,11), TSTAI('LI}, U{32,11), W(11}, _I0VE2453
'_ X X(32} M_VE 245t*
C_,_ A202AOt AXO:_AO, A40'_AO, MOVF2455_" COMMCN /SEALER/ A, AA, A lrlAO, -._
_;' CM, C_EAN, C _EANP, COINTG, MOVF2455
_.. '. X A5U5AO, B, Bb, CC,

_ X CPI2, CPI3, CPI4, CPIS, CPIB, CO02, CP03, CO04, MOVE2457
_G:_ X CP05, DAMP, DCP, DD, I-_!FC¥, I')T, DUMMY, ERAS/, MOVF245_.

_;'_':L X G, GASK, OJ,- (,R, C,R2, JOULE, MAPR, MG__EWT, MF)VE2459

;_- I' X P(]CO, Q, RPM, TCP, TERM{), rESTF,H, TESTDS, TEST:,_S, MOVE2463 "
:_-- X T(]CO, Tt]L, TOLAT, TULB2, TOLMIN, TE]LuS, TOLTIP, TOLCP_ _,0VE2461

._ X TULCX, TOLR, TCTINT, TOTPR, V, VMI MOVE2462

"_ i COMMON /INTEGR/ I, IB, IBl, II,UMP, IERROR, IFIRST, MOVE2461X IG, ICUrTR, IPASS, IS, IT, J, JIN, JJ, MOVE2464
MOVE2465

_!.. X JM, JMl, K, KI, KK, L, LIMIT, LSTAGE,
__ , X MSTAGF, EI.INES, NTUBES, NX, NXI, YES MPV_?466

_- I EQUIVALENCE (ATAR(I, II,AI_,S(!,III, (FLO'_(1),DFLOW(I)I MOVE?_6._MOVES46?

_ TER;4C, ,|=0.0 MOVE?46_

;_; J TERMC( NLINES I=l,O MOVE2470TERMA([I= R( I,ll MOVE2471
_ TFRMA( '_L[kES J= R(I,NLINES) MOVE 247"/_

;_. z TERMB([I=CX._([ ,I) MOVE247)

_ I TERMS( NL I_ES )=CXM(L, KL INES ) MOVF247_DO 350 J.--2,NTUBES MOVE2475

_ TERMA(JI= R( I,JI MOVE247_
_ ] TERMB(J|=CXM{t,J I MOVE2477
.;_;_ | TERMC(J|= TERMCIJ-I) +EAIJ-I_/TOTINT MOVE_47q i/--_'

I C *** CHECK THE MASS FLOw BETWEEN EACH STREAMLINE MOV__?47.._

IF (ABS(TFR'4CiJ) -DELMIJ)I.BT. O.U(JSI YES= .IRUF. MOVE?4R3
350 GONT INUE MOVE: _ql

MOVF2487.
• C **= CALC,JLATE STRFAPLINE RADII TO GIVF SoECIFIED MASS FLOW MOVE248_

-- I C FR_CTIUN THROUGI_ [:ACH STREAMTUBE MOVE?48_

• !
{ !
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_._,.,,_,._^ "_;_,_._,_C_,_--_,,_,_=:J--_,_r*,_" ,_ " _--:_n '_=__ _ " "_"-_--_-_:=:_ ii'_--_"_-_='_'_"_ _L_"

REPRODUCIBILITY- OF THE ORIGINAL PAGE ,,-,.--.__- _
#

- _ ....._ ,._-_", ......._, -- . _,_w.w..,........._.,,_._ ......

11102161 ]- '_(JVF.. - EFN SUU_CF, STATEMFNT - [FN(_) -

MOVE_4q5
•: DO 505 J=2, N'|UBES _[)VF. 2485 "_

CALL SLINFIDEEM(JI,IE£MC_IERMA,NLINES,RTRAILIJII MOVF.26_7 -_
504 RTR&[LIJ}=" R(I,JI +(RTRAIL(J) -R([,JI I/DAMP MI"IVF,268q

M[IV,_34q9 -t
l

MNVE2493 _"
C _*_ CALC'JLATE VALUES L_F CX &T NEW STREAMLINE RADII _4OVC24q| "_

M,QV_ 24g_.

CALL SL ] NE( _,TRA l L( J ), T Ek,VA, TERM6, NL[ NI:S,DE PV( t_,_J) } MOVE24a_' 1
505 CO_T [NLIF _(]VF?49_ J f

CX( l,I I=C_(_(L, Il_CWE^NP MOVF,24_95

CX|I,NLINES)=CXN(L,NL[NES)*CMEANP MOVE2t*g_ I
DO 510 J=,",NTdSES MClVE_4q7 I

.. CX ( ], J I =OEPq( L, J )'_CNEANP MOVF,?_.99
R( l,Jl=f'TP&lL(JI _OVE 74g9

510 U(l,Jl= R(I,JI_ePFN MOVe-?503 1
RETUt_N MOVE2501 Jl
END _,'IVE2_.07

" 1, i
g " i

• 25

_ ] _

• .|

. i
- .'2 i

i

; l4

! ,

_i! ' B-S4 ;
..... I i

" I - I i
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"REPRODUCIBILITY OF TH E ORIGINAL PAGE IS PO(

11_102167

OUTL. - EFN SGURCE STATEMENT - IFI_ IS) - _

SUBRCUTINE OUTLET OUTL 250"_
']UTL?'_f)_

RE_L _ACI-, MAPR, MF)LEhT 9 JOULE nUTL2_05
DIMENSION ATAS(29, ILl, FLOWf 32) OUTL2505
LOGICAL _ERRORt YES OUTL?507

COMMCN /MATRIX/ ALPHA( TO, 11 ), ATAR {29Ill), B212Q), 9tITL2508
X BETA( I0, 111, BHI 32), FILADE(29) , [_.T( 32 ), r)UTL750_
X COllO,It), CPI32,LII, CPCOIel, CR(32,[II, OUTL2513
X CSLOPE([0,1i), CU2III), CU(32,111, Ct,'CO(Sg,SI, FIUTL2511 ._
X CX(32, tt), CXMIIC,III, CXNEWIIO,III, C XRATOI 27l , c)IITL2512
X CXSIIO, I]), JAI 10), I)EL,tli II, PEPVIIO,III, QUTL2513 "
X DFI 20)_ DFACTI 29, It), DFLI2£I, DFLOaI_2I , (]UTL251_
X EMACH(2_,ILI, FOUNDI2Ot3,1OI, FRDEL(IO,II), GAMMA(32, III, OUTL2515 .::
X HMN(29) , HUB(.321, IKK( IOl, MACH(29,1].), OUTL25t5

X OBAR(29, 11 I, FOI_2,1I), R(32,11), REURVEI tO,Ill, OUTL 2517
X RH(32), RHO(32, 11), RINTI]li, RCSTAG(].l) , OUTI.2513 ./
X RS1321, RSLUPE(IO,It) , R/RAIL(tIT, SOCO(ZQ,S) , OUTL 251g &
X SOLIDI29,11 I, SSCO(2g,5), TERMIIIO,ILI, TERMAIIII , DUTL2523 _
X TFRMBII[ ), TERMC(II), TIP(32I, TITLEIIZI, OUTL252] 7
X TO(3Z,I].), TSIAT(II), U(32,111, W(111 , OUTL2522 "=_--.
X X132I OUTL2523 _.'_
COMMON /SCALER/ A, AA, AIOAO, A2."I2AO, A303AO, A40_,AO, nUTL25?4. :_,

X ASO5AO, e, B_, CC, CI_, CMEAN, C_':FANP, COINTG, ,qUTI.2525 _
X CPI2, CPI3, CP [_*, CPI5, CPIG, CPq2, COP3, CPO_', 'TOTLZ5 ___,

X CP05, CAMP, [)CP, C,D, O.lPCM, D1", DUMMY, ERASI ,_ (3UTL2527 _
X G, GASK, G J, GR, GR2, JOULE, MAPR, MOLEWT _, - ,qUTL252".4 4
X P(JCO, _, RPM, [CP, -TERM{), TESTEH, TESTDS, TESTMS, FIUTL2529 "_
X TOCO, TOL, TOLAT, TOLB2, TQLMIN, TOLMS, T{]LTIP, ToLcp, ouTL2533 ;E
x TCLCX, TOLR, IOTINT, TOTPR, V, VMI OUTL2531
COMMCN III_TEGR/ 1, IB, ]BI, IDUMP, IFRROK, IFIRST, OUTL25_ __

X IG, IOUTTR, IPASS, IS, IT, J, JIN, JJ, .qUTL2533 :..:.
X JM, -JVl, K, KI, KK, L, LIMIT, L.STAGE, qUTL253_ ':_:

X MSTAGE, kLINES, NTUBES, NX, N_I, YES (]LJTL25_5 .i_
EQUIVALENCE (ATAR( 1, I ),ATAS(I, 1) ), (FLOW(II,DFLQW(I)) OUTL253$ _

C _"_' YIFLDS INITIAL FLOW ESTIMATE FOR THE OUTLET QUTLS537 "r._:
OUTL 2538 :_:_

DGU_LE PRECISION 1 ITLE OUTL25_ _.
OUTL?5_3 _

C _,w_,INITIALIZE OUTLET LO0 p OtITL254[ ._i_
r}UTL2542 _'_

K=I �|�qUTL7543 -'-_

CALL AN EXIT OtJTL256f, ;_;_..
DO i0 [=K,NX C)UTL25_,5 ..,_

OUTL254.S ,---
C ,_w_ GET Ir_ITIAL VALUES OF STREAMLINE RADII OUTL25/,7 _-

OUTL 75_ "_-
CALL RSTART OtJTL_.5_9 :_?"
DO 5 J=L,NLINES OtJTL2553 _

- OUTL255t .-:_:
C ,wx,,_SEI FLOW R_flPERTIES AS CONSTANT ALONG STREAMLINE Otlf/2552 "_._.

rlUTLSS53 ._
CP(I _Ji=CF(LSTAGE,J) OUTL255t, _.-_
GAMMA( I,J )=GAN_MA (LSTAGE, J i - OUTL_555 ..-_;::,
CU( I, J I=CU( LSTAGE, J I'I'R (L STAGE, J ) tR (I, J) OUfLZS55 i_:"
TO( I_J )-Tn-(LSTAGE, Jl OUTL_SS7 "'_'_:_

t_

B-55 ,c'_

I nm mn
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'REPRODUCIB.IUTY OF THE ORIGIN.AL PAGE IS'POOR _';7_ -_
,, Jl

Q_ITL. - EFN S(3URC E STATFMFNT - IFNISI - [ t1021_7 !
..J

5 POI ItJI=PI_ILSI,_.CE, J) rltlfl_5$_

C _¢e GET INITIAL ESTIMATE OF AXIAL VELOCITY OUTL2569 (
OIITL2561

IF ILSTAGE.:slE.71 G9 10 e OUTL2567 m

CALL INrST 011TL2553 !GO TO ._ qI.ITL_56_

6 DO 7 J=ttKLINLS OUTL256=j

T CX[ I,J I= L;_[ l-ltJl OIJTL256_ 1

OUYL256T J *
C _ C_iCdL&TE -£i:4_LE RADIAL EQUILIRRIIJ, u, SOLUTION OF FLOW qIJTL?SA._
C COKi3 I T ION S .-gUTL256:_

'3UfL _c57") ]8 CALL STR_H _.lUTL257t

10 CALL MOVE OIJTL257Z
RET URN I]IJT L _573 1
ENL) fltlTl _57_. J

,

" ] :

]

;]
TI :

• 1

1

" _ B-56
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PAGE 170
SUBROUTINE OUTPUT OUT. 2575

OUT. 2576

DIMENSION PNA(29) e PNABf29|, TRA|29)• THAB(29|• TNAEP(291 0UT.2577
OOUBLE PRECISION TITLE OUT. 257B
REAL MACk', HAPR• MOLEWT• JOULE OUT. 25Tq
DIMENSION ATAS( 29, 1_), FLOW(32 | OUT. 2583
LOGICAL [ERROR, YES OUT.2581
CCHHC_I /HAIR[ X/ ALPHA( IO, II)t ATAR (29•1 1) • B2(291, OUT. 2582

X BETA( IO, 11 1, BH(32), 8LAOE129) , BT(321 • OUT. 2583
X CC(IO•ll), CP(32,111, CPCOIbI• CR(32,11), OUT.Z58_' -.r
X CSLOPEI lO, 111, CUZ(11), CUI32,11) , CUCO(Zg •5), OUT. 2585
X CX132•ll l, CXM(1_), 11 l, CXNEk110• 11), CXRATOIZgl • OUT. 2586
X CXS(IO, 11I, OA(IOI, DELHIIII, DEPVI_OtlL)• OUT.ZBBT
X OF(20), DFACT(29,11), DFLI2q), DFLO_I(321, OUT.Z58B _
X EHACH(29,III, FOUND(20•3,10), FROELIIO,III, GAqHA(32•II)• 0UT.2589

i X HMN(29), HUB( 32I, [KKI IOl, MACH(29_11) o OUT. 2593 _'-X OBAR(29,11 |, PO(32•lll, R{32,11), RCURVE(IO,11) • OUT. 2591
jr

X RH(32)• RHO(32t 11), RINT(ll), ROSTAG( 11 ) ," OUT. 2592 3:
t X RS(32), RSLOPE( 10,111 • RTRAIL(II |, SOC0(29•5 ), OUT. 2593

! X SOL ID(2g,I 1), SSCO( 2c),5 |, TERHI (10,11), TEPRA(I 1), _OUT. 259& _
X TERHB(II), _ TERHC(II)• "rIP(321• TITLE(12), 0UTo2595
X T0132,11), TSTAT(III• UI_2•ll), N(lll, 0UT°2596

_ X X(321 OUT. 2597
| COMMON /SCALER/ A, AAe AIOAOt A202AO, A_O3AO, A406AO• OUT.2Sg8

_ XA5OBAO, B, BB• CC• CH, CHEAN, CHEANP, COINTG• OUT°25gg
X CPI2, £PI3, CPI4, CP_5• CPI6t CP02, CP03, CP04• OUT° 2600 :
X CP05, DARP• DCP• OD• OIFCM, DT, DU_IHY, ER&S1, OUT. 2601

_ X G, CASK• GJ• GR• GR2• JOULE• MAPR, NOLEWTt OUT. 2602
_- X POCO, Q, RPM, TCP• TERND• TESTBH• TESTOS• TESTHS• 0UT.2603 :

I X TOCO, IDLy TOLAle TOLB2, TOL_4IN, TOLMS• TOt.TIP, TOLCP, OUT.2bO&X TOLCX, TOLR, _TINTt TOTPRt V, VH[ OUT.26O_ _
._,_ COFtHON /INTEGR/ It IB, [Bl• IDUNP•- [ERROR, IFIRST, OUT.2606 _
r_ [ T• J, J I N, JJ • OUT. 2607_ m X IG, IOUTTR, IPASS, IS, _

_- I JM[ K KI,,_ KK• Lt LIMIT• LSTJ_E• OUT,_2608 "__ X JM, , ,
C. X HSTAGE• M..INES• NTUBES, NX, NXI• YES OUT. 2609 ,..
_:- EQUIVALENCE (ATAR(I, II,ATASIItlIIt (FLOMIIItOFLOW(1) I OUT=_613 :_
;_ _ COHR(3N /VMIN/ VO(291 OUT.2611 ::

| COHHON /ENERGY/ I-', T, GAMHER OUT.Z612 *'"
_:_" -- OUT. 261]
_ THAEP( 5|= THERNI(TC(1, 1| I OUT. 2616 *

I B= TMAEP( 5| OUT. 2&15 _}
• T= TOCO OUT. 26[6 "

':_ IB=I OUT. 2617 _
;_. _ IBl = 2 OUT, 2618 _o
_ NXI= 5 OUT. 2619 _"!i

D0610 J':'l ,NL [ NES, [OUTTR OUTo 2620
RSLOPE(I, J)=O. OUT, 2621 _

I RCURVE ( 1, J)=O. OUT. 2622
_; 610 CALL DER IV (R,RSLOPE, RCURVE• X) OUT. 2623 .__RITE (6,20tt OUT, 262_' :_

_ i 261 FORHAT IlHl) 0UT;2625

I N=O OUT,_2626 "
._ DO .58 I=1•5 OUT,262T _

, DO 58 J=I•NLINES,IOUTTR 0UTo2628 _.
II ObT.26.9 ?m

[] I m
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PAGE 171

OUT. - EFN SOURCE STATEMENT - IFN(S) - ]

C _,4, CALCULATE ABSOLUTE VELOCITY (INLET) 01JT..2630
OUT. 2633

4,_, CALCULATE STATIC TEMPERATURE (INLET) 0UT.2636 |C
OUT. 2635 JI

H= -CXM{ I ,J )_*2/GJ OUT. 2636 --

CALL ENTALP OUT,, 2637 "]
CALL GAM OUT. 263.q
CXNEW! I,J)= TSTAT(J) 0UT.2639 P

OUT. 2640
C _'¢ CALCULATE ABSOLUTE MACH NUMBER (INLET) 0UT.2661

OUT. 2662 J
CXS(ItJ|= CXM{|,JI/SQRT(GR2#GAHMERtTSTAT(J)) OUT,, 2643

OUT. 2666 ]C ,_#,_ CALCULATE ABSOLUTE FLOW ANGLE (INLET) 0UT.2645
OUT. 2666 .

A= SQRTICX( l,J)**2 + CR[ItJ)_2) _- 0UT.2667
ALPHA_ItJ)= ATAN(CU(I,J)/A)_57.2957795 OUT.26_B I _!
RCURVE( I,J|=RCURVE( l,J )/(SORT( 1.4-RSLOPE(i ,J)*_'21_31 OUT._66? J _
RSLOPE( I. J) =ATAN(RSLOPE(l,J) )*57.2_57795 OUT. 2650

58 CONTINUE OUT. 2651 _

DO 71 ][=1,5 0UT.2652 ]._-
IF (i.GE.B) GO TC 66 _ 0UT.2653 ,

OUT. 2656
C _ PRINT INLET DATA 0UT,,2655 i

OUT. 2656 J
klRITE (6t61| i 0UT.2657

OUT. 2658 _Ji
61. FORMAT(lHO/IOX18H--_STATION NUHBER 13,5H -_- //BX7OHS. L. STREAMLOUTo2659 ]X|NE ABS. NACH ABS. VEL. AXIAL VEL. RADIAL VEL. ttX 0UT°2660

X39HSTREAMLINE STREAML[NE FLOkl ANGLE/BX2THNO. RADIUS (IN.) 0UT.2661

X NUMBER 6XBHiFT/SEC) 6XBH(FI/SEC)5X8H(FT/SEC) 5X12HSLOPE (DEGS) 0UT.2662 1 _X 6XgHCURVATURE SX 9H(OEGREES) / 96X 5HI/IN. /) 0UT.2663 .,!. _-
OUT. 266tt

GO TO 265 0UT,,2665

OUT. 2666 _:_C .I,,i, PR|NT iNLET GUIDE VANE EXIT DATA 0UT°2667
OUT. 2668

66 NRITE (6,2661 I 0UT.2669 _'1
OUT. 2670 ]i

266 FORMAl" (II.,O/lOX18H .... STATION NUMBER I3,31H .... (INLET GUIDE VAOUT.2671
XNE EXITI /15XTOHS.L. STREAMLINE ABS. MACH ABS. VEL. AX|AOUT.2672 ,¢a

XL VEL. RADIAL VEL. 6X3EHSTREAMLINE STREAMLINE FLOW ANGLE IOUT.2673
._ 5X27HNO. RADIUS (IN.I NUMBER bXBH(FTISEC) 6XBH(FT/SEC) 5X8H(FTOUT.2676 I

X/SEC)SXI2HSLOPE (OEG) 6XgHCURVATURE-5X9H(OEGREES_ / q6X 5HI/IN.l) 0UT.2675
OUT, 2676 I

DO 67 J-ItNLINES,IGUTTR 0UT,2677 .!i
CALL . GAM OUT,267S
ERAS1= GR24'GAMMER'_TSTAT(J) OUT. 2679

OUT. 2680 :1C _ COMPUTE RELATIVE VELOCITY (FIRST ROTOR ENTRANCE) OUT.26B|
OUT, 2682

CO{5,Jt = CXiB,J)**2 + (CU(5tJ)-U(5_J))**2 • CRiBtJ)**2 0UT. 2683 ,i
CO(5,J )*S_T(CO( 5_JI ) OUT. 2686 |

OUT, 2685

! •B-58

, maq,, I mm!l
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C '_** COPPUTE RELATIVE MACH NUMBER (FIRST ROTOR ENTRANCE) 0UT,2686 '_;-
OUT. 2687 -._-

k'_ETE (6,68) J,R(I_JItCXS(|tJ) tCXH(ItJItCX(ItJItCR(ItJ)t OUT.26BB
X RSLOPE(I,J)vRCURVEII,JItALPHA(I_J) 0UT.268:) _

67 CXS(S,J)= CO(5,JI/SORT(ERASI) OUT.2bqO
I_RITE (6,2'72! OUT. 2691 /_

OUT. 2692 _-_
272 FORMAT (110 ¢XtSFS.L. STREAMLINE3XltHTOTAL PRES. 3XIIHTOTAL TEHP. OUT.2693 "_

X 3X gHREL. VEL.3XIOHHHiRL VEL. 6X8HRELAT[VE 7X 9HRFL. FLOW 6X OUT.26q& .....
X 11HHHEEL SPEED / 5X2qHNOo RADIUS (IN.) (LB/SO IN.) ttXOH(DEGREES_OUT.2695
X _X 8H(FT/SEC) 5X8H(FT/SEC) 7X 8HHACH NO° 'TX 9HANG.(OEG) 6X 0UT.2695 ,r
X 8HI FT/SEC) ) OUT. 2697 :

OUT. 2698 _:
DO 273 J=ttNLINESt[OUTTR OUT.26q9 ":_

OUT. 2.7703 ._

C ,_v4, CALCULATE RELATIVE FLOH ANGLE INTO THE FIRST ROTOR OUT.2"701 y-:,
OUT. 2.707. _:

.72 BETA(2tJ I=ATAN((U( 5,J )-CU( 5, J) )/SQRTICX(5, J) **2 tJ )_'2 ) ) OUT. 2703
X t5.7.2957.79 5 OUT. 2.7D_

ZT3 HRITE 16t2761 JtRI|IJI,POIS, J)vTOIStJ)oCO(5,J) , CUfS,JI;t 0UT.2705 ;
X CXS(5,J ) ,BETA( 2,J ),U( 5, J) OUT. 2705

OUT. 2707 _
2.76 FORMAT (17, FXX.6_FI4.2,3F13.2_F|5.3t2F15.3) 0UTo2'708 _

OUT.270q _
68 FORMAT ([7, FL1.6,FI3.3,2FI4. Z,F14.6,F14.2,FIIt. 5,F15.1) OUT. 2.71D :_

OUT. 2'711
_ -GO .TU 71 0UT.2712 ;_
_: 265 00 69 J=I, NLINES, IOUTTR 0UT.2'713

_ 69 HRITE (6,68) J,R(I,J),CXS(I,J),CXt4(ItJ),CX(I,J)tCR(|tJ), OUT.271_t ;_
X RSLOPE( I_J ),RCURVE(I,J),ALPHA( ItJI 0UT.2715 ?

_ klRITE (6,2'711 OUT. 2.716
_ 00 269 J=I, NLINES,|OUTTR 0UT.271'7 _'

269 _RIIrE 16,2.70) JtRII,JI,PCII,JI,TO(I,J) 0UT.2718 _
: OUT. 2.719 _

270 FORMAT (I.TtFI1.6,F_6.2,F13.2) OUT.27ZO _

_:_ _ • OU_". 2721 ._.
.. 271 FOI_MAT (11"0 6X63HS.L. STREAMLINE TOTAL PRES. TOTAL TEMP. / 5X _UT.2722 _"
,:. X42HNO. RADIUS ([N.) (LBISQ IN.) (DEGREES) I ) 0UT.2.723 _

OUT. 272_

"71 CONTINUE OUT. 2'725 -_,
IF (L[M[T,E_,O) HRITE (6t2501 0U/.2725 _,

250 FORMAT (/i/// 61X 37HITERATION ON LOADING 14AS TAKING PLACE ) 0UT.2727 :_
-_ OUT. 272B _,

C *** [NIT|AL[ZE MASS AVERAGE ROUTINE 0UT.2729 ,_
OUT. 2.73;)

TMAIS)=I.0 OUT. 27_1 _"
PMA(5)=I.O OUT. 2732
00 100 IS=6,LS_TAGE,2 0UT.273_

OUT. 2.73_ _
C _a,t_ SET INOICES FOR DERIVATIVE ROUTINE OUT.27_5 _'_-"

_"" OUT. 2736 _
18=1S-1 OUT. 273'7 _'
IBI= IS OUT. 2738 :_"

-_ _ NXI= IS �Œ�OUT.2739
N=N_I OUT, 2740

:.... -OUT, 2741 ._"
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OUT. - EFN SOURCE STATEMENT - [FN(S) - "_
DEPV(StI)= X(IS)-XKIS-I) OUT.Z74t, J
DEPV(5,2)= X(IS )0UT.2745

OUT. 27&6
" _* CALCULATE ROTOR HUB AND STATOR HUB RAMP ANGLE 0UT.2747 ]OUT. 2748

ALPHA(3_I)= ATAN((RH(IS)-RH(IS-1))/DF. PV(Stl))*57.2957795 OUT.27&9
ALPHA(6,1)= ATAN(IRH(IS+[I-RH(IS))IDEPV(5,2))*57.2957795 0UT.2753 "_

OUT. ?.751 J ,,,
*** CALCULATE ROTOR TIP AND STATOR TIP RAMP ANGLE 0UT.2752

OUT. ?_753 1
ALPHA(3,2|= ATANIIRSIISI-RS(IS-1)I/DEPV(S,I))_'S7.2957795 0UT.2754 |
ALPHA(4,2)= ATAN((RS(IS+II-RS(IS) )/DEPV(5,2))*57.2957795 0UT.2755 J

IX= IS �1OUT. 2756
DO 35 JJ=IS,IX 0UT.2757 1
DO 10 J=I,NLINES 0UT,2758 J
TERMB(J)=TO(JJtJ ) OUT. 2759

OUT. 2760 1
*_-_ CALCULATE THEORETICAL TEMPERATURE RISE 0UT.276[ J

OUT. 2762 I

CALL THERM2IPO(JJ,J)/POCO , TERMB(J) t518.688) OUT. 2763
TERMB(JI= TERMB(J)/518.688 OUT. 2764 ;_'_

OUT. 276._
_'** COMPUTE MASS FLOH RATE PER STREAMLINE 0UT.2766

OUT. 2767
10 DEPVIQtJ)= RHOIJJtJI*CXIJJtJI_RIJJ,JI 0UT.2768

L=9 OUT. 2769 J

I=JJ OUT. 2 TTO
OUT. 2771 I

* *_"_ INTEGRATE MASS FLON RATEr RESULT IN RINT 0UT.2772 ]
OUT. 277)

CALL INTEb_DEPVt2) 0UT.2774
SUM= RINT(NLINES)-RINT(I) 0UT,2775
DO 20 J=I,NLINES 0UT,2776 31

20 DEPVI8vJI= (TERRBIJI-I.I'I'OEPV(9,J| 0UT.2777
L=8 OUT. 2778 i
CALL [NTEG(DEPV,2| OUT. 2779 .J,
V=k[NT (NL[NES)-R [NT( 1 ) OUT, 2780

OUT. 2781
*4r_ CALCULATE MASS AVERAGED TEMPERATURE AND PRESSURE 0UT.2782 W

OUT. 2783 _
TMA(JJ)= IV/SUM 18.6880UT°2784
PMA( JJ )=EXP ( ( THERM3( TMA( JJ ) ) -COl NTG)/OGP| OUT. 2785
DO 30 J=I,NLINES 0UT.2786 !

.30 OEPV(8_J)= (TO(JJ, J)ISIS°688-1.)_DEPV(9,J) 0UT.2787
GALL INTEG(DEPV_,2: 0UT.2788
V=R[NT (NL INES I-R [NT( 1 ) 0UT°2789
TMA(JJ)= (V/SUM+I,I*SI8,688/TOIItI) OUT° 2790 II

OUT, 2791
C *_ CQNPUTE MaSS AVERAGED EFFICIENCY 0UT°2792 .t

OUT ° 2793 !TMAEP(JJ),, THERNIITMA(JJI4'TOCOI OUT. 2794
35 CONTINUE OUT. 27q5

. OUT_ 2796 'l
C ,I,,q, DETERMINE MASS _IVERAGE TEMPERATURES ANO PRESSURES 0UT,2797 !1
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UUT. - EFN SOURCE STATEMENT - IFNISI -

OUT. 279_
TMAB( [ S|=THA( IS|/TMA( IS-1I OUT. 27qq ':
TMAB( I S �€�I=TMA(l S+ L I/TMA( I S- 1) OUT. 2800 +'
PMAB( I S)=PMA[ IS|/PMA( IS-I ) 0UT.2801
AA= THAI IS)_'TOII,I) 0UT,2802
BB= AA 0UT,2803 :'
CC= TMA(IS_-II*TOII,I) our,280$ ..
rJO= CC 0UT,2805

OUT,,2_06
C *_ YIELDS THEORETICAL TEMPERATURE RISE 0UT.2807

CUT. 2808 :-
CALL THERM2(PMA( IS l,AAtTO( 11 I) ) (It)T,2809 J
CALL THERM2(PMA( IS)IPMA( IS-I ),B8, TMA(IS-If*TO(I,)) ) 0UT.2813
CALL THERV2IPMA(IS C,IOII,I)) 0UT.2811
CALL THERV2(PMA(IS MA(IS-I)_DD,TMA(IS-I|*TOCO)0UT.2812 _"

OUT. 2813 -_
C ww:,, OVERALL MASS AVERAGE ROTOR EFFICIENCY 0UT.281_ :_

i OUT 2815
• _

CXS(6, 11= ( THERN 1( AA)-TMAEP(5) )/( TMAEP( ! S)-t ,_AEP(5 ) ) OUT. 2810 !_
PMA8(I S )=PMA( IS+ll/PM&( I S-1) OUT. 2817

OUT. 2818

i C _=_k_MASS AVERAGE ROTOR EFFICIENCY 0UT.2819 • .OUT. 282O

CX$(6, 2I=(THERMI (BBI-TMAEP( [ S-1 ) ) I(TMAEP( [ S)-TMAEP (I S-1l ) 0UT.2821 i_
I 0UT.2822C ,4,,I, OVERALL MASS AVERAGE STAGE EFFICIENCY 0UT;2823

OUT. 282_

I CXS( Tt II=ITHERMIICCI-TMAEP(5|)/(TMAEP( [S_ II-TNAEP( 51 ) 0UT,2825
OUT. 2826

C w_t, MASS AVERAGE STALE EFFICIENCY 0UT.2827
OUT. 2828

I *CXS(7, 2)=(THERMi(DD)-TMAEPI I S-1) )/(TMAEP(I S_I)-TMAEP(I S-1) ) OUT. 282900 _0 J=t,NLINES OUT°283D
FRCEL(ltJI = THERVI(TO(IS-ItJ)) 0UT.2831
FRDEL(2tJ)= THERMI(TO(IStJ)) 0UT.2832

FRDEL( )= TFERMI(TC(IS,I,JII 0UT,2833
3_J

TERMD=TO(IS t J) OUT. 2836
TERMAI l)=TO( IS,J ) OUT. 2_35

I CALL THERIV2(PO(IS,J)IPO(IS-ltJ)tTERMO,TO(IS-1,J)) 0UT,2836" 0UT.2831
C **_, YIELDS THEORETICAL TEMPERATURE RISE 0UT,2838

OUT. 2839

I CALL THERM2IPO(IS*ltJ!/PQ(IS-ItJ) TERMA(II,TO(IS-I,J)) OUT°28#O
t

0UT.2861
C _,ww DETERMINE ROTOR AND STAGE EFFICIENCY 0UT,28_2

I OUT. 2843ATARIIStJ)= (THERMI(TERMOI-FRDEL(ItJ)I/IFROELI2tJI-FROEL(ItJI) 0UT.284_
ATAS( IS -€�ˆ�t=(THERMI(TERNA(I))-FRDEL(1,J))I(FRDEL(3,J)-FRDEL(ItJ) ) 0UT.28_5

OUT. 2846

C _',l,,k COMPUI'E ABSOLUTE VELOCITY (ROTOR EXIT) OUT,28_TOUT. 2868
CXM( 1_ J)=SQRI"(CX ( I St JI **2 ��Œ�IStJ |$'I,2 StJ)**2| OUT, 2869

0UT,28S3:': C _=# CALCULATE ROt"OR STATIC TEI_PERAIURE 0UT,2851.
OUT, ?.852

H= -CXM( l_J 1*_2/GJ 0UT.2853
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CALL ENTALP OUT. 2855 ""
CXNEH(LtJ) = TSTAT(JI -" 0UT.2856 .__
CALL GAM OUT. 2857
ERASI= GR2_GAPMER'I, TSTAT(J) OUT. 2858 ,_

CO(8,J)= POIIS,JI*EXPI(THERM3ITSTATIJII-THERM3IT)I/OCP| OUT. 2859
OUT. 2860

C ,4,_, CALCULATE ROTOR RELATIVE VELOCITY 0UT.286!
OUT. 2862 7

CO(StJI= CXIIStJ)_*2 * ICUIIStJI-UIIS_JII**2 �CRIIStJ)**20UT°2863 _ f
CO(StJ )=SORT(CO( 5,J| I OUT. 286#

OUT. 2865
_'** CALCULATE STATOR RELATIVE VELOCITY 0UT.2866 |C

OUT. 2867 .t

CO(6tJ I= CX( IS � �€�|_*2+(CU([ S+I,J )-U( IS+I_ J) I**2 tJ l_2 OUT. 2868
CO(6,J |=SGRT(CO(6_J) ) OUT° 2869 1

OUT. 2870 J
C *_* CALCULATE ROTOR RELATIVE MACH NUMBER OUT.2871

OUT°2872
CXS(ItJI= CO(5_ J)/SORT(ERAS1) OUT. 2873 1

OUT.287_ J •
C *** GET A*/S (ROTOR) 0UT°2875

OUT. 2875 ]IF (EHACH([StJIoLToloO) EHACH([S_J)=[.O _ 0UT°2877
A= GAMMA(IS-ltJ)
BETA(2,JI= BETA(2,J)/5"i.29578
EHACH(iStJ)= COS(BETAI2iJ|I/((O.5e(A *(-O.5*IA_I.OIliA-I.O)I

X /HACH(ES,J)*(I.0 _0.5e(A-I.0)_'NACH([S,J)**21**(O. 5*(A (A-1.0.11
X |) • ((Ael;O)_'EMACH([S,JI**2/((A-I.0)_EMACH(IS,J)*_.2

X *_'(A/(A-I°O| ) ]X *((A (2.0*AWEMACH(IS,J)_*2"t�ˆ�-A)I_¢fI.0/(A-I.0)))
BETA(2,J)-, BETA(2, J )*57. 29578
A=S(,IRT(CX(! StJ)_2tCR( [S,J )_'_2) 0UT.2882

OUT. 2883' lC _,_ CALCULATE ABSOLUTE FLOW ANGLE OUT.288t_
OUT. 2885

ALPHA(It J)= ATAN(CU( [S,JIIA)_57.29578 .0UT°2886

r3UT° 2887
C **,1, CALCULATE RELATIVE FLOW ANGLE OUT°2888

OUT° 2889
BETA(1,J)= ATAN((U([StJI -CU(ISvJI)/A)*S7.29578 0UT.2890

0UT.289|
C *_,_, CALCULATE TOTAL TEMPERATURE RATIO (ROTOR| 0UT.2892

0UT.2893
CC(I,J)= TO(IS,JI/TO(IS-I_J) 0UT.289#

OUT. 2895
C ,I,,I,_, CALCULATE TOTAL PRESSURE RATIO (ROTOR| 0UT.2896

OUT. 2897 l!CO(3,J 1= PO(IStJ )lPO(I S-|_J) OUT. 2898
OUT. 2899

C _,_'_ CALCULATE TOTAL TEMPERATURE RATIO (STAIOR) OUT,2qo0
OUT. 2901 _"

CC(2,J)= TO(IS_ItJI/TOIIS,J) 0UT.2902
OUT. 2903

C _'_ CALGULATE TCTAL PRESSURE RATIO (STATOR) OUT,2qo& _J
OUT, 290_ {3
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OUT,, - EFN SOURCE STATEMENT ~ [Fh(S) -

CO(_tJ|-- POIIS)ItJItPOIIS_Jt OUT.290b
C TO AXIAL LENGTH. RESULTS ARE IN RSLOPE AND RCURVE 0UT.2909

OUT. 2913
CALL DERIV (R tRSLOPEv RCURVEt X) OUT, 2q11

0UT,2912
C 4,** CALCULATE ROTOR CURVATURE 0UT,2913

OUT, 291_.

KCURVE (2t J)= RCURVE{ 2, JII( SORT( I, (2 tJ|*'2)*'31 OUT, 2915 _r
OUT, 2916

C wke* CALCULATE SIAIOR CURVATURE OUT.29L7 .I-OUT •2918

RCURVE( 3,dl = RCURVE( 3,J )/( SQRT( I, (3 ,dl *'2 )*'31 OUT, 2919

j OUT. 29 23
C _*'_ CALCULATE ROTOR SLOPE OUT,292Z _;.

OUT, 2922
RSLOPEI2vJi = ATAN( RSLOPE (2 t J I 1.57° 2957795 OUT. 2923 _

I OUT, 2924 :_!C .,t. CALCULATE STATOR SLOPE 0UT.2925 -_._
OUT, 29 2._ ;_;_....

RSLOPE 13, JI = ATAN( RSLOPE (3)d) )*57. 2957795 OUT. 2927 _

J 0UT.2928 ;_
C *_'q' GET A_,/S (SIATOR) 0UT.2929 _..

OUT. 29 33 ._

i IF IEMACH(IS LT.].OIEMACH(ISo'].,)J) = 1.0 0UT.2931 _'_A" GAMMA([SvJ) "_'_'_

ALPHA|It J)= ALPHA(I,J)/5"/.29578 ._<_
EMACH(IS ��¼!œ�COS(ALPHA(ItJ))/I(O°Se(A_I.O|)ttI-O.5_(A+I,0)/(A-_*

1 X 1,0))/MACH( IS)ltJ 1'_( X,O+0.St(A-I,OIeMACH( IS �ˆ�,Jl'l'*2)*,_(O,5*IA+[.O _,X ) / (A-I,0)I *( (A 4,EMACH(I S �1,j )_,2/((A-l. O),EMACH ( I S �1,j)_,,2
X 	´#¼�d�)*(A/(A-I.0)) :,"

I X 4'((A+I.O)/(Z.O*_*EMACH(IS_ltJI**2 $h�Œ�-AII_t(Z.O/(A-I.O))|/!_ALPHA(I,J)= ALPHA(I,J)*57.20578
OUT, 2937 :_

C wk)wwCALCULATE ABSOLUTE VELOCITY (STATORI OUT,293B :!(.

.::_ OUT,, 2939 '_L_CXM(2, d)= SORT( CX( IS �1)J)**2 (4S j )4,,2+CR( I S H�tj)**2 ) OUT, 2q40 "-°
OUT. 29t_1 _,_

-]] C )** CALCULATE STATIC TEMPERATURE (STATOR) 0UTo2962 C';_C_OUT, ?94,3 i_
H= -CXM( 2,J 1,,2t _J 0UT.2966. _

T= TO(IS+ltJ) C)UT.29_5 r_
GALL ENTALP OUT° 296f} _-

CALL GAM OUT. 2967 _
CXNEW( 2t J l= TSTAT( J| OUT, 29_B __
ERAS 1= GR2,I,G-AMMER,I,T STAT ( J ) OUT. 29_9 ?,
CO(9.J I= PO( IS 'EXP( (THERM3(TSTAT( J ) I-THERM3 (T I ) IDCP | OUT, 29S0 ,;.:

OUT. 2951 _,
C _w_ CALCULATE ABSOLUTE MACH NUMBER (STATOR) 0UT,2952 '"_°

OUT. 2953
CXSlZ,J| = CXM(2_ JI/SQRTIERASI) OUT. 295_. _"

- OUT,,,295q <

C *_'* CALCULATE STATOR RELATIVE MACH NUMBER 0UT,2956 k:
' OUT. 2957 .,_

CO(7tJ| = CU(6tJ ) ISGRT(ERAS|) OUT, 2958 :_
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]
OUT • 2959

C *e,_ CALCULATE STATIC PRESSURES 0UT.2960 "t
GUTo2961 .j
OUT • 2962

C .,I,. CALCULATE RELATIVE FLOW ANGLE (STATOR) 0UT.2963
OUT. 2964.

BETA(2tJ|=-ATAN((CUIIS+!,J)-U(IS (�H�¤�•�)ISQRTICXIIS+ItJI*_20UT.2965
X J )#'2) 1"57.2_57795 GUT.2965

OUT. 2967 ¥

C *** CALCULATE ABSOLUTE FLOW ANGLE (STATOR} OUT.29&8
OUT. 2969 "" I

I/SQRTICX(IS+[_ JI**2+CR( IS+I t J 1"_2) _ _JT. 2970

X *57,2957795 0UT,2971 |
40 CONT INUE 0UT.2972

OUT. 2973
C 4,** CONVERT INPUT CATA BACK TO DEGREES rJUT.2974 1

OUT. 2975 J
HNNI IS (�|�)=HRN( 1S C_57795OUT. 2976

OUT • 2977
C *** WRITE STAGE PARAMETERS 0UT•2978 1

OUT • 297:) ,,11
WRITE 16,90) Nt DFLIIS)t HNNIIS+'ltt HMNIISIt OFLIIS+llt VOIISI 0UT•2980

, OUT. 2981 11
50 FORMAT(IH|///-30X67H**#--*_ FINAL FLOW PARAMETERS FOR STAGE NUHBEROUT+2982 J

X 14, 9H _**--4.** //I/45X30H**$ STAGE INPUT PARAMETERS ,4._ /// 24X 0UT•2983
X 24HROTOR TIP D-FACTOR LIMIT F33.4/ 24X48HHUB RELATIVE FLUW ANGLE 0UT•2984
XLIHIT AT THE ROTOR EXIT F9•1 / 24X 33HSTATOR HUB MACH NUMBER LIMITOUT•2985 _
X ([N| F24o61 26X 25HSTATOR HUB D-FACTOR LIMIT F32.4/ 2¢X 31HMAXIMUOUT•2985 .tl
XM liP TANGENTIAL VELOC[TY F26•1 ) 0UT•2987

IF lAND( IDUMPt6I•EQ•O•O| GO TO 53
gRITE (6t ElLt
GO IO 54

53 WRITE 16,fi2l
54 CONT [NUE ]
51 FORMAT (/124X IIH---ROTOR---- 4BX 12H---STATOR--- II/ 1'LX J +

X 8HPRESSURE 3X 16H FLOg ANGLE 3X BHSOLEDITY 23X 5HWHTRL 5X
X 16H FLCW ANGLE 3X 8HSOLIDITY I 11X 7HPROFILE TX _]
X 16H AT THE SHOCK 33X 8hVELOCITY 3X 16H AT THE SHOCK //) .'|

52 FORMAT (//2_X Z[H-OUT•29R9
){--ROTOR--- 6BX 12H---STATOR-''IIItlX8HPRESSURE3X 16HRATlO SUPERSONOUT•2990
XlC 3x.HSOLIOITV2_X_HWHIRL5XZ6HRATtOSUoERSONlC_XBHSOLIOtTVOUT.Z99t_1
X, ZZX7Hr'ROFZLE,.XZ6HTOTOTALTU_NtNG_X BEVELOCZTV_XZ6HTOTOUT.:'9923
XOTAL TURNING //I 0UT•299_

OUT • 2996
WRITE (6,SS) CUCC(ISI[)f _'.-SCOl|St_)t SOCOllSt_)t 0UT,2995

X CUCO(|S COI|SOCOIIS+I,II,0UT.2996 J

X S2( ISI, SSCOI IS,2) , SOCO(ISt2) _ OUT, 2997
X CUCOI 1S x��/à�ˆ�SSCO(! S P) t SOCOI IS ,t OUT. 299B I
X ICUCOI IS,JI, SSCOlIS,Jlt SOCOIIS,JIt 0UT,2999 |
X CUCO( [S+ItJ 1, SSCO( [ 5*1, J I,SOCO(I S J) t J=3,5) OUT. 3000

OUT. 3001

SS FORMATISXIHA:_EIS.6, I,XlHA3EIS.61 C,,UT.'O02 1X 5XIHB3EIS.6, 14X1HB3E15.61 OUT, 3003 '
X 5XIHC_EI_.. 6,14XIHC3E!_. 61 OUT.3004
X 5XlHO3EIS.b,14XIHOSEIS. b/ OUT. 3005 lie
X 5XLHE3EI _.6, 14XIHE3E 15.6t/11 OUT. 3006 |
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OUT. - EFN SOURCE STATEMENT - IFN(S) -

SgCO= Cx(IStJM)/CX(IS-ItJM) OUT..-IO0 c)
A= CX( IS •�À�€�|ICX(IS. JM ) UUT. 301_

Q= (RS(IS) -RH(IS) I/DEPV(5t2! OUT.|OIl

AA= (RS(I S- I )-RH( IS-If )/DEPV (5, I | OUT.)OI2
WRITE (6,561 AA, RH(IS), RS(ISIt ALPHA(3tl) t OUT.3013

X ALPHAI3.2It OEPV(5tI)t FLOW(I$It CXS(6tZlt Q, 0UT.3014
X RH(IS+I)t RS(IS+I)t ALPHAi6,1)t ALPHAI4.2)t DEPV(5,ZIt OUT. 3OI5
X FLOW(IS+lit CXSITtZIt SQCOv BHIIS|t BT(ISIt OUT.3016
X PMAB( IS|, TMAB( ISI. PMAIISI, TMAIISIt CXSl6tI)t OUT.3OXT -'--
X A, BH(IS+I)t BT{IS+[)t PMAB(IS+XIt TMAB(IS+IIt our. 30I_
X PMA( IS+L 1, TMA(IS+II, CXS(T, II OUt. 3019

OUT. _0;._
56 FORMAT (12X33HASPECT GEOMEIR|C HUB GEOMETRIC 5X 8HHUB RA.4P 5X OUT,3021

X 8HTIP RAMP 6X39HAXIAL LENGTH MASS FLOW MASS AVE, / IZX OUT,._022
C

X 6IHRATIO RADIUS ('.N.I TIP RAO.IIN. I ANGLE (DEG! ANGLE (DEG) 0UT.3023
) X 6X 5HIIN.16X26H(LB/SEC) ADIABATIC EFF. I/ 9H -ROInR-- FB.3t OUT.302_

X FI3°_tF14._,tFI3,.3,F].6.3tFI3.TtFIT°6,FIS°4 // qH -STA:OR- F8.3, 0UT.3025

X FI3.6,FIT. It, FI3.3fFIT.3tF13.TtFI4.#,FIS._ II/ OUT.302SX 75X 2([OHCUMULATIVE #X|. [[H CUMULATIVE / %X IOHVEL. RATIO 2X OIJT.3027
X 37HHUB BLOCKAGE TIP BLOCKAGE MASS AVE. 5X 9HMASS AVE. 3X 0UT.3028
X 3(gHM_SS AVE. 6Xl_ / 9X 11HAT THE HEAN /+X 0UT.3029

RATIC 6X22HTEMP. RATIO PR° RATIO 0UT°3033 ?j-X 6HFACTCJR 8X6HFACTDR 5X 9HPR.

X 5X2THTEMP. RATIO ADIABATIC EFF° ./ gH -ROTOR-- F8.3.FI3.6,F16..,0UT.3031X FI3.TtF16. TtF13.#tF14.4vFIS.6 I/ C)H -SIATOR- FR.3,FI3./_tFI4.#t 0UT.3032
t # X FI3.6,F16.#tFL3.4_.FI4._,.F15.4 Illl 0UT.3033 _

OUT° 3034
WRITE (6,2751 BLADE(ISIt BLADE(IStl) 0UT.3035

I 275 FORMAT (11X 9HLOSS DATA / llX 8HSET USeD // 9H -ROTOR-- 17 // OUT,303T _.

_ X 9H -STAT(]R- IT ) 0UT.3038 --
_:_- OUT. 3039

OUT. 3043
• OUT. )Oi, l

C *** PRINT ROTOR EXIT QUANTITIES 0UT,3042
0UT.3043

' WRITE (6_T I r)UT. 306_
nJUT.')045

.... 57 FORMAT(IHII//61X3bH_* .... ,ww R 0 T O R E X I T ,I,* .... wW_'///ZX4_HS,L.OUT.3060
_. X 5TH STREAMLINE AXIAL VEL, WHIRL VEL, RADIAL VEL, 0UT,3067

X 52NABS. VEL. ABS. MACH ABS. FLOW REL. FLOW /3X31tNC). OUT.306B
X 5RH RADIUS (IN.) (FT/SECI (FT/SECI (FT/SECI OUT.30#9
X 52H(FT/SECI NUMBER ANGLE (OEG) ANGLE (DEG) / ) OUT.3050 *_

OUT. 30S1
DO 60 J=E.NLINES,IOUTTR 0U¥._052 _
WRITE 16t591 J.R(IS.J)tCXiIStJItCU(IS.J).CR(IS_JI,CXM(I.J). 0UT.3053 ":_',

X MACH( IS+|_ J).ALPHAIItJItBETAIItJ) OUT.305_
OUY. 305S _*

59 FORMATIIS_FIX.4, FI3.3.2F16,E.FI#.3tF15.6,2F]._.) I our.)osb _;
our,3osT _-

60 CONT INUE 0UT.3058 "_
WRITE 16.65| OUT. 3059

* OUT.3060 _"
:_*,, 65 FORHAT/IHO/2X6HS.L.63H TOTAL TEMP. TOTAL PRES. ADIABATIC OUT.306_ _'_

:_ X 38HDIFFUSION WHEEL SPEED SOLIDITv 8X 4HA_/S 6X 0UT.3062 _

,-" B-65 L
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OUT. - El-;" SOURCE STATENENT - IFN(S! -
J

_ILHLOSS CCEFFo OUT. 3063
X /3X3HN0,_X 5HRATIO 9X OUTo306t_
X 5HRAT[O6XIOHEFF[CIENCYSX6HFACTOR 7X 8H;FT/SEC} I ) OUT,, 3065 _'__G

OUT. "3066 ._
00 70 J=ltNLINESeIOUTTR OUT. 3067
WRITE {6,66| JtCO(ItJI_CO|3tJI_ATARIISwJItOFACT{|StJItUI[S.JIt 0UT.3068 'IE

X SOLID(IS.J ) t EHACH( ISt JI tOBARI [StJ ) OUT,, "3069 JOUT. 3073
66 FOHHAI" ||StFll._ttF13.Bt2F16./ttF13.2tF15.3tF15°4tF16°41 OUT.3071

OUT. 3072 -1
TO CONTINUE OUT. 3073 J

WRITE (6t28_1 OUT. 307_ "
nUT. 3075

• 128[ _:ORHAT (IHO//ZXBI-S°L.IIOH TOTAL TEMP. TOTAL PRE_. STY| I'C iEMP. OUT,3076
X STATIC PRES. SLOPE CURVATURE REL. VEL. REL. NOUTo3077
XACH /3X3HNO.3X 9HIDEGREESI3XIIH{LBISQ IN.) 4XgHIDEGREES) 5X OUT.3OTB
X IlHILB/SC [N°) 2XgHIDEGREES)9XSHII[NoBX8H(FT/SEC) 7X6HNU_BER /) OUT.3079 'l

OUT. 3C80 J
DO 282 J= it NL INE S, ICUTTR 0UT.3081

282 HRITE 16,2831JtTC(IS,J).PO(IStJ)ICXNEI_(i,JItCO(8,J)tRSLOPE(2.JI, 0UT.3082
X RCURVE(Z,J I,CO(5,JI,CXSI1,J) 0UT.3083 _ -_

OUT. 308t_ ,I

283" FOW,MAT (IS, Fll.2,ZFIBo2,FXS. 2, FIX.2tFIS. 5,Flb._,F13.4) OUT°3085 ;
OUT. 308& 1

C **,_ PRINT STATOR EXIT QUANTITIES 0UT.3087 _
OUT. 3088 _

WRITE 16.75| OUT° 3089 .:

0UT.3093 175 FOkNAT (:lP1///40X38H*_--** S T A T 0 R E X | T _* .... tr_ /// 2X 0UT.3091 _'
X4HS.L.STH STREAMLIHE AXIAL VEL. HHIRL VEL. RADIAL VEL. 0UT.3092

, X 52HABS° VEL. ABS. MACH ABS_. FLOH REL. FLOW /3X3HNO. OUT.3093 I ::
X 581t RADIUS tiN.) (FT/SEC) (FT/SEC) (FT/SEC) OUT.3Og& ]

j X 52H(FT/bECI NUMBER ANGLE (DEC) ANGLE (DEG) / ) 0UT.3095
OUT. 3095

: DO 180 J=ltNLINES,IOUTTR OUT. 3097 _ "
WRITE (_,591 J,RIIS+|,J)tCX(IS+ItJI,CU(IS+I,JI,CR[ [S ¨ <%H�€�OUT.3098_

:_ X CXM(2tJ),CXSI2, J) eALPHA:2tJ),BETA(2tJ) 0UT.3099
_ 80 CONTINUE 0UT.31,03 _ i

_RITE (6,651 OUTo3101L I :_'
DO- a5 J=ItNLINES,IOUTTR _JT.3102

_- klR[TE (_6_66) J,CO(Z_J)tCO(ktJI_ATAS(IS+I_JI,DFAC!(IS+[,JI, 0UT.3103
+ X U( [5,1_ JI.t SOLID ItS+I, JI t EMACH( IS+I_J ) tOBAR([ Sel tJ) OUT. 310t* ]

_ 85 CONTINUE _ OUT.310S _ _-
WRITE (6t 281) OUT. 3106
DO 28_ J=I,NLINEStIOUTTR OUT°3IO7

28_e WRITE 16,2831 JtTOIIS POIISC)_NEHI,._Jltcolg_JI,RSLOPEI3tOUT.3108
i _ XJ |, RCURVE (3, J ) ,CO( 6,Jt ,CO( 7, J ) OUT.3109

"I "_ 100 CONTINUE . OUT.31IIOUT'31tO I• C _'** PRINT OUTLET QUANTITIES 0UT.3112
OUT. 31 t3

:. XRITE (6, liD) OUT.311_

OUT. 3115 I1i0 FqRMAT (I_I_OX#OH_#*--_## OUTLET FLOH PARAMETERS ***--*_'* /I/ 0UT,3116

ii X 13X3HSTATXSHA_'tAL7XqHGEQMETRICSX9HGECMETRIG_XI2HHUB BLOCKAGE 3X OUT.3IlT I

• X 12HTIP BLOCKAC-:. I 13X3HNO.SXIOHCOORDINATEBXIOHHUB RADIUS t,X OUT,3118

, B-66 J
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PAGE 180
X /| OUT. 3123

qUT. 3121

JJ=LSTAGE _ 0UT.3122
DO 12G J=JJtNX 0UT.3123

120 _4RITE (6,1151 JtXIJ))RHIJ)tRSIJI,BH{J|tBT(J) OUT.31Z&
OUT. 3125

115 FORMAT (IOXI5tFIS. 3tFI6.3,FI3.3tFI5.3,FI4.3) 0UT.3126
OUT. 3127

NRITE f6,130) JJ 0UTo3128
OUT. 3129 -

130 FORMAT (IPO//50X14HSIATION NUMBER |Zt I/ 5H S.L.3XIOHSTREAML|NE 6X OUT. 3130
X 10HAXIAL VEL. 3XIOHWHIRL VEL. 4XIIHRADIAL VEL. 6X OHABS. VEL. 5X OUT.3131
X qHABS, _ACH 6XIIHTOTAL TEMP, 3XI1HTOTAL PRES. / 6H NO.6XlIHRADIUSOUT.3132
X IN. 3X 8HIFT/SECI 6XSH(FTISEC) 6XSH(FT/SEC) 6X8H(FTISEC) 7X 0UT.3133

:L X 6HNUMBER TX 9H(DEG.S R! 6XIIHILB/SQ IN.) I) OUT.313&

._ .) 0UT.3135;-v KJ =0 OUT• 3136
_.: 00 160|J=JJtNX OUT.313T
_i_';_ | KJ=KJ �€3138 _.
_:.. J O0 t40 J=ItNLINES 0UT.3139
o_. OUT.31_:)

i C '_'_ CALCULATE ABSOLUTE VELOCITY |OUTLET) 0UT.3161 _
OUT. 3142 -_

CXlU(KJtJ}= SQRT(CX|iJtJ)_2 �CU(IJtJ)_e2�CR(lJtJ)_2|0UT.3163 "
OUT. 31_._ ._

t C *'_* CALCULATE: STATIC TEMPERATURE (OUTLET) 0UT.3145OUT, 316b
H= -CXM(KJe J)t_2/GJ 0UT.3147
T= TO( [Jr JI OUT. 3168

_1 CALL ENTAL P OUT, 31&9CXNEW(KJ t Jl: TSTATIJI OUT.3150
CALL GAM OUT, 3151

_1 ERAS1= GR2_GAMMER_TSTAT( J ) OUT. 3152OUT. 3153
C _'_ CALCULATE ABSOLUTE MACH NUMBER (OUTLET| OtlT,315&

OUT. 3155

I CXS|KJtJ)= CXN(KJt JI/SQRT( ERASI ) OUT. 315616.0 CONT [NUE OUT, 3157
KJ=O OUT. 3158

i DO 150 IJ=JJtNX 0UT.3159 !IF(IJ.GT.JJ| WR[TE (6,160) [J 0UT.3160
KJ'KJ �LOUT.3161 :
DO 150 J=I, NLINES, IOUTIR 0UT.3162 _"

I 150 tIRlTE-16t1651 JtRlIJIJltCXllJtJltCUllJeJltCRlIJtJltCXH(KJtJ|t OUT.31b3X CXSIKJtJI, TOIIJ,JI,POIIJtJ) _ OUT. 316&
OUT, 3165

I 160 FORMAT (IHOSOXI41-STATION NUMBER I411| 0UT,3166 ;.
0UT_3167

165 FORMAT (_[6, FI2,6,FI3.3t2FI6.2, F|3.2,FI6,6,FI6.2tF16.11 0UT.3168 i
0UT.3169

'l IF (AND(IOUMP_2I.NEeO.O) NRITE 17,181 (X(I|tRHIIItBH(iItRSIIIt OUT,3170
! + X BT(II,I'ItNX) 0UT.3171

IS FORMAT ( fiFIO,51 OUT,3IT2 i

._ RETURN OUT, 3173
OUT, 3176. ;

te_ FINISHED AT LAST,.,,... 0UT,3175 ;
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"RE.PRODU.CI.BILITY OF THE ORIGINAL PAGE tS POOR _ _ i
I . .

I lI07167

RAO. - I:FN SOURCE STAI£MFNT - IFNISt - |

SUORCUTi'IE RAOIL, S RADI3I 7_ ._
DOtJF_LE PK[C i S IflN TITLE. qAnI _17_ __
REAL "4ACl-, MAPRp MOLEWT, JOULE P&OI 31_3
DIMENS ION ATAS(2c, lilt l-LOWI32 1 RADI 3lql -.

LOGICAL IERROR, YES rAOI3l_?
COMMCN I_RTRIXI ALPHA( tO, It l, ATAR(?g,I|I t BZ(291, RAOT ]Iq3 ..,

X '3ETA(tO, 11 l, 8H1321, BLADE( Z91, BI(321, RAD1318(*
X CO(tO,Ill, CPI32,11t, CPCIIIIpI, CP132tllt t RA'}I3185 '-;
X CSLOPE( tOt']I), CU2( lit, CUI32,Ilt, CUCO(29,St , RAr)I31 q5 ';
x CX(J2,IIt, EXM( tO,lit, CXNEWIIO,IIt, CXR.'_TOI2ql, RA,)13tq7 -"_,
X Cws(IO,]II, OA( lot, !)EL,'-tl]lt, DEPV(iO,I.L|, CA[ [3Iq._
X DE(20 ), DFA(.1(2_, 11 l, DFL( 2qt, DFLOW( _2t , RADI 31q_ "i
X EMACH(2q,II), FOUND( 20, 3,10) , FRUELIIO,IIt, (;AMMAI32,11t, R6013193
X HMN( 29l , IlUB(32l, IKK( lOt , PACH( 2q ,[-lI, R4DI 3]Q1

: X l/baR(2'_,IL ), P0(32,11), RI32,'II, RC.URVF.(tO,It I, PAT)I'll92 -I
' X RH(321, Rhf.'.'I32, ill, PINT(It), R.nSTAC,(11 t, RADI3193 3

X RS(32 I, RSLUPE(lO,lt), RTRAILIIII, SOCO(29,5) , RAOI 31qt*
i X SOLlO(2q,Ill, SSCG( 2q,5 I,- fERMI(tO,Ill, TER_'.A(IIt , RAD/3195

X fERMi(Ill, -TERM.C( tit, tlPI32t, T ITLEI12t, RAD13195 1
X- fC'132,ltt, TSTAT(II), UI32,ll), WIll), RADI3197 J

- x X1321 R_DI _IO.q

CCFMON /SCALER/ At AA, Al(IAO, AZ.O2AO, A303AO, A404AO, RAD1319_
X ASO5A3, _., F_B, CC, CM, C_IEAN, CMEANP, COINTG, RA013203
X CPI2, CP I_i, CP[4, CPl5, CPi f., CPO2, CP03, C#04, RADI 320t

X CPL)5, r.A:4P, _CP, DD, DIFCM, DT, DUMMY, ERASI_ RADI3202
X G, GASK, GJ, GR, OR2, JOULE, VAPR, MOLEWT, RADI3203 1

:_ X POCO, O, RPM, TCP, TERMD_ TESTBI_, TESTOS, TEST_St RADI_-20(*
_ X TOCO, TOL, IOLAT, TOLB2, TflLMIN, TOLqS, TOLTIP, TOLCP, RADI3ZO _

. X TULCX, IOLR, TUTINT, TOTPR, V, V_[ RAOI320._ 11

CCMMCN IINTEGRI I, I8, 18], IDUMP_ I_RROR, I! IRST_ RAT)l)207 ]
X IG, ICUTTE, IPASS, IS, IT, J, : JIN, J J, RADI 32Gq

X JM, JlVl, K, KI, KK, L, t IMIT, LSTAGE, RADI3209
_ X MSTAG_, kLINES_ NTUBE-_, NX, NXI, YES RADI3213 I-_ EQUIVALENCE (AT_R(I, ti,ATAS (I, It 1, (FLOW( I ),DFLOW(II ) RA'II3211

•{ A= (RS( I) -RH( II )=(RS( II +RH( [It RAr)I'}212
Z CC= RIi(I)_2 +ACBT(1) RA.q[3_13

1AA= RS(I I*'2 -A'gill I) RAf)1321 t*
• BB= R( 1, t )_2 RADI3215
i DO= (CC-AAII(_ I,NLINESI_*2-BB) RADI32]._

AX= RPM _ RAD[3_[7 "_
; DO IUO J=I,qLINFS RADI32I._ ]

RII,J)= SCRTIAA +(}D*lkll,Jl_2-BRt) RAPl3?Ig

100 UII,J)= R(I,JI*AX RA:')I._229
RE TURN RAD [_. Zl _I
END RAL}[32_

!
i I
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,,:_,_"REPRODUCIBILITY,® OF THE ORIGINAL PAGE IS POOR _

i t/07/67
ROTOr. - EFN S[IURCE STATE_FNT - IFI_ISI - "_,?

.,

S.JBEUU TI NL R[ITOU 1 ROT33223

t REAL 'WQRIV R."JT332 ?6 _CGMMCN /SPECAL/ NORM(|4Igr_X2,NOFAIL ROTO3225 ";

COMMON / VC-EOM/ ALHI2ql, &LT(2gl, ALTFR, ROT,137 25 _:
X ASPECI{ 2ql, FPAIH, SAVEA( 291 ROTO32 Z7 ;_

t LUGICAL FPATH
ROT O__2_g

LOGICAL _0 FAIL R,'3TD322) _
ROT3__233

I C _ CCVPUTES RUTOR EXIT GEOWETRY POT_3231 _.ROT3323?
DOUBLE PRECISIUN- TITLE ROTO3233, 'o
KEAL MACt-, M.&PR,, MOLEWT, J{]UL F. ROT.q3_ _,_ _

J "O|MENS 101_ :_.TAS( 2g, 11 ), FLOW{ 321 ROTt13235 _

"O LOGICAL IERROR, YES - R0¥03235 i-_!_
COMMCN /MATRIX/ ALPHAIIO, IL), ATAR{Zg,[I.) , B2{2g}, ROTO'_237 -'_

J X BETA(I,), It I, J_HI 32I, BLAr)EI 2qI, BTI32), Rf)TFI323_ _,_.-X C[)(IO, II ), CP(32,111, CPCO(6I, CR(32,11), Rf')T0323g :_
X CSLUPE( 10, IIf, CU2I Ill, C!lI32,III , CUCC)129,51 , ROT .q3263 ._
X CX132,ll}, CX_( tO, Ill, CXNEW(IO,III, CXRATOI29) , Rf3Tq32_[

X CXSIIO, ]II. OAT tOT, OELM(III, t)EPV(tO,It i, ROTO 32t,2
X OFT201, OFACT(2£,III, DFLI2gl, DFLC-_I(321 _ RC)TII3243 :_..
X EMACHI29,111, FDUNDI20,3,10|, FRDEL(If'),tEI, GAMMAI32,11), ROTC)32_ ::

X HMN(29) , HUB(321, IKKI 10I, MACH(29,IL), Rf.lT_ 37 &.5 _---: X OBAR(29, I/1, P[I(32,11I, R(32,1l|, RCURVF (lO,11I , ROT0324_ :-"
, X RHI32 ), RHO{32,1II, RINTI It), ROSTAG( 11 I, RUT33267 _.

X RS(321, RSLOPEI lO,l].l, RTRAILIIIl, SnCO(2q,5) , R(ITr13268 _

tl X SOLIO(29,11 |, SSCOI 29,5), TERMI(IO,III, TFRMAIIII , ROTO 32t_-)" X TERM-_( II |, TERI_C(1 I| , TIPI 32-|, TITLEII2I, ROTC)3253 -_
X TO{32,III, TSTAT(III, U(32,11I, W(It}, ROTO325t

:._ X X(321 ROTD :3252
CCMMON /SCALER/ A, AA, AIOAO, A2f,)2AO, A303AO, A_O4AO, ROTFI325"_)

'11
X ASOSAO, E_, BB, CC, CM, C:'4EAN, C_EANP, COINTG_ ROT;1325g ;
X CPI2, CPl3, CPI_, CPIS, lPI6, CPO?, CP03, CPO_, ROTO3255
X CP{JS, {)AMP, DCP, DD, DIFCP, DT, DUMMY, ERASI, ROTO325_ '

-'.! X G, CASK, GJ, . GR, (,R2, JOULE, MAPR, MOLEWT_ ROTQ3257
: X POCU, G, RP-N, TCP, TERMr_, TESTBH, TFSTOS, TESTMS, ROTC1325_I

XTGCO, TOl, TCLAT, TfJlB2, TCLMIN, TOLMS, fOLfIP, TCJLCP, POT332_9
X TCLCX, .TIILR, IOTINT, TOTPR, V, VMI ROTO)2_}

COMMON IIkTEGRI I, 114, _ Till, IDUMP, IERRQR, I_:IRST, ROTO_26_ /:_
X IG, ICUTTR, IPASS, IS, IT, J, JIN, JJ, ROT03262

X JM,, JMI, K, KI, KK, L, LIMIT, LST&GE,. ROT(332_3 .?"
X MSTAGE, NLINES, NTiJRES, NX, NK_, YES ROT(I_._ :_

EQUIVALENCE (ATAR(I,I|,ATAS(I,I)), -(FLOWII),DFLC,_W{I)) ROTq3265 _

RnT.'13266
L= 1 ROTCI3267 ._
CAMP: LO0,O ROTC)326B

" IF (LSIAGE,NE,7) GO TO 45 ROT0326:_ ,{
IF (,NUI,FPAIH) GCJTO 2U ROTO327,')

C sw_ _ICK UP ROTOR GLCMETRY ROT[13271
RS-I6 )= RS(5) RC)T{13272 _.:.
DT= (RS(5) -RH(S) )IASPFCTI6) ROTr3327) _,

, X(6l: XlS) +DI ROT.0327_. i-,
: "RH(_)= RHIS) +DT*AMIN|(0,6, O,R_ALH(6)I ROT;33275 ,_

•'_. GO If.) 25 ROfrJ3276 _
:T ["
,! 20 RHI I},_ HUBI II Rf')T_3_.77

• B-8g
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"REPRODUCIBILITY OF THE, ORIGINAL PAGE IS POOR' _-" ""
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11/0_./67 -:

ROTOr,, - EFN S(}URCE STATFMENT - [FN( Si - _J

RS( [l= T [P( I) ROTF}3779

25 CALL RSTART ROTq327_ _
C _'_= i'qITIALIZE rile FIRST RUTOR CALCULATION BY CCMPUTING THE ROTr_3283 -_
C LOADING FReM THE TIP O-FACTOR AND AN A_IAL VELOCITY RATIq qnTQ328[
C OF O._. USE FREE VORTEX ANO AN EFFICIENCY OF 90 PERCENT ROT03?.8? ,,.-.,
C T,1 START ROTF'13283

V= 0.9_'CX(5 tNL li',lE£ ) RI3T."J_?._16
S= SOCO(b,IIlISOCO(6,2) _-1.0) +SOCOIbt31 +SOCO(6,=,I 4-S060(6,51 ROT33285
V."II=$.,)RT(CXIb,NLINfS)*#2 _'(CUIS,NLINFSI -UIS,NLINFS|I=*2I ROTr)32_.5

A= VMI_'(].O -DFL{5)I +(UIStNLINES)-CUI4,NL[NES) -U(4,NLINESI)'#O ROT3328=J
B= 2.0'_(tJ(S,NL INFS) +AW_(.;)/( Cw_- I. O) RCtTq32R9

C= (V=V +U(o,NLINES)_2-A=AI/IL,O-QwwOI ROTO32q3 |
ERAS]= B*E-4,0=C ROT=13291 J

; "- IF (E,{ASI.GE.O.3) GO TO 30 ROTfI32q2

CUIb,NLINES )= 300.0 ROTFI32q3 l_
GO TO _5 ROTO32q¢. J

30 ERASI= SORTIERASII f_Of.q3295
CUI_NLINES)= -6 -ERAS] ROT03295

_-: IF (CU(b_kLINESI.LE.O°O| CUIb,NLINES)= ERAS]. -B ROTn3297
CU(b,NLINES)= CU(6,NLINESI'_O°5 ROTO329FI

35 DT= ((U(6,NL|NESI_'CU'(6_NLINESI-U(5,NLINESI_CU{5,NLINESIII3JICP(]._1ROTO3299

X )l'2,0 '0T33303J= NLINES ROT9330[

TO(6,JI= TOCO +Dr ROTO3]02 '
CALL THERMP ROT03303

DT= O, q,WOT ROT{_330_
CU(&_J)= CtJ(b_JtW_Rib_J_l ROTOr. 305
DO _.0 L=].,NLINES ROT3"_305

TO(6_L)= TO(b_Jl "ROT03307 _]_
CP(6,L) = CP(b,J) ROTD330q- _. i--
GAMMA( .StL )= GAMMA(6tJ| ROTO'430:_

POIb,L|= FL)CJ*{I)TITOCQ +[.OIW_,WIGAMMAI6,III(GAMPA(6,].)-].O)) ROTD3313 t
_0 CU(btL)= CUi6tJ)/R(b_,L| ROT'33311

L= i ROTO__312
CALL IN, ST ROT,r)3313

CALL STREAM ROT0331_
CALL MOVE ROTO3315
GU TC) 50 ROT0331_

C W_,I,,VINITIALIZE SUCCEEDING ROT{JR AS & COPY OF THF LAST ROTO3317

_5 CALL COPY ROT333[.=I
50 A= (R([,NLINE_I-RH(I)II(RS(I)-RH([)) Rorn'_3t9

;_ K= I/2 ROTtl'33 _3 i
C _,,l,ww C."J,4_IE I"F.ETOTAL PRES_;URE PROFILE NORMALIZING FACTOR ROT0332{
C N(ITE. rile EQUATION MUST HAVE THE VALUE OF |,0 AT THE ROTrJ3322
C TIP STREAML INE ROTO'_3_3

NORM(K |= I.OI(CUCO(I_,III(CtJCO(I_2I+A) +CtlCD([_3) ROT03_26
X +(CUCO(I _.) +CUCQ( [_ 5|WWA)WWAI ROT_}3325

RETURN RFITD3325 |
END R{_TO332T

!
!
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RST_P - EFN SOURCE STATFMENT - IF_I(S) - ;_-

"I;

SUBROUT It_E RSTART RST A'_328 _

C _,_,,_CALCULATES EQUAL _REA FSTIMATE OF STREAMLINF POSITION RSTA333") -;_.:_
C _NB dHEEL SPEED RST_333t ;_;:

RSTA3332 ;_*

DOUbLF PRECISION TITLE RSTA3_3_ :_{_.
REAL .,IACk., _APR, MGLEwT, JOULE RSTA33:_e* _
DIMENS hJN ATAS(2_tIII, FLOW(37} RST6=335 _

LOGICAL IERROR, YES RST;.X335 --_f
COMMCN /MATRIX/ ALPHA( I0, It), ATAR(2g,II) _ 62|2"_ }t RSTA_33"t .:;

X BETA[ tO,l/l, 8H{ 32}, BLAI)E(2qt, BT(321, RSTA333;_ -_:_

X CCKIO,II |, CP(?2,II), CPCO(61, CR'3Z,I It, RSTA333c_ -_
; X CSLCPE( tO, ttl, CU2(tII, CU{32,11}, CUCO(2q,5I , RSTA334.3 _"_i_

X CX(32,]1 ), CXMI LO,II|, CXNEWIIG,tII, CXRATO(2nl, RST&334.I ",:_-
X CXS(IO, II}, OAf lU),. DELMlll ), DFPV(lOtl[), R_TA3342 _4_
X DF(20), OFACT{29,11), DFL(?9I, DFLOW(321, RSTA3341 ._:i_._
X EPACH(ZD,tl), FOUND{20,3,10I, FROELIIO,III_ GAMMA[32,Ill, RSTA33_6 '!._-

X HMK(29), HUB(321, IKKI IO), MACH{29,II ), RSTA_345 ._[_
X UBAR( 29,11 |, P0(32,]1l, RI32,]1), RCURVE (TO,It) , RSTA3345 ...
X RH{ 3;_l, RHO(32, 11), RINTIII), P(ISTAG( It ), RSTA3347 :o
X RS(321, RSLOPE( lO,lll, RTRAILItl l, SOCO(2q,5) _ RST&3348 :_

_- X S_LID{20,ll l, SSCt}(29,5), TERMI{IO,III, TERMA(111 _ RSTA33_, .Q _
: X TERM8( It l, TERMC{ Ill, TIP{321, f ITLF(12) , RST _335,_ :L

X Tb(32,L_ l, -TSTATIlII, UI32,It}, kltl), RSTA3351
X X(32l RST A_3_;? :c

• COf_MON /SCALER/ A, AA, AIDAO, A202AO, A303AO, A404AOt RSTA3353 G--
:_ X A505AO, B, LIB, CC, CM, CMEAN_ CMEANP, COINTG, RSTA335(_ _,

CPI5, CPI6, CP02, C PC13, CP04, RSTA3355 __X CPI2, CPI3, CPI_,

..; X CP05, DA._P, DCP, DD, DIFC_', DT, DUMMY_ ERAS!, RSTA3355
:.._ X G_ GASK, " GJ, GR, GR2, JOULE, MAPR, MOLEWT, RSTA3357 .4_

X P['CO, C, RPM, TCP, IERMD, TFSTBH, TESTDS, TESTMS, RST&335q
X TOCO, TOL, TOLAT, TOLB2, TOLMIN, TOLMS, Tr?.LTIP_ TOl.CP_ RSTA335_ .,.

i X TGLCX, TOLR, TOTINT, IUTPR, V, VMI RST&3363 "_'-COMMCN IIKTEGRI I, IR, l_l, IDUMP, IPRROR, IFIRST, RSTA3361 ":_

X IG, IOUTTR, IPASS, IS, IT, J, JIN, JJ_ RSTA3367 "_

X JM, JM1, K, KI, KK, L, LIMIT, LSTAGE, RSTA3363 _'-
• X MSTAGE, NLINES, NIUBES, hX, NY!, YES RSTA3364 "'_

EQUIVALENCE (ATAR( I, I},ATAS(I, I) I, {FLOW( II,DFLOW(tl I RSTA3365 i_.
RSTA3365 ._

A= (RS(II-t_H(I))'{'(RS(II +RH(I)) RSTA3367 ,L:_
AA= RSIIIWW'w2-A_'BH(-II RST-_3368 _+
B_= RH(I)¢_2 +A_BT(il RSTA_369 _.

CC=BB_&A RSTA3373
DO= RPM RST A3371. ._.
DO 10 J=I,NLINES RSTA3372 _
ERASI= AA _DELM( J)_'CC RSTA3373 _

RSTA337_.

C _wx_ ERRt-)_ TRAKSFER 10 A NEk DATA SET RSTA3'_75 '_::_
- RSTA337b _._

I_ {FRASI,LE.O.O} CALL FRRORII31 RSTA3377 _.-
{ RII,JI = SCRT( ERASI ) RSTA337_
,. 10 U( I,JI=RII,JI 'W_)D RSTA'_379
.i RETURN RST A33 _J3. _,

"'_ .FNI1 RSTA33g[ ;"

; _, B-'fl :
_,

__-_-_J_'_._'-_x_E_: _ _ - ,'_,
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t1/0?/61SHOCK. - EFN SUURCE STATEMENT - IFN(K) -

,ql

FUNCTI[JN SHJCW;IZ,Y) SHCIC33.q2SHNC3383

C _e CALCULATES SUPERSONIC EXPANSION ANGLE MINUS PRANDTL-MEYER 5HOC3384
C ANCL= SHOC33R5 _}- SHNC3386 3

D{IU;JLE PRECISION TITLE SHOC_3B7
REAL _IACI-, MAPR, MLILFWT, JOULF SHOC33_8 -3
DIMENS if]N ATAS(2-3, 11), FLOW(321 SHOE "_3qg |

L,qGICAL IERROR, YES SHOE 3"_g] J ._
COMMUN I_TRIX/ ALPHA( 10,111, ATAR(29,t II, R?{/gl t SHOC3391 _

X BETA(tO,It), OH(32), BLAUE(291 _ B;'(32) , 5NOC33q2 -]I
X CO(tO,t] ), CP(32,11), CPCO(6I ° CRI32,1t) , SHCIC-_393 J
X CSLOPE(tO,]I), CU2IIIIt CU(32,1 , CtJCOl2q,5)t 5HOC_39(_
X CX(32,tIl, CXMItC,I]I, CXNEW('_ ,Ill, CXRATO(29), SHOC'_3g5 1

[)ELM(;' ', C;EPV(IO,Ill, SHOC_3g5X CX';( 10, tl| DA(IO),

X r3;'(20 ), DFACT(29, Lilt DFL(_ , OFLOW(32I , SHOC 33q7
Jl

X EM,ACH(ZgtlI), FUUND(20,3,]OI, FRL)EL O,ltt, GAMMAI32tlt), SHOC339.q
X HMN(29), llbB(32), IKK( t()i,_ V:_CH(2qttl), SHOC33qg 1

X OBAR( 29, It), P_(32,11), RI32,LI), ',,,*VE(IOttll_ SHOC3403 ]
X _h|32), RHO(32, III, RINT(111, Fi!SfAG(II), SHOC3401

_ ._3HOC3407X RS(32), RSLOPE( LOft)l, RTRAIL(II), SP.CO(_q,5) t
SSC_(2:_,5), TERMI(IO,II), 1FRMA(III , SHOC 3403 _lX SOL10(29,1 [),4

X TERMB(II|, TERVC(11), TIP(32), TITlE(t2) , SHCIC340(_
X TO(32,11), TSTAT(]I), U._32,11), W(II), SH0C3405

X X(32) SHr]C340&
COMMCN /SCALER/ A, AA, AIOAO, A202AO, A303AO, A4(14&O, SHOC3407 |
X A505AO, 8, t_R, CC, Cta, C,MEAN, CMFANP, COINTG, SHOC3_O_
X CPl2, CPI3, CPI6, CPI5, (PI6, CPN2, CPO3, C PCl6, SHOC3409

X CP05, P,A_4P, UCP, DO, _)IFCP, [)T, DUMMY, ERAS]., 5HOC3413 I
X G, CASK, bJ, SK, GR2, JOULE _ VAPR, MQLEWT _ SHOC34t!
X P(}CO, C, RPM, TCP, TFRMD, TESTBH, TESTDS, TESTMS, SHOC3412
X TUCO, T[}L, TOLAT, TOLB2, TOL'4IN, TOL_IS, TOLTIP, TOLCP, SHOC341._

X TCLCX, TtILR, Tf.)TINT, Tt3TPR, V, VMI SHt_C-_616 |
COMMCN IINTEGR/ I, IB, IBI, IDUMP, IERRUR, IFIRST, SHOC3_15

_. X IG, IUIJI"JR, IPASS, IS, IT, .I, JIN_ JJ, SH{1C3415
' X JM, JMt, I_, K[, KK, L, [ IMIT, LSTAGE, 5HOC3417 I
: X MSTAGE, f_LINES, NTUBES, NX, NXl, YES SHOC34In =I

EQUIVALERCE (ATAR (I,I ),ATAS(I, L) ), (FLFIW(t),DFL(3W(I) ) SHOC3_].9

SHOC3423 I' SHOCK- Y - T2RML(L,J)#ATAh(SQRT((Z-L.O)_(Z+I.0)I/TERML(L,J)} e 5HrlC342].
X ATAN(S'ORT((Z-I.OI_iZ+I.OI)) SHOC3422
RETURN SH0C3423

FHD SHOC342t_ I

!

>',_ l

' • i ,o
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SLIME, - EFN SOURCE STATEMENT - IFNIS) -
SUBROUTINE 3LINE(XtXTtYTtNtAN5) 5L. IN_425 _
DIMENSION XT(500) eYT(500} $LIN3426 :.
IF (N-I) 3t3tll SLIN3_27 .:

II IF (X-XT(II) 3e3t4 SKIN3428 __
2 RETURN SLIN3429
3 ANS=YT ( 1 | SLIN3630

GOTO 2 SLIN3431 ,_:

4 IF (X-XTIKII 7tSt5 SLIN3632 W
5 ANS=YTINI SLIN3633

GOTO 2 SLIN343# _;
6 ANS=tYT( NI-YTIN- 111*l X-XT(N-I) )/t XTIN )-XTIN-I ) ) d�„�(N-I| SLIN3435 ,,_

GOTO 2 SLIN3436 ,._
7 K=N-I SLIN3437 ::

DO 8 l=2tK SLIN3438 _
IF (X-XT(I) ) 9t1C.8 SL IN3639

8 CONTINUE SLI N3443 :!_.
GOTO 6 SLIN3441

9 ANS=IYTI I )-yT( I-|11.1X-XT( 1- l) )/1XT( I )-XT ( I-1l I_YT ( I-I ) SLI N34_,2
_- GOTO 2 SI.I N3463 '_"

lO ANS-YTll) SL N344# _
GoTO 2 SLIN_465 _

:' END - SLIN3#46 i:,,
:e

_y
>,£

r -22

%_

• 14,,:;'

'* ,x
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STAOR. - EFN SOURCE STATEMENT - |FN(SI - /

SUBROUTINE STAOUT _TA03447

$$$ CC]NPUTES STATOR EXIT GEOMETRY STACt3449
STArt3450 ]

COMMON /VGEQM/ ALHI29}t ALT(2qI• ALTER• STAO365L
X ASPECT( 291t FPATHe SAVEA(291 STA03652

LOGICAL FPATH STA03653 1
DOUBLE PREC IS ION TITLE STA03454 J ,*'
REAL NIACFt NAPE• MOLEWT r JOULE STA03455
DIMENSION ATAS(Zgr ].LIt FLOW(3Z) STAO365b 1
LOGICAL IERRORt YES STAC)3457 .!
COMMON /MATRIX/ ALPHA( 1Or Z]. _r ATAR (29•[Ll e B2(29) r STA03658

X BETA( 10, XZIr BH(321, BLADE(Z9) r BT(321 t STA03659
X CO(IOrE111 CP(32, II) t CPCO(6), CR(32tl[) t STAO31e6C) 1
X CSLOPE( LOt LLIr CU2( ll)r CU(32rX!l t CI.)CO( 29 t5 | r STAO3¢6t JI
X CX(32t[X Ir CXM(XOtLLIt CXNEW(1OtL:) t CXRATO(Z9 I r STA03462
X CXSllOtlllt DA(IOIt DELM(IIIr OEPV(lO•lllr STA03463 1
X DF(2OIr DFACT(Zgt IL |t DFL( 291 t DFLOH (32) r STAQ 346_. ]
X EMACH(29r].].)_ FOUNOI2Ot3ttO)• FRDEL(IOrlI|t GAMMA(32rIIIt STA03665
X HMNI29)r HUB( 321r IKK(IO)t MAEH(29tll)• STA03466
X OEAR( 29r l].) r PO(32rZ].) t Ri32rl£lr RCURVE( 10 till • STA03467 ]1
X RH(32)r RHO(32•ll), RINTiII)t ROSTAG(IIIr STA03668 2
X RS(32|r RSLOPE(IOtLI) t RTRAIL(L1) t SOC0(29t5 J r STA03469
X SOLID(29tll)e SSC0(29t5l_ TERM].(].Or LI) t TERMA(I[| t -STAO36TO 1
X TERMB(III, TERMCill)t TIP( 32)r TITLE(121 r STAO34TI |X TO(32tIII• TSTAT(IIIt U(32tIl)r g(ll)• STA03472
X X132) : STA03473

CCMMCN /SCALER/ At AAr AIOAOr AZO2AOt A303AOt A404AOt STA03474 1
X A505AOv Br BBr CCt CMs CMEAN_ CMEANPt COINTGt STA03_75 _
X CPi2f CPI3t CPI4, CPISr CPi6, CP02_ CPO3r CPO4r STAO367G
X CPOSt OAMP_ DCPt DD_ DIFCMt DTr DUMMY• ERASI_ STAO3677 _ :
X Or GASKt GJt GRt GR2t JOULE• MAPRt MOLEWTt STAO3678 -_ ,
X POCO, Q, RPM, TCP_ TERMD, TESTEHt TESTOSt TE:STMSt STA03679 j
X fOCOt TULr TOLATt TOLB2t TOLMIN• TOLMSt TOLTIPt TOLCPt STA03683

X TOLCXt TOLRt TOTINTt TOTPRt V_ VMi STAO3681
COMMON /INTEGR/ It IBt IBI, IDUMP_ IERRORt IFIRST, STA03682

X IGt IOUTTRt IPASSt IS, ITr Jr JIN, JJ, STA03683
X JM, JMI, K_ KI_ KKt Lt LIMIT, LSTAGEt 5TA0368#
X MSTAGEt NLINESt NTUBESt NXt NXI_ YES STAO3485 _|

EQUIVALENCE (ATAR( lr 1) tATASIIt 1) ) t (FLOfl(I) rOFLOW(I) ) STA03486 _J
" STA03687

L = I STA03688 _
IF (LSTAGE,NE°TI GO TC 65 STA05689 ;J
IF (,NOT.FPATH| GO TO 20 5TA03490

STA0369_
_$$ ESTIMATE THE FIRST STATOR GEOMETRY IF REQUIRED STA03692 _|

STA03493 _J

RS( 7),- RS(6I ' STA03496
OT= (RS(6) -RH( 61 )/ASPECT(T) STA03495
RH(7),, RH(6I eDT_AMINI(O,6t O,8$ALH(7)) STAUi69G |
X(7)- X(6) +DT STAO3_gT
GO TO 25 STA03698

STAO3499 I$$$ PICK UP THE STATUR GEOMETRY STA03SO0
STA03SOI

B-74 I
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20 RH(II= HUB(1) STA03502
STA03503

RSI[)= TIP(If STA0350( ,
25 CALL RSTART STA09505

DO 3 J=I,KLINES STA03506

C _,,i,INITIALIZE THE FLOW PARAMETERS STA03S07
STA03508

TO(itJ)- TO(I-LtJ) STA03509
CP(ItJI=CP( I-]tJI STA03510
GAMMA([,J)= GAMMA(I-IeJ) STA03511 ,_

3 POll,J)= POCO*(O.8g*ITO(IeJ)-TOCO)/TOCO +I,OI** STA03512
X (G_MMAI I,I)IIGAMMAI ItL) -1.011 STA03513
CALL INEST STA0351_.
CALL STR E_M STA03515

:. CALL MOVE STA03515STA03517
RETURN STA03518

o_.. C _,i,ww ESTIMATE THE DOWN-STREAM STATOR PROPERTIES STA03519
..;- STA03523

° i_ - 6,5 CALL COPY STA03521RETURN ST A0352 Z
_:L_, STA03523
_;., END

!

!
I
I
I
I
I
!

_ B-'/5
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SUBROUTINE STREAM STRE352B "_
STRE352 (_ ._ '

C *** COMPUTES AXIAL VELOCITY DISTRIBUTIONS WI_ICH SATISFY STRE3525
C CONTINUITY AND LOCA1'ES STREAMLINE POSITIONS STRE3520

STRE3527
DOUBLE PRECISION IrITL E STRE352g
REAL NACH, MAFR, MOLEWI, JOULE STRE3530

DIMENSION A1,ASIZg, IT ), FLOW(32) STRE3531 l
LOGICAL IERROR, YES STRE3532
COMMON IMp'.fRIXl ALPHA(tO, 11 ), ATAR(29,lIl, B2(291, STRE3533 _. I
X BETA( IO_ [If, BH( ).'_, BLADEI2gl • BT|321, STREJSJ_ -_

X C£(IO,ILIt CP(32,11), CPCO(6I, CR(32,llI, STRE3535
X CSLOPEI IO, II), CU2(ll), CU132,[l) , CUC0(29,5) , STRE353_ ._
XCX(32,/ll, CXM( I0,III, CXNEW(IO,111, C XRATO{291, STRE353T
X CXSIIOI[It, OA(10), DELM([[I, DEPV(IOt[1), STRE353B "_
X DFI20), OFACT {2g, 11). DFLI 291, DFLOW(JZ) , STREJ539

X EMACH{29,l[I, FOUND{2O,3,10I, FRDEL(IO,[II, GAMMA(.32,III, STRE3543 w.
X HMNI29), HUB(32), IKK(10), MACH(29,[[), STRE3541
X OEARI 29,IL I, PO(32_IIl, R(32,111, RCURVE| lO,lll , STRE3542 2
X RH{32It RHO(32,11), RINTIIllt ROSTAG(II), STRE3543 J

X RS(321, RSLOPE(I0,II), RTRAIL(III, SOC0129,5) , STREJ5_4

X SOLIOI2g,II), SSCOI 29,5 I, TERMI(IOtlI), TERMA(lll , STRE3545 :'I
X TERMBIIII, TERMCIII|, TIP|32I, TITLE(12|, S¥RE354.5 }
X T0(32,111, I'STATILI), U|32,II), WIll), STRE354T
X X(32) STRE 3548

C_MMON /SCALER/ A, AA, A1CAO, A202AG, A303AO, A'_O4t, O, STRE35_9 2
X A50§AO, E, BB, CC, CM, CMEAN, CMEANP, C[]INTG, STRE35S3
X CPI2, CPI3, CPI_t CPI5, CPI6, CP02, CP03, CP04, STRE3551
X CP05,. DAMP, DCP, DD, OIFCMt DT, DUMMY, ERAS1, STRE355Z !II
X G, GASK, GJ, GR, G'_2, JOULE, MAPR, MOLEWTt STREJ553 J

: X POCO, Q, RPM, ICP, TERMD, TES1'BH, TESTDS, TESTMS, STRE355_
X TOCO, TOL, TOLAT, TOLBZ, TOLMIN, TOLMS, TOLTIP, TOLCP, STRE3555
X TOLCX, TOLR, TOTINT, TOTPR, V, VMI STREW556 -t
COMMCN /INTEGR/ I, IB, IBl, IDUMP, IERROR, IFIRST, STRE355T .i

X IG, IOUTTR, [PASS, IS, IT, J, JIN, JJ, STRE3558
X JM, JMl, K, KI, Ki,, L, LIMIT, LSTAGE, SIRE3559 -}
X MSTAGE, NLINES, NTUBESt NX, NXI, YES SIRE3560

EQUIVALENCE (ATAR( It I )tATASIIt l)), |FLOWI lI ,OFLOWI1) I STRE3561
COMMON ,'ENERGY/ H, T, GAMMER STRE3562

STRE3563 "I

CMEAN=CX ( [_ JM) STRE356_ _1
STRE3565

C _*_ COMPUTE VALUES OF CXMtROS1,AGtANO TERMAt(.CUWW_2_CR_2I STRE3566 ,} .
STRE3567

DO 150 J=I, NLINES STRE356R
CXM( L, J i=CX | I,J I/CMEAN STRE3569

150 TERMA(J)=CU( I,J)_"I'2q'CR| ',,J)WW*_ . STRE35TO @
NCOUNT= l STRE3571 _j

STRE35T2 _ m[

C 4,_ START OF LOOP ON CM CONVERGENCE STRE3573

STRE35T& ] _i
INDIC=O STRE3575 i
J= JM STRE3576

155 H= -(CMEAN_'*2 (J|)/GJ _ - STRE3577 t _
Ii T= TO( I, J | STRE35?B i

"'t i
, B-'76
t

1968028585-115



)

H

STREM, - EFN SOURCE STATEMENT - IFNISI -

CALL ENTALP STRE35?g
STRE3582

C *** ERROR TRANSFER TU A NEW DATA SET STRE3583 -
STRE35B_

IF (VMI,LE.O,rOI CALL ERROR(271 STRE3585 _;-
VMI-- SORT (VMI) STRE35B_ -t_

IF |CMEAN-VM I1205,205, 160 STRE3587 m:
[bO IFI INDIC I165,170,165 STRE3588

STRE3589 #

C ,_w_ PROGRAM NOT SUITABLE FO_ SUPERSONIC FLOW._ GO TO A STRE'SqD -
C NEW DATA SET STRE3591

STRE3592 _ I165 CALL ERROR{ 21 STRE3_q3
_f

ITO INOIC= I STREO5_
CMEAN= VM IW_0,75 STRE35q5 _#

205 DO 260 J=I, NLINES STREO5'_,O '_

CXI I,J )=CMEAN*CXM(L, J) STREL;Sg7 _*_._:
H=-{CX(l,J|**2 +TERMAIJ)I/GJ STRE359& .
T= TOIItJI STRE3599 ,_

CALL ENTALP STRE3600 "_
STRE3601 _,

C Wl,_ CALCULATE STATIC DENSITY STRE3602

STRE3603 _,_..._,,

B= PO(I_JI*EXP(ITHERM3ITSTATIJ) ) -TFER "_(TOIItJI|I/DCPI STRE360_
RHO(ItJI= BI TSTAT(J)/ GASK STRE3605
OEPV(L,J I=RHOI It JI'I'CXM (L, J ) STRE3605

260 CONTINUE STRE36C7 _C
STRE3608 ,_

C 4,** CALCULATE INTEGRAL 0 c RHO*CXM*R VS, R FROM HUB TO TIP, STRE3609 M

C (TOI'INT), AND NEW VALUE OF CMEAN STRE3610

STRE3611 _
275 CALL INTEG (DEPVtll .'_TRE3612 -_-T_w

TOTINT=RINT (NLINES I-R IN)"(I ) - STRE3613
STRE361 _,

4

CMEANP=FLOW (I)I6,28318534TUTIhl STRE361L5 _
C *** CHECK CONVERGENCE OF CM STRE361.b _%

SIRE3617 _

DI FCM= ABS ((CMEAN-CMEANP I/CMEAN I STRE3618 _-

IF (DI FCM-T OLRI ZOO, 3_Q, 280 STRE)61,) _-

280 IF INCOUNT-30)290,ZgU,-285 STRE3670 _
SIRE3621 _

C *** ERROR WILL CAUSE TRANSFER TO NEXT DATA SET STRE3622 _-
STRE3623 _'°

285 CALl ERROR(3) $TREO&2_
290 NCOUNT=NCGUNT ”�STRE3625'_"

CMEAN=CMEANP STRE3626 i,
J= JM STRE 362i' _-
GO TC 155 STRE3628' *"

STRE3629 _
C _,1, SUCCESSFUL CONVERGENCE ON CM STP,_3630 !.

:. SIRE3631
_ C **# USE CQNVERGfJ VALUES OF INTEGR_,L OF RHO*CXM_R VS. R FROM STRE3632
,_ C R(J) TO R(J 3 �„�IDAVALUES)_ _'0 CALCULATE VALUES OF - - STRE3633 -

: C DEPVILtJI-(INTEGRAL RHO_CXrC_R _S. R FROM RH TO R(JIIITOTINT_TRE_,bOq. _

B-77
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+ . __ _ _ +

J

]
STRE3635

300 CONTINUE STRE3636
DO 4_00 J=ItNLINES STRE3637 •

600 CX( -'tJ)=CXR(L_J|_GI_EANP STRE363_
700 RETURN STRE3639

END STRE36¢.D 1



)

THlo - EFN SOURCE STATEMENT -- IFNIS| -
Fu' CT Cr ) THL . C 4Z

THER3642

C _,_ CALCULATES H = INTEGRAL FRON 0.0 TO T OF CP DT, HHERE CP ISTHER3663
C GIVEN AS A FIFTH OEGREE POLYNOVIAL THER366_

THER3645

DOUBLE PRECISION TITLE THER3b_6
REAL MACHt KAPRt MOLEWT t JOULE THER3647
DIMENSION ATAS(2gt, lilt FLOg(32) THER364B
LOGICAL [ERRORt YES THER3649
COHHCN /H JITR[ X/ ALPHAI IOe |1 It ATAR (29t11) t B2(291 e THER3bSO "

X BETA(lOt 1£1, BH(321 t BLADEIZgl, BTI32It THER3bSI
X CO(IOt[II, CP(32tlllt CPCO(61t CR(32tlI) t THER3652
X CSLOPE( 10, ] l)t CU2I 11) t CU(32tll) p CUCO{29tS) t THER3653
X CX(32,lllt CXMI lot II 1, CXNEW{IO,III t C XRATO( 2q )t THER365#
X CXS(lOtlllt DA(IOI, DELH{IlI, DEPV{IO,Ill, THER3655

.... _ X DF(20|, DFACT(29t 1111, DFL(29), OFLOW(3Z) t THER3656
- X EHACH(29tll|t FOUND(2Gt3tlO)t FROEL(IO,II|t GAMMAI32,II)t THER365T

X HMNI29) _- HUB(32) e IKKI 10) • MACH{ 29 tl 1) t THER365B
X OE4R(Zgt 11 ), P0(-32,11) , R(32,111, RCURVEi IOtlll, THER3659

- J( RH(3Z), KHOI32t 11), RINT(II), ROSTAG(I1), THER3663 _:
- X RS(32), RSLOPEI 10,11|, RTRAIL(ll), SOCO(29,5) , THER366I

)Z SOLiDlZ9tll|t .SSC0129t5|, "TERNI(IOl, II|, TERNA(Ill, THER3662 --
-_ X TERHB(II;, TERHC(IIIt T[P(32)I, TITLEII2), THER366_ ';"..:

X TO(3ZtlI), TSTAT(ll)t U(32tll), W(III, THER3b6¢ *;
X X(32) THLR3665

_. _ CCMHON /SCALER/ A, AA, AIOAO, AZO2AO, A303AOt A_O#AO, THER3666
:. X ASOSAO_ Bt BBt CC_ CNt CNEANt CNEANP_ COINI"Gt THER3667
_:. X CP[2_ CP [3t CP[4_ CPISt CPI6e CPO_t CPO_t CPO6t THER366B
" X CP05_ DAt4P_ DCPt DDt DIf'CN_ OTt OUNMY, ERASI _ THER3669 "
: _ G_ _GASKt, GJ_ GR, GR2_ JOULE _ NAPR_ NOLEWT_ THER36TO

_* ; : X POCOt G_ RPN_ TCPt TERND TESTBHt TESTOS_ TESrMS, THER3671
:"_ X TOCOe TOLt TOLAT_ TOLBZt TOLt4INt TOLNSt TOLTIPt TOLCPe THER3672
4 X TOLCX_ TOLP._ TOT;NTt TOTPR_ V_ VM[ THER36T3
-

,_ : COMI4CN IINTEGR/ It IBt IBI_ IDUNP_ IERRORt [FIRSTt THER_bT_t
%_;i X-IG, IOUTTR, IPASS_ [S, ITe J, JINe JJ_, THER3675

X JNt JVI t K, - KI_ KKt Le LENITy LSTAGE_ THER3676
'* " YES THER367TX NSTAGEt NLINES, NTUBESt-NXe NXI_

- ! [FLOW(I I tDFLOW(I) ) THER36TB;_ EQUIVALENCE" (ATAR( 1, I),ATASi It 1) ),
_% THER3679
.'- THER_I= IcPco(I_*ICP|2_'(CPI3'eICPI4_'ICP|5_'CPI6_T)_T)_ THER36_O

_. IT)*T I*T)*T THER3681 .:.
_'_- RETUI_N THER3682
: END THER3683

-,._ e

1968028585-118



)

..m

SUBROUTINE I"HERH2( POVERt TOPt T| THER368_
THEM3685 _j

C _ SOLVES-FOR TOP IN GASK 4' ALOGIPOVER)= INTEGRAL FROM T THER36Bb
C TO lOP OF (CPIT) DIt NHERE CP IS GIVEN AS A FIFTH DEGREE THER3687
C POLYNOMIAL. (SEE THERMII. THER36BB

THER3689

DOUBLE PREC IS ION TITLE THER3690
REAL MACPt HAPRt NOLEHTt JOULE THER3691 {
OIMENS ION ATASI29t lilt FLOWI 32) THER3692 _ •
LOGICAL IERRORt YES THER3693
COMMCN /M_TRIX/ ALPHAI lot lilt ATARI29eIL) p B2(291 t THER3696 -.

X _ETA( LOt lilt 8Hi321t BLADE(29) t BT(32) t THER3695 _!
X COIlOtlllt CPi32tlllt CPCOI61 t CRI32tlLI t THEM3696 -_

CSLOPE( lot 11 It CLI2( lilt CUI32eIII t CUC0129 tSI t T.HER3bgT
X CX132tlllv CXM( lot lilt CXNEWIIOt 11) t C XRATOI 291 t THER369B
X CXSIIOIIIIt DA|IOI, OEL_IIIlI, DEPVIIOtIIIt THER3699 _-t._ :.
X DFIZOle OFACTI29tlIIt OFLI291t DFLOM(321 t THER370D
X EMACHIZ9tIIIt FOUNDIZOt3tlOIt FROELIIOtIItl GAMMAI32tIZIt THER3701
X HMNI29) t HUB( 321 v IKKI lOI t MACH( 29 tii | ; THER3702
X OEARI 29t U It PO132tlllt RI32tlllt RCURVE ( 10 tl[I t THER3703
X RH(32)o RHOI32tlIlt RINTII|I_ ROSTAGII|Ie THER3706
X RS(321, RSLOPEI lO_lII t RTRAILI 111 _ $0C0(29_51 _ THER3705
X SULIDIZg_IIIt SSC0129,5)t TERMIIIO, III, TERMA(III, THER3706
X TERM8(111, TERMCIIII, TIPI3?I, TITLE(121, THER3707
X TOI32_ILI, 1STAT(11), UI32,11), NIII), THER3?O8 _

_ X1321 THER3709
COMMON /SCALER/ A, AA, AIOAO_ A2OZAOt A303A_,e A_O6AO, THER3710

_. X ASOSAO_ B_ BBt CC_ C_ Ct4EAN_ CMEANP_ COINTGt THER3711
c X CPIZ, CPI3_ CPI4_ CPiSt CPlbt CPO2t CP03_ CP06_ THER3712

X CPOSe CA_Pe OCPe DDt OIFCMt DTt OUMNVt ERASI t THERETO3
X G_ GASKt GJe GRt GR2_ JOULE _ MAPRe MOLE_ T_ THER3716
X POCO_ _ RPMt TCPt TERMO_ TESTBHt TESTDS_ TESTMSt THER3?|5 _!

i X TOCOt TOLe TOLAT._ TOLB2t TCLMIN, TOLHSt TOLTIP, TOLCPt THER3716 ]
• X TOLCXt TOLRt TOTINT, TOTPRt Vt VMI THER3717

COHMON /INTEGR/ l_ IBt IBI_ IDUMPt IERROR_ IFIRSTt THER3718
i .X [G_ IOUTTR, IPAS$_ ISt IT_ J_ JIN_ JJ, THER3719

X JM_ J_it Ke KI+ KK, I-t LIMITt LSTAGEt THER3723
X MSTAGEt NLINESt _TUBESt NX_ NXL_ YES THER372| .

EQU IVA_.ENCE IATARI I_ I-;,ArAS( 1 _II I t (FLO__I L I ,DFLOMI II I THER3722
THER3723 _"_ _ _

XA= ALOG{ POVERI_OCP THER3726 _'_
BOT=-THERM3(T ) THER372_
DO -_0 NN=I_SO THER372b
DT= TOP_IXA -THERM.3ITOP| CPIZ_IITHER372T II
TOP=TOP �”�THER3728
IF (ABSIDTI,LE,TOLCP) GO TO 15 THER_TZ9

10 CONTINUE - THER3730
THER'_730

C _, ERROR TRANSFER TO ANEN DATA SET THE_3T3_

THER3732 1CALL ERROR( 261 THERe?S3

: . [5 RETURN -- THER373k

_ END. '¢HER3735 t

ill
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FUNCTION THERH3fTI THER3736THER3737

G *** CALCULATE THE INTEGRAL OF CP/T DT FRON 0.0 TO T THER373BTHER3739

DOUBLE PRECISION TITLE THER3760
REAL HACPt MAPRt MOL-':HT t JOULE THER3?6[
DIHENS ION ATASIZ%II|t FLOtd(3Z| THER3767
LOGICAL IERRORe YES THER-_76"
CONHCN /MATRIX/ ALPHA(lOt 11 It ATARI29t111 t B21291 t THER3T¢_. ._

X BETA( lot ].1 ) t BH| 32| t BLADE(291 t BT(321 t THER3T¢5
X COI[Ot]LI], CP132tll|t CPCOl6lt CRI32t]L]L| t THER37¢S
X CSLOPE( 10, Ill| CU2( lilt CUI32tIZ) o CUC.O129 tSI t THER3T_7
X CX132tLLlt CXH( lot 1llt CXNEW(IOtlII, CXRATO| Z9 ) t THER3T_B
X CXSlIOt |lit DA(lO)t DELM(111• DEPV(10tll)t THER3769
X OF(2OIt DFACT(29tI11, DFL|2qI, OFLC_I(3Zt , THER3750
X EHACH(ZqtL[It FOUND(2Ot3tIOIt FROEL[IO,|I|, GAMIqA(32,111, THER3751
X HHN(2?), HUB(32) t |KKI 10), MACH( 29,11 I, THER3752 *Z:
X OBARI29ell)t " POi32tll)t " RitZ|lilt RCURVEIIOtIIIt THER3753 7;
X RHI32|t RHO(32_ 7" ", R|NT(11), PCISTAG| ILl ) t THER3¥S_
X RS| 32)t RSLOPEi lut LI) t RTRAIL(111 t SQCO(29tS) e THER3?S5 -_._
X SOL|DIZg,;I It SSCO| 29,51, TERMIILO,It| t TERMAILLI _ THER3756 :..
X TERNB(11), TERMCIILIt TIP(32)t TITLE(12), THER3757
X T0(32,11), TSTAT(11), U(32,1tI, _/(111 t THER375B
X X|32| THER3759 :'

COM/4_N /SCALER/ At AA, AIOAOt A202AOt A303AOt A406AO; THER3760 c_:
X ASOSAO_ B_ BBt CCt CNt CMEANt CMEANPt CO|NTGe THER3761 ;_
X CPiZ_ CP|3t CPI6t CPISt CP|6t CPO2t CPf))t CPO4_t THER3762 ._
X CPOSt DAHPt DCPt DOt DIFCM t OTt DUMHY t ERAS[ t THER3763 ._
X Gt GASKt GJt GRt GR2t JOULE| HAPRt MOLEHTt THER3T6¢ - ::_
X POG(]_ Q_ RPHt TCPt TERNDt TESTBHt TESTOSt TESTNSt THER3765 "-

; X TOCOt TI'JLt TOLATt TOLB2t TOLMINt TOLMSt TOLT[ P_ .TOLCPo "HER3766
: X TI.1LCXt TULRt TOTINTv TOTPRt V, VM| ", THER376T :

COMNCN /|NTEGR/ It IBt IBlt' IDUNPt IERRORt IF|RST_ THER376.q .
; X IGe I[OUTTRt IPASSt ISe IT| Jt JtNt JJt THER37_9 _.
_:. X JMe Jl_]. e K_ Kit KKt" L_ LIM|Tt LSTAGEt THER3770 --
: X NSrAGE; NLINES, NIUBES, NX, NXlt YES THER_771
-_ EQUIVALENCE tATAR( 1:1 )tATAS(I, 11 | t (FLOW(l) _DFLOHIIb I THER3772
._. _ THER37?3 _
_'" _HERH3= CPCO(1) _ALOGI T l_l CPGOI 2 I_ I GP02_ ICPO3t ICPO4 _T)_T) _T ) THER3774 ;,;.

_' X *TJ*T THER3775 _
RETURN THER3776 O.

'_" END _ THER377T :

:" B-81 :

_" ,'I[] " I I q mm

1968028585-120



4

SUBROUTINE THERMP THER377g _
THFR 3779

_ar

C _ CALCULATE SPECIFIC HEAT AT CONSI"ANT PRESSURE |CP) AS A THE_3780
G FUNCTION BEING A fiFTH DEGREE POLYNOMIAL, THEN THE THER37BI

C RATIO OF SPECIFIC HEATS IS CALCULATED AS CP_CCP-,06861 THER3782 __THER37¢13

COUBLF. PRECISION TITLE THER378_

REAL MACHt MAPRt MOLEWTt JOULE THER3785 i
D|NENS ION ATASI29t 11) t FLOHI 321 THER3786 =
LOGICAL IERROR. YES THER3787
CONI4CN /MATRIX/ ALPHA( lot 11 |t ATAR(29wII) t B21291o THER378g

X BETA(|O, lilt BH( 321, BLADE( 291, BT(321, THER3789X CO(lOtll)t CP|32tlllt CPCO(6It CR(32tI11 _ THER37CmO
X CSLOPC.( lOt 11)t CU2( |lit CU132,111 t CUCOI29tS) t THER3791
X CX(3- 11), CXM(IOtl|), CXNEW(IO,Ill, CXRATO(291_ THER3792 ]
X CXS( IO, | 11, OA(10), DELHI ! II, DEPV( 10,[ 1 ), THER3793 J
X DF(2OIt DFACT(29,11), DFL(29)_ DFLO_(32), THER379_
X EMACH(Egt|I)t FOUND(ZOt3tIOIt FROEL(IO,111, GANMA(32,lIIt THER3795
X HNN(Zq| i HUB( 3_.I t IKK( lOle _ACH(29_III t THER3796 ._
X OEAR(29, 11 I, PO(3Z,II|, R(32tll)t RCURVE (10,111, THER379T
X RH|32)t RHO(JZtll|t. RINT(II), ROSTAG(IIIt THER379B
X RS|32I, RSLOPE(IOtII), RTRAIL(|Ilt SOCO(Z9tSlt THER3799
X SOL|DIZ9_I||, SSC0(29,5), TERMI(IO,I|), TERNA(11), THER3BO0 _ -_
X TERHB| 11 1. TERMC(11) t TIP(32). TITLE (12). THER3801
X TO(32t|1)t TSTATII|)t U(32_!llt W(lllt THER3BO2

Xl]2) THER3B03 _
COV.NON /SCALER/ A, AA, AIOAOt A202AOe A303AO, A406AOt THER3806

X ASOSAO, Be BBt CC, _ CNv CMEANt CNEANPt COINTGt THER3805
X CPlZo CPI3_ CP|6t CPISt CPl6t CPO2t CPO3t CPO6t THER3805
X CPOSt DAHP_ DCPt DOe DIFCN, " OTt DUHMY_ ERASI._ THER3807 _ *
X G_ GASKt GJt GR_ GR2t JOULE _ MAPRt MOLEHTt THER380B
X POCOt Q, RPM, TCP, TERMD, TESTBH_ TESTDSt TESTMSt THER3809
X TOCO_ TOLe TOLAT_ IULB2_ TOLMIN_ TOLMS_ TOLTIPt TOLCP_ THER3810 _
X TOLCXe TULR_ TCT|NT_ TOTPRt Vt VM| THER3811 _1 i
COKMCN tIKTEGR/ i_ IBt IBlt IDUMP_ IERROR. IFIRST_ THER3812 :

X IG, IOUTTR. IPASS_ IS_ IT, J. Ji_;_ JJ, THER3B|3 "_ i
X Jl't_ Jill, K_ KI, KK. L_ LIMIT_ LSTAGEt THER3816. :_ :
X NSTA(_Et I_LINES_ NTUBES_ NX_ NX|_ YES THER3BI§ i

EQUIVALENCE (ATARII_|I_ATAS;ZtiII_ (FLOH(II_D-FLON(II) THER_816 _
THE_ 3B 1' _|

CPI I_J 1,, CPCO( | l _(CPGO( _ I I31 _(CPCO(4t_ (CPC_( 51 +CPCO( 61, THER3Bt8 L)
'( TC(I,JIIeTO(I,JII*TOII,JI ItTO(i,JIIeTOII,JI THER3819

CV" GPII_JI - OCP THER3823 _
GAMMA( I_J )=cP( I_ JIICV THER3B_|
RETURN THER3822
END THER38_

!
I

-2,

!
•
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SUBROUTINE XOER IV (Yt OYDX ) XOER3826
XOER3825

C ,_,e CALCULATE T_E FIRST AND SECOND DERIVATIVE OF Y XOER3826
C WITH RESPECT TO X (AXIAL _ENGTHI XOER3827

XDER3828

DIMENSION Y132, illt DYDXi 10,111 XDER3829
OOUBLE PRECISION TITLE XDER3830
REAL HACk, NAPR, MOLEST t JOULE XDER3831 .
DIMENSION ATAS(2(;, 111 t FLOW( 321 XCER3832 ,*
LOGICAL (ERROR, YES XDER3833
CCMNQN INATR[_I ALPHAI lOt 11 I, ATAR (29,111 t 821291 t XDER383_

X BETA( 10,11 ), BHI32It BLADE! 29), 8T(32), XDER3835X C0(10,111, CP(32t||), CPCO(6), CRI32,111 , XOER3836
X CSLOPE(IO, lI|, CU2(II), CUt32,111 t CUC0(29,51, XOER3837

I X CX(32,111, CXN( lot 11), CXNEW(IO, Ill, C XRATO(291, XDER3q3BX CXS(IOI]II, OA(10), DEL_(11), DEPV(10,111, XDER3839
X OF(20|, DFACT(29,III, OFL(29), DFLO_(32), XDER3BBO
X EMACH(29,11), FOUND(20,3,IO), FRDEL(IO,111, GA_NA(32,11), XOER3841 :_

I X HNNIZO). HUB( 32), [KK(10), NACH(29,11 ). XDER3862 _
I

X OBARI 29, 11 I, P0132,11t, R(32,111, RCURVE( 10,[1), XOER3C63 !_
X RH(32It RHO(32,111, RINT(III, ROSTAG( 11 ), XDER386_ .-_

I X R_(32 I, RSLOPE( 10,111, RTRAIL(ll |, 50C0(29,51, XOER3865 _X SOLID(29,11|, SSC0(29,5I, TERMI([O,111, TERNA(111, XOER3866 i_
X IERMB(111, TERNC(111, TIP(321, TITLE(12), XOER3867
X TOi32,llI, TSTAT(II)t U(32tll)t W(ll), XOER3868

I X Y(32) XOER3849 _CONNON /SCALER/ A, AA, AIOAO, A202AO, A303AO, ABO_AO, XOER3850 "_
X ASOSAOt et BEt CC, CM, CHEAN, CNEANPt COINTG, XOER3851 .:_

I X CPI2, CP|3, CP(4, CPlS, CPIb, CP02, CP03, CPO_, XOER3852 -_X CPOSt CANPt OCPo DDf O|FCPt OTt DUMMY, ERASI, XDER3BS3 _
X G, GASK, GJt GR, GR2v JOULE, MAPR, MOLENT t XOER3856 -_
X POC09 _t RPM, TCP_ TERND, TESTBH, TESTDSt TESTNS, XDER38S5

1I X "r_co, TOL, TOLATt TOLB2, TQLMIN, TOLMS, TOLTTP, TOLCP, XDER_BSS .!_X TOLCX, TOLR, TOTINTt IOIPR, V, VM! XDER3BST
CCMNCN IINTEGRt It IB, IBlt [OUMP_ IERRORI [FIRST, XOE'R38$11

I X iG, IOUTTR, IPASSt IS, IT, Jt JINt JJt XOER _SO i_X JMt Jt_It Kt Kit KKt Lt LIMIT, L ST_,GE t 40ER3d63
X NSTAGE_ NLINESt NTUBES_ NXt NXI, YES XDER386|

EQUi/ALENCE (ATAR(I_ I |tATASIL, I) I _ (FLO_( I),DFLOW(I| I XDER3862

I XOER3863DYOX(t O_ J )=0,0 XOER_86_
XDER386S

L-I XDER386600 5- I=181t NXI XDER3BbT
L=L ”�XDER3868
AA=(Y( I-I,J l-Vii tJ ))/(X_ I-II-X( (11 ' XDER386:I

I 8B-( Y( I_ltJ )-Y! | ,J ) )/( X( it ll-X( 11 ) XDER3B70DYDXIL,JI= IYll+l,J) -Y(I-ItJII/IX(I+I) -X(l-l)) _ - XDER3BT]L

S CONT INUE -_!. XDER1e?.Z

I 6 RETURN '..:. , XOER3873END ' XDER_BT_

, B-85
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I qllPOl_f NO, OkOI! JOI NO, _ PAGll _,_. ALLISON oMc... _
TIT--i| ,,i,,.io o,ri ._;'

Z)_lv'E °..°,:.o
J H£F r _ or 7 ,,,_,o -_-._

r# ,

i

j 2. d=_
K- z/.;_

I A : (¢ (=,JvL/_vEs)+_(z -I, A,L/uE,_)-(;_HCr) +,H/z-i)))/¢gd(z)+_(z-l)-/¢H',z)+¢E(:-I))) .

I soz,D(I)A/LINEg)-$_gO(Z,I)/(30&O(T, 2)+/_) +JOC O CZ;_) +(_0 g0 (7>_') �$o60 (I; _)_ _?)_ W
// - (If(I, I) +A' ( r -,-I) g) -/i'H/I)-gt.l(;.- +l))/( /g.5'(I)

492 ?z +I) - Rp/cr) -._(z +I))

[ _ozlo(z_ljl)-xoco(_-+Z)l)/_soao(z+I,_)_>
! 4Sbco(I*l_J')+(C°Co(;r+Z)Y)'JCg°(:r+l)d) 'l

V- d4)_T(_ _/= /, _/ll_z-,.e)* .,,.2* _ f.r- L ,v'L#Wr_)
[ "_ _ 3., '(..:U(/T/, MLIA/£J)-V(2"I>MAItVE3)) _'_2")

I _Z_. /;:30RFCC_(I;,'/ziAI£g)_; +C_(Z_IVL/I/f_) *_z
@(6U(I,_'LINKS)-g(_,WZIIV£$)) _ _ a)

i OF/r = i.o -W/V +( U( _ -2, #ZiA/fd ) "_. U (Z -Z, Ifl/h'ES)-_(r,uz/NE_)+cu(Z_gi#_IE,1))/V/goi#_ "_
(z)_Vl/WgS)l;.o

I /2 = _ 01¢7(CY(z +I)I) _ _2 +C _(z-,"_,/ ).,• 2&U(Z +Z) 1)*'2)

_2)
_a_ =z. o -Xla +<_u(z,_>-_u<z+i,i))/_/

I 80t/O (Z + l,l)/;, o

/)-g _(/,o-DFL (.r)) *(U ( Z-1, _i _/v'_'S)-g/./ ,,

}: (r-z_/i i#£4) -dr z_m./Al¢,_))_ 4; ,::
_,J do (z,/)----a.,'¢U(.z?/v,i/NfS)+#_)l<'Z.-0_)
_i" _ O (2 _2 ) = ( CR (I _IV,L/ IVEg )_ _ .2 + g Z. f I _/V,L I Iv,I:.-$ ) ,:i:

_ 2 ER,42Z "C 0 (3',.Z') " e 2 -'¢, w gO (I_/.) ;;i

I , , ;.7._
,OR, 1,1'? RlV, ,''? C-1_
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I
i _ mEPOnT NO. JOI NO. PAGE''

ALLISON oMc j*_- pllIF.pARE D DAT Ir

!Tml
O_/vr o..o..o
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Q45 DATA PREPARATION

t The Q45 program is a compressor design program which iterates on
efficiency through blade element loss correlation based on diffusion factor.
Energy addition is based on either rotor tip diffusion factor, tip tangential
absolute velocity, stator hub Mach number, rotor hub exit relative flow angle

or stator hub diffusion factor. The energy addition can be limited by any one
of these variables.

f

Two primary options have been incorporated in this design program.
These are:

• Modification I--Annulus wall geometry defined to compute aerodynamics
and axial velocities.

• Modification II--Mean streamline axial velocity ratio defined to compute
aerodynamic and annulus wall geometry.

The procedure necessary to use these options will become evident in the _
following description of input data preparation. Reference can be made to

! the descriptive data sheets.

All data input in each field is specified either as an integer or as a float-

_ ing point number. The integer must be right adjusted in its field. The non-
integer input can be read in as an exponential which will take four columns :_

in each field. This reduces the amount of significant numbers and computing

_ accuracy.

All data cards are displayed by type in the sample data sheet appearing

l at the end of Part A of this appendix.

CARD I--TITLE CARD

I Alphanumeric information from Columns 1-77, which is printed out at the

I beginning of the output data.
CARDS 2 & 3--CONSTANT PRESSURE SPECIFIC HEAT AS FUNCTION OF
ABSOLUTE TEMPERATURE

The constant pressure specific heat variable as a function of temperature
is determined by:

i, Cpffi a o+ alT+ a2 T2+ a3 T3 + a4 T4+ a5 T5

l where T is in °R. The following sets of constants can be used as derived from _
Keenan and Kaye gas tables: _,

J

,2

- 1 1 a a | I 1 | • _ _ i la m _ • i a ! w all I |
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Temperature 0°to 1700°R 500 ° to 3400°R 1500 ° to 5000°R

a 0 0. 23746571 0. 257348261 0. 18198209

a 1 0. 219619999 ><10-4 -0. 82118436 XI0 -4 0. 87076455 ×10 -4

a 2 -0. 87791471 XI0 -7 0. 11967112 × 10 -6 -0. 28093746 X10 -7

a 3 O. 13991136 XIO -9 -0.57795091 XIO -I0 O. 50606304 XiO !I __ _"

a 4 -0. 78056154 X10 "13 0. 12572563 X10" t3 -0. 40556182 X10 -15

a 5 O. 15042604 ×10 -16 -0. 10414624 XIO"17 O. 18191946 ×10 -19 _"
"I

CARD 4--LOSS PARAME'i'ER DATA SET BUFFER ZONE

A total of up to te_ loss data sets may be called from the library of per-
manent data described earlier. A loss data set consists of the loss param- "_

eter {_p cos B_]2er) versus diffusion factor at each of 10, 50 and 90% annulus

height stations of the geometric annulus. (Fo_ the purposes of loss computa-
tion, blade height is measured from +he hub.) The library may consise of a

data deck as this program deck is presently set up or a logical storage unit. _ --
The loss-data set is prescribed as an integer and a total of 999 loss data sets
can be defined in the library.

Card 4 is a buffer zone calling up to ten sets of losses. The data sets j
should be called in the buffer layer in increasing numerical order for read-in

time saving. Needed fields in the buffer zone should be filled from left to _J
right with no blank fields to the left of the last used field. As will be shown 3
later, any one of these loss data sets in the buffer zone can be specified for

any rotor or stator blade row as desired. However, loss-data sets specified
in program data for individual blade rows are identified by an integer describ-
ing their location in the buffer zone--(e, g., if loss-data set 015 is ret_'ieved _-

from the master file and stored in the fifth sector of the buffer zone, it is _]
identified as data set 005 when called up in the data for any given blade row).

CARD 5--GENERAL DATA AND OPTIONS

Columns I-5

The maximum number of compressor stages desired is specifiedup to a A,
maximum of 12 stages.

D

Columns 6-10

Number of streamlir.es desired for the aerodynamic analysis. Number
thatcan be specified,which includes the annulus aerodynamic wall boundaries U

12), is 5, 7, 9 or 11.

D-2 I
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Columns 11 - 15
Y

I Option on printed output of computed data as function of streamline posi-m tion. Options arc: .,,

I Integer 1: Print all streamline data computed _ ,
?

Integer 2: Print odd number streamline data computed ._--

Integer 3: Print hub, mean and tip streamline data computed _,

I Integer 4: Print hub and tip streamline data computed
Q

Columns 16- 20 _

: Option to compute annulus wslls through input of mean streamline blade i

: row axial velocity ratio or to read in annulus wall geometry. Read in "TRUE"

for annulus walls calculation or "FALSE" for annulus walls geometry read-in. "

: Columns 21-25 !

Any one or several of the foll¢., ing options may be selected by inputt'mg a
: trigger value equal to the sum of the integers corresponding to the desired in-

dividua] options. The option_ a,'e:

Integer 1: Specify suction surface expansion from leading edge to

• I normal shock intersection through fraction of total camber. _ =

Integer 2: Card-punch flow path coordinates.

Integer 4: Specify suction surface expansion from leadin_edge to-

normal shock intersection through flow angle at shock.

If options 1 and 2 are desired, input_nteger 3. Possible trigger values
are 1, 2, 3, 4 and 6.

, Columns 26- 30
Y

? ! Instructions can be given to ensure :.hat each stage has reached a limit on = :_ either rotor tip diffusion factor, maximum rotor tip tangential velocity, rela-

i rive hub exit flow angle, stator hub Mach number or stator hub diffusion factor.
The limit for each value is the value read in. The number "0" is used for this _
instruction. _.

! I Because of the iteration process, the rotor tip diffusion factor may be _re-• duced to a lower value because of statorhub Mach number limit, _or example. '£i

I If this limit ceases to be a limiting value, the rotor tip diffusion factor can be i--

l

m" _ _ m u _ _ mwJ _ i n m m d _ imwm i mlulm n u _ n n • i •
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raised or left to remain at its last reduced value. If this latter alternative is __

desired, then an integer "1" is read in for this instruction.
f

Summarizing, we have .

Number O: Drive calculation to one of its aerodynamic limits in -_I
each stage. -_

Integer 1: In converged design, all parameters wil! be less than or :_-
equal to their input limiting values. -_ f

Columns 31-40

Desired inlet flow rate in lbm/sec

Columns 41- 50

Molecular weight of gas in Ibm/mole

Columns 51-60 "
n

Inlet total temperature in °R

Columns 61- 70

Inlet total pressure in psia

CARD 6--GENERAL DATA AND CONVERGENCE TOLERANCES

Columns 1-10

Desired overall pressure ratio. Calculation wi)l:cease when either over-

all pressure ratio or maximum number:of stages from Card 5 is reached.

Columns 11- 20

Relative error tol2rance on iteration for axial velocity. This is used at
each streamline and at each axial station. Tolerance indicates accuracy on
successive

calculations. A recommended value is 9. O1. This convergence U
tolerance is independent of all other tolerances. :

Columns 21- 30 _
i n az

Relative error tolerance on continuity. This is used at e_mh axial station
arid independent of all other convergence tolerances. A recommended value |_
for this relative error limit is 0.0005.

D-4 N
u nu mn n nLuua n -- _ w _ • mR ni_ • n nnu mmlnu iumNmpmgRipe _ U a_a_nun _ nni up n • n "
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1 Columns 31- 40 _

Relative error tolerance in iteration for total temperature on each stream- _Jline at each axial station. Tolerance indicates accuracy on successive calcu o
lations. A recommended value is 0.05 (°R). This convergence tolerance is

independent of all other tolerances.
?

Columns 41- 50 _

| Rotor tip speed (ft]sec)at firstrotor inletdefined by geometric axial

station and case wall radius. Blade twist and rotor tip clearance are ignored. _

|
CARD 7--CONVERGENCE TOLERANCES AND EXIT AREAS

| ]Columns 1-10

Loading relative error tolerance defines the degree of convergence to be :_

:_ I obtained during drive option on the controlling limit value for each stage. A
recommended loadingtoleranCe is 0.01. i

:;I  o,u ns ii.
.¢o

Relative error tolerance on rotor and stage adiabatic efficiency for each ::_

I streamline. A recommended efficiency tolerance is 0.01. :_

Columns 21- 30. Blank. }

Columns 31- 40

'_ I Degree of convergence on mean streamline axial velocity ratio across • :::_
_ each blade row. A recommended tolerance is 0.01. Should be read in only _'

if "TRUE" is specified on Card 5. iit

'_ Columns 41-50, 51-60, and 61-70 _

:_i Ratio of annulus areas at three axial stations downstream of the last
stator exit station to annulus area at the last stator exit station. _:"

_ I CARD TYPE 8--FLOW PATH DATA. _ ANNULUS %_ALLSSPECIFIED. :

_ As many C_ard Type 8 cards as axial stations are required through the

last stage stator exit. There are five inlet stations, the fifth being the first ._
rotor inlet station_ For each stage specified on the input data, two additional

cards are required. Thus, the maximum number of Card Type 8 cards is 29. _

; I The wall slopes at axial station number one should be zero since the method _:
of analysis assumes them to be zero. --

I •
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Columns 1-10. Axial coordinate station (in.) :_

Columns 11-20• Geometric hub radius (in•) _!

Columns 21-30

Blockage factor at hub expressed as fraction of geometric annulus area. _!
Blockage factor of unity means zero blockage.

D

Columns 31-40. Geometric tip radius (_.) _ -

Columns 41-50. Blockage factor at tip•

CARD TYPE 9--EXIT STATION DATA, ANNULUS WALLS SPECIFIED.

= Three exit station_cards are required for the exit annulus. The axial
station data on these cards will be used if the maximum number of stages
entered on Card 5 has been computed. Otherwise, the last three exit station
axial locations will be those corresponding to the :first three stations of the _

non-computed stage data. The-exit stations _ tip radius is always equal to the

last stator exit tip radius.

Columns 1-10. Axial station location (in.)

Columns 1I-20. Blank.

Columns 21-30. Blockage factor at hub.

Columns 31-40. Blank.

Columns 41-50. Blockage factor at tip.

CARD TYPE ,10--FLOW PATH DATA. ANNULUS WALLS cOMPUTED.

For the five inletstations,the Card Type 8 is used. Two Card Type 10

cards are used for each stage specified on Card 5 plus 3 exit stations (Card
Type 11)• Thus, the maximum number of Card Type 10 cards is 24. |!

Columns I-I0 K

Axial velocity ratio across the blade or vane row along the mean stream-

line.

Columm3 1I-20

Maximum hub ramp an_!e for the blade or vane row (degrees). This
angle isbased on a straightllne relationshipbetween stations• It is recorn- , _
mended that a_linear varlation;between desired rotor one hub and last orator _ '

hub versus blade row number be used as an estimate for the_firstflow path U i:ii_:::!''/_ _
calculation ' _........

iNN • mlln | _ NU _ i imun _ | U up ngumRLuun m m _ u n n n[inP i • i i _ blu n n _'_"_""
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Columns 21-30. Blockage factor at hub.

Columns 31-40

Maximum case ramp angle (i. e. _ negative value) for the blade or vane row

(degrees). Hub ramp angle statements apply here also Except tip ramp angle +

is _; 0° and both hub and tip ramp angle limits cannot be zero for the same
axial station.

t Columns 41-50. Blockage factor at tip:. I

I Columns 51-60

• Blade or vane aspect ratio based on axial inlet station annulus height _

I divided by axial station distance (i. e., projected chord).

CARD T_PE l 1--EXIT STATION DATA. - ANNULUS WALLS COMPUTED.

I : Th_'ee exit station cards are required for the exit annulus which specifies +

:+: the blockage factor at hub and tip. The axial station locations are successively _=

+ I incremented from the last station a distance equal to the last station row axialspacing. The exit station tip radius is always equal to the last stator out tip
radius.

Columns +1-10. Blank. _.

| " +Columns 11- 20. Blank. ,_

' Columns 21-30. Blockage factor at hub. _'_

: Columns 31-40. Blank. ;

I ++.. Columns 41-50; Blockage factor at tip.

_ CARD TYPE 12--STREAMTUBE MASS FLOW i.

U The fractional mass flow to total annulus flow between the hub and each i:

streamline specified onCard 5. Each value is entered in fields of 10 columns. _.

streamline value-s +can be entered on tl_e first Card Type 12. If 9-or 11
Seven

h

streamlines are specified, the additional streamline Values are entered on a

second Card Type 12. These additional values are entered in Columns 1:-10

and 11-20 for 9 Streamlines and Column_ 1-10, 11-20, 21-30+and 31-40 for 11 i
streamlines_ The first streamline value is obviously equal to zero. :

r

2-

m i i • i i i i i _ _ i _ | | i " i | | i i _ • s m | i
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j
CARD TYPE 13--INLET GUIDE VANE LOSS COEFFICIENTS -'l

The loss coefficient, _ : (P tl - P t2)/(P tl - P1), for each streamline :_
from hub to tip specified at axial station 5. Two cards ar_ used in fields of J

ten if more than seven streamlines are specified as defined for_Card Type 12.

A value of zero is read in for each streamline if no vanes or zero loss is de- _i
sired. .;

CARD TYPE 14--1NLET GUIDE VANE EXIT WHIRL DISTRIBUTION '-_

The whirl distribution is given by

A B _

v9 --V , C,DR �œ�where V0 is in ft/sec and R is in inches. The tangential velocity is defined as i)

positive in the direction of rotoc rotation. A value of zero is read in for each

specified constant if no whirl is _lesired.

CARD TYPE 15--FIRST ROTOR ADIABATIC EFFICIENCY ESTIMATE
!]

Estimate of rotor adiabatic efficiency for start of iteration. One walue
per streamline from hub to tip in fields of 10 columns. Two cards are used if g't

more than seven streamlines are specified as defined for Card Type 12. _(
S_ucceeding rotors assume previous rotor efficiency calculated as first esti-

L/

mate for this rotor.

CARD TYPE 16--FIRST STAGE ADIABATIC EFFICIENCY ESTIMATE

Estimate of stage adiabatic efficiencies for start of iteration on stator
losses. One value per streamline sPecifiecl from hub to tip as described for

Card Type 15.

CARD TYPE 17--LOADING LIMIT DATA FOR EACH STAGE

Card Types 17 through 24 are placed in sequence as a group of cards for
each stage spr-_ified on Card 5.

Columns 1-10. Rotor tip diffusion factor limit.

Columns 11-20: Stator hub inlet Mach number limit.
gw

Columns 21- 30
H i |

Relative flow angle limit at hub of rotor exit (degrees). Negativ_ value I
signifies turning past axial direction.

G _"_ " '

D'8 _ ;._.' j
aJ
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Columns 31-40. Stator hub diffusion factor limits.

Columns 41- 50 -_,
5

E

Maximum rotor exit tip tangential velocity permissible (ft/sec). _

CARD TYPE 18--BLADE LOSS AND TOTAL MASS FLOW CHANGE _

Columns I- 5

Rotor loss parameter data set from buffer zone of Card 4 described by

an integer identifying the position of U,.e desired loss-data set in the buffer
zone.

Columns 6-10

Stator loss parameter data set from buffer zone of Card 4 described by

i an integer identifying the position of the desh-cd load-data set in the buffer
-! zone.

=] Columns 1 I- 20
Mass flow added to or subtracted from rotor blade row and/or annulus

I walls within row (lbm/sec). This mass flow change is divided equally amongstreamtubes.

I Columns 21-30
Mass flow added to or subtracted from stator blade row and/or annulus

i walls within row (lbm/sec). This mass flow change is divided equally amongstream tubes.

I CARD TYPE 19--ROTOR EXIT TOTAL PRESSURE PROFILE

The total pressure profile is defined by the following expression.

I Pt A "_.
----- _ Ep 2
PiT B+p +C+Dp+

where

I R- R H

p = RT- R H _ }-

Note that during design computations, this polynomial is normalized before

each use. That is, the ratio Pt/PtT is set to 1.0 for p ffi(RTe - RHg)/(RTg -RHg).B
D-,9

| i • m]w | mLw lea a | i I i i | _ • i a a am i i i

1968028585-215



}

J

The program user should avoid using B = 0. In the case of zero block- {

age, PIle 0 and for B = 0, the term A/(B + p) results in a divisionby zero
at the hub.

Columns 1-I0. Constant A

iColumns 11-20. Constant B _i

Columns 21-30. Constant C ")

Column" 31-40. Constant D

Columns 41-50. Constant E "I

Shock loss calculations require the suction surface Mach number at the

incident shock location. Thus, the supersonic turning along the suction sur-
face to shock intersectionbased on the normal shock model must be specified. :U
One of two methods may be selected (Card 5, Columns 21-25). These are

(1) ratio of supersonic turning to total turning, _$ss/_; and (2) suction surface _]

flow angle, flss, (degrees) at shock intersection. These data are to be estab- _ m
llshed along the streamline airfoilsection. The method of input is identical

to Card Type 19 where Pt/PtT is replaced by _ss/_ or _ss" The program _|
user should beware of using _ss on the firstattempt at designing a given corn- L)

pressor. Very large shock losses can result, since itis difficultto guess

appropriate values for _ss in advance. _i

CARD TYPE 21--ROTOR SOLIDITY

Solidity, _, for the streamline airfoil section as a function of p, the frac- U

t_on of blade height. The method of input is identical to Card Type 19 where

Pt is replaced by _.

CARD TYPE 22--STATOH EXIT TANGENTIAL VELOCITY PROFILE

Tangential velocity (R/sec) distributionas a function of radius is given by il

_A B U
V@ R2 - g + C+ DR+ ER 2

where R is in inches. The fieldsfor constants A through E are identicalto II
Card Type 19.

D-IO i ....

! , _,j
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CARD TYPE 23mSTATOR SHOCK LOSS PARAMETER

Identical procedure to that for the rotor on Card Type 20.

CARD TYPE 24mSTATOR SOLIDITY

Identical procedure to that for the rotor on Card Type 21. _

I
I
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