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FOREWORD

This document presents results of the study 'Methods for Comparative
Evaluation of Propulsion System Designs for Supersonic Aircraft."” The NASA
technical representative was Dr. Edward A. Willis. In addition to the authors
noted, significant contributions to this study and report were made by
Ellwood Bonner, aerodynamics; Henry K. Chin and Louis C. Young, propulsion.
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METHODS FOR COMPARATIVE EVALUATION
OF PROPULSION SYSTEM DESIGNS FOR
SUPERSONIC AIRCRAFT

By Ray M. Tyson, Ronald Y. Mairs, Floyd D. Halferty, Jr.,
Bruce E. Moore, David Chaloff, and Arnold W. Knudsen

Los Angeles Aircraft Division, Rockwell International

INTRODUCTION

The National Aeronautics and Space Administration is conducting a
continuing program of advanced supersonic technology studies with the objective
of developing an adequate technology base to support development of future
supersonic cruising aircraft. It is recognized in this program that one of
the more sensitive problems in the synthesis of a successful supersonic cruis-
ing aircraft is that of airframe/engine integration. This process must inves-
tigate and properly manage the interactions between the technical disciplines
of external aerodynamics, internal aerodynamics, engine cycle design, acous-
tics, mass properties, and structural design; and, it must Le responsive to
the practical considerations of fabrication, maintenance, and operation.

The results of a recently completed study, reference 1, of the effects of
nacelle size and nacelle shape on the drag, weight, and wing camber plane
warping of a supersonic transport illustrated the sensitivity of these param-
eters to relatively small changes in nacelle shape. The resultant shape of a
nacelle is dependent on the geometry of the engine (inlet area, mounting pro-
visions, accessory location, nozzle area, etc.) since this establishes certain
control points in the design of the nacelle. It is important, therefore, that
the engine designer be aware of this sensitivity to engine geometry, and be
provided with same guidelines for favorable geometry relationships. It is
probable that some engine geometry control can be achieved by the designer
with no penalty in engine performance, although on a total system basis some
engine performance degradation could be accepted in trade for reduced drag.

Although considerable effort has been expended on the problem of airframe/
engine integration, it has been mostly in the nature of point designs. The
study of reference 1 produced results for two specific nacelle shapes which
resulted from installat on of a dry turbojet engine and a duct heating turbo-
fan engine. A comparison of these results shows the superiority of one nacelle
shape over the other, but gives no information directly applicable to other
installations having differing nacelle shapes. This report therefore treats
nacelle shape and size in a parametric fashion so that a range of propulsion
systems can be readily compared on a consistent basis. To meet the user's
needs, it was clear that methodology faster and more convenient than the
traditional aircraft-preliminary-design process would be required--even at
some cost in terms of accuracy. Therefore, the approach was taken of organiz-
ing a relevant, existing set of nacelle drag data (reference 2), together with
supplementary data points as required to cover the parametric range, into a
computer table-lookup program. The program then yields supersonic wave and
friction drag increments as function of size and shape parameters for 2



representative supersonic cruise airplane configuration (reference 3). The
drag code, combined with linear sensitivity factors (derived from perturbation
studies of the reference 2 airplane), provides the desired rapid approximate
methodology for comparing alternative propulsion system designs.

The methods of analysis and major results of this study are described
herein in the '"STUDY PROCEDURE'" section. User's information for the code,
program listings and mathematical details are presented in the Appendix.

SUMMARY OF RESULTS

The present work is an extension of a previous study performed for NASA
Langley Research Center (contract NAS1-13906) and documented in reference 2.
In that program, a baseline airplane was defined. Under the current contract,
the baseline was revised slightly as described on page 71 for comsistency in
validating the approximate method; the revised baseline is used when perturbat-
ing and comparing airplanes with other engines. The baseline and revised
baseline airplanes are described in Table 1. The baseline airplane was based
on the NASA modified SCAT 15F vehicle described in reference 3. Parametric
data were generated showing the effects of variations of nacelle shape on
cruise drag for a range of shapes that reasonably cover engine designs applicable
to supersonic cruising aircraft. Generally, it was found that nacelles shaped
such that the maximum cross-sectional area occurred at or near the nozzle exit
and having little or no boattail resulted in the lowest wave drag. In fact,
nacelle shapes were found that produce favorable interference effects (drag
reduction) of such magnitude as to nearly offset the friction drag of the
nacelle. These results are valid only for vehicles of this general configura-
tion and nacelle location. Different vehicle configurations or nacelle
locations could results in different 'best" shapes. In considering possible
trades of reduced drag through design changes in the engine for some penalty
in engine weight and specific fuel consumption (SFC), it is necessary to have
visibility of the net impact of all three effects on the total airplane in
order to make a comparative evaluation. Therefore, sensitivity data were
developed for the effects of changes in drag, propulsion system weight, takeoff
thrust, and SFC on the takeoff gross weight as a figure of merit. Results of
the weight sensitivity trades showed that the airplane gross weight is highly

TABLE 1.- BASELINE AIRPLANES

NASA Langley Study REVISED BASELINE
Design Mission Range, km (n mi) 7 408 i (4 000) 7 408 (4 000)
Design Cruise Mach Number 2.4 2.4 2.4 2.4
Payload (292 passengers), kg (1b] 27 682 (61 028; 27 682 (61 028)
Balanced Field Length, m (ft) 3190 (10 500) | 3 190 (10 500)
Engines (4) VSCE 502B | VSCE 502B | VSCE S02B| VSCE 502B
Takeoff Gross Weight, kg (1b) 322 046 (712 188) | 316 783 (698 375)




sensitive to both drag and engine SFC at supersonic cruise. A one-drag-count
‘change (approximately 1 percent of airplane drag) results in a 1-percent
takeoff gross weight change; a l-percent change is SFC also results in a 1-
‘percent change in takeoff gross weight. Changes in drag or SFC at other flight
conditions and changes in propulsion system weight had relatively small effects
on takeoff gross weight.

The follow-on program, described in this report, was intended to render
the above-mentioned parametric data into a convenient, useable form. The
objective was to develop a reasonably accurate method for the rapid, prelimin-
ary evaluation of the effects of variations in propulsion system design
paramcters on the total system performance of an integrated engine/airframe
system. The figure of merit used was the airplane takeoff gross weight to
perform a design reference mission. The effort was organized around the
following five tasks:

(1) Estimation of supersonic cruise drag increments reflecting nacelle
shape and size (in the form of a computer table look-up program)

(2) Estimation of propulsion system installation weight
(3) Estimation of airplane takeoff gross weight
(4) Validation of the approximate method

(5) Reporting

Estimation of Supersonic Cruise Drag

A computer table look-up program was developed (see appendix) which yields
the incremental wave and friction drags of nacelles as functions of five
nacelle geometry variables and airplane mach number. The drag increments
are for the total vehicle relative to the vehicle with nacelles removed. The
five nacelle shape parameters used as inputs to the program are:

A c Inlet capture area
AMAX Nacelle maximum cross-sectional area
An Nozzle exit area (supersonic cruise position)

XMAX Distance from inlet cowl leading edge to maximum cross-sectional
area

L Nacelle total length

S Reference wing area

REF

It has been found that the table look-up results correlate best with more
detailed analyses when the maximum cross-sectional area and its position are
based on the area that occurs at the intersection of straight lines originating
from the inlet and nozzle and whose slopes nearly match the slopes of the
actual nacelle. A sample output from the computer program is shown in table 2.
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This task also included preparation of design guidelines for the
installation of the engine in the nacelle so that consistercy in definition
of design control points for extermal nacelle shaping is achieved. Guide-
lines for establishing inlet and inlet cowl shape, engine envelope definition
(inclwdiing provisions for wiring, plubing, power takeoff, engine accessories,
aircraft accessories, fluid reservoirs, air bleed ducts, and engine mounts),
structural allowances, and engine cowl and nozzle fairing shapes were defined.
A sample of the nacelle shape buildup is shown in figure 1.

Estimation of Propulsion System Installation Weight

A simplified procedure was developed for the prediction of nacelle struc-
ture weight. Weight estimation of aircraft structure is a complex process and
requires more design detail than will ordinai:ly be performed in the type of
preliminary studies being considered here; therefore, the procedure was keyed
to gross elements of the propulsion system installation and yields only
approximate weights. The important aspect of having a well-defined procedure,
even though considerable tolerance in the results must be accepted, is that
consistency is achieved in making comparative analyses.

Estimation of Airnlane Takeoff Gross Weight

A method has been defined for the determination of the impact of the
pronulsicn system installation (cruise drag, SFC, weight) on the total system
performance utilizing takeoff gross weight as the figure of merit. This
method was based-on results of sensitivity studies performed for Langley
Research Center. Utilizing these semsitivity values, the drag and weight
increments from tasks 1 and 2, and SFC's from engine performance estimates,
this procedure yields the airplane takceff weight required to accomplish
tire Jesign mission. The baseline vehicle is the vehicle defined in
reference 2 with the VSCE 502B engine. The total change in vehicle
takeoff gross weight due to propulsion changes may be determined from
the equation:

TOR o = TOM celine * Rsrc RcD X Ryp x RFNF..m

where "R" factors are the relative takeoff gross weight factors for each of
the propulsion changes obtained from a linear sensitivity analysis of the
baseline system. The drag factor is based on a supersonic cruise increment.
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Validation of the Approximate Method

Standard preliminary design procedures were applied in the installation
of four representative engines selected from the NASA Supersonic Cruise
Aircraft Research (SCAR) program engine studies, in the baseline supersonic
transport airplane. Drag and weight estimates were made utilizing conventional
}-ocedures. The airplanes were then sized to the design mission utilizing an
automated reiterative process. The results of this task provide a more exact
evaluation of the selected engines than is obtainable with the approximate
method and thus serve as a reference for its evaluation.

The four engines considered were the refined (January 1970) Pratt and
Whitney Aircraft (PWA) VSCE 502B and VCE 112C, and the General Electric Company
(GE) GE21/J10 Bl and GE21/J11 B3. These engines were chosen as representative
examples which would exercise the approximate method over a sizeable range,
in order to determine its limits of validity. This can be done in a consistent
fashion by comparing the approximate and detailed results shown in Table 3
for each ine. (On the other hand, meaningful engine-to-engine comparisons
cannot be made on the basis of table 3 because the example engines do not
recessarily reflect a consistent set of basic technology assumptions, noise
characteristic-, or state of evolution within the SCAR program. Hence, these
and similar results discussed later in this report should not be interpreted
as being indicative of the final outcome of the ongoing SCAR engine studies.)

TABLE 3.- COMPARISON OF APPROXIMATE AND DETAILED VEHICLE TAKEOFF GROSS WEIGHTS

Weight Based on

Weight Based on

VSCE 502B (refined)
VCE 112C

GE21/J10 B1
GE21/J11 B3

320 146 (705 790)
402 625 (887 622)
514 450 (1 134 149)
629 306 (1 387 359)

Engine Detailed Analysis Sensitivities
kg (1b) kg (1b)
VSCE 502B 316 783 (698 375) Revised Baseline

320 046 (705 568)
401 092 (884 258)
463 708 (1 022 283)
510 136 (1 124 638)

By comparing detailed and sensitivity results for each engine in table 3,

it is immediately clear that a good level of agreement has been reached. The
relative error (nommalized by the gross weight based on detailed results)
is shown in Figure 2 as a function of the total incremental change in TOGW

(normalized by the baseline value).

As might be expected from theoretical

considerations, the error is negligible for small perturbation; in fact,
it does not exceed 2 percent of the takeoff gross weight until the increment

itself is in excess of 30 percent.

It is important to note also that the

error is consistent, i.e. always of the same sign (the approximate method
underpredicts). Thus, even among highly-dissimilar engines, the correct
ranking is preserved. With these facts in mind, it is concluded that the
approximate method is in fact a reliable and reasonably accurate tool for
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such purposes as engine evaluation amd comparison, over a range of about
+ 30 percent from the baseline TOGK. Considerably larger increments also
could be accepted (tﬁmrily) as intermediate steps in an optimization
study, provided that final case of interest is within the + 30 percent
band.

The user should nevertheless observe several cautions in applying these
results. As a general practice, it is desirable to check the "final result"
of a study by detailed methods. This is strongly recommended for cases
approaching or passing beyond the accuracy band. The sensitivity values
("R" factors) are to some extent dependent upon the engines sizing criteria,
the assumed mission profile and flight rules. The user should therefore
review these items carefully before beginning a study and generate a more
appropriate set of 'R" factors if significant differences are noted. More
fundamentally, it should be recognized that the wave drag data is strictly
applicable only to the reference 3 airplane configuration and geometrically
similar scaled versions thereof. Trend results with nacelle shape for
different airplanes of the same general arrangement are believed to be
representative, although detailed agreement would not be expected. The use
of the preseat data for airplanes having significantly different shape,
proportions or nacelle treatment is not indicated. Doubtful cases should

be checked at several points to validate the data and/or establish corrections.
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-20.00 . //
. L A /.J GE21/J11 B3
® -10.00 10 Bl Loy
: 25
-4.00 V.
B -2.00 // //
o ) d é
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5 0.0l K,
e F
Rt
§ 0.0
-y -
¥ g 02l VSCE 502B (refined)
-0.a1 1

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Relative takeoff gross weight calculated by approximate method

Figure 2.- Error characteristics of approximate method
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Conclusions and Recosmendations

Engine shape, airflow lapse rate with mach number, thrust lapse rate
with mach number, SFC and noise characteristics have large impacts on vehicle
takeoff gross weight. As an example of engine shape effects, a comparison
of cross sectional area variation of nacelles with the VSCE 502B and VCE
112C engines is shown in figure 3. The only significant difference in shape
is that the VCE 112C has a smaller nozzle exit area. This results in drag
and takeoff gross weight changes as shown in table 4. Thus, a nozzle that
is 0.043 m (1.7 in) smaller results in takeoff gross weight increment of
3 200 kg (7 100 1b) just due to the nacelle drag change.

Engine airflow lapse rate with mach mmber directly affects inlet
capture area. For example, the GE21/J10 Bl has approximately 16-percent
lower supersonic cruise airflow relative to takeoff airflow than does the
VSCE 502B. The smaller capture area results in approximately 4-percent
lower inlet recovery at static conditions and therefore reduced takeoff thrust.
In addition, the smaller capture area results in a more rapid increase of
nacelle cross-sectional area with nacelle length, and therefore higher
drag.

Engine takeoff thrust and thrust lapse rate with mach number have
significant effectson engine size required to meet takeoff distance require-
ments. For example, the VCE 112C has 6-percent lower takeoff thrust at
static conditions and 20-percent lower thrust at mach 0.3 (at reduced power
to meet noise requirements) than the VSCE 502B for a given static takeoff
airflow. This resulted in an increase in engine size of approximately 15
percent to meet bzlanced field length requirements.

A change of 1 percent in SFC at supersonic cruise results in a l-percent
change in vehicle takeoff gross weight or about 3 200 kg (7 100 1b).

Engine exhaust noise characteristics have a significant impact on
vehicle takeoff gross weight. All four engines were assumed to employ thrust
cutback at the takeoff noise measurement point. However, all the engines
did not take full advantage of the extra ground attenuation while the air-
craft was still on the ground. For example, the GE21/J11 B3 has 26-percent
lower thrust-per-unit airflow than the VSCE 502B. Thus, the GE21/J11 B3
yields approximately 6 db lower sideline noise at takeoff on the ground,
but it must be sized larger to meet the takeoff distance requirement.

The sensitivity method has been shown to be a valid method for prelimin-
ary assessment of propulsion system modifications, and it is therefore
recommended to be used for this purpose. Continued airframe/propulsion
integration studies and coordination effort between engine and airframe
manufacturers in the aforementioned high-sensitivity areas are also recommended.
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TABLE 4. - DRAG AND TAKEOFF GROSS WEIGHT INCREMEMTS DUE 10
CHANGES IN ENGINE SHAPE

ACD, Supersonic Cruise Takeoff Gross Weight
Engi Nacelle Drag : Increment Relative
gine Increment Relative to VSCE S02B
to Nacelles Off kg (1b)
VSCE 502B 0.00046 Base
VCE 112C 0.00055 3200 (7100)
SYMBOLS

A Area, sq m (sq ft or sq in)
BLB Boundary layer bleed

BLC Boundary layer control

BP Basepoint

C Coefficient or Chord, m (ft or in)
d Diameter, m (ft or in)

D Drag, daN (1ib)

db Decibel

F Thrust, kg (1b)

K Drag-due-to-1ift factor

| Length, m (ft or in)

L Lift, N (1b)

M Mach number

R Relative TOGW factor

S Area, sq m (sq ft or sq in)
SEFC Specific fuel consumption, kz/hr/N (1b/hr/1b)
T Thrust, N (1b)

TOoGW Takeoff gross weight, kg (1b)
Vv Velocity, m/sec (ft/sec)

W Weight, kg (1b)

X Nacelle station, m (ft or in)
A Increment

Subscripts

AMAX Maximum cross-séctional area
B Base




Capture

Drag coefficient

Drag

Friction

Fuel

Inlet throat _
Indicates lift coefficient at minimum drag
Lift

Loftoff

Maximm

Nozzle exit

Net effoert

Profile

REF Reference

R Root

SFC Specific fuel consumption

SUB Subsonic
SUPER Supersonic
TO

W

Wr

o

1

vgbésrnr—-mmcgn

Takeoff

Wave

Weight

Freestream

Critical engine failure

STUDY PROCEDURE
Approach

The general approach of this study included using the baseline airplane,
parametric nacelle drag results, and takeoff gross weight sensitivities devel-
oped in the NASA Langley Research Center contract of reference 2. A nacelle
drag table look-up computer program and guidelines for determining nacelle
shape were developed to allow estimation of supersonic cruise drag. A method
to assess the propulsion system installation weight was defined. A method of
determining vehicle takeoff gross weight using vehicle sensitivities to propul-
sion changes was developed. The method was verified by analyzing in detail
four selected propulsion systems.

Because of the dependence of this study on the baseline airplane and
ground rules of the study of reference 2, the definition of the baseline air-
plane is included. In this report, descriptions of the airplane configurations
used are as follows:

(1) The reference airplane is the NASA-modified SCAT 15F arrow wing
supersonic transport (defined in reference 3),
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(2) The basepoint vehicle is the reference modified only as required to
install the Pratt and Whitney Aircraft (PWA) VSCE 502B engine,

(3) The baseline airplane is the basepoint resized to the design require-
ments on a standard-plus-8° C day.

The structure design and operational empty weight of the reference
airplane were assumed to meet all design criteria. Weight and aerodynamic
characteristics of the study airplanes were derived by increments from the
reference configuration.

Baseline Airplane Definition

Basepoint airplane.- The 'basepoint” airplane for this study is based on the
NASA modified SCAT 15F arrow wing reference configuration as described in
reference 3. The propulsion system of this airplane has been replaced with
PWA variable stream control engines (VSCE 502B) having 408 kg/sec (900 1b/sec)
airflow each and witn axisymmetric variable geometry inlets designed for

mach 2.4 cruise conditions. The resulting basepoint vehicle is shown in fig-
ure 4. This airplane has a gross weight of 336 973 kg (742 890 1b), a range
of 7471 km, (4034 n.mi.), and a balanced field length of 3017 m (9898 ft).

All performance and sizing calculations were made using the Rockwell
Vehicle Sizing and Performance Evaluation Program (VSPEP). This computer
program is a design tool capable of scaling a known basepoint vehicle accord-
ing to specified values of several different design parameters. These include
vehicle gross weight (or fuel weight), thrust-to-weight ratio (or engine size),
wing-loading (or wing area), and payload or fixed equipment weight and volume.
Performance may be determined at specified gross weight, or alternatively, a
search routine permits automatic sizing of the vehicle gross weight such that
a specified radius or range of the design mission is satisfied. Vehicle per-
formance is calculated internally from a set of subroutines programmed accord-
ing to a detailed performance analysis model. The subroutines are general in
nature and permit calculation of a wide variety of mission profiles. Several
mission profiles may be calculated simultaneously. Takeoff and landing dis-
tances and maneuvering capability may also be determined. Figure 5 illustrates
the evaluation process.,

Typical mission legs which may be calculated include warmup, taxi, takeoff,
climb, descent, cruise, and loiter operations. Climb and descent performance
are determined by numerical integration of the equations of motion along a
specified flight schedule. Intemnally generated schedules are also available,
including minimum time and minimum fuel flight paths as defined by the energy
method. Constraints on the allowable flight regime are included. Cruises and
loiters may be determined at fixed or optimum speeds and altitudes. Numerical

15
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searches are used to dctermine optimm specds and altitudes at the beginning
and end of each of these legs.

Data input to the VSPEP for the AST basepoint vehicle include:

® Weights broken down by major component, along with scaling
information on the wing, tails, fuselage, and engines.

® Drags broken down by major component and by type (e.g., friction
drag, wave drag, drag due to lift, base drag).

® Installed propulsion dat , including thrust and fuel flow as
functions of speed, altitude, and power setting.

® Dimersional data such as lengths, areas, and volumes for major
components and the total vehicle.

Performance items calculated by the VSPEP on the basepoint and baseline
vehicles for this study consist of the following:

(1) Design mission range
(2) Altemate mission range

+3) Takeoff distance with FAR 36 (Federal Aviation Regulation,
part 36) noise requirements

(4) Balanced field takeoff distance
(5) Thrust-to-drag ratio at mach 2.32, 18 300 m (60 000 ft)
(6) Thrust-to-drag ratio at mach 1.2 during the climb leg

A description of each of these performance items is given in the follow-
ing paragraphs. Because engine data were provided for a standard-plus-8°C
(14.4°F) day, all airplane performmance characteristics were computed for that
atmospheric condition.

Design mission.- A profile of the design mission is shown in figure 6. This
mission consists mainly of a mach 2.32 cruise. Fuel reserves as recommended

in reference 4 are calculated for an a'*ernate airpert located 460 km (250 n.mi.)
from the destination airport.

The design mission consists of:

(1) Warmup and takeoff - 10 minutes at dle pc ..r plus 1 minute at
maximm pover.
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(2) Climb - Maximum power climb and accelerate to cruise altitude and
mach number.

(3) Cruise - Cruise at mach 2.32 at altitude for best cruise range.

(4) Descent - Descend and decelerate to mach 0.5 and 457 m (1500 ft)
using idle power.

(5) Approach and land - Descend to mach 0.3 at sea level using
idle power.

(6) Taxi - S minutes at idle power.
(7) Reserve allowance - S-percent of total fuel used in all previous legs.
(8) Reserve climb - Climb to subsonic cruise conditions.

(9) Reserve cruise - Subsonic cruise at mach nusber and altitude for
best range.

(10) Reserve descent - Descend and decelerate to holding altitude amd
mach number using idle power.

(11) Reserve hold - Loiter for 30 minutes at 3048 m (10 000 ft) at the
mach number for best endurance.

(12) Reserve approach and land - Descend to sea level using idle power.

Altemate mission.- A profile of the altemate mission is shown in figure 7.
The first half of the alternate is identical to the first half of the design
mission. At the point corresponding to the m jpoint of the design mission, a
failure is assumed to occur in the most critical engine. At this point, the
airplane descends and continues to cruise subsonically with one engine wind-
milling. The fuel reserve remaining at the end of this mission is equal to the
reserve fuel as calculated for the design mission.

The alternate mission consists of:
(1) Warmup and takeoff - Same as design mission.
(2) Climb - Same as design mission.

(3) Cruise - Same as design mission.
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(4) Descent - Descend and decelerate to subsonic cruise conditions using
idle power, following failure of most critical engine.

(5) Cruise - Subsonic cruise at mach mmber and altitude fer best range
with one engine inoperative.
(6) Descend and land - Descend to sea level using idle power.

(7) Reserve - Allow total reser.= fuel equal to that calculated for design
mission legs 7 through 12.

Balanced field takeoff.- Takeoff distance is calculated over a 10.7 m (35 ft)
obstacle. It is assumed that a maximum usable lift coefficient of 0.555 is
available for climbout. Balanced field length involves three requirements:

(1) Distance for a normal takeoff is calculated with all engines
(throttled if ne-essary so that FAR 36 noise requirements are not exceeded) and
this distance is multiplied by 1.15.

(2) Distance is calculated for a takeoff when an engine fails at the
critical speed and the airplane continues the takeoff. In this instance, the
throttles may be advanced after the engine failure if they are not already at
maximmm power (without regard to noise requirements).

(3) Distance is calculated when an engine fails at the critical speed and
the takeoff is aborted. The airplane is stopped by applying brakes and cutting
the remaining engines to idle. The critical speed for engine failure is deter-
mined by varying the speed at which engine failure occurs (i.e., Vj) umtil the
accelerate-continue distance is equal to the accelerate-stop distance (i.e.,
segments B + C = D + E as shown in figure 7). The balanced field length is Rl
then defined as the greatest of items (1), (2), and (3).

Thrust-to-drag ratio.- The thrust-to-drag (T/D) ratio is calculated using max-
imm available thrust at 2.32 mach, 18 300 m (60 000 ft). Drag is that for
level flight at the same conditions. Airplane weight is that at the start of
the supersonic cruise as calculated for the design mission. The thrust-to-drag
ratio is also calculated ror the point in the climb-accelerate leg at which
mach 1.2 is reached. In this case the altitude and vehicle weight are the
actual values during the climb at which the vehicle 1eaches mach 1.2.

Baseline airplane.- The 'baseline' airplane for this study is a resized version
of the aforementioned "basepoint.” Resizing was accomplished by exercising

the VSPEP for a matrix of thrust-to-weight and wing loading values,

and allowing the program to search for the gross weight, in each case, that
satisfies the design mission range requirement of 7408 km (400 n.mi.). Plots
of the results are shown in figures 9 through 11. The parameters shown include
vehicle gross weight as well as those performance items for which requirements
must be met.
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The balanced field length requirement is plotted on the airplane gross
weight plot in figure 9. This allows a "baseline” airplane to be chosen which
is defined as the minimm gross weight vehicle that meets or exceeds the
following performance requirements:

Design mission range 7408 lm (4000 n. mi.) with 292 passengers
Balanced field length 3200 m (10 500 ft)

Minimm T/D during climb 1.2
or cruise

I c )
v 10.7 m (35 ft)
i ! A’
F A B—:l—‘r——-ﬁ-——-"
D

Distance up to critical engine failure V

3>
'

1

B - 3-engine acceleration distance from Vl to Vw

C - 3-engine lift-off to barrier distance

D - Distance gained after engine failure before full
brake application

E - Stopping distance

V1 - Critical engine failure speed

VLO - Lift-off velocity

Figure 8. - Balanced field length definition
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Since the thrust-to-drag requirements are exceeded for all cases,
;‘igure 10, only the balanced fisld length requirements are included in figure

The resulting 'baseline" airplane has a s weight of 323 046 k
(712 188 1b); a thrust-to-weight ratio of 3.1§mn;kg (0.323 1b/1b) bases on
installed, static takeoff thrust; and a wing loading of 354 kg/sq m (72.5 1b/
sq ft) based on gross wing area. (As discussed on page 71, the baseline was
revised slightly for consistency in validating the approximate methods, but
the discussion presented here is for the NASA Langley study baseline.)

Further airplane design and performance characteristics for both the 'base-
point” and '"baseline" airplanes are shown in table 5. Design and altemnate
mission summaries are shown in tables 6 through 9 for the baseline airplane.

In these tables, the first leg of the alternate mission includes the first four
legs of the design mission while leg five of the alternate includes reserves
for legs nine tni.igh 15 of the design mission. The path followed during the
climb-accelerate ieg is a minimum fuel path calculated internally by the VSPEP
program. This path as calculated for the baseline airplane is shown in

figure 12.

Propulsion.- Because many of the current and recently completed supersonic
cruising aircraft studies have used axisymmetric inlets, a mixed-compression,
axisymmetric inlet was defined for use in the basepoint aircraft for this
study. The inlet diameter is 1.93 meters (76 inches), and capture area is
2.926 square meters (4 536 square inches). For takeoff, the basic centerbody
is held in the transonic position, but the fore and aft conical segments are
translated aft to create a centerbody auxiliary inlet. The auxiliary inlet
opening in the centerbody is 10 percent of capture area. Inlet pressure recov-
eries and spillage, bypass, and BLC drags were estimated, and their effects
were included in installed propulsion performance. Engine accessories were
assumed to be located in the wing. The nacelle drawing is shown in figure 13.

The engine performance data available for the VSCE 502B engine included
the effects of an inlet recovery schedile, nozzle external drags (base plus
boattail), 0.45 kilogram-per-second (1.0 pound-per-second) high-pressure com-
pressor air bleed, and 149 kilowatts (200 horscpower) power extraction.
Installed performance data were computed by modifying the engine data to
include the effects of changes in inlet pressure recovery and inlet drags
(spillage, bypass, and boundary layer control). Because the amount of engine
data available was not sufficient to compute aircraft mission performance,
additional installed performance data were generated by calculating corrected
thrust and fuel flow parameters and by extrapolating based on trends of engines
with similar characteristics. Fortunately, these techniques were required only
at flight conditions where the airplane flies for a short duration. Thus, any
possible errors due to data extrapolation should have minimal effect on air-
plane performance. All data were for standard-plus-8°C day.
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TABLE 5. - AIRPLANE CHARACTERISTICS

Basepoint Baseline
Engine Airflow, kg./sec. (1b./sec.) 408 (900) 395 (868)
Thrust-to-weight, n./kg. (1b./1b.) 3.14 (0.3208) 3.16 (0.323)
Reference Wing Area, sq.m. (sq. ft.) 926 (9 969) | 827 (8 902)
Gross Wing Area, sq.m. (sq. ft.) 1022 | (10 996) 912 (9 819)
Wing Loading (gross area), kg./sq.m. (1b./sq. ft.) 330 (67.56) 354 (72.53)
TOGW, kg. (1b.) 336 973 (742 890) 323 042 (712 188
Fuel Weiglt, kg. (1b.) 158 475 (349 834) | 151 643] (334 754
Max. Wing Fuel, kg. (1b.) 207 950 (459 050) 175 484 | (387 382)
Design Range, km. (n.mi.) 7475 | (4 034) 7 412 (4 000)
Eng. Out Range, km. (n.mi.) 6 285 (3 392) 6 2591 (3 378)
FAR 36 T.O. Dist., m, (ft.) 2 498 (8 194) 2 648} (8 661)
Bal. Field T.0. Dist., m. (ft.) 3017 | (9 898) 3 190((10 466)
Thrust-to-Drag € 2.32 M/18 300 m. (60 000 ff.) 1.747 1.716
Thrust-to-Drag € 1.2M/Climb 2.005 2.019
Initial Cruise L/D 9.649 9.541
Initial Cruise SFC (installed) kg./hr./daN. 1.393 (1.366) 1.385. ! (1.358)

(1b. /hr./1b.)




6%

TABLE 6.

- BASELINE DESIGN MISSION SUMMARY - INTERNATIONAL UNITS

LEG. NO. OPERATION WELGHT, | ALTITUDE,|MACH | FUEL USED,] TIME, | TOTAL TIME| RANGE,| TOTAL RANGE,

kg. m. kg. min. min. | km. k.
INITIAL WEIGHT 323 046

1 WO § TO 319 171 0 Jo.305! 3871 10.0 10.0 0 0
2 CL TO 15C0 317 071 457 {0.500 | 2 100 1.3 11.3 10 10
3 CLB-ACC 292 535 | 16 746 2.320 | 24 535 12.8 24.1 288 299
4 CRUISE 239 921 | 17 910 |2.320 | 52 614 82.9 |107.0 3 405 | 3 704
S CRUISE 196 262 | 19 168 |2.320 | 43 659 82.6 | 189.7 3395 | 7100
6 DESCEND 194 735 457 [0.500| 1 s26 17.3 | 207.0 206 | 7 3%
7 DES-LAND 194 500 0 ]0.300 235 1.5 | 208.6 12 | 7 409
8 TAXI-ALL 193 853 o |o.0 646 5.0 | 213.6 o | 7 409
9 SPCT ALL 187 394 0 0.0 6 459 ] 0.0 213.6 0 7 409
10 CL 1500 186 826 457 | 0.500 567 0.7 | 214.3 s | 7 414
11 CLB-ACC 181 460 | 12 337 | 0.950| 5 366 10.2 | 224.5 158 | 7 573
12 CRUISE 179 067 | 12 427 0.950] 2 393 10.8 | 235.3 181 7754
13 DESCEND 178 195 | 3048 |o0.470] 80 9.5 | 244.9 123 | 7877
14 LOITER 171 744 | 3048 | o0.454] 6 450 30.0 | 274.9 o | 787
15 DES-LAND 171 207 0 0.300 537 3.7 278.6 33 7 911

TOTAL FUEL USED = 151 834
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TABLE 7. - BASELINE DESIGN MISSION SUMMARY - ENGLISH UNITS

LEG. NO. OPERATION WEIGHT, | ALTITUDE,|MACH NO. | FUEL USED,| TIME |TOTAL TIME| RANGE }TOTAL

1bs. ft. 1bs. min. min. n.m. [RANGE n.m.
INITIAL WEIGHT 712 188

1 WO & TO 703 653 o | 0.308 8 534 |10.0 10.0 0 0

2 CL TO 1500 699 022 1 500 0.500 4 631 1.3 11.3 5 5

3 CLB-ACC 644 931 54 943 2,320 54 090 |12.8 2.1 155 161

4 CRUISE 528 936 58 761 2.320 115 994 | 82.9 107.0 1838 | 2000

5 CRUISE 432 684 62 889 2,320 96 252 |82.6 189.7 1833 | 3833

6 DESCEND 429 318 1 500 0,500 335 [17.3 207.0 159 | 3 993

7 DES-LAND " 428 800 0 0.300 518 1.5 208.6 71 4000

8 TAXI-ALL 427 374 0 0.0 1 425 5.0 213.6 0] 4000

9 SPCT ALL 413 134 0 0.0 14 240 0.0 213.6 0 { 4000

10 CL TO 1500 411 882 1 500 0.500 1 251 0.7 214.3 2 | 4003

11 CLB-ACC 400 052 40 476 0.950 11 830 |10.2 224.5 85 | 4 089

12 CRUISE 394 775 40 773 0.950 527 |10.8 235.3 98 | 4 187

13 DESCEND 392 853 10 000 0.470 1921 9.5 244.9 66 | 4 253

14 LOITER 378 632 10 000 0.454 14 221 | 30.0 274.9 0 | 4 253

15 DES-LAND 377 448 0 0,300 1 184 3.7- | 278.6 18 { 4 271
TOTAL FUEL USED = 334 739
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TABLE 8. - BASELINE ALTERNATE MISSION SUMMARY - INTERNATIONAL UNITS

:.G. NO. OPERATION WEIGHT, { ALTITUDE,|MACH NO. |FUEL USED,| TIME |TOTAL TIME| RANGE | TOTAL RANGE
kg. m kg. min. min. lan, lon.
INITIAL WEIGHT 323 046
1 DES LEGS 1-4 239 921 0 0.0 83 121 | 107.0 107.0 3 704 3704
2 DES-DEC 229 539 8 212 0.900 381 7.9 115.0 189 3 §94
3 CRUISE 194 718 9 461 0.900 44 821 | 136.7 251.7 2 248 6 142
4 DESCEND 193 850 0 0.300 868 10.2 262.0 113 6 256
S RESERVE 171 204 0 0.0 22 646 65.0 327.0 502 6 758
Total Fuel Used = 151 838 1
TABLE 9. - BASELINE ALTERNATE MISSION SUMMARY - ENGLISH UNITS
LEG NO. OPERATION WEIGHT, ALTITUDE, |MACH NO. | fUEL USED| TIME TO‘I'AI. TIME] RANGE [TOTAL RANGE
1bs. ft. 1lbs. - | min. min. n.m, n.m.
INITIAL WEIGHT  |712 188
1 DES LEGS 1-4 528 936 0 0.0 183 251 | 107.0 107.0 2 000 2 000
2  DES-DEC 528 095 26 944 0.900 841 7.9 115,0 102 2 102
3 CRUISE 429 281 31 040 0.900 98 813 1 136.7 251.7 1213 3 316
4 DESCEND 427 368 0 0.300 1 913 10.2 262.0 61 3 378
S RESERVE 377 441 0 0.0 49 926 65.0 327.0 271 3 649
Total Fuel Used = 334 746
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At takeoif, _ne engine power setting was scheduled so that the aircraft
meets FAR 36-traded noise levels. The SAE exhaust jet noise prediction method
was used with the modification to overall sound prescure level recommended by
Bushell (reference 5). This modification has no effect on perceived noise
level ‘at static conditions, but it results in approximately 4 decibels (db)
higher noise than the standard SAE method at -mach 0.3. A 1.5 d reduction in
sideline noise was assumed due to sideline shielding while the airplane is on
the grcund. An 8-decibel reduction in neise level due to the wwannular nozzle
effect was assumed for all flight conditions and power settings. Information
from PWA indicates that coannular configurations reduce noise by 7 to 8 decibels
when the differcnce between core velocity and bypass velocity is 152 meters per

second (500 feet per second) or more, with the core stream having the lower
velocity.

Mass properties.- The basepoint vehicle weight summary is given in table 10.
The NASA reference vehicle weight sumsary (reference 3) from which the base-
point was derived is also shown. The differences between the weights of the
two vehicles are in the engines and nacelles. The basepoint vehicle has
VSCE 502B 408 kg/sec (900 lb/sec) airflow engines in lieu of the 363 kg/sec
{800 1b/sec) engines in the NASA reference vehicle.

The VSCE 502B bare engine weight including nozzle and thrust reverser was
supplied by PRA. Weight increments of 22.7 kg (50 1b) for residual fluids and
22.7 kg (50 1b) for miscellaneous engine/airframe interfacing provisions were
added to the bare weight to cbtain an installed weight. Tabhle 11 shows the

installed enginc weight swmmary.

The basepoint nacelle weight estimate is based on the nacelle drawing,
figure 13. For the weight evaluation, the nacelle was divided into three
sections: forward of the engine front face (inlet cowl), aft of the front face
(engine cowl), and inlet spike. The engine cowl weight was estimated at
34.2 kg/sq m (7 1b/sq ft) of wetted area. This weight includes all the nacelle
structure that supports and surrounds the engine and was derived from prior
Rockwell International studies of a similar type. The inlet cowl and spike
weights were calculated using statistical weight estimating equations obtained
from the technical report SEG-TR-67-1, Preliminary Design Methodology for Air-
Induction Systems {reference 6). Fngine mount weights were calculated sta-
tistically at 1.5-percent of the engine weight. The mount weights are iacluded
with the nacelle weight.

The weight summary of the bascpoint nacelle is presented in table 12.
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TABLE 10. - VEHICLE WEIGHT SUMMARY

NASA REFERENCE VBHIGLE BASEPOINT _
ITRM kg LB Kg LB

Wing 37 805 83 347 37 805 83 347}
Horizontal Tail 2 391 5 271 2 391 s 271

Vertical Tail 2 148 4735 2 148 47
Fuselage 24 636 54 314 24 636 4 314
Landing Gear i3 138 28 985 | 13 138} 28 965
Nacelle 8 625 19 03% 7 410 16 336
Structure Total (88 743 (195 647 | (87 5281 (192 968

Engines 27 139 59 832

Thrust Reversers 4 809 10 601 }24 494 54 000
Miscellaneous Systems 807 1 780 807 1 780
Fuel System-Tanks and Plumbing 2 622 S 781 2 622 S 781
Propulsion Total (3c 377 (77 994 | (27 925] (61 S61
Surface Controls 4 527 9 y3i 4 527 9 981
Instruments 1 542 3 400 1 542 3 400
Hydraulics 2 540 5 600 2 540 5 600
Electrical 2 291 5 050 2 291 S 050
Avionics 1 22 2 690 1 220 2 690
Furnishings and Equipment 11 390 25 111 | 11 390f 25 111
Air Conditioning 3 720 8§ 200 3 720 8 206

Anti-icing 95 210 95 210
Systems and Bquipment Total (27 325 ( 60 242 | (27 325| (60 242
Weight Empty 151 445 333 883 | 142 7761 314 771

Crew and Baggage-Flight, 306 675 306 675

~Cabin, 744 1 640 744 - 1640
Unusable Fuel 1 059 2 335 1 059 2 335

Engine 0il 361 795 361 795
Passenger Service 4 015 8 852 4 015 8 852
Cargo Containers 1 343 2 960 1 343 2 960
{Operating Weight 159 273 351 140 | 150 604 | 332.028
Passengers, (292) 21 854 48 180 ! 21 854| 48 180
Passenger Baggage 5 828 12 g48 5 828 12 848
Zero Fuel Weight 186 955 412 168 | 178 286] 393 056
Mission Fuel 158 680 349 832 | 158 681 349 834
Design Gross Weight 345 635 762 000 | 336 973} 742 890
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TABLE 11. - BASEPOINT ENGINE WEIGHT

Weight/Vehicle

Tten kg 1b
Engines (including nozzle § thrust reverser) (4) 24 312 53 600
Residual Fluids 91 200
Miscellaneous Provisions 91 200
Engines as Installed 24 494 54 000

Aerodynamics.- Friction drag estimates were made for a fully turbulent, hydrau-
lically smooth condition using the incompressible Von-Karman-Schoenherr method
(reference 7) in conjunction with the adiabatic compressibility correction of

Sommer and Short (reference 8).

Component characteristic lengths (e.g., the

distance from the inlet lip to the exhaust nozzle exit, the exposed mean aero-
dvnamic chord of planar surfaces, etc.) and the altitude along the mission

climb profile were used to evaluate length Reynolds numbers.

were increased by 3-percent to account for form losses.

Flat plate values

TABLE 12. - BASEPOINT NACELLE WEIGHT
Item Weight/Vehicle
kg 1b

Nacelles

Engine Cowl 2782 6132

Inlet Cowl 1299 2864

Spike 2961 6528

Engine Mounts 368 812
Total Nacelle 7410 16 336
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The wave drag due to thickness was estimated as a function of mach nuber
using supersonic area rule theory (references 9 and 10) in conjunction with a
transparent wing simulation, an inlet mass flow ratio of one, and the nozzle
exit area held fixed at its supersonic cruise position. The effect of inlet
spillage and nozzle position is included in the installed thrust. All results
reported here are based on the use of a 51-mach-plane AX = 0.02 L () ), -
13-roll-angle (A# = 15°) analysis. Basepoint configuration result< for
increased solution mesh density did not indicate any appreciable change.

Supersonic cruise trimmed drag-due-to-1lift characteristics are assumed to
be equal to the reference configuration of reference 3 and consequently inde-
pendent of wing and engine size and nacelle shape. A different design wing
twist and camber is required for each case to realize this performance. The
lifting efficiency may be conservative for some of the more favorably shaped
nacelles of the parametric drag study in that any increased benefit that may
be realized from favorable nacelle thickness/wing lift interference over and
above that of the reference configuration is neglected. Conversely, for the
less favorably-shaped nacelles, the analysis may be somewhat optimistic. At
off design conditions, the above assumption is necessary because the required
analysis is beyond the scope of the contract effort.

A comparison of the VSCE S02B (408 kg/sec, 900 lb/sec airflow) nacelle of
figure 13 to that of the reference configuration nonafterburning single spool
turbojet with variable geometry turbine (363 kg/sec, 800 1b/sec airflow) of
reference 3 is presented on figure 14. The basepoint nacelle is 1.95 meters
(6.4 feet) shorter and has a 0.14 meter (0.46 feet) smaller maximm diameter.
The relative cross-sectional shape of the two nacelles is presented in fig-
ure 15. The basepoint total configuration normal cross-sectional area distrib-
ution is shown in figure 16. ’

Estimated total and nacelle incremental skin friction and wave drag
characteristics (relative to nacelles off) for the basepoint configuration are
presenied in table 13. The wave drag results are for the case in which the
nozzle exit planes are the same as the reference configuration. A slightly
higher drag results (Acm = 0.00006 at mach 2.7) if the inlet planes are
matched.

The friction, wave, and total drag increments of the basepoint nacelle are
compared to those of the reference nacelle in figure 17. The basepoint con-
figuration has a slightly smaller installation drag in spite of 12.5-percent
greater airflow because of the more favorable nacelle shape {no boattail) as
shown in figure 14. It was subsequently determined that a further reduction
of 0.5 count could be realized by meridial contour optimization.
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TABLE 13. - BASEPOINT CONFIGURATION ESTIMATED PROFILE AND WAVE
DRAG CHARACTERISTICS S___ = 929 sq m (10 000 sq ft)

REF
Altitude Aircraft Nacelle
MO n ft CDp CqN ACDP ACDw
0.4 457 1 500 0.0061 ---- 0.00065 ----
0.8 6 400 21 000 0.00572 ---- 0.00062 ----
1.2 10 455 34 300 0.00545 0.00365 0.00060 -0.00017
i.4 11 521 37 800 0.00522 0.00316 0.00058 -0.00018
1.8 13 594 44 600 0.00490 0.00254 0.00055 -0.00019
2.32 16 764 55 000 0.00450 0.00222 0.00050 -0.00018
2.7 18 288 60 000 0.00418 0.00217 0.00046 -0.00014

The aerodynamic charact istics used in resizing the basepoint wing and
engine size to produce the baseline configuration used for all parametric
nacelle drag studies were established as fo!.ows.

Fully turbulent friction levels were adjusted for difference in surface
area and length Reynolds number of the wing and nacelle. The wave drag varia-
tion of the basepoint configuration as a function of wing and engine size were
parametrically evaluated for input to the sizing program. The results are pre-
sented in figure 18. The effect of engine size was essentially nil at this
scale for the nacelle shape under consideration.

The trimmed drag due to 1ift characteristics were assumed to be independent
of wing size and equal to the reference configuration. The specific levels used
are presented in figures 19 through 21 and were taken directly from reference 3.

Sizing of the basepoint configuration produced the study baseline (table 5)
which had a 12-percert smaller wing size and a 3.5-percent smaller engine size.
The associated normal cross-sectic.aal area distribution is presented in fig-
ure 22. A summary of the component surface areas and reference lengths is
presented in table 14, and table 15 p-esents baseline drags.
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TABLE 14. - BASELINE CONFIGURATION SURFACE AREA

AND LENGTH SUMMARY

COMPONENT Swet Length
. sq.m. (sq.ft.) m. (ft.)

Fuselage 786 (8 450) 9% (315)
Wing 1505 (16 987) 7.65-39.4 (25.1-129.)
Nacelles (4) 276. (5 088) 12,7 (35.1)

Center Line Vertical | 20.1 (219) 4.9 (16.2)

Wing Verticals 91. (992) 7.9 (25.9)
Horizontal 89.5 (921) 5.8 (18.9)

TABLE 15. - BASELINE CONFIGURATION ESTIMATED SKIN
FRICTION AND WAVE DRAG CHARCTERISTICS
Spgp = 929 sq.m. (10 000 sq. ft.)
ALTITUDE AIRCRAFT NACELLE

M n. (ft.) AC AC

o CDF CD" DF By
0.4 457 (1 500) 0.00568 ---- | 0.00065
0.8 | 6400 | (21 000) 0.00537 ——-- | 0.00061
1.2 |10 as55 | (34 300) 0.00508 0.00339| 0.00058 | -0.00009
1.4 |11 521 | (37 800) 0.00489 0.00305| 0.00056 | 0.00003
1.8 |13 s94 | (a4 600) 0.00455 0.00237| 0.00052 | -0.00011
2.32 |16 764 | (55 000) 0.00420 0.00209 | 0.00049 | -0.00012
2.7 |18 288 | (60 000) 0.00392 0.00200 | 0.00045 | -0.00011



Estimation of Supersonic Drag

Parametric drag analysis.- The parametric nacelle wave drag analysis utilized
the baseline configuration described in the previous section. The installation
of the propulsion system followed several general ground rules in order to pre-
serve the basic arrangement concepts and provide consistent comparisons concem-
ing the effect of nacelle size variations. They are:

(1) Nacelle overhang of the wing trailing edge and vertical nacelle-wing
separation was limited to the refereance configuration values for structural
reasons.

(2) The longitudinal and lateral separation distance between the inboard
and outboard nacelles was preserved in order to maintain inlet flow quality.

(3) The reference configuration philosophy of locating the nacelle volume
in a region of decreasing wing thickness was maintained.

(4) The maximum boattail angle considered was 10 degrees.

The outboard nacelle is moved inboard and forward as required along the
midchord (approximate maximum thickness) line of the wing until its trailing
edge overhang does not exceed 3 meters (1J feet). The inboard nacelle is
shifted laterally by the same amount holding the longitudinal distance between
the inboard and outboard nacelle inlet pl: =s the same as the reference
configuration.

The nacelle parametric variables considered in the present analysis were
the ratio of nozzle area to capture area Ay/A., the ratio of maximum cross-
sectional area to capture area Ayax/Ac, the relative axial position of maximum
area Xapqay/f, the ratio of nacelle length to capture diameter, 1/dc, and the
nacelle absolute capture area A.. A summary of the number of variations and
variable range analyzed is presented in table 16. For purposes of computation,
the nacelles were assumed to be axisymmetric and the inlet, maximum area, and
nozzle planes to be connected by straight lines.
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TABLE 16. - NACELLE PARAMETER VALUES

PARAMETER VALUES

Mach mmber 1.2, 2.32

A /A 1.0, 1.25, 1.5, 2.0
Aax/Ac 1.0, 1.25, 1.5, 2.0
7 0.4, 0.6, 0.8, <1.0 *
A 1.86, 2.79, 3.72 sq.m.
¢ (20, 30, 40 sq.ft.)
2/d_ 5.5 and 7.0

* Maximm value considered corresponds to a boattail angle

of ten degrees.
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The parametric nacelle friction drag analysis is based on the use of fully
turbulent flat plate levels in conjunction with the expression for surface
areas (for four nacelles):

ref ref ¢

~Zil_ 1+Mx
B d V.i\c

ref ¢

The largest deviation between the exact and approximate expression occurs for
Xamax/ § approaching 0.4 and Ay/A. approaching 2.0 with the former resulting in
10-percent greater area. It will be subsequently found that these differences
are negligible in terms of the total installation drag for such cases. The
parametric nacelle friction results are presented in reference 2.

Nacelle nomalized cross-sectional area parametric extremes of the present
study are presented in figure 23. Maximum-to-capture area ratio of 1 to 2 at
40, 60, and 80 percent of the nacelle length are shown for nozzle-to-capture
area rations of 1 and 2. Wave drag results are discussed in detail in
reference 2.

Briefly, the incremental nacelle wave drag is a strong function of the
ratio of maximum-to-capture cross-sectional area, Ayzx/Ac, boattail area, and
to a somewhat lesser extent relative axial position of maximum cross-sectional
area, Xamax/f. Nacelle shapes with negative wave drag exist because of favor-
able total system thickness interferences associated with the location of grow-
ing nacelle cross-sectional area in a region of decreasing wing thickness. The
nacelle geometric variable behavior and sensitivity are unchanged by mach num-
ber, nacelle capture area, or nacelle fineness ratio. The incremental wave
drag results are, in general, weak functions of the latter two variables for
efficient installations.

NDetailed nacelle wave drag variations with freestream mach number were
defined for a range of levels covering high-positive, zero, and negative
installation increments. These characteristics correspond to nacelles with
large maximum cross-sectional area relative to “he capture and nozzle area
cylindrical, and near-truncated conical shapes, respectively. Figure 24 illus-
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Figure 23. - N.elle parametric cross-sectional area extremes.
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trates the mach number difference for these extremes for the fineness ratio 5.5,
medium-size nacelle. Examination of the results indicate that weak to moderate
mach number variations are associated with small nacelle installation drags.
Conversely, strong compressibility variations are exhibited for inefficient
installations. The large benefit at transonic speeds is somewhat illusory as
the thrust must be progressively penalized for nozzle contraction with
decreasing mach numbers.

Drag table look-up computer program.- A table look-up computer program was
developed ( appendix ) which yields the incremental wave and friction drags of
nacelles as functions of nacelle geometry variables and airplane mach number.
The drag increments are for the total vehicle relative to the vehicle with
nacelles removed. The nacelle shape parameters used as inputs to the program
are:

(1) AC Inlet capture area

(2) AMA)( Nacelle maximum cross-sectional area

(3) An Nozzle exit area (supersonic cruise position)

(4) xMAX Distance from inlet cowl leading edge to maximum cross-sectional

area

(5) ¢ Nacelle total length

(6) S Reference wing area

REF

'The output of this program includes for the nacelle of interest:
(1) The aforementioned input data

(2) Drag coefficients at mach 1.2, mach 2.32, and the input mach number
for friction (CT'F), wave (CDW), and total (CDO) drags

(3) The nondimensional parameters of position of maximum c!~ss-sectional
area (Xpmqax/f), nozzle-to-capture area ration (An/Ac), maximum-to-capture area
ration (AMAX/AC), and fineness ration (2/d.)

In addition, incremental drag coefficients of the reference airplane nacelle
(reference 3) are printed. A sample output is shown in table 2. It has been
found that the table look-up results correlate best with more detailed analyses
when the maximum cross-sectional area and its position are based on the area
that occurs at the intersection of straight lines originating from the inlet
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which is tangent to the maximum slope of the forebody and from the nozzle which
goes through the actual maximum area and whose slopes nearly match the slopes
of the actual nacelle, as illustrated in figure 25. This method most closely
approximates the parametric nacelle shape drag analysis because, in that study,
nacelle shapes were defined by two straight-line segments. Using this

method will result in nacelle drag increments at supersonic cruise within 0.5
drag count of the drag resulting from a detailed analysis.

Nacelle shape estimation.- Nacelle external shapes are determmined by such
installation items as engine accessories, compartment cooling, shrouds and
insulation, aircraft accessories, engine clearance, engine mount geometry,
nacelle structure, boundary layer gutters, etc. The engine configurations sup-
plied by the engine manufacturers usually include only the engine case outline
and nozzle dimensions. A method has been established to detemmine the engine
exterral envelope and aircraft structure and equipment space allowances.
Guidelines are presented for determining the engine buildup envelope, engine
cowl, nozzle fairing, and inlet and inlet cowl shapes. Those installation
iters which have the largest effect on nacelle shape are then discussed. An
examj 2 of the nacelle shape buildup is presented in figure 1.

Engine buildup envelope: The procedure to establish the engine buildup
envelope is:

(1) Establish fan and gas generator case outline.

(2) Add 5 an (2 in.) constant to all surfaces of the preceding outline to
provide for wiring, plurting, etc.

(3) Add 2.5 cm {1 in.) constant additional to outline for variable com-
pressor geometry mechanisms where applicable.

(4) Establish mechanical power extraction drive station and radial loca-
tion for engine accessories drive and for aircraft accessories power takeoff.
Depending on engine configuration and accessory design, accessories may be on
the engine or in the pylon or wing. For engine accessories where encapsulation
is required for cooling, provide 0.595 cum (21 cu ft) of volume proximate to
engine accessories drive of item (4). Dimensions of the capsule may be varied
for best packaging, but the capsule thickness at the gearbox should be 0.305 m
(12 in.) minimum. For nonencapsulated engine accessories, provide 0.51 cum
(18 cu ft) of volume proximate to engine accessories drive of item (4). Arrange-
ment of the accessories package may vary, but the minimum thickness at the
gearbox must be 25 cm (10 in.). The dimensions of items (2) and (3) and (4)
are additive and will usually establish the maximum radial dimensions of
the gas generator section of the engine. All other engine and aircratt equip-
ment in this portion of the nacelle should be contained within the volume of
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revolution established by this line of radii. For minimum aircraft drag,
locate aircraft accessories within pylon or adjacent wing. The engine power
takeoff pad and angle drive gearbox will be within the pylon and this will not
impact the nacelle mold line.

(5) For engine fluid reservoirs, add 0.0566 cu m (2 cu ft* on left or
right side of engine. The radial dimension is 15.2 cm (6 in.) additive to
dimension of item (2) or (3).

(6) Equally space four compressor high-pressure bleed ports around com-
pressor rear frame. The 12.7 om (5 in.) diameter collector manifold (with
flexible sections) will interconncct the ports and connect to the airframe duct
in the pylon. The collector manifold diameter is additive to the allowas
item (2). Low-pressure bleed ports may be provided in place of or in ads *°
to the preceding. The same space allowance must be made {or these. On or
more engine and inlet anti-icing air ducts will be routed from the bleec ¢
fold forward to the engine front frame. Thesc ducts will be 10.2 am (4 1n.
diameter and will be additive to the allowance of items (2) or (3).

(7) Determine location of engine mounting stations by engine internal
structure. The nacelle/wing relationship should be considered in the placement
ot the enginc load-carrying frames and the mounting provisions on the frames
for best weight effectiveness of the total system.

(8) Main mounts - transfer thrust, side, and vertical loads: Provide
15.2 x 15.2 x 12.7 em (6 x 6 x 5 in.) radial space additive to items (2) or (3)
at two posit.ons on engine main mount frame, circunferentially spaced greater
thar or equal to 90 degrees.

{9) Stabilizer mount - transfers vertical loads: !rovide 10.2 x 10.2
x 20.3 cm (4 x 4 x 8 in.) radial space, additive to items (2) and (3).

(10) Locate local protrusions of miscellaneous engine equipment beyond
envelope of items (2) and (3) to occur at random locations. These will be
relatively small and will not cxceed the maximum envelope noted in item (4).

Engine Cowl: The engine cowl shape may be determined by the following:

(1) The cowl inner skin mold line must maintain a minimum 2.5 cm (1 in.)

clearance from all points on the engine buildup envelope developed in the
preceding discussion.
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(2) Cowl structural requirements will vary depending on the arrangement
and location of engine mount points. Where mount points are in the proximity
of the pylon structure, the cowl can be made nonstructural; i.e., sufficient
to vithstand internal and external airloads and flight dynamic forces. This
will require 5 cm (2 in.) of structure (constant) from the engine front face
station to the cowl-to-nozzle fairing interface. Where mount points are widely
separated from the pylon structure a structural cowl must be provided to trans-
fer the engine loads. Cowl thickness ir the load paths will be 7 to 10 am (3 to
+ in.). In these areas the structure can intrude into umoccupied space in the
volume of revolution developed in the preceding items (4) and (5), but 2.5 cm
(1 in.) clearance must be maintained from adjacent engine buildup equipment.
Areas of the cowl outside the load paths can be 5 am (2 in.) thickness.

Nozzle fairing: The nozzle fa‘ring .wst fair smoothly into the engine
cowl mold line developed in the preceding and fair smootnly to the base diameter
dictated by the noz:le. The noz:zle fairing leading edge step height from the
engine case will vary depending upon the engine services (hydraulics, pneumatics,
fuel, secondary airflow, etc) required to pass through it. This step height may
require adjustments to the cowl outer mole line as it approaches the nozzle
fairing interface.

Inlet and inlet cowl: Inlet and cowl shape can be determined by the fol-
lowing method:

(1) Establish inlet length and capture area based on appropriate nacelle
design methodology and exaternal constraints.

(2) FEstablishk inlet flow path area geometry.
(3) Definc inlet cowl external lines. Fair from inlet lip to engine
cowl. The faired mold line should provide minimmm rat: of cross-sectional area

1ncrease.

(4) Establish requirement for the following airflow ;aths appropriate to
inlet geometry and engine cycle used:

(a) Auxiliary air inlet
(b) Bypass air

(c) Engine secondary air
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(d) Boundarv layer bleed
(1) Centerbody or ramps
{(1i) Cowl inner wall

(5) Determine cowl wall thickness by requirements of structural integrity
plus space required fur flow paths and door mechanisms associated with require-
ments established in item (4). A minimum thickness of 15.2 am (6 in.) is
suggested for the cowl wall from the inlet throat aft to the engine front face.
This amay be varied iocally, but internal lines should be maintained. Thickness
of the cowl structure will vary from approximately 0.16 am (1/16 in.) at the
inlet lip to the throat thickness estahlished in the preceding.

Major nacelle shape elements: Three major elements establish the engine
external envelope:

(1) The allowance over the total surface of the gas generator of space
for engine variable geometry mechanism, plumbing, wiring, etc.

2} The space required for the engine accessory gearbox and associated
accessories. This package establishes the location and magnitude of the nacelle
miN1mm cross-sectional area.

{5) The location of the main cngine mounts on the engine as defined by
the cngine manufacturer. Where the main mounts are placed at the compressor
front or midframe, sufficient structure is available in the adjacent nacelle,
pylon, and wing to carry the multidirectional loads, and a simple, nonstructural
cowl may be uscd. Where the main mounts are placed at the turbine frame, it is
necessary to consider the cowl as a structural cylinder with penalties to the
nacelle size and weight.

All other elements of the engine installation fall within the envelope
defined by tne preceding.

Estimation of Nacelle/Inlet Weight

Weight estimation of nacelle and inlet systems is a complex process and
requires design detai® not normally performed in the type of preliminary
studics being considered here. The cstimating procedure described in this sec-
tion uses a simplified approach producing a first-order-type weight estimate
keved to gross definitions of the nacelle/inlet package. The procedure defined
will] provide the capability of maintazining consistency between nacelle weight
estimates while .making comparative analyses.
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Two dimensional inlets.- To estimate the weights of ergine nacelles with
two-dimensional (2-D) inlets, the nacelle package is divided into the following
components:

(1) Engine cowl

(2) Inlet cowl

(3) Ramps

(4) Air induction special features
(a) Bypass system
(b) Auxiliary inlet
(c) Secondary air provisions
(d) Inlet controls

{5) Engine mounts

The methods used to estimate the weights of the nacelle components are
primarily based on a prior Rockwell inlet study for the Boeing SST. This
study was conducted for Boeing and consisted of designing a 2-D inlet as a
contender to be compared to Boeing's axisymmetric inlet design in the inlet
selection for the SST. Unit weights used to estinate weights of the nacelle
components were derived from data developed for this study.

Engine cowl: The engine cowl is defined as the total nacelle structure
aft of the engine front face, including all structure that supports and sur-
rounds the ergine. The engine cowl weight is estimated at 34.2 kg/sq m
(7.0 1b/sq ft) of nacelle external wetted area.

Inlet cowl: The inlet cowl is defined as the total nacelle/inlet structure
forward of the engine front face, exclusive of the variable-geometry ramps and
special air induction features. The inlet cowl weight is estimated at 24.4 kg/
sq m (5.0 1b/sq ft) of wetted area.

Ramps: The ramps are defined to be the movable pawels, including an actua-
tion system, used to vary the inlet geometry in a 2-D variable-geometry inlet.
Weight of the variable-geometry ramps is estimated at 48.8 kg/sq m (10.0 1b/
sq ft) of movable ramp planform area.
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Air induction special features: The bypass system consists of inlet air
bypass doors, including actuation provisions. The system weight is estimated
at 39.1 k_g/sq m (8.0 lb/sq ft) of door area.

The auxiliary inlet is defined as the auxiliary air inlet doors and inlet
actuation system. The weight of this system is estimated at 29.3 kg/sq m
(6.0 1b/sq ft) of door area.

The secondary air provisions provide inlet air to the engine compartment
for engine compartment cooling. The weights of these provisions are estimated
with the following equation:

w 1/2 W 1/2
. v _._a C = ——
Wl = 22.° 387 kg or WI =50 o33 1b

where h’a is engine design airflow, kg/sec (1b/sec).

The inlet controls are defined as the system provided to monitor the inlet
conditions and transmit position signals to the mcvable inle? systems. The
weight of this system is estimated at 22.7 kg (50.0 1b) pev inlet.

Engine mounts: The engine mounts are the fittings used to support the
engine in the nacelle. ‘The weights of these fittings are estimated at 1.5 per-
cent of the engine weight.

Axisymmetric inlets.- To estimate the weights of engine nacelles with
axisymmetiic inlets, the nacelle package is divided into the following compo-
nents; this breakdown is similar to the one described for a 2-D inlet:

‘1) Engine cowl
(2) Inlet cowl
{3) Spike

(4) Engine mounts

66



The procedures for weight estimation of the engine cowl and mounts are
the same as those described for the 2-D inlet/nacelle. The methodclogies to
estimate the weights of the irlet cowl and spike were obtained from the Air
Force Technical Report SEG-TR-67-1, Preliminary Design Methodology for Air
Induction Systems.

Inlet Cowl: The inlet cowl is defined as the total nacelle/inlet structure
forward of the engine front face, exclusive of the inlet spike and its systems.
The inlet cowl weight is determined by the following statistical equation.

WF = 0.159 (N) [(AC)O'S L (1)2)]0'73’1 kg or
7.3 ) (AL @)%
where:
N = number of inlets
Ac = capture a.ea per inlet - sq m (sq ft)
L = subsonic duct length per inlet - m (ft)
PZ = maximum steady-state static pressure at engine face at

supersonic cruise mach - kg/sq m (psia)

Spike: The spike is defined to be the center body structure, including
its systems and actuation. Weight of the spike is estimated with the following
statistical equation;

WT = K (N) A
where:
K = 252.9 kg/sq m (51.8 1b/sq ft)
N = number of inlets
AC = capture area per inlet = sq m (sq ft)
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Estimation of Airplane Takeoff Gross Weight

Weight sensitivity analysis. - In considering possible trades of reduced
drag through design changes in the engine envelope for some penalty in engine
weight and performance, it is necessary to have visibility of the net impact of
all these effects on the total airplane system. To cvaluate these effects, the
sensitivities of the airplane takeoff gross weight to variations of propulsion
system parameters were detemmined. These sensitivity data were obtained by
conducting design trades on the baseline airplane for variations of the follow-
ing items:

(1) Incremental nacelle drag

(2) Propulsion system weight

(3) Engine specific fuel consumption
(4) Engire sizing condition thrust

In each case, the parameter of interest was varied independently and the
airplane resized to the uesign mission range of 7408 km (4000 n m') while
maintaining thrust-to-weight and wingloading values equal to thuse for the base-
line vehicle.

Incremental nacelle drag: Several variations of nacelle drag were investi-
gated. These were chosen as representative of the combined wave and friction
drag variations as found in the nacelle shape analys;is to allow use of the
trade data for any nacelle geometry analyzed in this program.

The results of this trade are shown in figure 26, which shows relative
takeoff gross weight (TOGW) versus nacelle drag at mach 2.32 for several varia-
tions of the drag increment at mach 1.2.

Propulsion system weight trades: Airplane TOGW was calculated for several
propulsion system weight increments. Incremental propulsion weight, in this
case, is defined as a percent of the sum of the engine, nacelle, and miscellane-
ous propilsion systems (198 kg, (445 1b) per nacelle) weights. The results
of this trade are shown in figure 27, which plots relative TOGW versus
propulsion weight increment.

Engine specific fuel consumption trades: Four separate trades were
performed with SFC increments applied independently to the following mission
segments:

(1) Maximum power climb legs only

(2) Supersonic cruise legs only

(3) Subsonic cruise and loiter legs only

(4) The entire mission

The results of this trade are presented in figure 27 as relative TOGW versus
percent change in SFC.
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T/W 3.16 n/kg (0.323 1b/1b)

wW/S 354. kg/sq m (72.5 1b/sq ft)
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1.4 = -
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TOGW
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1 Z0.001
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0.000 0.001 0.002

Nacelle drag € 2.32 mach

Figure 26. - Nacelle drag sensitivity trade.
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Engine sizing thrust: Figure 28 presents relative TOGN versus percent
change in thrust at the engine sizing condition. In this trade, it i assumed
that the thrust available at the engine sizing condition varies without
change in propulsion characteristics at other flight conditions. In ihe
current study, all engines were sized at takeoff.

Application of sensitivities. - To demonstrate the method of agg:y' the
vehicle sensitivities, an example using the VCE 112C engine is in follow-
ing paragraphs. The VCE 112C is discussed in detail later under ''Validation
of the Approximate Method.'" Additional examples are also given therein.

The baseline airplane characteristics and sensitivities were originally
computed using a friction drag that was approximately one count too high

and an ambient temperature increment that was incorrect. Thus the baseline
airplane should have been somewhat lighter. The baseline airplane was
recomputed and resulted in a takeoff gross weight of 316 783 kg (698 375 1b),
a propulsion system weight (four nacelles) of 30 882 kg (68 081 1b), and drag
coefficients of 0.0040 and 0.0030 at mach 1.2 and 2.32, respectively. Figure
26 has been revised relative to that shown in reference 2 for this reason.

A nacelle drawing (figure 29) was made with engine accessories located on
the engine without encapsulation for cooling. Weight for the nacelle was
estimated to be 8750 kg (19 298 1b), which includes 198 kg (445 1b) for
miscellaneous propulsion systems. The revised baseline nacelle weighed
7880 kg (17 020 1b). Thus, the VCE 112C nacelle is 12 percent heavier than
the baseline. From figure 27, the relative TOGW ratio, RWI” for this change
is 1.059.

In order to maintain the takeoff distance, a new engine must have the
same effective thrust-to-weight ratio between 0.0 and 0.3 mach (approximate
liftoff speed) as the baseline. The effective thrust occurs at approximately
mach 0.25. Because the VCE 112C has a significantly different thrust lapse
rate with mach number than the baseline (as shown in figure 30) the effective
thrust is 17 percent lower than the baseline. Extrapolating figure 28 to a
thrust increment of 17 percent yields a relative TOGW ratio due to takeoff
thrust, RFN'E’ of 1.10.

Figures 31 and 32 show installed performance of the 100-percent size VCE
112C and VSCE 502B propulsion systems. Because the Breguet range factor,
M x L/ D/ SFC, maximizes near minimum SFC, the airplane will tend to fly
at or near minimum SFC; cruise altitude will be adjusted to achieve this.
Therefore, the SFC increment may be taken at the minimum of each engine.
This assumption is slightly optimistic because the lift-drag ratio will also
change and will affect the operating point. Thus, the VCE has about 6.3-
percent higher SFC at supersonic cruise and 4.6 percent lower SFC at subsonic
cruise than the baseline. From figure 27, this results in a relative TOGW
due to a change in supersonic cruise SFC, Repc» of 1.071 and due to a change
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Figure 31 - Installed performance comparison of baseline
and VCE 112C at Mach 2.32, 19 800m (65 000 ft).
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in subsonic cruise SFC of 0.994.

The nacelle shape of the VCE 112C is similar to that of the baseline
but has a smaller nozzle area. The drags used in the mission analysis
computer program are indicated in table 17. From figure 26, the relative
TOGW ratio due to change in drag, RCD, is 1.021.

TABLE 17. - COMPARISON OF BASELINE AND VCE 112C NACELLE DRAG INCREMENTS

Mission analysis computei program values

1) £y,
mach 1.2 mach 2.32

VSCE 502B (baseline) 0.00040 0.J0030

VSCE 112C 0.00085 0.00048

The ratios RhT’ RR'E’ RSFC’ and RC are then multiplied together to
) D

obtain the total relative TOGY ratio, RTOTAL:
R. = X \ X X X K = 1.266
otaL = ™t X Rpg RSFCSUB RSFCSUPER AR

The new TOGW is obtained by multiplving R’m"AL ty the baseline TOGW of

316 783 kg (698 375 1b). Thus, it is estimated that a vehicle meeting the
perfurmance requirements using the VCE 112C engine would weigh 401 092 kg
(884 258 1b).

Validation of the Appiroximate Method

Standard preliminary wesign procedures were applied in the installation
of four candidate engines in the baseline supersonic transport airplane.
Drag and weight estimates were made utilizing conventional prccedures. The
airplanes were then sized to the design mission utilizing an autcmated
reiterative process. The results of this task provide a more exact
evaluation of the candidate engines thar is obtainable with the more approxi-
mate methods resulting from the earlier task, and thus serve as a reference
for evaluation of the applicability of the approximate methods.



sion.- Four engines were selected so that the sensitivity method couid
validated for a ..ide range of engine types:

(1) PWA VSCE 502B duct-burning turbofan

(2) PWA VCE 112C variable-cycle engine

(3) GE GE21/J10 Bl low bypass turbojet

(4) GE GE21/J11 B3 double-bypass variable-cycle engine

Characteristics of these engines are summarized in table 18. The engine
and installations are discussed in the following paragraphs. While there
may be different weight and performance margins and noise and technology
assumptions for the four engines, the data were used as supplied by the
angine manufacturers without modification for these differences. Hence,
results discussed later should not be interpreted as representative of
the final SCAR engine studies. (Engine studies are currently still

under way.)

TABLE i8.- ENGINE SUMMARY

U !
o CENGINE .
iL\'scr: 5028 VCE 112C GE21/J10 Bl ¢t21/J11 B3
~ !
IDesign airflow, . 408 108 518/341 318/382
© kg/sec (1b/sec) | (900} (900 (700/750) (700/840)
Bypass ratio i 1.5 2.5 0.1 0.3
Sca-level static | 26 500 25 000 23 300 18 300
takcof{ thrust, [(59 500) ! (56 200) (52 300) (41 100)
daN (1b)*
:Takeoff specific 74 71 75 55
! thrust, daN/ky/ {76) 2 (77) (56)
. sec (1b/1lb/sec)*
iDry weight, 6077 6191 7280 5964
' kg (1b) (13 100) L (13 050) (16 050) (13 150
1
{Overait length, 6.8 § 7.9 7.0 .9
L m (in.) (200) (310) 275) (273)
i;xlaximun diareter, 2.24 2.19 1.96 2.01
{m (in.) (88) (86) (77 (79)
*As installed for this st;dry,' standard plu.s8° C Vda_\'




\'SCE 502B: Refined performance data (dated January 1976) for the VSCE 502B
engine wer. used to calculate revised installed propulsion performance data.
All performance installation effects used were the same as for the baseline
data. The noise calculation procedure was identical to that for the baseline.
Installed performance changes were very small relative to the baseline. Per-
formance data at important flight conditions are shown in figures 30, 33, and 34.

The nacelle was revised slightly compared to the baseline, to include
engine accessories (unencapsulated) and more realistic structure allowances and
bounda:y laver diverter, as shown in figure 35. This engine configuration lent
itself well to establishing an efficient nacelle shape. A well-defined waist at
the compressor m.iframe provided space for the required accessory geartox vol-
ume without forcing the nacelle maximum diamet:~ much beyond the noz:zle diameter.
location of the engine main mount at the engine .vont frame enabled transfer of
the mount loads directly into the pylon/wing structure.

\CE 112C: Installed performance data for the \'CE 112C (408 kz/sec (900 1b/
sec)) were calculated in the same manner as the baseline. Recause the super-
sonic cruise airflow is the same as that of the VSCE 502B, the same capture area
was used. The only significant difference in procedures was that only a 4 dB
reduction in necise due to the coannular effect was used (instead of 8 dB)
because the exhaust characteristics and noz:ic configuraticn of the VCE 1'2C are
such that an 8§ dB reduction could not be achieved. This results in some thrust
reduction at mach 0.3 takeoff power (figure 30) while the airplane is on the
ground in order to stav within FAR 56 noise requirements. Thrust is reduced
even {urther at the takeoff noise measurement point. Figures 33 and 34 compare
installed performance of the VSCE 502R and VCE 1'2C.

The installation of this engine into a nacelle (figure 29) is quite similar
to tnat of the \'SCE 502B.  The only significant changes are a longer engine and
a =lizhtly reduced no:-zle diameter.

GE21/J10 Bl: Installed performance of the (217710 Bl was calculated in a
manner similar to the baseline except that a 2-D mixed compression inlet with a
capture areca of 2.07 sq m (3 208 sq in.) was used. The GE21/J10 BI has approxi-
mately lo-percent lower supersonic cruise airflow relative to takcoff airflow
than does the VSCE 502R.  If an axisvmmetric inlet had been used and sized for
¢ personic cruise, the static takcoff inlet recevery would have been 4 nercent
wwer than the VSCE 502B.  The 2-D inlet has more throct arca variation capabil-
ity and larger auxiliary doors thun the axisymmetric inlet. Thus, the takeoff
recovery is actually slightly higher than that for the VSCE »02R/axisyvmmetric
inlet. Performance data at important f1light conditions are presented in
figurcs 36 through 38. The noise calculation procedure was identical to that
for the bascline. An exhaust noise reduction of 8 dR at all {light conditions
was used due to the coannular noisce reduction ceffect.
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Figure 34, - VSCE S02K and VCE 112C installed performance at Mach 2,32,
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The near-cylindrical configuration of this engine penalized the nacelle
shape when the required volume for the encapsulated engine accessories package
was added (figure 39). The package was shaped to minimize the added cross
section. . Location of the main mount at the turbine frame forced the engine cowl
to be designed as a structural element and added more to the required cross
section.

GE21/J11 B3: Relative to the GE21/.J10 Bl, the GE21/J11 B3 has even higher
takeoff airflow and the same supersonic cruise airtlow, thus creating a greater
takeoff airflow/inlet matching problem. Therefore, the 2-D inlet was used.
Because the engine operates without augmentation at takeoff and the exhaust velo-
cities are low, the sideline noise is quite low while the airplane is on the
ground (approximately 6 dB below FAR 36 requirements). However, this signifi-
cantly reduces takeoff thrust (figure 36) and increases engine size to meet
takeoff distance requirements. Some thrust cutback is still required at the
takeoff noise measurement point. Installed performance is compared to the
GE21/J10 Bl in figures 37 and 38.

This engine is similar in configuration to the GE21/.J10 Bl e¢xcept that the
main engine mount was located at the compressor midirame. This enabled the cowl
te be made nonstructural and reduced somewhat the nacelle maximum cross section.
Al other details of the engine and inlet lines development for the two engines
are identical, as shown in figurc 40.

Mass properties.- Weight estimates were made for the four candidate engine
installations. The engine weights, including neozzles and thrust reversers, were
furnished by the engine manufacturers. Weight increments for residual fluids and
miscellancous engine/airframe interfacing provisions were added to the manufac-
turer's quoted weights to obtain the installed engine weight. The weight sum-
marics of the engines are presented in tables 19 and 20. The nacelle/inlet
weights for these engine installations were calculated from their respective
nacelle lines development layout drawings figures 29, 35, 39, and 40. Summar-
ics of the nacelle/inlet weights are shown in tables 21 and 22. The differ-
ence in nacelle weights between the PWA VSCE 502B, and VCE 112C engine instal-
lations is primarily due to the longer engine cowl length of the VCE 112C instal-
lation. For a given inlet capturc area, an axisymmetric inlet would weigh less
than a 2-D inlet. However, the 2-D inlet/nacelles for the GE GE21/J10 Bl and
CE21/J11 B3 are of similar weight as the axisymuetric PWA engine nacelles.

This results from the smaller inlet capture areas and engine dimensions of the
Gl engires.

Acerodynamics.- Normalized cross-sectional arca shapes of the four candidate
nacelles of this study are presented in figures 41 and 42. The estimated
nacelle incremental skin friction, wave drag, and total drag characteristics
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TABLE 19.- ENGINE WEIGHTS, INTERNATIONAL UNITS

nilograms/Enginc

Pratt & Whitney

General Electric

Engines VSCE 502B | VCE 112C | GE21/J10 Bl | GE21/J11 B3
Bare engine (including 6077 6191 7280 5964
nozzle § thrust
reverser)
Residual fluids 23 23 23 23
Miscellaneous provisions 23 23 23 23
Engine as installed 6123 6237 7326 6010

TABLE 26.- ENGINE WEIGHTS, ENGLISH UNITS

Pounds/engine

Pratt § Whitney

General Electric

Engines VSCE 502B | VCE 112C | GE21/J10 Bl | GE21/J11 B3
Bare engine (including 13 400 15 650 16 050 13 150
nozzle § thrust
reverser)
Residual fluids 50 50 50 50
Miscellaneous provisions 50 50 50 50
Engine as installed 13 500 13 750 16 150 13 250
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TABLE 21.- NACELLE/INLET WEIGHTS, INTZRNATIONAL UNITS

[ Kilograms/nacelle
Axisymmetric Two-dimescsional
Nacelle/inlet VSCE 502B | VCE 11X | GE21/J10 Bl | GE21/J11 B3

Engine cowl 816 1124 706 760
Inlet cowl 370 365 566 598
Spike 730 733

Ramps 517 517
*Air induction features

Bypass 19 49
Auxiliary inlet 30 30
Secondary air provisions

Inlet controls 45 45
Engine mounts 92 95 110 90
Total nacelle/inlet 2018 2315 2047 2113

*Included with spike weight in axisymmetric inlets.

TABLE 22.- NACELLE/INLET WEIGHTS, ENGLISH UNITS

Pounds/nacelle
Axisymmetric Two-dimensional
Nacclle/inlet VSCE 502B | \CE 112C | GE21/J10 B1 | GE21/J11 B3

Engine cowl 1798 2477 1557 1673
Inlet cowl 816 804 1247 1319
Spike 1632 1616
Ramps 1140 1140
*Air induction features

Bypass 107 107
Auxiliary inlet 67 67
Secondary air provisions 53 53
Inlet controls 100 100
Engine mounts 205 200 242 199
Total nacelle/inlet 4449 5103 4513 4658

*Included with spike weight in axisymmetric inlets
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Revised VSCE 502B

Capture area, sq m (sq ft) 2.93 (31.5)
Length, m (ft) 10.13 (33.25)
Surface area, sq m (sq ft) 67.26 (724.0)

VCE 112C
Capture area, sq m (sq ft) 2,93 (31.5)
Length, m (ft) 11.25 (36.9)
Surface area, sq m (sq ft) 74.22 (798.9)

Figure 41.- VSCE 502B and VCE 112C nacelle cross-sectional area variation.
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GE21/J10 Bl _
Capture area, sq m (sq ft) 2.06 (22.2)
Length, m (ft) 10.63 (34.9)
Surface area, sq m (sq ft) 55.7 (599.7)
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GE21/J11 B3

Capture area, sq m (sq ft) 2.06 (22.2)
Length, m (ft) 10.21 (33.5)

Surface are2, sqm (sq ft) 59.30 (638.3)

x/t

Figure 42.- GE 21/J10 Bl and GE 21/J11 B3 nacelle
cross-sectional area variation.



for all of the nacelles are presented in table 23. Included in the table
are the incremental drags obtained from the computer table look-up program
of the parametric drag amalysis results. The differences between the estimated
drags and the parametric results are attributed to the following considerations:

(1) The parametric study, which is the basis of data for the table look-up
program, was made with a resized wing with the nacelles relocated further inboard
and forward in accordance with the ground rules of the study.

(2) The current nacelles deviate from a linear radius comnection of the
inlet face, maximumm area, and nozzle stations.

(3) In some cases, the ratio of the distance to the maximum area to the
total length (Xpyayx/2) falls outside of the parametric study envelope, thereby
requiring extrapolation.

(4) Drag coefficients for intermediate mach numbers are obtained by using
a cubic curve fit based on the total drag (CDO) increments at mach 1.2 and
2.32. However, since wave drag does not follow such a simplified solution,
interpolated or extrapolated drags will deviate from an estimated value by
varying amounts. In the case of the reference nacelle, the deviation was
-0.00017 at mach 1.4.

Performance and sizing.- Performance calculated for the aircraft having the
four selected propulsion systems installed includes all items as described
earlier under '"Baseline Airplane Definition.'' In addition, performance has been
calculated for an "economic™ mission as described in the following paragraphs.

As on the design mission, the economic mission is calculated for a standard-
plus-8° C (14.4° F) day.

A profile of the economic mission is shown in figure 43. This mission
consists mainly of a mach 2.32 cruise as in the design mission; however, it is
preceded by a subsonic climb and cruise totaling 741 lkm (400 n mi). Fuel
reserves are calculated just as in the design mission for an alternate airport
located 463 km (250 n mi) beyond the destination airport. The economic mission
is an off-design mission in that the airplane, as sized to 7408 km (4000 n mi)
range on the design mission, carries a reduced payload equal to 55 percent of
the design payload and fuel is then off-loaded to yield a total economic mission
range of 4630 km (2500 n mi) plus fuel reserves.

The economic mission consists of the following legs:

(1) Warmup and takeoff - 10 minutes at idle power plus 1 minute at
maximum power
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TABLE 23. - DRAG COMPARISON

NASA LARC CR132374 Reference Configuration

Estimated j Parametric
AC AC AcC, ACD.’ A
)
N Bp Aclw % Up cno
1.2 O, 00072 -, 00041 0. 00031 0. Y0066 -0.00033 0.00031
1.4 000070 -0.00017 000052 0:00035
1.8 O, 0005 -4.00022 0. 00043 0.00040
2.32 O, 60 -0, 00018 0.00042 0. 00057 -0.00014 0.00043
2.7 . 00050 -8.00015 0.0004) 0.00044
Rascpoint VS(E 5028
Estimsted Paramctric
Al Al AL AC AL A
N l)', llh. 'DO l),, (15‘ CDO
1.2 0. 00000 -0, 00007 4. 00053 0.00055 0.00002 0.00057
1.4 .00058 000011 0. 00069
1.8 0. 00054 -0, 00003 000050 0.00046
2.32 0. 00050 -0.00008 0400042 0.900049 -0.00007 0.00042
2.7 0.00047 -0. 60009 0.90038
Bascline VSCE 502B
Estimated Parumetric
A A AC AC AC A
M DI' CDH n0 Dl‘ DH CDO
1.2 0.00058 -, QOO0 0.00049 0.00053 0.00002 0.006355
1.4 1. 00050 0. (005 0. 00059
1.8 0.00052 -0.00811 0.0004] " 0.00045
2.532 0.00049 -0, 00012 0.00037 0.00047 -0, 00005 0.00042
2.7 0. 00045 -0.00011 0.00034
PER VSCI 5028 (Revised)
i
Estimated Parametric
AC AC AC AC ACDN A
" Dp Dy , M CDO
1.2 0.00055 0.00014 0.00069 0.00052 0.00021 0.00073
1.4 0.00053 1. 00032 0.00085
1.8 0.00050 0.00011 0.00061 0.00053
2.3 0. 00040 0. 00000 0.00036 0.00047 -0.00001 0,00046
2.7 0.00043 -0. 00004 0.00039

URIGINAL; py,




TABLE 23. - Concluced

GE 21/J10 Bl
Estimated Parametric
A A A INZD. ACD
N D, D, D, 2, , o
1.2 | o.00045 | 0.00161 | 0.00206 | 0.00015 | 0.00153 | o0.00202
1.4 | o.00044 | 0.0006¢ | 0.00208
1.8 | o0.00001 | 0.00097 | 0.00138 0.00123
2.32 | o.00038 | 0.00060 | 0.00098 | 0.0004¢ | 0.000s1 | 0.00095
2.7 | o0.00035 | 0.00083 | 0.00078
G 21/J11 B3
Estimated Paramectric
A A a
N AC“l' Ac”- cDo C"P MD- cDo
1.2 | o0.00048 | 0.00235 | 0.00283 | 0.00049 | 0.00227 | 0.00276
“1.4 | o.000a7 | 0.00223 | 0.00270
1.8 | o0.00044 | 0.00140 | o0.0018¢ 0.00157
2.32 | 0.00040 | 0.00083 | 0.00123 | 0.00084 | 0.00071 | o.00115
2.7 | o.00038 | 0.00061 | 0.00099
PEN VCE 112C
Estimated Paramctric
A A p.\ A A
M o, Ty %, | 4%, o, v,
1.2 | o0.0005¢ | 0.00028 | v.oouss | 0.00057 | 0.0003z | 0.00089
1.4 | o0.00058 | v.000435 | o.00101
1.8 | o0.000s4 | 0.00017 | 0.00071 0.00003
2.32 | 0.00050 | 0.00004 | ©0.00054 | 0.00050 | 0.00005 | 0.00055
2.7 | o0.00046 | 0.00000 | 0.00046
ipl BACE D
ORIGIN 2 ap AL
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Figure 43.- Economic mission profile,



(2) Climb - Maximum power climb to cruise altitude and mach number
(3) Cruise - Subsonic cruise at mach number and altitude for best range

(4) Climb - Maximum power climb and accelerate to cruise altitude and
mach number

(5) Cruise - Supersonic cruise at mach 2.32 at altitude for best cruise
range

(0) Descend - Descend and decelerate to 457 m (1500 feet) altitude
using idle power

(7) Approach and land - Descend to sea level using idle power
(8) Taxi - 5 minutes at idle power

(9) Reserve - Fuel reserves for an alternate airport located 463 km
(250 n mi) from destination airport

For each of the four selected propulsion systems, a '‘basepoint" airplane
was developed. This basepoint is similar to the basepoint described earlier,
in that it is the NASA reference airplane but with the selected propulsion sys-
tem installed. This airplane is then scaled using the Vehicle Sizing and Per-
formance Evaluation Program (VSPEP) to yield a baseline airplane. Again, this
baseline is similar to the baseline described earlier, in that it is the mini-
mum gross weight airplane that meets all specified performance requirements.

To gain some insight as to what could be expected for each of the ‘four re-
sized airplanes, an engine scale trade was performed on each. The results of
these trades are presented in figures 44 and 45 which show design mission range
and balanced field length versus engine airflow at sea level static conditions.
The gross wing area was maintained constant at 1022 sq m (10 996 sq ft) and
airplane gross weight was maintained at that for the basepoint with the first
selected propulsion system installed or 377 632 kg (744 350 1b). Results of
these trades indicate that the airplanes having the GE21 engines could be ex-
pected to result in a higher gross weight to meet the design requirements. In
addition the VCE 112C and the GE21/J11 engined airplanes can be expected to pay
an engine size penalty to meet the balanced field length requirement thereby
increasing the gross weight of those vehicles.

In the case of the first selected propulsion system, which uses a revised
VSCE 502B engine installation, sizing was performed maintaining takeoff thrust-
to-weight (based on sea-level static installed thrust) at 3.13 n/kg (0.32 1b/1b).
Wingloading was then varied and the VSPEP nrogram allowed to search for the
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Design mission range - Km (n mi)

TOGW = 337 640 kg (744 350 1b)
SRer = 969 sq m (9969 sq ft)
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Figure 44. - Design mission range versus engine size.



Balanced field length - m (1000 ft)

TOGW = 337 640 kg (744 350 1b)
Sper = 969 sq m (9969 sq ft)
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Figure 45. - Balanced field length versus engine size.
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gross weight yielding 7408 km (4000 n mi) on the design mission. These results
were then cross-plotted to obtain the wingloading for a minimum gross weight
baseline airplane. Plots of gross weight and balanced field length versus
wingloading (based on gross wing area) for a family of airplanes having a design
range of 7408 ko (4000 n mi) are shown in figure 46. All other performance
requirements were easily met.

For the last three selected propulsion systems, it was originally intended
to maintain thrust-to-weight at 3.13 n/kg (0-32 1b/1b) and wingloading at that
value obtained for the VSCT 502B baseline, which is 345 kg/sq m (70.7 1b/sq ft),
and simply scale gross weight to yield the required design range. However, duc
to considerable differcnces in thrust lapse rate at takeoff for each engine,
this method would not suffice to maintain balanced field length near the required
distance. For this reason, the thrust-to-weight was varied in each of the last
three cases while maintaining wingloading constant at 345 kg/sq m. Plots of
gross weight and balanced field length versus thrust-to-weight ratio are
presented in figures 47 through 49 for fawmilies of airplanes having a design
mission range of 7408 km (4000 n mi.).

Airplane characteristics for both the basepoint and the resized baseline
vehicles are presented in tables 24 through 27 for each of the four selected
propulsion systems. Design mission summaries are shown for each baseline air-
plane in tables 28 through 35.

Performance for each baseline airplane was also calculated for the economic
mission. Payload for this mission was 55 percent of that carried on the design
mission or 15 256 kg (33 565 1b). Fuel was then off-loaded from the baseline
to vield 4630 km (2500 n mi.) on the economic mission. Characteristics of each
of the four baseline airplanes on the economic mission are shown in tables 36

through 39.

The results of the economic mission were used to compute direct operating
cost (DOC) and return on invesiment (ROI) for the VSCE 502F and the VC: 112C.
The DOC and ROI calculations were supplied by Pratt and Whitney Aircraft and
are presented in table 40. Input to the DOC and ROI calculations included the
following airplane and mission data supplied by Rockwell: airframe weight,
engine weight, mission fuel, TOGW, block time, and engine design thrust. These
data are included for each of the four airplanes in tables 36 through 39.
Economic ..ission summaries for cach baseline airplane are presented in tables
41 through 48.

Sensitivity method verification.- To verify that the sensitivity method
of determining aircraft takeoff gross weights is valid for preliminary studies,
takeoff gross weights were estimated using the sensitivities for the four
engines. These results were then compared with the results of the detailed
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TABLE 24. - AIRPLANE CHARACTERISTICS WITH REFINED VSCE 502B ENGINES

Basepoint ‘Baseline

Engine airflow, kg/sec (1b/sec) 408 ( 900) 387 ( 854)
Thrust-to-weight, n/kg (1b/1b) 3.13 ( 0.3199) 3.13 ( 0.320)
Reference wing area, sq m (sq ft) 926 ( 9969) 841 ( 9049)
Gross wing area sq m (sq ft) 1022 ( 10 996) 927 ( 9981
Wing loading (gross area), kg/sq m (1b,/3q ft) 331 ( 67.69) 345 ( 70.71)
TOGW, kg (1b) 337 632 (744 350) 320 141 (705 790)
Fuel weight, kg (1b) 158 683 (349 835) | 148 772 (327 986)
Max wing fuel, kg (1b) 208 222 (459 050) | 180 061 (396 966)
Deéign range, km (n mi) 7610 ( 4109) 7410 ( 4001)
Eng out range, km (n mi) 6553 ( 3538) 6384 ( 3447)
Normal T.0. dist m (ft) 2635 ( 8645) 2741 ( 8991)
Bal field length, m (ft) 3075 ( 10 092) 3197 ( 10 489)
Thrust-to-drag 2.32 m/18 300 m (60 000 ft) 1.921 1.899
Thrust-to-drag 1.2 m/climb 1.937 1.930
Initial cruise L/D 9,626 9.566
Initial cruise SFC (installed) kg/hr/daN

(1b/hr/1b) 1.391 ( 1.364) 1,389 ( 1.362)

60t
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TABLE 25. - AIRPLANI' CHARACTERISTICS WITH VCE 112C ENGINES

Engine airflow, kg/sec (1b/sec)
Thrust-to-weight, N/kg (1b/1b)

Reference wing area, sq m (sq ft)
Gross wing area, sq m (sq ft)
Wing loading (gross area), kg/sq m (1b/sq ft)

TOGW, kg (1b)
Fuel weight, kg (1b)
Max wing fuel, kg (1b)

Design range, km (n mi)
Eng out range, km (n mi)

Normal T.0. dist m {ft)
Bal field length, m (ft)

Thrust-to-drag at 2.32 M/18 300 m (60 000 ft)
Thrust-to-drag at 1.2 M/climb

Initial cruise L/D
Initial cruise SFC (installed) kg/hr/daN
(1b/hr/1b)

Basepoint Baseline
408 (  900) 600 (  1323)
2.94 ( .3004) 3,64 ( .372)
926 ( 9969) 1057 ( 11 380)
1 022 ( 10 996) 1166 ( 12 552)
332 ( 68.02) 345 ( 70.7)
339 272 (747 966) | 402 618 (887 622)
158 683 (349 835) | 190 934 (420 938)
208 222 (459 050) | 253 954 (559 863)
7419 ( 4006) 7410 ( 4001)
6504 (  3512) 6434 ( 3472)
3341 ( 10 960) 2715 (  8907)
3957 ( 12 982) 3206 ( 10 519)
1.220 1,483
1.730 2,050
9,605 9,601
1.470 1.442 1.491 ( 1.462)
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TABLE 26.- AIRPLANE CHARACTERISTICS WITH GE21/J10 Bl ENGINES

Engine airflow, kg/scc (1b/sec)
Thrust-to-weight, n/kg (1b/1b)

Reference wing area, sq m (sq ft)
Gross wing area, sq m (sq ft)
Wing loading (gross area), kg/sq m (1b/sq ft)

TOGW, kg (1b)
Fuel weight, kg (1b)
Max wing fuel, kg (1b_

Design range, km (n mi)
Eng out range, km (n mi)

Normal, T.0. dist m (ft)
Bal field length, m (ft)

Thrust-to-drag at 2.32 M/18 300 m (60 000 ft)
Thrust-to-drag at 1.2 M/climb

Initial cruise L/D
Initial cruise SFC (installed) kg/hr/daN
(1b/hr/1b)

Basepoint Baseline
340 ( 750) 624 ( 1375)
2.71 ( .2769) 3.3 ( .338)
926 (  9969) 1351 ( 14 540)
1022 ( 10 996) 1490 ( 16 038)
335 ( 68.68 345 ( 70.71)
342 556 (755 206) | 514 441 (1 134 149)
158 683 (349 835) | 255 446 (563 161)
208 222 (459 050) | 366 78S (808 622)
5045 (  2724) 7410 ( 4001)
4939 ( 2667) 6295 ( 3399)
3348 ( 10° 983) 2736 ( 8977)
3909 ( 12 823) 3197 ( 10 490)
1.084 1.286
1,235 1.694
8.923 9,514
1.568 ( 1.538) 1.457 ( 1.429)
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TABLE 27.- AIRPLANE CHARACTERISTICS WITH GE21/J11 B3 ENGINES

Engine airflow, kg/sec (1lb/sec)
Thrust-to-weight, n/kg (1b/1b)

Reference wing area, sq m (sq ft)
Gross wing area, sq m (sq ft)
Wing loading (gross area), kg/sq m (1b/sq ft)

TOGW, kg (1b)
Fuel weight, kg (1b)
Max wing fuel, kg (1b)

Design range, km (n mi)
Eng out range, km (n mi)

Normal T.0. dist m (ft)*
Bal field length, m (ft)

Thrust-to-drag at 2.32 M/18 300 m (60 000 ft)
Thrust-to-drag at 1.2 M/climb

Initial cruise L/D
Initial cruise SFC (installed) kg/hr/daN
(1b/hr/1b)

Basepoint Baseline
38]1 ( 840) 1093 ( 2409)
2.16 ( .2210) 3,33 ( .340)
926 ( 9969) 1653 ( 17 787)
1022 ( 10 996) 1823 ( 19 619)
330 ( 67.68) 245 ( 70.71)
337 557 (744 186) | 62 .6 (1 387 359)
158 683 (349 835) | 312 330 (688 569)
204 139 (450 050) | 496 237 (1 094 016)
7412 4002)
6245 (  3372)
2706 ( 8878)
3205 (. 10 515)
1.511
2.078
9.412
1.447 ( 1.419)

*T.0. distance using maximm power. This results

in noise levels below FAR 36,




TABLE 28. - REFINED VSCE 502B BASELINE DESIGN MISSION SUMMARY, INTERNATIONAL UNITS

TEC OPERATION

o INTYIAL WEIGHY
5? 1 wevw
g 5 2 CL TO1SC

.. DES=LAND
8 TAXI=ALL

9 SPCT ALL T

10_ CcLTO 15¢C

11 CLB-ACC

12 CRUTSE

13 DESCEND

14 LOITER

15 OES—LAND

g1l

WEIGHY
KG o

320140.9
316337.4
314196,4
2900%0.4
238657,2
108887.7
196324 .4
1940084 ,7
193449,6
187114 ,.9
186529,2
101900.4
179047,.%
178189,.%
1719002.2
1713%9.3

ALTITUDE MACH NO. FUEL USED

METERS

0.0 0.299
457.2 04900
17221.5  2.320
18402.3 2,320
197%.2 24320
457.2  0.500
0.0 04300

0.0 0.0

0.6 0.0
457.2 0.500
11990.1  0.900
12092.4 0.900
3048.0 0.466
3048.0 0.454
0.0 0.300

TOTAL FUEL USEDs

3803,.4
2141,1
26146 .0
51393,.2
427694
1563 .4
239.¢6
635,.2
6334,0
585.8
4628.0
2052,4
858,
6287.3
542.8
148781.2

TIME
MIN,

10,000
1.337
12,925
81,462
00,963
17.680
1607
5.000
0.0
0.739
8.236
13,521
9.375
30.000
3.877

TOTAL TIME
MIN,

10,000
11337
23062
105,324
106,280
203, 967
20%.374
210578
210574
213,313
219, 549
233,071
262,446
272. 44o
2764323

RANGE  TVOTAL RANGE

e

0.0
10.72
20730
07,20
3386.35
305,49
13.43
0.0
0.0
S5.66
124,00
219,53
119,41
0.0
35.0%

0.0
10.72
298.02
3705.22
7091.57
7397.02 .
7410.45
7410045
T410.43
7416431
7540.20
7759.59
7879.00
7679.00
7914.08
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TABLE 29.- REFINED VSCE S02B BASELINE DESIGN MISSION SUMMARY, ENGLISH UNITS

OPERATION

INITIAL WEIGHT
w & T0
CL Yoi15¢C
CLB~ACC
CRUISE
CRUISE
DESCEND
DES~LAND
TAXI=-ALL
SPCY ALL
CLTO 35¢C
CLn=-ACC
CRUISE
DE SCEND
LOIYER

DES~LAND

NASA CR=132374 AST REF. CONFIG. WITH VSCE 5020-02 ENGINES

LEWIS BASELINE

WE1GNY
POUNDS

TC5789.%
69T4 04,8
692684 .6
639451 ,4
526149,2
43185%8,.7
4£28411.9
«27883.7
“L26483,3
“12517.%
411226.6
©01021.7
394733,2
3602b40.6
aA78979,5
3rrre2.7

TH=,32

ALTITUDE MACH NO. FUEL VUSED

FEEY

0.0
1500.0
56500.9
60376,9
b4B816.8
1500.0
0.0

0.0

0.0
1500.0
3933%7.6
39673.3
10000.0
10000.0
0.0

0299
0,500
2,320
2,320
2.320
0.5 00
0.300
0.0

0.0

0.500
0.900
Q«900
0400
0.4 54
0.300

TOTAL FUEL USEDe

POUNDS

830%.1
4#720.2
53232.7
113302.6
94290.5%
3446647
528.2
1400.4
13965 .4
1291 .4
10204 .8
6288.6
1892.6
13861.1
1196.7

328007.1

w/5=70.

ROES=4000 MWW - ’

TIME TOTAL Time

10.000
1.337
12,525
81,402
80 .963
17.6080
1607
5.000
0.0
0,739
8.236
13,521
9.37%
30,000
3.077

IN.

10.000
11,337
23.862

108,324

186.208

203.967

205.574
210,574
210.57%
211.313
219,549
233.0M
262446
272.446
276,323

niNEE ~ TOTAL RARSE

Ne N, Ne Mo
0.0 .00
S.79 S« 79

TUIBRLIY T 16092

1039.71  2000.62
1028.45  3829.08

166,93 3994,00

TedP . 400129
0.0 4001,.25

0.0 00125
L .3e00.  _ 4004:3)
67.00  4071.31

m.iiioﬁi 5109, 77

6hodD 4234026
0.0 42%4,24

" T18.93 427917

[T ———
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TABLE 30.

OPERATION

INITIAL WEIGHTY
Wy € YO
CL 7O15¢C
CL B~-ACC
CRUISE
CRUISE
Dt SCEND
OE S=LAND
YAXI-ALL
SPCT ALL
CLY0 15C
CL 8-acC
CRUISE
DE SCEND
LIITFR
OES~LAND

- VCE 112C BASELINE DESIGN MISSION SUMMARY, INTERNATIONAL UNITS

WEIGHTY
KG.

402618.3
398212.2
396092.0
370960.4
301 83%.9
2440642.1
242332.48
261980.9
2640996.6
232915.6
2322683.8
22636842
222708.3
221396.2
21249%8.7
21169C. 4

ALTITUDE MACH N1,
METERS

0.0 0.299
+$7.2  0.500
18063.5  2.320
19678.5  2.320
21267.6 2,320
457.2  0.500
0.0 0,300

0.0 0.0

0.0 0.0
¢57.2 0,500
12684.3  0.900
12798.6 0.900
3046.0 N.442
3068.0 0,432
0.0 0,300
TOTAL FUEL USEDs

FUEL USED
KGe

440642
2120.1
2%131.6
69124.4
57193.9
2309.5
351.7
984,.3
8061.,.1
651.7
509%5.6
3660.0
1312.0
8937.6
768.3
190927.5

TIME
MIN,

10.000
1.334
12.991
80.672
81.124
16,797
1.523
5,000
0.0
0.619
9.457
13.063
9.346
20.000
3.533

TOTAL TiImE
MIN.

10.000

11.336

26,324
104,996
186,120
202,917
204,440
2€9.440
209.440
210.059
219.51%
232.%519
241.92%
271.92%
275.4%8

RANGE
Kn,

0.0
10.60
320.56

337417

3397.49
29%.10
12.62
0.0
0.0
4.78
130.09
211.96
120.16
0.9
31.7%

TOTAL RANGE
KN,

0.0
10,60 °
331.16
3705.33
7102.02
1397.91
7610, 73
410,73
7410, 73
7415, 51
1546.40
1750.38
7878.52
7878.52
1910.2%
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TABLE 31. - VCE 112C BASELINE DESIGN MISSION SUMMARY, ENGLISH UNITS

DPERATION

INITIAL WEIGHT
Wt T
CL TO1%C
cLe-acc
CRUISE
CRUISE
DE SCEND
DE S-L AND
TAXI-ALL
SPCY ALL
CLTO 15C
cLe-AcC
CRUTSE
DE SCEND
LOITER
DE S=LAND

WEIGHY
POUNDS

887621.6
877907.8
873233,.95
817827.9
€65634,.4
539343,.6
5342%2.1
533476.7
$31306.7
513490.9
512054.2
4990%6.6
490987.8
48809%.2
468391.3
466697.6

ALTITUDE MACH NO.

FE=Y

0.0
1500.0
$92863.7
64562.1
69710.1
1%00.0
0.9

0.3

0.0
1500.0
41515.1
41390.3
10000.0
16000.0
0.3

0.299
0.500
2.320
2.320
2.320
0.%00
0.300
0.0

0.0

0.59)
0.900
0.900
0,442
0.432
0.300

TOTAL FUEL USEDs

FUEL USED
POUNDS

9713.9
4674,.1
55405.6
152393.4
126290.9
5091,%
T75.3
2170.1
1781%5.7
1636.7
12997.6
8068.8
2892.6
19703.9
1693.7
420924.0

TIME YOTAL TIME

MIN,

10.000
1.334
12.991
80,672
8l.124
1¢.787
1.%23
5.000
0.0
0.619
9.457
12,063
9. 346
30.000
3,533

MIN.

10.000

11.334

24.324
104.996
186.120
202.917
204.440
209.440
200,440
-10.0%9
219,516
232,579
241.92%
271.929%
275.45%8

RANGE
~. n‘

0.0
5.73
173.09
1821.87
1834.67
159,34
6.92
0.0
0.0
2.58
70.67
114,45
64.88
0.0
17.14

YOYAL RANGE
' N. M,

0.0
5.7!
178.81
2000. 60
3835.15
3994.49
47.01.41
4001 .41
400L.41
4003.99
4074.66
4189,11
4253.98
42%3.98
4271.12
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TABLE 32.

SPERATIUN

INIT1AL WEDRGHT
wu & Tu
L TC15%L
CLE ~-aCl
(RULISE
CRUTSE
CESCENL
Lel~-LAND
JAXI-dil
SPCTY ML
CLTu 1sC
CLL—ACL.
CRUISE
LESCE N
LUlTFK

it S=LAND

- GE21/J10 " " *“ELINE DESIGN MISSION SUMMARY, INTERNATIONAL UNITS

KL JLHY
KGe

5lubnlld
579639.1
R 002242
“«o0lubb 2
A8CI25.0
3586722
A2679b 3
38700 o4
3 40Tt ec
7294189,
2933 7% 0
ZT9368 5
FIT3TT 4
275000640
259781 .0

2589087

ALTITUDLE MACH Nu. FUFL USEU

METERS

Cot Qe299

L5T.2 D& U"

17538.4 24320

1871%.0 24320
19901,2 2.320
“5Te2 0507
Do D3l

CoC 0.}

fet  DeD
45762 05
17288.8 095
1726600 G498
3048.0 O3l

3042.0 0.350

dell 030N

TOVAL FUEL USEL=

KG.

4802,2
321646

44986 .5

81542.7
T714653.3
2575.v
395.¢
1923.2
10488 .7
3109.5
13711.0
"1991.1
1710.8
15885.0
792.9
2554521

TIME TOYAL TIME

RANGE YOTAL RANGE

nIN, NIN. KM . 'CH
10.000 104 007/ 0.0 0.0
1.280 11. 260 10.16 10.16
15,868 30,148 47715 487,31
76.936 107.084  3217.88  3705.19
80.827 187.911 3380.66 7085.85
18,055 205,965  310.60  T7396.45
1.649 207.614 13,94 T410.38
$.000 212.014 0.0 T410.38
0.0 212.61¢ 0.0 7T410.38
0,492 213.100 3.86  Tale.22
10.597 223.612 190.12  T604.34
64362 229,974 106,96 7713.30
12.118 262,089 163,93  7877.23
30.000 272,089 0.0 78771.23
3,480 275.%69 T 3G.86  1908.00
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TABLE 33. - GE21/J10 Bl BASELINE DESIGN MISSION SUMMARY, ENGLISH UNITS

ALTITULE PaCH NGe FULL USEL

FEET

Cod
15C",. 2

TTEWG0

o1384.7
65292,0
150700
N0

uel

T 060
150C0e
567218
" bo71a.7
15000 .0
1000040

LFG UPFRATIUN WE IGHT
NO, POUNDS
T INTYTAL WETGHY T T U 1134160
1 witT 112356247
2 CL TL1sC 1116911,
- Y L~ A € § 1Y P
4 CRUISE 83EN33 .0
S CRUISE GEO505,7
T& OESCEN T T Evk8 286y
7 DES~LAND L73984,2
8 Taxl-ALL 671698 o4
9 SPCT ALL T 64E575.9
10 CLTO 15C 666129 4%
1. CLe~all 619902,.¢
12 CRUTSE AR S § {5 ¥ 24
1> LoCEMND 007761,
14 LOITER 5727205
15 GES-UAND | 87097240

PSS

Ce2¥®
veS
2320
2.32°
26320
08U
[ % T
0.0

0.0

Ged
Q0 e950

LS

Ced el
[ TR L")
velu:

TOTAL PUEL USELSs

POUNDS

10987.0
b65] .0
W9l0o.7
1719770,
15%7527.7
54678.v
872.7
2255.7
23122,6
2864040
W22T.7
43E9.0
311
3%20.8%
1747 .9
S63176 .4

TIME
MIN,

106500
1e2BC
lb.b08b
7 4930
80,827
16.0%%
1.049
LY o] ¢
g

Jeud
10 e8u7
b2
12.11%
AN O0

debtin

TOYAL TiMe
MM,

104000
11,280
30248
107,084
187,911
205, b
. ‘eblM
212.61e
212.014
21241006
223.012
229, 97%
262.U09
2724 08%
2756 509

KANGE TOTAL RANGE

Ved
Setels
2%7.04
1737409
1825,30
167.71
Ted2
0.0
PR
2407
102,060
Svebl
88,51
tas0

le,606

Ne M,

Ue0
Setb
203,12
2000,61
3p2%.9%
3¥93, 69
“0hl,22
4001,22
«li1e222
#003.29
#lo5.9>
#loe,T7
“253.2%
w¢bde2v
“209,9
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TABLE 34. -~ GE21/J11 B3 BASELINE DESIGN MISSIQ\I/SIMMRY, INTERNATIONAL UNITS

)

gf OPERATION N:é?lﬂ A:.‘:;I:?! MACH NO, FUG:G:*GD :::s m:t"rmww
INITIAL WEIGHT 629295.4 S

! wemw 62232440 0.0 0,29 6970.9 10,000 10,000 0.0 0.0

QA% 2 cL T015¢C 6190276 457.2 0,800  3297,2 0.914  10.914 7.04 7.06
pe f_} 3 cLB-ACC $73132.9  18712.9 2,320° ASUTH:S U ILWT T IREIT T ITSNT NN
WP & CRUISE 467000.2 20118.3 2,320 105887.3  00.733  104.544  3076.08  3708.43
N S CRUISE 378848.1  21470.4 2,320 87086.7 01,401 185,943 M10:18  7115.96
5 s oescem 374795.3 87,2 0,800 © 4082.8 " IEIIST IUON —IRISUT VIV

< 7 pEs-LaND 374172.0 0.0 0.300  623.3 1,609 200,579  12.47  7410.88

8 TaXxi=-atLl 372379.6 Q.0 040 1792 ,.9 9,000 200.5 0.0 7‘!....

o SPCT ALL 159560, 4 0,0 0.0 C12819,3 O NONTIW L O 0

10 cLTO 15¢C 3158252, 1 457,2 0,500  1308.3 00340 200,019 2,56 7413.43

11 cLe-acC JW7471.4  14382,7 0.9%0  10760.2 8.438 214,397 07.67  7901.00

12 CRUISE 340263.0 14535,0 0,950 7200.8° 7 IE.050 T IINNIE T AU TR T TWILW

13 DESCEND 337646.0  3048,0 0,320  2616¢5 104351  236.764 15489 707042

14 LOITER 318150.9  3048,0 0,306 19498.6 30,000 268,764 0.0 7076.48

1S DES-LAND 316980.6 0.0 0,300  1170.5 270X TIVISENS T T

TOTAL PUEL USEDe 312314,8

oIt
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TABLE 35. - GE21/J11 B3 BASLLINE DESIGN MISSION SUMMARY, ENGLISH UNITS

ALTITUCE

FEEY

€0
1591.0
61394,0
6600%,.1
T0441.0

" "1500,0

0.0

0.0

0.0
1500.0
¥7000,1
47606.9
10000.,0
19000.0
0.0

‘ES? ‘OPERATION :ga::;
T INTYIAL WICNY T T U TTI3E7359.0
A weEvw 1371991 .0
2 CcL vorsc 1364722.0
Y C-AT T T T Tdesb 6.0
4 _caurse 1029559.3
S CcRulse 835217,
TCTORSCE T T 826282.2
_1 _ DES-LAND 824908.2
8 TAXI-ALL 820956.6
WY ALL Tt 792694.9
10 _€L70 15C 1898106
11 CLB=-ACC 766043.2
T UBE 77 T 75018046
13 pEsceno _14h332.)
14 LOITER 701402.7
T BN T T 698822.7

0.209
04500
24320
2.320
2.320
04500
0,300
0.0

0.0

00500
0,950
049350
0.320
0,306
04300

TOYAL FUEL USEDe

MACH NO. FUEL USED

POUNDS

15368.0
7269,0
101136.0
233441.7
193787, 2
0934 ,.9
1374,1
3052,
20261.7
2004.4
23760.3
15092,7
5708.4
42980.4
2580.1
688536.3

TINE YOTAL TIME

10,000
0914
12,897
00,733
81 .40}
16,151
14483
5,000
0.0

0300
5038
14.0%0
10,351
30,000
2.922

10,000

10,914

23,018
104,544
185,943
202,0%
203,579
208,97
200,379
208,919
2140357
220,413
230,704
208,700
271,080

RANGE  TOTAL KaNGE

0.0
3,80
173,60
1823.34
1841.50
152,70
673
0.0
0.0
1.39
4734
129,99
72.07
0.0
13.81

0.0
3.80
177,40

2000+ 74

3842.04
3994, 74
400).47
4001.47
4001 .47
4002.06
#080,20
4180,18
4252.09
4252.09
4200.06



TABLE 36. - ECONOMIC MISSION CHARACTERISTICS
NITH REFINED VSCE 502B ENGINES

TOGN, kg (1b)
fuel weight, kg (1b)

Design range, km (rwmi)
Far 36 T.0. dist m (ft)
Bal field length, m (ft)

Airframe weight, kg (1b)
Engine weight, kg (ib)
Mission fuel weight, kg (1b)
Block time, min (min)
Engine thrust, n (1b)

Baseline

254 141 (560 284)
95 229 (209 943)
4630 ( 2500)
1783 ( 5750)
2081 ( 6826)
112 768 (248 611)
23 128 ( 50 988)
76 501 (168 655)
( 167)

251 160 ( 56 463)

TABLE 37. - BOONOMIC MISSION CHARACTERISTICS
WITH VCE 112C ENGINES

TOGN, kg (1b)
Fuel weight, kg (1b)

Range, km (nmi)
Far, 36 T.0. dist m (ft)
Bal field length, m {ii;

Airframe weight, kg (1b)
Engine weight, kg (1b)
Mission fuel weight, kg (1b)
Block time, min (min)
Engine thrust, n (1b)

Baseline

320 966 (707 608)
121 739 (268 390) -

4630 ( 2500)
1724 ( 5656)

Z2070 { §794)

138 186 (304 645)

37 932 ( 83 626)

96 639 (213 048)

( 167)

367 178 ( 82 549)

121
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TABLE 38. - ECONOMIC MISSION CHARACTERISTICS
WITH GE21/J10 Bl ENGINES

TOGW, kg (1b)
Fuel weight, kg (1b)

Design range, km (nmi)
Far 36 T.0. dist m (ft)
Bal field length, m (ft)

Airframe weight, kg (1b)
Engine weight, kg (1b)
Mission fuel weight, kg (1b}
Block time, min (min)
Engine thrust, n (1b)

Baseline
417 609 (920 670)
171 070 (377 144)
4630 ( 2500)
1816 { 5959)
2159 ( 7083)
166 931 (368 020)
56 360 (124 253)
130 675 (288 088)
( 169)
426 300 ( 95 836)

TABLE 39. - BCONOMIC MISSION (HARACTERISTICS
WITH GE21/J11 B3 ENGINES

TOGW, kg (1b)
Fuel weight, kg (1b)

Design range, km (nmi)
Far 36 T.0. dist, m (ft)
Bal ficld length, m (ft)

Airframe weight, kg (1b)
Engine weight, kg (1b)
Mission fuel weight, kg (1b)
Block tiwe, min (min)
Ergine thrust, n (1t)

Baseline
519 218 (1 144 680)
214 709 (473 353) .
4630 ( 2500)
1855 ( 6087)
2232 ( 7323)
207 300 (457 018)
73 812 (162 728)
162 334 (357 380)
( 166)

524 557 (117 925)




TABLE 40. - DOC, IOC, AND ROI

VSCE 502B VCE 112C
Direct operating cost,
cents/seat statute mile 2.17 2.73
Indirect operating cost,
cents/seat statute mile 0.91 0.98
Return on investment, $ 20.2 11.0

Assumptions:

1. 1974 dollars

2. 1967 ATA DOC model updated to 1974

3. Lockheed California Co. 10C model

4. 4000 hours annual utilization

5. 15-year life

6. Fuel cost of 35 cents per gallon

7. Revenue of 8.5 cents per passenger statute mile
8. 55 percent load factor

9. 2500 n.mi. trip distance

123
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TABLE 41. - VSCE 502B BASELINE ECONOMIC MISSION SUMMARY, INTERNATIONAL UNITS

LFG NPERATION wEIGHT  ALTITUDE MACH NCe FUEL USED TIME TOTAL TIME RANGE TOTAL RANSE
NOD. Kfe ME TERS KGe ¥INe MiNe KM, | KM,
INTT 1AL WEIGHT 2%414(,6
1 Wi e 10 250337,2 0s0 04299 300344 10,000 10,000 000 0.0 _
2 cLs1%00 245074, 7 45742 04300 1262, 5 040849 104849 673 (Y8}
3 CLIMP 242143.7  10040e1  0s900 693140 30526 1 16313 T RN T %.8¥
4 CRUISF 230%4%,3  1C411,0 0,900 11598.4 41,802 S6.174 685,97 T4060)
S CL/ACCEL 220048¢7 1895007 24320 1049646 5,667 6ls841 16234 903.16
6 CRUISE 180043,  20397¢% 24320  4I004.8 81.576 143,417 T RRIFZT T ANIETFE
7 CESCEND 17€512.9 45742 04500 153140 176303 160,720 300622 416090
8 NES/LANC 17827%1 0e0 04300 23747 14596  162.316 13+48 4630.,03
9 Taxi 177¢3¢. S 000 040 635,2 54000 161316 T A0 OY
10 St PES, 173814,6 0s0  0a0 382%.0 0¢0 167,316 0e0 4630003
1 cLs1t00 173289 6 457¢2 04500 52543 0662 167,978 5,07  4635.10
12 CL/ACCEL 16876Ca 1 1249Te3  0.900  4499,5 8994 1764373 TINTE T ATeATE
13 CRUISE 16623644 1259448 04900 255047 124975 109,548 210,93 975,38
14 CFSCFND 165361, 9 3C48.0 00450 871.5 94597 199,143 122,73 3098.11
15 LNITER 156436, ¢ 3C48C  0e440 $929,2 30000 229,148 T 00 T RNT
16 CES/LAND 158S1éa e 0s0 04300 82243 3,726 2324069 33451 13162

TOTAL FUFL USED=  95223,7



TABLE 42, - VSCE 502B BASELINE ECONOMIC MISSION SUMMARY, ENGLISH UNITS

a
oo

oo BV
w

Nd

& 30

SZ1

LEG OPERATION WEIGHT ALTITUDE MACH NC, FUEL USED TIMF  TOTAL TIME  RANGE  TOTAL RANGE
NOe POUNDS FEET POUNDS PINe MIN, Ne M, Ne Mo
T INTTIAL WETGHT 8€C2 04, 1
1 wWueTo $51899.1 0.0 00299 83851 10,000 10,000 0eC 0,0
2 cL/1%00 549113, 8 15€0.0 04500 2783.2 00849 100849 3463 3463
T3 CLimp £33828, & 32939,8 0,900  15280,2 345264 146373 25,90 29461
& CRUISE 50026%. 4 3415647 0,900 25570.2 414802 564176 370439 400400
S CL/ACCEL 48512405 621T4e3 24320 231409 5,667 61,841 87,66 487,66
" CRUISE 29€920.5 6692009 20320 A8195,6 81576 143,417 184 2,95 2330461
7 OESCEND 393853,6 1500.0 04500 337%.4 174303 1604720 162410 26492. 7
8 DES/LANC 393029, 4 0e0 0,300 524, 1 1596 1624316 Te 26 2499,97
T TAXT 3916291 0e0 060 14004 4 5,000 167,316 0e0 26499,97
10 5% RES. 38319¢4 3 0e0 040 843247 0.0 167316 060 2099.97
11 CL/1%00 382038, 2 1500s0 04500 11%8.1 0e662 167,978 274 2302, 71
12 CL7ACCEL 372118, €  41001e6 0900 9919,7 84596 1764573 70406 257277
13 CRUISE 36649%.1 413215 04900 56234 12975 189,548 113,67 2606445
14 DESCEND 3€4572.9 10000s0 0e450 1921.2 9.597 199,145 66027 271%2,72
18 LOITER 351802,1 100000 0o44 1307147 30,000 2296145 000 2752472
16 DES/LANC 32035C, 7 0.0 0,300 115164 3.72¢ 2324869 18409 2770+ 01
TOTAL FUEL USECs 20993344
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LEG
NO.

1
11
12
13
1%
1%
) 1)

UPERATION WF1GNHTY
KGo

INJTIAL WELGHT 32M9465,7
WU L 10 216%80,6 .
cLz1ss 315299,3
(A% { ) NKTIY4e,.2?
CRUISE 29298043
CL/ACCEL 28133),v
CRUISF 2271975 4%
DESCEND 22566244
DE S/LAND 2253113,
TAX1 2264328,.7
% RESe 21990,
cLzIn 21L896,4
CL/ACCEL 213294,7
CRUISE ?2°v81).7
DESCEND 2086081
LOITER 199907,
DES /L AND 199226,1

TABLE 43. - VCE 112C BASELINE ECONCMIC MISSION SUMMARY, INTERNATIONAL UNITS

ALTITUDE MACH NQo FUFL USFUD

ME TERS

%ed
“57,2
17G27,0
112946,8
20226.%
21726,
457,2
Q.0

f1e

Dol
©57,2
13076,8
131602,
3046840
3548,
590

0e¢299
Y T ]
0,907
Qe
2.32)
2¢32%
T8 N
0.3
0.9

LYY

.80
VeV %0
0900
0,628
Vel )P

032

TOTAL FUEL USEDs

KGe

460602
126762
6505,.1
18813,9
11649.4
53675 .5
2263.1
Yoy b
984,3
“B831.9
60 ok
Sculeo
Y% Y
132%,0
£52,8
Tel.2

121730,4

TiME
MIN,

104000
T o835
J,nll

42,311
b o256
% 0Phds

16 s 04%
1.514
8,01
ve
Y570
9,226

13,164
9,483

3),900

bl

TOTAL TIME
MIN,.

10000
150805
14,217
56,530
62.780
143729
165175
161,089
160, 68¢
166,689
1672%9
176,48%
189,669
199,132
229,132
232,53

RANGE  TOIAL RANGE
KM, KMo
0.0 0.0
680 bet0
45,957 82,38
688,40 740,081}
195,18 935.9%
392,36 #328.32
289,74 4616407
12.72 4630, 7Y
0.0 #630.7%
el 4630.79
®oh0 463%.19
127.26  4T62.45%
213.%9 4976,00
122,07 5008.11
ved 5098,11
3oend 5128.5%
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TABLE 44. - VCE 112C BASELINE ECONOMIC MISSION SUMMARY, ENGLISH UNITS

PERATICN

INITIAL WEIGHY
wu ¢t 0
L/15600
CLIM-
CRU1SE
CL/ACCEL
CRUTSE
DESCIND
VES/LAND
TAX L

5% RES.
L7150
CL/ACCEL
CRUISE
UFSCEND
LOITER
DES/LMND

W IGLHY
POUNES

[Rk T Tak A
6OTAYe &
6481 16,)
GBI T TG,
o4full.?
02122%.6
Q2608 ,7
“7500 0%
©9073% 62
49456061
4839N17,7
4©82593,9
«T0234 ol
L©62%5%,7
459637,7
#460852 ,%
©#39218,4

ALTITUDE MACH NL.

FLET

Polt
LTI
362655
3715643
66360,0
712795
159040
)

2e2

)
153049
42909.3
4326243
10000.0
10000,
0.9

0299
NeB MM
Se92°
Ce® O
2,320
2320
250
0e30y
0.0

0.9

0.%00
0900
0e9M
0,428
000
0300

TOVAL FUEL USEDs

FUEL USED
PCUNDS

9Y713,9
27780
1636l ,42
36En3,7
25682 .4
117738,9
L£99%9,5
7M0,2
2170.)
10652 o0
1323,7
12349,5
T6T6.7
2918,
1878%,.2
1634,1
268390,0

TIME
MIN,

194200
N L0968
Aonll
42 ,313
6.2%0
BO 4964
16 o445
1.51%
5.999
0.0
0570
9,226
13,164
V,48)
30,000
34404

TOTAL TIMe
MIN,

134900
10808
les 21?7
856.%3)
62,786
143,729
160175
161,089
1606, 689
166+ 06089
167.2%9
176,408
189, 649
199,132

229,132

232.%36

RANGE TOTAL RANGE

Cod
Jemo
26,861
A71.73
105,37

0.0
3.40
28,27
400,00
305.37

1831.7¢  2337,06

156.4% 2693,51
6.87  2500,38
Ve0  2500.38
0.0 2500,38
2,38 2%02.7%

T 68,72 2571.48
115,33  2686,80
63,91  271%2.,M)
0.0 2752,71
16044 276%.13.
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TABLE 45. - GE21/J10 Bl BASELINE ECONOMIC MISSION SUMMARY, INTERNATIONAL UNITS

OPERATION

INITIAL WEIGHY
WU ¢ YO
CL/1500
CLIre
CRUISE
CL/ACCEL
CRUISE
DESCEND
DES/LANC
Tax1

5% RES.
CL/71500
CL/ACCEL
CRUISE
DESCENC
LOITER
DES/LANC

WEIGHT
KGe

4176CS. C
4128C7%1
41C52447
399927.95
37735¢C.7
3%¢¢1%,6
25890, 4
£003%5,2
c€1857.9
286934,3
2804004 6
2719357, 5
2¢€91¢07
2¢4867,7
2€131318.3
247298.6¢
24£%31.1

ALTITUDE PACH MCe FLEL USED

METERS

Cs0
457,2
1035%5,3
107¢5.7
16079.6
2C244.4
457.2
Ce 0

CeO

Ce0
437.2
17208%.0
171281,.9
3C48.0
2C48,0
Ce0

0e 299
0,500
0,900
0. 900
24320
24320
0¢500
0300
00

0e ©

00500
0.9%0
0950
00 354
00333
0300

TCYAL FUEL USECe

KGe

4801.8
1002, 4
10997,.3
2253%6.7
2077%.2
6572%.2
25381
39407
1023.2
6533.7
104301
12440.08
1919.0
1679.4
16019.7
T67.5
171077. 6

TIME TOTAL VIME

VIN.

10.000
0.805

0033

41,519
94402
780576
17.781
1o645
54000
040
04463
10.914
64675
11099
30,000
34366

10,000
10.809%

560357
6%.7%9

144,333

1620114
163,758
168,758
160,758
169, 221
1800135
186,810
198.709

220,709

2320073

160838

n::fz. votA:“:Ayﬂf
0.0 00 ..

638 6030

56,32 62.71
678,11 74001
282469 102,46
3207.,02  4310.48
306012 016,99
1388 4630447

Y ) 463047
0e0. 4430047

3.61 4634407
TTI07.06 4821473
114432 4936004
161006  3097,09
) 5097.09
29469  Sl28071



TABLE 46. - GE21/J10 Bl BASELINE ECONOMIC MISSION SUMMARY, ENGLISH UNITS

LEc - OPERATION WEIGHT ALTITUDE MACH NCe FLEL USEC TIME TOTAL TIME RANGE  TOTAL RANGE
NO. POUND S FEET PCUNDS VIN. MINe Ne Mo Ne M,
INITIAL WEIGHT $2C67C.3 '
1 werTo 91008401 CeC 0.299 10586.2 10,000 10,000 0.0 040
2 CL/1500 $C%59340 1 1500:0 0,500 4149,9 04805 10.80% 3,45 3045
T3 cLmmd 881689.2 33574s1 00900 2424449 40033 14,838 30,41 33,86
_& CRUISE 83200402 3%532Ce6 0900 49685.0 ©le519 564357 366014 400,00
S CL/ACCEL 7062029 62557s0 24320 45801.4 9.402 65,759 152.62 552,61
~e& CRUISE £41302, ¢ 6€418.6 20320 164899.2 T8.576 144,333 1774,82 232T7,43
N 7 CESCEND €357C8.C 150060 04500 5595, 6 17781 1624116 165,29 26492.72
: 8 OES/LAND €34837.7 Ce0 04300 870.2 1.645 163,758 Te4o 2500,21
9 Yaxi 7 €32502.¢ Ce0 00 22557 5,000 168,758 0.0 2500.21
10 S8 RES. €181, 6 CeO 000 16404, & 0.0 168,758 040 2500.21
11 CL/1%00 615878.0 1500.0 00500 2299.6 00463 169,221 1495 2502.1¢
12 CL/ACCEL 5808450.7 567094 00950 27427.3 10,916 180,135 1C1.33 2603.45
13 CRUISE $84215e5 56732.0 0,950 ©230.7 6,675 1864810 61472 2665.21
16 DESCEND 580517.6 1C0CCe0  0s354 3702+4 11,899 198,709 86493 2152416
15 LOITER £42200.2 1€2C0,0 0,333 35317.4 30,000 228,709 00 i752.1¢
16 DES/LANC £435Ce,1 Ce0 00300 16921 34366 232,073 16,03 2768418

TCTAL FUEL USED= 377162.,2

62t
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TABLE 47.

WERATION

INLIvIAL WEIGHY
wu € TO
L7150
CLIMB
CRUISL
CL/ACCEL
CRUISL
GESCEND
DES/LAND
Tax1l

£X RES,
CL/15°2
CL/ZACCEL
CRUISE
UFSLENO
LUITER

LES/ZLANL

GE21;.11 B3 BASELINE ECONOMIC MISSION SUMMARY, INTERNATIONAL UNITS

Wt 16HT ALTITUDE MACH NOe FUEL USED TIME TOYAL TIME RANGE TOVYAL RANGE
(e METEFRS KGe MIN, MIN, KM o KM,
£1921¢,1

51220742 Cor Ds29% L9708 10,000 1. 200 0.C 0.0
5100079 ©5742 T.5C" 223944 3022 10,622 . “e79
wbollte?  137T1lel  Ge¥7T  1318vel 3,312 13,936 45,08 50.47
wbUbTieT 1107203 0e900 £Blébs) ©24473 564407 690,34 740.81
4eT33C.5  2339D4¢ 24320 21346242 ce511 62,918 198.92 939.74
2063297e%  217w3.0 2,320 £4032.6 FloubB 14k, 000 3399,00  4338.80
1592 97 o0r “hT a2 GaS5CH «N00,5 15.,%34 159,940 27%.36 “©5318.15
3580Tbeb Ces  Gadis 6204 € 1.47C 161,418 12,40  4630,55
3%68L3.7 Tel T 1792.9 50200  166e18 Ce0 4630455
SabT0To0 Lol Ues tllo.7 G0 106,418 0.0 4630.5%
3678%86,7 57,2  nls(° 1258 .4 04327 106,74k 2,40  4633,00
33750002 16621k 095G 1050244 Selts 171,929 83,87  4716.87
3200449,1 17984 0ol by 0572 1w 0,347 186,27 245,72 4©962.59
3ITAve,) Ioabei  Oedul 2555,1 15132 190,408 133,45 5096 .04
31 50060645 ‘3ush.u Ledll 21727.2 3V.9CO 220.400 $.0 5096.04
3Nhus2 oo Ced  nLALN 1173 .% Z.930 229,343 25,7 5121.78

TOTAL FUEL USTD= 21472447



TABLE 48. - GE21/J11 B3 BASELINE ECONOMIC MISSION SUMMARY, ENGLISH UNITS

LFG UPFRATION WF IGHT ALTITUDE MACH Nt FUEL USEL TiMt TUTAL VIME RANGE TOTAL RANGE
NO. POUNLDS FEET PLUNDS MIN, MIN, Ne M, Ne M,
sNITIAL WEIGHT 11wwo (o
1 wWwueTo 1129312.0 Vel Q297 15%68," 17,3500 10000 0,.C 6.0
2 CL/150 1124375.C 1880, veH +937 .0 Te02? 10e022 2459 2459
3 CLIme 16952407 28334,.1 L X 2917 ¢ 3.3)12 13,934 26,60 27.25
P & CRUISE 10232408 3R320e 5 Ve9 62051 % 42 b3 56407 372.7% «00,00
g 5 CL/aCCEL 98¢195.7 6659760 2630 4715165 teb1l b2ev1B 10701 50741
6 CRUISE BUlV24 Y9 T1355%.2 20337 1EN260,.1 tlelt lade Vi0 1835,31 2342,72
7 DESCENY T92115,.¢ 150067 L X Clw,7 1593« 1590 el 150484 2693,56
€ DLES/LAND TG Thtr oty Vel Ged v 136240 1es78 16lewly ©s09 25%00.2%
9 Taxl . DTN AT ved  Ueu 3vL2e0 Se 1l lbbe4l8 Ce® 2500.2%
10 5% RES. ToLL 997 e v el 17090, Ceo lobasll Uee 2500025
11 CL/71%0" To6l25.0 15Cu, - Cebi’ 2V, ? o3l 1664 This 1.33 2501.%0
12 LL/ZACCEL Ta29T1.7 LTIT W5 L 2315340 el 171929 5029 2540087
13 CRUISE 7274134 wafitS1l,.1 et 184Eh, 1o o 3 1boe 270 132,07 2079 .54
14 DESCEND T210:8 00 1206575 LR Xl Su327 v 17,132 1vo. 4B Te bt 2751.060
15 LOITER 6738% .1 150000 Ce321 LT 0ok 20400 220,408 Vel 2751.00
16 DES/LAND 6T12v9c.] Foli £ o307 25E88,7 o936 229,343 13,%¢ 2165450

TCTAL FUelL USSLz  4T733ET7.9

et



analyses discussed previously. The calculations and results are summarized in
table 49. The nacelle drag increments are those used in the detailed analysis
and are shown in table 49. Specific fuel consumption increments were obtained
from plots of installed performance (figures 31 through 34, 37, and 38).
Takeoff thrust increments were obtained from figures 30 and 36. Propulsion
weight increments wer. obtained by adding 198 kg (445 1b) per engine for
miscellaneous propulsion systems to the nacelle and engine weights of tables
19 through 22. Included in the table 49 is a column for the “revised" base-
line.

Table 49 indicates good agreement of the sensitivity method relative to
the detailed analysis for engines with small changes relative to the baseline
(VSCE 502B and VCE 112C). The error increases as the total takeoff gross
weight ratio, RrotaL? increases. Reasons for error include the following:

(1) Reading and extrapolating the sensitivity curves may produce some
errors.

(2) Sensitivities for changes in transonic acceleration thrust were not
included. Tables 24 through 27 indicate a wide range in thrust-drag ratio at
mach 1.2. Thus, acceleration times and fuel used may vary widely from the
baseline.

(3) The assumption that the aircraft will cruise at minimum SFC is
optimistic; the lift-drag ratio characteristics may tend to drive the operating
point to a high SFC.

(4) Scaling factors of the detailed analysis are determmined for small
changes and are therefore of questionable accuracy for large changes in air-
craft characteristics.

While the differences in takeoff gross weight using the two methods are
large for the large aircraft, the accuracy of the sensitivity method.is suffi-
cient to indicate when changes may be of interest and when they are definitely
not advantageous. Thus, the seiasitivity method allows the user to easily iden-
tify problem areas. For example, “rom table 49, the largest contributor to
vehicle weight increase of the VCE 112C is effective takeoff thrust (RFNE oo
is 1.10) while the largest contributor of the GE21/J10 Bl is propul-
sion system weight (th is 1.16).
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TABLE 49. - TAKEOFF GROSS WEIGHT SENSITIVITY CALCULATIONS

Vehicle/e yine

Revised
Baseline Baseline Refined
Variable VSCE S02B VSCE 5028 VSCE 5028 VCE 112C GE 21/J10 Bl | GB 21/J11 B3
. Propulsion weight, 31 498 30 882 33 374 35 014 38 298 33 300
kg (1b) (69 493) (68 081) (73 §76) (77 192) (84 432) (73 412)
SKEC, ky/hr,daN (1b/hr/1b)
Sunercruise 1.387 (1.36) | 1.387 (1.36) |(0.387 (1.36) | 1.474 (1.445) | 1.469 (1.44) | 1.448 (1.42)
Subcrui se 1.005 (0.985) | 1.005 (0.985) 10,981 (0.962) | 0.964 (0,945) | 1.137 (1.115) | 1.086 (1.06S)
Effective takeoff 27 899 26 957 28 480 23 187 23 677 18 713
thrust, daN (1b) (62 723) (60 604) (64 028) (52 130) (53 231 (42 070) -
Nacelle drag coefficient
mach 1.2 0.00057 0.00040 0.00061 0.00085 0.00202 0.00276
mach 2.32 0. 00047 0.00030 0.00033 0.00048 0.00095 0.00115 -
Ryr 1.000 1.000 1.032 1.059 1.16 1.081
Rsre
Supercruise 1.000 1.000 1.000 1.0M 1,068 1,050
Subcruise 1,000 1.000 0.998 0.994 1.013 1,008
Rene 10 1.000 1,000 0.978 1,100 1.077 .1.320
Rep - 1.000 1.000 1.003 1.021 1.083 1.118 .
Reotal ‘ 1.000 1,000 1.010 1,266 1,464 1. 610
TOGW, kg (1b) 323 048 316 783 320 146 401 092 463 708 510 136
Sensitivities (712 188) . (698 378) (705 568) (884 258) (1 022 283) (1 124 638)
Detailed 323 048 316 783 320 228 402 628 514 450 629 306 .
(712 188) (698 378) (705 790) (887 622) (1 134 149) (1 387 359)
Error, § - . «0,03 «0.4 9.9 «10.9




DISQUSSION OF RESULTS

Engine shape, airflow-lapse rate with mach mmber, thrust-lapse rate with
mach mmber, SFC, and noise characteristics have large effects on aircrift take-
off gross weight. ~s an example of engine shape effects, a comparison of cross-
sectional area variation of nacelles with VS(E 502B and VCE 112C engines is
shown in figure 3. The only significant difference in shape is that the WE 112C
has a smaller nozzle exit area. This results in drag and takeoff gross weight
changes as shown in table 4. Thus, a nozzle -that is 0.043 m (1.7 in.) smaller
in diameter results in takeoff gross weight increment of 3 200 kg (7 000 1b)
just due to the nacelle drag change. As shown in figure 25, a cne-drag-count
change results in about a 1-percent change in takeoff gross weight.

tngine airflow lapse rate with mach mmber directly affects inlet capture
area. For example, the GE21/J10 Bl has approximately 16-percent lower super-
sonic cruise airflow relative to takeoff airflow than does the VSCE 502B. The
smaller capture area results in approximately 4-percent lower inlet recovery
at static conditions and therefore reduced takeoff thrust. In addition, the
smaller capture area results in a more rapid increase of nacelle cross-sectiomal
area with nacelle length, and therefore higher drag.

Engine takeoff thrust and thrust lapse rate with mach mmber has a signifi-
cant effect on engine size required to meet takeoff distance requirements. For
example, the VCE 112C has 6-percent lower takeoff thrust at static conditions
and 20-percent lower thrust at mach 0.3 (at reduced power to meet noise re-
quirements) than the VSCE 502B for a given static takeoff airflow. This
resulted in a considerable increase in engine size to meet balanced field
length requirements

As indicated in figure 27, a change of 1 percent in SFC at supersonic

cruise results in a 1-percent change in aircraft takeoff gross weight or about
3 200 kg (7 000 1b).

Engine exhaust noise characteristics have a significant impact on aircraft
takeoff gross weight. All four engines were assumad to employ thrust cutback
at the takeoff noise measurement point. However, all the engines did not take
full advantage of the extra ground attenuation while the aircraft was still on
the ground. For example, the GE21/J11 B3 has 20-percent lower thrust-per-umit
airflow than the VSCE S02B. Thus, the GE21/J11 B3 yields approximately 6 db
lower sideline noise at takeoff on the ground, but it must be sized larger to
meet the takeoff distance requirement.

RECOMMENDATIONS

The sensitivity method has been shown to be a valid method for preliminary
assessment of propusion system modifications, and it is therefore recommended
to be uscd for this purpose. Continued airframe/propulsion integration studies
and coordination effort between engine and airframe manufacturers in the afore-
mentioned high-sensitivity areas are also recosmended.
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APPENDIX

ADVANCED SUPERSONIC TRANSPORT
NACELLE INSTALLATION DRAG INCREMENT
COMPUTER PROGRAM

This appendix describes a computer program developed to determine nacelle
incremental drags for the NASA arrow-wing supersonic transport configuration.
Prograa inputs include freestream Mach mmber and parameters defining nacelle
geometry. Data points are stored internal to the program to represent wave
and friction drag values with up to six independent variables. Given a set
of input parameters, the program sets up arrays so as to perform an intermal
search. Then, a aubic is fit to these data points, and the drag increments
are determined.

The computer program requires 40K bytes of memory, and each case,
consisting of four evaluations of nacelle drag, requires about .1 seconds
of execution time on a IBM 370/168.

This appendix relies heavily on references 1 and 2; thus, the reader should
have a copy of those references as he reads the following.
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SYMBOL LIST.- The following symbols sppear in the coding for Subroutine

AC -  Capture area, sq. frt.

AN - Capture ares, sq. M.

Al - Input value of AC saved, sq.n.(sq.ft)
ML - Maximm area sq. ft.

A - Yaximm area sq. n.

AN - Nozzle area sq. ft.

AN - Nozzle avea sq. m.

€012 Nacelle drag increment at Mach 1.2
€D0232 Nacelle drag increment at Mach 2.32

CM -  Nacelle drag increment at input Mach mumber
CDF12
CDF232
CDW12
w232

i

Friction drag increment at Mach 1.2
Friction drag increment at !ach 2.32

2 - Wave drag increment at Mach 1.2
- Wave drag increment at Mach 2.32
DC - Diameter of capture area, m (ft.)
DER - Straight line slope for curve defining Mach number

effect on total drag

F2IMe - Conversion factor from sq. ft. to sq. m.
FIM - Conversicn factor from feet to meters

Ip - Set to 1 for use in equation defining CDOM
| - Mach number

M2TF2 - Conversion factor from sq. m. to sq. ft.
MIF - Conversion factor from meter to feet

L - Total nacelle length, M. (ft.)

LIPN - Set to 2 for use in equation definig CDOM
198 Total naceile length, n.

P - Gd

S1 - Set to 929 sq. m. (10000 sq. £i.) for basepoint wing area
s(2) - Slope at point where thach is 1.2

s3) - Slope at point where Mach is 2.32

SREF - Referenze wing area, sq. ft.

SRERM - Reference wing area, sq. m.

MAX - Length to maximum area, ft.

XM - Length to maximum area, m.

Refer to the discussion of subroutine NDRAG for definitions of the
symbols associated with data statements in that subroutine.



COMPUTER PROGRAM
Problem Description

Wave and friction drag increments were detemined for a range of para-
metric nacelle shapes in reference 2. In order to determire drag increments
for any nacelle shape of interest, values must be interpolated and/or extra-
polated. A major part of the program is involved with the determination of
the data points to use when calculating the drag associated with a given set
of values of the independent variables. Once these data points are found, a
cubic equation (reduces to a linear fit for two points) is fit, and the desired
dependent variable is calculated. This sorting process and the resulting cubic
fit occurs in a definite order and is repeated many times before the final
answer is determined.

The mmeric method for fitting a cubic is similar to Hermite interpolation
in that the coefficients of the cubic are determined by two points and the
derivatives of this cubic also satisfy the slopes evaluated at these two points.
The derivatives are defined by passing parabolas through those points using
a total of four points for the derivative evaluation. (A cubic is also de-
fined using a total of three points with a modified definition for the two
slopes). These points are chosen so that the desired independent variable
is in the middle interval.

Method of Solution
There are four possible situations that must be handled by the program:

1. Given four points with the value of the independent
variable in the middle interval, :

2. When the desired value is in the last or first interval,

3. When there are only two values, and

4. When the value is outside the range of data.

Given four points with the desired value of the given independent
variable in the middle interval, as shown in figure A-1, assume the equation

Z=AC +BX2+CX+D ')

iy 1 'y e
¥ 1

]
X1Q) X2 X5 X(3) X(4)
Figure A-1 - ILLUSTRATION OF PARAMETER RANGE
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will go through the points Pz and P3. Also, the derivative
22 =300 + 28X + C= AL X2 + Blx + L )

is evaluated at P usmg the pomts P, P, and P, for the calculation of the
coefficients AY, Bl and CL. It is also evaluatea at Pz using the points Py,
P3 and P4 so that equation (1) passes through points P, and P3 and the
derivation equation (2), also satisfies the slope at these tuo points. There-
fore, four equations result to determine A, B, C, and D, in equation (1).

This is the basic numeric method used by the program to determmine the de-
pendent variable Z given X;. The detailed equations are contained in a
following section.

When the desired value is in the last interval, the cubic is defined
by points P3 and P4, and the derivative at P; is determined by passing a
quadratic through P,, P3, and P, while the derivative at P4 is defined by
passing a straight line through points Pz and P4 Similarly, when is in
the first interval, the cubic is defmed at points Py and P;. The slope at
P, is derived by fitting a quadratic through P;, P2 and Pz. The slope at
P1 is the slope of the straight line passing through points P; and P,. In
both cases, only three points are used. In the event that only two points
are defmed then linear intermolation is used. When constraints are violated,
the process detenwmes points as if the value of X; is in the first or last

interval. Then, a linear or cubic curve fit results in the calculation of
an extrapolated value for Z.

Program Description

OPERATING ENVIRONMENT.- This program was written using standard Fortran
statements using a IBM SYS370 model 168 computer with the operating system
0S/vVs2.

PROGRAM SPECIFICATIONS. - Source listings of the main program, NDRAG,

and subroutine NDTLAE are at the end of the appendix; memory requirements are:
NDRAG - 9874 decimal bytes

NDTLAE - 3806 decimal bytes

The program uses 40K bytes including system subroutines, and no common is
used.

PROGRA!! MODULE DEFINITIONS.- The main program calls subroutine NDTLAE
to initiate the interpolation for the total drag given values for the inde-
pendent variables. Four calls are made in order to calculate the necessary
quantities at each of two mach numbers.
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Main Program Module (NDRAG): The main program performs the following
functions:

(1) Setup of data for subroutine NDTLAE,

(2) Conversion of units,

(3) Calculation of the effect of Mach number on drag inCrements,
(4) Input and output and checks on independent param:ter values,
(5) Setup of data in data statements.

A large portion of this module is involved in setting up the input data
in the correct format for subroutine NDTLAE. The input variables required
for this subroutine are

Sex , A, Amx, L, A and M Here,

———mr———

L A A 4

- )
dc =Ji7,—-A—C and these are set up and used in the English system
of units. (Refer to figure A-2).

The main program also includes the conversion of data from English to
ternational units (and vice-versa) for input-output convenience.

The calculations for the Mach number influence on total drag increment
start at statement number 83. DER, the slope, is determined from the
equation

opR = (DO232 - CDO12
2.32-1.2

The slope at Mach 1.2 then has a value of 2.0 * DER, and the slope at
Mach 2.32 is 0.35*DER. (These values for the end derivatives are estimated
from a study of the basic shapes or trends inherent in curves such as
Figure 61 on pa7e 87 of reference 2). Using these two points and the two
derivatives, a cubic is fit, and the total drag increment at any Mach number
is determined.

Additional functions include the input and output of data and the
necessary calculations to determine if a constraint has been violated. If
this is the case, the value of the variable is printed out and the program
extrapolates.

The ranges are:

Indep. var. #1 4 ¢ Xy ¢,
L

139



140

T
uNITS For
INTERNAY -
YORAL

PRINT wALUES
oF
VARIABLES

T w
CONSTANTS FOR
IT comens
o s g
MGA FACTOR

MEAD | CASE
cARD -

{15 = 00
™ EXIT)

ALTERMATE

] wimscemc.

LATIOS FOR

CURVE FORMAT

ARE
CONSTRALNYS
VIOLATED?

VING ARGA
CORRECTION
on DRAG

'

ouTPUT
DATA ——

MACH N0,
VARIATION
FOR DRAG

Figure A-

2 - NDRAG FLOW CHART



Indep. var. #3

Indep. var. ¥4

Indep. var. #5
Indep. var. #6

Independent variables 3, 4, 5, and 6 are required for the calculation of

friction drag.

Included in the first part of the module are several data statements.

A
5.55L%7.0
20. = A < 40.
1.2 M 2.32

These contain values of the independent and dependent variables as determined
from Figure 24 through 59 for wave drag and from Table XIII for friction drag

of reference 2. Each array has a special definition and the order of the
variables is specified by the interpolation method from subroutine NDTLAE.

Values of the independent variables are:

3

Indep. var. #i,

Indep. var. #2,

Indep. var. #3,

Indep. var. #4,

Indep. var. #5,

T sl g I

Indep. var. #6, M

.4, .5, .6, .7, .75, .8, .85, .90, 95, 1.0

1.0, 1.25, 1.50, 2.0

1.25, 1.50, 2.0

5.5, 7.0

20., 30., 40.

1.2 and 2.32

Each data statement array is defined below.

NX is the array of the number of values for each independent variable

in the order as specified above.

X is the array of individual values of the independent variables in the

order as specified above.
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Z1 is the array of values of the dependent variables for friction. drag
from reference 2, Table XIII.

The order of these variables in the Z1 array will be described by using
notation defining the independent variables used for the calculation of
friction drag. Thus, variable X; has three values X5(1), X3(2) and X3(3);
variable X4 has two values X4(1) and X,;(2); variable Xg(1), Xg(2) and X5(3);
and the last variable Xg has two values Xg(1) and Xg(2). The first variable
in the Z1 array corresponds to the following order for the independent vari-
ables:

for Z1(1) use X3(1), X,(1), Xs(1), Xg(1),
Then, for the second element,
21(2) use X3(2), X;(1), Xs(1), Xg(1),
21(3) use X3(3), X,(1), X5(1), X(1).

Then, for Z1(4), Z1(5), and Z1(6) repeat the first three lines with x4(1)
replaced by X;(2). Now a total of six Z1 values are defined for Z1(1)
through 21(6). Values for Z1(7) through Z1(12) are obtained when these first
six lines are repeated with Xg(1) replaced by Xg(2). Ir the first 6 lines
replace Xg(1) by Xg(3) then 21(13) through Z1(18) are determined. So far, -
18 lines or values for Z1 have been defined using Xg(1). If these 18 lines
are repeated with Xg(l) replaced by Xg(2) then Z1(19) through 21(36) are
specified. These 36 lines represent the Z1 matrix for the friction drag.
This is the definition of the data sequence required for the Z matrix as
used in subroutine NDTLAE.

ARW1 through FRW1 are arrays of values of the dependent variable for
wave drag, for Mach 1.2. The basic method for ordering the dependent vari-
ables is the same as for the friction & ._ criy Z1, with two additional
independent variables.

Arrays ARWZ through FRW2 are values of the dependent variables for wave
drag for Mach 2.32. Again, the method for ordering is the same as for
friction drag only with two additional independent variables.

Subroutine NDTLAE: The main function of this subroutine is to determine
the value of the dependent variable Z for given values of the independent
variables X(I). These points are contained in the DATA statements appearing
in the main program.



The calling sequence for this subroutine is
CALL SUBROUTINE(NIV, X;, X, Z, NX, RES, A, B, C, D)
where
NIV  Number of independent variables (4 or 6)
X Array of given values of independent variables
X Array of independent variables
Array of dependent variables

[ ]

5

Array of number of values given for each independent
variable

RES Final required Z for given XG using X and Z arrays

A,B,C,D Cocfficients of the cubic fit to the data points thus
defining Z values (In some cases this reduces to a linear
fit with two coefficients C and D).

Initially, various arrays are defined for the purpose of determining
the location of the first Z to be used from the Z array. The object is to -
determine which interval of input points in the X array will be used to
calculate the Z array given X;. After these subscripts and indicators have
been set, the evaluation - the necessary equations for the Z array can be
made. The ccmposition of this array, and the sequence of steps leading to
the final Z value will be outlined here. (Refer to the section '"Method of
Solution" for a description of the number of intervals used given the X array
and to the section "Equations For Curve Fitting" for the equations used for
the curve fit.)

The procedure, for calculating the location of :he first 2 (LISI‘Z) to
be used, starts with defining the ICF array where

ICF(I) = Number of values of each independent variable (I) to be
used for curve fit (i.e. 2, 3, or 4)

Next, the IGAT{I) array is set to the following values, if

IGAT(I)

1, XG(I) is in one of the middle intérvals

2, Xg(I) is in the first interval

3, Xg(I) is ir the last interval.
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At the same time, the LBC (I) array is defined as the location in the X array
of the first value to be used for independent variable I. Thus, the subscripts
for the X array for the polynomial curve fit are obtained.

The location of Z(I)given values of X(I) array are then determined. The
equations to do this are contained between statement nunbers 32 to 35 in the
listings at the end of the appendix. The formula,

Nw-
2(1) index = LAC(1) + ;mtu)*mm...mao*twc k+1)-1]  (3)

specifies the location (or index) of the element number in the Z(I) array
associated with each sequence of values for the independent variables X(I).
(That is, an analytical gearing between the X and Z array is defined.)

Statement number 50, which sets LL, through statement number 2000, where
the polynominal for the curve fit is evaluated, is described by a step by step
analyses of the coding in the section "Step By Step Analysis of Subroutine NDTLE."
That section also describes, by specific example, the evaluation of the LLCIR
sequence at statement number 410. Thus, the location of the next Z to use is
developed. Figure A-3 describes the flow within this subroutine with emphasis on
control during the evaluation of the Z matrix. (Refer to listing of subrouting
NDTLAF for complete symbol definition.)

An example of the use of equation 3 will be demonstrated with the friction
drag data. For convenience, number the variables 1through 4 (instead of 3
through 6) as described in the previous discussion of independent variables;
therefore,

Variable #1 is %X with NX; =3,
Variable #2 is L with NX, =2,
de
Variable #3 is Ac with NXg =3,
Variable #4 is M with NX, = 2,

Let subscript refer to variable number:

Z(1) is dependent variable for X;(1) Xp(1) X3(1) X4(1)

2(2) X(2) X,(1) X3(1) X4()
2(7) Xl(l) Xz(l) X3(2) X4(1)
2(21) G X X1 X2
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From equation (3) for Z(7) and for element 1121,
LoC(1) + 3 * [LAC(2)-1) + 3*2 [LOC(3)-1] + 3*2*3[LAC(4) - 1]
Then the element is:
1+0+6+0 = 7
For Z(21), values in equation (1) for element 3112 give the element
3+40+0+18 = 21

Because of the mumber of variables in each arrav, the value of equation (3)

would always be 1, and new Z values are specified by LL arrays when modified
by LLCIR values. That is, the LAC appearing in this example is modified by

LL array.

PROGRAM LOGIC. - Figure A-4 shows a program flow during the calculation of
the Z array. The last Z calculated is the final result. Note that in this
{igure the required number of Z values is determined by the mumber of values
contained in the next array of independent variables. Figure A-5 shows in more
detail the series of Z as calculated for the friction drag. ZGGGl follows as
a result of ten previous curve fits where three are linear and seven are cubic.

INPUT-OUTPUT SPECIFICATION.- Standard input-output functions are utilized
to input case data and to outpuv the calculated total drag for each mach mmber.
T..e input data is printed out for identification purposes.

input: A read tape 5 is used to read 1 case of 1 card containing seven
numbers with a E10.6 format. In order, .

Card Colum Identification

Word #1 - AC Capture area (CC2-10)
Word #2 - Apy Maximum area (Cc12-20)
Word #3 - AN 2zle area (cc22-30)
Word £4 - Xax Length to maximum area (CC32-40)
Word - - L Total length (CC42-50)
Word #6 - SREF Reference wing area (CC52-60)
Word #7 - M Mach number (CC62-70)
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- CASE
DATA

CALCULATE
VARVABLES
FOR WAVE ¢
FRICTION

DRAG DATA
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FIND 2
ARRAY

REQUIRED
NUMBER OF
Z VALUES

CURVE FIT
4
ARRAY

-QUTPUT
DATA
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Normal input is assumed to be in the English units with the basic length
measured in feet. A minus sign in colum 1 indicates the units are in the
International units with the basic lergth measured in meters.

Output: A write tape 6 with an F format is used for printing data. The
above input data and the friction drag, wave drag and total drag for Mach 1.2
and 2.32 are printed. Also printed is the total drag for an input Mach mmber.

RESTRICTIONS. - Each figure for wave drag in reference 2 contains values
of WAC for a given value of AM“/AC Physically, AN/AC cannot exceed
AM“IA‘:, but in a mathematical sense a numerical value for the drag must be

determined in order to sustain the interpolation process. In this case, when
a limit is exceeded, the extrapolation assumes that the limiting values of
drag are used for values of Ay/A. greater than WAC That is, on figure 24

(reference 2) with two curves for AN/AC of 1.0 and 1.25, drag values for the

1.50 and 2.0 curves are assumed to be identical to those for the 1.25 curve.
The number of points uscd in the curve fit depends on where the desired value
of A\N/Ac falls relative to the index values of 1.0, 1.25, 1.50 and 2.0. If

1.5 <A\JAC <2.0 then last three points would be used. When 1.25<ANMCSLSO,

a total of four points would be used for the curve fit since this is the
middle interval. When extrapolation for the other independent variables is
required,no limiting values of the variables are substituted.

The terminal point for each wave Jdrag value is specified by the condition
that the boattail angle does not exceed 10°. In order to satisfy this require-
ment, the final drag value for each curve (i.e. each Ay/Ac value) is repeated
in .05 increments for Xpy/L until Xep)/L is 1.0. Thus, the proper drag level
as set by the maximm boattail angle will be meet.

DIAGNOSTICS.- When a desired value for an independent variable does not
fall within the given data range, the variable and its value will be printed.
The calculations will use this value for the extrapolation as described above.

Subroutine NDTLAE contains several tests to determine if calculated index
vaiues are set properly. The statement mmber of the test generating the
diagnostic is printed out,

TEST CASES.- Cases 1 and 2 (tables A-I and A-II are presented herein and
the values of CDO have been verified by comparing with values read directly
from table XIII for friction drag (CDF) and figures 24 through 59 for wave
drag (CDW) in reference 2. Cases 3 and 4 are presented for the NASA LTV
nacelle, described in reference 3. These cases were checked by cross plot-
ting the curve data. The parametric study is based on a nacelle that had
straight line radius connections of the inlet face, maximum cross section
and the nozzle exit. The NASA LTV nacelle deviates fram these straight line
connections and, therefore, it is necessary to simulate the nacelle with
straight lines. Case 3 (table A-III) simulates the LTV nacelle using the inlet
Capture area, actual maximum area, and the nozzle exit area. A considerable
difference in CDO may be noted. It has been determined that the best simu-
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lation is cbtained by using the maximm cross-sectional area that

0 2 i ; I CTOS occurs at
:metsecam&stnw:tlm-mmmﬁuﬂninktdumuh
and whose slopes nearly match slopes of the actusl nacelle as illustrated
in figure 5. The maximm area deviation will be approximately 10t. Casé 4
g‘tﬁt:dA&I.n represents the later simulation and
Culated C s. The difference in QW is attributed to the following comsid-

g
:
i
:
¥
£

1. The wing was resized from 10,996 sq.ft. for the reference con-
figuration to 9819 sq.ft. for the parametric study.

2. ‘The nacelles were relocated further inboard and forward in
accordance with the ground rules of reference 1. (See figure
21 of reierence 1).

The above discussion concerns only the 1.2 and 2.32 Mach mmber data points. The
additional CDO at any specified Mach mmber is derived from a cubic curve fit
described on page S. The deviation of (IO may be as much as -.0002 between 1.3
Mach and 1.5 Mach due to the fact that the true drag coefficient as a function
of Mach mmber does not necessarily follow a cubic.
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—_— - -~ TAME A-l.Case 10utput - — - - - -
MACELLE CLCMETRY

CAPIURE AREA 2. 79 SO R (39,5050 FT)

MAY INUM AKEA 4.12 SQ N ( 45,20 SQ #7)

NUZZILF AREA 3,68 SO L ( 37.5& SC FT)
T TTTTTULOC. OF MAX. ARER T 8.22 TTUTTTT 20640 FY )

TOTAL LENGCTH 10.36 H L 33.99 FY )
T WING REFERENCE AREX™— — 929,03 SG A U TOOWOL90™ SU FIT

INCREMEMTAL NACELLE BRAG COEFFICIENTS

T T T T MACH 1.2 T (OF= T D.00053 T COW=  0.00040 © COC= 0. 0u093

MACH 2.32 OiF=. (00067 OPW= (.0C007 CULGC= CeCCOSa
MACH 1,20 o= 0.00093

AMAA = 0.600 AN/AC= 1.250 AMAX/AC= 1.5%00 L/DC= 5 «500

o ———— e - - [ C e —— o _——— [ - - -

INCREMENTAL NACELLE tRAG COEH-IC]ENTS =~ LTV REFERENCE VENICLE
MACH 1.2 COF=  (G.00072 CON= —.00041 o= 0. 42031

MACH 2.3 OOF= GU0G0  UDRE G UOUIE  ODJ= UL J00a2
RACH 1,20 C00= 0.00032

TABLE A-II.-Case 20uty t
MACEUE it METRY

CAP TPt AFte 3e?c 5S4 M ( 4% SC FT)

MAXY It akEa Tee:z SO M ] oot  SUL FT)

NUZILL ARLE terT SO M t ¢ el LU #T)

tetCe ((F MPAX, AREA 17 % ] ({ @2 ea O FT )

TCTal LENCTH 19ec (] t Y 9L, FT )
WING REFrtRKENCE APrA W, 53 SCMm { 1503000 S FT)
INCFEMENTAL BACSLLY TRAG CGER-ICITNTS

MACH 1.2 Chr= Te.. e Chw= JelsiulT (I et i%9

MACH .32 CoF= Cr7Cd U= (o 0us thi= JGeillito

MA(YH G327 (Lf= (a2 0CEo
XMAX /L= L el Ll | K- AMAX/AL = 2o YU L/70C= Tewvv

INCREMENT AL NACILLE URAC CUBRFTCIENTS ~ LTV REFEKENCE VERICLE

MACE 1.2 CLF=  euwy12 LWz ~Cofo0=sl v Geu0031
MAC" 2 .32 Cf’F = PP TV TN Cf'w-'- ‘\;.):'Olb (D{l= :. *:G\. ‘2
MALKH 2037 GEXS Livs UeT0Cw2
mAL PA
OF P
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TABLE A-III.-Case 3 Output -
NACELLE GFOMETRY

CAPTURE ARFA 25T SO ™ { 27.69 SO FT)
MAXIMUM ARTA “4sB3 SC M { €1.99 SO FT)
NOZ7LE ARFE 4,29 S ¥ { “be12 SO FT)
LOC ., NF MaAX. AREA “.c0 M { 3} o4&C FT )
TOTAL LENGTH 12.01 " { L2 N3 FV7 )
WINC PEFTRFMNCY LREA 929,73 oM { 1CCG. 8 26 FY)
INCREMENTAL NACFLLE 0P 8G CUEFFICIENTS
MACK 1,2 ChE= L0l g4 CoOW= ~jaudl5s Cis Ge335)0
MACH 2,37 CTF=  C,l00%e (fw= =7.0CC2]) (C=  TeIf3S
RACH ].c” (M= T.7Cu2b

YEAY L= © o Tt rN/A(= l.¢0c AMAX/2C= Yo7 L/ = TCT9

TROE R TRTEL NeCrRLLE: TREC CUEBRFICIFATS — LTV REFERERCE VERTCLF

MAC- 142 CHE=  L.30072 (D= =L.r:081 CLT= G TE)
MACY 2,22 €0Fz 0 ,0R%0  (DWs =L T5001F itz . 342
MECH 1.°7 (Nl T/ 00w

TABLE A-IV.-Case 4 Output.
NeCT LY it TEy

CaprTiey 2774 Zev1 SO R ( cTabs~ SO FT)

XY 0LAL N TFY el St W i “S5.6e SGC FT)

NGU77LY A9F? Gl SUL M ¢ “tel> SC FTY

LiC, U miYe EFFS OLx8 ] { AT 00 T )

THY AL LE N6y 12.71 “ ( 62,02 FT )
WIH @ffFettrCc pCER Q24 "3 S( W { 1273 «°F Su #7)
THOSeMEMTAL T £CLLE RAG COEFHICIENMTS

MAC e V1,7 (N Cel,0V e G (I =", 02 Ci:v= e ™)

WACH 7.2 k= 0D ChW= =CaUD0Y& (Ni=  L,7.7043

VMACH ]e¢ - o= 7, Lu3g

X'l‘A.‘f/L= ~ .711' A"/l‘\".: l alrae» AMAX,AC: :.f‘l ) L/"C= 7.076

INCPEMENT 2L NACKLLE DvAaC CORFFTICIFNTS <~ LTV REFEPENCE VERICLF

MACE Yoz LPET 426072 (DHE —teriCel (D= £,06031
MACH 7.3  CNF= 2.30we) (W= =L.82016  CFI= £.107e2
MACH 100 NPz 0,04l
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BQUATIONS FOR QURVE FITTING

1. Slope using parabolic fit
General equation of parabola

Z=aX2 +bX + ¢ Q)
Slope of parabola
3" =2aX+b (€3]

If given three independent variable values with corresponding
dependent variable values then:

X;»2 X,,2, ¥s5.2s

Zl = axlz + le +C (3)
Zzaﬂ2:+be+c
23=aX3 +bX3z +c

Solving equation (3) foraand b
(zl‘zz) (xl-x;'b) - (Zl‘zs) (xl‘xz)

) (xlz_'xzz) (xl'x3) - (x]_z"x3z) (xl'xz)

a

& %xh @z - o2 xh @z

b=
(xlz‘xzz) (xl-x:'b) - (xlz— 'X;Z) (xl'xz)

Then substituting in (2) above the slope at X is

@2, - {o? - o a
X; - X,

S = 2aX; +

1
2. Derivation of coefficients for the cubic

General form of cubic

Z=aC +bX2+ X +d

Slope of cubic

2'= 3aX% + 26X + ¢

To determine the cubic passing through two given points, (XZ,ZZ) and
(X3,Z3), and having given slopes, S, and S;, at these points, the following
system of equations is solved for a, b, c, and d.

Z,=aXp3 +bXp2 + Xp + d @)

23=ax33+bx32+cx3+d
SZ=3ax22+2bx2+c
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SS = SH.XSZ + be3 +C
Solving for the four unknowns:
- {2(25°2)) - (5,+55) (X3-Xp) |

(xs - xz)s

as

132y

b=3
X3X;

- 2

=7 - 3. 2
d =1, axp3 - b2 - X,

3. Final calculation of dependent variable

The dependent variable Z is then calculated using the coefficients
a, b, c, d and the given value of_xc in the equation

Z=ax63+bxcz+cxc+d or
Z=d+Xg(c+ X (b+Xg )

)1
- §; - (X3+2X)) (xs‘xz)"i XX,



STEP BY STEP ANALYSIS OF SUBROUTINE NDTLAE

" The sequence of steps to calculate the friction drag will be defined
by reference to the program steps contained in subroutine NDTLAE. Primary
emphasis of the following discussion is on setting values of counters and

subscripts leading to the determination of the final interpolated value for
Z.

Thus, refering to the section on subroutine NDTLAE for definition of
independent variables,

NX(1) = 3, NX(2) = 2, NX(3) = 3, NX(4) = 2.

Fro statements starting at statement number 3,
ICF(1) = 3, ICF(2) = 2, ICF(3) = 3, ICF (4) = 2.

Program steps ending at statement mumber 23 define the LIC array as:
Lpc(1) =1, C(2) =1, 1PC(3) = 1, LAC(4) = 1.

Also, for IGAT assume IGAT(1) = 3, IGAT(2) is linear, IGAT(3) = 2,

IGAT(4) = 3. Refer to equation (3) of this appendix for the location of »d,
first Z to be used, i.e.’

LISTZ = LPC(1) = 1

The basic logic for performing the calculations, starts at statement
rumber 50. g

NIV = 4
L=0,LL=0, LLCTIR (I) =0, 1=2,3,4,5

SO LL=LISTZ=1

IC=ICF(1) = 3

ForJ=1,2,3 andM=1, 2, 3:
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ZPR(I) = Z(l) = 31111, ZPR(Z) = 32111, ZPR(3) = 3(3) = 23111

The derivative of X (XPR) with vaules from first X array are then
determined:

XPR(1) = X;(1), XPR(2) = X;(2), XPR(3) = X;(3) and IIX = NX; = 3.

Then, IL = IGAT(1) = 3 for XG; in last internal for variable Xl1; then
go to 72,

At statement #72,
IPN=1, IIN=L=1,1S=2,M=3, IRX =1 and go to 80
At statement number 80,
IN = TIN+IRX = 2, IP = IPNeIRX = 2
Calculate slopes S(2), S(3) and A, B, C, D and final ZPR(1) = AX>+
BX2+CX+D for X = XG; (The equations for these quantities are defined in
Appendix A)
Note that LLCTR(Z) = O here
K=K+l =2
LLCTR(2) = LICTR(2) +1 =1
Test LLCTR(2) - ICF(2) = 1-2<0 and
K-2 = 0, go to 310 for next Z to be used from Z array
Find LL = LL+LLCTR(2) *LP where LP = LP*X(1) = 3
Note that LLCTR(3) = 0, then
LL =3
go to 50
Therefore, here Z311; in ZPR(1) has been calculated
and since LL = LL+LISTZ = L@C(1) + 3 = 4, the next
cycle will calculate Ig211. (Note LLCTR(2) = 1)
Reset, K=1, L =L+1 =2, IC = ICF(1) = 3

For ZPR, J=1, 2, 3, M2, 3, 4 and



ZPR(2) = 2(4), ZPR(3)=Z(S5), ZPR(4)=Z(6)
Again, for X array, 1IX=3 and since k=1, IX=LAC (1)=1 so that
XPR(1) = X3(1), XPR(2) = X;(2), XPR(3) = X;(3).

Again, IGAT(1)=3, go to 72 and calculate slopes, A, B, C, and D
for fit so ZPR(2) is defined.

k=k+1=2

LLCTR(2) = LICTR(2) + 1 = 2

LLCTR(2) = ICF(2), ICF(2) = 2

go to 301, K<NIV, go to 500

L=L +1 - ICF(2) = 1

go to 55
Note that here zr:lll and Zgp11 in ZPR(1) and ZPR(2) have been calculated
and next is a linear interpolatioh with respect to X, values.

Subscripts for Z are defined in Figure 6.

At 55, TIX = NX(2) = 2 and since K » 1, go to 49 where

I=K-1=1 and IX=NX(1) + LOC (2) = 3 + 1

4
IXP=1IX+J-1=4,5forJ=1, 2 so that

XPR(1) = X4(1), XPR(2) = X,(2)

IIX=2 so go to statement number 64 for linear curve fit
for C § D and go to 2000 for ZPR(1) or Z;y;; caloilation.
K=K+1=3, LLCTR(3) = LLCTR(3)+1+1, K>2, to to 315 and

Set KK=K-1+2, LLCTR(2)=0

Find next Z to be used from array, redefine LL where NX;=3, NX;=2
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the desired value of each independent variable. Thus 2521} means
the 2 for Xg for variable #!, the second value for variable #2, the
first value for variable #3 and the first value for variable #b.
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LIFNXI*Nxz-G
go to 50

" The next 6 elements of the Z matrix will be processed for Zg ,; and
Zg221 with the same logic as for the first six elements, but now LL=LL+
LISTZ = 7 for Z the prime values. The X values are the same as for the
first six lines.

The next series of calculations ends with the calculation of ZgG21
from 2121 and Z7). Similarly, Z;p3; and Zg23) are used to determine
2631, Since three values of Z for variable number 3 have been determined
a cubic can be fit and the resulting answer is Zgggl. Thus one value of
Z has been determined corresponding to the first value for variable number
4.

Next, replace variable 4 by its second value and proceed through ti -
calculations the same as above. This determines Z;;g2 and one more line
interpolation produces Zpggg the desired value of the dependent variable
given values of the independent variables.
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REQUESTED OPTIONS: LISToXREF oLELK

JPTIONS 1IN EFFECTI NAMEIMAIN) UPTIMIZY LI) LINFCCWIT(a2)
SOURCE EBCULIC L1ST LECK Ut

158

ISN

1SN
ISN

1SN
ISN
ISN
ISN
ISN

1SN

1SN

191 !

002

0033

0004
Q0uvs5

0006
3707
odus
0009
vd19d

2011}

0012

(

ALITVAD ¥00d JO

JAN 7% )

1(Z{e2)) PWILY)) o
202(721) 4ARNW2(1))
31241081 )4,CRW2(1) ),
REAL LoaLMoMTFoM2TE2 Mol WoLFP ML T,
DATA LW /4207532909000 g dli0829ed00tb g el "0y eliinlyeullul/
DATA MLT ,1029103'10401cb,1.0!403212070/
DATA NX /1044 e2429392 /
X 706490500000 T0e7590009e8590490pe959 ey 1 a0ole2201aby2400
1702591529209 5eB¢Tuvu 92009304940y
e Ni0B0y 050036 9003990700429 eC0CoAy o 0LLaB,
K0U6%y JO00TH,
«Q0092
o {2NAY,
0307010

1.70383,
200709,
3,2:3%,
4o QO0L53,
5.00%75,y
ARW] J «0C038 ’00’0“300000“6 10000“3 |000049 90000“9 9

DIMENS IUN X6 (0)
1CRWI(T«y) o OPWILL6 )
2CRW2(12 %)

DIMENSIUN XLLt4)
VoWl ML)

EWUTVALENCE IXGILV)eX:13))

ECUTVALENCE (Z(1)4AKWLIL) )y LZ{1 ) ) EFWILY)) , 1242010
(ZE501)obRWIETD) o (20T 1) erRNWLILYY
2 (Z1Bal)gRW2(1) ) 4 (2(9u]ldolRW2LL1))
¢l2(1321) o -mw2(Y))

WkWzl12C)

eCOIG(
« L0001,

L Y /." (V1%

12 )eel)
stRW1E1e0)
v LRkW2(120Q)
v 21 (Do)

(ZE1201 Vo ERW2 (1))

20061
«0008CS
o M3y
el }hpb,

FOimTh Al by

EXTE NG

INXLC) sARWI (147

s FRW1{20)

vARWZL

'quf(ch’

¢« NXML&)

v (X1 )eX(15))

LIVHW

P XPR )

4 &

STZE(mMAX) AUTULELLILANE )
MaAk MOFUREMAT GULIMT XREF ALL NUANSF NCOTERMINAL FLAGIL)

vEEWL{14a9)
Y sbBRW2L1 20y

LPHZ) 4 518)

e CVXIL)detNX(3)}

Ly

16242632 v

200031,

elULa?,
.Co’)Obhp

GOV Z
0300510
PAVIVIVY B S

1e00ULB 0004 T 9 eUDNE el V)AL 9= HOUB =0 0010 p=auULla

g1 39Vd TVNIDIEO

2“.0)@17 ’-.30019 *r-
3=o 00C0k ¢=e00.10 9=,000)¢
b=40N026 9=eNDI2809=eNNII0
5".”019 '-.00‘)22 g'-.”N)Z-v "".GO(’?O "’0000280"000“30 [
0000108 4e0C115 yelV123 4005128
Te(014C 9eC0T4U 400 14Y 0.0u4T 4 00045 4 sYulev
803)3309’00&52" ’.00“?1

R2e

64L010

yeo VT2l

9‘000003 1‘007016

1=e00028% 9=e0782¢ 9=eQCL206 9= CJ3D
".00017 ,-.03019,-.Q3622 "030'2ﬂ [
9=e 07014 4=, 30LY7

pv101383 400137900100

touUU3T Ty avUQdnb,
1=e W 003 p=eC i l0Pe=e t00LYe= o0 0U2 T4 ARWLO00Y
G DNN32 4= 00N302 )= G004l € 9= 005 hy = QGIEC D 9= o 000545 9= o P00 GG,
1-00001G7.-.00019’-.00627 "00n032 g—.OﬂCDbZo-.“bO#“o.-.ﬂbﬂ«Sﬁ.

'CRWLLL) D,

2FRL =2
LFRl=2
2FKl =2
ZFR) =2
ZPRY =
LFR1 =2
AWl 000}
AkWl 4002
ARW1 0003
ARN] 3004
ARWL LOOS
AKW] 00Ne

O WP W

AKWNLGO0T

ARWL QO0OH

ARW10010
ArwW10011

1= 00553 gmg 7 Bdby o 00310 ¢ alUSIE e d0324 4400347 5 .,00308 400385 JARWLOV12

2¢0038% 3000388 9 08 e lUAED ¢ #B0210 peOC214 U0?10 906G323 ™

ARWY 5013

GATE Toelo2/15,(4e%d

o e e e -

e car -



= 6
=~
1SN 0012
=Y~
g5
=
Ew
2
Sw
&
ISN 0014

JanN 75 )

MAIN us 2aol

3.00229 ,." 23 e N4t ’.n(v(“‘
4,00128 970120 ge0124

5000685 440010 90l duLb0 y=e O
Lm0 " Toe o= 0282 gma™i®] 4aUUCL 3y
T 02D 9= GLYE g=me vyl g=&ilJ¢
= O)f’l‘t c"'.O(‘N"IIE "™ e COC?u o*‘f b 2"
Gumg O 2T y=enGl20 7/

OATA LtOW]l 7 «=,00CLl2 g=e. 214 o=y

1m0 I2F ¢=o4 0026 g=out:L b
?-001013 ’-0'30‘2‘0 '_.,\,-f?!‘
B U020 2oL a0 0TS
Wall25 e 0517 457 CLY
BagDINME gV 22 9=l V220
G=eBN0Z22 9=eI0032 p=eH(tab
7'.0:053 "093'359 g"‘oUO’."l "
Bee:IB3 =g i85 =¥ ()55

-t

tagle

'.ncgh‘l ’..t‘.(“
ETUU R TIPS RV L PIPENIVE B
1= Ibwn2y=enuliLhe y=goCunld

o NI e
el iurl
e= L 02T

FURTRAN H EXTENIL

,.:\C'I(» '0\7'012
pet01L goO0rlu o

e Ce geme LI
t=eUl L]

y=o {7728 ome L0

"C0ga gmelLlad 9

LR A

DATEL 76e1602/1%04,43

1= e 2T 9= tA20 9me L1 pmsulile o

'—.I"\,')n 27
-2, 00 ¢

o= (1" 30
1~ali{ Y0
w22

=100 53

s =~eIMC2E
s HCLE

so. w11 9 W2 2™ selitZl oe .0}

4= .32
g=el " H3
= 00032
= aUJIUY

1= e O 20 qum, 00027

'oU\‘!fﬁz ?

LR IV ]
7"'0‘4:-“:"2 [ 2™ ,u(’l
"'.(.(' b'l

1= e Q0(ieY g=~eY0S5
)

L
o vl S

L

= U0 ULH o

Qe )223 ¢e4:3215 resdlYd 44 019 re2V18Y eecdlTt pei V1LY ve.vl0Y o

L1of20109 900109 40010 geuu]étd
loOMSB ..f‘ﬁfﬁ '.Q“‘Cf, "(;‘."_
200011 »-.,000uB

By U215 gmel L3 g=ai LU

bmgtI)99 =4 0lB8 geitI6) gePUBE p (0D poulUsn g 0082 Heuniudt

;o
e -~

¥ ged 10
""05502 ""-l'.(‘t'?-' .-.COCA ’-."51\')3 o.'«-\(,'lﬁ ’

™e Tein 82

12¢
£ 9 WOGHE

a=el D94

el lOT pau2 (30

s =eiinl t=es L0

85,0739 9a00 12 0077 0% pes U CH gmg QN0 L3 o= QT LY 9= OL2Y

6ol 3 ’-c‘:‘3°35 v=e. 10w
Toed9)3 qme 0 Y)Y g=o. 102"
Pau, I NG
Pmg (MO3h 9=o00ide gmelili"mbh
DATA CRAWY 7/
16001 9027795 9470705
200031 9=eDONE g 01U
Ao 002 p=p{ " N30 g=e "CLAS

bm QIO Ty = 0170 gm0 YTV
Gl U 9 oal833 447,037
TeDNIIAB gol1ud12 4 ,uulld

Be2I21 ¢e2221 4 a70239 46702

G N0066 9470733 20" 33 9o, 33 se( hlgatibladt
'-0001? 1= Y25 4=, (128

1-403094 "‘00011

”
-

at'iilen 9, 01a%

-y
te.vwiho

'-.f 1: e

P

e &

s el ML UL g 40 Uo th

P ™erN AP i )]

7 et k&

s =e VILLUMO

PPN N A
00288 5 oL 0Zh 9aUD224 yel-2])

g= iU Tih s iynsd g=auind

™ 2B

¢=e/10U3 =y W =y s U1 3 = LY

' e ft“""v3

v eftVl e gelut] 2t
10..0%% geil &
1= e. (03 om=o” LUAY
v=e b2
bomga ) TT g=ev F3T0 3=~ QO0G2 y =o 1. 02

p=—ol *NY°

PR LI AT X

ren T1le

[ Rl T ":‘3‘.'
1= U0V

yeoL L],

'-cv"ol 2

PR DARRTL Y

et (0a ¢g=q . 10BY
1=eWCL2E p=e 103
’—'.l':f)n‘v I
ve-'12 pe. 1Y
[ X C‘.Z‘O
""-'.‘..": ."s'f L}
1= 0V 3= OUTY
p=ellilOZ
'O*.‘(".“ﬂ [
vo Dueta
Oa\A’u:’:l [}
N 13 [}

.-

9.:‘0“‘-‘1
'Y AP

youULY g4’
.-.'J'-u‘?f
re VYRS

POPET 1 3 BIURC RSP 1 ] ee 1 Ta o

1

]

L

s =i ke

ARW1001le
ARWL JGLY:
ARWl L U)o
ARWL D017

ARl V1 b

AkWl001e
AKWL002¢C

MWl OC21l
bkWloove?
FRWLOCZD
bWl 002«
LRWLVOZS
BRW1 OC2¢
BRWLO UL
Wl Gu2l
HEW) GU2Y
BRWL LU

bRWLOGO3L T

fikwl GLS2
LxWlNO3)
UhNL GO
ORWLO02S
LMWL O036

oRWLOO3T

t‘n““‘ C038
tRWl Dudy
BPWLGCaD

CRWluual
LWL O0sg
CRWLGua
GChiwl U06s
LWl ibaR
LEWl Guen
CRWLUOwT?
CRWL Guad
CFWLl 0wy
LAWLULO Sy
CEWl O8]

e

e



{ JAN 75 ) Ma IN US/Z300 FORTRAN M OEXTENDLL UATE T6ell/15,ub,4e3
15074 3033037 3aD7I1C 9057078 3 =e 0201 9=e730010 9=euTd1B 4=400314¢CRWLOOS2 "~ ~ - ==

22007012 4=eQLLY 9= 0NG]T 3=aC Dt 3= UUT32 y=e siusl 9g=euDua o CRkWL 0053
B 0004? 3=o20041 9=o U0l s=e L4 9= (OU] 9=eUu0LlT y=ec 2% CEWl 0054
L4eog 27032 ¢=eU0738 gmeCli% =00V %2 =l k]l g=e(0é y=evi(34 ‘CRW1005%%
LY P aln} | "‘00‘)-117 2=~eD022% 4=e i ud2 .-.C')'*BS v=e 1004 '-.T.QQ‘OZ v CRwl GUSE
0= ON04)Y 30006 3=400034 50119 540011 2o UGLOYE el ol 9000051  HLRWLOO0D7?
- 70003 $NC025 LNT36 3oNCN3 e DV1030 e NODH1 H,07039 ,oCOO01E CRW10C58
B=e 0001 =e00026 ¢=,0004 4=o00055 §=eC00%C 9=eCO0ORE o LWl DCH9
9=,00068 / CRW1 0Co0
c
ISN 0015 DATA ORW} / =e 00005 =500 24 9= Y00k 1=4J000 y=00050%5 URW1C D61
1=V 4= CO0NTH §=e0007¢ 4=o00.7 §=eUd06 §=o000LE ¢=,C0024 URWY 0062
T T 22,0004 5740006 y=e00065 9= e50074 9=+ 00079 y~¢COOTY 4~.0%074 o  ° DRWICO&3 T T
3= 0006 9400356 900011 2600302 ¢eUA2T9 94002065 o0 2255 4000248 DRWLOOOA
400248 303248 ¢,50248 3000265 ¢ 400228 44uC1HY 4 62C135 40G011 DKWL 0065
£.37:85 '00”0&1'"'000091 '009’?‘91 ’-30091 902103 '.3014 2C009) DRWLOJ6E -
000237 4oNC000 »=eCN024 §=a00038 =, 00735 =,00027 4=40(027 UR“LOOO?
ey & Te00055 4000003 y=e00045 ¢=60009 ¢=4001]1 $=,00123 y=,2N1z8 , OKWL 0068
"’1?_.”-~ Bee 05127 4=00012 9=e2103 5 eC0015 9400032 400030 5050023 DRkW1 o6 "o
g G2 9.N031 ¢ Do = o CIC05 9=eDON03 4 Do ¢ Ve r=eUUU]T H=q00U] DRW1OOTY
82 1’00301 '-.OOOZ v'-GO("B 1"'00‘3030 "'000037 9“0('0°3¢l 9’.00('35' DR“!QG"I
WF 1=e00N2B g =4 00017 §=e0001 y=e030) 9=00002 4=40003 4=,00050 DRW1OOT2 - — — ™~
.O,.o 2=.0%037 ’-o0°13b .‘360039 '-000026 ’-00'1017 .-.00’1 "‘00001 * DRWIOGT3
C"r? 3= 0702 $=60003 4 =0 000306 3=o00037 y=e00V3E ¢y=o0V03D (y=eQ0028 LAWY OO T4
F ’ T T4 e0019 340076 900135 07107 4400785 5 ,00085 4,06..083 4,0008% 4 DRW1007» —
:‘ 5,00795 4,00C95 9o0.08 4e000% 9o GUICL1Y 3=500012 9=0e07.26 9=e000« o DRAW10070
s 6= 0N06b 9=o00045 ,=,02036 9y=oC0030 4 U 9=e0003 9=o0H0UBE DRW1CO?7
T=e0%077 9=o00085 4=,J7062 4= 00006 =, 00008 =01 %0 4=eCA0T06 DRWIOO7E -
8 O¢ 1=e0003 9=e000%58 4=oUsITT 9y=e00CHS , =400092 DRW1007¢
SR — _9?,919.9§~9:J~2095 p =e00)Y 4 =00uT6 / DRW1 O0VBY
ISN 001e¢ OATA ERW] Z oDNBBL o053 5 O(ABY 3400409 00670 4.,0047% , ERWL0CS)
1600475 44004675 400475 000675 5 oCO0h3E 9000305 940302 9e072%2 o ERWIO08Z
2.0“233>"-002’21 900232 9000232 00232 9600232 46-G313 9.G023 o ERWIOOR3 "o
3.00154 4oN009C 9e0l062 9073.35 4400022 4 o00U2Y g UUZY 400025 9 ERWIO0064
440012) 9000033 =0 Ch0 9=ul10) 9= U21l2] s=euwlb p=4Claub ERWLOOBY
TTTTTITTTT T BagO014E 9= 03138 ¢me 07119 4000081 900078 e300 % 9470030 o ERWIOOB™ -
000019 4=,070"% =007 §=a0ICTY 40003 oCLH eCUCCe ERW10067
T=e0001 §=000023 4=e00035 = 00h 3= 00045 s=UU0S 9=, 0349 , kWl 00bSB
B=e0N045 4=oa00039 UG 4 ¢g=QOUL §=aQ0uZ3 9=e0003b p=el .0l tRW100896 -

£91



91

1SN 0017

ISN 0018

ISN 0019

( JAN 75 ) MAIN US/Z367 FURTRAN M EXTENLEG [TATE 70ele2/1beChobhl
Qe 0N S = CO0E J=eCOT Gy =g )04t Y v Lol L BPRH A 757~ AL Pl alo ) ERWLOCS D S
1= 02423 9=eNONIS = 000 p=el0me s 9=, OOS 1= L0 g=a0u0uh ERWLOOY]
1=e 00039 §¢NV2UT gat. 192 440 Lob 1etULZD gellyd o0l ube gol- b » ERWIOUS2
2000392 4o(C09Z0a" 1590 9a” 111 gei .9 9077 W5 gorvull g=eluld ExWl v09 3
3-,03037% '-00005 '-.",":':2!" e O34 00101’3‘0 "'o:‘-'(.ll“‘ 1=e vl ‘ERWLCO Y4
G=eN5V27 g=eDMNOLG Jom M oo 9= 0NBL2 9g=e000WY 3= M0 ¢g=o GOCY ERWIO0YS
5= 0006Y =0 01015 §=eCLU1 Y §oQUUZT p=o000GY g=alutbh 9=e FS0E2 »  ERWLIAOSG 7 e
0.UAI9E J= N 1IN 5 =LY p=e 2 VOV 9aGULBESY ye(udL 00-05) geulfbhd 9 ERWLLOUYT
Teii M1T 9407391 gqoav . b gelditeg g Cud ool iteld poni(85% godus iw tPWl oY 8
800340 9o’ 320 9o 0UN218 4 DT 4 L0170 ErWl 099 T
99,0021 5,0°21 440021 / eRWIGIUY
C
' DATA FRW] Z 00N 3 00270 9401202 9078117 9a7570% 9672022 FEW10101 "7 T
10007 2o0CN2 3403 400003 3 o016 goetsetT g=evuui®d j=euulT FRWiIO102
2-¢CN 98 2=e53125 9=a’014" 9=l ol g=4ull3e y=as0ull 7/ FRW10103
DATA ARWZ /7 077115 o o7 21 9 0.79%E gaw 2.7 o «U02°6 44C27I51 o ARW2GO01L
1000045 o 00004 9 JD0DI3L o0 70U3H P =M el o =g, lu000E ARWZOO02
2-.00008 [ -0 )0091 4 -+ 0001 [] e MO163 [ -e" 3011 [} —e N1 1g [ ARW20003
3=g0.0118 4=000012 ¢ =00 . 89 g=a GICIOE ¢ =0l LIUE guer LUl TARW2OQ0K  TTTTTTTTT
b=e0N%]1 ¢ =o00"153 ¢ =67 11 5 =012 4 =ehvillE “suul2 ARW20005
LM HYBEY [} -ed .ot e o 3CYL 9 =0 C09) [ -evl™1 [ —ave lud AKWZICO6
0= 00011 ¢ =eUG0112 5 =e i 1dl = 01512 v e 2003) 940028 ARH?OC‘:I" -
Te00720 9 NI023 441172145 e P02 ¢ «0O0CYER o JOOCTTY peUGLY ARW2000H
‘ BeDPILT 9 «OUGICE o «CCO.T o 020532 ¢ Cof p =e00002 ¢ =e0OU(3 o AKW20009
- 9= o0 L4 et YUBS ) s UOOLE - WOV O '] =y UYL 9 =ouV0] ’ AR“ZGGI'U"
1220333 5 =607V16 ¢ =057, 07 ¢ =e Alle ¢ =eTCNlLog=e.0ClY9 AKW20C11
l"o':)'JOlq-' [} '00002 [} 'o("ll-OO 9 e J:’C’l [) "'OUO.:13 [ ] "o?.'-c!lﬂ ,-.C»OOI’I.AMHZOOIZ
2=cWIB ¢ =, ON0TBO 9 =o00019 3 =DDILYT 4 =40 .02 ’ ARW20013 ~ T
3,000815 4 ¢OO0B25 ¢ 00 832 9 0T LY OB3T o A7 I0EIT 4 JOHLOLATy ARWIOO1 e
X .60903537 e sUU0B3T ¢4 UlUH3T 3 9 00LY ¢ «GLUBT 4 i 00BL ARW2001%
SeDCIhé ¢ ¢OY06 3 20036 9 oT0LA2 o 20032  9eU00I2 ge00LAZ2 " ARW20UT016T
0e7DI38 o «TNUA1ID 5 51028 ¢ DEIIT 9 ol 2% 9 SCT0LB2 ¢ 400 ¢ ARW2OCLT
70.0 ¢ 0.0 » .0 ? 0L 4GS 9 =q0U0US ¢ =40 a)3 ¢ =o0L0UL JARWROUVLE
8-00’023 ’ -.55020 ) -000:}(') e Cr“C‘B [] -o”":l31 [ AR“ZOGI" T Cmme
9 =,000332 / ARW20020
Cc : . ’
B DATA BRWZ2 /7 020529 4 200718 ¢ #0001 5 =e200002y =o{un]l 'y ERW2¢0O21 " — 7T T
120230012 4 =403 018 4 =0 0.02 9 =o0CLI28 ¢ =o0D2025 o =42CNi0L obkW2(022
2=0Q07ClH ¢ =4CIMY = =, (0U1G2 ¢ =aC0O0L]1 9 =elUOLLuy ~eC 0110y HRW20C23
3=e0I012 o =012 ¢ =012 3 =M V308 9 = LAOGE » =N GU9 T bkW2C02& -




i

|

{ JAN 75 ) MA TN US/Zaan FULRTRAN ko BEXTENDEL DATE Tuelt2/1b%etbgh)

DR PRAKTS) BV 1me2) 1Y ¢ =el" " Vlipy =,.1 Chlbe = LTl 9 e W12 rhw2 025
Hmg MW L2 9 =000 )00 ¢ =a 000 g =eiCU0Y ¢ =o' LLILZ2 4 =eww 01 rRW2LL20
0=00011e 9=e 000118 y = DU]17 ¢ = Culy  s=am 1Y 9 &5 2E% LhweCr?
TeI02206 ¢ 00023 e LU & YIRS LY A T4 0 o 00lT "LRW2VUZE
BadMNBE ¢ 07010 9 02710 9 oS0 26 9 o0 " 74 ¢ #2001 ¢ =6l 02D 4 BRW2OLLLY
Yoy ()0 P e O S g =00 3 = w7 » = iUl T ¢ =eJdul olb 9 LRW2IO3v
1".610-!‘3 9 "o ﬂbrnl"") L] —QC"U{‘ lﬂ y - .‘ QF 1.'-" ’ ".( .PIJZ [ -.i‘.‘002~.ih [ h““g 0331
1260 N21 3 =eG00215 5 =000 ¢ = C212 ¢ =eQ0IL ¢ =7 00125 ¢ BRW2OU3.
2=ei{1lo ¢ = Q00188 o =t Ud ¢ =eGI02UF § =eund2l § =elULZ15 BAW200s3
F=ue0V3200 o ~o(CCL 212 9 o-CULe ¢ Q0808 9 e wuT8L ¢ eUubV BRW2 V34

4005705 5 SCT00)1 ¢ &DIIBE g 4T ITEE 9w euTOBL 9 MLHU 9 alTIHEE ¢ BRW2U03S
EeOOTOCT ¢ oCO0MZE o (0014 v oTINI29E 9 SULV2L ¢ eWU0F 9 suwlUlmy bRW2 0030
0750024 o JCOCL24 ¢ JANNBAY , LC"0265 5, L0010 § o0I7CTE 4 «000C3 4 bRW2GTAY
T=60I0J1 ¢ =eV0003 5 ~u0000& ¢ =o 1004 §=e0000% 4 040 e=s00013 o BrW2UO3S
€=e00322 ¢ =aO0287 ¢y ~eWD312y =00CU328 4, =~ouu03% , ~,00u3062 bkW2C039

9=,I7337 ,=,C00389 / BRWZVO%0
C
CISN 0020 DATA CRWZ / 700150 4 o737 le 4 2000123 4 oN3C1 4 oCCTOE o CRW20Cw]
1600007 3 025062 ¢ 00055  +00CO5]1 ¢ #000051 45 =40001 CRW200ae2 " T
2«e0II128 4 =5307149 5 =elL1GL 9 =eWV017 -aDOCL1T2 ¢ =eDO1T78 CRW20 043
o C C3=e 0¥ E 4= L0ULE =« 00018 ¢ =e DN g =eLDU1I2E ¢ =eutD0YAY CRW20044
B 4=400016 3 =200017 o =sG00172 ¢=4307176 » =200C1IE 5 =o63C1E , CRW2 00u s
'gn’ f::j B5=e0.N18 ¢ =aU001 4 =o002128 ¢ = LU0l , =4 00000 4 = 00017 ChW200&40
. C“'):::M* A 6"‘0(5')311‘2“ ’ ’oC'JQ‘tB_ K ~e2JO1B oy =e00018 e =o00LY ¢ L0UNB » CRW200467
R 7400046 s 00042 » wOSIBTS o of 13345 4 JCIUB2 ¢ 41029 4 L0028 o ChW2ODE™ T T
Rm_:g B.N028 4 CNN2E 4 JNDOLT 43 JOO0GYZ2 o &IODCT o #0C0012 4 =o07002 ¢ CRW20UNY
“';,.' ;; ) 9= 010549 4 =,00007 4, =,00008 , = CGOOVTE ¢ «=oUUOUTE »=6D00C8 CRW2C0%N
: g 1=e00014 ¢ =o0%019 4, =,0D07232 4 =,0%125%5 4 =oU0027 4 e O0UN2E8E CRW20051
S 1=00I2295 4 =o0G0DZO5 § =aLGC29 ¢ ~e27GCE y =oZdCla 5 —o00019 4 CRW20052
o 2-e007232 4 =o00025% 4 =a20027 5 030008 0—ew0029% +=eG0IZI 4 CRW2UU53
3-.00020 ', «G01214 4 ¢o001183 4 «0r115 o JODI1) o 4G0JDY2 4 CRWZLOBE ™~ ="
He00107 3 +O00INT 45 200107 5 ¢{NIUT 60017 4 00082 4 00070 CRW2 0055
S5.00066 ¢ «000UBE o JLOUSH el ud § U049 * o vk 9 ’.0:!0‘09 ’ CRW2 0Ube
6 NCIAY 4 L0V34Y5 ¢ o )ICIBY § oL20262 ¢ «LOCITS 4 evuul2s CRW20057
Te002078 4 O00032 4 N, v Qe v Geo 9 oU0I0UL o =e23211 CRW20054 _—
H=e0N022 5 =e070325 5 =o00037 o =o0I041 o =~ L70ABH 5 =4D004E o  CRW2OUSY —
e NIt § =0 HI0LOY / CRW200660 ™~ 7777
C
ISN 0021 DATA DRMWZ2 7/ 40X0)55 4 4ulil30 ¢ «UOUL2 ¢ 500092 4 SLDJUBS ORW2 00061
ReIRNITG o oTCICHL ¢ elCwiusml o o0 00023 9420003 ¢ =av W UT% DRW20062

S9T |



e . — $ o+ BT <k @3 1 BarE

ISN 0022

- 4o09087

MA 1IN

IS/

FURTRAN & L XVENDED

2=¢0301 "y =400N123 4 =oFCT1& y = 7147 » =a"0716 o

3=e U D184

4=eTN %14 ¢ =e N0V 4T

[ -—euli]

“5 o

E~e 00154 4 =,0000TS
’ -e (0015« ’

6=.0"1%
7.00038 ]
8.00322

e 00034

re0T322 ,

«0C03

euQ <

‘155 [

9=o0)2542 ¢ =oCCLO6Y

1-.0"1'308

y =eDIL1SY

-

1. 000280 o =.000284
e=e0NT207 3 =o(0124% ,
3=-,00028% 4 =-a002280

5.uC2038
6e{0732 ,

v o0 27523
« 00032

v « 03084 4 4030818 ,
L2
¢ oD 4u

9 e,

=10 03

-edul. LU

-’ 20,77 ']

OO RE
-e20020
«UOLOLE

Lavlbe
? =e1Juld 9 =4 D184
’-
-t IS [}
10028
5T ILT o

’
14

QVDOEIS [
.C)&&b [
1T

[ —-e L O 5 []

07143
-e (LVCILE

- 0C 1

p=e WOCIED

-l G274 ’

U103

T=eCI004% 9 = 000CT » =oONAJT 4 = NO0L
[ ] -.000295 [}
’ ‘090049 ’ -’CCL4bb

8"0 000175

L 9=edI09

DATA ERW2 /

1eN00I1
2=-,070%8.

4=o0031

5=,0701¢%

T«N00433
8.,00)385
Y=e0.:0CHB

20NN Y

oCONLICE
~00N0 8y ’

y =000085 ,

-+00ull

v =¢020000
°-.o'~012 9 -000013 ] —.07‘»]37 ’

? «00.40,

v 000385
¢ =007

« (00375
000'11

v
8

- 003ES

«0CO11

- (001}

-e0CC0Y

1=eDN010b 9 =e3D 1228 ¢ =eDI02T
v =e00036 9y =400536 ¢ = 020357
?t =e000329 ¢ =703
r =a10352 ,

1-.,0703%
3-000J35

" 4e04130%

5.0079

[} -« 00031

e 5128 o

« 006D

600065 ¢o™065

TC0Q3T75 Ty S0I50HS

8-.000115, =4000255 ,
v =e0CI53 4 =40L352

9“.00953

«20128
e «J006L
ol ADLZ
oGCQ“?S [
"QU(")31: [ —.\’00435 [
/

evU] S

oOQ”B&? L ]
v +0CTON

’

eV 128
DG I163L ’
003075

o "ClZo
euD( 3y

14

o 13G0C15
o Cudld
ew )l ®

¢ =0 00a2%

/

e (114 o
gl a¥ .1y

"
3“00)0137 9 ‘00001““ [} '0600]58 [ ] ‘.00090 [ ] -QUGCQLU
[} -suC212 ’

—00001’

-oli 2013 *
¢ = 00OBLU 9 =, 50008E
= s000N14s 4=, udN154
2003
» =e0uU Y1
-V 01 o =011

[ ] -ocOUBI

e U 1abE

’

- tr?
- MU1BH
~e s i1k

[} -.(\C'(-l‘.‘ €y

[} .l‘,»(l':“~
= l11%
» =~ ll0L0OK

o LCOOT?

1= UVU MO

PSR B T
e 020U ’

- 00012

=e 30157
=e%301 9 =o000117y"

=001l

-t U 2T )

edUVAT

«{ 1037

DATE Toelo2/15.04e43

- CDT15L
1 ¢ =e(00123 ,
r =et0U1bS,
~e N2 14T
v o(CCa2y
v «0NOZ2

-« OLOV20U

s =eDULLY

=~ 20L20b ¢ ~ecl20 et TG [

¢ =100185 »
~o LU JHu o
PRAIrN L 1h 1. T

0oL CA18 L, JTUSTE
U322
e 10U0% 94420005 ']
e CUOGE ¢ =e1IC32

T ™e Qﬂﬁhe [

L ILIVE

—el TLUVL

vy =e00013

? —euwl1uBH
e 21"
y U072

o UOU5

e=edOULL
v =e502329

-05003“ [}
y =o0CC22%

¢ =el03H (=,000306

vewal128
o 10001 [
v TOD32¢
9 eVCO0OTR

PRV Y P e

NG

- }20aH

01338
2020123
e DT LLE

e 01225
QQCQJh* *
| [] 030513 [)
«20 Y06 [

s =el0ubl o

« 1303865

DRW2CN63

URW200 0
DRW2Gu6S

CLRW2G006

URW20007?
LDRW2UdoY
DRW20OG69
HURW200T4
OkW2C0TL
URW2OOTZ
DRW20073
DRW2COT4

ORW20076
LRW2COTT
DRwW2007R
VRW200T7Y

LRW2LOBL

tRW20081
ERW20C b2
ERWZ2D0E3
ERW20G084
ERW200LS

‘DRW20075 "

s e -

B -

ERRZULIOBY
ERW20CH7
Exwe(O88

ERW20089

ERW200%0
tExw2Oovl

"ERW20T972

ERW2 OCo3
ERW20094

ERWZCO95

FRWZ QU9
EKW20097

ERW2009E ™

tRW2OCY9
LRWZO10V

—— . A > UD—— -

b ——

R



{ JAN 75 ) MAIN CS/Z707  PORTKREN v LXTLENLED UATE 100102718 sCieud

TSN 6023 DATh FRwWZ / e D226 v oV lv 2 [} .0\!0175 [ et 0Y & 9 eutr,1 28 [} FRH?OIOI
1+s00211 5 euit({Y 9 sVl oY e o (2N V2 e 14 ¢ =euh LUOT o FEwW2 Yoz
20305105 ¢ =01 132 ¢ =l Ul ¢ = CLLTL 9 me.uill g =e T ThEL 9 FRWIVIVH
b 3-,023187 - Q017 ’ - 0181 [ IR | '] o IR AL " e Jvv 3l '.F“NZ:JI-U"
"‘“ononlbc '] -QCC(Il-'(I [ —.C'Gl'l.‘» [} -.C(»(»lb."l v -.0041|;’ [ - duit2 'f‘ﬁ“ZC'l(")
e )0181 o =, CGONCOT 9§ =evU01I8 ¢ =« 4"NC13g 9 =000 -t vt TL, 9 PEW2ODCO
w\& 6=e000175 3 =,0D21680 9 =or JVLE2 9 =ewU0lE2 § =otOCLELl 4 @« 0ETS 4 FRW20107
E:’;'D Te20)84 ¢ o079 3 G0CAI 9 «CCT3Y2 ¢ 20355 4 L3035 o slvie]l FRW201lut
(,wl(&ﬁ 8.00"01 9000041 v 00023 ’ PR IS 19 [ .OC’).'BB [) oL TR [} -e. 0I2H ] FrRWZULOY
L “: Q= 0N0I6 9 =eCI009 9 =0V 0WGy=e O SL 0L = LOTGLY ¢ =eLID1ZE FRW2CO11%
Y 1=,032167 3 =e00021 3 =oC002¢ 4 =0(O2BT 4 =o00V31S ¢ =o0C0%« FRW20111
- 1= 07036 9 =a07030 ¢ =e0VVU33 9= L. 0125 p =suidla? y=e0uull o FRW22112
- 2=a D526 ¢ =oDVIDZET ¢ =010 2108 4 =026 4 =,7C030 ¢ =4 21036 o Fkw2Ol.3
3=e 0033 4 450163 5 %0155 o WO0l@0S §y +20130 9 «UNI3L ¢ JOVI242 ¢ FRW2O 114
©oN0127 4000127 4 0127 el 127 5 oB0117 4 20103 5 CCOBAB FRW2011%
500073 4 00068 43 000575 4 40005065 ¢ «00LG2 9ol71062 o200z o FkW201llo
0N0IT8 ¢ 000595 ¢4 Ul . @2 3 2GUC24 3 4UD0Y0LS § ¢ 20QQ8Y FRW20117
T.00)55) '] «D2Y08C 0N 90;0012 s o0 02 =eJCVOLS § =audI2 "R“?.Ollb
E=e07735 ¢ =o0i3418 'y =o)747 4 =e00)81% 4 =,000% FRW20119
9=, 0H0%¢ 4 =~,00052 / FewW2 Y27
ISN 0024 PIz3.141563 ‘
ISN 0025 FTM = L3048
ISN 0026 F2TMz =2.092903
ISN 0027 MTF = 3,280%4
ISN 0028 M2TF2 =210,7639]
ISN DO2% S1=1609%0,
ISN 0030 1 READ (5410) ACyAMAX AN XMAX oL 9SKEF¢M
1SN 0031 10 FORMATLT7E1C.6)
ISN 0032 IF (AC) 5,47,7
ISN 0033 5 SREF=SREF®M2TF2
ISN Q03 7 CDF12=0, i T T e
ISN 003% CDNW12=0,
1SN 0036 cnol12=H,
1SN 0037 ChF232=C,
1SN 0038 CDW232=C,
IJISN 0039 CL0232=0,
ISN 0040 COOM=0Q,
ISN 0041 SRATIO =S1/SREF
ISN 0042 XGLl)Y=XMAX/L
1SN 0043 X {(2)=AN/ABS (AC)

L9T



[

e { JAN 75 ) MAIN 0S/50"  FURTKRAN KW EXVENUED DATE T0el62/1%.L4e43
"ISN OU44 XG(3)=AMAXZABS (AC) Tt
ISN 0045 DC=SQRT (4*ABSLAC ), P1)

ISN J040 XG (&)=1./0C

1SN 0047 IF (AC) 1%,17,17

ISN 0048 15 ACM=ABS (AC()

ISN 0049 ACEACM * M2TF2 L N
ISN 0050 AC1=AC ) - T
ISN 3051 AMAXM=AMAX

ISN 0052 AMAXZAMAX * M2TF2

1SN 0053 ANM =AN -
ISN 0054 AN =AN = M2TF2

ISN 0055  XMAXM =XMAX .

ISN 00% T XMAX =XMAX % MTF T mrrmmmmmTT
ISN 0057 LM =L

ISN 0058 L=L * MIF

ISN 0059 SREFM=SKEF*F2TM2 T
ISN 0069 GO TO 20

ISN 0061 17 ACM=ACSF2TM2 . _
ISN 00062 AMAXM =AMAX * F2TM? -
ISN 0063 ANM = AN » F2TM2

ISN 006« XMAXM= XMAX * FIM

ISN 0065 LM= L* FTM T T
ISN 0066 SREFM = SPEF » F2TM2
VISN 0067 20 XGUS)=AES(AC)

ISN G068 1F (X6U1)alTooé oORe XGU1) aLTela )L TC 2% ) -

ISN 0070 GU TO 3"

ISN 0071 25 WRITE (64101) XG(1)

1SN 0072 30 IF (XGU2)alTele oURe XGU2)ol:Te2e) €O TGO 35 i T
ISN 00T« GO TO &3

ISN 0075 = 3% WRITE (6,4102) Xx6t2) .

ISN 0076 40 TF (XGU3)elTele2% «ORe XG(3)GTa2e) GO TU 05 i -

ISN 0078 GO TOU S

ISN 0079 45 WRITE (64103) XG(3)

ISN 0080 5. IF (XGLe)alTe5e5 oRa XGlLV.GToT7e) GL T 55 e

ISN 0082 GO TO &C - —
ISN 0083 5% WRITE (0104} XG(4) - . -
ISN 0084 60 IF (XGU5)elTe20e oeORa XG5 )aCTobDe) GU TO 70 e - -
ISN 0086 65 GO TO 7% x

TSN 0087 TO WRITE(69105) XC(5)

ISN J088 75 X6l6)=1,.2

B e e e e a5 o ———" ——



( JAN 75 ) MA IN USh /%00 FUKTRAN B O LXIENDED DATE V6el02/1%eUke43

ISN 0089

ISN 099¢C
ISN 0091

-ISN 092

ISN 0093

" ISN 0094
ISN 3095
ISN Ou%e

ISNBO9Y " 7

ISN 0098
ISN 0099
‘ISN 0100
ISN 0101

1SN G162
1SN 0103
ISN 0104
1SN 0105
ISN 0106
ISN 0107

~ YSN"0108 -
ISN 0109
ISN 0110
ISN 0111
ISN 0112

~ TSN 0113

ISN 0114
ISN 0115
ISN C11o
" ISN 0117

ISN 0118

%5 S

" C eee CDW AT 1.,2M

CALL NDTLAE(LE oXNeXoZ gNXoLUIWIZ gA 4b ol o)
€C eoe COW AT 2,32M
XGlo)= 2,32
CALL NDTLAE(G oXGoXoZ o Xy UW2IZgAgLig L ol})
C eee CDF AT 1,.,2M
XCl6)1=1,2
CALL NDTLAE(4L oXGCLoXloZloNX14CUF 12 4eAgboCol)
C eee COF AT 2.32M
XGle)=2,32
CALL NDTLAE(LS oXG1 X121 NX1,COF2324A4B9Co0L)
CDF12=CDF12 s SRATIUL
TTTT COWl2=sCEMI2 % SRATIO
CDF232=CDF232 * SRATIO
COW232= CDW232 ¢ SRATIU
C0012=CDF12 '+ COW12Z "~ =
CD0232=CDF232 + COW2342

NETS0

AJXTVDD'HOOG!IU

g1 99vd IV

'€ e e e COO AT INPUT MACH NU.

IF (M) "B3,95,83 - T T
83 DER=(CD0232~-CD012)/1.12

S(2)=2.%DER

${3)=.35% DER

LIPN=2

1P=1

s IPRUTPECHQYZ - T s e s - e e v e ean

ZPR{2)=CD0O232

XPR(1)=1.,2

XPR(2)=2.32 - - - - —

A = =(2.%(ZPRILIPN) = ZPR{LIPN - 1)) = (1S13) ¢ SL2))%(XPRIIP NDTOUGZE1
2+ 1)= XPR{IP 1))I/IXPR(IP ¢ 1) = XPR{IP ))%%3 NDT00282

TUTTTB = (AZPRICIPNY T T TETZRRTUIPRT =T1)) T/ UXPRITIP T+ 1) = XPRUIP VINDTOO283 =

2) = S12)= (XPR(IP o 1) & 2,%XPR(IP ))®(XPR(IP ¢ 1) = XPR(IP ))®ANUTDO28«
3V/IXPRLIP ¢ 1) = XPR(IP )) NDT00285
C = S(2) = 2,#XPRIIP Jb =~ 3, XPRUIP )Iss2sA B -7 NDT0GC28Bé
0 = ZPRILIPN = 1) - = XPR(1IP )»(C + XPR(IP )*(E + XPRUIP )%a)) NDT202b67
COOM=DeM* (CoME(LLoM*A) ) .

TT 95 WRITE (6,100) ACH JAC 73 AMAXM 3" AMAX o ANM JAN o XMAXM , XMAX

M 5, v SREFM oSREF ¢ COF12 ,LDW12 ,CDG12 4 CLUF232 ,CIMW232
2000232
100 FORMAT (1H1 20X, 16HNACELLE GEUMETRY//1H 206Xy 19HCAPTURE AREA

. —————. o -

———— v -



0T

ISN

. ISN
ISN
ISN

ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN

ISN
. ISM

ISN
1SN

ISN
1SN
ISN
ISN

c119
0120
3121
0122
0123

0124
0125

0126

0127
0128
0129
0130
131
0132
0133

0134

0135
a136
9137
5138
0139
0140
0141

6ING REFERENCE AREA FUL 9 2X 9 IHSC M ( FOeZ42Xg0HSC FTIZ/70IH 20X 43
TTHINCREMENTAL NACELLE GRAC CLEFFICIENTSZ 1nm 20X 1THMACH 1.2 COF
62 FBe593NsSHCDWS FloeF 93 XeSHCINZ FE b/ 1M oXe L TrMACH 24 3¢ CLF=
IFBeE 93X 95HLDOW= FEaSpIXgbHLLive FR G 5)
IF (M) 109,112,104

109 WRITE (064110) M,CDCM

110 FORMAT ( 1M 26Xe«HMACH F%eZ2935Xy 5HLDUE Fleb)

112 WRITE (64115) XGU1)oX0GU2) oXCU3) oXO( &)

115 FORMAT (/1H 20X, EHXMAX/L=E Fl43¢3Xy ThHAN/ALE Fle343Xy YHAMAX/AL= F
17.3¢3Xe 0HL/Z/DCE FT7.3)

WRITE(69140)

140 FORMAT (/711 20X 46 1HINCREMENTAL MNACYLLE DRAC CLEFFTCIENTS - LTV RE
1FERENGCFE VEMICLEZLIM 20X e29HMACH 1 42 COFE  CoaQULTZe3Xel2H0LIWE =70
2000619 3X913HCDOE (e DD031/71H 2¢X 92 SHMACH 2,32 LUFZ (e 2700 93Xed

33HCOWE =0.03018,3X,131HCD0= T (el)
IF (M) 201,310,201
LTV REFERENCE VEMICLE NACELLE WAVE AND FRICTIUN DRAGS
201 IF (M=1,4) 204e2344200
204 I=1
GO TO 220
206 IF (M=1.8) 20E,208,21¢(
208 =3
GO YO 229
210 1=5
220 LTVW=(M=MLY(T41))® (M=MLT(1¢2)) /70 MLY (1)=M T(1+1))# (MLYI1)=MLT (I+2)
AVISWLT) S (M=MLT(T))IS(M=MLT(142) )/ CAMLTOI#Y ) =MLTAI))IX(MLI(Y 9) )=mL T
20142)))%LW T +1) +(M=MLTLI))® (M= MLTUI*1)ID/ZC(MLTET42)=MLTICI)D(MLT
3(T142)=-MLT(1+1))) *LW(1+2)
LTVO=LTVYW
230 WRITE (0g145) M, LTVO
145 FORMAT(1H 20X,4HMACH F5,2,23X,TH (LU= FEeb)
101 FORMAT (1H1 22X, ZZHXMAX/L UUTSIDE RANGE 2F0LeZ)
102 FORMAT (1HY 20Xy 2IHANZAC OUTSLIIVE RANCF =F6,44)
103 FURMAT (1H1 22Xe 23HAMAX/ZAC OUTSIDE RANGE =Foe)
104 FORMAT (1HY 20Xy 20ML/0UC OUTLILE: RANGE Z2hoec)

( JAN 75 ) MAIN Us /56 FURTRAN B EXTENDEU LATE Toeiu2/19404e43
1 Foe2e2Xel2HSU M { FlrogZ2Xeg ¢SO FT) e/ 1h  ZuXel9HMAXIMUM AKEA
2 Fbele2XelchSC M { FO o2 92X 96HSC FT)/ 1 ZoXel9nNuZite
3ARtA FOe29X9172HSL M ( Foel2e2heotSG FT)/ 1H 20Xy 19HLO
4Ce UF MAXe AREA FOezpsuXy)ltiM ( FoelesXeehibtT )}/ 1H 2uX g 19HT
SOTAL LENGTH Fe.e2 94Xy 10 HM ( FOe29nXoabtT V//VH 27X ¢22HNW

© e o o - o————

s —— —



{ JAN 75 ) MAIN 0S/3cu FURTRAN H O EXTENDED DATE Toe102/15cuse%l

T ISN 0142 TU19% FORMAT (1H1 20X, l1EHAL LUTSIDE RANCF =zFée2) T ot
ISN 0143 310 GG Y0 1
ISN Olas END

$g
(el
o
- ,SE S
* &
&
— c.»-:g - e e s e . - . — . —
oy
Ecq
_',423 R — - —
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A

( JAN 75 ) 0S/360 FORTRAN H FXTENDED DATE 76,009/08.56.13
REQUESTED OPTIUNS: L IST,XREF DFCK

OPTIONS IN EFFFCT: NAME(MAIN) OPTIMIZE(1) LINECOUNT(42) SIZE(MAX) AUTODBLI(NONE)
SOURCE EBCDIC LIST DECK OKRJECT MAP NOFORMAT GOSTMT XREF ALC NOANSF NOTERMINAL FLAG(I)

ISN 0002 SUBROUTINE NODTLAF(NIV, XGy X9 Zy NXy RESy Ay By Co D) NDY00010 e
C NDT00020
C NDT00030
C NOMENCLATURF NDT 00040
C NIV = NUMBRER OF INDEPENDENT VARIABLES NDT00050
C X6 = ARRAY QF GIVEN VALUES OF INDEPENDENT VARIABLES NDT00060
C y = ARRAY QOF INDEPENDENT VARIABLES NDTO000TO. _ . . . ...
C 7 = ARRAY OF DEPENDENT VARIYABLES NDTO00080
C MY = ARRAY (F NUMRER OF VALUFS GIVEN FOR EACH NDT00090
C INDEPENDENT VARIABLE NDT00100
(o RES = FINAL INTERPOLATED VALUF OF Z AT X1 GIVEN, X2 NDTO00110
C GIVEN, ceeeseeXNIV GIVEN NDT 00120
C AsBysCeD = COEFFICIENTS OF THE CURIC DEFINING THE Z VALUESNDTO00130 I
o 1CF = ARRAY OF NUMBER OF POINTS TO BE USED FOR CURVE NDT00140
C F1T FOR FACH INDEPENDENT VARIABLE NDTO0150
C XXG = ARRAY OF GIVEN VALUES OF INDFPENDENT VARIABLES NDTO00160
C UNLESS VALUE WAS OUTSIDE RANGE., IN THIS CASE NDTO0O0170
C CLOSEST VALUE IN THE TARLE 1S ASSIGNED XXG NDT00180
C 1GAT = ARRAY OF INDICATORS OF LOCATIONS OF X GIVEN IN NDTOO190 . . .
C X ARPAY NDT 00200
C 1¢ IF XG IS IN ONE OF THE MIODDLFE INTERVALS NDTO0210
o 2¢ 1 XG IS IN THE FIRST INTERVAL NDY00220
(o 3y IF XG IS IN THE LASTY INTERVAL NDT00230
C LOC z ARRAY DF LOCATION IN X ARRAY OF FIRST VALUE TO NDTO00240
C BE USED FOR EACH INDEPENDENT VARIABLE . NDTOO2%0. ... _ . . __
C XPR z TEMPORARY ARRAY FOR X VALUES BEING USEN NDY00260
C PR = TEMPORARY ARRAY FOR Z VALUFES BFING USED NDT00270
c L1ST? = LOCATION OF FIRST VALUE USED IN THE Z ARRAY NDT 00280
C LLCTR r COUNTERS FOR THE 7S WITHIN A SUBSETY NDTO00290
c L = SURSCRIPT FOR 2~PRIMF NDT 00300
c teL = SUBSCRIPT FOR Z NDT00210 . .
C L4 = SURSCRIPT INDICATVING THE SUBSET NDY00320
C NDT00330
C NDTO00340
C DIMENSINN NX(1), LOCINIV) s XGU1)eX(1)y Zt1), ZPR (4 <+ 3%(NIV = 2))NDT003%0



ISN 0003

-1SN Q004

" ISN 0008

ISN 0006
. 1SN 0007

ISN 0008

" ISN 0009
ISN 0010

1SN _0011 .

1SN 0012
ISN 0013

ISN

ISN 0015

ISN
ISN
_ISN
TSN

0017

001¢

€LT

0014

0016

noel1e.

{ JAN 75 )
c
C
C

]

2
100

20GRAM CANNOT CONTINUE)

o NaNalel

3
&

'
1

aaOO00

FIT NDTN0550
, , . . ._ NDYCOS&0 _
TEINX(TI) = 3) &, 4, & NDT00570
ICF(I) = NX(I) NDT00580

- N 1 o I ¢ o 1000 SO OO U , [+ § § ¢ L1 ]+ ]
ICF(I) = & NDT 00600
CONT INUE NDT 00610

. — - e e = -NDYO00620 .
ICFINIV ¢ 1) IS ARTIFICIAL VALUE TO CONCLUDE CURVE FITTING FOR  NOV00630
ENTIRE ROUTINE NDT00640
e - e e e , NOXDOASO
ICFINTIV + 1) = 1 ' NDT 00460
IT = 0 NDTOM. #)
_NDTOLadC

2 XaNa¥e

FORMAT({13H1 = VARIABLE 13,10H ONLY. HAS 12y41H POINT,
-NDOT00510
sTOP NDT00520

"SET UP ARRAY ICF WHICH IS THE NUMBER OF POINTS REQUIRED FOR CURVE NDT00540

DATE 76.009/08.56.13

0S/360 FORTRAN H EXTENDED
XPR(4)y SU2)y XXGINIV), TGAT(NIV), ICFINIV), LLCTRINIV ¢+ 1) NDT00360
NDTC0370
NDT00380
DIMENSION NX(1), LOC(10), XG(1), X(1)y Z(1)y ZPR(28)y XPR(4)y S(3)INDT00390
y XXG{10), TGAT(10),y ICF(I0), LLCTR(1]) NDT00400
001 I = 1y N1V -.-NDT00410
NDT00420
TEST TO SFE IF FACH VARIABLE HAS MORF THAN ONE POINT NDY00430
NDTY 00440
TE(NX(I)=1) 2, 2, 3 NDT00450
NDT00460
-YARIABLE 1 ONLY HAS. ONE POINT, THEREFORE PROGRAM CANNOT CONTINUE . NDTOOATO . _
NDT00480
WRITE(64170) T,NX(T) NDOT00490

THEREFORE PRNOTQ0S500

NDTOOS30 S
SRR Eai-F

......

FIND LOCATIONS OF INTERVALS CONTAINING GIVEN INDEPENDENT VARIABLESNDTOO690

THUS FORMING THE LOC ARRAY, NDT 00700
. . e NP . | 1) € 1§ 3 V1 §
D06 T =1, NIV NDT00720
XXG(I) = XG(I)} NDT00730
IL = 1I7 + 1 .- - NDT00740
11X = 1L : NDTO00750



o

I3N
ISN
18N

1SN
ISN

1SN
ISN

ISN

ISN
ISN
ISN

1SN
ISN
ION

1SN
1SN
TSN

1SN
1SN
ISh
1SN

no20
0021
0022

00213
0024

002%
0026
0027
v028

0029
0030
0J.1

1032
0033
0034

003%
003¢.
0037

oo03s
0039
0040
0041

(

JAN 76 )

19
c
C
(.

Q
C
c
¢
C

7

10

13

17
c
c
C

1%
o
C

16

) Y

18
9
c
C

12

11
(.
C
C

8

20

24

NETLAH CS/7260 FORTRAN H EXTENDED

IT = IT + NXII)
1GAT(1) = 1}
IF(1IX - IT) 7, 24 G

FRRNR (CCURREN

1ERR = )&
60 TO S000

COMEARE GIVEN VALUE WITH X ARRAY FOR A

VARTABLE

TEIXXG(I) = X(IIX)) 12, 11, 10

TEE(XXG(I) = X(TIX +1)) 14,
IF(TIIX ¢ 1 = IT) 15, 16y 17
1ERR = 113

ERROR OCCURRED
GO TO soco0

TIX = JIX ¢ 1}
GO 70 10

GO T0 20
TFLTIX - IL) 18, 11, 20
IERR = 14

ERROR NCCURRED

60 TC 5000

G0 10 11

TGAT(Y) = 2

X GIVEN IN FIRST INTERY,

ITX = TIX « 1
60 TO 23

* TRINX{TI) = 3) Ry 244 24

TRLIIX + 1 ~ IT) 24, 25, 2?26

PARTICULAR INDEPENDENT

NDTO00760
NDT00770
NDTO0780
NOT00790
NRT00800
NDTQ0810
NOT008620
NDY00830
NDT00840
NDT 00850
NNT00860
NDT00870
NDTO0880
NDT00860
NDT00900
NDT00910
NOT00920
NDT 00930
NDT00940
NDT 00950
NDT00960
NDT 00970
NDT00980

NOT00990 ..

NOT01000
NDTO01010
NDT01020
NDT01030
NOTO01040

NOT01050 ..

NDT 01060
NDTO01070
NDTO01080
NDT01090
NDTO3100
NDTO1110
NDTO1120
NDYO1130
NDTOL 140
NOTO1150

DATE 76.009/08.56.13

e ———y



t JAN 75 ) NOTLAE NS/360 FORTRAN H EXTENNED DATE 76.,009/08.56.13
151 0062 2¢ [ERR = 24 'zg;g{{:g"w“ """"
C
4 ERROR UCCURRFD :g;gn:g
C
SN 0043 G0 TO SO0y NDTO1 200
(SN 0044 2% I1GAT(I) = 3 .zgzg:gg‘ U
4
c X GIVEN IN LASY INTYERVAL :g;g::zg
C
c OETERMINE LNCATION OF SIRGT VARTARLE TO BE USED FOR CURVE F17 Ng;g:;:g
(4 N
. ISN 004S% 23 LOCt1) = 11X - IL NDT01270
ISN 0046 o CONTINUE NDTO) 280
TSN 0047 LYST2 = LiC(Y) NOT01290
ISN NO4B 33 1FINIV - 1) 30, 3}, 32 NOTO1300 Cm
ISN 0049 a0 1ENR = 33 :g;gg;g
C )
c ERRUR OCCURRED . ...zg,;g.}:a‘%_.u.__...__
(d
1SN 0050 6C T0 %000 :g;g:::a
C s NRIRRag L -
c FIND LOCATION OF FIRST 2 IN ARRAY :o;glg:g
C 0ov01
ISN 0051 DO 38 1 = 2, NIV .NDT013S0
1SN 0052 1PROD = 1 NDT01400
ISN 0053 10 1 -2 NDTO01410
ISN NO%4 DO 36 IXP = 1, 10 _ NDTO1420.
TSN 0055 IPROD = YPRODSNXIIXF) NDT01430
TSN 0056 IPROD = IPRODHILOCI(TI) - 1) NDT01440
1SN 00%7 35 L18TZ = L1STZ + IPROD s e NDT 01 48R
ISN 0058 31 NC = NIV + ) ' :g;::sg .
C o0
(. INITIALI2E COUNTER TO BE USED FOR Z VALUES "’gi. NOI::%.,_M
c ND
1SN 0089 DO 37 1 = 24 NC SE NOTO150%
1SN 0060 37 LLCTR(I) = O Di: ,%;w
C o
c INITIALIZF SURSCRIPYS FOR 2 AND 2PRIME Eg NDT01330
4 ™ NOTOLSAY. - e e e
15N 00561 Ls0O 5 NOTO1550

P am—

SLl



1SN
15N

18N
TSN
ISN

SN
ISN
ISN
ISN
ISN

ISN
1SN
1SN
1SN

ISN
TSN

ISN
18N
1SN

1SN
ISN
ISN
JSN
1SM

0Cé62
0063

0064
0065
NNbb6

0067
00ée
006
0070
Qi kA |
o072
00723
0074
007%
Q076

0077
0078

007
DORO
nngl

nnez
OOR3
n084s
onss
00386

{ JaN

(e NaNal

OO

%

S

&2
5

Hé
4%
47

49

60
“f

61

NOTLAF

LL = O

LL = LL + LIST?

SET UP SUBRSCRIPTS = K FOP VARIARLFy L FOR ZPRIME, AND LL FOR 2

K =}
L= L
1

+ 1
C s ICF(

MOVE 7 TC 2PRIMF

DN 42 J = 1,
ML ¢ J -1

1)

1€

7PR(M) = 2(LL)
LL = (L + ]

IX = 0
11X = &4

TFINXIKY =~ 3) 44,

11X = NX(K)
IFIK = 1) 47, 4By 49

IERR = &F

ERROR OCCURRED

60 TO0 5000

JaK -1

ods

4%

087360

SET UP SURSCRIPTS FOR X VALUES

PO 60 J1 = 1,

J

IX = IX « NX(J1)
Ix = IX & LOC(K)

MOVE X TO XPRIMF

NO 61 J = 1,

11X

IXP = IX ¢+ J =1
XPR(J) = X{(IXP)

A= 0,0
B = 0,0

FORTRAN H ENYENDED

NOTO01560
NDTO1%70
NDTO01580
NDT01590
NDT01600
NDTO01610
NDTO01620
NDTO01630
NDTO1640
NDT01650
NOT01660
NDTO' 670
NDTO1 680
NDT01690
NDT01700 .
NDTO01710
NOT01720
NDT01730.
NDT 01740
NDTO1750
NOTO01760
NDTO01770
NOTO1780

NDTO1790 ... . .

NDT01800
NDTO1810

NDOT01820..

NOT01830
NDTO01840
NDTO1850.
NDY01860
NDTO1870
NOT01800
NDT01890

. NDT01900
NDTOM910. . _

NOT 01920
NDT101030
NDTN1 940
NDT 01950

DATE 76.009/08.%6.13

i



1SN
ISN
1IN
1SN
ISN
ISN
ISN

ISN
ISN
1SN
1SN
ISN

ISN
TSN
ISN
ISN
ISN
ISN
1SN

15N
ISN
ISN

1SN

LLT

0087
00Rs
ooge
6090
0091
0092
0093

0094
. Q096
0097
oneg
0099

0100

0101

0102
0103
0104
o104
0106

€107
0108
0109

0110

{ JAN 78 ) NDTLAF NS/3¢0 EORTRAN H EXTENDED
c
c TEST NUMARFR NE POINTS
C
IF(IIX = 2) 63, &&,y &5
62 C = 0,0
GO 70 46
ob C = (ZPRIL+1) = ZPRIL)II/Z(XPR(2) =XPR(1))
66 D = 2PR(L) = C*XPR (1)
GO TO 2000
6% L = IGAT(K)
Cc
c DEYERMINE WHAT INTERVAL X GIVEN IS IN
C
JF(IL.LTe) o4CRe TLOTL2) GO TC 68
GO YO (T0e 71y T72%, IL
68 WRITE(6,4000)
«OOPr FORMAT(? IN VALTID INDEX FOR COMPUTED GO TO ')
STOP
C
C X GIVEN IN FIRST INTERVaAL
< ONLY FIRST THREE POINTS WILL BF USED FOR CURVE FIT
(o
71 1S = 3
1PN = 1]
TIN = L
Ms 2
IRX = O
80 N = 1IN + IRX
1P = IPN ¢ IRX
C
C CALCULATE THF SLOPE OF STRAIGHY LINE
c ‘ s~
SIM) = (ZPRIIN ¢ 1) = ZPRUINIIZIXPRIIP ¢ 1) = XPR(IP}} 'Zg
1, = 1} X
0 TO 10%0 é;‘g
C il
c A GIVEN IN LAST INTERVAL 2
C ONLY THREE POINTS WILL RE USED ;3%
C ¥
g
72 1PN = ) ~ 5

DATF 76.,009/08,%6.13

NDT01960
NDTO01670
NDTO01980
NDT 01990
NDT02000
NDTO2010
NDT02020
NDT02030
NDT02040
NDTO02080
NDT02060
NDY02070
NDTO02080
NDT02090
NOT02100
NDTO02110
NDTO02120
NDT02130..
NDT 02140
NDT02150
NOT02160 .
NDTO02170
NDTO02180
.... NOT02190

b - p—— .

B ]

S S a——

NDT02200
NOTO2210
NDT02220
NOT02230
NDTO02240
NOTO2250

P SRR PR

NDY02260
NOT02270
NOTO02280
NDT02290
NOTO02300

NDTOQ2310 .

NDTO02320
NDT02330
NDTO02340
NDT02350



ISN
ISN
ISN
TSN

ISN

ISN
ISN
ISN
1SN

1SN

ISN

ISN
. 1SN
ISN
1SN
ISN
ISN
1SN
-ISN
ISN
ISN
ISN

ISN
1SN

1SN

0111
o112
o113
0114
0118

n11eé
0117
o118
0119

0120

0121
0122

0128%
0124
0127
ol2e
0129
0130
0131
0132
0133

0134
0138
0136

( JAN 75 )

oo

g Xalal

0124. .

c
C
C

70

1IN = L
18 = 2

M = 3
IRY = )
GO0 TO RO

NDTL AR

C$/3¢0 EQORTRAN H FXTENDED

X GIVEN IN MIDD..F INTERVAL

FOUR POINTS WILL RE USEN FCR CURVE

1S = 2
1PN = §
TIN = |
.6 2

CALCUL ATE SLOPF

FI17

USING PARABOLIC FIY

NDT02360
NDT02370
NDT02380
NDT022390
NDT 02400
NDT02410
NDT02420
NDTO02430
NDT02440
NDT0245%0
NDT02460
NDY02470
NDT02480
NDT02490

NDT02500 .

NDTO02%10

1050 AP = ((ZPR(TIN) = ZPR(TIN + 1))®{(XPRUIPN) =~ XPR{IIN ¢ 2)) = (ZPR NODYV02520

1082
%001

92

bob

211IN) = ZPR(TIN ¢ 2))%(XPR{IPN) =XPRUIPNe1)))/({{ (. PR{IPN))®e2 = (XNDT02830..

APR(IPN+1))#82)(XPR(IPN) = XPR(IPN ¢ 2)) = ({XPR(IPN))e#2 - (XPR{INDTVO02540
4PN ¢ 2))%82) % (XPR{IPN) = XPRIIPN ¢ 1)))

S(IS) = 2,%AP*XPR(IPN + 1)) «+
222 ~ XPR(IPN ¢ 1)10#2)%AP)/(XPR(IPN) = XPR(IPN + 1))
oORe T1GeGTo3)

IF (1G.L

T.1

G0 TO 10%2

GO YO (90, 92,92}, 16

WRITE( &6,
FORMAT(?®
sTopP

1S = 3
1PN = 2
IIN = L
16 = 1
P = 2

&0N1)

+ 1

G0 70 1050

INVALIOD

INDEX FOR 16 ‘)

CALCULATF COFFFICIENTS

LIPN =

A = ={2,2(2PR{LIPN) = ZPR(LIPN = 1))
2+ 1)= XPR(IP )))/(XPR(1P
R = (((ZPRILIPN)

+ 1P

4+ 1) =~ XPR(IP ) )we)}
= IPR(LIPH = 1))

.MDY02480

= (S(:) ¢ S(2))*(XPR(IP

NDT025%0

(ZPRUTIN) = ZPR(CIIN ¢ 1) = (XPR{IPN)®NDT02560.

NDT(02570
NDT02580

.. .NDT025920

DATE 76.009/08.%6.13

G i . Y. M w—— -

NDT02600
NDTO02610

NDT02620 ...

NDT 02630
NDTO02640

NDT02660
NDY02670

NDTO02680_ .  __

NDT 02690
NDT02700

NDT02720
NDT02730
NOTO02740

/ (XPR(IP + 1) = XPR(IP ))INDTO2750

NOTQ2U8. .. .



JSN
1SN

1SN
ISN
ISN

ISN
ISN
1SN

ISN
- ISN
ISN
1SN

ISN
ISN
ISN
1SN
1SN
ISN
1SN
1SN

1SN
1SN

0137
0138

0139
0140
0141

0142
0143
0144

0145
0146
N147
0148

0149
0150
0151
0182
0153
0184
0155
0136

n1sy
0158

A TS )

e NaNal

OO

[aXaRal

300
318

320
31

410
400

301

sne

NOTLAF CSsr36(

2) = S(2)= (XPR(IP
M/IXPRITP  + 1) = XPR(1P ))

¢ 1) ¢ 2,%xXPR{IP )IRIXPR(]IP

FORTRAN H FXTENDED

C =2 S(2) = 2,8XPR{TIP )#F = 3, 8XPR(]IP )n#2%p

D = IPR(LIPN =~ 1)

CALCULATE 2

- XPR(IP }%(C ¢ XPR(IP )*(B + XPR(IP )%A))

TPRIL) = O +XXC(K)®(C +XXO(K)*(P +XXG(K)®*A))

K = K + 1}
LLCTRIK) = LLCTRIK) + 1

TESY Z COUNTEP WITH NUMEEP CF POINTS REQUIRED FOR CURVE FIT

TF{LLCTRIK) = JCF(X))} 300, 301,
1F(K = 2 210, 310, 315
KK = K = 1

RE-INITIALIZE PREVIOUS COUNTERS

PO 320 1 = 2,4 KK
LLCTR(I) = ©

Lt = 6

LP = 1

3n

FIND NEXT 2 TO PE USED FROM ARRAY

DO 400 1 = 2, NIV

s 1 -1

00 410 4 =1, W

LP = LPENXIJ)

LL = LL ¢ LLCTR{T )P

te = 1

GO YO 50

TF(X = NIV) 500, 500, 600

FIND SUBSCRIPT NF NEXT ZPR ELEMENT

L =L = JCRIK) ¢+ 1
GO TO &5

DATE 76.009/708.56413
.19

o -

- XPR{IP }I®ANDTO2760

NDT02770
NDT02780

NDT02790

NDT02800

NDTO02810 ... _ .._
NDT02820
NDY02830
NDT02840
NDT02850
NDT 02860
NDT02870
NDT02880
NDT 02890
NDTO2900 . . .
NDT02910

NDT02920
NDT02930 . . .o
NDTO02940

NDT02950

NDT02960 . ...
NDT02070 -
NDT02980
NDTO2990
NDT03000

NDT03010

NDT03020 . .. ...
NDT03030

NDT03040
NDTO3QSO ..
NDT03060 .
NDT03070
NDT03080
NDT 03000
NDT03100
NOTO3110. . _
NDT03120
NDT03130
NDT03140 .
NDT03150




§ ( JAN 75 ) NDTLAF 087360 FCRTRAN H EXTENDED DATE 76.009/708,56.13

B emseeaBe e GRS — e e

¢ EINAL 2 VALUF NDTO03160
C NDY03170
ISN 0150 600 RES = 2PR (1) NDT02180
ISN C160 RETURN NDT03190
ISN C1s1 %000 WRITE (6, 111) JFRR NDT03200 .
ISN 0162 111 FORMAT(30M]1 ERROR OCCURRED AT STATEMENT 12) . NDTO3210 ... .
ISN 0163 SYOP NDTO03220
1SN 0164 FND NDT03230
o %g e ermm—
S& B
-
F
- BE. - —
5 g
& e
. B . S 4 -
o ',. -
R
— e - o -—-uw——--—-«-o—ah—-‘-——im
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