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FOREWORD

This report documents the work accomplished during USAF Contract No.
F33615-77-C-3085. The work consisted of developing an interactive PIPSI
computer program, developing an interactive derivative computer program,
and developing and documenting supporting data libraries. The work was
accomplished in three phases, As part of the work accomplished in Phase
1 of the contract, the interactive PIPSI program was completed and
delivered to the Air Force. As part of Phase Il work, derivative param-
eters were selected and development work was completed on the derivative
program. During Phase III 2 library of inlet and nozzle/aftbody charac-
teristics was prepared, test cases were completed, documentation was
accomplished, and final programs were delivered to the Air Force. The
program was cenducted under the direction of the Vehicle Synthesis
Branch, Air Force Flight Dynamics Laboratory, Air Force Systems Command.
Mr. Gordon Tamplin was the Air Force Program Monitor,

The program was initiated on 17 July 1977 and draft copies of the final
reports were submitted for approval on 15 May 1978.

Mr. W. H. Ball was Program Manager for The Boeing Company. The following
individuals contributed significantly to the work accomplished during
this contract: R. A. Atkins, Jr., computer programming; T. E. Hickcox,
inlet derivative procedure development; E. J. Kowalski, inlet configura-
tions and performance; and J. E. Petit and R, M. Trayler, nozzle/aftbody
procedure and configurations.
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SECTION I
INTRODUCTION

The purpose of .the derivative procedure is to provide a first-order
analytical method to determine the effects on inlet and nozzle perfor-
mance of configuration differences from the nearest configuration repre-
sented in the library of stored maps (which are built-up for specific
configurations). The derivative process is 11lustrated in Figure 1,

The derivative procedure utilizes analytical and experimental data in
determining changes in the stored performance maps that result From
geometric changes in the inlet and nozzle/aftbody configurations. The
analytical procedures and experimental data have been used to develop an
interactive computer program that allows the user to interactively
account for changes to the configurations in the library. The program
then generates new input data maps in the PIPSI format that represent the
performance characteristics of the perturbed configuration. An overlay
structure was used to construct the program as shown in Figure 2.
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SECTION II
'DERIVATIVE PARAMETERS

The first step in the development of the derivative procedure was the
selection of the derivative parameters. The derivative parameters are
those paramaters that will be perturbed to produce a new set of perfor-
mance characteristics from an existing (or “baseline") set of maps.

The criteria used to selact the derivative parameters were:

1)

2)

Variations in the parameter must have a significant effect on
the content of the maps used to describe inlet or nozzle/aftbody
performance. The derivative procedure will be used as part of
an overall preliminary analysis procedure for calculating first-
order propulsion system installation effects. It should not be
used for detailed design studies because the methodology em-
ployed in developing the input data for the inlet and nozzle
maps, of necessity, requires using a variety of engineering
analyses, test data and assumptions based on experience and
Judgment. The methods employed are believed to be reasonable;
however, the procedure may not be sensitive to the effects of
small variations in some design variables. The user should
ascertain whether or not the procedure will properly evaluate
the desired parameter before using the procedure. The deriva-
tive parameters selected for the present procedure are those
which have been clearly identified by test or analysis as having
“first-order® effects on installed performance.

To the maximum extent possible, an attempt was made to define
the derivative parameters in terms of geometric variables that
can be easily related to the airplane configuration. This was
done to help in evaluating the effects of configuration changes
on installed performance.
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3) Derivative parameters had to represent trends that were strong
enough to be clearly evident in spite of the scatter in test
data obtained from typical inlet and nozzle tests.

.i ; Table I presents a 1ist of the derivative parameters that -have been
3 selected for use in the derivative procedures. The definition of each of
these parameters is included. Tables II and III present the derivutive

parameters and the performance map variables that they affect, either
directly or indirectly.
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DERIVATIVE

1) Aspect Ratio
(AR)

; 2) Sideplate Cutback
(SPC)

3) First Ramp or Cone
Angle

TABLE I

PARAMETERS ANO THEIR DEFINITIONS

- Applicable to two-dimensional inlets only

- "Defined as inlet width divided by inlet 1ip
height (relative to tip position),.

- Applicable to two-dimensional inlets only

- Defined as the percent of a full sideplate
area that 1s removed to define a partial
sideplate.

The upper edge of a full sideplate extends
from the ramp tip to the cowl lip.

- Applicable to two-dimensional and
axisymetric inlets

- Defined as surface ramp angle, in degrees,
relative to horizontal reference line for
two-dimensional inlets

Defined as cone surface angle, in degrees,
relative to inlet centerline for axisym-
metric inlets (cone half-angle)




4)

5)

6)

7)

8)

9)

Desigw: Mach Number
(M° Design)

Cowl Lip Bluntness

Takeoff Door Area

External Cowl Angle

Exit Nozzle Type

for Bleed

Exit Nozzle Angle
for Bleed

TABLE I (Continued)

Appliicable to all inlets

Defined as the maximum Mach number at which
the inlet is designed to oparate

Applicable to all inlets

Defined as the inlet 1ip surface radius
divided by the 11p height.

Applicable to all inlets

Defined as the total door throat area for
the takeoff auxiliary air system divided by
the inlet capture area

Applicable to all inlets

Defined as external cowl surface angle, in
degrees, relative to inlet horizontal

reference line

Applicable to two-dimensional and
axisymmetric inlets

Defines whether bleed exit nozzle is
convergent or convergent-divergent

Applicable to two-dimensional and
axisymmetric inlets

Defined as bleed exit nozzle angle, in
degrees, relative to iniet hor{zontal
reference line

e e —— - — o —— e +
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10) Exit Flap Aspect
Ratio for Bleed
(AR)

11) Exit Flap Area
for Bleed

(A /Ag)

12) Exit Nozzle Type
for Bypass

13) Exit Nozzle Angle
for Bypass

14) Exit Flap Aspect
Ratio for Bypass
(ARg)

15) Exit Flap Area
for Bypass

(Ae/A)

16) Subsonic Diffuser
Area Ratio

(Ap/Ay)

TABLE I (Conttnued)

Applicable to two-dimensional and
axisymmetric inlets '

Defined as flap width divided by flap length

Applicable to two-dimensional and
axisymmetric inlets '

Defined as flap area divided by inlet
capture srea

Appiicable to all inlets

defines whether bypass exit nozzle is
convergent or convergent-divergent

App1icab1é to all inlets

Defined as bypass exit nozzle angle, in
degrees, relative to inlet horizontal
reference line

Applicable to all inlets

Defined as flap width divided by flap length

Applicable to all inlets

Defired as flap area divided by inlet
capture area

Applicable to all inlets

Defined as exit area (compressor face)
divided by entrance area (throat)




TABLE I (Continued)

17) Subsonic Diffuser -
Total Wall Angle

18) Subsonic Diffuser -
Loss Coefficient

(€) -

19) Throat to Capture -
Area Ratio

20) Nozzle/Aftbody Area -

Distribution

21) Radial Tail Orien- -
tation Position

Applicable to all inlets

Defined as the total equivalent wall
divergence angle, from entrance to exit

Applicable to all inlets

Defined by the equation

1
”T;"’T, = 10-€ 1~ 0 OJM-:) -

Applicable to Pitot inlets only

Defined as the fixed throat area divided by
the inlet capture area '

Note: 1If this parameter is altered and the
subsonic diffuser area ratio is not, the
compressor face area is scaled with throat
area at a fixed capture (1ip) area.

Applicable to all nozzle/aftbodies. Defined
by the cross-sectional area distribution as
a function of station from Mo {ref. area)
to A9 (nozzle exit area). Characterized

by the parameter IMS . ' "

Applicable to all nozzle/afthodies with
tails, Defined by the angular orientation
of the tail mounting location relative to
the vertical position, '

- < b e




TABLE I Concluded)

22) Fore-and-aft Tail Applicable to all nozzle/aftbodies with
Location tails, Defined by the location of the aft
point'of the tail/aftbody junction relative
to the aftbody length (XA10 - XAQ)'

23) Base Area -~ Applicable to all nozzle/aftbodies with base
area, Defined by the ratic of the base
area, ABASE't° the aftbody reference area,

AIO'

24) Plug Half Angle - Applicable to round plug nozzles. Defined
as the half-angle of the plug centerbody
measured relative to the plug axial
centerline.

25) Ramp Half Angle - Applicable to two-dimensional wedge
nozzles. Defined by the wedge half-angle
relative to the wedge centerline.

26) Aspect Ratio - Applicable to two-dimensional nozzles, both
(HB/HQ) C-D and wedge types. Defined by the ratio
of nozzle width to height at the nozzle exit
station,

27) Divergence Half.

Applicable to convergent-divergent round and

Angle 2-D nozzles. Defined as the angle of the
(’DIV) diverging section nozzle wall relative to
the axial centerline of the nozzle.




TABLE II INLET DERIVATIVE PROCEDURE CROSS-REPERENCE '
(DIRECT AND INDIRECT EFPECTS)
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SECTION III
ENGINEERING DESCRIPTION OF DERIVATIVE PROCEDURE

3.1 INLET DERIVATIVE PROCEDURE

The purpose of the inlet derivative procedure is to analytically modify a
baseline inlet configuration and define the resulting performance charac-
teristics in a format that can be used as direct input to the PIPSI
program. Baseline inlet geometry and performance characteristics will
be represented by elements of a set of inlet geometries and performance
characteristics contained in the library of map files. The inlet geomet-
ric characteristics represented by the inlet configurations contained in
the basic 1ibrary of inlet maps are shown in Table IV. The derivative
procedure provides a first-order prediction of the new inlet performance
based on the baseline map file and changes in derivative parameters from
those of the baseline inlet.

This procedure is hased on two key assumptions:
(1) Generally applicable functions exist whicp relate changes in
inlet performance characteristics to changes in inlet design
parameters; and

(2) The derivative procedure will not alter the sophistication,
technology, design philosophy, or mission related design trades
that are represented by the baseline inlet. As a result, the
inlet level of technology, type of application, complexity and
design philosophy are removed as variables in the derivative
procedure, It is important to note that as a result of this
approach, a new inlet with given design variables will not have
completely unique performance characteristics if it is generated
by perturbations from different baseline map files. Each result
will reflect the design of the chosen baseline inlet.
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Simplified flow charts are included that provide a basic outline of the
procedure and each of its steps. The seven basic steps in the procedure
(Figure 3) are ordered in a manner which provides a sequential definition
of the new performance maps without the requirement of iteration between
later and early steps. A summary of these steps is as follows:

STEP 1

The effect of geometry modification on inlet capture is determined for
two-dimensional inlets from {he Petersen-Tamplin analysis using a single
ramp inlet approximation. For axisymmetric inlets the effects of inlet
modification are determined from a single cone analysis. The effect of
design Mach number for both these inlet types alters the Mach 1.0 inlet
captured mass flow ratio, Ao /Ac, and provides a correction over

the supersonic and subsonic ﬁach number range. For supersonic pitot type
inlets, the effect of a change in design Mach number on inlet captured
mass flow ratio 1s calculated using the assumption of fixed throat to lip
area ratio.

STEP 2

Changes in bleed mass flow caused by design modifications are calculated
by accounting for the effects of altered geometry on surface wetted-area
ratio and changes in inlet pressure gradient.

STEP 3
“Engine-plus-bypass” supply mass flow ratio, Ao/Ac' is determined
simply by reducing the inlet captured mass Flow ratio, Ao /Ac, by
the required bleed mass flow ratio, A /An. 1

e ©

STEP 4

Changes in inlet recovery due to geumetry modifications are determined
from changes in shock losses and subsonic diffuser recovery. The effect
of design Mach number change on recovery is determined from the use of
the loss coefficient, %':.}/% » at equivalent Mach numbers.
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Step 1 Calculate effect of geometry modification and design
mach number on inlet mess flow ratio, AOIMC'

Step 2 Calculate effect on boundary layer bleed mass flow
natio, AQBLC/AC. due to geometry modifications and
f changes in pressure gradients.

; Step 3 Calculate new inlet supply, Ag/Ac. from new AOI/AC '

and AOB w/ AC.

Step 4 Calculate effect on inlet recovery due to geometry
modifications, design mach number. and subsonic diffuser
efficiency.

Step § Ciaiculate effect on spillage drag. CDSP!LL' of geometric

modifications and design mach number.

Step 6 Calculate effect on bleed drag, CDBLC' of geometric
modifications and changes in design mach number.

Step 7 Calculate effect on bypass drag. Cpy . of geometric
modifications and changes in designBY? mach number.

Figure 3. Inlet Derivative Procedure Flow Chart




STEP 5

The changes in spillage drag due to design modifications are calculated

in a manner similar to the inlet capture mass flow ratio by determining
the design change effect for a single ramp or single cone inlet,

STEPS 6 and 7

Changes in bleed and bypass drag due to design modifications are deter-
mined by recalculation of the bleed and bypass system drag.

Any step in this process may depend on a previous step, but does not
depend on any following step, thereby allowing a non-iterative procedure,

Table V summarizes some of the main sources of data and metﬁods usad in
the iniet derivative procedure.

3.2 NOZZLE/AFTBODY DERIVATIVE PROCEDURE

A nozzle/aftbody drag calculation procedure has been formulated which
performs two functions:

(1)

It calculates nozzle/aftbody drag as a function of aft-end
closure effects (area distribution will be used as input to
reflect the effects of aspect ratio, boattail shape, and twin

nozzle spacing), tail position (radial orientation and axial
location), and base area.

(2)

Revised nozzle/aftbody drag maps are generated which incorporate
the effects of perturbations in nozzle/aftbody geometry on

drag. Flow charts showing the major steps in the nozzle/aftbody
calculation procedure are presented in Section VI.

The drag calculation procedure begins with an input cross-sectional area
distribution for the aftbody from which the IMST parameter is calcu-
lated for this area distribution. The IMST value 1s used as input



TABLE ¥ INLET DERIVATIVE PROCEDURE DATA 5S0URCES

PARAMETER

SOURCE OF DATA

EXAMPLE

ASPECT RATIO
(FOR 2-D INLETS)

ANALYTICAL CALCULATION USING
METHODS OF AFAPL-TR-66-30

CHANGES IN ASPECT RATIO AFFECT:
1. AREA
*’n c/A\c (WETTED AREA)

4. ADDITIVE DRAG

SIDEPLATE
CUTBACK
(FOR 2D INLETS)

ANALYTICAL CALCULATION USING
METHODS OF AFAPL-TR-56-30

(SAME AS ABOVE)

-| FIRST HAMP ANGLE
(2-D INLETS)

FIRST CONE ANGLE

(AXISYMMETRIC
INLETS)

ANALYTICAL CALCULATION USING
METHODS OF AFAPL.-TR-66-30

ANALYTICAL CALCULATION USING
AN AXISYMMETRIC CALCULATION
PROCEDURE SIMILAR TO 2-D
PROCEDURE ABOVE.

AFFECTS: 1. A

/
A
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TABLE ¥V  INLET DERIVATIVE PROCTDURE DAYA SOURCES (cent.)

PARNETER SOURCE CF DATA EXAMPLE ,
4. DESIGN MACK MACH NUMBER EQUTVALENCE :
1 meeEr RELATIONSHIPS, o

) X
Aoy, c/A; CHANGES BECAUSE "1y —\}(Aw " E

PRESSURE GRADIENT CHAkES. | Py,
Pra/Py, CHAMGES BECAUSE
TIP SHOCK LOSS CHANGES "

AT Mus.
GEOMETRIC CHANGES FIRST
N MACH NUMBER EF
‘OIIAC CHANGES NBECAUSE SONIC TTE WHBER EFFECTS

MASS FLOW CAPABILITY GOES | A e
DOWN AS M, INCREASES. = ._‘_,//
"

NAX OBTAINABLE THROAT b

AREA RATIO, Ar/A., TYPICALLY
IS SMALLER AS Mg INCREASES.

JCM LIP BLUNTNESY LOW-SPEED PROCEDURE DOCUMENTED
IR AFFOL-TR-72-147.




TABLE V. INLET DERIVATIVE PROCEDURE DATA SOURCES (cont,)

PARAMETER SOURCE OF DATA EXANPLE
- TAKEQFF DOOR AREA| LOW-SPEED PROCEDURE DOCUMENTED T S ]
B | -
IN AFFDL-TR-72-147 , \\}{
PTZ < l . [ad l\ i
—_— }- e Y
Py g\
RabEIR .
e e
wvor
37,‘7
EXTERNAL COWL CORRELATION DEVELOPED FROM
ANGLE EXPERIMENTAL DATA
THAT RELATE EXTERNAL COWL
ANGLE TO K -
ADD
Kabo

-

EXIT NOZZLE TYPE
(FOR BLEED)

NOZZLE CAN BE EITHER CONVERGENT dR
CONVERGENT/DIVERGENT
USED IN MOMENTUM DRAG CALCULATIO*

ANALYTICAL METHODS DOCUMENTED
IN AFFDL-TR-72-147 AND

PITAP BLEED RECOVERY

[EXIT NOZZLE ANGLE

FOR BLEED

USER CAN SELECT NOZZLE EXIT ANGLE
FOR MGMENTUM DRAG CALCULATION

ANALYTICAL METHODS DOCUMENTED IN
AFFDL-TR-72-147

e e

b e e -ty — - a—— e o

W, v
D/(-A
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TABLE V INLET DERIVATIVE PRCCEDURE DATA SOURCES (cont.)

] | PARAMETER 1 SOURCE OF GATA EXAMPLE
" 10 i’;" FL'Q;’R RSPECT ': .- ASPECT RATIO IS A Uu/? 1w et
-. 710 FOR BLEED iy ;+ seD T0 CALCULATE FLAP (6. 10
. FLA¥ LRAG I5 CALCULATED
) BY METHODS DOCUMENTED IN
: AFFDL-TR-72-147
i
Y exIT FLAP AREA | FLAP AREA IS A USER INPUT AND
FOR BLEED IT IS USED TO CALCULATE FLAP DRAG.
| FLAP DRAG CALCULATION METHODS | Cj = cpéfi’_(“" 8¢)
;. ARE DOCUMENTED IN Ac)
E AFFDL-TR-72-147 i
| i
| 2
‘ 12{EXIT NOZZLE TYPE |NOZZLE TYPE CAN BE EITHER |
: FOR BYPASS CONVERGENT OR C-D. USED IN
E MOMENTUM DRAG CALCULATION.
E ANALYTICAL METHODS DOCUMENTED IN ‘
| AFFDL-TR-72-147 |
\
E: PTE/PTO
:i-; 13. ;;
EXIT NOZZLE ANGLE|USER CAM SELECT NOZZLE EXIT B TMROAT
FOR BYPASS ANGLE USED IH MOMENTUM DRAG z .
! CALCULATIOR S X CONY.
| ' Go2
ANALYTICAL METHODS DOCUMENTED IN
AFFDL-TR-72-147 Mo




TABLE ¥

INLET DERIVATIVE FROLZDURE DATA SOURCES (cont.)

PARAMETER

SOURCE JF DATA

EXAMPLE

Y44 EXIT FLAP ASPECT
RATIO FOR BYPASS

FLAP ASPECT RATID IS A USER
INPUT USED TO CALCULATE

FLAP DRAG. FLAP DRAG

IS CALCULATED BY METHODS
DOCUMENTED IN AFFDL-TR-72-147.

FOR BYPASS

15.| EXIT FLAP AREA Fm FLAP AREA IS INPUT BY USER.

AREA 1S USED IN FLAP DRAG
CALCULATION. CALCULATION

METHODS ARE DOCUMENTED IN
AFFDL-TR-72-147,

16.| SUBSONIC DIFFUSER
AREA RATIO

SUBSONIC DIFFUSER DATA
CORRELATIONS RELATING
DIFFUSER TOTAL PRESSURE RECOVERY
T0 DIFFUSER AREA RATIO.

DATA SOURCES: NWCTP55S5,
AFFDL-TR-69-21, RM LSGFO5.

P, Pr,

17 {SUBSONIC DIFFUSER
TOTAL WALL ANGLE

SUBSONIC DIFFUSER DATA
CORRELATIONS RELATIWG

DIFFUSER TOTAL PRESSURE RECOVER
TO DIFFUSER TOTAL WALL ANGLE.
DATA SQURCES: NWCTP5555
AFFDL-TR-69-21,

RM L56F05.

r—ﬁ.
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TABLE v INLET UERIVATIVE PROCEDURE DATA SOURCES (conctuded)

PARAMETER

SOURCE OF DATA

EXAMPLE

SUBSONIC DIFFUSER
LOSS COEFFICIENT

DIFFUSER LOSS COEFFICIENT IS AN
OPTIONAL INPUT BY THE USER.

DIFFUSER RECOVERY IS THEN CALC
BY AN EQUATION RELATING €, M,,

P [Py =
T

1
1-€(1- z;—:szazzsgjs)

Ay/A; (FOR PITOT
INLETS ONLY)

INPUT A‘-IAC IF DIFFERENT FROM
LIBRARY VALUE USER MUST
CONSIDER EFFECT OF AREA RATIO
ON INLEY CAPTURE, SINCE THE
INLET THROAT MACH NUMBER

1§ HELD CONSTANT
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to data correlations which provide nozzle/aftbody drag as a function of
IMST. Mach number, and exhaust nozzle exit static pressure ratio. Data
correlations based on IMST parameters are available for certain classes
of installations, namely:

(1) Single, isolated axisymmetric configurations
(2) Twin axisymmetric configurations

(3) Siigle 2-D wedge nozzle configurations

(4) Twin 2-D wedge nozzle configurations

The data correlations listed above are used to predict drag of similar
configurations within the 1imitations of the data correlations. Input
requirements must be fairly detailed because an accurate cross-~sectional
area distribution must be available as input to compute the IMST param-
eter,

After .obtairing the basic nozzle/afthody drag from the IMST correla-
tions, drag corrections are added to account for the radial orientation
of tails, longitudinal location of tails, and base drag. The total drag
is then calculated as the sum of the individual drag contributions. The
drag calculation process is repeated for both the old (baseline) config-
uration and the new (perturbed) configuration. The incremental drag

difference is then added to the old (baseline) drag map to produce a new

drag map for the new (perturbed) configuration.

3.3 NOZZLE GROSS THRUST COEFFICIENT DFRIVATIVE PROCEDURE

Using the calculation procedure built into this program, incremental
changes in nozzle geometric variables are made by the user and the re-
sulting changes in cF are calculated. The program then adds the
incremental changes 1ﬁ nozzle CF to the old (baseline) CF map

to obtatn the cFG map for the nea configuration. 6
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The calculation methods used to determine the effects on nozzle gross
thrust coefficient (cF ) of changes in nozzle geometric variables
depend greatly on the ﬁype of nozzle being used. Separate calculation

flow paths were constructed to handle each of the following nozzle types:

(1) Axisymmetric Convergent-Divergent

(2) Axisymmetric Plug

(3) Two-Dimensional Convergent-Diveraent

(4) Two-Dimensional Plug (Wedge)

The derivative parameters for each nozzle type are:

NOZZILE
TYPE

AX1 C-D
AXI PLUG

2-D C-D

2-D WEDGE

DERIVATIVE
PARAMETERS
ep1v DIVERGENCE
HALF-ANGLE
op PLUG HALF-ANGLE
Wg/Hg  ASPECT RATIO
opIV DIVERGENCE
HALF-ANGLE
Wo/Hg  ASPECT RATIO
LY RAMP (WEDGE)
HALF-ANGLE

The user of the derivative procedure has the options available to calcu-
late the effect on the input Ce_map of any of the derivative param-
eters shown in the right hand cs1umn above. The methods and data used
to calculate the effects of variations in each of the derivative parzme-
ters are described in the sections which follow.
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3.3.1 Effect of Divergence Half-Angle on CF for a Round C-D
Nozzle G

1

~

The input map format for round C-D nozzles used by the PIPSI program is
i1lustrated in Figure 34, This map provides CF as a function of
nozzle pressure ratio, st/Po’ for various nozzqg.expansion ratios
Ag/Ae- To provide a method whereby the effect of oDIV could be
related to area ratio, a typical round C-D nozzle ODIV variation as 2
function of A9/A8 was adopted for programming into the procedure,

With a knowledge of A9/A8 and p1y it is possible to determine the
angularity loss, using the experimental angularity loss coefficient data
shown in Volume 1.

)"

3.3.2 Effect of Plug Half-Angle on CF for a Round Plug Nozzle
G

The input map format for an axisymmetric plug nozzle provides nozzle
gross thrust coefficient, CF , as a function of nozzle pressure
ratio PTB/Po for various areg ratios, A9/A8. To obtain the
relationship of Ag/A8 and plug half angle, a two-dimensional table
look-up set of data was prepared that represents the geometric relation-
ships between 1ip angle, «,plug half angle, bps and area ratio,

A9/A8, for a typical plug nozzle configuration. These data were
programmed into the code to provide data necessary to calculate the
param:ter (e - OP) used in the data correlation that provides the plug
nozzle performance loss. This correlation, documented in Volume I, is
based on experimental data.

3.3.3 Effect of Aspect Ratio and Divergence Half-Angle on CF for
a Two-Dimensional Convergent-Divergent Nozzle G

The methods used in developing the computer code for the 2-D C-D nozzle
internal performance calculations are based primarily on the experimental
data gathered during the AFAPL Installed Turbine Engine Survivability
Criteria contract. These tests provided data on a variety of 2-D nozzles
of various aspect ratios and divergence angles.
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The input map formet for the 2-D C-D nozzle provides nozzle CF as a
function of pressure ratio and nozzle jet area. Two jet area §chedu1es
are provided, minimum jet arez and maximum jet area, corresponding to the
experimental configurations tested. An optimum schedule of area ratio is
used for each of the jet area settings. The area ratio schedule is
truncated at a maximum area ratio of 1.60, corresponding to the maximum
area ratio used in the tests. A divergence angle schedule was also
obtained from the test configurations. With the geometric relationships
provided by the previous A9/A8 and Op1v schedules, the necessary
input parameters are available to obtain CF as a function
of AglA8 and 61y from a correlation of exp@r?ﬁéﬁtai data, The
F values for old and new configurations provide the data
neﬁdgﬁAgo obtain the ACF resulting from the geometric change in

’DIV' The data plots are Eresented in Volume I.

The experimental data were also used to obtain the effect of nozzle
aspect ratio. These data, presented in Volume I, provide a correction
factor, CI-G/CFG as a function of Log/ for minimum

R=1 and maximum jet area settings.

3.3.4 Effect of Aspect Ratio and Wedge Half-Angle on CF of a 2-D
Wedge Nozzle G

‘fhe format for 2-D wedge nozzle PIPSI input data maps provides CF

as a function of nozzle pressure ratio, PTB/Po' for two nozzle arga

ratio schedules, one for non-afterburning operation and one for maximum
afterburning operation. These schedules assume that variable area nozzle
gaometry is available such that the nozzle area ratio can be scheduled to
operate at the optimum value until the geometric 1imits of nozzle travel
are reached.

Experimental data were used to provide the correction factors for 2-D
wedge 0zzle aspect ratio and wedge angle. Tne data used in the computer
program were prepared as correction factors relative to the baseline
values of a wedge angle, 9,, of 20° and an aspect ratio, & , of

1.0. The resulting correction factors are presented in Volume I.

29
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; Flow charts are presented in Section VI which show the calculation pro-
cedure used to calculate the new nozzle CFGmaps. '
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SECTION IV
PROGRAM INPUT AND EXECUTION

The derivative procedure program (DERIVP) is an overlay program written
in Extended Fortran IV (FTN) for the ASD CDC NOS/BE computer system. The

program s run exclusively in an interactive mode in under 60K octal
words of memory.

The inputs to the program consist of maps and derivative parameters on
disk files which are attached prior to program execution. User inputs to

modify particular derivative parameters are made through interactive
fuput.

The output of the program consists of printed results and a PIPSI input
file. The user may select the creation of these output via an inter-
active input.

4,1 TABLE FORMATS

‘the values in the tables are stored on disk in a 10F7.0 card format, The
meanings of the quantities placed in a card image differ depending on the
type of table. There are four table types:

a) one-dimensional

b) two-dimensional (symmetric)

¢) two-dimensionai (non-symmetric)
d) three-dimensional

In all the input tables the independent variablus must always be in

increasing order.

3
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4,1.1 One-Dimensional Table Definition
Card 1 Table Definition Card Format '
Cols, !
1-7 Table Name A7
. 8-14 Number of X Values F7.0
!
: Card 2 X Values
; Cols,
! 1"7 xl F7.0
8-14 X2 F7.0 |
; . . ! »
[
? Card 3 Table Values
i a
’ Cols, |
1-7 f(xl) F7.0 E
8-14 f(xz) F7.0
. L] » l’
64-70 f(xlo) F7.0 ;

4.1.2  Two-Dimensional Table Definition (Symetric)

f Card 1 Table definition Card Format !
g Cols.
i 1-7 Table Title A7
Number of X Values F7.0
Number of Y Values F7.0
32
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Cird 2 Y Values

| _ Cols. _
' 1-7 Yy F7.0
f-14 Y2 F7.0
- 64-70 Y10 F7.0 5
3
2 Card 3 X Values
Cols.
, 1-7 X1 F7.0
f 8-14 X F7.0 :
? 64-70 X190 F7.0 ,
. - Lard 4 Table values for Yy» and |
Cols. all X values ;
1-7 f(xl.yl) . F7.0 i
-14
8-1 f(XZ‘yl) F7.0 ’
. . . !
Card 5 Table Values for Y2 and '
; Cols. all X Values
g 1-7 fxy,¥,) F7.0
g8-14 f(xz,Yg) F7.0
9 ] .

f(lo.yz) F7.0
Etc, for additional Y values
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~ 4,1,3  Two-Dimensional Table (Non-Symmetric)

: Card 1 Table Definition Card Format

: Cols.

: 1-7 Table Name A7

; 8-14 Number of Y Values F7.0

E Card 2 Number of X Values for

. Cols. A Particular Y Value

! 1-7 NX (¥y) F7.0
, i 8-14 NX (Y2) F7.0
4 ' 64-70 NX (YIO) F7.0
Card 3 Y Values
: | Cols. |
. ; 1-7 Yy F7.0 i
; , 8-14 Y, F7.0 ,
4 a
5 . . - i
! . . . |
1 » . hd f
3 64-70 YIO F7.9 5
: Card 4 X Values for Y,

Cols.

64-70 Xlo(yl) F7.0




Card § Table Values for (XI'XIO‘YI)
Cols.
1-7 f(Xl.Yl) F7.0
8-14 f(XZ'Yl) F7.0
64-70 f(XIO'Yl) F7.0
Card 6 X Values for Y2
(see Card 4)
Card 7 Table Values for (xl'XIO'YZ)
, (see Card 5)
! 4.1.4 Three-Dimensional Table Definition
: Card 1 Table Definition Card Format
Cols.
1-7 Table Name A7
8-14 NX = number of X values F7.0
15-21 NY = number of Y values F7.0
22~28 NZ = number of Z values F7.0

Card 2?2 X Values




Card 3 Y Values
Cols.

1"7 Yl
8-14 Y2

64-70 Ylo
Card 4 Z Values
Cols,

1.7 Z1
8-14 22

64-70 Z10
Card 5 Table Values for Yl' Zl.
Cols, and all X valuces
1-7 f(X1,Y142¢)

64-70 f(X190¥102;)

Card 6 Table Values for Y2.21
Cols. and all X Values
8-14 f(X9,¥524)

64-70 f(xm.Y?.Z1

Etc. until Y Values have been gone through

36
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Card 5+NX Table Values for Y1,22

Cols. and a1l X Values
8-14 f(xz,Yl.Zz) F7.0
64-70 f(xlo.YI.Zz) F7.0
Etc.

until a1 Y and £ Values have been gone through




. 4.1.% Table Examples

Examples of tables in each of the first 3 formats are shown in Figure 4,
and an example of the three-dimensional table format is shown in Figure 5.
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Table 2E6

.55 .7
1.055 .935
Tables 7. 8.
0. .8489 g5 1.0
0. .04 .08 .12
0. 0. 0. 0.
0. 0, 0. 0.
0. .062 125,198
0. .05 .10 .156
0. .036 075 117
0. .03 062,097
0. .025 052 ,081
0. .02 045  ,074
TABLE2A6 .
7. 6.+ 7. 7.
.55 .70 .85 1.20
7 .8 .9 1.0
-9915 991 ,985 969
.6 o7 .8 .9
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Figurs 4,
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Exasdles of Thres Table Types

.8 1.2 1.6 2.0
.89 .846 .g9 .235
Table Type 1
1.2 1.4 1.7 2.20
.16 .20 .24
0. 0. 0.
0. 0. 0.
.28 .38 .50
217 29 375
Jd62 (22 .29
A35 .1Bs 241
A16 16 .216
A1 JA83 21
Table Type 2
8. 9.
1.60 2.0
1.055 1.075 1.1,
.95 933 .875
.95 N 4
.945 .90
.8% N 905
975 .962 .90
.85 875 902
967 955 .90
-850 875 885 .890
.955 940 925 900
.9 93 938,843 95
935 925 .92 900 .85
Table Type 3
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4.2 DISK FILES

The derivative procedure program utilizes three input disk files and two
output disk files for program data communication. The user governs the

usage of these disk files by responding to prompts when executing the
program, I

4.2.1 Input Disk f11es

Three disk files must be attached prior to program execution. in order to
run all maps necessary for a PIPSI execution. These files are as follows:

TAPE 51 - Inlet maps and Inlet Derivative Parameters
TAPE 52 - Afterbody Drag Map and Derivative Parameters
TAPE 53 ~ Nozzle Thrust Coefficient (C. ) Map and
Derivative Parameters G

Only the disk files needed to run the desired maps need to be attached
before executing the program.

4.2.1.1 Inlet File (TAPE 51)
This disk file consists of four separable sections of input:

1) Inlet Title Card
2) Inlet Derivative Parameters

3) Non-changeable Inlet Parameters
4) Inlet Tables

Figure § shows an example of a typical inlet file

4,2,1.1.1 Inlet Title Card

An 80-character title card must be the first card of the inlet file, It
is read with an A format and is printed as a heading cn the output data.
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4.2.1.1.2

Inlet Derivative Parameters

Thae fnlet derivative parameters provide the basic information describing

the configuration in terms of its important parameters.
used by the derivative program as a starting point from which a new

configuration performance is derived.

Parameter Definition

Aspect Ratio (2D)

Sideplate Cutback (2D)

First Ramp (cone) angle (deg)
Mach Number

Cowl Lip 8luntness

Takeoff Door Area

External Cowl Angle (deg)

Exit Nezzie Type for Bleed

Exit Nozzle Angle for Bleed (deg)
Exit Flap Aspect Ratio for Bleed

Exit Flap Area for Bleed

Exit Noxzzle Type for Lypass

Exit Nozzie Angle for Bypass (deg)

Exit Flap Aspect Ratio for Bypass

Exit Flap Area for Bypass

Subsonic Diffuser Area Ratio

Subsonic Diffuser Total Wall Angle {deg)
Subsonic Diffuser Loss Coefficient
Throat to Capture Area Ratio(PITOT)

These data are

Format

F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0

F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
F7.0
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4.2.1.1,3 Non-changeable Inlet Parameters

The non-changezble parameters provide information about the basic design
ground ruvles of the mappad conviguration.

Card }
Cols.
1.7

8-14
15.21
22-28

Parameter Definition Format
Geometry Type F7.0

0. = axisymmetric inlet
1. = 2"0 ‘“ﬂet
2. = PITOT inlet

Nominal Normal Shock Mach Nunber F7.0
Starting Mach Number F7.0

Nominal Throat Mach Number F7.0

4.2.1.1.4 Inlet Tables

The inlet map file consists of 14 tables. The tables are input in se-
quential order and are listed below., More detail about the use of these
tables can be found in the PIPSI Users Manual, Volume II.

Table 1

A Type 1 tabie of Local Mach Number versus Freestream Mach Number

Vakda | Lgrowd Mol - M1y mipgr

‘
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Table 2A
A Type 3 table of Recovery versus Mass Flow and Local Mach Number

Tab o 3A Rossvery w Mess Flow
| M .-J

e §

'T"T. il T

Alh,

Table 2B
A Type 1 table of Matched Inlet Recovery versus Local Mach Number

Tobls 280 Mowhed intel Respvery

by M.
Ty T

Jable 2C
A Type 1 table of Matched Mass Flow versus Local Mach Number

Table 2C ml’uﬂ‘w

A_JA

s . ——————




i
i , Table 20
?t A Type 1 table of Buzz Limit versus Local Mach Number
: ‘
‘ Toble 0 Suxr-Limit
A A, . '
(Sum ‘.
Ut).
of
“.
Table 2E

A Type 1 table of Distortion Limit versus Local Mach Number

Toble 20  Distartion Limh

! A, |
- T /|/ |

Tabte 3 !

3 A Type 3 table of Spillage Drag versus Inlet Supply ratio and Local Mach
§ number
i

( Tobisd Ophege . !
[ - \

A A

Table 3A !
A Type 1 teble of Reference Spillage Drag versus Local Mach Number

Toble 3A  Aoleronan Unitlege Drey

c’“
Metd

-

|
|
|
|
|
{
i
i
|
|




Table 3B
A Type 1 table of Reference Mass Flow versus Local Mach Number

Tobie 38 Matorenes Mow Plow
| y

ny /A,
inot

Table 4
: A Type 2 table of Boundary Layer Bleed Drag versus Bleed Supply ratio and
Local Mach Number

Table 4 Agundery Layer Bl Dreg

4 M
| Coae s 3
4 AT 3
' Aogc™e i 3
' i
Table & :
A Type 2 table of Bypass Drag versus Bypass Supply ratio and Local Mach
Number Teosie 8 Sypom Dreg (
1
M
c°» -
s
4
. A."m .

, Table 6A 1
A Type 3 table of Bleed Supply ratio versus Ao/Ac and Local Mach Number i
|

Toble 8A Seundery Laver Blaed

Yoge™e

l
1A |

L

ﬂ
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Table 6B
A Type 1 table of Matched Boundary Layer Bleed ratio versus Local Mach

Number
Tobis 98 Momhed Bevndury Layer Blsed
A..Udﬂ\ —
“0
Table 7
. A Type 3 table of Bypass ratio versus Engine Supply ratio and Local Mach
3 Number
.' - Yobia 7 Bypuss Mas Plow
A.'M. M,
Aowcs
Table 8

This is an optional type 1 table of reference recovery tfactor versus free
stream Mach number,
Tabile 8 Retferencs pressurs rmoovery

=

The derivative procedure program does not perform any operations on this

table. It just transfers it along to the TAPEl output file for PIPSI
usage.
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4.2.1.2 Afterbody file (TAPE 52) = o
This disk file consists of five separate sections

(1) Afterbedy Title Card
(2) Afterbody Derivative Parameters
(3) Afterbody Location versus Area Curves
(4) Non-changeable Afterbudy Parameters
(56) Afterbody Drag Table
Figure 7 is an example of a typical afterbody file.

4.2.1.2.1 Afterbody Title Card

An 80-character title card must be the first card of the afterbody file.
It 1s read with an A format and is printed as a heading on the output
data.

4,2.1.2.2 Afterbody Derivative Parameters

The afterbody derivative parameters provide the basic information de-
scribing the configuration in terms of its important parameters. These
data are used by the derivative program as a starting point from which a
new configuration performance is derived.

Card 1 Parameter Definition Format
Cols.

1-7 Nozzle Static Pressure Ratio F7.0
8-14 Tai) Fin Configurations (0., 1. or 2) F7.0
15-21 Tail Fin Angle (deg) F7.0
22-28 Tail Fin Fore-snd-Aft Location Ratio F7.0
29-35 Base Area Ratio F7.0

4,2,1.2.3 Afterbody Location Versus Area Curves

The area curves are used to calculate the IMST parameter which is the.
basic afterbody drag correlation paramater. For each A10/A9 curve 1 the
CD table, there corresponds a nozzle aftbody area versus location
dieﬁribution.

-
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Figure 7. Afterbody File Example
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Number of Curves

Number of Points/Curve

No. Points for Curve 1
No. Points for Curve 2

No. Points for Curve 10

Curve 1 Location Values (1in)

Curve 2 Area Values (Sq. Ft.)

M

Ay

Etc, for the rest of the Area Ratios in CDA Table
B
4.2.1.2.4 Non-changeable Afterbody Parameters
The non-changeable afterbody parameters provide additional basic informa-
tion describing the configuration and its fmportant parameters.
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Card 1 Other Parameters Format

Cols.

1-7 Geometry Type : F7.0
0. axisymmetric
1. 2-D

8-14 Afterbody Type F?7.0

1, = CD Axisymmetric Single Nozzle
2. = CD Axisymmetric Dual Nozzle

3, = CD 2-0 Single Nozzle

A4, = CD 2-D Dual Nozzle

5., = Plug Axisymetric Sinyle Nozzle
6. = Plug Axisymetric Dual Nozzle
7. = Wedge 2-D Single Nozzle

8. » Wedge 2-D Dual Nozzle

4.2.1.2.5 Afterbody Drag Table
The afterbody drag table is a Type 2 table of AFterbody Drag versus
A10/A9 and local Mach Number

e/ 0, -
.\gt
z et

The same table format 1s used for both round and two-dimensional nozzles;
however, the afterbody drag coefficient in the input table for the twe-
dimensional nozzle is defined differently from that for the round nozzle
input. Thase coefficients are defined as follows:




For Round Nozzle:

D

AB
AB "

“ %Mo

For Two-Dimensional Nozzle:

)
Coas - 28
9o 10 = Ag}

The definitions for the two nozzle/aftbody drag coefficients are differ-
ent because the cxperimental data for the two-dimensional nozzle as
obtained were nearly all based on the prodected'aftbody area,

(AIO‘AQ)' rather than the cross-sectional reference area, AlO' as

was the case for the round nozzlc., Therefore, for two-dimensional
nozzles, the input drag coefficient was defined as shown above to make
the most direct use of the available experimental data.

The derivative procedure program processes the calculations of new inlet,
afterbody drag, and nozzle internal performance using separate files of
input data and separate procedures in the computer code. It is possible,
therefore, to run any combination of 1inlet, nozzle/aftbody, and nozzle
configurations during execution of the program, The results of the
program calculations are stored on output TAPEl. The user must then
split off the results into files that are used as input to PIPSI,

4.2.1,3 Nozzle Thrust Coefficient File (TAPE 53)
This disk file consists of four separate sections

(1) Nozzle Title Card
(2) Derivative Parameters
(3) Non-changeable Nozzle Parameters
(4) Nozzle Thrust Coefficient Table
Figure 8 is an example of a typical nozzle thrust coefficient file.
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4,2.1.3.1 Nozzle Title Card
An 80 character title card must be the firct card of the nozzle file. It
is read with an A format and is printad &s a heading on the output data.

4.2.1.3.2 Derivative Parameters

The nozzle/aftbody derivative parameters provide the basic informatien
describing the configuration in terms of its important parameters. These
data are used by the derivative program as a starting point from which a
new configuration performance is derived.

Card 1 Parameter Diefinition ' Format
Cols. _

1-7 Plug Half Angle¢ (deg) F7.0
8-14 Wedge Half Angle (deg) F?7.0
15-21 Aspect Ratio F7.0
22-28 Divergence Half Angle (deg) F7.0

4.2.1.3.3 Non-changeable Nozzle Parameters

The non-changeable parameters provide information describing the config-
uration in terms of-impertant basic parameters that were used to derive
the performance maps. They describe the configuration but are not used
in the interactive sessions.

Card 1 Parameter Detinition Format
Cols.

1-7 Nozzle Type F7.0
1 = Round Convergent-Divergent
2 = 2-D Wedge
3 = Round Plug
4 = 2.D Convergent-Divergent

4,2,1.3.4 Nozzle Thrust Coefficient Table

The format of the table varies depending on whethar the user has selected
a round or 2-dimensional nozzle,




For a 2.dimensional nozzle the table is a Type 2 tzble o nozzle thrust
coefficient versus P, /P_ and PS.
T8 0

[T [ 11

[t BMAX A/B)

e N ]

(INT.)

™,

"‘.’.

For a round nozzle the tabie is a Type 2 table of nozzle thrust coeffi-
cient versus ASIA8 and Pfa/Po.

4.2.2 Qutput Dick Files

The user selects the output options through responses to prosipts wnile
executing the derivative procedure program interactively. There are
three disk files used for output:

TAPE 6 for printed output
TAFE 1 for new PIPSI file

e N

o oy e

_..________._,___
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4.2.2.1 TAPE 6 Output
The output on TAPE 6 is always obtained when the derivative procedure fs

executed. It contains a listing of the old maps and derivative param-
eters and a listing of the resulting new maps and derivative parameters.
If a hard copy of the results is needed, the file can be disposed for
off-1ine printing. An example of this osutput is given in Figure 9.

4,2.2.2 TAPE 1 Output
The TAPE1 (new PIPSI file) is formatted exactly 1ike the input disk file

(either TAPE 51, TAPE 52, or TAPE 53, whichever was used as input; see
Figures 6, 7, and 8). This file is generated only if the user wishes to
run the PIPSI program and perform an execution. If the user uses this

file to run DERIVP, a message will appear at the terminal, indicating to

the user that the input was from a previous derivative procedure execuw
tion an:! the program will abort.

4.3 Interactive Input

In order to execiute the derivative procedure program, the user must
provide interactive inputs via a terminal, Figure 10 shows an example of
typical terminal session,

The terminal prompts and a typical set of user responses are enumerated
as follows:

4.3.1  Map Typ: Code
The user may input either

i} for ivlet map file (TAPE 51)
2) for afterbody drag file (TAPE 52)
3) for nozzle thrust coefficient file (TAPE 53)

The option selected meuns that the user must have previousiy attached
that particular file.
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-

ATS2 INLET Mar

LOCAL MACH NUMBER

TABLEL  NUHBER OF POTINTS = 3 .
K 0,000 «200 2,000
R 0 . >
o |
L i
' RECOVERY- VS WAST™FLOW |
" ~PXETETE— NUNTEW Oy PUTKT S~ 5%
NUNBER GF X POINT] = 7. ' Te Te . 9.

«5%0 « 700 850 1,200 1,600 2,000
N Y . [ . v 53’“1707!""ITIUU’
By °9092 991 « 983 « 969 «9%0 «933 879
+«500 » 700 800 «900 +5%0 « 970
ALY A rh 4. BEASE N4 RREENS L | T 44
«300 +600 «T00. 000 sBY0 « 873 «905
«990 99 ~ 249 «983 978 + %2 «900
T : BERMEERAS- 14t B . 11/ RS 4L SRR 1t NG b1 BT ¥ A NN () 4
.~ »900 979 977 2973 67 o943 +900
ol 300 +600 700 +800 290 <879 + 889 «890
; M) F g MRS £ NSNS ) BN A SENNENS 4 | NEEairY L 1 amaaey A3 a4l - !
. «500 S 00 +T00 000 « 900 «930 933 «943 +930 !
; «958 933 Ll 22N «995% «92% «920 «900 «850

MATCHED INLET RECOVERY

TABLE2ZS NUMBER OF PDINTYS » Q,

s UV a WUU .

0 FOU S ¥00 T 000 {200 T 800 L5000
«900 <950 + 08 972 « 978 «973 «967 e 948 «925

. HATLHED HASS PLOW

TABLERS NUMBER OF POINTS = Te
o3 - +»400 +500 JA00 1.000 1.200 1.600 2,000 ,
| * < . » - L ] »
' SUIT TINIY |
gf ‘
TS+

. 0.000 1.399 14400 1,600 1.!00 2,000
il 0.000 0.000 400 »3500 «560 »600

Figure 9. Example of TAPE6 Oulout
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i A A f AL MRS A AL DAL A AL e @Al i e et B A S N e etk St &t A D BBl es f M AT | ) SRl be o 4t 6 o e o - e e o

OLSTORTION LIMLT

TABLEZE NUMBER OF POINTS = '™ | 1
<550 700 ,800 1.200 1,600 2.000 ;
T.09Y 935 390 « 583 'L « V30 s .
' ——YPYCTAGE ONAG R
~IXFTEY RUNSEX UF Y PUINTY & Iy
NUMBER OF X POINTS = 2. 2. Te 9 e 9, ) Te ) Te Te

0.000 «349 «5%0 « 700 «P30 1,200 1.400 1.600 2,000
: U.000  I.000
! 0.000 0.000
! 0.00) 1.000
“U.DUUT 0,000
«309 «400 «500 +600 « 700 +T18 1.000
al" 0110 0052 IOI’ .002 0.000 0.000 ) '
307 LI 300 wBOUT A 700 « Y00 <O (930 1L000 - !
«310 «207 123 «062 <032 «019% «00% 0,000 0,000
«300 400 =500 «600 «700 « 800 «900 963 1,000 -
L4 Y44 ry R4 SOV U0 T R WTE T LOIUT U000 O, 000 -
«300 400 «300 «+600 « 700 . 800 «900 «938 1,000
+300 380 260 «130 «088 + 038 +014 0,000 0,000
r¥ 43) TTUUTTTTITa0 <O0UTT BT TSIV T Ta 000 ’
« 790 437 o210 «110 «022 0.000 0.000
«300 <600 +700 «800 «413 «+9280 1,000
713 990 370 'Y 414 SU<T U000 U000y
o!OO u7°° .BOO .900 .”7 .962 1.000
060 =480 290 «118 «010 0,000 0,000

REFCRENCE SPILLAGE DaaG

TASLEIA WUNBER OF POINTS = 3.

. Y il o
0.000 0.000 o0.000

REFERENCE MASS FLOW

TABLEZS NUMBER OF POINTS » 3.
0,000 11,060 2.000
R Y A* A Y4047 Y WY 100
—SUUNURKY "TAYEN “STEEY DNAG —
YRR UEY T T RONTER UF = FOINT S ¥ NUNBER OF Y=PUINTS¥ B.

.

GO0 L8949 L850 1.200 1,700 ?7.000
; 0,000 010 020 .040 060 |
; ~BIOU0TT0T 000 T US0U0 0L U000 TUT e
i 0.000 0.000 0.000 0,000 0,000
: 0.000 .,007 ,Ol4 .028 ,042

VUV UiV Vel U%a +UBL
. 04000 L011  .0%2 044 L0686
} 0,000 4013 LO26 .02 .078

Figure 9. Example of TAPE6 "utput (continued)
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Rpoy

£

T

e

BYPASS ORAG
TABLES NUNBER DF X=POINTSa Te NUNBERN 0O Y=PDINTS» 8,
0,500 LE]] O30 1,000 1,200 1.400 1,700 2,200
_—u: L) . L) L[] L] *
0.000 0,000 0,000 0.000 0,000 0,000 0,000
0.,000 0.000 0,000 0,000 0,000 0,000 0,000
TTTRIU0T TTAUST 125 Py 4L Y L 4 1]
C.000 «089 «100 0156 .217 s 4290 037’
0,000 «036 079 «117 + 1062 « 220 « 290
R 1Y 1o\ SRS 1) 1 IR | AU A ) URMEN'S & ) REREFS & | MRS { ) 4 -
0,000 «023 092 +081 «116 «1060 «216
0.000 020 D63 074 «110 «193 +210
BUOUNDARY LAYER BLEED DRAG
TABLESA NUMBER OF Y ROINTS » [
TNUFSEN TP X PUTRTS W e ce Te T  Je - [ e
0.000 900 14000 14200 14400 1.600 1,800 2,000
0.000 1.000
T OO Y00
0.000 1l.000
0,900 0,300
DRSRtnrY 11  MUanir ¢4 BN ¥ & GENRY 4 [+ Maumy w120 )
<008 <007 a00% «+003 0,000
<600 « 700 LY ] «900 1,000
JOTw A akd wUTU PU0E UL, 000
«b00 « 700 «3%9 900 1,000
022 «020 015 +012 D,000
R )<} ARmatr g oA St 1 V) S £ 8 GENEED | AN Y [/ - -
«030 « 029 «026 020 «C01lé 0.000
«603 <700 «800 «906 +930 l.000
JOWN A L7 eyl X g “ 0T s U2YTUSOIT -
+400 « 700 «900 +900 <930 1.000
«0%0 056 «0%0 <037 <030 0,000
MATCHED SOUMDARY LAYER BLEED
TABLEGB NUMBER JF POINTS &« L S

UtV

0.009

9.000

]
010

*000  Z.,000

+020

Figure 9,

«030

Example of TAPE6 Output (continued)
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Temaiul T T

BYPASS MASS FLOW

TABLE? NUMBER OF Y POINTS = 6o .
NUMBER 9F X POINTS = 2. 2. &, b L L8
UL 00U LN YYY T LLROU 1. 600 1L U0 2L.U0U
0.000 1,000
0.000 0,000 .
N EN LA SRR XA - - {
0.00% 0.000 !
400 854 859 1,000 ‘
BT UUT U000 U000 : i

Y] +ATZ AT 1,000
«483  ,010 C.000 0.000 :
«400 4892  ,906 1,000 ;

RS- 1+ |- 2N oD O 1 [y I PY 1 o T ;
$400 915,930 1.000 i
«932  LJ13 0,000 0,000

IMLET MAP DERIVATIVE PARAMEVERS
FANKNETER DEFINTTION

ULV VATUE
1 ASPECT RATID 1.0000
- 4 STUEWCATE CUTBATK {1
3 FIRST RAMP? ANGLE(DEG) T.3000
4 DESIGN MACH NUMBER 2.0000
T T T T T COWU L IP (LUNTNESS U200
[ TAKE OFF 00OR AREA +» 2000
? EXTERNAL COWL ANGLE(DEG) 17.%000
L§ EXTY ROUIZLE TYFE FUK NLEEU 100
9 EXIT NOZILE AMGLE FOR BLEED(DEG) 13,0000
10 EXIT FLAP ASPECT RATID FOR SLEED 2.0000
T T ERIT FUAPTAREA FOR ULEED < 1000
12 EXIT NOZIZLE TYPE FOR,BYPASS 1.0000
13 EXYT NOZILE ANGLE FOR BYPASS(DEG) 13,0000
T TR TTTEXT T RURP T AS PEC T RKTTUOFON BYPAYS 20000 T
. 19 EXIT FLAP AREA FOR BYPASS «2000
N 16 SUBSORIC DIFEUSER ARGA RATIC 1.5000
! Tr SUSSURTU DIFFUSEX TOTAT WALL ANGSLEUERY — — T0.0000 N
10 SUBSONIC DIFFUSER LOSS COEFFPICIENT «1000

Figure 9. Example of TAPE6 Output (continued)
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R L I L o R - TS e e e b e e oA . PP

“NEW T INCEY” WiPS .
ATS2 INLET MAP ?

LOCAL WACH NUMBER

TABLEL  NUMBER QOF POINTS « D
0.000 «200 2.100
. L[] .
RECOVERY VS NESS FLOW
“TIEBLEZE RUNTEN OF ¥ PUINTS & B
NU"“ER OF X POINTS Te (.1 e 7. 8. 9,

«3%0 » 700 -850 1,220 1.6460 2.1l00

L1 X (34 T4 « 8T «9oY 1 U000 1.ULS 1.UMT

«992 «99] <983 «969 + 950 «933 <873

IT2 b7 782 837 «908 924

rR A4l 'y Al 'Ad k) 'Y kd] Ch Akl YUV

78 371 667 e 702 +8l0 2833 w862

+990 « 990 « 9089 «983 «975 0962 «900

%124 318 LA RS « 51V o UhJ 3OV

+379 « 978 78 « 572 « 966 984 + 099

90 «509 « 087 706 + 835 8359 2869 «8T76 ;
«vig 2700 LA -1 avJh «9IL «v30 aVad +«UVO . !
l~9° l’qq .700 .UOO -900 .950 0935 09“3 '9’0

. «9%50 s 948 Qb « 936 927 «917 «912 892 B2

I

MATCHED INLET RECOVERY :

TABLE2S NUMBER OF POINMTS = 9.
0 T VROUT T W BU0 s B00 1000 "T.220 1880 2. 100
900 «9%0 « 964 972 978 «979 « 966 LY 917

MATCHED MASS FLOW

TABLE2S NUMBER OF POINTS = 7.
400 «600 +800 1,000 1,220 1.6060 2,100
TUYLENY 92 827 'RA LY « 909 8337 'Y %4

BUZL LIRTY

TYRELEZVT NUWEERUF PUTRYS & 7~ &
0,000 1,439 1,640 1,660 1,880 2,100 |
0,000 0,000 869 869  J8T¢ 874 \

Figure 9., Example of TAPE6 Output (continued)
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LT R

=

O O L L L T S N

DISTORTION LINTY . !

1 : TABLEZE NUMBER OF POINTS = 6.
) +330 « 700 «800 1.220 1.660 2.100
g <33T WB12 XA LY 3 « 490 LI -

§ SYICUAGE ORAG - :
1 ]
) TYXSTEI TWUNBER UF Y PUINTS = v - '
r NUNBER OF X POINTS = 2e 2. Te Qe [ 9. Te . Te T ;
; 0.000 «5369 +9%0 +700 «850 14220 1,640 11,0660 2.100 3
\ Y]+ 1 B Y12 :
: 0.000 0,000 ]
§ 0,000 1,000 :
- X314 e PRV A< g H
- «286 V3Bl (4T6  JBT2 4667 L6801 1.000 :
y 181 +107 ,0%0 .01& .002 0.000 0.000

g : Y41} +yuX TRTE WS TE BB TS JEST VIR CTTILDOON T T -

+304 202 d1e +059 «030 «012 «00% 0,000 0,000
286 388 b6 «5372 v 667 s 762 «857 «917 1,000
TROT YL ] % Y4 OVETT SORT e UL SUAY U, U00 "0, 000 T . ;
299 386 482 378 G673 LTTL L868 926 1,000 .
227 146 «+ 004 1063 « 019 + 006 «001 0.000 0,000
8 (Y444 hR-Xf '3-1.A} Ty < 86§ + 88Y — 1000 ST : . '
. 796 he? «220 «118 «02% 0.000 0,000

k9?2 +590 -1.1] « 786 « 900 «912 1.000
DR - Ry 1.1 -y 1| BT -#'4 BN e i P o1+ ) Ml P |+ - M -
: <500 « 701 «801 «901 «958 «963 1,000
X 862 «499 312 «125 «010 0,000 0,000

REFERENCE SPILLAGE DRAG

TABLE3IA NUMBER OF PNINYS = 3.
. ' 0001000100
; 0,000 0.000 0.000

REFERENCE MASS FLOW

-

TASLEIS NUMBER OF POINTS = 3.
0.000 1,000 2.100
T To00—IT0UCTT 000

T

] T NOURDARY USVYER OLEED DNAG

: TTAETEA T T NUNBER O XS PUTRT SN 37" "NUNWER OF TSPFOINTSY L !
. 0,000 .B849  .8%0 1.220 1.770 2,100 ;
3 0.000 .010 020 041 .06l

. : U Y00 T UC U0 U000 UL 000 0L 000

s 0.000 04900 0,000 0,000 0,000
¥ ' 0.900 «007 «Qlé 028 0k
3 00U ' 284 A4 SURZT T TOeY

0,000 011 2022 Dbhé <066
0.000 012 <029 «.080 «079

}
;

Figure 9. Example of TAPE6 Output (continued)
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i e s FAA i m A A s e - -
;
)

SYPASS DRAG

v TABLES  NUNBER OF X=POINTSe T+ NUMBER OF Y=POINTS» LI
: 04000 o849 L8350 1.000 1.220 1.440 1.770 2.320

. TTTONUUO T UL SONT T WIZf I8 203 < 2NF
0.000 0.0U0 0,000 0,000 0,000 0.000 0.000
0000 0.000 0,000 0,000 0.000 0.000 0.000
- L] L] L . . :m
0,000 ,0%50 L100 136 217 290 LI7Y
0.000 036 O3 117 .12 220 .20

0.000 .025 ,0S2 .08 11T .180  .2%6
0.000 o021 ,066 .07¢ 113  .187  .213

SOUNDARY LAVER BLEED ORAG

TABLEAA  NUMBER OF Y POINTS o 8

. Ce L ) - Je L 1Y In
0.000 o800 1,000 14220 1,440 1.660 1.800 2.100
«4,000 q”’ !
Ve VOO UOUT
-4,000 993
0.000 0,000
. . . ) 1% «¥0
008 «007 «009 +003 0.000
<378 074 809 B87 R I1}
eI U 010 U0 U000
«381 «801 «036 076 973
+022 020 «01% «012 0.000
21 Al 3.1 14 CRa1:] (3 L.} SN 4 4] w83
«031 «030 027 +020 «016 0,000
« 394 693 T «898 922 992
0kl SOy 1Y% L BN 7 4 BEECS iy Q)10
+J99 « 700 +000 «900 «930 1,001 i £
061 <057 «091 «038 «031 0.000 g

(1) L1 L1

MNATCHED ROUNDARY LAYER SLEE®D

TASLELD WUMCER OF POINTS » s,
— U ¥OU—TsZ20 1 § 80— TSTUT
0,000 0.000 .0l0 020 .031

RYPLSS NASS PLOW

X TABLEY  NUNBER OF ¥ POINTS o 6. : B
: NURBER OF X POINTS » F Qe &, L 1S LYY 4 !
T OO T A I TN W% n s -
0,000 1,000 !
0.000 0.000

0001000
0,000 ©,000
309,831 L0836 1,000
- N » 'yl v :
“ 7%  LO0Ll0 0,000 0,N00 f
390 L8906 960 1,000
wIVUJ Uis . .
. 402  L$19 934 1,000
: «33% L0199 0.000 0,000

: Figure 9, Example of TAPES Dutput (continued) |
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TMLET MAP OERIVATIVE PARAMETERS

NEW VALY ,
1 ASPECT RATIO 1.0000 . s
7 SIVEPUATE CUTERTK - + 2000 - :
3 FIRST RAMP ANGLE(DEG) 7.1000 i
L OESIGN MACH NUMBER 2.1000 ' K
~3 COWNL  LYP SLUNTNESY PL 4L
® TAKE OFF DOOR AREA . 2000 i 1
7 EXTERNAL COWL ANGLE(DEG) 17.95000 \ )
.| EXTT NOTZLE TYWE FON ALEED — — ~ =" =77 '1,0000 ’ i
9 EXIT NOZZLE ANGLE FOR BLEED(DEG) 14,0000 ; 1
19 EXIT FLAP ASPECT RATIO FOR BLEED 2.,0000 .
Y EXTT FLAPKRET FORSCEED—— 100D : P
12 EXIT NOZZLE YYPE FOR BYPASS 1.0000 X
11 EXIT NOZILE ANGLE FQOR BYPASS(DEG) 15.0000 ,
T T R T T T T R T U R LR TLSVEC T NATIO UFOR T CRYPASYT (T T T TR, 0000 T T T !
1% EXTIY BLAP AREA FOR BYPASS « 2000 i
16 SUBSONIC OIPFUSER AREA RATIO l. 7000 ! 3
T YT T T T T T S UBS UNT O OTFFUSER YO YA WALL T ANGUETDEG S T T 000 T T T T T '
in SUBSONIC DIFFUSER LDSS COEFFICIENT 11417

—— . 1 1

Figure 9, Example of TAPE6 Output (continued)
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GLD AFTERBODY MAPS i
COZA_LNRUT MAR :

o e s e A e an el R

AFTERBODY ORAG TABLE

TABLEAB NUMBER OF X-POINTSE 8¢ NUMBER OF Y~POINTS= Se
TG e e et e e et A
«%00 «900 1.130 142008 1,400 1600 2.000 2.300 |
o037 a037 «09 v0b o 06% 2043 . 043 oD42 ,
LTy 063 83— 248 - i
2064 sled «1 38 o122 « 094 «081 o 066 «060
075 «07% o180 %1 o120 »103 +08% « 377

e s  ae e e s aa e -

— BB R o |

PARAMETER NUMBER PARAMETER DEFINITION oLD VALUE :

: NOZZLE SIATLL.  DRECSESLIRE _RATID 040 JE—
2 TAIL FIN CUNFIGURATION 240000 C
3 TAIL FIN ANGLE(DEG) 0.0100 )
A IALL ALCATI O YL G g B PV e e e :
5 BASE AREA RATIO 80,0000

THE FOLLOWING ARE THE TABLES OF STATIONCIN) VERSUS AREAISQFT)

TABLE NUMBER = 1 Al0/A9 = del8

STALION ARD- - AREA

63700 48,30 T00.00 #41.%0 760400 36400 800,00 31400 820,00 2%.00
830400 20.50 676400 20430

TABLE NUMBER = 2 ALO/AY ® 2430 T ' ;
STATION AND AREA .
VS TIE TV T WU PR TS VA T W TV VL CUR.T SOTT S VAT ST
830400 2050 B76e00 170864
IARLL _lll.“. n ; “a‘.. ~ L% &1

STATION ANU AREA
637400 A4,450 700400 4150 760400 3600 800.00 31400 820.00

$3.0..00 10.50--8lbell 23, .01

23400

TABLE NUMBER

L) ALD/AY = Se00
STALLON_AMD. ANEA

63700 48,80 T00.00 41e%0 760400 3600 800.00 31.00 82000 23400
830400 2030 876400 8492

TABLE NUMBER = 3 Al10/7A9 = Te4d

Figure 9, Example of TAPES Output (continued)
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1
STATIOUN AND AREA
— i lall AL B0 700,00 . Al.80 T60.00. 3600 800,00 33,00 B2UlA0 28,08 .. . ... . ..
830400 2030 87613 600
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NEV AFTERBODY MAPS
— DI LNRUT- AR

AFTYCRBODY CRAS TABLE

; YABLEAB NUNBER OF X=POINTSx 8¢ NUMBER OF Y~POINTS= Be

' NCURT-V WYV W U6 17, W ..V W BN T

] 400 o900 14130 14200 14400 14600 24000 24300

: 093 «093 «153 132 «100 « 083 »066 3.1

§ 108 104 1.LA. 14X LO.L .11 L.1a 065

z o120 o120 «19% «170 «129 «109 +«047 077

' «131 131 w237 «206 +1%5 w131 o106 « D94
B ha e L i L B o e

S

[ 1.§N rau-

P T

) ALTERBOO Y- DRAG~LORRELT 10 N e oeman cmmtmte o -

o FA A O N UM E R DN ROINT S 2 B MU B EA O F - Y- ROIN TS -2 § o~ -MUKBLR--ORel ROINTS . 4o
X : 2180 34930 S.680 TeAJD
: 2] «879 1330 14825 2.300

$00 100001 5500000 B-5D- : o

109 0a000 =105 =a210 o020

1 o114 04000 =ol18 =4227 =.4%3 .
" ' TSR AT T IR YV PR L & SRR 1. 7 i \

20145 =o000 =e013 =030 =~o061
A «002 0e000 =4002 =o004 ~o00%
. BB D00 a4 2

PO R

- o039 0.00C =oN39 =o077 =-o15% I
\ o023 0,000 =023 =.047 =.093 i
"AAI el angn S Vak ¥ a. 010 Py ﬂ93
. <001 0,000 <~.001 =001 -s003
!,' ) .024 -.MO LY L) "oaQa ~a 196 '
¥ . 0% . 000 YT na 083 el lla. .
f o016 +“o000 =~o016 =o031 =oD&Y o
) 2003 =4000 =¢003 ~olUGY w~oDl4

EPTVIED S ST SEr ¢ SN ¢ S 1Y : |
w028 04000 =024 ~ad47 =409%

) : 2026 04080 =~a026 =a0%1 ~c10%

, ; ~0i8 05 PR T Y S X T [ PR -

i 200X ~o000 =4003 =o007 =o01@
g ' «000 ~+000 000 --001 -e002

P AR AN ETER - N B i e PRARARE T E A QRN LTI O N e NEU—NA LML

i

|

3 AFTERGODY MAP DERIVATIVE PARARETERS |
i

1

‘ 1 NOZZLE STATIC PRESSURE RATIO 1.0000
; i e T Ah Bl GONETGUAATLON- 23088 ;
i 3 TAIL FIN ANGLE (DEG) 0.0000 i
: . TAIL FIN FORE AND AFT LOCATIUN KATIO +3000
: 5 SALE AREA RATLID. 1000 e

Figure 9. Example of TAPE6 Output (continued)
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B e E ol i TN LA e S AT S DU SN I W A SUS—ARE AL ST

. TAGLE NUMBER = |} ALOZA9 = 2418
STATION AND AREA

030400 2050 876400 2050

-y AL E-—NUHEER =B i A3-OL i, CWrT
) STATION AKD ARLCA
637400 48,80 T00.00 A41.50 760400 36400 80000 3100 820400 25400

ALD 00 AN _BRN o2 NBA 2% A

LA o s a2 amman 00 ) o g » -

|

1

1

¥ TABLE NUMBLR = 3 ALOZA9 = 333 (
]

i

|

o SEATIONAND AREA e,
63790 4%.350 700400 &41.50 760400 3600 800400 31.00 820.00 2%.00
83000 20450 876400 13,39

TABLE NUNBER = 4 ALOZAY = 500
3 STATION AND AREA
'3 B & A B R I L B s e o T e T L o L
83000 28450 E76.00 8.92

f, — IABLE - MNUNBER =8 JI0LA0 X L1oA3
8 . STATION AND AREA
637,00 484450 700,00 43,00 760,00 40.00 800,00 36a00 B20.,00 30.00

ails. a8 3300 2Yl8.00 rou.v.

C———

Figure 9, Example of TAPE6 Output (continued)
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oLD  CFE mAPS
SH—INALT-HAR e :
;
i
CFe TABLE !
t
1
TABLECV NUMBER OF X=POINTS= 10. NUNBER OF Y=POINTS= 1. '

Lood-0.0- 1..1-030 1308 1L 100 14080 1 _E40 1 _£008
L - . L

e Ay

15008 2.000 s.“ﬂn Qnﬁu S.000 64000 B8.000 10,000 14.000 18,000
w992 «992 946 «978 «966 « 955 «938 v924 «903 =886
233 2468 { T 7 USRI T VNN 7 U NN b I SO 7V, I 7 L SN -1 SN V. - WO ——
888 »932 s977 «286 +988 «983 970 «958 «938 «920
862 «90% o965 «982 986 o982 w972 o964 % 1%4 %32
440 480~ $A35 L T WRUISN - TV, W - ¥V VSN L 7 VDY - V"V WY 1.7 WY -7 ¥ S,
s822 476 +932 «962 «977 «782 978 «970 «959 946
«800 867 «22 «%9%2 »370 «979 «978 972 «961 =952

CFG MAP DERIVATIVE PARANETERS
—RARANETER NUMBER. _SARAMETER DEEINLIION LD VALUEC
1 CIVERGENCE HALF ANGLE(DEQ) 11.4500

- |
!

f _
: !
i
Figure 9. Example of TAPE6 Output (continued) ,
§
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NEW CFG H4PS

LML l“alL: X Y-

CFG TeagLE

TABLECVY NUMBER OF X=POINTS= 10e NUNBER OF Y«POINTS= Te
= el 3 e i3 et e B e ————
143C0 24000 34000 4,000 B5.0G0 6e000 8,000 194000 14,000 18,000 i
«992 «992 +986 «976 o966 «953 « 938 w924 «903 «B86
833 865 884 986 O $318 860 -7V 11 W "5,V
«387 « 934 «974 «985 «987 «982 «969 957 927 913
«861 «904 «964 .981 «98% «581 «97] v963 946 #9351

820 «B874 «9350 «960 » 913 « 280 +976 «968 »957 «94¢€
«797 «864 919 «949 «967 976 « 975 «969 «958 2949

CFG MAP DERIVAYIVE PARAMETERS
e RARAMEIER NUMBES e PARAMETER DEFINLTION  —  NEM - MAL e

1 DIVERGENCE HALF ANGLECDES) 1243000

Figure 9. Example of TAPE6 Output (concluded) |

I3t




NOGET »DERD
NGEY «TAPES L mTEST A TAPES 2R TESTR » TAPESIn LS T

N>BATCH
C>DERB
DERIVATIVE PROCEDURE PROGRAM

ENTER CODE FOF MRS TO BE CHANGED
H FOR INLET MAF CHANGES

2 FOR NOZJZLE. AFTROIY CHINGES

3 FOR CV MAF CHANGES
>

ATS2 INLET MaP

ENTEF CODE FOF QUYPUT DESIRED
0 FDF TAPEG DUTPUT ONLY
i FOR TAPEG OUTPUT FIND TAPCLCNEW FPIFPSDS FIiLE

HH
INLET TYFE = TWO DIMCNI IOHAL

MODE= EHTERNAL COMFRCTTION
SHLET MAP LERIVATIVE PREAMETERS
PAFAMETER LEFIMITION
ATPECT PATID
SIDEFLRTE CUTDACK CACL ASPFDY
FIFSY FAMF ANGLE (DEGH
DESIGM MACYH NUMLER
COUL LIP BLUMTNESS
TAYE OFF DOOF AFER RATIO
EXNTERPNAL COWL ANGLECRCGH
NOJZZLE TYPE FOF DLEED(CN=O JCND=3 >

PARAMETER NUMECR

-
<
<
1

QUORE WP SO IC-AB I

EXRIT NOZZLE ANGLE FOF DLEEDCDEG)
i ERIT FLAFR AZPECT RATID FOR DLECED
. EXIT FLAP AFER RATIOD FOr BLEED
{ ENIT ROZZLE TVYPE FOP BVPATE (CNw 0, CNDx )
: EXIT NOCCLE ONGLE FOF BYPASS(DEG)
1 EXIT FLAFR RSPECT RATIO FOF BYPASS
H EXIT FLAR ARER PATIO FOF DYPASS
: SURSANIC DIFFUSER AREM PAT!
: SUBZUNIC DIFFUSER YTOTAL UALL ANGLEDEGH
: SULSONIC DIFFUSER LOST COEFFICIENT

Figure 10, Example of a Typical Terminal 3ession
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INPUY NUHEER OF PAPAMETERS TO RC CHANGEDN
>4

INPUT THE PAFAMEYERS YO BE CHANGED FOLLOUED DY THE
NEW VRLUES IN PRIRC (PARANMETER NUMBEFR JNCU VALUC»

I> .95 4 2.5 9% ,03 4
PARAMETER WUMEGER PARAMEYER DEFINITION NEW VRLUE
SPECT RRTID L9500
DES IGN MACH NLMLER 2.5000
COWL LIP BLUNTNESS <0300
4 SUBSONIC DIFFUCER LDOIS COEFFICIENT n2200

ARE THE DERIVATIVE PAFAMETERS COFRECTCO=YES  twnO

0
DERIVATIVE PROCEDURE PROGKRAN

ENTER CODE FOF MAFPS TO DRE CHANGEYD
FOF INLEY MAP CHANGES
FOF NOZZLE-AFYRODY CHANGES
O CV MR CHANGES

e

CD2R IHPUT MAF

ENTER CODE FOF OUTPUT DEZIRED
0 FOF TAPEG DUTPUT ONLY
¢ FOF TAPEE QUTPUT ANL TAFELCNEW FIPSI> FILE

HRD

RETERBODY TYPE = CD--ANISVYRMETRIC DUfl, NUZILE
AFYERRDDY MAP DERIVATIVE PAPANMLCTERS
PARAMETER NUMLEP PAFAMETER DEFIMITION QLD VALUE
i NOLCLE STATIC PPESSUPE PATI 1.0000
TAIL FIN CUONFIGUFPRAT IDN 2.0000
TAIL FINM ANGLECDEG? 0.0000
TRIL FIN v'ORE AND AFT LOCATION PATIN el
BRSE FREA BATI 0.0000

INPUT NUMERER OF PRPAMETERS TD BC CHANGED
H:

Figure 16, Example of a Typical Terminal Session (continued)




R | S A

IR o S S A

INPUT THE PARARETERS TD DE CHANGED FOLLOUWED RY THE

NEW VALUEZ 1N PRIFS(PAFANETER NUNDER, NEU VALUED

- T

PAFANETER NUMERLF
S BRSE ARER RATI

AFEL DERIVATIVE PAPAMCTERS COFRECT(O=VETS 1=NO)D

0

THE FOLLOWIHG APE THE OLD TRAELESCSTATIONCINY VERIUS ARERCIGFT)Y)

ATCOCIARTED WITH 1 PRFTICULAF ALC-AS
THE UZEF mAY CHANGE A TRDILE YRLUE FOF A
PAFTICULAF AL 0-AT PRT]

TADLE NUNLEF = | ALO RO = 2.:18
STATION AND ARPER
L3T.00 44,50 TO0.00 41,50 P6U.00 J6.00 800,00
€R0.00 <050 B67C¢.00 20,50

TADLE MNUMDER = ¢ Al 0. AY = c.50
STATIDN AND RRER
6TT.00  44.%0 V00,00 1.50 P60.00 36.00 80000
RA0.00 20.50 97T¢. 00 17.04

TARBLE NUMLER = 2 ALO0.AD = 3.32
STATION AND ARER
GATO0 44 T T00,. 00 41.5%0 V60,00 36.00 800.00
830.00 20.50 87600 13.39

TADLE NUMLEP = 4 AL0 AN = 5.00
STRTION AND AFERA
37.00 44,50 TO0.00 41,50 T60.00 36.00 Q00,00
a30.00 20,50 876.00 8.9¢2

TABLE NUNDER = 3 AI0-AD = T.43
STATION AND AFER
C3T.00 44,50 T00.0QC 1.50 760,00 36.00 ©OC,.00
gan.o00 20,50 876.00 6.00
DO VDU WISH 7O CHANGE A TABLE (0=NO i=Yf3)

0

PAFAMETER DEF INITIDN

1.00 820.00

3i.00 820.00

31.00 620,00

2l1.00 320.00

3i.00 820,00

DO vOU WISH TO CHANGE THE DEFALLT RASAC SCHEDULECOD=MNO 1=YES)

0
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Figure 10, Example of a Typical Terminal Session (continued)
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TRYTSIr

o

DERIVATIVE PROCEDURC PROGRAM

ENTEF CODE FDOF HAFC TD BE CHANGEL

: FOF INLEY MAF CHRANGES

2 FOF NOJIZLC-/AFTRODY CHANGES

2 FOF CV MAF CHANGES

H3
Cvi INPUT HAP

ENTER CODE FOF OUTPUT DETSIRED

0 FOF TAPEG DUTRUT ONLY

i FOR TAPEG OUTPUT AMD TAPE! (NEW PIPSIY FILC

HP

NOZSLE TVYPE = RDUND CONVERGENT-DIVERGENY NOZZILE

CFG MAP LERIVATIVE PAPAMETERS
PAPAMETER NUMRER PARAME TER DEFIMNITION DLD VRLUE
i DIVERGENCE MALF FANGLECDEG) il.4300

INPUT NUMPER OF PAFAMETERS VDO BE CHANGED

i

INPUT THE PARAMETERT TO BE CHANGED FOLLOWED
DY THE NEMY VALUE IN PAIRS(PARAMETER NUMDER/NEW YALUE)

20 12.%

PAPAME TER NUMLEFR PARAMCTER DEFINITION NEW VALUE
: DIVERGENCE HALF ANGLEC(DEG) 12.5000

ARC THE DERIVATIVE PARAMETERS COFRCCYC(O=YES 1=NDD

i0
DERIVATIVE PROCEDURE PROGRAM
ENTER CODE FOF MAFS TO DE CHANGEL
: FOR INLEYT MFF CHANGES
g FOF NOZZLE. AFTRODY CHAMGES
2 FOR CV MAF CHANGES

I>°ENDT

Figure 10, Example of a Typical Termina) Session (concluded)
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If the user does not wish to continue, at this point a response of “END"
will discontinue execution of the progream.

When the option is selected, the name of the file which is the first card
on the disk file 1s printed to inform the user of the type of file being
vsed,

4,3.2 Qutput Code Type
The user at this time selects the type of output desired from ihe pro-
gram. The options are:

0 TAPE 6 output only

1 TAPE 6 plus TAPEl (a new PIPSI file)

Once the output code has been selected, the derivative parameters are
1isted at the terminal. Only the derivative parameters actually required
for this input map file are listed and are modifiable.

4,3,3  Number of Parameters to be Changed
The user looks at the 1ist of derivative parameters and decides how many
are to be changed. That number is entered in response to the prompt.

4,3.4 Input of New Parameter Values

The user inputs the parameter number and parameter value in pairs for the
paramaters to be changed. The results are iisted on the terminal for the
user to review to see if they are correct.

4,3,5 Is Input Correct Code

If the above input has been correct, the user will enter a zero; if not
the user will enter a one and the sequence of prompts and responses will
be repeated. At this point, also, the user may enter “END* and the
program will be terminated, After a zero has been entered for this
prompt, the program executes and the next prompt will be the map type
code prompt discussed in 4.3.1, at which time the user may execute
another case or terminate execution,

76

[T P




4.4 Program Execution Sequence

In order to execute the Derivative Processor, the user must attach all
disk files which are expected to be used to specific file names recog-
nized by the program, These are:

TAPE 51 = Inlet file name.
TAPE 52 = Nozzle/afterbody drag file nanie.
TAPE 53 = Nozzle thrust coefficient file name.

A typical set of control cards is shown below:

ATTACH, TAPE 51 = ATS2DP2.
ATTACH, TAPE 52 = CD2R.
ATTACH, TAPE 53 = CV1,

where ATS2DP2, CD2R and CV1 are previously constructed files existing on
the user permanent files.

The user then attaches the Derivative Processor program,
ATTACH, DERIVP = existing parmanent file name of an absolute binary
file of the program.

It should be noted here that a pre-existing absolute file must have been
generated and saved from a compilation and load of the program. This is
necessary in order that the program be able to run in less than 60K octal
words in an interactive environment.

DERIVP

This executes the program and is the absolyte overlay file name and must
be used when executing the absolute file. The user then responds to
prompts once the program is executing. After an “END* {is entered, the
program terminates execution. At this time the user may elect to perform
different types of outfile manipulations, such as saving, listing, dis-
posing, or wmerging.
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SECTION V
SAMPLE CASES

The purpose of the sample cases for the derivative procedure is to demon-
strate the major flow paths in the program used to produce new inlet and
nozzle/aftbody maps. Three sample sets are provided for the derivative
procedure program. One set will be used to demonstrate the major flow
paths used to produce a new inlet map, the second sample set will be used
to demonstrate the flow paths used to produce a new nozzle/aftbody drag
map, and the third set will be used to demonstrate the flow paths used to
produce a new nozzle internal performance (CFG) map.

Each of the sample cases is described separately in the sections which

follow. For each of the sample cases, the following information 1is
provided:

(1) 01d (baseline) input data tables and baseline derivative param-
eters for which the data tables correspond,

(2) A list of new derivative parameters for which a new (perturbed)
map is to be produced.

(3) a set of terminal input commands used to interactively generate
the new set of input data tables.

(4) A new set of input tables produced by the derivative procedure
program.

5.1 INLET DERIVATIVE PROCEDURE SAMPLE CASE

The baseline inlet used to demonstrate the inlet derivative procedure is
Configuration #8, File Name ATS2. The inlet is an external compression,
four-shock inlet designed for a free-stream Mach number of 2.0. The

inTet has two movable external ramps, a 7.3% initial ramp angle, a




boundary layer control bleed system consisting of porous bleed on the
second and third ramp surfaces and sideplates; and a throat bleed slot
Tocated aft of the normal shock. The throat slot also acts as a bypass
to remove excess inlet airflow for matching engine airflow demand with
inlet supply. The inlet characteristics were built up from engineering
analyses and available data from similar configurations and components.
A sketch of the configuration is shown in Figure 1l.

The predicted inlet performance characteristics for the ATS2 inlet are
shown plotted in figures 12 through 21. These performance characteris-
tics are entered as old (baseline) data tables (Figure 22).

Each set of inlet input tables in the library is accompanied by a set of
derivative parameters that describe the configuration in terms of its
jmportant variables. An example showing the derivative parameters for
the ATS? inlet is presented in Figure 23. In addition to the compléte
set of derivative parameters for the library inlet configurotion, a new
set of inlet derivative parameters must be input by the user to specify
the new values of the parameters that are to be used in the new configur-
ation calculations. The new derivative parameters for the ATS2 inlet
test case are shown in Figure 24.

The set of interactive terminal commands input by the user to run the
inlet derivative procedure program is presented in Figure 25.

The output file obtained as a result of the ATS2 inlet sample case run is
presented in Figure 26. The old (original library configuration) inlet
maps are printed out first together with the original derivative param-
eters, Next, the new set of inlet maps is printed out, with the new set
of derivative parameters shown for reference.

5.2 NOZZLE/AFTBODY NDRAG DERIVATIVE PROGRAM SAMPLE CASE

The baseline nozzle/aftbody configuration used to demonstrate the opera-
tion of the nozzle/attbody drag map derivative procedure is the twin,
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Figure 16. Distortion Limit Mass Flow Ratio
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Figure 19, Boundary Layer Bleed Dreg vs. Bleed Mass Flow Ratio
08

7

Figure 20. Bypass Drag vs. Bypass Mass Flow Ratio
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" ATS2 INLEY maA?P

95 .20
«10 1,00

T T 1.000 129
TASLE]L S.
0.000 - +200

"7 04000 <200
TAOLE24 6o
_ 7.000 6.000
T T .5%0 L7100
579 639
«990  ,990

ST 400 T 4560
2909 <909
0399 (479

TTUT 988 T ,988
o416 <500
960 4959

T o453 77 548
938 93>
o493 504

T 4008 T G mOY
-YABLE28 9.
0.000 .200

T 4492 R4e
TASLE?C Te
«400 L5600

T 004K $TTH
TABLE2D (¥
0,000 1.59°
~T"0.000 0.000
“Tl‘l‘?f 60
550 700

T J2R2 4RO
TABLED 9%
3,000 3.C00

T 0.000 549
0.000 .Y0O0
0.000 0.000
ST 0.000 L7098
0.007 0.000
«240 o320

- 137 L0986
o240 4320
«25% 1T

T .240 320
+336 J2M1
e252 4138

T oJkk2 T 4320
0264 o419
eT64 o456
"J4%9  ,SS]
766 .%93
«500 «69%
925 538

T.30

'15000. ]
3.00

2.990

26500

7.000

.850
o719
NI

T .63

«88%
«5%9
+ 987
«Sh4
« 957
«637
027

.64
seo

[
« 40
2262

«*%0
+ 620

1.600
« 185

«®30
. 300

7.000
«550
1.000
0.000
1.000
0.020
+ 199
Ok
« 400
«10%
«430
« 149
«419
218
«H1%
225
o683
« %02
« 793
« 133

Fiqure

2.%0
2.00

7.000
1.300
o700
« 948
« 718
«*73
o639
%P1
hE®
«9512
«730
«920
+ 704
8R6

«600
271

1.000
o664

1.900
«75%

1.300
b16

9,000
« 700

470
<011
&R0
«08%1%
«400
«OR2
«%50)
«138
«702
«120
o T4
«230
«RQ9
13?2

2¢.

TS

17.50 1.00 1%.00
000 12 0400
« 879

LA .
oT24
Joen
155
s 080
e e
CPPT  RE2
c832 . .40 <947
J8h0 840

1.300 1.900 2.300
<947 L9310 865

2.590
.05

7.000 7.000 7.000

"1.600 3,900 ?2.500

1,000

04000 .
eT19 L T59 1,000
002 0,000 0,000
<770 770 1.000
<009 0.000 ©0.000
sT55 8064 1,000
.01* 0,000 0,000

1,000

0,000

1.00¢

0.000

1.000

0.000

«03 «20
«20 .0.,00
1,00 )
8.000 9,000
1.900 2,500
o R&Y +N%Q
« 9469 « 932
+ 759 o TT8
e W44 «cAOY
YA « 700
e 973 %60
eT10 « 732
PRL N « 939
e 176 + %00
« 917 0902
« 896 926
LR A «065
«%00 1,000
«875 969
1.300 1.900
«70? 708
2,700 1.%00
M4 - o.)‘
1900 2.%00
o451 « 493
e,000 7,000
«®5D0 1.300
«55%9 572
«002 0.000
o562 «619
« 028 « 014
-1.1) « 640
« 043 «021%
e3R7 o671
«OTR «0135%
«TT9 «T9R
«02% 0.000
LY 52
«02% 0.000
« 936 «961
+.010 ©0.000

ATS? Inlet Input
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TARLEDNA } I
0000 1.000 .50
8,000 0,000 0.000
TARLE IS N
0000 11.C00 2.%00
« 999 O0Q ° 909
TaSLES %, [
0,000 X1 oR50 1.300 2,050 2,300
0.000 «C1l1 2022 'S 11) - L1
0,000 0,000 0.030 0,000 0,000
0.000 ©0.000 0,0%0 0,000 0,000
0.000 «007 o014 «028 « 042
8.000 «010 «021 «04? 0082
0.000 «011 «0?? o044 «06h
0.000 «011 «02) -04b « 060
T TABLES T. S :
8,000 o049 «9%0 1,000 1,300 1,800 2,030 2,000
0.000 o042 o ONS «12% o188 <208 248
- 0.000 0.000 0,000 6,000 0,000 0,000 0,000
0.000 0,000 0,090 0,000 0,000 0,000 0,000
0.000 « 062 «125% Ll «280 «300 «300
T '0.000 «0%0 «100 «196 «?17 o290 «378 T T
0.000 «03%6 «07S o117 + 161 o217 «27S
0.000 «030 042 Ny 13 «101 2234
TTDeC00 «026 « 039 « 004 «120 o1b& o220
0,000 o029 « 051 +0"3 «12% «170 2233
C YastLfea L ..
T T72.000 2.000 85.000 S.000 8,000 6.000 ¢.000 6,000
0.009 «R00 14000 1,300 1,600 1.900 2,200 2,300
=-.000 « 797
T 06090 0.0%0 TTT T T T
-.CO01 «ADD
0,000 0.000 .
T .4 «ttY o674 « 731 « %12
« 009 +GON « 003 «N0) 0.090
«500 AL «+70? « TX2 + AY8
T .018% «014 «011 «00% 0,000 T T T
522 b1 « 751 o TAR « ATy
«024 «C2? «01% «01% 0,000
R Y'Y} «6137 « 730 «%0% UL « 917 s -
«03) «C1¥? «N2A N2 +01% 0,000
«370 ot &8 PR LAY + & AS e ®"RE 5T
T JDAR « 04K « 001 «3?27 «023 6.000 oo
«994 o+ 04 « 794 « P OL +®24 ey
068 061 «03%8% oNHa] «013 ¢t.0D0
"7 TABLEAR Se
0.000 «®00 1,300 1.900 2.%00C
0.000 0,000 «011 «0?? + 031
T TABLE? L.
2,000 2.000 4,000 4&,00) 4,200 4,000
0000 1.59% 1,630 1,909 2,700 2,%00
0.000 1.000 .
0,606 0,000
0,000 1,000
- 0.000 0.000 :
+350 o TAR + 732 1.000
404 +004 0,090 0,000
’e.1.1.] « 708 «%N7 1,000
s 842 «00% 0,000 0,000
«J13 «88s «86% 1,000
TTTUTT <408 +013 Q. 000 0.000
+400 «®18 +930 1.000
+532 +018 0,000 0.000

cem e Sem—

Fiqure 22. ATS2 Inlet Input Data Tables (concluded)
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INLET TVPE = TUWO DIMENSIOMNAL

MODE= EXTERNAL COMFPPE

PARAMETER NUMELER
4

DOICAALLOP»

> pa b
N

a

e o ba ba Bs
QIO

IN

ASPE
SIDE
FIRS
DES:
couL
TRKE
EXTE
EXIT
EXIT
EXIV
EXIT
EXIT
EXIT
EXIT
EXIT
SULS
SULs

"ey
A

LET MAP DERIVATIVE PARAMETERS
PARAMETER DEFINITION

CT RATI

PLATE CUTBACK

T RAMP ANGLE(DEG)

GN MACH NUMLER

LIP BLUNTNERS

OFF DOOR AREA

RNAL COUL ANGLECDEG)

NOCZZLE TYPE FOR BLEED

NOZZLE ANGLE FOR BLEEDCDEG)

FLAP ASPECT RATIO FOR PLEED

FLAP AREA FOR BLEED

NOZZLE TYPE FOR BYPAST

NOZZLE ANGLE FOR BYPASSCDEGY

FLAP ASPECT RATIO FOR BYPATSS

FLAP AREA FOR BYPASS

ONIC DIFFUSER RREA RATI

ONIC DIFFUSER TOTAL WALL ANGLECIEG)

SUBSONIC DIFFUSER LOSS COEFFICIENT

F

igure 23, 01d Inlet Derivative Parameters

DLD VALUE
1.0000
2000
7.3000
2.0000
.0200
.2000
17.5000
1.0000
15.0000
2,0000
.1000
1,0000
15.0000
2.0000
2000 |
2.5000 :
10,0000 |
.1000




o

-

PARAMETER NUMEBER
1
4
S
18

W am L

PARAMETER DEFINITION MEW VALUE
ASPECT RATIO 9500
DESIGN MACH NUMEER 2.35000
COWL LIP BLUNTNESS « 0300 .
SUBSONIC DIFFUSER LOSS COEFFICIENT «1200

Figure 24, New Inlet Derivative Parameters




N>GET +DERD

NOGET »TAPESI=TESTIA»TAPES2=TESTZ y TAPES3=TESTY
MOBAICH

C>bERD

DERIVATIVE PROCEDUFE PRDGFAN

ENTER CODE FOR MWWPS TO BE CHANGED

i  FDR INLET WP CHANGES

2 FOR NOXZLE-AFTBUDY CHAMNGES

3  FDR CV M@ CHANGES

IHe
ATS2 INLETY M

ENTER CODE FOR QUTPUT DESIPED

0 FDR TAPEG CUTPUT ONLY

t FOR TAPEG DUTPUT AND TAPELICNEV PIPSI) FILE
Dl

INLET TVPE = TWO DINMENSIDNAL

MODE= EXTERNAL COMPRESTION
INLET MAP DERIVATIVE PARANETERY

PARAMCTER NUMRER PAFAMETER DEFINITION DLD vALUE
H SPECY RATID 1.0000
2 SIDEPLATE CUTBACKCACD--ASPF) «2000
3 FIRST RAMP ANGLECDEG) T.J000
4 DETIGN HACH NUMBER 2.0000
9 COUL LIP BLUNTNESS .0200
6 TRLE OFF DOOR AFER FATIO 2000
v EXTERNAL COWL ANGLE C(DEG) V3000
0 CHIT NOCSLE TVPE FOR RLEEDCCHe0 JCND=!) 1.0000
Y 9 EXIT NOISLE ANGLE FOR DBLEEDCDEG) 15.0000 I
B 10 EXIT FLAP ASPECY RATID FOR BLEED €.0000
11 EXIT FLAP AREA RATIDC FOR M.CED 1009
2 CHIT NOZLE TVPE FOR BVPASE(CN=0,CNI=]) 1.0000
13 EXIT NOZSLE ANGLE FDR BYPATSCDEG) i5.0000 '
i4 EXIT FLAP NSPECT RATIO FOR BYPASS 2.0000 \
' 19 EXIT FLAP AREA RATIOD FOR PYPASS «2000 .
16 SUBSONIC DIFFUSER AFEA RATID 1.35000
w SUDSONIC DIFFUSER TOTAL UALL ANGLECDEG) 10.0000
10 SUBSONIC DIFFUSER LOSS COEFFICIENT «31000

Figure 25, Terwinal! Input Commands for Inlet Derivative Program
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INPUT NUNDBER DF PARANCTERS TO BE CHANGED
i

INPUT THE PARMMETERS TO BE CHANGED FOLLOVED DY THE
NEV VALUES IN PAIRSCPARANMETER NUMDEK.MEV VALUE)

I .99 4 2.5 5 .02 18 .12

; PARANRETER NUNBER PARMETER DCFIMNITION NEU vALUE
1 ASPECT RATIO 9500
4 DESIGN MACH NUMBER 2.5000
S COUL LIP BLUNTHNEIS +0300
i8 SUBSONIC DIFFUSER LOWS COEFFICIENT 1200

ARE THE DERIVATIVE PARAMETERS CORRECTC(O=YES =MD

e e it e e 1 AL ke’ —— e

150
: DERIVATIVE PROCEDURE PROGRAM
ENTER CODE FOR MAPS TO BE CHANGED

1 FOR INLET MAP CHANGES

e FOR NOCSLE.AFTRODY CHANGES

3 FOR CY MR CHANGES

He
CD2R INPUT MAP
; : ENTER CODE FOR QUTPUT DESIRED
i : 0 ¥FOR TAPEG OQUTPUT ONLY
i . 1 FDR TAPEG DUTPUT AND TAPEICNEW PIPSI) FILE v
P11 . i

AFTERBODY TVPE « CD--AXISVIMETRIC DUAL NOSTLE
AFTERDODY MAP DERIVATIVE PARAMETERS

PARANETER MUMDER PARAMETER 'DEFINITION OLD VALUE

1 NOYOLE STATIC PRESSURE RATIO 1.0000
2 TAIL FIN CONFIGURAT IDM £.0000 !
3 TAIL FIN ANGLECDEG) 0.0000 )
! " TAIL FIN FORE AND AFT LOCATION BRTIO <1736 i
.: s BASE AREA RATIO 0.0000 i
I

INPUT NUMDBCR OF PARMMIETERS TO BE CHWVWNGED

I>"ENp* {

Figure 25. Terminal Input Commands for Inlet Derivative Program (concluded)

" |




ATS2 INLET maAP

LOCAL RACH mumagR

9.000 «200 2,000
B 11 L. ZREREY 4 L A 21 .
AECIVERY VS WKIS g
TIVCEIT TRUNIER U Y POIWTS W Ue
NURSER OF X POINTS o Te [ 19 Te Te Be Y

«3%90 « 700 «630 1,200 1.600 2.000
» 70U 31441 SO T TR0 LR UST I.UTY  L.10W
"‘! Q." -..’ '.“ C’“ .." .."
+$00 «700 2860 <900 « 950 «970
. ChA s NI L b BAENEE) 4 | [y i) muans ) . g
300 «600 « 700 «800 «850 «873 « 909
«990 «990 « 909 983 « 973 « 962 VOB
] ) . B0 ¥ TS T
«980 979 977 o7 <087 «759 « 900
+300 «600 « 700 +800 «+59%0 «879 « 509 «090
0 A A4 JNNSNErY £ } AMANEN 4. BENENCY L | BENENCY L1 e/ 4 Syl
+3500 «000 + 700 +800 « 90 «950 « 939 %3 « 930
<950 +993 « 948 «9 &4 «909 « 929 «920 «900 2890

TASLEL  WUNSER OF POINTS o s ‘
i
!
I
{
l
]
{
|

NATCHED INMLEY RECOVERY

YASLE2S WUNRER OF POINYS = e
T Y4 LSRN - L aamard L RN YL L Ay YT A ] aer 1) e
«900 «9%0 N1 o 9T 9T T .0 « 925

NATCHED MASS GLDM

TARLEZC MUNGER OF POINTS o Te
+400 «500 «H800 1,000 1.200 1.008 Q2,000
. ] . . ) » )

I TImY

; 0.000 1,390 1,400 1,008 1.000 L.000
: 0.000 0.000 «4 00 +900 « 908 «» 000

Figure 26, Derivative Procedure OQutput File
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’5 i RULTRLION LE0LY

1 TABLEZE NUMAER OFf POINTET » (3 ‘
] +350 «T700 000 1.200 1,000 2.000
: e Y i 2 DRS4S A BEENECY L RNy ) BNY 2 )

SFICTREIOT !
{

p ' ~TEETEY —NUNTEXC UF YV PUTRTS ™S v,
WURBER OF X POINTE w 2. 2, . 'R .. ..
0.000 340 (330 L TOD NS0 1.200 1.600 1.400 2.000
L L ]
: 0.00) 0.000 .
; 0.009 1,000 :

L] L]
A o303 L4000 L300 500 .TO0 .TS 1.000 i
: 2103 L110  .092 .01% .00 9.000 0.000 i
(1 ey 1) R 1 et Y paars ¢ . . . r }
; W310  LZO0T  L123  L06Z  LO3Z 019 L00% 9.000 0.800 ,
i o300 L6800 500 400  L700  L000 908 %3 1.600 !
5 ' a1 23 rY 4 iy «X Ty WU . . . . . ;
i : +»300 +» 400 «300 +H00 « 700 «800 900 «958 1.000 K
3 300 L300 L2600 (290 L0846 0380 L01% 8.000 0.000 :
g ' D'y 1) munas ) mmaare | Suag"l Emmnryl s aters A ame ), AN — ‘
i : #7130 o437 L2210 L1310 L0222 0.000 0.000 ,
; +300 «600 « 700 00D «913 « 928 1,000 {

» . . . 0 SUUd Ut
" <300 «700 000 800 L9357 %2 1.000 !
4 ’ 840 oh0G 290 118,010 0.000 ©.000 '

Te t Te ]

REFERENCE SPILLAGE ORAS !

TABLESE MUNBER OF POINTS « 3, .
[ ] [ ] 1 ] N
0.000 0.000 0.080

REPERENCE MaASS FLOW

YABLEDS  WUNBER OF POINTS = W ;
0.000 1.000 2.800 ;

" SUUNDAKY TRYEX STEEY DRAS "

0 PUINTSE Iy
\ 0,000 4068 L850 1.200 1.700 2.000 i
X 0,000 4010 020 ,080 .080 ! ‘
! ~TUSUUY UL U0 UL U0N UL UD0 Y, Do - - - i
: 0.000 ©0.000 ©.000 0,000 0,000 :
' 0.000 .007 LOLé  .028 042 :

! BN £ L L ANl 1 SENEY 7 £ SN L7 RS | 7 [
. 0.000 +011 «022 068 LO0 ;
08.000 +013 026 092 +070

Figure 26. Derivative Procedure Output File (continued)
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BYPASS ORAG

TABLES  NUNBER OF N=POINiSe T. MUNGER OF Y=POINTSe . !

0.909 o849 830 1.000 1,200 1.400 1.700 2.200 '

3 e O 1 a1 | ey v s ¢ aamry T aummry 3 e !
: 0,000 0,000 0.000 0.000 06.000 00“0 0.000 |
|

0000 0.000 0.000 0.000 0,000 0.000 0.000

R L SR IS 4 By S | Sy 4 | R | [ Ry 1] |
0,000 +«050 «100 1% +217 +,190 <3713
0,000 «034¢ 073 137 o162 « 220 « 290

—nw—'umr"—'usr L AJ g 173 107 (X429 ‘

0,000 «02% 092 081 +116 «180 «216 |

0,000 «020 048 «076 «110 «133 <210 '

SOUNDARY LAYER SLEED ORAG !

TAGLESA MUNBER OF V IOIIT! . 8o
TRUNSEX IF X POINTS & e 9. | i ‘T4 ®e
0,000 <900 1,000 lo‘w ‘.‘oo 1,600 1,800 1.000
0.000 1,000
TTUNUOYT UL U000
0.000 1.000
0,300 0.)00
11 14 « 700 3T VO X 000
+000 «007 «009% «003 0.000
+600 « 700 +840 <700 1.000 .
SOTY sVid UV SO0 O U0 .
+600 » 700 «899 «900 1,000 :
022 «020 013 « 012 06.000
AT T O T O T TR S0 T 1000 ) -
«030 «0F9 020 «020 +01¢ 0,000
+600 0750 «800 «906 «930 1.000

o‘Oﬂ .700 «000 .'00 .'lo I-OO.
+0460 «036 (090 .07 .00 0.000

RATCHED SOUNDARY LAYER SLEED

TABLEGD WUMBER OF POINYS = Lo
SOOI OUT IO LSOV 2 0

0.009 0.000 010 .020 +030

Figure 26. Derivative Procedure Output File (continued)
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Gl e aeame 1 e wame e o mE— -

QYPASS NASS FLOW

TABLEY HUNBER OF ¥ POINTS = [ 1%
. NUNSER OF Y POINTS = 18 t 18 LI & @ b,
: TTOTOUT T ISV LR LS00 1O 2L 000 -
0.000 t.000 '
0.000 0©.d00 !
V00017300 _ |
0.009 0.300 .
«400 A3 -0%9 1.000 i
[) « Ve OO0 T U0 N
——— i
!
.665 ..’! -"! !oa“ TmoE e ¢
683 .010 ©0.000 0.000 i
_ <400 092 906 1.000 :
: TS0 T L IR UL 000 0,000 :
A «400 915 «+$30 1,000 !
0932 91 0.000 0,000 _ - _
INLEY RAP DERIVATIVE PARAMETERS
TTRAENETEN TUNSEN FARAWETEX DEF TTOLOTVALUE T .
i 1 ASPECT RATIO 1.0000 :
4 STUEVCETE CUTYXCK 20007~ !
3 FIRSY RARP ANCLECDEG) 7.3000
4 DESIGCN SRACH MUMBER 2.0000 '
S COWL TV SLUNTNESY -  —— <0200 ;
[ TAXKE OFF ODOR AREA «2000
? EXTERMAL CDWL AMGLE(OEG) 17.5000
¥ CXTT WOITLE YYPE FUK BLEED Tr.0000""
9 EXIT WOITLE AKGLE FOR QLEED(DES) 13.0000
10 ELYIT FLAP ASPECTY ®RATID FOA SLEED 2.0000
v I T KT FLEP RNELT FURCRLEEY <1000
. 12 EXIT MOZIILE TYPE FOR BYPASS 1.0000
| § ] EXIT WOIILE AWGLE FOR BYPASS (DES)H 15.0000
I TR SLRP TASPECY RATIOCFOW AYPASY T T T TRV U000
19 EXIT ELAP &LREA CDR 3YPASS « 2000
1¢ SUBSONIC OI¥FUSER AREA RAVIO 1.%000
17 SUSSORTC DTFFUSER TOTAT WALL ENGLECUEEY — ~7 10,0000
i SURSONIC OICFUSER LOSS COEFFICIENT +»1000

Figure 26. Derivative Procedure Outpyt File (continued)
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WEW INCEY™  HRWS — !
ATS2 INLET NaP R

LOCAL WaCH NURBER i

TABLEL NUMBER OF POINTS w 2.
0.000 «200 2.100 _
. . 14

P ~TXFCE 2T WONTEN—OF Y PUTNTS ¥ —%:
L NUMBER OF 1 POINTS » Te (% Te Yo 8. Ve
350 700  .090 1,220 1,060 2.100

«992 «991 903 900 +930 « 933 <879
«I72 ws87 241 837  ,903 « 924

. D e 4+ BB X4 Y A ) NS ]
-‘7‘ 3571 06.7 0'“ .'lo -.’l ..‘z

~990 <990 909 «983 973 « 982 » 900

A1 OIS N e MY YL DY A4 SR B L ANNRCE (D MY | )4

979 978 976 72 Il « 93¢ « 899

«490 309 68?7 « 706 « 839 «839 « 309 « 074

TTTNWTT T YRR WYL VN « V3T %4 1] AL 4! Y AL I

499 399 «T00 «800 +900 « 930 «939 %43 9%
«930 o.‘, o941l «936 <927 .’17 o’lt «092 « 842 i

|

x

i
WECOVERY- V3~ RXSS FLOw— |

i

I

i

NATCHED IKLET RECOVERY {

TABLEZS NUMBER OF POINTS w» 9,

. . D . . D . 111 oy tu
+900 +930 3 72 73 «0T7S +« 966 L1 «97

RATCHED NASS FLOW

TAGLEZZ NUMBER DF PUOINTS = L)
«4Q0 «600 +000 1.000 1.220 1Ll.840 2.100
RN YT A1 2N X 4 SENRIY I SEENECY A - RNEY 1) AN | ) aamars g |

YOI CINIT

EX UK PUTIRTS & Be
0,000 1.439 1.040 1l.060 1.300 2.100
0.000 0.000 <069 009 W78 2074

Figure 26. Derivative Procedure Output File (continued)
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OISTORTION LINLT

TASLEZE WNUNABER OF POINTS « he
«J9%0 + 700 «300 1.220 1.660 2.100
< TY7 'Y X2 4 L4 I'LY 1! SO 4V
SPICLARE OWAGC
TYXBLEY " WOVSEN OF v PUINYY & Ve i

HUNBER OF X POINTS = e t 8 Te [ Ve 9, Te Te

T

0,000 L9548  ,330 o700 .830 1.220 1.440 1.560 2.100
L ] L]
0.000 0.000
0.000 1.000
——U:U0T 0. 00" :
<200 L3801 J6TE 372 86T .081 1.008
181 L107 L0350 L0 .002 0.000 0,000
EENar s { | JENre 1 3 QEEE 3 NS 37 ANy T Y AENEEY (Y uamry T 3 aumanrd [} nue 4 [ Youme
W306  .202 Lll¢  ,0%¢ ,030 .01Z L0039 @Q.000 0,000
298 J3EL  LATE  (3TZ L6687  JTEZ 83T  L01Y 1,000
_ ° . U 1414 - m__:“m -
299 306 082  J3TE L0757 L06B  L924 1,
2227 L1446 084 043 019  .006 LOOL 0.000 0.000
(T4 Sumuuny ] zarenrs | 2 gummert e o auanis L ey 11 e wf | | puammetmetlh ety -_
W76 JAAT  L220 L1108 .029 Q.000 0.009
492 +590 <688 « 708 + 900 «912 1.000
SER Y 5 SR 1) mamerw | | Zumart v+ Mamtmr) Toauel 30l gt £ Enatt e
L8500  .TOL  L801  .901 .938 .96 1.000
862 499 312 .12 .0l0 0.000 0.000
REFERENCE SPILLAGE DRAC
VABLEIA  MUNBER DF PNINTS « 3.
0.000 0.000 0.000
REFERENCE MASS FLOW
TABLEDD NUNBER OF POINTS = 8
0.000 1.000 2.100
T T 0T 000
—SOUROERY TEVERSTEED DRAG
. %
0.000 .26%  L0%0 1.22¢ 1.770 2.100
0.000 .010 .OPD 041 L06)

TULO0D 0L Y00 UL O0UTTUU00T 0L 000 -

0.000 0.000 0.000 3,000 0.000

0.300 .007 .014 028 .0&2

i e 110 L Y 202X (1A 7 ) ) T 4

{ 0.900  .011 .022 044 .06

& 0,000 «012 N-14) «090 «079
Figure 26, Derivative Procedure Output File (comtinued)
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SYPASS ORAG

YABLES NUNBER OF X=POINTS» Te 'NUNBER OF Y=PUINTSe [ 1Y
0.000 849 «830 1,000 1.220 1,440 1.770 2.3%20
OO s UNT e UWI XTI WZ 207 «28F
0.000 0.000 0.000 0.000 0,000 0.000 0,000
0,000 0,000 0.000 0,000 0.000 0.000 0.000
a1 a4 Id e X4 [R5 By 4 SRy | 1) < J00
' 0,000 «0%0 «100 «15 «217 «2%0 <379
. 0.000 2036 «0nrn «117 162 220 «290
h— ry'2 L2y T4 (1A 2 e & - 2Ny 1 43 rril
: 0.000 -1 1) «0%2 002 «117 160 <216
i 0.000 «021 <048 «0Té «113 o197 2219
k
3 SOUNDARY LAVER GLEED PRAG
¥ YABLESA NUMDER OF Y POINTS o .. .
v POINYS ¥ 03 ~&e Yo t 1 \ 1) | 1Y L) %
H 0.000 «900 12000 1.230 1.440 1.0600 1,800 2.100
] =300 L9833
13 LU UL 00
I =.000 .933
{. 0.000 0,900
| ISR TS WO I YIT
<008 «+ 007 <009 +003 0,000
378 bTh « 800 «867 « Y04
SUIN 2% 12V Z2RNNr] 4. Shem L L. o
«38) b8l «130 «076 97
=022 « 020 +01% 012 0.900
13 A A4 rs. ) 14 (4 | Jmmar 1 ) Amaaard 7 4 ] ' 2
<031 +030 «027 «020 V1% 0.000
w394 + 093 o T9) 298 « 922 «992 L
oY 3 ht “UR¥ PO U U000 -
; 399 «T700 +000 «900 «936 1,001
! <061 «097 «031 «028 <031 0,000
NATCHED SOUNDARY LAYER BLEED
TadLE e ﬂU“IEl OF POINTS = | Y
v 0 v T T °
0.000 °o°°° 2010 «020 « 081
t BYPASS NASE FLOWM
. TABLETY  NUNBER OF ¥ POINTS = o
! WURBER OF X POINTYS o 8. [ 4 4 L X% 4,
. [ ] . . L ] L ] L]
, 0,000 1.000
L 0.000 0.000
4 —03900— 1000
3 0.000 0.00¢
5 <300 +831 236 1,000
' L ) Ay 1 RN £ 2 amm o r L
: - rEL) Bt 1 AL Y YA Y 1) -
} 73 +010 0,000 0.000
: «399 086 »900 1,000
. ) 1Lyl -
402 919 «95¢ 1,000
336 +018 0.000 0.000 —_—
Figure 26. Derivative Procedure Output File {continued)
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O———

1

INLETY RAF QERIVATIVE PARARETERS

DN ETEX DEFINTTTON “MEVVALUE——
1 ASPECT RATIO 1.0000
T STUFPCITE TOTEATR = =200
) FIRST RANP ANELE (DE6) 7.1000
. OESIGM MACH NUNBER 2.1000
Y TONL LT SLUNTNESY Tl
[ ] TAXE OFF DOOR AREA «2000
k4 EXTERMAL COML ANGLE(DES) 17.5%5000
v EXTT WOTZLE TYPE FOR BLECD — ~™~— ~ == '1.0000—
[} EXIT NOIZLE AMGLE FOR BLEEDIOES) .19.0000
19 EXIT FLAP ASPECTY RATIO FOR BLEED 2.0000
I €XIT FUAPFINEX FORCSCEED ™ » 1000
12 EXIT NOYILE TYPE FOR 3YPASS 1.0000
13 EXIT NOZXLE ANGLE FOR BYPASS (DEG) 1%9.0000
N EXTV FCaPr A PECT RATIO FORQYPESE — — " T 2.0000 —
19 EXIT FLAP AREA FOR BYPAZS «2000
1¢ SUBSONIC CIFFUSER AREA RATIO 1.7000
7 SUSSUNTC OTFFOSER TOTAT VACE ANGCETORET 11,0000~
1e SURSONIC DIFFUSER LESS COEFFICISNT ol&17
Figure 26, Derivative Procedure Output File (concluded)

102




round, convergent-divergent nozzle installation designated by File Name
CO2R. This configuration and its area distribution are shown in Figure
27. The nozzle/aftbody drag characteristics for the CD2R 1ibrary
configuration are presented in Figure 28. CD is presented as a
function of free-stream Mach number and AlolAstor a fully-expanded
nozzle (P9/Pi° = 1.0). Figure 29 shows the calculated effect of

making a shape change tv the nozzle/aftbody.

Figure 30 presents the old (1ibrary configuration) nozzle/aftbody deriva-
tive parameters that were used as input for the twin round convergent-
divergent nozzle configuration, and Figure 31 shows the new nozzle/aft-
body derivative purameter data that were used as interactive user input 5
into the derivative procedure program. The sample interactive input used

to create a new nozzle/aftbody drag map using a shape change are

presented in Figure 32, Figure 33 presents the output from the TAPE6

nozzle/aftbody drag calculations which shows both the old and new aftbody

drag maps resulting from the interactive session.

5.3 NOZZLE CFG DERIVATIVE PROCEDURE SAMPLE CASE }
The nozzle configuration used to demonstrate the nozzie CF deriva-

tive procedure is the round convergent-divergent nozzle coﬁfiguration i
designated as CV1. This nozzle configuration is shown in Figure 34, i
Also stown plotted in Figure 34 is the baseline nozzle FF variation

as a function of nozzle pressure ratio and area ratio. Tﬁese plotted

data are used in table form as the old nozzle input map Figure 35,

Figure 36 shows the old nozzle derivative parameters for the 1ibrary

nozzle. Figure 37 presents the sample interactive input commands used to

create a new nozzle cF map file which corresponds to a new nozzle l
divergence half-angle ﬁf 12.5 degrees. The calculated results {TAPE6
output) showing both the oid and new nozzle CF maps is presented in
Figure 38. Plotted data showing the effect ochhang1ng the nozzle diver-
gence half-angle from 11.45° to 12.5° for a nozzle area ratio of 1.60

are presented in Figure 39.
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Figure 28 Rozzle/Aftbody Drag Map for Twin Round Nozzles

108




®
REVISED AFTBODY
ﬁ"%~\ A AREA DISFRIBUTION
Py e —
“:! \ ~Jd
N
g \
g » A\
BASEY INE AFTBODY \
AREA| DISTRIBUTION \
2 )
\Y
10
g Arﬁ - 7* \
° &
€00 700 000 200
STATION inshes
.32 T ] N
| \
| |
.28 J—y\—'
| I\
1 \
024 X
I \
\
Co,p ] A S
20 1 ~
[ ~
’ ™ - EVISED
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Figure 29,
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A - ~EDRP— IR T AR

OLD AFTERBODY MAPS

AFTERBODY DRAG TABLE

TABLEAB NUMBER JF x=POINTS= 8¢ NUMBER OF Y-POINTS= Se
v o b v BT P -
«433% «®30 1e130 1200 14400 1,600 2000 2.300
«037 « 037 «096 sUB4 065 +055 L0435 o042

— ey § g P g J Ty G - T g BB g e A e
o069 «C68 »138 0122 «19% «9R1 «366 «360
ol7% « 078 2182 «1%6 0123 +193 «08% « 377

e g e B B e v b v b § 5

AT MDD S AP D RV TV E— AN E SRS

PARAMETER NUMNBER PARAMETER DEFINITICN OLD VALUE
——— e KA TAE ST AT L RRE S-SR E-RATIC 4306
] TAIL FIN CONFIGURATION - _2eulG0
3 TAIL FIN ANGLE (CES) © tel0DY
e e e b Lo RN R QR AN DA RS L A L AR AT —— e L 3B e
3 BASE AREA RATIO 03000

TH4E FOLLO8ING &RE THL TAoLES OF STATIONCIN) VERSUS AREA(SQFT)

TABLE NUMBER = |1 AL0/A9 = 2418
STATIANAND AREL
537400 44,50 700400 41,50 760.00 36.00 B0C.00 31,00 820.00 2%.00
830,00 20.50 B876.00 20 55 L } e : ’

TABLE NUMBER = 2 ALO/A9 = 2.50

STATISGN AND AREA
— i A i A e B e O R e S S B i e O 2 B e ———
330,00 20.50 876.00 '11.34 S o h e .
rn'|‘ r"n.‘a ;. 3 L Aibllg_‘ 3_!3}

STATIIN AND AREA
83Te00 44:50 70000 41450 760400 36400 B00.00 31400 820400 2%.00

RL 0878630 1 X315
Y L g

Sy

. UALCZA9 = S.0¢
STALLONARD—AREA

637e0C 48050 700.00 #1e50 760a00 35400 BOGeUO 31e00 820400 25.00

330400 20056 876400 8,92

TABLE MUMBER

YABLE NUMBER = & AlU/A9 = Te42
STATION AND AREA '
-—6&3.&4—w44v5~—1¢0o£l—u4405¢—1$l.45~—36.&3~l&0.&h-31.00—&3&.4&-—35—&$_______
850,00 20.5C 876400 6ol

Figure %0, 014 nozz!g@my Derivative Parmoeters
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Figure 31. New Nozzle/Aftbody Derivative Parameters




- - M 8- 1 ok O

DERIVATIVE PRUOCEDURE PROGRAM

ENTER CODE FOR MAPS TO BE CHANGED
1 FOR INLET MAP CHANGES

2 FOR NOZZLE-/AFTBODY CHANGES

3 FOR CV MAP CHANGES

1>2
CD2R INPUT MAP

ENTER CODE FOR DUTPUT DESIRED
0 FOR TAPE6 DUTPUT ONLY
1 FOR TAPE6 QUTPUT AND TAPE1CMNEW PIPSI)> FILE

I

AFTERBODY TYPE = CD-AXISYMMETRIC DUAL NOZZLE
AFTERBODY MAF DERIVATIVE PRARAMETERS

PARAMETER NUMBER PARAMETER DEFINITION OLD VALUE
1 NOZZLE STRTIC PRESSURE RATIO 1.0000
2 TRIL FIN CONFIGURATION 2.0000
B 3 TRIL FIN ANGLE(DESG) 0.0000
g 4 TARIL FIN FORE AND AFT LOCRTION RATIO : 1736
S BRASE RRER RATIO 0.0000

INPUT NUMBER DF PARAMETERS TO BE CHANGED

I>0

PRE DERIVATIVE PARAMETERS CORRECT(O=YES 1=NO>
I1>0

THE FOLLOVING ARE THE OLD TABLESCSTATIONCIN) VERSUS ARER(SQFT))
ASSOCIATED WITH A PARTICULAR R10-AS

THE USER MAY CHANGE A TABLE VALUE FDR A
PARTICULAR A10-/A9 RATID

THBLE NUMBER = 1§  Ai10/R9 = 2.18
STATION AND PRERA

637.00 44.50 700.00 41.50 760.006 36.00 800.00 31.00 820.00 25.00
830.00 20.50 876.00 20.50

TABLE NUMBER = 2 A10/R9 = 2.50

STATION MAND RRER
T 637.00 44.50 700.00 41.50 760.00 36.00 800.00 31.00 6820.00 25 00
. 830.00 20.350 876.00 17.84

Flgure 32. Ds:ul;a Interactive Input for Creatinq a Wew Nozzle/Aftbody
ag map
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TABLE NUMBER = 3 Al0/A9 = 3.33
STATION AND ARERA
637.00 44.50 T00.00 41.50 V60.00 36.00 800.00 31.00 820.00 25.00
830.00 &20.50 876.00 :3.39

TABLE NUMBER = 4 R10-AY = 5.00
STATION AND ARER
637.00 44.50 TO0.00 41.50 760.00 3¢6.00 800.60 31.00 820.00 2%.00
830.00 20.50 876.00 8.92

TABLE NUMBER = S  RIO0/RS = 743
STRTION AND ARER
637.00 44,50 700,00 «1.50 760.00 36.006 800.00 31.00 820.00 25,00
830.00 &20.50 876.00 '6.00

DO YOU VISH TO CHANGE A TABLE <0=ND i=YES)
I

ENTER THE TOTAL NUMBER OF TABLES TO BE CHRNGED
M

ENTER THE CDRRESPONDING NUMBERS DF THE TABLES TO BE CHANGED
1>3

HOW MANY POINTS ARE IN YOUR NEW TABLE S
1>¢7

INPUT THE POINTS IN PRIRSC(STATIONCIND sARERC(SAFTY)
12637, 44.3 700, 43, 760. 40. 800, 36. 820. 30. B30. 22. 876. 6.

THE FOLLOWING ARE THE NEW TABLESCSTATIONCIND VERSUS ARERC(SQFTY)
ASSOCIATED WITH A PARTICULAR A10-R9

THE USER MAY CHRANGE A TABLE VALUE FOR A

PARTICULAR ALO/RS RATIN

TABLE NUMBER = 5 ARI10/R9 = 7.42
STATION AND ARER
637.00 44.50 700.00 43.00 760.00 40.00 800.00 36.00 820.00 30.00
' 830.00 22.00 876.00 6.00

ARE TABLES CORRECTCO=YES 1=NO)
1>0
DO YOU WISH TU CHRANGE THE DEFRULT R9A8 SCHEDULEC(O=R{ 1sYES)

1>a
DERIVATIVE PROCEDURE PROGRAM

CNTER CODE FOR MARPS TO BE CHANGED
1 FOR INLET MAP CHANGES

2 FOR NOZZLE-RFTBODY CHANGES

3 FOR CV MAP CHANGES

13
£
]
!
3

I>"END"

Figure 32. Sample Interactive Input for Creating a New Nozzle/Aftbody
Drag Map (concluded) 110
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OLD AFTLREGDY MAPS

TR

AFTERBGDY DRAG TABLE

TQBLEKB NUMEER JOF X=FCINTS= 8e NUMBER JF Y~PCIlikTS= Se

POy 2 B P, POR VI RN Bl ot
‘.L-“' Ch LWy LX) 2 ICA A T vAT

o434 . oF0]. 1130 14200 1400 1600 "24000 24390

LT 03T GU3T 2096  +3B% o065 - o858 o045 o042

o054  J0B% G136 o122  #CB6 «081  +08&E w061
375 &075 o160 <186 o120 e103  J3IBE  W0T7
————-r&ﬁ'ﬁ—sﬂf: Ly X1 2 iy viid 3o e

PARAMETER NUMBER FARAMETER DEFINITIUN OLD VALUE
t wrEttE- s PRESF SO EFA T Y ———— i i ———————
2 TAIL FIN CONFIGURATION 240000
-] TAIL FIN ANGLEL(DES)Y - i . 9.20040
w TN PR AN AP Pt Ot A PO N P e P Y —————
5 BASE AREA RATIO Ca2000

T4E FOLLOJING ARC THE TAulLES OF STRTIONC(IN) VERSUS AREA(SAFT)

TABLE NUMBEK = 1 ALO/AS = 2.18
BTN FEIN—ANE—RiEA
657408 44.50 700400 A41.50 nn.oo 136400 500200 3:...0 820400 25.00
 B¥DL0 20450 8760V 20450 - I R O ..
TABLE NUMBEK = 2 ALOZAS = 2.50

STATICN AND AREA

STATION AND AREA
63700 44,50 702400 41e50 76000 3500 80Je0G0 31400 820400 25430
L L N _
' . R ; v ;;'"4 "Wf .-.» R T
- TABLE NUMBER = &'~ - ‘A1O/A9. = 355‘0
sv:m«—me—*a%n -
657400 44,50 70000 #1450 76000 3630 50000 31400 82049¢ 25407
830400 20450 876.00 Be92

TABLE NUMBER .2 "3, . ALOAR9 = _i;»z‘
' TS STATION AND AREA, © .
e e 5 A O 5 B B 5 - S b I
830400 20,50 676400  6e50

e Fj,gg’r‘e»-aa.» Output frdﬂhzz'hlrkftbﬁdiy ‘m'&p‘-a'_lculqﬂpﬁ '
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NEW AFTERHODY MAPS

AFTERBIDY DRA» TABLE

TABLEAB NUMBER OF X=-POINTS= Be NUMEIR OF Y=FOIKTS= Se
2Tt St Y r— Sy r— v rt? -
«%00 o500 1130 1200 1435 14600 . 24006 -.2,302

o037 - oT3T  sU%6 = «Db4 #3653 . .«258: 045 . JG42 o - A :

V064 o366  o213R o122 o098 o081 o366 «063
W75 o075 <188  415E <120 <105 o085 o577

—— A P Tt s B A R S v iR T 76 1
: AFFEREEDY~BRAG—EORRECTHON ;
e B EA Bl M BER PP B EES SN O ER—OF—Y— PO ENES _ ' i
24180 3,926  5.571 T.817 - .. LA el T l . :
o400 2875 1.350 1.82%5 230900 T 3 : .
——— St Bt S E D N 5w s
2105 CalC0 =a105 =o21C =ob20. %gg;g»k«u'w* D

2114 Cel00 =ellé ~o227 =455

e e e i Gy Ty R .
; «C15 " =eLOL =eB1% =ol30  =o061 ot :
#002. 0e00C =+002 ' =o0LA" =o0A® 071 oy U "

o035 D.0C0 ~e%39 =077 o155 ;
2023 0,000 =.C23 ~oC4T  ~a093

' 4001 D000 i-,oclf‘-.unx ;
v _,..021 O-ﬁnﬂ "'."02’3_'_ :.".0.3 ;oL |
L3 o2 W K 7. i

'U".l l-'lrvv LA 2] TS

«015 Ce00C =4016 =031 =~.063
o003 =403 -.005 -oCU7 -.014
. iD24 " =aBOD iwe028 o048 "-nlib
Yoo w28 040087 ~el26” *-—.051 ‘0103
g B g iy B B B e B

«003 0e000 =+003 «o007 =.014
«000 =4000 =000 =o001 <~=.0062

1 NOZZLE STATIC PRESSURE RATIC
r— ——41it—#+ﬂ—eahﬁiﬂu&**iﬂ* - ;
S TS " TAIL FIN ANGLE(DEGY > e, :
ra - TAIL FIN FORE: AND: uFT LBCATIO&‘IITID'\, Vo ;
5 B GE—AREA— 6 : Py ¥ Y S— |
|
WRAMMR LI AN i A




T

TA3LE NUMEER = | AlU/Z4A5 = 2+18
STATION ANLC APEL
—t Pt T T e et e it vy T e o 2t i — 2 5 e ———————

B3Uels CUeSy B76400 28458

— St it e —k IO AT—T 2328
STATION AND AREa

637000 4405y T20ul0 €158 T604iC 36600 803e%0 - 31.00 82600 25460
——a Yttt Py Ty » _ -
TABLE NUMBER = - 3§ "A10789 = Sed3

s - . )
37aCC  44eEL Ti2.00 42450 TeleCC 36490 802,00 J1e00 420400 25400
830euv 2?-5" EToedl Lel9

YASLE NUMBER = 4 ALGZAY ® el L T .
- STATIIN AND AREA . . T e
— A it — T A R A e Ayt ; . - R
830400 ZlUefy BTuell  Ee5Z
e A H A N U B e A L A ST

STATICN AND AREA
63Te50 A8.50 790,00 43.00 T60.00 2,30 8“0-00 lﬁ.ﬂb 820 Uﬂ 30-00
e Iy G P GGG D

Figure 33. Output from Nozzle/Aftbody Drag Map cncu'iation (concluded)
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uLb CFe

CFG TABRLE

TABLECY NUMBER OF X-POINTS®E 10, MUNBER OF Y-POINTS= Te

14500 24000 3,000 4,000 8,000 4008 8,000 12.000 14,000 18,000
«992 «992 «786 «976 «%66 « 989 «736 924 «903 886
[EEENEEEEY L L WENNESY 7 1 ST Y Y WY 7 T UEEESY 13 NS L | WEE 7V SN T SRS I 1. SRS T T

«888 «938 «977 »986 «988 «903 «970 «9%8 «938: 920

862 «905 965 <982 986 «982 w972 « 964 947 «932

; PYe o5A 542

<832 «876 +932 «962 «977 982 «978 « 270 +959 S LYY

«800 o867 922 «932 «370 =979 «578 972 o961 982

CFG MAP DERIVATIVE PARAMETERS

—BARAMEIER MUMBER . _PARAMETER DEFIN]TION. OLO_vALUE
1 CIVERGENCE HALF ANGLECDEG) 11.4500

Figure 35. 01d Nozzle CFG Input Map




NOZSLE TYPE = ROUND CONVERGENT~DIVERGENT NOZZLE

CFG NAP DERIVATIVE PARAMETERS

PARAMETER NUMBER PARAMETER DEFINITION
H DIYERGENCE HALF ANGLECDEG)

Figure 36. 01d Nozz'ie Derivative Parameters
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MR 5 0

DERIVATIVE PROCEDURE PROGRAN

EMTER CODE FOR HAPS TO BE CHINGED

$  FDR INLET r CHANGES

2 FOR NOXJLE~AF TBODY CHANGES

3 FOR CV NAP CHANGES

3
CVil INPUT P

ENTER CODE FOR DUTPUT DESIRECD

0 FOR TAPEG ODUTPUT ONLY

3 FOR TAPEG OQUTPUT AND TAPLI(NED PIPSI) FILE
N

MOSSLE TVPE = ROUND CONVERGENT--DIVERGENMT HOCJLE
CFG MAP DERIVATIVE PARAMETERS
PARMETER NUMBER PARANETER DEFINITION oLDd WALUE
H DIVERGENCE HALF ANGLECDEG) 11.4500
INPUT NUMDBER OF PARAMETERS TO DE CHANGED
b9

INPUT YHE PRRAMETERS TO BE CHANGED FOLLOVED
BY THE NEW VALUE IN PAIRSCPARAMETER NUNLER AMEVW VALUE)

151 2.9

PARAMETER NUMBER PARAMETER DEFINITION NEVU VALUE
: DIVERGENCE HALF ANGLE(DEG) i2.3000

ARE THE DERIVWATIVE PARANETERS CORRCCT(O=YES 1=NDD -

>0
DERIVATIVE PROCEDURE PROGRANM
ENTER CUDE FOR MAPS TO DE CHANGED
1  FOR IMLET MAP CHANGES
£ FOR NOZZLE-AFTBODY CHANGED
3 FOR CV nAP CHANGES

D ENp*

Figure 37. Sample Interactive Input for Creating a New Nuzzle ch Map
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“Wo Ccre LIl 2

CFd TABLE

SABLECY WNUWBER OF x-~POluTES 10 BURRER OF Y=PRINTS= Ve

16960 2.000 3,000 4,008 S.000 G000 2:.00; 10,000 14,900 10,000

992 «992 706 +976 «966 « 938 «730 « 924 - %983 «886
Y 1 U ER—: VU WSS T WY T 7 WG T | NN L VRSN T T RN [y SN © | W T T S

11 «938 7 « 984 «988 «983 «978 « 958 «338 «928

<060 «988 « 968 982 «986 *988 «972 « 96 987 952
JEUENIINES YV IV T UES T\ WENENN | ) WHEEDN V'S WENGSN TV UNSESS L NSNSV V¥ WY | V VNN T U e

«222 276 «933 «902 977 982 «978 <978 « 939 «986

+300 867 922 - 932 978 «?79 97 1 2] 961 « 982

cre RAP DERIVAVIVE PARANETERS
L0 ualuc
1 CIVERGENCE WALF ANGLEC(DL®) 11,4500
wv crs nars
LML JNAUT AR,
CFS TABLE
TASLECY VUMBER OF X=POINTSE 18. WURBER OF Y-POINYS: T.

v 32w 80 TR L BB — L A — e 3 —
19088 2,008 J.080 2.880 T.000 6090 A.C000 19.009 14.000 13.000
«992 992 « 986 «76 <956 «938 «938 S 7 1) <903 +086
Y ¢ 1 T Y Y | | L SRR | | WRPX ) T .
«087 938 376 «988 «-907 «982 =969 » 987 937 o719
861 984 «B64 -%81 2985 -8} « 9 963 % L19 o931
PESEVEIEY ¥ T SR UV WERRESE 7 S REREE T SRR s o o e 7 7 AN 1} PR TV U
o820 o874 «3 «948 «78 «200 «978 2968 « 787 « %04
« 797 064 o919 o949 967 6 378 «SaY « 938 s 1]

C — — ——

(<4 NAP OERIVAYIVE PARAML YIRS
eV ALV e

1 DIVERGENCE WALy ANGLE(DEW) 12.580¢

Figure 38, Terminal Output for Kozxxle Crg Map
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SECTION VI
FLOW CHARTS

Thi3 section presents the cugincering flow charts used to develop the
derivative procedure compute: praogram. Section 6.1 presents the inlet
derivative procedure flow charts, Section 6.2 presents the nozzle/aftbody
drag derivative procedure flow chavts, and Section 6.3 presents the
nozzle gross thrust coefficiant derivative procedure flow charts.




STEP 1 ~ INLET Z2PTURE

@
|
X
g
©

USE SHOCK ROUTING TO DETERMING OBLIOUS }

SHOCK ANGLES (30G aid & row) FROM MOOES oid

ol B¢ old B raw l
i

TTL el how = LITAN 151G ol b woed |

ASP cid & mew = 5 {TTL oid & mow = TTLT id & new TAN 181 old B nowi

K2

DETERMMNE MACH NUMPER (CON) WHERE SHOCK |
18 NOT DETACHED BY CALLING SHOCK ROUTINK !
W STEPR OF .1 STARTING AT MACH 1.3 AND
L IY )

JMACH (1) = CON
XMACH () = SICON + MODES oidh
XMACH {3 » MODES ald

NMACH = 3

= = ==~ = — o [Txaact) - con

ABIUMBS THAY XAMACH (2 = MOSTANT
it e 1] wanack () = B MOSTANT + MODUS sis)
" vaMATION W CAR. | | XMACH () = MODES ol
' TUNE 8 RIPROBINTIO BY | NMACH = ¢
]

]

]

Ly o

| OETERMINT THE AMAC ald & now UPING THE XMACH
o< 3 BCHEDULE, THE KW AND OLD DERIVATIVE
PARAMETENS AND THE TAMPID ROUTING

| ® ;

Figure 0. Flow Chart for Step 1
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UBH THE CONEPI. ROUTWOE TO DETEMSNG THE OBLIGUN
SHOCK ANGES )3 OLD & NIEW} FROM MODES OLD AND
$10LD & NBW

v

TILOLD & NBW = LUTAN DRy o o

XMACH {1) = 1.3
XMACH (2) = B (1.3 + MODES oit
JMALH (3) = MODES old
NMACH=3
MMALH =4
MMACH () = 13
JOMACH (2 = MOBTART
XMACH (3 = B GROSTANT + MODYS o}
XMACH 18) = MODES sl
&mtﬂ
_MMMMVWWM““-" 2T okt

UBE CONEPL WITH 31« & XMACH TO DETSAMING ¢ AOIAD)

Sl B = GIADIACUN o)

TILT D = VTAN (¢ okl U
TILY saw {8 = TTLY el L} ~ TYL W04 ¢ TTL o
drow () ® TANY (WITTLY wow L

e R T T

UBE COMEPLWITH 61 maw AND XMACN TO DITERSNE AGIAC
THEN

'...; ADIAC L} vaw = ADIAL 1 naw L)

fo =

|
|
|
| THIB ABSUMEE THAT THE TRANSLATION SCHDULS | |
FOR THE NIW 51 WILL BE THE SAME AS 108 VERY

Luuwmmvmmomn i ]

|

|

‘-—-“‘l_———_--—J

Figure 40, Mow Chart for Step 1 (cont'd)
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: (;) i
|
T {

_‘9'_&‘_‘;" &I (M0)  THAOAT AREA NEW i
A NTeld " A, | MTes " THAGAT ANBA GLD J

e et e

MT row TABLE BOUALS

T ol TABLE TRUNCATED

POR ALL MACH NUMBENS GREATER
THAN MODES now

=5

—_—

t OETERMING & STORE AVa "DOXHN UBING THE
$HOCK ROUTING FOR EACH XXLI) > TABLE 20T MAX MO
H= JWHERE FIRST 3XL) > TABLE 2aT MAXMO

| v

« loi XxLm Adp O
ARATLS & lﬂ,,,, ;,-:———m»n

v |
MECM 15 THE RECOVENY FROM THE ,
BHOCK NOUTING POR THE MACH ,

- it o it 1
. P o e i ¢ e

NUMBER UL ‘
L2 :

| oo ax om0 | '
o :

DATERMING THE RECOVERY IMEC) FOR BACH i
MACH NUMBER GREATER THAN AM ‘

ARAT (8 = ARAT (g - DES_

-2

Age UM
'_"'D&%ﬂ—m l"""“" -

N
T o
EFT)

| gripingy .....__L.., — a—— c— —-—.—'
| THIS ASSLARS THAT THE PREVIOUS I MACH |
NUMBSR REPRAISNTS THE THROAT CONASCTED
| PrOw & THAT 100HER MO WILL HavE THE saMe |
THROAT COMSCTED #LOW,

l———'l—"—--——-u-.___.___l

Pigure 40, MFiow Chart for Step 1 (cont'd)
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MR L

ARAT (1) = 1.0

™10

ARAT (J01) = ASIAC nawr LIMASIAC i L}
XM (91) = XMACH (8

J = THNMACH

W w

Al IO) AV
T | e = | v
’ PORALLM, > 10

ARAT M0}

[ 1
L BLwTNSSS
DETERMING ERFECTIVE MACH NUMBER MTE oid & now | Recovemy Assecrs |
FIROM MTHROAT ANG COML. LIP BLUNTHNESS ald & new € — = i prlan gl
FOR THE MACH NUMBERS O, .2, 4 and 10 15'}','."“'"“' (
72 (IS |
USH SUSOI ROUTINE TO DETERMING RECOVERY Ty
. VERBUS MACH NUMBER FOR BOTH OLD & NEW Jreserad
: SUBSONIC DIFPUSER PARAMETERS | CAPTURE PR |
. PTINY wd PFTIVERIUS XA | Fotes coamvtson |
PTRA L) = PT2A2 LAFPT2M) L Jacatvew aemn|
FOR ALL MO < 1.0
APN = PTAR O) e ,
RP¢ = THE EFFECTS OF TAXE OFF DOOR AREA | Taxwoer t
CHANGING AS DEVERMINGD mAMFMUﬂNﬁ(—-ﬂ APRCTS |
CAPTURE A \
A_e'__ﬂgll o o . AP PO | Lowesucs | ,
Ay 247 row T T now :

UBE SQUI TO PERFORM MACH NUMGER
. BOUIVALENCE FOR MACH NUMBIRS
: BN 207 SMO old + MO newd

n A
XM (1) - QD
XM 8 - 10
XM (3 = MODES aow
XMULT (1) = MODES sldMODEE new :
XMULT (29 = JOMULY (1) l
WMULT (% = 10

o

. .
0

s .
TR

.

Figure 40, Plow Chart for Step 1 (cont'd)
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AOI (MQ) AODI (MO)
Aq ETomw " AL | 2T  XMULT (MO)

!
RETURN '
!
{

= =t - - -

CAPTURE SCALING |

WITH H‘ OEBON

ASM,0pgian 18 l

INCREASED THE |

THAOAT AREA

BECOMES SMALLER |
{
]

Fitgure 40, FYow Chart for Step 1 (concluded)
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H
t
B

STEF 1. BOUNDARY LAYER CONTROL MASS FLOW RATIO
A I/

— . m ——— - —

XMULT » {1, MOSTART > MOOES oid
A  MOETART < MOLSS o

COMST! = TTL 4w COT (by sl
CONST2 = TTLeld +(1-TTL oM « TAN G ol

CONEBT1 # (1. — 8PC naw) )
CONBTI « 1, + XMULT- w—i%—fn,!,__ P "]

| WATTED ARKA BFPACT |
DUS TU CHANGE
| mASPSCT RATIO |

| ANO/OR SIDE MATE | — — ] &S,&E 'N_.ﬁeﬁ |uu'°°"'"

v

v

USING  S10 old & new FAOM STEP | and MODTS old & new
QETAIN Ng ald & naw [RAMP SURFACE MACH NUMBER)

- ane e .--——'

%

| THE BOUNDAKY LAYER
 conymor neaumeow ||

DETERVINGE AVA  cld & new snd PAY ald & now FOR ‘
S odil & now USING SHOCK ROUTING

) A

OETERMINE AE old & mow (REYNOLIDE NUMBERS)
fos MOOSES old & now

| AT YHE THROAT OR
:mm FACE PROVIORS
!THATTWE  PARAMETERG |
,,_.,,mmmm_,
| GRAGISNT ARE §1 ANO/OR |

Figure 41. Flow Chart for Step 2
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I""A. b !
of IRl s> ;

&I&I
A |

[ i

i |
F xisTInNG PIYOT INLETTS ANE NOT BLED. 1F ONE 18 ' 5
| MCLUDED WITH BLEED, THE MAPS WILL SIMPLY S PASSED | i
! TUROUGH, AS FYSTEM CHARACTERITICS ARE AS YEY I !
P |
e e -

e —— o —— — W— — — I

AUN CONEFL FOR MODES oid & now AND 3 cid & now
Mg ald & new = MM (1) wid Beow FROM QONEFL h"“‘“@
LONE BURPACE MACH NUMBER) )
Aosic . Sosic

ol PRl ol PR

5 ’ B
o

UNE EQUIV TO OUTAIN MO ot MO ey s A
_Aou_"_c l wr %‘E I pat ° CONST | |

, UK BOUY TO ORTAIN MO sld + MO naw ¥ 88

fome | -t | o
€= |

Ftgure 41, Flow Chart for Step 2 (cont'd)
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Ly

o ()

i O

USE EQUIV TO OBTAIN MOy = MOpgw In 88

Ac BN

FORMOG, < MOSTART

A | OB

S e G - g S S S W

' FOR MIXED COMPRESSION INLETS THE |
: SLEED IS SPLIT INTO FORWARD (LOW |
 PRESSURE) BLEED AND THROAT (WIGH
" PRESSURE) BLEED l

l_.._._______,___ ———

—_——— >

AOWPBoid = AO___gL_EI (_‘__)
AC |o8\1er

AOLPE, ., = ADLPS, +CON 1
A .

AORLC

G

l'“ o AOLPR,,,, + AOHPS

FOR ALL MOoki > MOSTART

N

€ = —{ NEW TABLE OB |
| -

v

&wl .Aoeu:' ]
Ac |ear A lear = S

POR MOy < MOnow
USE EQUIV TO OBTAMN 4O old —=-40,_,

v

AcsLc - (AQ!E
AC BAT A lea AC
m'"o“>"om

USE EQUIV. TO OBTAIN My o™ M, np,

eégyzﬂmxmn AOSLC , MOmew)
- - TAC &N

Pigure 41, Flow Chart for Step 2 (concluded)
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STEP3 INLET SUPPLY (AeiAc)

e AEE mEm GmR  SE v

| mmommm:‘

p -

o~ MW TABLEXC

| SUPPLY = CAPTURE

%Itﬂ-g-lt"“ EA.E “’)lm
k72

| =8LASD POR !
| TENEWTARLIS. b=

-t G wms e

MTIO = Aoumo,.,llm
R

mm.uulu FOR A PARTICULAR MODEL OF

Vall « Aoerc (:-_ I_,w.’l
Ay Ay '2A CAT

o '(: + VAL) . RATIO~ VALS
Mo (3 )

POR ALL MOuid IN 2A

e (% e Y e

(THIS STEP REICALIE Ay, |
| |
il 2

ki

WTHE ABOVE STEP -“-'—l o 2o | sonm
Ay | AN Ay l2a
AN SOUIVALENCE CALLED F, USING THIS EOUIVALENGE

'e'lun' '('A;..'Iw'"')

¥

USE BOUSY TO PERFORM MACH NUMBER EOLNVALENCE
ON MACH VALUSE I TABLE 7

o R
%5

l-— _——“ﬂ

Comm i ], smtlre [ommmer |

':-E"H‘m' -"E'ﬁl ;e

POR ALL M, I TANLE 7

Figure 42, Flow Chart for Step 3
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STEP4 INLET RECOVERY Pyyffyy)

FOR M, WM <10
RPN = PTAR (i) SUBSONIC DIFPUSER CORNECTION
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Figure 43, Flow Chart for Step 4
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Figure 43, Flow Chart for Step 4 (concluded)
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Figure &4, Flow Chart for Step b
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Figure 44, Flow Chart for Step 5 (cont'd)
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NOZZLE/AFTBODY DRAG DERIVATIVE PROCEDURE i

2 ' START ) f
. \/
, READ IN OLD (BASELINE) o b

Cp. VS. My & Ajo/Ag TABLE
AND GEQMETRIC PARAMETERS

READ IN OLD (BASELINE)
| NOZZLE/AFTBODY AREA

DISTRIBUTION -
2 READ IN NEW

NOZZLE/AFTBODY AREA

DISTRIBUTION AND
DERIVATIVE PARAMETERS

CALCULATE  IMS,

_ PARAMETERS FOR

: ? BOTH NEW AND OLD

: : ‘ AREA DISTRIBUTIONS

OBTAIN C,'S FOR OLD
.
) AND NEW IMS.'S
! - FROM CORRELATIONS OF

Cp VS. INS; & My,

W e

,% Pg/P, & CONFIG. TYPE :
I J :
! .
i CALCULATE AC - *
\ é OIHST |
\ i c c :
4 Bnew ~ PoLo ;
I“ : i
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; Figure 47. Flow Chart for "0113 A e/Aftbody Drag Procedurc !
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CALCULATE CORRECTION FOR
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O RNEW
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ACp, V5. My & &

v

CALCULATE CORRECTION FOR
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ACp . =AC - AC)
PFA T Oy FAoLp

]

| ©

4 OBTAIN BASE PRESSURE

3 COEFFICIENT FROM TABLES OF
é Cp, VS. My FOR 2-D AND
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v

CALCULATE INCREMENTAL BASE
DRAG COEFFICIENT,

ACp, = Cpy X [(Agnse/M00new -
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| Plgure 47. Flow Chart for Nozz1e/Aftbody /Drag Procedure (Cont,d)
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CALCULATE TOTAL CHANGE
IN NOZZLE/AFTBODY DRAG,
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RETURN

*ACCOMPLISHED EXTERNALLY TO NORMAL PROGRAM CALCULATION STEF3,
SHOWN HERE FOR INFORMATION ONLY.

Figure 47. Flow Chart for Nozzle/Aftbody Drag Procedure (Concluded) ;




CF FOR ROUND C-D NOZZLES
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- |
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®orv,,, V5+ Ag/Ag & CREATE

fii T mam Bem. ot e e

LD
NEW 6 Vs,

e
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L DIV

C-D Nozzle 141
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NEW, OLDA _
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a Bop 9 Boup
H %
5 CALCULATE NEW Cy VS. Pro/P, CURVES:
c =C + (AC
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: & STORE E
|
o RETURN 3
E ' i Figure A8. Flow Chart for CFG Derivative Procedure for a Round l




CFG FOR ROUND PLUG NOZZLES

START

READ IN ULD C, VS. Pro/Po
& Ag/Ag CURVES

v

READ IN BASELINE GEOMETRIC
PARAMETERS & DERIVATIVE PARAMETERS

STORE CURVES OF
Ag/hg VS. < & B

f——

STORE ACV Vs.

e rim e "S& _______ -t

OBTAIN o AS £{Ag/Ag) & B,

CALCULATE o - 8 .

v |
CALCULATE A(A.Cy) FROM {
& NEW 8, .

V] »

CALCULATE NEW C, VS. Pyg/Py BY:
€, =C, + AC

View  Voup v
AT EACH Prg/Pp & Ag/Ag

RETURN

Figure 49, Flow Chart for Crg Derivative Procedure for a Round
Plug Nozzle
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2-D/C-b NOZZLE Cr,, DERIVATIVE PROCEDURE

READ IN OLD (BASELINE)
cFG VS. Pyg/Py CURVES:

. A/B, NON-A/B
: >
: READ IN OLD (BASELINE)
GEOMETRIC VALUES:

Ry Gy,

et et et e sninin ol
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|
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1
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i (6 /8 )
UL

AT SAME Ag/hg TO GENERATE
NEW 87y VS. Ag/Ag CURVE

V.

()

Figure 50, :1ow1Chlrt for Cie Derivative Procedure for a 2-D C-D
ozzle :
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Figure 50. Flow Chart for c, Dertvattive Procedure for a 2-D C-D

, Nozzle (Cont,d) &
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CALCULATE (A Cv)em :
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(aCY = (Cy Yo o -Gy o,
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\/

RETURN

Pigure 50. Plow Chart for c, Deri{vative Procedure for a 2-D C-D
Kozzle (Concluded ‘
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CALCULATE ( Cy) o FACTOR:

(CV/CV )e LOG(IRNEH )
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v
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v
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< RETURN )

Figure 51, Flow Chart for CF Derivative Procedure for a 2-D Plug
Nozzle (Concluded)
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