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NOTICE

When Government drawings, specifications. or other data

are used for any purpose other than in co.anection with a
definitely related Government procurement operation, the
United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be
related herecto.

Copies of this report should not be returned unless return
is required by security considerations, contractual obliga-
tions, or notice on a specific document,
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FOREWORD

This report was prepared by the Research and Engineering
Division, Aerospace Group, of The Boeing Company under
Air Force Contract F33615-72-C-1580, "Propulsion System
Installation Corrections”, Project 1366, The program was
concucted under the direction of the Prototype Division,
Air Force Flight Dynamics Laboratory, Air Force Systems
Command. Mr. Gordon Tamplin was the Air Force Program
Monitor.

The program was initiated on 31 December 1971 and draft
copies of the final reports were submitted for approval
on 31 October 1972.

Dr. P. A. Rcss was Program Manager and Mr. W. H., Ball

was principal investigator during the program. Significant
contributions to the program were made by the following
individuals: Mr. Joe Zeeben, engine performance; Dr. Franklin
Marshall, inlet and exhaust system technolcgy; Mr. John Petit,
nozzle internal performance and nozzle/afterbody drag; and

Mr. Gary Shurtleff, progrzmming.

This report contains no classified information extracted
from other wlassified reports.

Publicatic -~ =f this report does not constitute Air Force
approval . e report's findings or conclusions. It is
publishe3 . for the exchange and stimulation of ideas.

SN Choer |

Lt. Col. Ernest J. Cross, Jr.
Chief, Prototype Division
Air Force Flight Dynamics Laboratory -
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ABSTRACT

This report prescnts the results of a rescarch program Lo
develop a procedure for calculatinag propulsion system in-
stallation losses. These losses iaclude inlet and nozzlie
internal losses and external draq losses for a wide variety
¢ of subsonic and supersonic aircraft configqurations up to
Mach 4.5. The calculation proccedure, which was largely
developed from existing enginenring nregadures and 2uzperi-
mental data, is suitable for preliminarv studies of
advanced aircraft confiaurations. Fnainecerina deserintions,
equations, and flow charts are vrovided to help in adaptinug
¢ the calculation procedures to digital comnuter roatinaos,
Many of the calculation proccedures hiave already bheoen brogr v oced
on the CDC 6600 compulcr. Proqram listings and flov chart,
are provided for the calculation precedures thatl have been
programmed. The work accomplished <during the vrogy) e io Coon-
tained in four separate volumes. Volume T containe
( enginecering description of the calculatiaon procedares.,
Volume Il is a programmer's manual containing flow onnarts,
listings, and subroutine descriptions. Volumwe ILY containg
sample calculations and sample inpat data. Voluse 1Y con-
tains b okkecening definitions and data correlations.
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SYMBOLS AND NOMENCLATURE

Area, in2
Inlet capture area, in2
Local stream tube area ahead of the inlet, in®
Free-stream tube area of air - iering the inlet, in2
Aspect ratio, dimensionless
Velocity decay exponent, dimensionless
Sonic velocity, ft/sec.
C, Drag coefficient, D , dimensionless
C 9AREF
C-D Convergent-divergent
cD Additive drag coefficient,'CD = DADD , dim nsionless
ADD ADD
¢ . C
CD Afterbody drag coefficient,-ggﬂg— , dimensiovlaoss
A Mvax
MAX (PP, ) Apngy:
¢ CD , Base drag coefficient —' cdimensionlcss
Base 9Avax !
. . DRAG , 4 . 1 . '
CD Scrubbing drag coefficient, dimensionle-s
s Fyax
¢ F
Ce Thrust coefficient, ——4— , dimensionless
9 w
—_—(V
g ( cP)
Cg Stream thrust coefficient, dimensionlcss,
( (defined by Figure 48 of Volume IV)
Cv Nozzle velocity coefficient, dimensionless ;
Conv. Convergent
f D Drag, 1b.; Hydraulic Diamcter, gA , in., diameter, in. |
¢ ) ix
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SYMBOLS AND NOMENCLATURE (Continued)

Thrust, 1b.
Ideal gross thrust (fully expanded), 1b.

Fuel/air ratio, dimensionless
2

Gravitational constant, ft/sec
Enthalpy per unit mass, BTU/1lb.; height, in.
Enthalpy of fan discharge flow, BTU/lb

Enthalpy of primary exhaust flow after heat addition
BTU/1b

Throat height, inz

Velocity decay coeff.cien:, dimensionlcss
Length, in.

Mach number, dimensionless

Pressure, lb/in2

Relative pressure; the ratio of the pressurcs Py
and Pp corresponding to the tomperaturcs Ta and T
respectively, along a given isentrope, dimensionl.sc

Total pressure, lb/in2

Effective heating value of fuel, BTU/lb.
Dynamic pressure, 1b/1n2

Radius, in.

Nozzle centerline spaqinq. in.
Temperaturc, °R

Velocity, ft/sec

S = e wiihEuee.
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SYMBOLS AND NOMENCLATURE (Continued)

Mass flow, lb/sec

whx ‘Bleed air removed from c¢ngine, 1lb/sec.
Weo W VO  Corrected airflow, lb/sec.
wf Weight flow rate of fuel, lb/sec.
"2 Weight flow rate of air, primary plus
secondary, lb/sec.
wa Primary nozzle airflow rate, lb/sec.
x Length, in.
o Angle of attack:; convergence angle of nozzle, degrees
Y Ratio of specific heats, dimensionless
AP
¢ Diffuser 1oss coefficient, , dinensionless
Ny Burner efficiency, dimensionless
v Kinematic viscosity, ft?/scc.
P Density, lb/ft®
SUBSCRIPTS
B Burner
b, base Bagse flow region
BP Bypass
BLC Boundary layer bleed
btail Boattail
c Core (nozzle); capture (inlet)
DES Design conditions
xi
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jet
max
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SYMBOLS AND NOMENCLATURE (Continued)

Boattail trailing edge

Based on effective area
Refers to engine demand

Fuel

gross

Based on geometric area
Interference; internal

Ideal, primary exhaust flow
Exhaust flow jet

Maximum

Minimum

Scrubbing flow region
Spillage

Total condition; throat station
Total condition, fan flow
Takeoff |

Total condition, primary flow
Local conditions ahead of inlet
Compressor face station
Nozzle throat station

Nozzle exit station

Fan discharge throat station
Free-gstream condition

Local
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SECTION I

GENERAL DESCRIPTION OF COMPUTER PROGRAM

The engine installation calculation procedure naturally
breaks into three divisions: inlet, engine, and nozzle/
afterbody. Each of these divisions is represented in

TEM-333 by a set of subprograms logically subordinate to a
monitoring subprogram which functions as a quasi-main

program for that set. The term module will be used to
designate a quasi-main and its subordinate programs. Further,
within a module procedures are subprogrammed to isolate the
procedures from one another and to isolate logical dir:ction
p! hgramming from computational programming., The benef.ts

of this organizction are threefold. First, checkout. ELach
module can be checked out independently of the others. Secondly,
logical simplicity. The logical structure of the program

as a whole is more apparent. Individual subprograms are
simpler; being small with a limited purpcse. Finally, ease

of modification., Engine installation programs are constantly
undergoing modification so the ability to attach and detach
new modules or procedures quickly is a necessiiy. The small
subprogram-module arrangement allows for quick change since
the connection to the next level is more apparent.,

The modules are tied together by subroutine C@MPUTE which
calculates the installed performance for a single uninstalled
performance point. The main program, TEM=-333, handles calls
to the input routines, then reads the uninstalled performance
points one-by=-one; calling CgMPUTE for each, outputting data
when required until the last point has been computed,

Programs included in TEM=333 and their purposes are:
TEM=333 - Main Program, monitors program logic
COIMPUTE - Controls calculation of a performance point

Inlet Module

TABIN - Reads Inlet Input Deck
INLDRAG - Monitors Inlet Lrag Computation

AIRBYP ~ Computes External-Compression Mode

e
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AIRSPL

Computes Mixed Compression Mode

SIZINL - Computes Inlet Capture Area
DEMAND - Computes Engine Demand
AREAF = Computes Fl where Ao = Flwcn
Afterbody Module
ABINPT - Reads Nozzle Input Deck
DRAGAB -~ Monitors Afterbody Drag Calculations
DINTFR - Computes No2zle Interference bDrag
DB@ATR - Monitors Boattail Drag Computation
DBASER - Computes Base Drag
DBTTB - Computes Cp = £(M, PS)
BT
CDC@NV - Monitors C-D Nozzle Boattail Computation
PLUGMX - Computes Boattail Drag for Plug Nozzle,
Mixed Flow
PLUGNM - Computes Boattail Drag for Plug Nozzle,
Non-mixed Flow
DRG - Computes Boattail Drag for C-D Nozzle
SUBBT - Computes Subsonic CDBT for C-D Nozzle
SUPET -~ Computes Supersonic CDBT for C-D Nozzle
CABTAB - Computes CDBT as Function of AlO/A9
AEXHST - Computes Nozzle Exit Area

Engine Module

PERF -

CHKRP -

Computes Gross Thrust

Computes Thermodynamic Properties at
Throat

senpges v 40
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GTHRST - Computes Performance of Propulsive
Nozzles

HOFT -~ Computes Enthalpy Given Temperaturc
T9FH -~ Computes Tempcrature GivenEnthalpy

PRFH ~ Computes Relative Pressure Given knthalpy

HPFPR - Computes Enthalpy Given Relative Pressuarc

CdFH -~ Computes Critical Velocity Given Total
Enthalpy
C@FHT - Computes Critical Velocity Given Static

Enthalpy

Miscellaneous Programs

ST@RE - Stores resulls of a performance point
#UTGE - Outputs an engine performance matrix
WARNING - Prints warning message heading

FIXDIM - Determine dimensions of A8 and A9 input
ATM@S -~ Computes atmospheric data

DATA -~ Transfers and output input card images

Tabular Input Programs

TABLl <~ Inputs table format 1 tables
TABL2 -~ Inputs table format 2Q tables
TABL22 - 1Inputs table format 2K tables
TABL3 - Inputs table format 3 tables
PLACIN -~ Reads a tabular array

KGUNT - Counts non-blank input fields

Linear Interpolation Programs

TABUl - Interpolates F = £ (x)
TABU2 - Interpolates F = f(x,y)




TABU3
IFIND
FACINT
CVINT

Interpolates F = f(x,y,2z)
Finds Interpolation Interval
Computes Interpolation Factor

Perform Linear Interpolation Calculation
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SUBJECT:
PURP@SE:

METH@D :

USAGE:

SUBPR@GRAMS :

SECTION 11

DESCRIPTIONS OF SUBROUTINES AND LISTINGS

PRUGRAM TEM=-333

Main Program TEM-333 monitors the overall
program logic.

All supporting data is input, then the program
reads performance points one by onc, computes
and stores the results, and outputs an array
of results whenever Mach or altitude changes.

PRGGRAM TEM333 (INPUT, @UTPUT, TAPLS5, TAPE6 =
JUTPUT, TAPEl = INPUT)

INPUT or TAPEl System Input

@UTPUT or TAPEG6 System output

TAPES Card Images of Input
TAPE7 MARK II output
ABINPT DATA FIXDIM

GUTGE ST@RE TABIN

TABL1 TABL2

wl

’ r e il A Rt =) Py S v i St o S ¢ s e




L
E ALL DATA CARD IAG

"FILE AND ON TAPE 5

% g 75 R TE s s 2
[CALLDATA]
READ and WRITE
TITLE

READ ENGINE BLEED TABLE
{CALL TABL 2]

READ REFERENCE NOZZLE DRAG
TABLE

[CALL TABLY}

~— N

T

READ INLET INPUT DATA DECK
(CALL TABIN])

y

NN Y S

EAD AFTERBODY INPUT DATA DECK

N N

{CALL ABINPT)

i

READ PUNCH CODE, NO. OF ENGINES,
NO. CARDS/POINT, DATAS, AND DATA9

N

3

SET DIMENSION FLAGS FOR Ag AND
FOR Ag INPUT FIELDS
[CALL FIXDIM]

Figure 1:

FLOW CHART FOR PROGRAM TEM 333

L4
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PRINT OUPUT
ARRAY FOR LAST

INCREMENT
CASE NO.
SET ERROR
FLAG=0

DECODE CARD {MAGE
FOR
ALT, FN, WFT, W, Pg/P .

A8, A9, CFG, PS

RINT OUTPUT
ARRAY FOR LAST
-MACH - ALT

YES
YES 2 cerds (CALL OUTGO)

per point

READ : !

DUMMY ‘
CARD NO

READ PERFORMANCE
POINT DATA
CARD IMAGE

f
CONVERT ASand A9
INPUT FIELDS TO A8
AND A9 50 INCHES, IF
REQUIRED

] Figure 1:  FLOW CHART FOR PROGRAM TEM 333 (Cont)
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9
J
3
PRINT OUTPUT NO ALT-MACH POINTS
ARRAY FOR LAST NALT = 1 '
MACH-ALT SAVE ALTITUDE
[CALL OUTGO) J
INCREMENT
NO. OF ALT-MACH
POINTS ’
NALT NAL) 1
>
T i |
COMPUTE INSTALLED ENGINE PERFORMANCE FOR
THE INPUT POINT N
/

[CALL COMPUTE]

¢

STORE RESULTS IN OUTPUT ARRAY FOR
LATER OUTPUT. NALTTH QUTPUT COLUMN

{CALL STORE)
NEXT CASE

() B

Figure 1:  FLOW CHART FOR PROGRAM TEM 333 (Concluded)
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USAGE:

SUBPR@GRAMS :

SUBRGUTINE CAMPUE

SUBRGUTINE C@MPUTE controls the calculation
of the installed performance for a single
input case.

Using the input performance data C@PMPUTE first
calculates atmospheric data and the reference
recovery factor (MIL STD 5008 B). Gross thrust
is computed for the input Wp, Wy, and PB/PO'

The inlet module is called to find inlet drag
and recovery factor. Then a second gross thrust
calculation is made using values corrected by

the recovery ratio. The input. array to the
afterbody module is loaded and the module

called to compute afterbody drags. Reference
afterbody drag is obtained by interpolation.

Now installed thrust is calculated by combining
the appropriate terms and the total calculation
is complete.

CALL C@MPUTE

All inputs are in labeled C@MM@N blocks.
Input variables are:

Mach, ALT, PS, P8/Po, Ag' AB' FN’ W T'

SFC, W, , Table 2.1, W = f (Mach, ALT),

Oc BLD
and Table 2.2, CD = f(llach).
AB
REF
All of these input variables are direct input

to the program or immediate consequences of
the input, e.gq.

SFC = wF/FN°

ATM@S DRAGAB INLDRAG
PERF SQRT TABU1

TABU2
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Milgg = 1. - 076 (Mach - 138

Milgg = 1.0

| compute |

: g;nmn:';“ic s A - Vn R Tomb

t-mom-e - V= (Msch)A
Q = 7P Mech?
Quin = Q/144.
§ = Pf21162
Py = Pamp 1 *-2Mech?)3S
T, Vo (142 Mach?)
5, - (r,i) ‘::ns’

Figure 2:  FLOW CHART Fcl)n SUBROUTINE COMPUTE
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L
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[

!

\ !
' '
L.-------J

..--....-'
Compute
inlot
Performance

———emaad

Figure 2:

W We-W

[

COMPUTE Foy = 1 (W1, Wey r./,b.r,o,r,,,.}

(CALL PERF)

1

m 0“ and
RE=1 “ACN. P" w)
[CALL INLDRAG]

STORE FOR OUTPUT, ADDITIONAL
NLET DATA

S, “Oaio’ Oavr o1,
”"’A,. ‘Ot/k. Ad/a,
Wone " Vo FTE,'::

M'RF " w’oi&;
Wrar " Wy ﬁh

'M'F * F'm

T

FLOW CHART FOR SUBROUTINE COMPUTE (Cont)

Lng
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]
. &
Compute £y =10 ':.." 0./,‘"' T Pame)
[CALL PERF]

T

'

; Compute LOAD INPUT
¢ ANerbedy

v Perfermense

L

L 3

: ARRAY TO
' AFTER-
J 80DY MODULE

COMPUTE AFTERBODY DRAGS

“Ogr, “Onase, “Oinr, P20
(CALL DRAGAS]

:

= { (Mach)
REF
from table 2.2

D”'!' * cD NAX oﬂ n "‘

R =

]
Compv'e ‘ ’“A - FN'F-D ~DaptD
LT Yt T ;
F
Na
]
Wee Frae
Y p
sre, - weg
e

Figure2: FLOW CHART FOR SUBROUTINE COMPUTE (Concluded)
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SUBJECT:

PURP@SE:

3
METH@D:
USAGE:

L
SUBROUTINES
CALLED:

L 4

L

C

-

€y

SUBRGUTINE TABIN

SUBR@UTIN.” TABIN reads the Inlet performance
data deck, Cards 3.1 to 3.2.12.

The input deck is read. Table 2A is enriched
as required to evaluate that table. If inlet
capture area is not input it is computed.

CALL TABIN

All COMMON blocks in this routine are filled
by calling this subprogram.

SIZINL TABL1 TABL2

TABL22 TABU1
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SUBJECT:

METH@D:

USAGE:

Output
Output

Input from

SUBRGUTINE INLDRAG Controls the Calculation of
Inlet Performance.

After initialization Mo is interpolated and

compared with the minimum Mach number for
which inlet drag will be computed and with
the start Mach number to determine which inlet
mode to use. Low speed mode is computed in
INLDRAG: Subroutine AIRBYP computes external-
compression mode performance, and subroutine
AIRSPL computes mixed-compression mode. 1In
the two latter cases inlet drag coefficients
are interpolated and inlet drag determined.
The outlet array is loaded and subroutine is
complete.

CALL INLDRAG (XM, P, WE, WS, DINLET, RF)
XM - Pfee-stream Mach number
P - Total free-stream pressure LB/FT2

WE - Engine corrected airflow, primary
LB/Sec

WS - Engine corrected airflow, secondary
LB/Sec

DINLET

Inlet Drag LB

RF - Inlet recovery factor
COMMEN
XMMIN

Minimum Mach for inlet drag caliculation

AC -~ Capture area - ft2

Inlet Tables 1, 2B, 3, 4 and 5

Output in C@MM@N

@UTINL (10)

SUBR@UTINES CALLED: AIRBYP AIRSPL AREAF

TABUl TABU2
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N Macho-f(Mwh)fromTablﬂ
!
4
b
ARgA = AREAF (Mach,)
<
= 1] -
| Oy = 00 Compeeshion
r chNL = 00 mode
| CDgp, = 00
Cogyp = 00
Cogup = 00
Ao,/Ac = 0.0
'l CDSPL = f(Aoj/Ac, Mach,) from Table 3
Ao/Ac = 0.0 c
MJM = 0.0 DBLD = f(AOB/AC. Mlcho) from Table 4
RF =t m“*‘o’ cDBYP - f (A°BYP Mach,)) from Table 5
from Table 28 Ac h

Cojy. = CDgpy +€0g1p *°°svr.,,
2 . 2, ¥-1
Qo'.;."om"ho (14 7_2_1 Mach )

DlNL ® OOACCD|NL

'-_-—-_'T___J

OUTINL(T) =Cpg, — OUTINLIEI = Ao//Ac -
OUTINL(2) = Cpg OUTINL(B) = COppy,
OUTINL(3) = Cpy,,,  OUTINLIZ) = Ao/Ac
OUTINL{4) = Ao,/Ac

RETURN

Figure 3: FLOW CHART FOR SUBROUTINE INLDRAG
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_— N , i i sttt : -
SUBJECT: SUBR@UTINE SIZINL

PURP@SE: SUBR@UTINE SIZINL computes inlet capture area.

USAGE: CALL SIZINL

Inputs in C@MM@N/IDESIGN/ design Mach and
airflow.

Tables 1, 2B and 2C.

Output: AC £t2

SUBJECT: FUNCTI@N AREAF
ﬁ Yy +1
: 013858 ( 1 + YL macn?)2 OV - 1)
PURP@SE : AREAF = :
Mach\/Y
USAGE: A = AREAF (XMACH)
XMACH local Mach number

3l




v - - . REE AR S of
TR -—y
: e S ettt 40 . 2
o —————————.. W——" vy . g

START rsuanoumve-:
I sizin !
' (A K X ¥ X X _J ’)
Machones = f(Machpgg) from Table 1
Ptzlpto = f (Md‘oes) from Table 2B
Ao/Ac = f(Machygg) from Table 2C )
Ao = AREAF (Machg ) We Py /R
Ac = Ao/lAo/Ac)
r AR GRED STENE SEEER 1
I
| Funcrion |
‘ AREAF |
START L R '
+1
AREAF = 013868 (1+ T2 Macn?) 207-1)
Mach V7~

RETURN

On

Figure 4: FLOW CHART FOR SUBROUTINE SIZINL AND FUNCTION AREAF
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SUBJECT:
PURP@SE:

METH@D:

USAGE:

SUBPR@GRAMS :

SUBR@UTINE AIRBYP

SUBR@GUTINE AIRBYP Computes recovery and mass
flow ratios for external compression mode inlets.

AIRBYP matches the recovery and mass flow from
Table 2A to that obtained from function DEMAND.
Table 2A was enriched to 41 points per array
when input by SUBRGUTINE TABIN. AIRBYP first
interpolates in this table to develop a curve
of RF = £ (AO/AC) at the input Mach number.

The 41st point of this table represents the
choked flow point, in Maximum (AO/AC). DEMAND

is called to compute (AO/AC) for the RF at the
choked point. This AO/AC is compared to the AO/AC
of the choked point. If the AO/AC from DEMAND

is greater than the maximum AO/AC then the inlet

is choked and RF must be found such that

DEMAND (RF) = AO/AC . A Newton=-Raphson iteration
MAX

is used to solve this case. Otherwise the inilet

is not choked and a solution for A./A. exists

less than the maximum. A Regula Fglsg iteration

is used to match the recovery and mass flow.

In either case buzz and distortion limits are
checked and the other mass flow ratios computed.

CALL AIRBYP
Inputs in COMMON include Mach number, air flow,
capture area and inlet tables. Other COMMON
blocks are output.

DEMAND FACINT IFIND

TABUl TABU2 WARNING
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START

BUILD RF = f (Acw/Ac) CURVE FOR INPUT MACH NUMBER. LINEAR
INTERPOLATION ON MACH IS APPLIED POINT BY POINT TO THE
ENRICHED TABLE 2A. THE 41ST POINT REPRESENTS THE

CHOKED CONDITION.
No Oid Curve
is
Still Good ( )

Yes

:

INTERPOLATE FOR MACH IN ENRICHED TABLE 2A THUSLY:
FOR K= 141

INTERPOLATE FOR MACH IN ENRICHED TABLE 2A THUSLY :
FOR K=141 P(K) = XMFAC (PTAB (K, I + 1) - PTAB (K, 1)) + PTAB (K, I)
A(K) = XMFAC(ATAB (K, I1+1)-ATAB (K, 1))+ ATAB (K, I)

WHERE I 1S LGWER SOUND OF MACH INTERNAL AND XMFAC = Mach — Mach n

(IFIND and FACINT)

Mach; ; 1) —Mach

CHECK FOR CHOKED FLOW CONDITION

/y FUNCTION DEMAND COMPUTES]
A, = DEMAND (P (41
2 (P41 | Ao/Ac = f(RF) :

FC = C-A2 L------—-—-----

“CHOKED /
FLOW”

1

A

Figure 5: FLOW CHART FOR SUBROUTINE AIRBYP
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Do B
Ao/Ac = A2

%

e A~ o oty = o 0 U PN s b At vt >+ - & b

REGULA FALS/
ITERATION

TO FIND
INTERSECTION

4

=1+

R1 = fAo/Ac) from Curve
-5{ A2 = DEMAND (RF)
F = Ao/Ac—A2

>%

<25

Ao/Ac = |C)F — (Ao/Ac) FC

Figure 5:

F-FC

FLOW CHARTS FOR SUBROUTINE AIRBYP (Cont)

Y

'} NON-CHOKED FLOW
c

D
D




NEWTON—RAPHSON ’
ITERATION TO FIND
INTERSECTION
CHOKED FLOW ;
:
'
Ao/Ac c
J
b Ao/Ac = A(41)
. F = FC
SECOND STARTING POINT J
RF = P(41)
F2 = Ao/Ac — DEMAND (RF)
. I =0 y
o  XorRF-FRE-X))
) - F- Fz 3 o
F2 = F
RF = xn ) ’
F = Ao/Ac — DEMAND (RF)
1=141 .D \
<25 i
>
Figure 5;  FLOW CHART FOR SUBROUTINE AIRBYP (Cont)
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m‘ .

“ITERATION r Last Vaiues
| RFUsed |
L L X ¥ N ] J
Check for
- Buzzend
Distortion
Limits
£" TAB20x (1)
r Minimum Mech | Mach 2 TABypy (1)
in Table 20 g
| is Minimum for | Buzz = f (Mach], fr-.n
| 8uzz Calculation | Table 20
L -l P SRS S J
Ao/Ac < BUZZ
i “Ao/Ac BELOW
BUZZ LIMIT"
Ao/Ac > BUZZ
DISTOR = f (Mach,,) from
¢ Table 2E '
Ao/Ac >DISTOR “Ao/Ac Exceeds
Distortion
Limit”
AogTAc = Ares RF W
Ac
Ao
_"B_V = t(Aog/Ac, Machg) from Table 7
.ﬁ;.\cl_ = (Ao/Ac, Mach,)  from Table 8A
Ao, ) {
- Ao/Ac + 21
e
Figure 5: FLOW CHART FOR SUBROUTINE AIRBYP (Concluded)
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SUBJECT:
PURP@SE:

METH@D:

USAGE:

SUBPR@PGRAMS :

-~

SUBRGUTINE AIRSPL

SUBR@UTINE AIRSPL computes recovery and mass
flow ratios for mixed-compresgion mode inlets.

The various mass flow ratios are computed from
the input airflow and by interpolation in
Tables 6B and 2C. Recovery comes from Table 2B.
If bypass mass flow is negative; recovery is
recomputed so that the bypass mass flow is zero.
A message stating that the inlet is undersized
results.

CALL AIRSPL

Inputs in C@MM@N include Mach number, air flow,
capture area, and inlet tables. Other C@MM@N
blocks are output.

TABU1 WARNING

43




28 = f(Machg) om Table 68
Ao
Ly

= f(Mach) from Table2C

RE = 1 (Mach,) from Table 28

Aog | Area W, RF
Ac Ac

_M_A!c.’!. = Ao/Ac - Aog/ Ac

Figure 6:
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FLOW CHART FOR SUBROUTINE AIRSPL

‘ RETURN ’

o
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SUBJECT:
PURP@SE:

METH@D :

| USAGE:

SUBPR@GRAMS :

SUBR@GUTINE DRG

SUBR@GUTINE DRG computes bottail drag for
convergent-divergent nozzle.

The built in nozzle data tables are defined in
the DATA statements of this routine. Boattail
angle is computed; then Mach is interrogated.
If Mach is less than .9 the subsonic procedure,
SUBBT, is used. Similarly if Mach is greater
than or equal to 1.0 the supersonic procedure
is used. If Mach is in the range from .9

to 1.0, then the subsonic procedure is used
with Mach equal to .9 and the supersonic
procedure with Mach equal to 1.0. Final results
are obtained by interpolating between the two
sets of results using Mach as the independent
variable. This provides a smooth transition
between the two Mach regimes.

CALL SUBR@GUTINE (DMDG, DBDJ, LDJ, EMF, EMJD,
PTPF, THETA, GAM, IC@N)

DMDJ Ratio of maximum to jet diameter

DBDJ Ratio of base to jet diameter

LDJ . Ratio of length to jet diameter

EMF Freestream Mach number

EMJD Jet design Mach number

PTPF Ratio of Jet total to free-stream
static pressure

THETA Boattail trailing edge angle - degrees

GAM Ratio of specific heats

IC@N = 0 circular are boattail

1 conical boattail

Ooutput in C@MM@N/A/

ATAN SUBBT ’ SUPBT
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START

'------- ------q

1 Define Built-in Dets i

! To (B) '(&_EI-.)
: Dg Dy

2 (UDg)
Br = Ten™V (Tan (@)
Ba = 6134,

Compute CDyy, CDg,,,, and S0y,

Using Supersonic Method
(CALL SUPSBT]

Compute CDgy, CDgyq, 3nd €O,
Using Subsonic Method
[CALL SUBBT)

Compute Co,-,t Co“.t and €Dy, Using the Subsonic
method with Mach Number Equal t0 .9
[CALL SUBBT)

2
C C
Compute DBTz.CDBmz' and DTot, Using the Supersonic

——

s, e,

Method with Mach Number Equal to 1.0
[CALL SuPST) .
‘ J

- -9 (Cogyr. - Cogy.)
Copy Cogy, + {9 ar, ~ “Oor,

1 COpsse = “Dpage, * Mah =90 (COppes) ~ Opyge, ! | —

1.0-.9

o = - -
Dror CDTot, + : ‘co‘rot, coTot‘)
100 - ..

Figure 7: FLOW CHART FOR SUBROUTINE DRG
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SUBJECT: SUBRZUTINE CDC@NV

PURP@SE: SUBRGUTINE CDC@NV moniters the convergent-
divergent nozzle boattail drag computation. )
METH@D: CDC@NV computes the required input values for

SUBRGUTINE DRG from the TEM-333 inputs. If
the supersonic procedure is to be used i.e., |
Mach 2 1.0, these inputs include the design :
Mach number of the nozzle which is solved h)
} for by iteration. DRG is called; then boattail

drag computed from the CD obtained.

Note: The set DRG, SUBBT, and SUPBT were in
existence prior to TEM-333, hence the incorpor-
ation of this routine into the logic. 3

USAGE: CALL CDC@NV

Input through C@MM@N/ABIN/ and C@MM@N/AMAX/

Output includes Ds.for interference routine

Flags PLUG = 0.0; BTTAB = 0.0 causes this 3
subroutine to be called.

SUBPR@GRAMS : AEXHST DRG SQRT WARNING
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Dismeter for Interference Drag
)] T - De

10

>.9 '

Solution for Nozzle Design Mach Number
Newton—Rapheon Technique

Find P./Po Ratio Such that Ag/Ag Equals
that of (nput Performance Point

(FUNCTION AEXHST)

1

| = 0 e=.0008
Xy = PPy
X3 = (1.1)Py/P,
Y {
Figure 8: FLOW CHART FOR SUBROUTINE CDCONV
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Fy= AEXHST (X{) — Ag/Ag
J
Fy= AEXHST (Xg) — Ag/Ag
®
Fr=F2
- J
Fy #Fy
PelPop = Xy — FalXa-Xy) ;
y i " Scheme
| = 1+1 y tolnsure '
y  Convergence .
PLg = 101 1 ofLow ' g
\ L _ Pp/Po’s '
‘ -'- - e
|
PLp = 1-01- (O _
3

Pa/Pop = Max Pg/Pop Prrt )

R N
F = AEHST t”Woo)—Aole]

<

Figure 8: FLOW CHART FOR SUBROUTINE CDCONV (Cont)
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1

X" x:

F|-F2

Xg = Py/Pop
Fz'F

&)
@ = {5 ()

Copr = 1 Oy ;.'l L Mach, My Py/Po, 6, 7, ICON)
5 B o

(CALL DAG)

1

‘ 1 Osr = C 9 Aux

RETURN

Figure8: FLOW CHART FOR SUBROUTINE CDCONV (Concluded)
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SUBJECT:

PURP@SE:

METH@D :

USAGE:

SUBPR@GRAMS :

SUBRGUTINE PLUGMX

. SUBR@UTINE PLUGMX computes boattail drag for a

plug nozzle, mixed flow.

Boattail angle is computed from the maximum
diameter, exhaust diameter, and plug length.
Then Mach is checked and either the subsonic
or supersonic method applied. Input tables
4.2.2 and 4.2.3 support the supersonic
procedure. Boattail drag is returned.

CALL SUBR@UTINE PLUGMX

Input from C@MM@N/ABIN/ and C@MM@N/AMAX/
Output includes DS for interference routine

Flags set such that: PLUG = 1.0
FLWMIX = 0.0
BTTAB = 0.0

Will cause this routine to be called
AEXHST ATAN SQRT

TABU1 TABUZ2

60

P T U,




44 W s ot — . = o—

' A = AEXHST (Agg 7.Pg/Po)
Dox = |4Aex
T

-~
[}

f (Mach, ) trom Table 4.2.2

CDB . 1.4m(0)u-%:;) Co,

S

f (PslPo) from Table 4.2.3

c = 1.0- (1--Cvg)
Dgy = coa-o-AM., Ve '\]BHEP
[ o
Ce = cvp - Q Apax
¥

{Crg — CFouo! Foi

>
-
"

RETUMN

Figure 9: FLOW CHART FOR SUBROUTINE PLUGMX
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SUBJECT: SUBRGUTINE PLUGNM
PURP@SE: SUBRGUTINE PLUGNM computes boattail drag for

a plug nozzle, non-mixed flow. J
METH@D: Boattail angle is computed from the maximum

diameter, the exhaust diameter and the plug

length. Then Mach is checked and eithcr the

subsonic or supersonic method applied. Input

tables 4.2.2 and 4.2.3 support the supersonic b
procedure.

Boattail drag is returned.

USAGE: CALL SUBRGUTINE PLUGNM ;
Input from C@MM@N/ABIN/ and C@MM@N/AMAX)
Output includes DS for interference routine
X Flags set such that: PLUG = 1.0
FLWMIX = 0.0 '
BTTAB = 0.0
Will cause this routine to be called
SUBPR@GRAMS : AEXHST ATAN SQRT ’
TABU1L TABU2
|

&
€
%l




Agc = AEXHST (Ag, 7, PglPol
Dex = \FT._?_
s = Dex
6 = Ton! (Elu:_ﬂa»
20L
Bl
<0
i 8 it DBT‘0.0 X
5
<10 210
. = -
¢ . Cp, = 14T (6) (1 - ;ﬁ-) Oy f (Mach, 0 ) frorn Table 4.2.2
g Mach 1-53 Cvp = t(Pg/Po) from Table 4.2.3

0
<
"

D t (Pyg/Po) from Table 4.2.3
Dgr = Cog Q Ayy

[p]
<
m
"

C !
0.5 ( Vo t CVD) _v.

1.0 - (1-Cv.)
]] Brer* i’HEF

Cy _C
o = “Vp ~ "Dy Q Ay,
Foip * Foipe

S
©
L}

(2]
“n
"

O
-]
-+

"

Crg = Crowo! (Faip* Fuipg,.,)

L , |

|

Figure 10: FLOW CHART FOR SUBROUTINE PLUGNM
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SUBJECT:

PURP@SE:

METH@D:

USAGE:

SUBPR@GRAMS :

SUBR@GUTINE ABINPT

SUBRPGUTINE ABINPT reads the nozzle performance
data deck, cards 4.1 to 4.2.6.

The input deck is read. The thickness of the
annular base is doubled to account for top and
bottom when compared to the total jet diameter.
If Alo was input the table of Mach9 Vs, AB/A9

needed by subroutine CABTAB and the PO/PAMB

lower thrust are computed. Tables not indicated
by the input flags are not read.

CALL ABINPT

All C@MM@N blocks present are defined by
calling this subprogram.

TABL1 TABL2 TABL3
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SUBJECT:

PURP@SE:

METH@D :

USAGE:

SUBPR@GRAMS :

.4 e e % St e A o ey o

SUBRZUTINE SUBBT

SUBR@GUTINE SUBBT computes boattail drag for
a convergent-divergent nozzle when Mach < .9.

. 2 . cL s
The quantity D 4PB . DM)ls tested. If it is

greater than 0.25 boattail drag is determined
directly from built in tables XI and XII. If
not, an emperical method to develop base and
boattail dray is used.

CALL SUBBT (DWDJ, DBDJ, EMF, PTPF, THETA,
IC@N, GAM)

DMDJ Ratio of maximum to jet diameter
DBDJ Ratio of base to jet diameter
EMF Free-stream Mach number
PTPF Ratio of jet total to free-stream
static pressure
THETA Boattail trailing edge angle - degrees
GAM Ratio of specific heats
IC@N [ = 0 circular arc boattail
= 1 conical boattail

CABTAB TABU1 TABU2
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Cog, = 10, (DB/Dj)/ (DM/D}) trom Table IV
= £(0) from Table V

ACp/C,= £ (0] from'Table VINI
2
Acp = ACH/C (Dm

ACDICD' f(0,Pr/Pe) from
Table Vi
A( A Cp,)=t(Py/Pg) trom Table i

, — =

Cogr = Cogz *+ ACo/C, AC,

Cp. = (0,0 ) from Table IX
B2

%

8z

= £(0, OBase’ from Table X

““Bm
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Figure 11: FLOW CHART FOR SUBROUTINE SUBBT
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Cpgy = ' A¢/A10)
(Coll CABTASB)

4Cp ™ (P /Poo) from A Gy = 1P yPoo)
table XiI-A from table XIIB
e b

Figure 11:

Pa/Pg = £ (PJPoolrom table XINI

Cogs ™ -2 PafPr -:.o)«%.‘_)? . )

D
2.%m
‘7M(n_’
“{

=C +
|°o Ogr * “Ogs
RETURN
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FLOW CHART FOR SUBROUTINE SUBBT (Cont)
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SUBJECT:
PURP@SE:

METH@D :

USAGE:

SUBPR@GRAM:

SUBR@UTINE SUPBT

SUBRGUTINE SUPBT computes boattail and base drag
for a convergent-divergent nozzle when Mach > 1.0.

Boattail drag is computed using Table I, then
if a base has heen defined base drag is computed
and added to compute a total drag.

CALL SUPBT (DMDJ, DBDJ, EMF, EMJD, PTPF, GAM,
TANB)

DMDJ Ratio of maximum of jet diameter

DBDJ Ratio of base to jet diameter

EMF Free;stream Mach number

EMJD Jet design Mach number

PTPF Ratio of jet total to free-stream

static pressure

GAM Ratio of specific heats

TANB Tangent of boattail chord angle
ALZG CABTAB EXP
SQRT TABU1l
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g1 -1 (Ag/Aso)
[CALL CABTAS)

K = EMF

Pa/Pr = 1K) ‘rom table II}

2
(:D.s = & (P!/PF- 1) s&z
¥ Mech* /D

(o)

M =2 pp
i {7-_—'LF

PP, -(1 + 1; MDEsz)'y/ v-1

K = (Mach gil +M])

C = (.37 Mach +.62) ;_‘QES

o,
D, Pt/P]
B8=f(C) from table !l
PB/PFK = f (K) from table i1}
P./’F = PB/PFK 8
Mache 815~ 1.16 ALOG(K)

Cops” '2’(;; -1) (( 3}) : -‘)

2
Y Mach 2 (.D.'.“.)
b,

t_____.L.T__:.r

Cn" +C
0" Cogy Ogs

Figure 12: FLOW CHART FOR SUBROUTINE SUPBT
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SUBJECT:
PURP@SE ;
METH@D
USAGE:
ABIN

1 AES

2 a8

3 AElS

4 als

5 Pg/B,

6 Pyg/Py

7 FGIP

8 FGIF

3 PC

10  GAMMAP

s s 2 v,

SUBR@UTINE DRAGAB

SUBRGUTINE DRABAG monitors the afterbody drag
calculation.

The input array is transferred to the afterbody
COMM@N block ABINP. A check is made on Mach
number. If Mach is equal to zero drag is set
equal to zero and no further afterbody calculations
performed. If Mach is greater than zero, boattail
drag, nozzle interference, and base drag routines
are called to compute the various drags. The

total airplane drag is returned for nozzle
interference and base drag so these are converted
to one engine values. The output array is

loaded with the various C_'s based upon area

AMAX (drag may have been computed using a
different area).

CALL DRAGAB (ABIN, AB@UT)

ABIN (40) - Input array

ABZUT (10) - Output array

The input array is defined as follows:
Primary nozzle effective area - in2
Primary nozzle geometric thrust area - in?

Fan nozzle effective area - in2

Fan nozzle geometric thrust area - in2

Primary nozzle pressure ratio
Fan nozzle pressure ratio

Primary nozzla ideal thrust (actual mass flow) 1lb
Fan nozzle ideal thrust (actual mass flow) 1lb
Power setting

Primary flow specific heat ratio

C e e n v

[

[




e e e e e e ot nT '@

B

ABIN (continued)
11 GAMMAF Fan flow specific heat ;atio
12 XM Free-gstream Mach number
13 PAMB Ambient static pressure psia
; 14 Q Free-stream dynamic pressure psia
15 A9 Primary nozzle exit area inz
16 Al9 Fan nozzle exit area in°
1 , 17 CFG Nozzle internal performance coefficient

18 DHEP

‘ 19 DHEF

% ; 20 PLUG Nozzle type designation

| 21 FLWMIX Mixed flow flag

% 22  DMAX Maximum diameter, in.

; ‘ 23 THICKB Total thickness of annular base, in.

t 24 ZLPLUG Overall plug length, in.
25 2ZLBTAL Nozzle boattail length, in.

; 26 S Nozzle centerline spacing, in.,
27 ABASE Base flow area, in2.

28 BTTAB  Boattail table flag

| 29 THETA
30 XDNI Number of nozzle interference spacings
32-40 Not defined

» SUBPR@GRAMS : DBASER DB@ATR DINTFR
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c A ———CA Mt ot oy o < s

START

LOAD LOCAL VARIABLE
ARRAY FROM INPUT
ARRAY
HM x 2 No Yo [ seTaL _l
Ax. D
4 “MAX ~# outrutsTo |
ZERO _l
Compute boattail
Drag, Dgy and g
[CALL DBOATR ) DAB =00
= 0.0
l cDBT
= 0.0
Compute total A/P cDNl
Nozzle interference Drag, =00
DNi AP CDBASE
[CALL DINTFR] B= 00
Computs total A/P

[CALL Dgage g!

|
No.ong-l)

D =D
M-~y (R

'

LOAD OUTPUT ARRAY
Dag = Dgr * Dy, * Dgase

= Dax/(Q° AMAX)
o I
Cpy, = ONI/IQ* AMAX)

* Dgase/(Q* AMAX)

“Oaase

Figure 13: FLOW CHART FOR SUBROUTINE DRAGAB
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AR T -9 - ~ e - e e e g - .
TR T ————— R

J
E ¥ SUBJECT: SUBR@UTINE DB@ATR
9
) PURP@SE: SUBR@GUTINE DB@ATR monitors the calculation of
51 boattail drag. J
‘ METH@D: The input £lagsPLUG, FLWMIX, and BTTAB are
interrogated to determine which boattail .
method is desired and the appropriate routine °.
selected. ;
USAGE: CAL DB@ATR
Input through C@MM@N/ABIN/
E
SUBPRPGRAMS : CDC@NV DBTTB PLUGMIX PLUGNM 3
)

s

88




.....

No

CALL NON-MIXED \
FLOW PLUG

NOZZLE MODULE
[CALL PLUGNM] /

DBT = 0.0

Cgy int«pola“

from table 4.2.1
{CALL OBTTB]
CALL CONVERGENT \

NOZZLE MODULE
(CALL COCONV] /

-t

CALL MIXED FLOW
PLUG NOZ2ZLE

MODULE
[CALL PLUGMX]

Figure 14: FLOW CHART FOR SUBROUTINE DBOATR
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SUBJECT:

PURP@SE:

METH@D:

USAGE:

SUBPR@GRAMS :

SUBRZUTINE CABTAB

SUBR@UTINE CABTAB compuies afterbody drag as a
function of A9/A10' P9/PAMB' and Mach.

The drag coefficient is input in tabular form
in input Table 4.2.4. Mach and Af/Alo are known;

the suprogram computes P9/PAMB after interpolating
Mach9 = f(As/Ag) from a table generated by the
program. The table cenerated in the input

routine ABINP is developed as follows:

For Mach, = 2.8, 2.6, 2.4 ..., 1.0 compute

9
v+l

2(y-1) ~%—~
= ﬁ.]; % I:_]L 2y2(y~-1)
Ag/ay = (139 Machy (1415 Mach/?)
The résulting array of A8/A9 is strictly

increasing; hence serves as an independent
variable array with Mach9 as the dependent

array. The subroutine also checks P8/P0 against
1 lower bound value ¢f P,/P = 1/(
8 OLB

The CD obtained from Table 4.2.4 is based on
AB

an area A10 whereas the program uses AMAX (most

of the time these two inputs will have the same
value), consequently the CD is ratioed by Alo/AMAX

before returning to the calling program.
CALL CABTAB (CAB, AM)

Output CAB - Afterbody drag coefficient
AM Free-'stream Mach number

Input from C@MM@N/ABINP/,/AMAX/,/AREA10/,/P8PAL/,
/XMACHY9/, and /ABTAB6/

TABU1 TABU3

52

®x

LY }




<(Pg/Pg) LB

PoPup 10

Mdl’ =10

Machg = f{Ag/Ag)

from internelly
tabulsted table

]

Po/Pomb = =
-1 27‘-‘
Pa/Pa (11 +75™ Machg?)

Cag ™ f(Ag/Asg Po/Pympy Mach) from table 4.2.4

]

Caa A
Cp,.= _A8_"10
8T

A“AX 5 e e e S o e s Ee en we e

| 1
Note 1 (P =
. } () (QIPO)LB -
. I (_2_) v -1
l-mgz--- L2 X X X W ¥ 'K _ NN ¥ ¥ ¥ ¥ W ¥ ¥ §N ¥ ¥ X X}
: Internel table. For Machg = 2.8, 2.6, 24, ..., 1.0
! ST
| . ‘7+1) -
| Ar'ho (—-;'
)
! A.IAQ orray will be strictly incressing
Figure 15: FLOW CHART FOR SUBROUTINE CABTAB

- T+1
Machg (1 + .1.51. Machg2) 2(7-1)
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METH@D:

USAGE:

SUBPR@GRANMS :

SUBMUTIMNE DINTPR

SUBRSUTINE DINTFR computes noszle interference
drag.

The ratio S/D is interrogated to determine if
it is greater than 1.0. If so, Sp is

interpolated from Table 4.2.6 and total inter-
ference drag computed.

CAL DINTFR

Input through CHGMNN/ABIN/ except D which is
input in CHWOMNN/DSPACGl. D is an output from
the boattail routines except when S is

BT
interpolated from Table 4.2.1. In this latter
case D = 1.0, then nozzle interference drag
can be input only as a function of Mach and
some constant S/D ratio where the rat.c is
input instead of the nozzle centerline spacing
for variable S.

TABU2
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b

Nowe: Dcomputed by boattall drag routine

Figure 16: FLOW CHNART FOR SUBROUTINE DINTFR
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SUBJECT: SUBRGUTINE DBASER

. PURP@SE: SUBRJUTINE DBASER computes total airplane base
N drag.
METH@D: If a base area is input the base pressure

ratio is interpolated from Table 4.2.5 and
drag computed.

USAGE: CALL DBASER
Input form C@MM@N/ABIN/
SUBPR@GRAMS : TABU1

l. : 101




o

-

No, <0, IS Yes, > 0.
&= Asase >
Defined?
3
—
3 o=t (Mach)
. Plﬂb
Dgase = 0.0 from table 4.2.5

A

P
B

Dgase ‘(—-,, - '-) Pamb ABASE
amb

r ;
¢ .

Note: Ag ASE 8 input in field 8 of card 4.1.1

Figure 17:  FLOW CHART FOR SUBROUTINE DBASER
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. SUBJECT:
PURP@SE:

METH@D :

USAGE:

- T —————— oo

e —— b oA g 2 v . o 2 S

SUBRUTINE PIXDIM

SUBR@PUTINE FIXDIM determines the dimensions
of the nozzle throat and nozzle exit inputs.

The input flag is interrogated and three flags
are returned indicating input type and
dimension.
CALL FIXDIM (FLAG, J, K, L)

FLAG <+~ 1Input code value

J = 0 area input, = 1 diameter input

1 feet

=
1}

0 inches,

L = 0 ignore, =1 (Ag/AB) input.
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SUBJECT:

PURPOSE:

METH@D:

USAGE:

SUBPR@GRAMS :

SUBR@UTINE ATM@S
SUBRGUTINE ATM@S computes ambient pressure and
temperature using empirical equations for the
1962 U. S. Standard Atmosphere.
Altitude is tested to determine which region
it is in, then the appropriate eqaations are
applied. If altitude exceeds 100,000, an
error is assumed and altitude will be divided
by ten until it is within the required range.
CALL ATM@S (ALT, TAMB, PAMB)

ALT - pressure altitude

TAMB - ambient temperature

PAMB -~ ambient pressure

EXP WARNING
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0035518

Tomb * 518.00 — 00356618 ALT

P - 2118.22( ;‘_:%)s.m —

Tomb = 384.18 + 0008430 ALT

304757 006643 T, feed
Pomp = 2116.22 ¢ amb

ALT EXCEEDS B
' 1 ALT = 1ALT
| . Efon *'——‘@
! L]
< RETURN

Figure 18: FLOW CHART FOR SUBROUTINE ATMOS
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SUBJECT: SUBR@GUTINE PERF

PURP@SE: SUBR@UTINE PERF controls the calculation of
4 gross thrust. J

) METH@D: Mass flow, enthalpy, pressure, and relative
pressure are developed for the nozzle throat.
The thermodynamic properties at th2 throat are
computed, then gross thrust computed from
propulsive nozzle performance analysis. J
USAGE: CALL PERF (WFT, W@, PT8@PA, TT@, PAMB, FG, A8)
Input WEFT - Fuel flow 1lb/hr
F Wg - Air Flow lb/sec
PT8@PA- Nozzle throat pressure ratio
@ - Total temperature degrees R
PAMB - Ambient pressure PSF
Output FG - Gross thrust lbs
A8 - Nozzle throat (given) £t2

SUBPR@GRAMS : CHKRP GTHRST PR@FH .

114
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I s - |

STARTY

Wy =W, /
= Wy /3600
FOAg = WyW,
FOA,=0"0
Hy = HOFT (T, . FOA,)

Wg = W, +W,

8

Pg = (Pg/Py) Pymb

Prg = PROFH (Hy, FOAg)
COMPUTE CHOKED THROAT
PROPERTIES

[CALL CHKRP)

I

COMPUTE PROPULSIVE
NOZZLE PERFORMANCE
[CALL GTHRST)

RETURN

Figure 19: FLOW CHART FOR SUBROUTINE PERF
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SUBJECT: SUBRGUTINE @UTG@
PURP@SE: SUBR@UTINE @UTG@ prints a matrix of performance
cutput. 3
METH@D: The output for NALT .power settings at a Mach-

altitude combination has been stored in the

array @UTP. A F@RMAT is built to print the

variable name on both the left and right of the

output ceclumns. The matrix is printed and any J
indicated punching of MARK II data is done.

USAGE: CALL @UTG@ (NALT)

NALT - Number of columns in output
matrix = 10. y

Input in C@MM@N

@uTP (45,10) output matrix
PC@DE punched output £flag
DA, TE date, alphanumeric
TITLE (8) run title
MACH Mach number y
Output
IWARN Error message indicator
introduced
SUBPR@GRAMS : MINg M@D ‘ {
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SUBJECT:
PURP@SE:

METH@ZD:

USAGE:

- -— e — - — L,
et g ar———— o - n e ——rt s i e e s n e e wer——e— s A oty w0 5
93

SUBR@PUTINE WARNING

SUBR@UTINE WARNING identifies the point to J
which the warning which follows applies.

If no warning massage has been written since

the last printing of an output matrix, a heading
is printed. In any event, the case number,
Mach, altitude, and power setting is printed.
The calling subprogram will then print the
appropriate message.

CALL WARNING
Input in C@MM@N

IWARN Error message flag
CASE Case number
ALT Altitude
MACH Mach number
PS Power Setting
Output: STATUS Error flag for case.
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SUBJECT:

PURP@SE:

METH@D :

USAGE:

o~

-~

SUBRGUTINE ST@RE

SUBR@UTINE ST@RE moves the results for a single
case to the output matrix.

The C@MM@N block @UTS contains the output for
the case just computed with the individual
variables in exactly the order to be printed.
This data is transferred to C¢yM¢N block @UTP.

CALL ST@RE (NALT)

NALT - number of cases at current
Mach altitude = 10
guTs (45) - output for NALT'D case.
NVAR - number of @QUTS locations
being used.
Output OUTP (RT,10) Output matrix.

128




ﬂ,u - had haad - ™ Fand L ~ .
- | . . . . e o e S
M
!
]
H
_
56 3301S o _ _ . ON3I S1CC00
N - £9 3¥0iS NUNY M ST C00
04 3¥0iS (¥ICLNOZ (LIUNSNIILIN 0T sto0eo
09 3¥0iS TYANSTEN [T C0 greeon
. .. TYANS (GH) JTEV IS (DF%GM) a1 "N /71 NS SE/NONNOD sCCo00
(6%)IS1NC/SINC/NOHNOD £¢9000
___NOD*11IVOTIO'HIVN /SNI/NOWWED _  ErD0CA
- - (17YN) 3B0LS Zr1iN0NBNS

*g2/00/72L *0E*9N°22

TZ INC NOISYIA N




TEmmememmmmees T W

1’—5 . o -
ac 2¢63
...... _ 3-14M02 01 _QIBINDIAX 22vdS
) 215000
e e . e mSuSazPuP,-ﬂﬁmlql
N 91 °*09 n
SITPYNOAWIL 4O ANWLS
912004
) —_— _— . SANVISNOD 40 LaVWiS _
203000300 - SN0
£05000000 dAN0 £09252000 - TYAN £09202000 s A 210990 - %
SININNOTSSVY 370VINA
e e e e et e 094000 -~ mubMMW|.llMMbhmbxlnllth 0. _£00200_ -__. _SNI_
19931 OGNV SINVN ¥IJ0E
00T00S -  °CN3
SIVL ONY SIYNF21X3
o _ ) . ~ . __€00700 _ - ___O0T_ T
SINIWNOISSY TINIWI LIS
92 1099
e ) i L L HION3Y NYUDONIENS

*£2/80/22° *0f£°*94°22

TZ NG NOISY3A wNY




SUBJECT:
PURP{@SE:

METH@D :

USAGE:

SUBPR@GRAMS :

SUBR@UTINE CHKRP

SUBR@GUTINE CHKRP calculates the thermodynamic
properties at the throat and the total/static
pressure ratio at the sonic condition.

FUNCTI@N C@FH is called to compute sonic
velocity. Then enthalpy is comput:d using
the entry total enthalpy and the source
veloeity. Critical static temperature and
relative pressure are computed as functions
of enthalpy and fuel-air catic. Pressure is
derived from entry pressure and the relative
pressure.

CALL CHKRP (P1l, H1l, PR1l, F@Al, PAM, TC, C, PC,
P10PAM, PIPCC)

Pl Entry total pressure PSF
Hl Entry total enthalpy, BTU/th
PR1 Entry relative pressure
FgAl Entry fuel-air ratio
PAM Ambient static pressure, PSF
TC Criticai static temperature,
degrees R
C Critical sonic velocity ft/sec
PC Critical static pressure, PSF
P10PAM P1/PAM '
PIPCC P1/PC
C@FH PREZFH T@FH
128
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SUBJECT:

PURP@SE:

METH@D:

USAGE:

Output

SUBR@UTINE GTHRST

SUBR@UTINE GTHRST computes the performance of
propulsive nozzles.

Outlet conditions are computed, then nozzle
ideal exit velocity. Nozzle throat static
pressure is compared to ambient pressure

to determine which temperature, pressure,

and velocity to use in the calculation of
nozzle throat area. Gross thrust is computed
by the appropriate equation.

CALL GTHRST (XN@ZZ, PR1, P1l, Hl1l, W1, F@Al,
pAM, Cv, CD, TCS, PCS, VC, H2, T2S, V2, A, FG)

XN@zZ - 10 for convergent-divergent nozzle;
2.0 for convergent nozzle.

P121 Nozzle inlet relative pressure

Pl Nozzle inlet total pressure PSF

Hl Nozzle inlet total enthaipy BTU/LBM

Wl Nozzle inlet mass flow LB/SEC

F@gAl Nozzle inlet fuel=-air ratio

PAM Ambient static pressure PSF

cv Nozzle velocity coefficient

CD Discharge coefficient

TCS Nozzle throat static temperature
degrees R

PCS Nozzle throat static pressure PSF

vC Nozzle throat velocity ft/sec

H2 Nozzle outlet static enthalpy BTH/LBM

T2S Nozzle outlet static temperature
degrees R

131
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Output (continued)

V2 Nozzle ideal exit velocity ft/sec
A Nczzle throat area ft2
4 FG Gross thrust 1lb
SUBPRZGRAMS : AREA H@FPR SQRT
T@FH
132
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P o A o ot S bt e .

A ‘
E 'ﬂz" (Pﬂ1)('m’
) B e
AH = H«‘ - Hz
C
AW = 0°0 < 0.0
IRROR = 1 !
> 00 i
| vy=22377 Va
PSP
g P°S< Pamb e cg > amb
JA= AREA (W Toc, PambVe, A = AREA (W1, T¢q, Pcs, Ve, CD) |
t )
10 !
XNOZZ
#1.0
1
Fo= W1 Valcov) e .M Ve ‘CV)+A(PCS- Pamt!
% P
{
RETURN
Figure 20: FLOW CHART FOR SUBROUTINE GTHRST
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SUBJECT: SUBR@UTINE DATA

PURP@SE : SUBRPUTINE DATA provides a card image output :
§ of all data cards input to TEM-333.

1 METH@D: Data cards are read from TAPEl (INPUT),
written on TAPE5 and OUTPUT. A card count

] is provided. Upon sensing an end-of-file

of TAPEl, TAPES is end-filed and rewound.
All subsequent input is from TAPE5. The
INPUT file is equivalent to TAPEl to provide
a logical number for the E@F test.

USAGE: CALL DATA

§ INPUT file must be in desired position when
subroutine is called.

I

s
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SUBJECT: SUBR@GUTINE PLACIN

PURP@SE: SUBR@UTINE PLACIN reads a tabular array. A
] count of points is provided for independent
4 variables.
METH@D: If the number of fields input, NF, is equal to

zero, then data is read until the maximum
allowable number of cards has been read or
until a 1 is input in column 72. A field by
field count is made on the last card image so
that tha total number of non-blank fields is
returned in NF. If NF is positive, then NF
values are read. All arrays are formatted
ten field-seven digit.

USAGE: CALLPLACIN (A(l),NF,NCARD)
A - array to be filled
NF - number of fields to read or if zero

on input, the number of fields read.

NCARD - the maximum number of cards to be
read if array is full.

SUBPR@GRAM: K@UNT
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SUBJECT: SUBRGUTINE TABLl

PURP@SE : SUBR@GUTINE TABLl inputs tables of the form
F = £(x), table format 1.

METH@D: SUBRGUTINE PLACIN is called to read and count
the independent array, then recalled to read
the dependent array.

USAGE: CALL TABL1(T (1), MAX, N)
T - Table to be read
MAX - Maximum number of points in X irray.
Output - N = Actual number of input points
in X array.
STPRAGE: The table T is stored as follows:
Address T(l) (T(Z) oo T(Max) T(Max+l) T(2 Max)
N MAX
T can be specified in the calling program by
either:
DIMENSION T (2MAX) or C@MM@N/T/ TX(MAX),TY (MAX)

A SUBPR@GRAMS : PLACIN
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SUBJECT: SUBR@GUTINE TABL2
PURP@SE: SUBRZUTINE TABL2 inputs tables of the form
F = £(X,Y) -square matrix, table format 2Q. ;
METH@D: SUBR@GUTINE PLACIN is called to read and count the
Y array, then again to read and count the X array.
Then for each input Y point PLACIN is called to
. read NX points of the dependent array.
4
USAGE: CALL TABLETZ (T, MAXX, MAXY, NX, NY)
T = - Table to be read
MAXX -  Maximum number of points in X array
MAXY - Maximum number of points in Y array
Output NX - Actual number of X array points input
Output NY - Actual number of Y array points input.
ST@RAGE: The table T is stored as follows:
Address Tay = 7 7 Tomxxy  Toaaxx+1)T T T (MAXX+MAXY)
Content x(l) - - x(NX) Y(l) - - Y(NY)
Address T maxx+maxy+1)” T T (MAXX+MAXY4NXT T (12MAXXHMAXWL)
Content . F(l,l)- - - F(Nx,l) - - F(l,2) .
Address

T (NY+1) MAXX+MAXY+L) T ((NY+1)MAXX+MAXY+NX) - -

T (MAXY+1) MAXX+MAXY)

Content

F 1,8y Fnx,NY)

T can be specified in the calling program by
either:

DIMENSI@GN T (MAXX+MAXY+ (MAXX) (MAXY)) or
COMMON/T/TX (MAXX) ,TY (MAXY) , TF (MAXX, MAXY)
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SUBPR@GRAM:
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PLACIN
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SUBJECT: SUBRGUTINE TABL3

PURP@SE: SUBRGUTINE TABLE3 inputs tables of the form
F= f(X,Y,Z), table format 3.

e

METH@D: SUBR@GUTINE PLACIN is called to read and count
the Z array, the Y array and the X array in
turn. Then is recailed to read a ilependent
array corresponding to ‘the X values for the
firet Y and 2; then for the second Y, etc. ;
This is repeated for each Z value in turn.

USAGE: CALL TABL3 (T, MAXX, MAXY, MAXZ, NX, NY, Nz)
T =~ - Table to be read .
MAXX - Maximum number of points in X array ’
MAXY - Maximum number of points in Y array
MAXZ - Maximum number of points in Z array
Output NX - Actual number of X array points input i
Output NY - Actual number of Y array points input
Output NZ - Actual number of Z array points input , |
ST@RAGE : The table T is stored as follows:
Address T(1) T (MAXX) T (MAXX+1) T (MAXX+MAXY) ‘
Content | X(1)  X(NX) Y (1) ¥ (NY) s
Address T (MAXX+MAXY+1) T (MAXX+MAXY+MAXZ) T (MAXY+MAXY¥MAXZ+1)
Content Z2(1) 2 (N2) F(1,1,1)
Address T (MAXX+MAXY+MAXZ+NX) - - T (2MAXX+MAXY+MAXZ+1)
Content F(NX,1,1) F(2,1,1)

NXSMAXX  NYSMAXY, NZSMAXZ




SUBPRWJGRAM:

or

T can be specified in the calling program by
either:

DIMENSI@N T (MAXX+MAXY+MAXZ+(MAXX) (MAXY) (MAXZ))

COMM@N/T/TX (MAXX) ,TY (MAXY) ,TZ (MAXZ,
TF (MAXX,MAXY ,MAXZ)

Note: dependent array stored in natural
F@RTRAN order.

PLACIN
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SUBJECT: SUBRGUTINE TABL22 j

PURPYSE : SUBRGUTINE TABL22 inputs tables of the form
F =£(¥,Y) skewed matrix, table format 2K.

METH@D : SUBRGUTINE PLACIN is called to read and count
the Y array. Then for each Y value in turn,
PLACIN reads and counts and X array and the

corresponding F values. Th-. various X arrays

need not have the same number of input points.

USAGE: CALL TABL22 (T,MAXY,MAXX,NY,NX)

T =

MAXY

MAXX
Output NY

Output NX

ST@RAGF: T(1)

Y (1)

Table to be read

Masimum of points in Y array

Maximum of points in X array

Actual number of Y array points input

Array with actual numbers of X array
points input

T (MAXY) T (MAXY+1) T (MAXY+MAXX)

Y (NY) X{i,L1) X(NX(1),1) ;

T (MAXY+MAXX11) - - T (MAXY+ (MAXY) (MAXX),1) - -

X(1,2)

T (MAXY+ (MAXX) (MAXY)+1l - - T (MAXY+MAXY (2MAXX))

F(1,1)

X (NX (NY) ,NY)

N/

F (NX (NY) ,NY)

T and NX are svecified in the calling program
by either:

DIMENSI@N T (MAXY+MAXY (2MAXX)), NX(MAXY)

or C@MM@N/T/TY (MAXY), TX(MAXX,MAXY), TF (MAXX,MAXY)

Note:

SUBPR@GRAM:

X and Y have been reversed in the actual
coding of this routine, but to be consistent
with the write-~ups for the other TABL
routines, the outer loop variable is

called Y in this write-up.

PLACIN ,

154




e J— P
e et e e . e - . L
INNOY %930
x|, oN2 909009
) N¥N] TN 95 - 000
INNIINOT 00T £57009
. o AXWHIYT=NT 2e 5009

AXTHE D 2N
(CUVINS (T ANS(NIILINIDVYE YD
COUVIHS (T) ANS (XDSINTZVId 1TVD

963067
"k 2000
9f 3009

- 3= (1) AN
XN¢T=T o3 o0
d&s!d!t!lﬁttk!!uvu

"f 2009
21099 .
220003

T TeXXVHEY
T49T/7 (T=AXWH) 20NV 2N
AOVYIRE XL (TILINIQYIS 1TV D

923500
270000

HI8990_

1139333
ot npoe

TACT/ (TXXWK) =Py IN
LED (]
(TIAN* (T24 NCISNINTO

TANTXN? AXVHE XXYH® 1)2278Y) SNILNCHBNS

308 39ve

*E2/80/22 *0E£°9N°2? T2 NF NOISHUIA aNM

—~




” ~ ~ TN T Tyt T PN o T, -

——— e et o Cen e

) 0C~650
R e . 2714M€3 01 032IND3Y 33vdS.

122050
_ SUJJVIONL 4O IUYLS

’ ; 2919099
. . — . CITAVAOAHIL _40 J¥W1S_

293090
SIFVISNOD JO AMYLS

. £20000 - O¥VON  %20000 - ¥ 620300 - T es0030 - 1
. o . : SINIUNOISSY 318V TevA_

SH1TNI T ONV SIKYN X308

502008 - *on3 307935 - Nidvia
“ S€vYl ONY STIYNY I IX3

SININNOTISSY sNIN31VIS
) SINILNOISSY _NGIJ INNJ

242°9009
- e e e - HIINIT NYAI0VNJIENS

T80 39ve “g§2/90722 *fgran*22 TZ IFC NOISH3IA  anY

156

L=

-2



i (81100107 IR >0 F
t ACPHY LNdLLO FhI2 v 2
' fr1 ry c© CTIItee
S T T o mrrmemr s s o T T T T CTh T TS T T ’ PAY N XX S LR I e b S rTLLe
. A =(7>%C) AT g01%n
l SEEaSC =t XE¢2y S Y zepnge
i ) ot T T T v e e RO Fy T T ceIpLn
i T4+ Tv= . 2:9000
’ AYNPY [NdIND N1 SETASZe TROGS )
{ c—— . - — e i e Y -
TERTLA XTI AR i N (4 3200080
o _ . __ASVZ INC ZINICD *7 )
et - (2Yirceae 3yZ “ZTC0C
€2ayU] CUMD ffett1 TLT2M 2
T4 =Yk 220008
- - - " Tttt T T s T o TOCrGY 01 CF (CEfEferIC Ay sy T T T ayeale T
(7)CT°Ge11°CE@Fa®0idéBc N LFr (0SS V IS 0F 34-p0LO
vivC J_...mm.,,.: in=ry o]
) - 3
. (1)irceas =w” LESHE ]
(110 T4LIVNdVSGCYSOHESOTX “L 4V TX CAFHENYIF S 4P ({07 1Py T . _ateco0
SRR — T ’ - T N TTTTTTT T o wRog €1 ristfeycwT Zr3000
) MN1SL039 3ASVY ONT AZCVzE gt T o ~
o] [T}
— IFTEIVEICAIT S
Lz Ze03nA
i ) F=Yye 580306
TThTm T T - e s T /T T STIRILING T Tt
A EN LS ] FHIPGO
1S34 SIH1 035N JOM 1ZMY . 2
6]
15813 dv-1aly cenoeg
: I TTTTTETII (20T N SN SIAC {TCATYRISET TR (2T Lvane (5) 27011y I S YA 15 o BN 111
2% Lsvl : ocu¢ (TY120°¢ ok ) 1
& 1Sv1 2y e2ed i6H¢ MR IKE (TIET0® 13v5dY® (5191 72 TaRC%M /7 MCOKEON seaoeng
3 ISV UK (P17 27C° 0lc 7IKSIFes7 hit w03 TLoo00
i 1Syl TTOAS (T)QTCE (FIST0* (de2d® (T)9T0 /, 26T x/ NCHAOQT 30020
IBASTS(H)ISTCSITMEYXS(OIPT(4E
— - HEY IRV T DRBVMY S {TeYITCS 1IN (Y oYas — 34 TTh2)KNT j Attt (fyeCT 2T T
ne ESYT  SENOSO¢ (F%)120€¢ DIASATYS (+)Q0¢ IZSCHXS (%)<0¢ ¢SFA* (910 ¢ 3
61 LSV G211 (TIFC* 0Cds2d*¢ (23120¢ 0d¢ (2)T0  /201rTe7 NCWRED £C005C
i ]
3
* £95¢=9 *NO S8 STEEWH °(°1 oMY . ]
e T ——cT T T - AT [ETINSIYY 108 LTRY . -T2 - .
» €3ISYD (03T HWPWIXUW = SHCTIVITHI/SNCTILIDIMNISS: o z
Tl . INCEDS L IVOYHQETILYIYG = 3P IN0IL SRYAICHJESS o 2
* * J
. ave0 INIFENNIS S3LYINTIWI - 3S0dUlo  » 7
R
T T : = T T T T T T ANd INU29 AV T INANT =€3dY I INdINC L N TYEREDSC UYLl ¥ T T -
841 - 1A 7 Suht—— ] AX/75078L €m0 °t0 T7 7S¢ NCISY v T
m 0
. . —— - e e e e s e e ——— e s e e —— - - - - - \‘

2,070 UL CH00C00C0O 4L OL00CC COCO00COCN000000000CN000C00NCO0COL wC0OCO000000000C00I0C000COUTCI0I000CCGOG. JOQCONCCODTL (L "y adar
LG ONNGLANNAGLOLCOOCONOONODANNNONNONNCANONNANOARANNANANAARTIARAANNANNOCNNNNONNLCLANNNNNCANNGPONDNCACOCI AACCATI ONCDCNN 21N &7




w©
j To N
=
= ~1¥65)
(PY*X0S90° ,4€)LTENCS5 20T »I¥3.C
(RYIXQTED® ,I6) LVMN»0Y 02 LS IAN
R - e el - TTIXSTE0CCAX0TDINOI L N0 (0T L3 8 T

-
-

O Wl Y &

*62*%0°00

TS ME ACTSETA 15




s e, o ————————a e mn s = m e e ne e e o

LN SRR FISTS FE T G §287¢c
YVe*I="> OCT GO ¢ 1230CC
2
T T T T T T T T T T T s T MZngz0n<3 TTTTITI00R
B°*I=NZ58(0°€°T3 *ND-F) 47 strees
. ) NSIE=KI R 2130080
o T T ; - T T T T T TTTgE 01 65 tasuisdciorty 2T B 251809
AY2EY 1feln( .2
23
- T T - - - - T TTvYTTTT T T T T T T TToTTTT T €a6?2 1 s T TTIITRes
1(2)C1%6711°0d924° 0404 L40F (GD74Q) T1Twm 29¢ 8900
3ISYD INC 263 STICVTHYA 3
T T - ) o o - (06n80351TITr (B e z0°27) 37 ISTOCT
R - 4TIz 362000
oe C1 09 .n.cu.Jcax..,: 82 =se00d
5 3
. (2062 ¢1 ¢« 2c€000
()OI “2IVFGV0O02EEH ST IN® 12 IXS LANSNYIHC JaUNY (B (CA) T1T M 228507
CINTIENONT ]
NSOP¢31T15319C2(0BC*D) LTI > p% 2teo000
! L ] (223408 (T335¥C¥I3LY0 7 7v D 80232
. ) - . p=NSg 360603
0=N3Y 9c 000
82 01 09 (T°LS°™MIVYIN) 3T mgauo.”
i ]
1MN0T 39¥d GNV 3INIT ZZITIINY b -
- 3
T ISEI3 WoTon«Y T08000
) NSd ¥I031nT €CO0600
T - IS TZIOY *X VW NSIa* (YOO T H I INT 15 °(2VI1S08° () 3§11/ ..:num:.?.tau a £09000
- . 2% 1S cos* (1)320°¢ OH®
: 6 1Svl (2y020°¢ iens NYI-® (TI6TQ* 13WQd¥® (EIPTC /7 T1IZ3%Ns/ .:.t:cu (113 1¢
> T VY AT (1T 2107 0Id 7INZI8%Y/7 NCHHOD €cooct
: 2 1S TSCAS (T)9T10°¢ (£I1GT0°* 0d492d° (TIHT0 /7 <S-VIXs MOHKOD £e80000
FEASDE(NISTOCIZNUXNS(Q)IZT O%C
- WY ISYT T LIVAV (TSI IT0® 13V x® (S)ota° CTIX® (92160° 13vie0° (6)I°C°* 2
86 1SV, SOWISCS (F%)20° 3J3ISAIL® (9)90° IISCHAC (4)sC* 2SFA* (9T)90¢ 3
X 5T 1SV G211°¢ (21)20¢ @©d4d52d4°* (2)20°¢ 8d° (2)T0 /9NINIEd7 NONNHCD _frocen
3
e £4962-9 °*9%C IS0 SIENYHCC®L 2OMACY o 2
3
> SROTIVICTYIY) INTda=f 3
. S3CUNT G¥VD Ifd4NT INIYd=2 2
: *OSNI ¥IO0%2F INI¥S~-TI¥D 1SHTI4=T 3
e— E2-] = hd 3
. *430 9V » 2
3
- e Y 39VE7SIRIT T USH*SSNOTIV IO VT IWvI ISIE - g
_ . ONY 58 AINAHT VN0 INILGNUIS INdINO = ISO06EMd » be
- 2

!
!
{

~ - TYWIN) INOE TS ZNTINCERNS

1 ALl *UY/79672Z *02°%0°00 TZ WMT ACISRTA T WYy




_ ‘. e ) ST T T . T -

o3 as1008 "*
NNITH €002  SIT009

c—— gy

S
(%°02:-9C°84% HTI)LVNY0I CBOT S.700¢C
{a 2SR oY '

YT Te
2
(51¢s °ON 39V XBTSCTE2EXIT
*s s YIS YBR2CIF IV IVRE0I Y T G2 YLy
(PYEXD24%°0T3C® FTIIWUOI 00 €23000
OV IXDT6°0TAF® I IVHEODS §8S 523060
TUYEIFUT CING® HI77%
SOTV2SXTEaND30 QUYD INARI VU0 ONIESNV IS ¥BZSTHTILVRACY £OC $21500
(2°INOD=NH38 1NdNIL*THT) LW 04 (0% S/1600

TINRTIRGY TOT 2Ith

B°T SCASI=INMSD 047800
T+99=2 901 n00
T Tt CIR T Y IN T WY *ONSTTD0T T 97 ¢ [ *
SNIT ViIvVE :INC §ifelnC 3
(CBEQI=LT oM [ S ek} ’
NS 3108111 (80e%*ay:{Tew g £51600 B
SONIGYIH INIEd Z=9t¢ M3N 3 L
3¢ y="=1¥T4 2¢xr00
- 6=01 IR LI ¢
TING=NTd [ tzseecn T
BILNNC2 ENIT 13SIU-°ON SSvd INIRIPINT I
5 -
09 €1 0¢ 8<°:V°3W 31 LI S 4 ;
TN T hd /3 i1 ¥Z A KCISH-R w1 ¢}
- 3




T TTTTh T - T T - VAR S VS Y IN T RN S
(SIR4 (S I A=-(9)R)alT UM = ¥7 EFESaA
N R o . X o (TIARCETIA-(2IN)aCIaV = @ PR
: o - - - - T2969°87 (*1=0c/s0)d) = CIgWd ~ T T acrerg T
. (T2 2NODNZ4E1VE3d ¢ 02 TNTEL = (+)) €cap3)
(Y T THODNZ* BV IId  CeGZ TN ET = (33X ITIrhg
(QTE242INMIBELYLIdC D92V TATR] = (24 . 25900G
T - T T T T T TINCIAE = (3 T T rencEd
f (2ol dVING25010M) LUNSANNZZ2SFA = 33SATY 2+ 50060
R - E 1 YA G-} tA I X EISS WA M T YL B Sy i T T AL BEN 112 4 b 4l
6C60°NakV3I1S/0c = DICCHN eore
o C (Ces?3WXa2°+°T) /€231 = AVIS  FTO0I0
tCSTHEea(0cO2d/°T)="T) G211l P2YLRLS = 2RFA 23100823
- (" T=0THV2a(0d92c))s "CIRLTE = LAWY 2Cadlo
e _ _ /90°0/13v3dCy ¢ s30°0/°CK WiVA 2rat0d
. 759260290 %9°€T02T/79THESTAD VLG 20aRpd
(9112005 N7¢ (STITINCAINZ S 3 -
WYY ZIROL8S  —  TYINCIRY  (CVY¥Fivdad 7 eCLYI:T7 NCFEWOT 208Gt 2 16
(0T égegy i -v0o* (EYIRI00H¢
- - OTI0d3d S ~COTIBICH®S (BT *Cs4)jneds -~ ——~— —~ 1-!l!|.~tl‘ T
3 {28 : 3000 A (0T)0LCU¢ (OT¢+¢e)INICD¢ 1
(03) €10CO* (0TYLVAS (0TIHIVHX /7 3T/ NCMHDD zeang
2T IswmM oo¥* (¥)3120¢ aks T
F 1SvY <(23020° 19k NV IS (T)ET0® L4VAdY* (£)8T0 o, “I3Z9ths HEPASD 2eLeen
TINYTE s AN 3324 AN -} S04 0 Buny e LTS @28 "To 1T 1) T A ¥ ¥ OF o
£ 1Sv1 GAS (TYZT Q¢ Bld ZINTIPVG/ HOHNOD 260000
2 1sV ISCAS (YIQICE (£)16T0¢% 0dC2a¢ (TINTQ 7/ S ZXs7 NCEUOS 2Cpors
IPRGE(RISIa S IEWe Y (O 12T (¢
45T 1SV L4YMYECT2I ITOC  14YIx¢ (0)QT0¢ SOIX® (H2IK0C 13vINC® (61P0C 2
06 1SYV SBNISO¢ (F9)20¢ J3ISAIE  (H)GCE 2ISCHUSY (Wcas SSOAS " (ATIHNCC T
“ BT ISVYT  SZITE (FTI8GY UdSed® (2320 04% (2VIU 790 IRI¥e7 NCwvOod 2eATcE

("1a 5 ’
) AN “YHRTI XD v:.::. B
- TIITM3EITNRZAUNYE Y STTRIT IGN NI« — 7 T o -W|...'|||!|
& (ACOB8LILAY) SYV0 INICErNIS SILTMNMIWI - ISOI™Nd “ w
I R T Y T R R T o]
- - - - B Tt T TTHAYINIC INTLAONRNS ?
: *TY79072Z “02* 0 00 - YZ Wil ROYS¥S it 77

T ST e




™ t v TR
~y N ~ [ ) ~ P -~ ™ ™ ~
T — ; RUEALEY (5T 3 1 Mr ey 4T S S T
2UCHTCAC = SFPTEH X REE4
L4vFd7a0a0C = 137190 Legeee
T P T T T T T e s e e ‘0 = a9 t°0°17*0%) At - T gegcol
| IIMYXSLIVIROSATSE (ONT Q) 1T MM 10000
BPITTIVSEIx (fE 3y T1Tem €27 CPaRT ]
2
(OFeéL T e e T¢T¢T413v03481008°043d*B10H 00 0424 *CHISNTGL = 0] €2 - ~ ~<2C6D
2a e JGRaT2SOLEL5°0 = N 27 142000
62 €1 0S (8 °6*=N°C) I1 252203
<SfE = 1TK G2 PPl k]
?2 €1 09 am2cg
) ) i £eaSITreIslA = 164 T 252008
BZ2¢C2%9T (SZ»=2y) 41 <7 ®F27C3
€2 X=3X=2ALS €1 2s2n°0
TP aecrad b3l = 15801 3oerog
. TOUVLNNOHIB NS ESZL°E = 29%C ge200e
N - T RIS INEV TOL T IAVIN S I Y RNIONTEII TN T T T 2t2cfnT
. 2=3ry? 91210 €N
©
2°CeailAZXSTC2Y) = (DITX3 *3 ¢rzcoo ™
.. Erwensdv o= Texy 507600
(UNZIC29¥Y S 0L (IIEIXSC(T=1) IXSXLHIOAZTIT 1Y) 102000
TEINEY i1 gl
d31Se33ICeTY = (7)Y IX "2ICC0
*14474S = 4318 2230660

CYSS=EY YV 6 I I;Mun

RS T AR

- .-

O

. ) *€T/3:1C = 4310 o100
< 0aal TIZ = CITT X3 tILTY
3y = (IITX £237C0
‘e = Tray 201000
— — CTT T o s wpEanygTT T pAR£1S
S2°8e02STAICY = FATL $€3 199
PeadX/(CA-2SPA) = I 21 os1C00
02 €1 C9 a-1i00
‘ €0 sel IV NadbZl = TIC TRl
—— e - - —es s TTeC = ZeNTPY T gRIifaC
21°0T46T ¢410) 4T TR
- CTTTTTINFIITIY =33 Fry-re
(13VIRBIGHCTD) 0¥  Toa2SPALNECHNELCETE = db 31 ~1C50
(O°C=)20(242230h>a3T°C40°T) = V(D 3110 ¢C
- - T T T T TG 24NNZ 33S0KYL L 3T/ 1WNE = APOLIP AR

MATAIVES I Fdd ] Ad 1] Y T RIS TN T

ey

=




S—— ¢ o e e g
i e e TSRy i i =

g‘ﬁl — - ——
M -
&
1:ysYNe O IafeLl
NIPL ™S [+ Rl 3 ey
T 333.:1ﬂ3&ﬂ«3.i:< B A S4 4

(%0736 ex8 2°9°0T 36 =3 5N 0T A SO INCTINL 65 0T 20 ,2X o FIYICKR¥GS €6 gagcrce
el O 14vien 7 pebdag
JAUNY /130X WS ETISC = SFVISO afFs0Ce
YOY7997272 SR 0T Y7 T RISF I WY




] o - L o ~ o) ~
b
|
w [ ]
_
w —
]
|
on3 g aco0
172317 Do AREENREE L2 2 4 J Ju
(STSTSTXASTNEXNITNVBL/GL* Tan{EaaXFai+0M=Yd 02 520C80
NPNL T gIorrg
GZ%ea (UaaVia R OAY7¥ Y =3 00 ty6edd m
INYI4(8240TI01 OO grprce HA
—TSYT eKT IV X0 014 7INCIURN/ WCHA LTI 43k ¢ _
- INY 16 3¢ 8¢ (OTITNS(GTITXI /7 “¥CINI/ MOHHOD SC0C. 8 m
m————— X ITARI NI NILNCBANS ~ ot T M
SEY79C7 84 ‘0¢°n0°00 TZ AT NCISTIN Ay A




FER reee e oo o e s S - - S s wmemen e camis oo

TH o> R 700D *C0P0P 00

000N *STFFT %0 CiD" €

‘ 8r vOXg - .qwea..aaaa..e~=:..omow..a4nq..a~v=..=mﬁ\..anwm..nsua..am:o. ¥
68 vOXMW 0000 ACO0 0000 000D “PC2(°‘0TTIL *E2N0° ‘0000 *SPPFT TFIL" §
T vy g 200 000 T DOTR T OETI2 PTG o 0220% %0526 f00PE cfncET el T ¢
2E voxg 8000 °‘0L00 40000 °*00B0°%0220°4N2T0°%9200°¢CLN0 *CFET¢0E20" § p
. S vOo¥13 Q2L B CBE *DOZN* 5022 °%BIGI*“90ED° “08EG° “0CGE ““0CFT**ncnp = ¢
Sy ¥y g o LGRS R A L T LI T 1 E B 1E T S 3 A R E A E AR T T A L2 b R 4
%f vO»I8 SOE B0 LOTCE" “0GEN **0GE2 ¢0RCI *GH2Z D" *0256° 600 LS *50r02°¢0¢CcHD " §
€€ voxTg ‘000D NCGE" 0000 °“0003°¢DFEN°“0GT 0 *SE0N®*0P0CCEO02°%02200° § =
R4S o B 4 Ak 21 DAY TR s radd [ T13Ad L4 RAT LIRS BET R LS T T 911 Ao o
TE VOX 6 7 (00TETOC=T $(I;Tu(D) VIYVC 200080
62 Vo €7 0°249 € g°F ¢ 0°2 ¢ 9@°F ¢ 2°T/€10% ¥1WQ 2c00C0
o Ao b E { P2t R Fa D Al 21 AL -T2 ARS 2t TARAFAI S AAFARUAAS L RSAL T FA Aad s Ao 4
22 vG»8 0TI ‘GOTI0 S AFD " *2C20°S0S2C*$ART0*42STOSHST0 **CTTO S QOTID" ¢
92 vo>18 SEPTIC P NI “P2T0°S02T0°CCS20*°aCTO 50450 ¢ ,£T0 40550 °Spo2n® ¢ 1
YO e T T Y I T O S e T T T T T L EN O ou T Rz T T T ZTIo ¢
%2 vo»~g S T20 N NTC T H2I0 SR TITIO S PTCr %0s20 29T  “BSTID **@2TD s HPIn°" § A
£2 vay1a ‘QEDU LS00 *0STD *“2TIT0 S a6 “0F00  “56T0° 40210 **¢LTO*TCIP ¢ 3
" 4 O B 2 ¢ At I 4 Rl 120 Aads et RAp R Eadh ¢ DAL VR IARE 513 REL 10 ¢ A4 4.0 Aax Saan -
T2 vOX Sy EB R L00°“GLI0°“2TID SCKC L *HE00°*EI20° 4 0RTO *CS TR 42237 * ¢ .
g2 vo» W ‘a6 00°CZE00° SPAND*0OEN S 22T C 4CH00°*CL00" ¢ /200 *SFOI0*S0nIr ¢ -
(3R (0. a2 R P AR TR 111 AAA I R S A S AP S A AL FAAS TR S AAE L o A J
21 YO¥R $260D" C J00 PG00 STCEB*CCETC*/8P00°*L9C0° ‘0500 **E€T0°°0CT0° § uu |
7 yax'w Q606 °*ZE0D" SISBO*SCuBB *SangL *nSB0°*9200° $4G00 **SaCOSPFPB°* §
B 12 A2 I R 1 Rk R L A R A S AM 2L Ml A i Add {1 aadid Rkl A & :
ST yOX»18 $gZ00° N ZC0*SCOB *“THRE "Saf 0 G %2200°C000° 52580 °529T0**950C° )
&1 ygxa . SATT0CSCTIC ‘4200 °¢6900°°520C°4G200°50200°°CTI00 *San(D 42810 ¢ -
TTVURET T4 D R 11 R St Rk f A Y4 ] At Y1 Al i1 R T { Bid A 1 4 .
2T vaxw M0 VivO 2een00 ' ;
. %’
T VU W 7450 Bl {2 i Xk Bk At A bl Bt dd Ad A i A A3 Ad R VA Vo310 NN SRS -
- BT YONTM*/°TaSe0 B4/ °0¢0°0'G R/LVPRA ¢ /°T49506"0°59°0°06°0°S°C8/+3WiY VIVEO 2cet00 -
LI fed i) oS IR0y IR WITNS U0t T m
20 voX1s (E02) S2CD NCISKINIO 2eccoo {
" {
48 vox"M 2S¢ (02)d 31204 (82)0d1 3 /7 42VZCH/ NCUNG)D 200c00 t
gy VO Y TSTYZROTISZS — (CYVIRDISZY I 4 :
S0 vO38 (9TI2ANODB ¢ TiNOZE* (€1)81vddd /7 ¥BCSLZC7 NOMNOD 2ces00 v
— 98 VORI W™ IO EYIANDGY (UL HIane?® [ 3 :
£0 YOX W 8T 210d3s¢ (OT)BLO0H® (T *<4y) 180D¢ 2 '
28 vyon e (83 0L1rav ¢ SOT)EL0N® (OTS249)p100¢ T
u-|4duJq||||4¢dqmﬂdaa4||||ldqﬂqqdmuq TTYTHIOVRY 7 3ITHVEC7 ROWNOS . Zeoony
SPANSR0000 500D 09 J
TVIBVITC TRIINCRES  — —
SET/9672Z 0290 °00 VI 0T WoISwSA  was ;




S T r = isi

o
i - L ] [a) o~y N ) ~ () > £~ . ’
—_ - — e < o - ————— e = —_——— i ——— - —_— - ||r11|-|‘vx [ — - - - —— —— o~ - - e ———— e e m————— . - — _
|
- ) u(z 744 o of - Sunma— o 5 i
NINg zcoend
wETYRYYg T 79800 *S 2 00 " *SOCON " *TOSTPH " TET#UO S PEH DI *6 €20 **FR5P0Y Y —~ T i
ce yax1a| SEICPD TEGD0 " EISCON"492¢cB0°%20900°%5H200°*5€00G **TZ220r° ¢ ;
. cP yeYIR $2GJ00°%9€200° ‘0 R00 *‘CRErD eansSOD e L gessasrpécasnn ¢ }
TF PO ™ M40 A ARSI AAE S S 1 RAE S EAE Al i ] Ad €108 Aadi B 230 Iubi 451-3 .1 LN S I
gf vYOM3 $2TC00°“0L2900°“EN00°4G22(0°*STR00°*FSRVO°*G0EQD **036C0 ¢ . ‘
&2 wCH»79 8 [9°2¢ ps5e2*¢ one 2 0§°2¢ p2°2¢ 01°2¢ pne2¢ Q0F°T ¢ m
— CLCONTIN A € Ak AAREE-V At S ENAE P4 SN -1 04 SN L Ad LANNT 20 S AN 14 TTEETT Y X
¢ ¥G»g LI 128 & nhe1¢ A A [\ R § JSADI30%EAZ120 %0 cld VIVO Nosoae
CPER [0 ) - mey [0 my KL A 1 el Loy Tl LRl e T -
. Sl vo»7g ¢ 0CL°T¢ GL®CGT¢ 0 J°CT¢ <2°R1S 00°92°¢ 00 °24%¢ DOB°E<¢* OHN°f2 ¢ !
®J vOxTE ¢ J26°E°¢ 09P°CS SP2°fd 027°F¢ DsOo fd Pecefd QIceEt Shecf X i
T YOY R TTPIE LT TOIRCT T UNeTYT UJTYET SGBICET SFN s ST geev S vliEvy ¢ i
gL Y0¥ 8 J2ACINZEINOTY7 % |
— |
A PECTh: TIRIsTAST S !
€2 yoy»8 $099°0-42T2°0-°20 209029 0-4020°T-4CT2°T-*0E% T-4n52°T- § !
€° voye _ CETH°0-/21003P T INOTP 8 J
9 yOX8 ’ sy L 24 A4 AL B [ Al 1 [ 34 ge¢é hogt 2°s¢ oY g
k 20 dQ!Jﬂ [ ] %oNc OQN. JONQ MoNa BoNu Oodﬁ ﬂ\od. et T .
90 Ya»e FI A TECAR 2814 cCcong
9 vOox9 /G€00°*GH00°¢0S00 5 SSBE° SHND DS DD €SP0 €% AN *IF00° §
"G Yay g GO EhPO  0S00 *PGGOC 6 00°*0F00° <360 *%¢& Lo %C0F00 " ¢
£9 vax'g G006 ° CGHB0 ‘BECD*6SDT ¢S+ *BE0D €00 **SH 00500 ¢
2% vYOoXE SEOPD° CGHPD *42F0DCOLI éG+p L 428 NB R0 *tcqrpct2sTan
TS vay W VDT S 0SO0 S0 GE 02D P S0 eUT 0500 0200 %°Cet0 0 ~00° ¢
’ 8¢ vOX¥8 SHPT0°€2200°“Hc00°“0DDTL*4c000°4CS00°¢26800°¢CS00°“2<00°* §
. S Yo% 8 $5220°*5STD"*GEQD**GETIC°*02T 0 ‘0600 “DCTIN *420P080°°0. 00" ¢
: L 4 I 1 3 F hdd 3 i Wi AR L4 S ¢4 R LR AT AL R A A U R AL L 3
L 26 vO¥3 S0FO0°¢02G0 **0F2B °*DLF L °5G2ED 40220 °LSTD *ScHTD*SEIC ¢
: ac va»e .oodn..uomo..eNJoo.onoa..m~oo..aemo..nmwa..mmﬁeo.mmun. 3 !
VOV W 713305 VIO ZCo000 |
,
+C ya»18 \ao««.aonu.-omaaoq.eoknaoooe.m.aoo.o.n.o.N\anﬂ01 b4
TEYONIg MA M B A AR YA VA FECEAAN AL A4 T B A S B 1 M 142 S L2 % quaqu
cs vag»Ma /70000°°00L0C*°0000°*0C00°“02T5°¢0C00°*02B0"*000r*¢09¢T**noT0" ¢
TS YOy W g A A R A A ) i E 1o R el A el 120 € ' [ R Rl EX- T 11 TR S K H A §
ge vax1g ‘000 *NC00° D000 COCR0 ‘DN TL " 0CND"%02C0"*COND *Sp2CT*fDTITR " ¢ |
6% yagxe $n200°°0C00° 0028 °0GLT C0RnL - 0CT00n5H* $00BL2 *“0OET**G080° § ‘
A 100 g ] el o LA T 1 Bl f A oD Sl TN Rl YA TR 1 1] I 7 A2 Sl W4 4 R §
i% Yayg SC200°%0C00° %062 °*00PQT**00G(°*0PTI0"%000n*¢€ 0002 *¢09 T *50¢S0 " ¢
9% ¥YNYn SpCro 1 Cen *0n0C *CCC0 “0FTC"%0F00°°0200° 0008 °402/T°¢0FT0° ¢
T GH VO I8 SR IO O uT 0 0E Y * DG L Y BET 0’02 Een P 0GEc "3 0551 °%00%0 * § o
9% YOXNE S0000°“0C0D°“0000°“0000°°0T2C°*0E00°°0.00°°0500 *%0243°5G+10° §
£y vaxg $g208°°0000°“006L *°0002°¢0LcC**0020° %0550 ‘BBTL *°40GCI**GTan" § i _
EA B A o 7 WO TOY=T *(DYS¥CDy YAvD ~~ — ~2epeet!
YEY/9C72Z *02°H0 *00 T2 NF AOIST-N KOS
{ T T ’
I




SUBJECT:

PURP@SE:

METH@D :

USAGE:

SECTION 1II

DESCRIPTION OF FUNCTIONS AND LISTINGS

FUNCTI@GN AREA
FUNCTI@N AREA computes flow area

AREA = FAL- = sq. ft.

D
A = AREA (W, T, P, V, CD)

W Inlet mass flow lb/sec

T Nozzle throat static témperatu:e
degrees R

P Nozzle throat static pressure lb/ft

V  Nozzle throat velocity ft/sec

C, Paischarge coefficient = 1.0

\ i
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SUBJECT: “ Thermodynamic function set; H@FT, T@FH, PR@FH,
C@FH, and C@FHS.
: PURP@SE: The thermodynamic function set produces data 3
: from Keenan and Kaye Gas Tables to the program.
METH@D: A polynomial fit of the tabular data is used.
The appropriate coefficients are detz2rminec
by the checking the range of the input variables.
. J
USAGE: H = HGFT (T,F@A)
T = T@FH (H,F@A)
1 PR = PR@FH(H,F@A)
' J
H = HPFPR(PR,F@A)
C = C@gFH(HT,FgA)
C = CQFHS (HS,FgA) ‘
3
H Enthalpy BTU/lb T temperature degrees R
F@A fuel/air ratio PR relativepressure
C sonic velocity ft/sec HT total enthalpy BTU/1lb )
HS static enthalpy BTU/lo
The fuel is assumed to be a hydrocarbon ¢f
composition, CN H2 . {
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SUBJECT :

PURP@SE:

METH@D:

USAGE:

N e e h e e

FUNCTI@N K@UNT N

FUNCTI@N K@UNT counts the number of input
points on a ten field seven digit input
card.

Starting with the right most field a test

is made for a blank field. Upon .inding
a non-blank field that fieid number is
returned as the input count.
K = K@UNT (CARD, NFI)

CARD -~ Array of input points

NFI « Maximum fields defined on card
- 10
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SUBJECT:

PURP@SE:

METH@D :

USAGE:

SUBPR@GRAMS :

FUNCTI@N DEMAND

FUNCTI@N DEMAND computes engine demand, AO/AC,

as a function of recovery factor.

DEMAND = Area RFW + Area RFW., + A
— 2 %y

C C AC
where A is from Table 7
0
BY
Ac

A@AC = ['SMAND (RF)
RF is recovery factor

Area = AREAF (Mach)

=
i

Engine airflow

W, = Secondary airflow

>
[}

Capture area

TABU2
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SECTION IV

CROSS~LISTING FOR PROGRAM TEM-333
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SECTION V

INLET MAP PROGRAM




W o Ay e N T ——— o - < ——
ﬁ%&maam.‘ﬁ_ . L ' ';!,

SVefALY,  00V000C010C0030060000000000000000003G3003030300300000030CC00C0003IC0000C000000

1 ~ Sh*do0aVe  000000002UGV0I00000000000C000000CI0IICVLOIV000000000UICCO00CAVUSG0000CHG0CUD
s
4
{ - RUN _ VERSION JuL’ 71 114194184 72706723,
1 i
' PROGRAM TuLTHAPCINAYT,OUTAUT, TAPIS =11 UT, TAPEE=QUT2 1)
0€33133 SOMMON/ZTADZH0/ [N, I0UT
€95213 JATA INJIOUT /5,0f
006633 COMAIN/ARZAVLZARSA
083233 . CCFAON/AANCHS/ XHACHS
863333 COMHOIM/XMLIZRO/XMIERO
: 0€3333 COMAIN/RM AL/ XUMIN .
) 801303 TR ISTUM 0JTA (L ), 00TICLo) s0uT1I (1, 400
b 8033 COMMIN/OJTINL/OUTINLLS) yCIHOUTINT (L)
8633133 COMIIIN/AS/AC, A2Z (%)
A FEE COMAIN/ZTAIL/TABLK (L) 9 TRdIY (L) yHT L
' 0G0G133 COPMONZTAS2A /TA324a%8u1) g TAS2AY (41),H2A
: - 0000133 COMAIN/TA323/TA3 dX(40) ,TAB2 V(1)) ,NT2D
, . 000053 CONMON/TAI2C/TaB2CA (150 o TA323Y (L3 ,1T2C
i 803033 SOMAIN/TAB2D/TAI20X(L3) o TAB2IY (L3 4NT2D
‘* 0000213 COMMON/TA 2T /TAIEX(Lo) g TAD2IY (L)) 4 NT2E —
' f 9d06d3 G OFMON/ZAJAS/ZAIAC
® gcgn 3 JIMSNSION TIVLE(S),La8L¢2)
! 3 0630133 AomeNsmN g:;;(t.%louIZ(19).Quliltﬂl,vujhiﬁELJDUIiLL;;aELLouLiixltm______
(13
bl 000033 DIMINSION TMACH(30)
A 603093 SOPUIN/GA 1MA/GANMAA
| 800333 OATA GAMAA/1,43557,
R, 0630133 JATA 7E30/713M Ged9 7
by 63333 . _OdTA PLARE/LIn __PT2/PT 4/ . o e
' [ NTITRVRVIY JATA Glaows /icn oo 7
i 03393 GATA ASIER/ZL0H sessy
. 00c033 221,
i AR E] R2AL(94993)) TITL-
0cG112 WRITZ (b6y335)) TITLE
! 003¢C 2% NTMASH=) ) )
, 6tac 21 WRITE (6,35 1) |
i 803325 CALL PLACINCTYMACH,HTMACH,3) !
6097 3¢C READ(S y512) WCL,JELWC,wCU
[ Y] ARIIC(643.2) WCL yDELNCynCU
Q030G 54 CALL TABIN .
_§03¢€55 IYAG= 145730 _. e —
| 600¢Cc35? LF (JELRG) 23,1020
: 803350 10 NwC=1
, gciC At GO 13 3¢
4o .ol 20 a2t FIAL(ASU=WCL=¢ 1) 7DELWG) ¢2
; 0CIC 70 3) J=0
€L0C71 NWG= AINC(NAS,4() — —_—
1 0GJC 79 JO 30¢ I=z1yNTHACH ) ?
! €076 JzJed
gc3110 KMAL4ETAACHL]) .
cioiy nGsaltl
€03133 00 23: K21,NNC
__ 002138  CALL INLIRAGIXAACH,P,dC,Je35)),RF) o .
TTOCCL1C IF (Le€3.1) OUTHLUK)EACPIYAC
£eILLS OUTaLJ k) =3F
' 003121 QU T, (Jy%)2CO

? 208 ' i




‘ RUN VERSION JUL 7% 211419413, 72738729,
4 L ]
063124 203 WC=Ale0ELAS
03313¢ NT2Az N2}
6031372 IF (ANZERI-XMATHSY 205,220,220
063134 205 IF (XMZEISELXMMINY GO TO 210
8C3137 ACACUL =ASTER
G337 146 RFULL=ASTER
uGB1at COCL=ASIZR
§CA142 WCAL32:=ASTER
660163 RFAZ=ASTIR
0CItul C0B2=ASTER
000 £45 GO 19 23)
Geitas “213 AVACOL=TILUL (XMZoRO0,TAGB2 5K, TaB2cYy g NT22)
003152 RFDL=TBLUI(1'0CULoTﬁiZAx;TABZAVoLpNIZA)
6CI156 WCACUL=A2ACIL/ (AREA®RFOL)
. RTINS WCEACACOL¥ AT
2 go3162 CALL INLORAG(XMACH,P,HC 95079306 ,RFOL)
¥ 60166 COCL=CO
.4 ca0ive ENCJUE (155351, RFDLY RFOL
s 600177 ENCIDE(139922,HCACDLY WCACOL
H 0c3237 ZNC0Je (239931,C00L) COUL
& —EuRzLY AL ACAZ=T ICUL (KMZE R0, T4320K, Y820V, {;NT20
{ 63224 IF (ACAC3ZeLEelss) GU TO 215
c03225 RFBI3TELJL(AJACIZ,TA32Aa%,TAB2AY 1 4NT24)
Gticdz WCAUBZ=aJACA 2/ (ARCAPRFOL) -
003234 1 £11
065235 593 WCsW3ACJZ*AS L
— TTeiTE7 SALL INOIREAS{XPACH, Fywe s bl 90300, RFIT)
( £532.47 Fral1C-0.4307
£324% [F _(A5S(F)WLT2e3i535) 63 10 058 -
6CI25¢C TP TITe0Te13Y GO TO by
GCc254 IF (LI1eiNZed) GO TO 61¢
0C0254 AX36,5%4CA032 _
600256 GO 10 62
015257 610 IF (FeEAFSAVI) GO TO 349
Gdd251 XX2n3ACIZ=(WCACIZ~SLVEN) *F/ (F=FSAVE) N
GLl2o7 LF (KXeTele5) XA2(45
cg2re2 329 Il=Il+1
gin274 SAVIN=HCASIL
6Gc275 FSAVI=F
cuL2r? ACAL3 23XX
003393 60 T3 593
Ged336 %) AUAUIZS=3eD )
0605332 FIZz=L42
0Cc333 COUZz=Ce)
0C63 35 556 CONTINUE
0CC335 C042=CD
6C3337 INCODZ(13)331,RFIZ) RFDZ
1 6C0316 EHCUIE(Lupds ¢pMCRCL) nCACIZ
033326 SNCOJE(1J,331,Co02) Cual 3
€CJ 32 G0 TO 232 . L N
I IREEY I3 ACASIRIERD T -
06341 RF32=ASTIR
CCI342 Cud2=ASTER .
=)
-d

206




{ RUN VERSION JuL 7% 131948, 72738723,
1 '0033!‘03 . %0 1) 239
1 —8C33e3 220 AJACJLRTA_UL(AMZIR0,TA azg_,taezq_zg,utzcr
830350 RFCLE ToLULENNZER0,TAD2 YNy TA320Y, LyNT20)
coasae ~ WCACDL={1,32°ACACOL)/(AREA®RFOL)
$357 WCzusACOL®AS
iuaii T GALL IMORAG(KMATH,Pyws 93¢0 sORAGYRFIL Y
GCo365 COoCLzCO
6CI357 ENCOJE €132 2y RFDL) RFDL
83376 ENCOJE (1209229 mCCOL) WGACOL
000436 ENCIDE(1099:1,CO0L) CODL
CCon16 TA=ASTER
Qubd nGaCsZsasiz
800622 CUZsASTZR
. 000028 - 23 OUTL(J)=xHACH
: CCIe 26 OUT2{J)en3ACOL
i 6656 28 QUTI(JIZAIFOL
£CaG 2?7 QUTotu)=uiACE2
.f C0Je 3t QUT7tI)2RF I
! . 8Cie32 oUTI(J)2CI0L
,i C0s %36 NAEIRIEDE
© 66w 3S TFC(JeTel ) sANDs (T LToNTHACHAI) GO 70 330
jo € OUTPJT RESOVERY HAP
. 00445 LABLCL)SLIHINLETY R2CO
. SLdihab LARBLUZ)s L HIERY AP
6CI5C WRIT I (eyd.3) LABL, TITLE jXMACHS, AL
'~ _8036a3 WRITSUGy 0] (OUTILL) 4L 21,J) -
i’ 003670 ARITZ(E,393) (OUI2(LY ,L31,J)
00511 WRIIS (69308 (OUTSILIsL2L,yd)
€0)s 26 WRITZ(6357) (CuTnli)Lsgyd)
86)>3) ARITIuy343) (U2 (L) LaL )
€o1532 NRITe(€9933) (PLABLELE L, J)
1 __80956% D0 26( K1i,yNWC
‘ 663566 WRITC(0,313) OUTw (KD (OUTS(L oK) gL 389d)
, Cddo6db 263 CONTINUE
. _C QUIRJIT DA MAP
€Ca637 LAEL(1)32 HINLET DRAG ,
: 0006 1C LADLL2)31.4 MAP _
1 600612 ARITECELIS 30 LA, TITLE o XHACHS, AC
: 0CI625 WRITZ (6,300 (OUTLI(LY )L2L,d)
v 063640 WRITE(D,935) (OUTRIL) 4L32L,d)
' €Cl033 NRITE(F,911) (OUTI (L) ,L31,J)
' tCl6ib ARITI(u9Iu7) (OUTo(L) L3l ,yd)
, c0c?732 aRITI (06,3120 (UTI(L) sL2l,J)
: __000734 ARITICL3753) COLASLE,L21,J) _
, 33726 D0 2YC Kx1yNWt
i €G.730 WRITZ (6,310 OUTLIK), (OUTLI(L X),L5L,)
' 0537 46 250 CONTLMUE
) 0007 34 Jz.
6L37352 332 CCOATINUE
__063755 ____SY0P e
Teeals? 5Cu FORMT (14192:X98413)
cca737 8o1 FORMAT (®)MACH NUIBZR ARRAY®) )
_ 0C2757 822 FORAAT(S-CORRICTZD AIRFLOA POINTS® 15X PHINITIAL,12X SHOSLTA, 12X
()
|
L . ———t e
)
207 !




I
- d
RUN _ VERSION JuL 21 . 11¢19.18, 72/28/2), J
ASHFIJAL /725X93F1T1 )
0GCT37 813 FORMATQISFT.4G)
Y £ 30) FORMAT (3d1 )
cesrs? 901 FORMATIFL3.4)
063737 942 FORAT(FL342) —
GCaT37 353 FORAAT (141 9@ A 9BA L0 g5KyLUHSTART WACHFGe393Xy LeHCAPTURE ARZA,F7¢3) 5
007357 934 FORAAT (3 1ACH NOy12X91oF20e )
6C3757 305 FORMAT (17430ISTORTION LINIT,/ 24,1 H(WIC/ACIDL,7X,1)410) )
TOGITIT 306 FORNTOING 1IN (PYI7AT0ICL 0Ny 1GAL)
023757 ISP FORMAT (i1n BUZ2 LIMIT /73X,1CA(ALC/ACI L, 7%, 1IAL0)
__ 833757 i3 FORMT (3Xy)211MLPT2/PYCIOL 96X gl oALs) -
G3IT3T 9L FORANT (LM, 93 Ry6NNIC/AC,0K910489)
0¢3757 913 FORMAT(1XoF1842908Xy1JF1Gat) p)
805?757 911 FORMAT (5%, 5HCCO)UL+9X,15A10) . X
. CLer5? 912 FORMAT (3X,04(COIULIXy1dAL0)
] 080757 END
!
| )
| - : . 3
: )
i ]
i
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