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FOREWORE

This is the final report submitted in fulfillment of Contract
F04611-67-C-0019. The program had two Air Force Project Engineers,
Lt. James D. Cox/RPRRC and, later, Capt. J. F. Ensminger/RPRRC.

Volume 1 of this report contains the background, develspment, and
critique of the Sensitive Time Lag Theory of combustion instability,

a description of the computer pirogram that is used to provide a solu-
tion of the analyticul model, and the use of the model in the analysis
and design of liquid rocket engines based on empirical correlations.
Volume II contains the flowcharts and listings of the computer program.
Therefore, Volume 1 is referred to as the Engineer's Handbook while
Volume II is referred to as the Programmer's Handbcok.

The contract effert was conducted by the Thrust Chamber Engineering
Civision of Liquid Rocket Operations under Dr. C. B. McGough, Program
Manager; Dr. R. J. Hefner and, during the final phases of the contract,
by Mr. J. M. McBride, Project Managers; Mr. A. J. Smith, Jr., Project
Engineer; Dr. F. H. Reardon, of Sacramento State College, and
Dr. L. M. Crocco, Dr. W. A. Sirignano, and Mr. D. T. Harrje, of Princeton
University, Consultants. This report has been prepared in accordance
with MIL-STD-847 (USAF) dated 25 February 1965. The period of this
report is 2 September 1966 through 31 November 1567,

It is essential to give special acknowliedgement to Dr. L. M. Crocco,
originator of the Sensitive Time Lag Theory, and his co-workers whose
individual contributions to this discertation are reflected throughout.
In addition to contributing significant portions of the Background,
Theory, and Conclusion sections, as well as Appendices I through III,
they have reviewed the entire text and have made many helpful suggestions
during the entire course of the contract.

This technical report has been reviewed and is approved.

Capt. J. F. Ensminger
IISAF Project Engineer
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ABSTRACT

The main objective of this report is to include, under one cover,
all of the work concerned with the development of the Sensitive Time
Lag Theory of liquid rocket engine combustion instability. This work
includes all tiie azpczic 2€ the thoory fram the mathematical formulation
of the analytical modei to the application of the model to actual engine
problems. The initial section of the report reviews the logical cen-
siderations of the instability phenomenon and relates how the time lag
concept conforms anaiytically as well as experimentally to the problem.
Thereafter, the mathematics of the model are developed with the major
emphasis placed on the linearized model; however, various aspects of
the nonlinear model are also discussed. The mathematical analysis gives
rise to a computer program, which is presented in Volume I in the form
of an Engineer's instruction manual and in Volume Il in the form of a
detailed description for the Programmer. The report then focuses its
attention on the designer and instructs him in not only how to use the
model in practical situations but also how to interpret and correlate
test data. The main body of the text concludes with a critique of the
time lag concept and outlines the kind of research that is needed in

order to imprcve the time lag model.
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WRITE 16430) C(HMAM1100
WRITE (6460) (EXTRAII) 410230 JOMEGA) CHAM}110
WRITE 18490 CHAMI120
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LOEICAL LOGIK. MAUN: CKOUTe SIMPL. KNOT, LINIT. TABLR NYNR 168
4 uYn 150
COMMOR /PROLOS/ LOGIKIS)e MEADILIZ)e SL1e SL2s ECRJ HYan 160
- COMMOR 7ABCOF / DIN (4309) «wvem 170
1 o SPACEL22210 WITIIT0e AVEIIYIe OVRILITIo CVRRILTY, CYNIILT) wYs 160
p DInEns 0% [ ] L2083 0 68 ( 8¢ 102} » N 190
1 n (1021 « STAB ( 102 ) +» & € 32+ 30 . N 2800
2 v €302 ) ¢ CTAD ( 102 ) » SLMM ( 12) . YN 210
3 o 1102 3¢ D2U ( 1021 +» AP t 12 . HYMN 230
4 W 13021+ DAL (230297, 6 112 . HYRR 230
- L] MO (10297« DANO ( 102 ) +» OLD 12 . HYNR 248
6 MnOL { 102 1 ¢« DROL (302 ) o IIMG ( & . HYMR 230
7 GBAR ¢ 102 ) » DO 11021 ¢ SIWP ( 6 . YR 260
[ ] 193 € 1021 » V1 $102 1+ EWR2 { & * NN 270
* 193 1 102 ) » V2 t102 1 4 2F t & HYNN 200
oingnsion NN 290
1 Tl ( 30 )+« ™M ( 38 o THIR &t 30 ) « THII & 30 WYUR 308
o0 InEns ' On AL t 6) s DFER t &) . “Yn 310
1 SIR (2003 ¢ XEOUT ¢ 1003 ¢+ W t 28 L3 €I 320
2 WET { 303 . ERT ( 30 ) . EIT ¢ 30 . HYEh 338
3 29ISTL 201 ¢ CRYT ¢ 31 . CIT t 3O . I 349
4 olsTHL 20 nYHn 390
NYNR 340
1 LOGIX( 010t CROUTe LOGIR(13130! SINPLe LIGIKIZAINe  MYIN 370
? LOGIK (15008 LINITe LOGIKC1S! et TABLR: LOGIRILITY) urn 300
nYn 390
1 Yol B( 100 o ZINC ol DINC 180 o RCH 3¢ HYION 400
2 Yol @1 38) o ANE el WI1D s WO ) MYNN 4310
] S+ B0 197 o RO ol MMOLI1T o ANOLO ) HYR 420
- 1ot BIITOY » WC st BE2O) . 9K LR WY 430
s 10t §12001 » ZOISY 1ot BISOY v ERT 3 HYI 480
[) 1ef 02201 +» DISTH 341 B(88) o EIT7 te YR 430
t 1ol 012200 +» CRY Ve HMYMN 460
] EZCHPL tel 9(148) » CIY ] W ale
NYER 400
1 { DINISAOL)s MLON 2ol DINI340TIe TLON ) HYIR 490
CQUIVALENCE YR 900
T CAIR o AL € 1) 2ol AZR o AL { 3) bol AR o AL € 3) 3¢ MYMR 910
2 CALL o AL 1 20 2ol A21 o AL € &) D0l AST o AL [ 8) )e  HYMR 320
3 { G200 o SLAME 9) del DGIOR o SLAMILON B0 HYER 330
[ t G201 + SLAM{III! Yol DE201 o SLAMILIZY HYY R 340
¢ uve: 330
< HYW 3460
30 FORMAT ¢ 7 $3M TRANSVERSE STABILITY PROGAAN... CALCULATES MR, M uMYMN 370
1 OR MRy NT1 ) HYu 300
- 20 FORMAT ( /77 115 TNPUT DATA// FXINSAMIZEINIE) OXSHEAWMAIE IWUEYX HYMN 390
1 JANSOUND (FT/SECT 2X13K ULM (FT/SEC) 9K SMXK (DRAGIAXIIMNRCONPL HYMN 600
20INY 77 F15.80 FI8.00 Fl2e50 Flae0y Fl6e20 2X F1%.6 7/ HYNR 610
3 SKIOMINCREMENTS BRAMLA/N TIXAMLT/R /7 3XFPB.1e 27197 77 ) HYHN 620
30 FORMAY ( /7 290 MORXILE ADMITTARCES IMPUT// 13XOMOREGA(CH) 12X WYMR 630
1 SHERT ITASHELT LTAMMCRT LTAINCIY /7 ) HYNN §40
A0 PORMAT { 77/7/722% CALCULATED RESULTS.e0 10X JOMFIRST-ORDER SOLN { UNYNN 650
- INIF INJ 2 13X21IMSECTOD-ORDER SOLUTION 7/ 1TNSMOMEGA (2XeM¢ REA.L  HYNR 660
2 JAXGMH INAG )IXTHRT REAL I3XTHMT THAS ) HYNN $T0
30 FORMAT { 9NPF19,7¢2020.8 ) HYNN 680
60 FORMAT ( SXF19,7+8E20.8 } HYMN 490
TO FORNAT ( /7 31IW INJECTOR COCFFICTENTS 1MPUTeee 7/ ) HYNR 700
60 FORMAT ¢ 1IXIMANM ,TXSNBNM 1OXOMCNM RE 14XGMCAM IN 7 4£20.8 ) HYNR T30
90 FOMMAT (1OXSMOMEGAIGXINANMI TAIMBNM] GXOGNCAN REIARSHCNM TM/(3E20.01INYNN 720
100 FORMAT ( 12MOINTEORALS 6E€18.0 ) HYRN 730
110 FORMAT [ 6+ ERROR 4XGELE,0 ) wYMN Ta0
3120 FORMAY ( 29MODUNP OF TABULAR FUNCTIONS.e» // SX2WIZI2KIMULINZMOU HYMK T30
i 11X2HUL L 1 XSMAMOIXAHRHOL YXAMOBARIXANZ IPIIRAMZIIPS 7/ (1K FE19,31I1MYMR T80
130 FORMAT { TOWMOTARLES FOR MIMACN//XZHZZ11XSHO2UL1XIMOUL IXANORMOIX HYMN 770
1 AMDROL 10X2MDQI 1NNV 11 X2WYV2//) HYMN T80
140 FORMAT ( 1M BE1%,% ) MYMN 790
130 FORMAT (/10X1MW1GNIMIARISXIMIATISRINIBRISAINID]ITAXINERCONI SXINE TCOMYMN 000
1N/70XAHG2ORIAXAHGZIR1AXSHDGION L IXIMDGZ I R14XIMHIR]ISXIMIIRI K 21CR HYMM 810
2 /70R4MNE20114X4NG2) T14XIHDG20] 1 IXSHOG2I TIAXIMNI T 1SXIHN2I19RIMCI//) MYMN 820
160 FOMMAT ( TE10,8 ) HYNN 030
4 HYMN 840
cee MY 050
< Tesnsens e HYNN 860
HRUN = DINIS) oGEs 040 HYMN 070
CALL OVCHK ( RCHX ) HYMN 880
NWT » DINIS4OB) o 0.01 MYNN 090
TABLR = NW! .88, 3 HYNN 900
DO 170 1 = 14 2040 MYMN 910
A 110 8(tr » BN HYMN 920
180 1F ¢ CA=1040 ) 2201904190 HYMN 930
. 190 CALL PAGE ( 70 ) HYMN 940
XOut = 2 HYMN T30
NET » XNE KYMN 960
WRITE (8410) YN 970
1F ( CB=100,0 1t 22042004200 HYMN 980
200 WRITE 164200 { B(119 ! » 14 0 1o 2INCe RLONy TLOW HYMN 990
. WRITE (6430} WYHN1000
WRITE (6080) ( WET(I)s ERTUTILEITII. CRTCIDSCITINY, 70l oNET ) HYMNIOLO
CROUT = | CB 6T, 200.0 9 HYMY1020
IF { +MOT, HRUN ) G0 10 220 HYNN1090
WRITE (6570} HYNN)0A0
IV TABLR ) G0 10 210 HYNN]105%0
WRITE 164801 AvMi1)e BYNIL)s CVARILY. CYRI(D) HYMN160
G0 10 220 HYMNICTO
210 WRITE (64900 ¢ WITCE)e AVRIT). BYNIT)> CYNRITE, CYNLET Y, HYNN1080
H LCHE O ) HYMN] OO0
4 HYMNY ] OO0
[ GEMERATE NORMALIZED OISTRIBUTION AND OTHER TABULAR FUNCTIONS HYMN1110
¢ HYMN1120
220 1C = ZCHPL / RCM HYMN1130
¢ o 2L HYMN])AO
i0l » ZINC » 0,001 HYMN]]3D
CALL INT& 1 ZDIST, OISTH, IC. UTNAM ) HYMR] 160
SCALE = U /7 UEZNAM HYMMY)TO
SImPL ® 102 JLE. O HYMN1180
17 ¢ STme G0 10 290 HYNN]190
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230

280

260

27

>

InY o« 2
102 o ID2/6 ¢ &

MUST AE POSITIVE MATIPLE OF FOUR, (ESS THan 18]
GO 10 2an

INY o )
162 = -102/72 @ 2

IF £ 1 1Dl +€Qs O ) ORe ¢ 102 oGTe 3100 ) 1 (DI = 80O
102 1S MMBER OF Z-INCRENENTS,

1028 o 102 o 1
02 o 2C 7 FLOATIION}

IL11) o 0,0
Uity o 1,00-10

OutLy) e 0.0

AMO11)e Job

MO o AM/SCUNE

GF1 o ~1.0 /7 (6AN-1.01)

GF2 o 1GAN=1.01 / 2.0

AMOZE = ( 1.0 + GPIOUEOUE 1 o0GF)
RO « MOLE ¢ UE /7 WO

CRAR(L) = 0.0
2'P311t = 0.0
2.P%¢1) o ML

0
ABOVE ARE FIRST TABULAR ENTRICS,
1 = te0

02 2950 12 » 24 1029
2eles02
CALL INTAD ¢ ZOISY. DISTMs 2o ULIZ)s DUIIZY
22112y = 2
U 12 » UtI21eSCALE
BULIZ) » DULITIOSCALE
ULEIZE @ ULEZ-3) « XRODZO¢ UIIZ2-11=ULIJZ~1) I/ II2-1)
TEWP o 1,0 ¢ GANS( UlI2}=ULITZ) oUtID)
MOIII) = | J.0 o GF2oULIZISUIIZ) } SOGF]
MOL (171 » { ANOZESUE - RMOIIZI®UCTZY ) /7 LIITH
QBARIIZY » 1 ¢ 1.0 = GANSULIZIOUITIZ) 19ANOIT2I%0U(IL?
- GAMOUIIZIONMOL I TZIOXK®T UII2I-ARIIZY 1 ) 7 TEW
21P3112) » DUIIL) o DULILY
23730121 o AMOLLIZY 7 MOLI2Y
CONTIMUE
L1020y = 2C
v (1010 = UE
U028 » 0.0
AHOLIDIP) « RWOZE
RUOL(IDZP) = 0,0
QAR IDIP) = 0,0
1P CID2P) = 0,0
2IPSLIDIP) =

QOARs 21P3, 2105 AS TABULATED ABOVE ARE PREQ-INDEPENDENT PARTS
OF INTEGRANDS.

IF € +MOT, MRUN ) G0 10 270

INCTIAL VALUES FOR  HI-ORDER TABLES
HOZ » 0.9 * D2
BT {1) ¢ 0,0
DRMOI11 @ 040
OROLIJ) » 9240
0O 11) » 0.0
bUL (1) & -Xk
YI (1) = 0.0
v2 1) e 1.0

WOZR = 0,9/02
Al » WOZ/7ULO
MI-ORDER TABLES
00 260 12 « 2, 1D2P
A2 o MDZ/ULIILY
VICIZ) = v1(12=11 ¢ Al ¢ A2
v2U12) o EXPE XKOVILI2)
Al = A2
buL 112}
ORHO{ 12}
OROL112)
0o Uy
o2y (12
CONTINUE

UL tizen
RHO {[241)

[ W tIZ2-1) 1eMDIN
t

€ RHOLE1Z+Y)

{

t

RHO (12-1) )IenDIR
RHOL(12-1) 19MDIR
OBAR( 1211 JOHOIR
OU  (12-1) 1oHOIR

QBARIIZ4:}
oU (1241

FINAL VALUES

DUL (1D2P1 = XX SIUF-ULIINIPII/LITOZP)
DROLIID2O) » A0
ORHOLIDIF) o 0.0
NG (1028 = 0,0

02U 110ZP1 = 0.0

D2VUI21 v 0.3%02V(3)

00 (2) o 0,99°00Q (1)
D2UIINZ) » 0.5#D2ULIDZ~1)
DO (1021 = 043000 (1D2-1)

ENOT o Xk oEQ, Us0
X12R « 0,0

ATIN s 040

YIAR o 040

VKl @ 0,0

VID » 0,0

IF U TAGLR ) G0 Y0 20
AMNH  » AVYRI(])

BNH = AYN (1) & PLOY
CHHR » CYMRI]} ® TLON
CNHT & CVNIT]) & TLON

CONTY InuE
MY ® ANW

(IR ReNRRN0RNAIIRROINLOBIRECORTORIBETIRRGT0NNDLNRNINORITNNNCIINENRY

’

¢
,

(osuniee

CALCULATIONS FOR FaCH FREQUENCY, ¥

COABEININCIINIZANSTNNINLIIN

P0U08LEM00000000R RN

DO 320 1w = 14+ MY
W o WG Iw)
ONEG2? » SNNSSHM  wew
OMEG = SORT(ARS:OMFS2))
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HYNN]1200
HYNN1210
HYNR]220
HYMN]1230
HYN1240
HYNN1250
HYNN] 260
WYMNI270
NYIR] 280
nYun1290
HYNN1300
HYNRNI310
HYMR1320
MYMNEISO
HYRN1340
“YMN1350
HYI1960
HYN1370
NN 300

HYMN2310
KYMH2120
HYMN2330
HYKRN2IAD
HYMN23 %0
HYMH2340
HYMN23TO
HYMN2360
HYMN2390
HYMN2AOD

s R AP koA B




LIMIT o oFALSE, NYMN2410

¢ HYMN2020
CALL INT4 ¢ WEY. ERT, W, €% ) HYNN2.30

CALL INT& ( WEYs EITs we €1 ) HYRR2440

IF ( (MEG2 ) 2801290+ 300 HYNN2450

280 e ey WHYNN2440
G0 10 310 HYIMNZAYO

[4 HYMN2400
2%0 i = 2 HYNN2490
OMEG * 0,%€-10 HYMN2500

ONEG2 » 0.2%E-20 HYN2310

4 HYEN2520
200 iney HYNN2930

[4 HYNN2940
< EVALUATION OF SIx INTEGRALS ®Y BOOLE FORMULA ¢ OR SIMPSON ) HYIN2930
[4 BOE INTEGRATION IF  Z2INC INPUT POSITIVE, ELSE SINPSON RLE HYNN2360
4 { BOOLE 1S STmPSON AULE WITH ERROR FORMULA | HYRR23TD
£ HYMN2980
< I IS ( 1e 2¢ 3 ) AS OMEGY IS | =4 O¢ ¢ |s HYNRIS390
- < THEN USE  { CIRCULAR, LINIT, NYPERSOLIC ) FURCYIONS HYNN2600
< HYNN2610
310 00 3201 ¢ 10 & HYNN2020
32¢ ZINGITY « 040 HYMN2630
NOD e 3 HYIN2640

00 430 12 = 1 IDZPy INT HYNNZ24 30

. e 22412 HYNR2640
GO YO 1350434043303+ NOD HYNN20T0

c HYNN2080
330 T - 140 HYNN2690
[T HYMN2T00

60 10 380 HYNN2T10

4 HYMN2T20
380 ¥t « 2,0 HYMN2TSO0
IF ¢ 11 +EQ, 1D2P ) GO T0 330 HYMN2T40

NOD r 1 NYNN2T30

GO 10 %60 HYMN2760

4 HYNN2ITYO
%0 WT & 4e0 HYNNZTEO
%0 = 2 HYMN2T90

¢ HYMN2800
360 PS1 = OMEG ® (26-2) uYnze10
GO TO (390,3704380)¢ 1IN HYNN2020

C HYN2R30
370 It = 26 -2 HYNN2840
2F(1) = QBARCIZY @ 2E2 HYMN2050

IF(2) = OMARIID) HYNN2860

IFL3) = 21P3(12) ¢ 2E2 HYNN20TO

2Fie) = Z1P3(I2) HYNN2080

Ir(S) » 2103012} o 222 HYNNZO9O

IFL6) » 21P8¢I2) HYINZ900

GO T0 810 HYMN2910

4 HYNN2920
0 CF = COSMIPSTY HYMN2930
SF o STNMIPSTY HYNN2940

GO 10 400 4YMN2990

< HYNR2940
390 CF » COS (PS1) HYNN29T0
SE o SIN (PST) HYMN2980

< HYMN2990
400 IFL1) o QBARILZY & SF HYMN 3000
IFL2) o OBARIIZY @ CF KYMN3010

* IF(3) = ZIPYLIZ) © SF HYMN3I020
IF(a) = 2193(12) & CF HYNN3O03O

K181 « 21P3(12) @ SF HYMN040

LF(e) = 21P3(12) ® CF HYMNI050

< IF ARE COMPLETE INTEGRANDS HYMNI06D
< NYMN3OTO
. 10 DO A20t = 1y & HYMN3O8C
TINGIT) o 2INGIEY o wTSZSI]) 3090

420 CONTINVE HYNN3 100
430 CONTINVE HYNNIL10

4 MYMNI120
GC TO (A8C-440%¢ INT HYMN3130

< HYNRY A0
440 INT = 3 HYMN31%0
00 450 1 » 1y & HYMNY1 60

430 SIMP(T) = 2INGIT11ODZ/14% HYMNI1 70
< SINP 1S SIMPSON 1 {TEGRAL F W ID2/2 INCREMENTS HYMN3160
GO 10 310 HYMNI190

(4 HYMNI200
60 00O AT0 ! » 14 6 HYMN3210
«70 ZINGULY « ZINGILISDZ/3,0 HYMNI220
4 ZING 1S SIMPSON INTEGRAL FOR  IDZ INCREMENTS HYNN3230
4 HYNNY240
IF ¢ sIMPL ) GO 10 490 HYMN3250

INY » 2 HYMNI2E0

NO ABO T v 1, & HYMNNI2T0

ERRZIT) o ( ZING(DI-SIMPITY } /7 1840 NYMIY280

TF | ARSIERRZITI/ZINGITY ) 4GTe 0408 ) CXOUY w LTRUE, HYMNI290

4 ZINGs SIMP L2F SIMPSON IKTEGRALS WITM 101+ ID2/2 INCREMENTS HYMR D 00
LINGLIY o 2'RGIT) « ERRZ(TY HYNNII10

C CORRECTED ZIN(- 1S NOW BOOLE INTEGRAL HYPNII20
480 CONT INUE HYMN3Y SO

< HYMRISAO
< ABOVE ZING(1)} ARE TME REQUIRED INTEGRALS HYMRIYSO
- C HYKN3380
A%0 IF | +NOT. CXOUT ) GO 10O 500 AYNN3ST0
WRITE (64100} 21NG HYMNS380

TF © oMOT. SIMPL WRITE (641100 ERNZ NYMKYY90

< HYHN 34 00
500 OIE = OMEG & 2E HYMNIALO
WKSD o RKOXK + WeW HYMNIA20

* T1 » Yiew / wx$Q HYMNIASO
T2 = wew / wxsQ HYMN3IAAG

4 HYMMIA SO
YIR o GAMOLING(2)-2TNGI2} ¢ 2INGIA) « HETIAZING! &) HYMNIA 6D

Yil  XKOT16ZING!6) HTMNINTO

< HYMNIASD
GO TO (530+510+320)s 1IN HYMNIA S0

¢ HYMNYS 0O
an YIN o -GNMOER /Y MYMNIS |0
Y2l & —SNMeE] /W HYMNYS20

ERCOK o SNMOER HYNAIZNG

FICON » SNMOE] HYNNISA0

GO 10 3%0 HYMNI390

4 HYMNYS O
820 COLE w COSMIOIE)D HYMRISTO
SOZE « SINHIOZLE) HYMMISRO

GO 10 %30 HYMNISO

¢ MY 9400
230 (OlE » COS(OLE) HYMN1410
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it ein s iy

T

e T

o

%40

330

SO2E » -SINIOZ2E)

ERCON & SMH<ED/OMEG
EICON o SNHSOE!/OMEG
YIR o ~SHMEER/WeCO2E
Y21 = ~SNMSE]/weCOLE - onunnsoz:

TEMP o GAMOZING(1)-ZINGIL) ¢ ZING(3) & WSTIEZING(S)
YIR « ERCONPAXOTISIINGIS) & EICONSTENS

v3] = EJCONOXAKOTIOZINGIS) ~ ERCONOTENS

YR & EICONSZING(1) ¢ 2INGI2)

Yol = ~ERCONORING(];

X Ya X Xa Yo KaXa)

-
[ 3
o

CALCULATION OF FIRST-ORDER SOLUTIOMes»

HIR = ( YIReY2R+YIR }/GAM
M1 @ ( YITeYZLeY3I )/GANM
HD » YOROYSR + YoIevel

HR o { HIROYER & N11OY6] } / WO
HU & { S1TOV6R ~ WIReYe] ) / WD

THR{IW) = MR
T™MI{IwN) = HI

1F ( +NOTe RUN ) GO YO 820

NAfRANG [a)

270

80

03

390

400

410
62¢

430

840

an

430

—-O O

TERMS FROM MIGH-ORDER ANALYSIS { STILL IN W=LOOP )

INITIALIZE [INTEGRALSs INTEGRANDS FOR 230,68

00 870 [ = 1v &

ALLT) = 040 -

00 570 12 « 1, 1OZP

GSU1vI2) = Q40

00 380 1 = 1+ 12

OLDIIY = Gott

ZAPITS o 0.0

GLil1) = 060

SLAMIT) o 0.0
OLD(3) » ~XKOONEG2
IP 1 Im JEQe )} so1e = -sOZe
NOD = 2
TENP = =T18AWOLO
GLl 9410 = TEMPONROWesO2E
GLI10s1) = TEMPOXKSWOCO2E
6LU11e1) = TEMPSONEG2®SOLE
GL{320s) = TEMPSONEGZHCOZE

IF { +NOTs TABLR ) GO YO 383
CALL INTA | WITo AVA o We ANN
CALL INTA [ WITe BVR . We BNH )
CALL INTA t WilTs CVNR, We CHMR )
CALL INTA  ( WITy CVNIs We CNMT )

B« RLON o BNM
CHNR = TLON & CRR
CNl » TLON & CHMI

YE & ANM = CHN1/WeGAM)

YE o { 8NH o CNHR ) /7 (wegAM)

HIT o YOROVE - YglevP

H2T1 = YOREYF o YhIaYVE

HSSO = MIRWHIR + H2T1WM2]

HA o ( MIRONIR o M11®M2] 1 / WSSO
HE = { HIIOH2R - WIROW2] ) / HSSO

CALL INTA { WETs CRTy Wy CR )
CALL INTA  C WET, 1T, We C1 )}
.

GO T0 (590+46104630), IM
DO 400 12 = 1, 1D2P

ARG = OMEGSZ2(12)

STABIIZ) o SIN (ARG)

CTABLIZ) = COS (ARG)
SiGN & =140
GO 10 #%0

DO 420 IZ = 1y iD2P
STARIT2) = 22012y
CTABLIZ) € 140

GLille1) = TEMR @ 2g

GLI12+3) = TEMS

GO0 T0 450

DO 640 1Z = 1y 1029
ARG = OMEG®2Z(i2)
STABLIZ' o SINHIARG)
CTABI12) = COSHIARG)

SIGN = 1,0

DO 700 1Z = 2, IDIF
NOD ® NOD +
V) e ummuzwauouu
Ve s DULIZY & V3
VS v QBAR{IZ)I®VA + RHOLIZIMUE12)180Q(12)
Ve o  RMOLUIZI/ZULLIZ)SDULIIZY - DROLIEIZY } 7 ANOILID)
VI o 0 20000200 121<DULIZ)} ¢ VY ~ XKOVH )
XROZIPS(1Z) - ULIZ) - 3e08DULIDY
VISl DULIZ) - DULETIZ) = ULIEIZI/RMOL(I2)ISDROLIIL) 3
¢ OUtIZyIsoutidy
VIO » ( GAMBDGI1IZ) ~ DQUIZY & IMOTIZ)EDIULLILY » DIWIID) 1}
® UllZi/RMOLTLY

< <
‘e
L]

V11 = UII)/RNOCI21e0ROLITZH/RHOLTYY

Vi2 = { GAMSQBARIIZ) - OBAR(TZ) Yopit1Q)

V13 =t Vi2 e D2ULLL) 1/BMOLID)

Vie « QSARIIZ)/RHO(IZ)

V1T = (GAM=1,0) & ( VI4sY1s ¢ UIIZ}/RMOCIZI®DAIILY )

VI8 o (PULIZI-ULTI2)IODOIIZ) « QBARCIZIS(DUCII~BULIIZY) )

* RHOLI2)
V19 s { ULEIZH=XK~DULLIZ) ) 7 § ULITZIGULIEL) } & RHOLLETZ)
V20 » V19 ¢ OROLUIDIZULE I
¥Vil v Vié - SAMEVIS - PLLIL) - DUIIZ) /AN
V2I ®» GAM = 1,0
Page 14

HYNNAOTO
HYNNA0SO
HYMRAOPO
HYINA100
HYMRAT10
HYMNA120
HYIA130
HYMRS140
HYMRA 190
HYMNA140
HYNRALSL
HYNNAL162
HYmna163
HYNNGL 84
HYNNAT 83
HYIA L 86
HYMNRALST
HYNRO168
HYNNG]6Y
HYMNALTO
NYMNALTY
HYMna180
HYMNA 90
HYMNA200
HYMNA210
NYMNAZ20
HYMNA23D
H/NNA240
HYMNAZSO
HYMNG260
HYNNAZTO
HYMNA200
HYMNA29C
MYMNAS00
HYNNASLO
HYMNAS20
HYMNASIO
HYMNAIAD
HYMNA 350
HYMNAS4O
HYMNASTO
HYMNLI00
HYMNAS90
HYNNASA OO
HYMNAAL0
HYMNAA20
HYMNALDO
NHYMNAAAD
HYMNAL S0
HYMNAASO
HYMNAATO
HYMNALSO
HYMNNAAS0
HYMNAS 00
HYMNAS 10
HYMNAS20
HYNNASIO
HYMNASAO
HYNNAS 50
HYMNAD60
HYMNAS 10
HYMNASSO
HYNNAJSO
HYMN&LS00
HYMNAG10
HYNNAS20
MYMNAS3O
HYMNASAO
HYMNASSQ
HYNNASLO
HYNNAS YO
NYMASS0
HYMNAS90
HYMNA Y00
HYMNATLIO
HYNRAT20

et e Ak b BN i

e A b ey L

.

e

A e aan




[aRaXa¥alal

NnAann

~Oom~a

.70

80

690

~ QOO0 O~O

-
k=3
>

120

-0

-0 P W~ O

V23 o AMOLIZ) » 1.0

V24 & RMOIIZY -~ 140

V29 o V22 © (OBARIIZI®DULII) ¢ L I21000112))

V26 o DUIIZ) o (VIZO0BARIIZY ¢ (GARM o V23)ODULL2s1
V2T » BMHOLIZ)OVIN/TY

V20 » VI2 © (OBAR(IZI®IQBARISZI/RIOIET) & DULI2S)

* 2.000(121000(12))
V29 » RMOCIZY & (D2ULIZreNIZ =~ WLLIZY)
o DULIZIODYIIZY - DLIITNNS
V30 » UZIZ1002U(I2)

THE FURCTIONS V1 oee V20 ARE JNOEPENDENT OF M, WENCE W€ COUD
TRADE CORE FOR TINE BY TAKING ALL OR SOME OUT OF w-LO(S AS
SUBSCRIPTED VARTABLES, LET S SEE FIRST WAT CORE W savi.

ARG = w ® v1(IZ)

CWV = COSIARG)

SWV o SINIARG)

XT10R = CUvev2(121/M0(12)
X107 ~ Swveva(1l)/MeOt1l)
ZETAR = CWV/V2U12)

ZETAL » SWV/V2(11}
XITAR « XItORODUL (12)
X1140 « X110100ULI1L)

OIf1 = OMEG & { 2E-12:12) ¢
GO TO (680+670+0680)s 1IN

PO e CTARIID)

PPO o -OMEGESTARLIIZ)
ST e SIM ¢ 0282 )
CT = CO$ t OI€Z
GO 10 e90

PO o 1,0
PP » 000
ST e ZE-22011)
CT o 140
60 10 699

PO o CTABIIZ}

PPO = ONEGESTAB(ILY
ST o SiMM( O2E2 4
CT = COSMI OI€2 ?

| L]
00 700 JI = 1Z. lDIP
1K o I+
GST3eJZ) = (QBAR(IZIOSTABIIINIOQUARI IZ=Y)OSTAB(] Ke1)}
e WOl ¢ GSi10J13
GS12+J2) = (OBARIIZISCTARIIIR)SQBARIIZ-1)9CTABIIJK1))
» HOL » GS(24J2)
GSU3eJZ » (ZIPSCLITIGSTAB(IIKIOLIPIIIZ-1)0STARIL Ko1)?
* WDL + 6313452}
GStaeJZ = (ZIPICIZISCYABIIIIOZIPI(IZ=100CTARITIK41))
s WOl ¢ GS(avdl)
GSUSyJT) » (TIPSIITISSTABIEINICLIPS(IZ-1108TABII K1)
* W0l + GS19:J2)
GS(BeJZ) o (ZIPSUIZIGCTABIIURIOLIPSIIZ-1IOCTARII K1)}
* HOL + GELoeID)

CONY INUE

PIOR & ~XK&WIGS(5+12) @ T)
PIOT = { GAMSGSI]e12)=GS(]412)0GS13:1210WeT10G8(5,512) ) @ ¥
P1IR = O
PLit >
114
PIOR = PIOR/OMEG
P101 « P101/0MEG
P11l « PY11/0MEG
PRIOR » -WEXKOT] @ GSi6+II)
PPIOT o {GAMSGS(2+12) = GSI2412) & GS(4,12)
+ WOTI0GS(8e1X) ) o ¥

2
GO YO T10

r
-
=
-

PPIIR = 040 )
PPILT & ~WEGS(2.11)

1F ¢ xkNOT ) GO TO 730

EVALUATE INTEGRALS IN EXPRESSIONS FOR LAMDAS ¢ ALII) )
XI16R = { WORHOL(IZ)2ETAR = VIOZETAI ) & 71
XI16) = ( WORHOL(IZISIETAL ~ VISOZETAR ) o 7]
T3 = | WETIODROL{IZI/RHOLIZY o D2ULIZ) ) @ PO
G(l) = Y3 & XIlOR
Gt2) = 73 & X101
T4 o OMEG29P0 + PPO
Gl3) » X114k @ Ta
Glay = X1lal & T4
Gis) = PPO & XT10R
Gle) » PPO & XI101

Gl 7) = XI14R @ PP1]L
GL 0) = X11a1 ® PP
Gl 91 « X114k » PPIOR
Gl10) = X111 @ PPIOR
Gi11) = X11aR @ PP1O}
GI12) = XI1a] @ PPIOT

0O 720 1 » 14 12
TAPLIY = & GIT) & OLD(T) 1OMDL + ZAPIY)
OLDITY = GIT)
{ TRAPEZOIDAL RULE )

VKD % XK ® ( T2ORMOL(1IZ21/7RHO: 1218 (V2a00U(I2) = VI

¢ RHOLI(IZ) & (WOTIOANOLLIZ)/RNOCIZIODULLIZ)

- DULLIL) - XKe2ETAR)
- ULITZI®DROLEIZY = UIT21/7RMO\ 121 00ROLLIY)
~ RHOL[IZ1/RMOLIZISIV2I0QRAKITLY + Y2300L(TZ) )

VK2 = XK ® [ T20U(12)/RHOCIZ “OROL{1Z)

¢ XKSGAMSRMOLL TZIs.lTAL/ M)
XTIR o V2/RHOII2Y @ (V28 = V26 ~ V2T - V20 ¢ V2% o VK1)
XJ1t = Y2 ® (VK2 + V3O)
12T = { GAMBVIG - V& o DUILIZ) ¢ T20va oW
X19] o ¥OU(IZ) = T2/WW?
Xial » Tiove & 2,08M8U(12)
X[91 o ( T2ev8 « DULIZ)/RHOIIZY 1 /W
XI2R » XIR = X1aR = XISR ¢ O
IF t xNOT ) GO 10 740

AIR « ~XT1OROZAP(S) ~ XIJ610ZAPIT}
ALL = XJ1ORSZAPIT) - RITG10ZAPIE} o CMtepOevVieT)
AR = TI/WOIVIGOVI-VI/RHOI[2)10P0
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- A1 o & ru]PeT20UR /e 23 ~ VIONIWW I RGILIENS 3 rpePe ~omg] 68
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- 200 o SaB o SLIPeDe o StajedProy o NI2jePymg e d Lo d

- Al ¢ 8ol o - BIF-ONCIONIIL 1OPE - 2IBEPPR - glalePt 198 wENgI P

[ - 552700170 wrand 20

z el
- w22
T v 230
< 3" WP INTESAMES ¢ SISO Pl N T2
TP L e e e

IO I-JeADEY o M ETIOST “r200

€L 2ol MG o SaTreCY L 24 ]

LT o B,° 200
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L4 bt tad
6 1O 1 709.T8%. 7001, WO e 91 e

- 329
To2 Y e 3y 22 e 330
S amciy o SLABILY » CLilalds o 2.006L 00020 » Gheled) ATV 309

< oCIGNTES Sam VOR TWAEE GRDLNATES w399
Cilels = Satledr TN 368

rve CONT It Vg e
e -3 L 2 i d

4 L iand
" conv gt HTIRGA S0

< wrNeA 3 e
< s Peinlifa 11000 20
[4 STILL SOING FOR v Lot 3
[ 4 wTIRbLAD
e WA %0
4 NvERAL
[ 4 LOMPLETE iNTEGRATION wranbe?
20 T9c 1 = 3. 32 L\

Seamif) = SLAMITY © D273, L edind

TC {ont st “YIRS 60
1F ¢ (37 - 10 socC g ie

< CALTMATE BEFECT ¢+ LM BUTION OF IRTEGRALS TRON 1I={C 70 I<2f HWams328
TEwP o 2.00wsnt wYNRSS 30

SLAMI 31 o SLANC 13 o TENPOPPL1I0I(F-1.0) D62 HTERSISE

Seant 23 = S48M: 71 o TEWPRS]]fess OmEl 1Y 30

LAt 9) © SLANE 9) o TEWPeSP0le((F~-1.9. /OMEGY HVIIES 60

SLAMII0) & SLAMIIQ) « TEWPSPP]RlesF /06 nrames 70

ANl @ K ANIJ]) - TEWPOPPIERe((F~1.03 /0NEGD wYumis80

3 ~0.5%wnet PSIeCOIC-CTARL IDIPIOLF 1 70MEGC (S 1]

2 e 9.30T2/weuga( PSIOSOTE~-STABLIBIPIOSF (05 16n HYIn300
RANI12) = SLAR{]12Y - TENPePPLeResF /ONEG NYNRGS10

3 - G %0ute; PIIOOIE-STARIIDIPINSF (S4ICA VRSS20

2 s A,50T2/WeUERt PSTSCOZEsCTABLIDIPIOSF 100MEGCSSTEN  wYINie 39

[ HYMRSS L0
s00 6212 « Awioc{ANI]) o SEESLANIS) o (PWMOSLANIS) - CIDFles; Al TINVINRATSO
G211 o SwesSLANIS) & GENOSLANIT) o CNROSLANIT) o C]eSLANIS INYIISTE0

DGIIR » Afeet L 4MI2) o DANOSLANISE) o CHROSLANIS) — CNIoSLAN{SINVIBNT TS

DG211 o SmsC LAmIL) o FWOSLANIG) o CHPMOSLANIS] ¢ CNNIOSLAMNISINVIRETES

[4 HYINs 790
< THE FOLLOWING AVAILABLE BY EOUIVALEXEsos HTIme800
< G708 IS Seam it N HYNNGS1 0
< 6201 o SLAK §13s bt 7 1]
< 0G0 1S Seam 113 Y90
< 26291 IS SLam (120 HYIRSSA0
< “YINS 30
4 FOR QONIERO OMEG, OIVISION BY GWFS 1S 1s (CIT IN ERCOM, EICOM, wYigd60
4 18R, (Al, IOR, 181 APF YVPf REAL. Y eTO
TEuP o U * W * 2INGI2) YIS0

¢ 4% « IR - OGIOR - ERCONOG20] ~ EICONSGION VIGS9O0

1 e ¢ 1 Clo7)] - (ROVIW jou » CROVLI » CIoVIR Yowef YN 900

0 1Al » w1l - DG201 e ERCON®G20® - [1L0M*G20! HYNNS910

H - 0t CReVI] e CIOYIR j0u o CROVIN - (IoV]] I0weul  WYNNE20

108 » H2R + DG21IM + ERCONSG2IT o EICONSGCIIN o TENPOL ([~WeCR | WYINSPID

181 = #21 o DG211 -~ ERCONOGIN & £ICONSGILT ~ TEMPO( (Rewo(l § MYMRSSAL

4 “YNRGD 30
NTD o I8RO IBR « ICIe1N] HYNe 960

HIR o | JARGIAR ¢ [AleiP! ) / WTD “YHNGS T

MY] o ¢ Talele® - [ARe[@] 3 / WTD HYMRGSID

[4 YRG0
THIR( NS « WT® HYI "000

THIltlur » %] HYNNT0)0

4 HYNNTO20
15 1 JN0T, CROUT # GO 1O 821 HYNNT03C

WRITE (6419500 HY W 7040
WOITE 16160 & o JAR- I8 « (00 4 18! « ERCON. E1CON. HY 4N T050

1 G20Re G21Re DG20R. DG2I®y HIM , 2R . (N o HYMNT060

2 G2C1e G211+ DG201s DG2Ile HIL o M21 » () HYNNTOTO

ke HYNNTOSD
a0 CONT Inct HYSNNT0%0
[4 NS OF  wer N0 “YEn 1100
4 seoce HYMRTI0
C wyanT120
KEC o Nv H“YWNT1Y0
UTIe) o Iu wrun1140

4 w“YNNT] 50
iF LR, GO 1 8% TN} 60

. nYMnTI?0
00 830 IV o 1. Nw HYNT100
TOUTIIne 91 o wC (1w nYN?190
FOUTIIWe IO o THE(Iw) “YNT200
TOLTEIWeE®) o Tor:lW) “runT210

A T INUE “ruNT223
[SIR T ] LIY TLETENN {10 P2 17171

San IF t C4OUT CaLL PAGF ( T~y “ranYe0
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R

SR N AT N e AN S Y e et

o

YANnAAAANNAN

SRITE thes2) HYINT296
WRITE 898> ¢ WCEl1. TIBIl). THRITe f @ 1o W O} HNYIT260

< 10 892 nYmy20
w200

09222 883 v e 1. W HYIRT292
BOTLINe 9) o W tIw) wIRTS 08
SNSTLINa39) » THTR(IW) NYRNTS1S
TOUTIIvesd! o TwTlilw) HYWRT2 S

[ 1Y comTtm wYI0
L TO 1300.8701. TOUT YRR T34A0
82 1F ¢ CENT CaLL PAsE 1 70 ) vy S0
wRITD (60421 T340
WRITE 164867 1 WCIIN, “wB1I), THE(]Ds TOOTRILY, TNTI(IY, eram Ty Ty

1 1o 1. “TINTISe
HYINT390

883 IF 1| WOT, CXNWT ) S0 0 890 "TIRT 00
CagL Pagt ¢ T ) uYNTe10
WRITE (00121 ¢ 2R2il1. UIl3e BUIIVe ULETD. 0T, BAOR (12, uvamreze

1 WaBtlle 2IPYILD. 2193501 1 & 1o IDRP ) Lag 205 0]

1¢ 1 M0V, wlm ) &G Y0 o9e “TuRYese
< PaE (16 1y umTese
-_:TE 1e.19) HYENT40
WRITE 6.3801 1 IZC21.DTULTIOURISIOMB(TIHDBOLIT1,00t0)avItTIo WYITATY

1 v2tlte t o 1. IN2P wYNRTASE
e te

HYUNTS 00

Lot 21

foffe WTRe wv” ABE PIRAL BESATS OF I1mls SUGABITINE WiER PLACED *IRTS2S

098 RETUAN

Is 30UT. wWTR, wT] IRCLUDE IGAICTOR EFPECTS. wdiLE R, NI WYIRTSIE
00 B0, MENCE 17 SUBROUTIEE 500 I3 EXTERED WITn MYR, WTI.NTINTSGS
80 wilL ERPAND TAIRE (BY IRTERPLATION). PRIAT. wYimTSte
ARD WgTURR, HYIRTIHS
ITITE
WIS
[ad b aed

L diiod
(L J (g1 3]
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SIBFTC %Tin? LI5T aMEs HTNY

N

ey g

~

SUBRCUTINE DDOIOINsDOUT o IDNERGERR} Wuint 30
MTNT 20

PROGRAM D ZOMPUTE NTR,MT] o INTERPOLATE 40 POIRTS MinNT 30

20 SEF &7 wODIFIED FOR TABULAR INJECTOR COEFFICIENTS wIn? 40

HINT S0

LOZICAL LOGIC «HRUNCTABLR HINT 60
{O0mseOm /P8O0LOG/ LOGIXISC) HINT 70
COMmMGH  /ABCOF /7 EXTRAILO0) ABLOKIG00). A + 8 o SPACE(35%81« MTNT 8O

: WIT()171e AVMELT)e SVNLETICVNRITI, CYNTELT) HTN® e
DIMFNSION DINELIDOUTII1.A1133)oBT133)sOMEGATILI JMRET)WNTTTY HINT t0C
ToTRIIDNRTI (3NN HIRINT (L) HTIIRTC2 00 OMGAIT HTRY 110
2208130) HINT 120
ESUIVALENZE (LCGIRIB) omRUNI o ILOGIKI]ITITABLR) HNTNTY 130
EQIVALENCE (AC]I1oANMI o (AT21 BN iAL3) sCASRED e (AL} CIRMIMI, HTNT 14D
1EATS 1 eGAMMAL e TATS)oELANIStATT) ¢XLOM) o TAID) 4 XMUT«(AT10) sOMEGA) o HINT 150
2IAIAC o) o EALTIC oI 1o lBI91e0MN) otBII0)-OMGAo(BISII+HTRINT) MHINT 180
IBIP2 oMTIINT} o+ f OMEGA. DOM ) HTAT 170
HTAT 180

1T FORMAT 1 21HO [NPUT TO PROGRAM D // J10XEK GAMMA o FR,8,3XHLR/N eNTRT 190
T €128 SXOMLT/N ¢ F12,8 ) HINT 200
25 FORMAT | 10XINANH]IZISHBNN] IXOMCHH RE FXOHCNN IN /7 9% 4F1%.7 7/ ) HTNT 210
30 FORMATY t /77 18M [NJECTOR DISTRIBUTION COEFFICIERT S ss 7/ HTRT 220
117ESHOMEGA 11XIMANM 12XINBNH TIXGHCHN RE PXGWHCHH IN 7/ l’lSﬂS."H“'l' 2%
A0 FLRMAT (1840 19X, BHOMEGA(C) +PXIN MR IIXIN Ml Nt 240
S2 FORMAT 11M3¢)19Xs BHOMEGAIC) »IXIMMTR 13XIMMT] ) unu 2%
5 FORMATU]m o10Xs)F16eb) MINT 260
TC FCORMAT {1M3 +20M PROGRAN D OUTPUT 7/ 19XSHOMEGA(C) 9X HINT 270
160 HTR L 10X.0H nty /704 HINT 280
lc FOMAT (91MOALL VALUES OF HTR ARE NEGATIVE- ( 1.€e OUT OF RANGE OFMTINT 290
1 .TEREST- wiLL PROCEED TO NEXY CASE)N} MINT 300

L1 fOl‘lAH//')Oloe’N FOLLOWING WILL BE INTERPOLATION WITHIN MTR HTIHMTNT 310
1 TABLE GIVEN AmOVE ) HTNT 320
164 FORMAT (19X.8M OMEGA o9XOMHTRINT 10X OHHTIINT | HTHT 330
117 FORWAY (11X4F1M.%:1M0eF10e%9+10KeF10,9} HINT 340
HINT 350

ERRs0.0 HINT 360
Co0e0 MTNY 370
CALL DVCME (KOOOFX) HTRT 300
120 00 130 1s1,133 HINT 390
Allie Dyxnry HINT 400

130 8(11e0.0 HTNT 410
NERSTFIX(XNY) HINT 420
TFIMER) 14001400160 HTNT 430

140 WRITE (64150IMER HINT &40
190 FORMAT (1M0+10Xs31H NUMBER OF OMEGAS [N ERROR +  IX,04 1 MINT a%0
G2 TO %10 HINT 460

160 TFINER-29)170+170+140 HINT 470
170 ONW = 40,0 HTNT 480
IF { WAUN ) GO 10 190 HTNT 490
Nl & ALR) & 0,01 HINY 500

IF € MWl 6T, 2 GO 10 100 HTNT 310
ASSIGN 200 TO nt HTNT 320
TABLR o ,FALSE. HINT 330
ANW © AVN (1) HINT 340
BNK « BVYR (1) HINT 530
CNHRE = CYNRI]) HTNT 560
CHMIM o CVNTI]) HINT 370

GO 10 190 HINT 500
180 ASSIGN 270 TO mY HTNT 590
TABLR = ,TRUE, HTNT 600
190 IFICD~99.012604260+200 HTNT 610
200 CALL PAGE t &0 ) HINT 620
WRITE (6:10) GAMMA. XLEN+ XLOM HINT 630

IF ¢ HRY4 3 60 Y0 230 HINT 640

IF { TABLR ) GO TO 210 HTNT 850
WRITe (60200 ANHe BKH.) CNWRE, CNMIM HINT 460

GO 10 220 HINT 670
210 WRITE 164300 ( WITUIbe AVNIT)s BVN(IYe CVERUIYs CYNILID HINT 680
1 T = 1, WL Y HTNT 490
220 MRITE (6440} HINTY T00
GO TO 240 HTNT T10
230 WRITE (6450} HINT 720
240 DO 250 1 = 1+NER HTNT T30
250 WRITE (606010MEGALT)WHRIT)I HILT), HINT 740
HMINT 730

260 IF { HRUN ) GO Y0 330 HTNT T60
00 240 ls]14NER HTMT T70

W e OMEGALI} HTNT 700

GO TC NT+(270+2000 HINT 790
270 CALL INTA { WITe AVN & W AN ) HTNT 800
CALL INTA & WIT, BYN » W, BNK 1 HINT 810
CALL  INT& ( WITy CVNRs We CNMRE ) HIKT 820
CALL INT& ( WITs CYNLs Wy CNMIM KINT 830
280 DEN + GAMMASY HTNT 840
X = ANH = CNHIM/DEN®XLON HINT 830

Y * BNHM /7 DEN & XL&M ¢ CNMRE ® XLON / DEN MINT 860
SOD » X & X + ¥V # Y HINT 870
MTRIT) » (X & WR(T) ¢ Y ® HICL) ) /7500 HTNT 000
HTTIT) a (X @ HItl) = Y & HR(T) )} /7 $QD MTHT 890
CALL DVCHK (KOOOFX) HTNT 900

GO TO (%101290) +K00OFX HINT 910

290 IF (CD=1041) 34043004300 HYNT 920
306 IF (1-1) 330+3204330 HINT 930
318 C»10.0 HINY $40
320 LINOKER+S WINT 9%
CALL PAGE (LIN) HINY 960
WRITE 16,700 HINT 970
330 WPITE (61601D0MI L) HTRITIHTE ) HTNT 980
340 CONTINUE HTNT 990
GO 10 370 *1TNT1000
HINTIO010

350 DO 360 1 = 14NER HTNT1020
HELIT) = Wi HINT1030
360 HYRUTY » HRUTY HINT]1040
370 JOMFG] = 0 HTNTI0%0
JOMEG2=0 HINTI060

TF 1 €D oLEs 99,0 ) CALL PAGE  (60) HINTINES

DO 390 T =] eNER HTNT1070

If tHTRI1)) 190,390+380 HINTI080
380 JOMEGY = 1 HIn1109%90
G0 10 &10 HINT1100
390 CONTINUE HTNT1110
IF (JOMELLIIAONaN0.41N HINTI120
400 WRITE (6400} HINTL130
FRAe -1,0 HINT1140

60 T0 320 HTNT11%0
AN DO AN J 2T NER HINT11860
1F (HTREJY) 42004304430 HINTI1T0
420 JOMFG2 * HINT1100
GO T0 440 HTNT1190
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cf

SRR ¥ (R e 2, AR s BT SIS SRR

N

430 ConTima uTnT1208

JORE2 ongn uTaTIZIe
400 DLYNEG » (DOM(JONEED) ~DONIJONEEL)N/ $9.0 NYNT1220
LonERe) NTNT1230
WYLt V00,0 nInT1260
HTRCL 1 00,0 nTNT1290
OONiL 1eC,0 HNTNT1260
ONGA(1) «DOmCJONES] ¥ WIRTI270
DO 490 le1.ad nTRTI206
CALL IMTA {DONI)IoMTRIIIOMBALTY +NTRINTII) ) wTNTLIZ%O
CALL INTA (DOM(1? MTI()),OMBAIT)oNTIINTLEY o “TNTIIO8
I1F (CD=1066148010:004%0 winv1910
A3) IF ¢ Tv1 1 470.4800470 wIR?1320
480 IF ( 807, WM ) AL "ASE { o0 ) WNIRT19%0
WRITE (84901 KTRT1340
WRITE (641003 NYRTIS90
470 WRITE 16060) ONBAIT)oMTRIRTIIIoNTIINT(D) NTRT1960
400 ONGA(T01) » ONGALI) o DLYNEG WIRTISVE
490 CONTIMA nTNTI00
00 900 lele19Y wINT1990
400 DOUT (1) » 8¢1) NINT1400
IFICT 31043200510 wTATINLG
510 NEReO HTRTIAZS
320 RETVAN HTRTIA30
(1] HTATI440
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- ADAWS WETmOD OF INICCRATIN

682 2 WAl IIMGINSION MAI Y- DES I96) . FOSTEAN & PATTESIIN SV e

eV

LT
8218
ADMINT

n2

an)

[
afF

A
™

- oMo

3
2

-
ey
1R

ARM, (R

A
‘o

AXT
axr
Ty
Lo
Fup
Fan
510
™y
Tix
AXT
Lh2
Fups
£AD
LRy,
Fupe
erg
Fane
$100
Tix
Ay
axy
Av?t
Teh
cavl
LA
¥
s
LYa
CLA®
stn
vix
ary
tya
Tex
L XA
(&1}
ANA

10+s

Yoo

[g]

aps

1

L1aL]

FLaG

Rlea

LYY
*03771709900000
e
*01320000000NC
*0022C0CINON A
sob

COvto

ADNSET

FLAG
LH
ArwINn
seb
Lr
b
B8P2e041
COEFP e
(<27
COMP o s
-
.
cx
ADWInNY
TR1e}
102,42
IN6oa
LIEYY
el
442
TFup
¢l
“e?
1fup
TEMP
L L& FRETS]
Co2el
ne2
esh
0
TEwp
3%
H
*sh
43
LF
Choas}
sake
..
)
L)
102
FLAG
FiRsY
121
LYY
LG
vk
DAsasd
COFFC b
(4221
COMP 44
LFEYY
srh

«0177000000000

SAVE ano

n D a0 O W2
-l
SET FLag FOm egruen
-y
-
Y In

7 In ~1T. Taggf L0
F F SCTION LOCATION
on
T u T VAL LXK
SRty (T

-y
otRly vaLul LOC
PARTIAL STEP LOC

-
PaRTiaL STCP LOC

-5
TESY vaLut tOC, Tes wAS PuT I8

N
ACCIRACY TXPORENT LOC

on
OLD FCNe LOC,

¥ o
- 107

o
ACC_RACY InPutY TIBLE

on
AZCURACY INPUT .0

TEST FOR O ACCURACY ImPulY
ACCURACY SETe +192

ACCURACY EXPONET .8

sty
NIFF Tam F,°

-
FUNCTION &
oL FUNCTION.&

PRFU TABLF LOC

STORE 1IN X
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XIReFIROIM-FITO2]4450(140-U2) OXIOR+ S0KEX]2] NOIM34 00
XJIoF3IOIReFIRGL[4,58(]40-U2)0X101~ 5000 x] 2N NOZM3A10
CR1 = HIS{XJROFReXJIISFI) /D10 NOZMY&20
CI1 » HIB(XJIOFR-XJR®FT) /D10 NOZM3&30
NOIM3AAO
840 ALPHAR = -AR)/DESIRE NOZM3IAS0
ALPHAT = ~AT1/DESIRE NOIMYAL0
CHIR o -CRI/DESINE NOZMIATO
CHIT = =CIY/NFSIRF NOIMIABO
TT w (W/(SRSORT(,30(G414011)1/30RTIUSE (S2(Ge1e01=U201G=140)/7¢0)00002M3490
11 14067(6=1001)1 NOZM3S 00
T1 = ARjeTY - Al nOIN3S10
T2 o Allet? + BRI NOZMYS20
NGIMISYO
0200008 5000000000080 nOIM3I%40
CASE 1S . OMPLETED NOZM3330
10t see . nOIN3se0
NOIMYSY0
FOR So0 ANM COEF ARZ ALPMA FOR 000% LONSGTTUDINAL 80703380
NOIMYS 90
FOR SsN  ADM (OFF AR T FOR  99) TRANSVERSE NOINIENC
NOIMIS10
1718150045970.%9%0 NOZM3420
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570 DOUT(Iw0el 10ALPHAR
DOUTIIwOetnl ) oAt PuAY
OOUT{ 1 WD) el /680
DOUT (1W0+100) e /0E0
GO T0 %9n

980 COnTInuE
DOUT(IWe10)0w/620
DOUTLwea®ieT]
DOUTIIWeTS)0T2
DOUT(IWe109) « (MY
DOUTIIN+199) » (I

490 IW0 «!w0e?

IF € CODE = 9,400 660:640+000

CONTINUE

KKXNei20[yie]

1F INONEG-KKEN)I6] 026200820

410 EKRENEKKN-]

$20 ZCOUNTRCOUNT o6

17 1XCOUNTRPAGE 186008400630

CALL PAGE(TOY

WRITE (4s9300

KCOUNT 0D

KPablose

«ss02000000000v000se

PRINT FINAL RESULTSS

08000008800 00008008

40

-2

49

-]

Lisle
G40 WRITE (6+6301WCI1 ) +WC(KKKN! +DESIREcARY oATT (BR] 48T1.CRY o(lhloloﬁclziﬂ’

ILPMARGALPMAT o T15729CHIRSCHED

630 FORMAT (213K eFT,002NoFT7,403NeFT, 406244871

FCCPSo {WCONSTRWC IRRRN) 191 2,0
WRITE (4,6701PCCPS

460 CONTINUE

670 FORMAT (AN OWFCICPSInFL004//)
BOUT{208)+0ES1RT
1FLS) 69046300090

480 DOUTIL)enp
DOUT {101 1aks
REZTURN

690 DOUT {10 eiP
OOUTINPe21120.0
OOUT(NPeS])120.0
DOUT INDes] 00,0
OOUT(NFellL ) 2040
BOUTINPL1ALIe0,C
RETUSN
END
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NOZW3S 30
NOINSALO
N02u3450
NOZNSES0
nO2M6 70
NO1INn3680
NO2NS6 9D
w0ing 700
»O2Zu9T10
nOZneY2Z0
nOZNITIO
NOZM3T40
nOZnyT30
nOZN3 760
NOIM3TTO
NOINITEO
NOZuIT9O
NOZNSD OO
nozZNSes 0
nOZN3S20
NOZNI830
nOZNISO
oINS o
noINSSé0
NOZNIST0
NOINISE0

0
%3900
NozNSS10
NBIN39Z0
NOZMIOSC
NOIN3940
NOINS950
#O2K3960
NOINIPTO
NOZN3980
NO2N3990
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SISFIC VELPOY

LIST 08

SUBROUT INE TBLCAL
C THLCAL SUBROUTINE CALCULATES XX VS UZTBL FROM NOZILE GEOmETAY
C SIMPSONS RULE (S USED WITH XN INPUT ODD AND CHMANGED YO Ki/2e) 1IN mAlNevELP

CALL INTAIARELI) sAM{T)oAIK) 4AMPIRY)

AP apAMD

iKyoe2

U2TBL(X) e (GASAHP2 ) /{1, 04G20AMP2)

100 CONTINUE
DESIRE »

AMP (KN

XINT = 0.0

NN = KN
LI

-2

XK « SQRT(GL#RAT/RCT)

PROD s 2,08XK®DELT2/Y%,0

00 110 J » 14NN

T1 =« SQRT(U2TBLIJNY

T2 = SORT{U2TBLIJeLY)

T3 » SQRY({UZTALLY

XIMT ® XINT o PROL T1ea,00T2+13)

K eX ¢+

1

ANIRY & ~NINV/RAY
IR ECIRU AL

U2TRL (K~
110 CONTINUE
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<
LOGICAL LOGITs SL1s 5L2s EORJ
COMMOR  /PRCLOGZ LOGIKIS03e SL3e Si2e EORY
(<
COMMON /ABCOF/ EXTRA(I00)s ABLOK(600)
1 * XX o U2TBL » DESIRE + RMAT o RAC » RCC
2 * Y o ALFA + G . N (3 4 .Y ¢
3 . YOUY s TENP O 4 o XVABLE . YTASLE .« &
3 [ » A . AP .« A o 22 . AN
L] ¢ ANP2 o CALFA o CTALFA o DELAM , DELTIZ o FKn
[ + 61 v G2 v 6 » Go ¢ FLAGL » KNM]
7 ¢ K . W v Pl . PROD » RETAL o RSTA2
1) o SALFA o T) o T2 o 73 o XInT L 1
’ o 21 . 222 . 223 » Al v ABC * ABD
COMROR  /ABCDF 7
] an o ALPHAT 3 ALPMAR ¢« AR] s 0102 * 8)02
2 s 810 [} * 82 « M » B4 . 85
3 + B . 87 . 80 . 891 + 892 . 00
. « SN * B8R e C2 « € .« ULl o CHIR
s ¢ CH1 . CRY ¢ C *« P10 + DI} + Dl
[} ¢ 02 + DY + DA * DS ¢ D& ¢ D7
7 ¢+ D8 . 09 + B0C2 [ -] » DU? + E1
[ * ER . F31 . F3R .« F1 °« R v Ml
[ * o o1 * w0 v I » Iww «J
COMMON  /ABCDF/
1 WOESIR o MK . LP . 52 *S .« 17
2 e V2 o U . M2 oW s+ X101 o xtioR
3 ¢ X121 » XI2R » X1 v X1  XOR » XWNEW
L) » XMOLO . XNEW + XOLD » KPY I v 71
] L 4 ]
4
DIMERSION XX1200)+U2TBLI2001+XTABLEI200)YTABLE{200102212001
DINENSION YIBI+sYPIS)sYOUTIB) «TEMP(T2)E(R)
DIMENSION A1200)sR{200)¢AMI200)+API200) +AMP (200}
(4
4
FKN = KR
W] = KN - 1
DELAR = 1,0/(FKN®1,0}
Pl o 3,141%927
2It11e 040
[4
00 10 J » 14220
120y = 0.0
ALJ) = 0,0
Rt » 0,0
ANP(J) = 0,0
AN(J) = 0,0
AXLJ) = 0,0
U2TBL(J) » 040
310 AP(J)Y = 0,0
<
Ril)w RAT
AllrePlon(])ee?
U2TBLL1)e1,.0
RIKN) = RAC
ALFA = ALFAS,0174%329
CALFACCOS(ALFA)
SALFASSIN{ALFA)
CTALFA=CALFA/SALFA
RSTALoRATORCTE(),0-CALFA)
RSTA2=RAC-RCCR(1,0-CALFA)
Z21eRCTSALFA
2220721 «CTALFAR(RSTA2-A8TAL)
Z2Z302224RCCOSALFA
DELTZ = 2Z3/1FEN-140}
<
JFLAGY =1
<
00 00 1 » 2.KNM)
Z2¢1) = ZZ(1=1) « DELY?
GO TO (20+140+60) ¢ JFLAG)
20 RU1)eRATORCT-SQRT(RCTHE2-22(])882)
1FIRIT1=ASTAL)ITO+ 70430
30 JFLAG)=2
40 RETIORSTAT4(RSTA2-RSTAL I ® (223 1=2211/0222-221}
IFIRIT) - RSTA2170+70+50
30 JFLAGLe3
60 RIT wRAC-RCCHSORTIRCCO2-1223-22111)002)
70 Atl)wPieRi])0e2
80 CONTINUE
[
L2(KN) & Z2{KNMY) + DFLTZ
ALKN} = PIORACE22
AMM o 1,0+ DELAM
6122,0/1G +140)
62 =(6 ~ 14017240
GY w (G ¢ 1,017120%G = 2.0}
Ga=140/61
4
DO 90 4 = 1.KN
AMM o AMM - DELAM
AMUJ) = aNM
AP(J)atAL]) /AMMIS(GI8 (] D+620ANMSS2 ) 10863
90 CONTINUE
(4
BO 100 X = 2.KN

vELP
vELS

oviLP

vELP
vEL?
viLe
vELF
vELP
vELP
vELP
vELP
vELP
viL?
vELP
vELP
viLP
vEL?
vELP
vELP
vELP
vELP
vELP
vELe
vELe
veLe
viLP
viLP
vELP
vELe
VELP
vELP
L
vELP
VELP
VELP
vEL®
veLP
vELP
vELP
vELP
vELP
vELP
vELP
vELP
vELP
vEL®
vELS
VELP
vELP
vELP
vELP
vELP
vELP
vELP
vELP
vELE
vEL P
vELP
vELP
vELP
vELP
vELP
vELP
vELP
vELe
VELP
VELP
vELP
vELP
vFLP
vFL®
VELP
vELP
vELP
VvELP
VELP
VELP
vELP
vELP
vELP
VELP
vELP
vEL®
vELP
vFLP
vELP
VEL?
VELP
VELP
VELF
vELP
VELP
VELP
viLpP
vELP
VFLP
VELP
vELP
vELP

270
280
2%0
300
310
30
330
340
3%
en
370
3e0
198
400
+10
%20
430
440
450
460
av0
480
490
300
10
s20
s30
S0
$50
560
$70
480
390
600
81C
620
430
640
&%0
60
870
(114
590
100
70
120
710
740
7%0
760
170
180
190
800
819
820
83¢
840
asn
Ban
at0
880
890
900
910
920
9130
9460
9%0
40
70
e80
990

vELP1000
vELPlOTO0
FLP1020
VELP1030
VELP10&0
VvELP N3O
vFLE1080
VELP10TO
viipinen
I TET
LS )
vEiel110
VL8129
vFLPLIBD
VELPI1AC
viLP115%0
yELP1160
AL ARA

vitk

1R~

vy

vic P 1200
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A R ey

v

¢

A Ay

b ot O St . <4y Ty

SINFTT LT [ TeT e o,

HU Y C . 30

. - 4
Zommpyn  saBCDF 1 MNP VM) A 93
IigusiOn tomt, &0

T ENTRAr3eCi.3ISYL1291.015TMI 28 1.ANIT 08, Ot S

2 A0 I%0e) e NG .30 AN 1307 MLFIE10E0. w2V LONG &2
[X-__2n/ ]

H Sammay . (St AT, YIBRR 3 o EE'0AII%0e w ) . Lo 69

? rratelalre F5TWAIISY Wy SEBTRAIINT SSOUMD (2T e Lo K44

. t PRI T A v “lalrilrelt e tImS 190

- TR A 2 E ROl 3ot EBT08:3) 1, D187 LI (CITHAITY I DI M o LOnG 119

L 2ieP.15, (27045, LOnG 3120

ENT L BRI Y I _ARNL R B NPV IV, IRYI AL JTSTRRYINS 00 LONG 130

- AL IV AERY © L LONG 149

b LONG 35¢
10%% 189

3T SDMMAT Q18 FW.1. I18 Fl2,%. ST FICe%e 183 F10.9 vONG 374

T fommAT + 7 118 30w (4 "S FOR L DNCITUDINAL WOBL //2)8TeSCiCPC)  (ONG 182

TRLPEE i .8, ¢ W of V.0 1 on
oG

Sa"8  ram,, onG 2%

o~ (3, 3 {0

- ons 281

s e - BT, Iva INTWIIr, LW, CDIST 9 ~OnG 230

Zags 1NV 0.2 B twe 3. BIRC Y LONG 200

Z8a8 fufa r DISTL I re DISFmilNe B . JOFR ) 1OnG 270

8L INTEY ' LOF¥. Suame. Rm, aINC ) “Ome 200

B8 8 1ot o S EDiTVOE L) LONG 290

LY e &% /s tEAC LOnG 300

wRIC 16,377, .848, "swma, I, 53, KW 108G 320
8PTS 1g, .~y - O
JIGMRDe TR0 THAR L Onf
. GANNS -], 03018807 LOnG
1989 1 OnG
20781901, 75 7 :0A0-CANNM S 108820 K- .31 B el
ASTARe 2, Mo 1040/ (1848002~ iRAG]) LORG
- wOm o,
9T WONEC o EATRSITY o 0T LONG
[ ) ;]
g » ) % 9
Iz o 8025 4 (WY
L 23 LRI TR onG
Si0CY - wi gy  ONS
MY ¢ Ce20tWE el 1=t )] LOnG
e s vgay toné
MY 1 les LONG
(MGICET o DMGIRE~1) « °F ° tom;
%% o KK < N
? ImTIwsL P O
IMGIcL? o wimONEC LOwG
B2 70 &K o ¢ IS LOmG
CaLL 19Ta 1 AWITIL). AmIT 327, OMGIEK)e BLPRIRK) ) LONG
CaZL INTa 1 AWITIY . AMITiglre OMCIRK e ALFIIKK)Y NG
- ML T4 .OnG
%2 1% | e 1. I® onG
I 01 ,63. 31 Of. 1 of%, 1™2 1V CaLL PAGE ¢ &0 LOnG
MW CsaTANE § 4] ¢ [ 3
A PRCeTANL o3  Ong
ALFIDeTaAS( 1.3 LOnG
DENGe (C18AR- ] BARCAL PRE 10070 1BAR2OA PO Pl LG
seteiClta BAR-UIPARZE (AL PRTeAL PULALPINOALPIN) ) DLRS LOnG
B1902,90 18800194004 L Pu/ Nl 1 0m.,
‘Ke LT-lEOXE LOn%
TETOLSIE€Y 8306, 1088/ bl
802.20lE721D°U18A08GCAM 0 I /ONESS LONG
Aoy, }R4N2 7GAMNA NG
Jel.90u: {1848 /Gaums LONG
De1,0+287aL 7oeF G LONS
PHjeOMECAsASTARS (] ~-"1 LONG
THLTASD, OO0MEGASS Y LONG
STuPsieSiniPnly LOn
COoSPMIelos 1o} omG
SINTMaSINITHETAY LONG
CORTHa (DS Teaf TH) LONG
CRe;,0+RE 0O PHI-BINOSTUINE LONG
ct werQSPul sBRESL INPM] 1,6
ORe ] 0-2RESCOIPHT 0B INOE I PuT Lo
Dis ~BINGLSPHT-BRESC T wPu] LONu
ERel,=CO%TH LONG
Fi= SIy"w LONG
FRuf oDt T 1 NG
Flo-SINTe MWy

CAPIo(FR/GAMNAYE (L1BLNOCR-CIRARODR) - [F[/GAMMA)®!

sA-CoD)olER (B} LONG
CAP o (F1/GAMNA ORI IFR/GANMAIS U1 BARSCI~CIBARSD] 1L ONG
10DOB-L |BARCA 6 (FTO” JofTo(Mr+( (1 BARGA-CODISIERSDISEjODR) LOnG
CAPK aFRe (s CeDRi-FloraeCI-CoDl} LONG

SCTI-"188Ren 1 1 ONG

CAP oF L0 (QeCR-CoDR) oFRo(gal(-CoDT} LONG

DEWMRsAPCoCAPT (AP LOCAP, LONG

CAPUC{CARYErAPIoCAPLSOLEP ) /DF WY 10mn
CAPRY CAPK S AP 4. (2PL OCAPT Y /DF NuN 1LONG 940
Cfe [ OCAMMRS ] "+ PFTALL2FTAIR} LONG %80
Te 3 (ZADUSCADNL  APNS “APN) /( APY LORG 970
Tuet3E LONG 980
COSTDe1,S-Cammy~ LONG 990
SINCD » CaPn /Y LONG1000
OEL ¢ ATAN(SINOG/COSOD! LONGICI0
1F (STMODY 8041104117 VONGI020
40 1F (IGO0 004100+90 LOKG1030
00 OMDFLeb,7 2 V1A YeOMDEL LONGlOAO
6 Y0 127 LONG10S%0
10C NEDEL =YL 14140274 0MDEL LONNI040
(e BRSNS ¥ 1d L6100
LN LA LI LLFS PLES P LONGYI 00O
129 DELYAS MOFL/O™FGA LONG) O%0
4 RN IWENSTONSL TIFD RESA TS LeNGTY DO
YA NS o DELTASELCH/SOUNDORY, 131 VY LONGIT YD
FRED o OMEGASSOUND/ELIME12.570,2R210%Y LONGIS20
WOLTE 1410, FRES, OMEGAL ThimG, N LONGLITYD
197 CONTINUE LONGL AN
RECURN LOmGI1%0
(1) LONGI 18P

L

T e gy

e
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$IOFTC mTAy LIST.w9
SUBROU

NTAY

TINE FFF ( FiN. FOUT. CFe MERs w ) Nty 10
. niau 20
DINENSION FIN‘)1.FOUTITeAl1331081133)40MGAITIeXNI]IeTAUT]) OMXKITINTAY 3C
TenMTRINTIT) oMTIINTIYY 4TAU AL
DIMENSION XNNEWIAL)oFCCPSIALI oW (1} aNTaC %0
“Tesem /ABCOF 7 FXTRAI100)e ABLOKIS00:. A o Bs xMNEw, FCCPS MTAU 60
EOUTVALENCE (AT sOMY) o (80103 ¢OMGAS 2 IALSI I oMTRINTISIAIIZIMTIINTIoNTAY T0
TOM2G) XMW o (RI1S1e0MX} o (RIS1)eTAUIIBDINTI RN 8TAU 00
. wTAU %0
. nTay 100
CONSTeFOUTLIO0N? wTAU 110
XNMINeI300,0 NTau 120
CALL PAGE(T0) WYau 130
CALL DVIMK (KDOOFX) NTAU 140
10 DO 20 1214103 NTAU 190
AllY oFInmel) RTAY 160
20 8(11e0.0 wtay 170
YERSIFIX (0N} nray 100
1w o Ol NYTAU 190
1FICF-99,0170:7C3C NTAU 200
0 CALL PAGE raAl NTAY 210
WRITE 18005 nNTAy 220
4D FORMAT {1H0.90M PROGRAN F  INPUT SOLVE FOR Riw) ARD TAUIW) NTAU 230
1771980 8N {OMEGAID s X s SIMTRINT ¢ 10X o 64T S INT) NTAU 240
DO 3C 1 =1.80C NTAU 2%0
S0 WRITE ($+0010MGALT 1 sHTRINTIS) . MYTINTIT) NTAU 260
60 FORMMAT (14 +10X¢3F16e6) nTay 270
74 CONTINUE NTAU 280
D0 120 1 elsbn NYAU 290
AN aiMTRINTCIIOHTRINTIT) & HTTIMTIIIEHTIINTII02/12,00HTRINY (1)) NYAU 300
DNOM » ANIT) - HIRINT(]) uTAau 310
CALL QUAD (DNOM,HYIINT (I TADITYY NTAU 320
TAUCTIelTAUI 1) @AC]11083,3333391/(A(2160MGA(T Y} N¥AU 330
C All)reisAr2)eC0 KTAU 340
OMX(])eONGAL]) NTAY 350
CALL DVK»  <000FX} NTAU 360
GO TO (804901 +KCOOFK nTAY ST0
00 NERSC NTAU 382
GO 70 220 NTAU 390
00 IF(XMIIII1204120,100 NTAU 400
100 IFIXNITI-XNMIN) 11001200120 NTAU 410
110 XNMINeXNIT Y nTau 820
1MiNe] NYAU 430
120 CONT INUE RTAU 340
DO 13C [=14100 NTAU 4%C
130 FOUTII) = B(I NTAU 860
IF t CF=9.,0 !} 100100160 NTAU ATO
180 CALL PAGE (4%) NTAU &80
WRITE (44130} NTAU 490
150 FORMAT (1MO20M PROGRAN F  OUTPUT /721X eTHECICPS 913X ONIOMGAID, NYAU 30G
113X THTAUINS) s16Xe 1N ) NTAU 310
DO 160 Is1.a0 NTAU 920
FCCPRITIoCONSTROMXTT) NTAU 3%0
160 WRITF (641T0IFCCPSITILOMXITIoTAULT) oXNETY NYAU %40
170 FORMAT{21XsF 701 »11XeF106%¢10X1F10,9:10X+F10,91 NTAU 850
187 HYTINT(4LE: & A A NTAU 960
HIRINT(A11e0.0 NTAU S70
N4l 100,40 NTAU 330
OMXis1)90,0 NTAU 390
FCCPE(a110040 NTAU 600
190 FORMAT (36X oONNMINS oF1005¢ /76X ¢ONTAUINS 12 oF10:9+/30Ks9N(OMEGA D= FINTAU 610
1094/ 36X e 8MFCICPSInF 1000} NTAU 620
DO 200 1 =leat NTAU 630
200 CALL INTOD{OME{)1oXN:I1040MXET1oSAVNOT o XANEW(S) ) NTAY 640
ANNPFWIAT 10,0 NTAU 8%0
CALL THTACXNNEW(]) oOMX(1104060¢DOMMIN) NTAU 660
FCWINSCONS To0MM]N NTAU 670
CALL INTOIFCCPSIIIHTRINTI]IoFCMINGHTRYT) NTAU 680
CALL TNTAIFCCPSILIoNTIINT () «FCHINGHTIY ) NTAU &%0
MYRMINS (HTRIGHTRIGHT [ JOHT1]1/12,08HTR] Y NTAU 700
ONOMeHTRM] N-HTR] NTAU 710
CALL QUADIDNOMHTT1,TAUMIN) NTAU T20
TAUM NS TAUMINGA(]1)803,333333)/(A(216D0MMIN) NTAY T30
CALL PAGE (8) NTAU 740
MRITE (402100 NTAU 750
210 FORVATI//21X280H THE FOLLOVING ARE VALUES INTERPOLATED AT SLOPE OFNTAU 160
1 Ne0.0 AU 770
wWRITE u-lQomvnln.uumn.oomln.rcnin nnu 180
220 RETURN NTAU 790
Enp NTAU 800
SIAFTC QUADR L 1ST.Mes QUAD
SUBROUT INE QUAD (A+BsANGLE) QuAD 10
1F18) 10450480 QUAD 20
10 TFLA) 20430440 QUAD 30
20 ROTATE « 3,141%9927 QUAD &0
GO 10 110 QUAD %0
30 ANGLE = 447123090 QUAD 60
GO 10 120 QUAD T0
4C ROTATE » @e20%18%) QuAD 00
G0 70 110 QUAD %0
3N IF (AY 60477 ,70 QUAD 100
60 ANGLF = 1,1419427 QUAD 110
GO Y0 120 ouABd 320
70 ANGLF » 0.0 OuAD 170
GO 10 120 QUAD 140
80 1F(A) 205904100 QUAD 1%0
90 ANGLE = 1,%5707963 QUAD 160
GO 10 120 QUAD 170
100 ROTATE ¢ 0.0 QUAD 180
110 ANGLE = ATANIB/A) ¢ RO'ATE QUAD 190
120 RETURN QUAD 200
(L1 QAP 210
SIRFYC XORE LIST M9 CORE
SURROUTINF COPF (X My ONF) XORF 10
DIMENS.ON X(1) YORF 20
IFLCONE=S00.014N 10410 xORt 30
10 CONF=100.,0 KORE AO
CALL PaGE(TM rORF 30
WRITE (6427 KORE 40
20 FORMAT(10% ¢ITHINPUT DATA DUMP FOR PROGRAM FAILTER 17y XORT 70
MRITF (AeINTINIT)aTn}oNY ORF  AQ
1 FORMAT (8K 101FIN.&2X) 5 KORE 90
LN RETURN tORE 100
END €O 110
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SOR1GIN ALODE o RTw

SINCLUDE JCcTom

SIOFYC Iny LIsTemos
SURSOU'

P

3

t L)

-2

TINE  IRJCTR

COMMON  /PROLOG/ LOGIK(38) . MEADIL2Ys SL1e A2, EORL

COmnn /7 JECTHR7  FIDATAL 9600)

EOUIVALENCE  (LOGIKIS)oEAUN) o (LOGIRELOI o JRUN ) » (LOGIKI®). IRYUR}

LOGICAL LOGIR. ERUMe JBUN. SL1e SLZs EORJy SRUN

DINENSION EADL(12)

IF ¢ SL1 G0 0 20
00 1 1 » 1o 9400
EJOATALTY o 0.0

KEAD (1% Eomars
BACKSPACE 13

CALL AS198 ( EJDATA. HEADL. NE )
1F ¢ NE JnEe 1 ) CALL  ExIT
wRITE (131 €I0ATA

BACKSPACE 13

IF « N0Y, sAum ) GO 10 &0
CALL JIJ

40 IF | ERuN LOR, fRuN )  CALL INs00¢

50 RETURN
(L]

SINFIC JECY LIST o8
U

ROUT INE 2JJ

<
C  scssssssssss  oECxk MODIFIED 20 AUG 67

0800000000008 008880000

DIMENSION THET](2450)s R1(1450)¢ THUC1000}
OInghs 10N NELEL1000)eX 130001 2Y(1000) oNTYPEE( 10000 oR122) HECT
1o THETATIO2) vAS (200 eMTE(J00C) oAAN (10000 ¢ AAF (10000 o MBAND (1000 o XNRE ( JECT

21000) o RMUTOT 1201 0AXTY (2000,
COMMON /J)ECTOR/ DATA { 9600,

COUTVALENCE (DATAISIoRMIy (DATALG) o XN)
EOQUIVALENCE (DATA(I0231eTHET1 o (OATAIZATIIoR11¢10ATACIO2T) 0TI
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310 wRITE 30 30T +NT o BE +COX JECT239%0
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NOGE e4® JECT2430
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530 DEGREE=Y([)/.0174532 JECT2490
BeX(11oSINIYITH) JECT2500
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WRITE (6800 INELE(TIoNTYPEE(L1oX (1} sDEGREE oA o8 JECT2920
540 CONTIWE JECT2530
CALL PAGEIT0) JECT2540
NPGEssb JECT29%0
JCONT=0 JECT2580
WRITE (64040 JECT23T0
[ LTS L) JECT2980
DO 670 Twient JECT2990
KKehie] JECT2600
N5TDATA(KK ) +0000) JECT2610
KKyuKK +) JECT2620
FALI{S) JECT2630
MXeDATAIKK] )0 0001 JECT2040
JCONT 2 JCONToNX +) JECT2650
1FINPGE=JCONT 155045500360 JECT2660
$50 CALL PAGE(70) JEST2670
N WRITE (648400 JECT2080
JCONT=O JECT26%0
860 AXMAXS0,0 JECT2700
AFMAX*0,0 JECT2T10
WFE1s040 JECT2720
WXESSLe JECT2730
WRETE (64850INSToNX JECT2740
IF(AX18704590+370 JECT27%0
. 570 DO 580 JXslyNK JECT2760
JIeKEY+IX JECT27T0
As o TES30916DATA(IIISDATATIIY JECT2780
BoAROX JECT2790
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AXMAXSATMAXSA JECT2810
WXE]1oWRELoR JECcT2020
500 CONTINUE JECT28%0
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MNSNN] JECT2050
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JCONTJCONTONF 2 JECT2870
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WRITE 648400 JECT2900
JCONTO JECT2910
610 WRITE (6e0701NF JECT2920
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620 DO 630 JFe)WNF JECT2940
NNeNN] ¢ JECT29%0
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BrARQF JECT2970
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630 CONTINUE JECTI010
440 WTOTInWXE+WFEL JECTIO20
1F(WFEL1460+6501660 JFCTI030
650 WRITE (849001 AXMAXGAFMAR WTOT] JECTIONG
GO 10 670 JECTIO0%0
640 XMRISWXE]/WFF] JFCT3080
. WRITE (64B90)AXMAY JAFMAX JWTOT] s XMRY JECTI070
470 CONTINUE JECTI080
680 READ (131 DAta JECTIONO
BACKSPACE 13 JECT3100
LINKNT = 0 JECTILI0
AJS o XNSIN/WT JECTII20
DO 700 J o 1sNE JECTIL 90
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1F (LINKNT +GTe 0) GO TO 890 JECT3150
CALL PAGEIT70) JECTIIO0
WRITE (8649100 JECTINTO
WRITE t8:930), JECTII00
LINKNT o S0 JFCTI190
490 WRITE(64920) Jv XtJ)e Y(Jbe THULY, JECTI200
LINKNT o LINKNT = 1 JECTI10
700 COMTINUE JECTI220
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XXt11 = X(1) JFCTI226
108 YYELD) e vE1) JECTIZ2S
WRITE 11%) DATA JFCY3230
MACKSPACE 1) JFCT1260
YMURAX e () O JFETAR%0
AJS » AJSHSECT /AN FCTN260
DO T3 Je1420 BX4ATaL]
TOTWet N IECTI780
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Ta0 CONTINUE JECT3430
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TIArORIDIZED PRESSURE DROP woFfbol o IHPSToISX :20MFUEL PRESSURE DROP = JECTISIO
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T60 FORMAT [ 9X s 2INFUEL LOSS COEFFICTENT »eFS030/¢9No2THPERCENT FUEL FILJECTISND
IM COOLING =¢F5el0/¢PReIIMPERCENT OXIDIZER FILM COOLING »oFSele/eIXIECTISTO
2¢IBHOIAMETER OF FUEL FILW COOLING ORFICE @oFTaSe75H INe (NOTE s THS JECTIS80
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A42ZHOTAMETER OF OXIDIZER FILM COOLING ORFICE »»FTe3:21H [Ns (SEC ASMCTIT00
BOVE NOTE)e/s9X+31MNUMBER OF FUEL FILM COOLING ORIFICES PER INJECTOJECTITIO
SR 2oF5030/749XsS4HNUMBER OF OXIDIZER FILM COOLING ORFICES PER INJECJECTIT20
TIOR =4sF5.007¢IRe1BHOKIDIZER DENSTTY 24FTo20aH PCFo/ +9XeJANFUEL DENJECTITIO
BSITY mef6elseH PCF./7/) JECTITAO
T90 FORMAT(/7//+3Ke114HSECTION 4ooRESULTANT FLOW DESTRIBUTION 1)) AS JECTSTSO
1A FUNCTION OF ONLY THE RADIUSs ' Eo0 AVERAGE OF MU IN A RADIAL BANJECTIT6C
FL 777432K96HRAVIUS » 1S K oSHMUIRD 0 11X o TINNMUIR Y ZMUIMAKD o/ 2 34K 6 ININIECTITTO
See//) JECTIT00
890 FORMAT(13Xe13018Xe1204Xe8(10KeF1005 1) JECTIT0
810 FORMAT(//32Ks &IMSECTION 200ee ELEMENT LOCATION AND INJECTION TYPEJECTISO0
1072791 1Xe THELEMENT 415Xy 4HTYPES 1 TR o1MRo17Xe SHTHETAI 17X o 1M 19X JJECTINNO
2MY4/7e13Ke 3MNOs38Xe IHNOeolXs SHIINCNES) 912K+ BMIDEGREE) +12Xs OMIECTIO2C

ILINCHES) 4 12X+ SHIINCHES ) 02 7) JECTI8I0
820 FOIMAT(///93Xe TAHSECTION leosoMISCELLANEOUS INFORMATION FOR INJECSECTINAD
1TOR DESIGNED BY PROJECTS /Y JECTINSO
€30 FORMATI//¢5Xs 46MDoooves INPUT INFORMATION USED IN COMPUTATIONS +/JECTISS

179 3s 23HTOTAL PROPELLENT FLOW 24FbeleTH LE/SECe/ 99%e SOMTOTAL NUMJECT
26ER OF ELEMENT TYPES (SYMMETRICAL SECTION ONLY) & +13¢7,9%s SANTOTIECY
AL NUMBER OF ELEMENTS [SYMMETRICAL SECTION ONLY} ® +1%0/+9Xs 2THOXJECTIEND
4IDIZER LOSS COEFFICIENT s+F8o3s) JECTIN0O
840 FORMAT(//702Xe TOHSECTION 3eaweTYPE DESCRIPTIONIORIFICE AREAs PROPEJIECTIVIO
ILLANT FLOWe AND MIXTURE PATIO//43Xs BOHTYPE  Secuc—won OXIDIZER JECTIN20
20RIFICE DATA --eceb8ocacaan == FUEL ORIFICE DATA ~mau=ecce 84//493X+JECTINIO
3 SHTOTALsSKs SHTOTAL «5Xe SHTOTALs&Xe THMIXTURE/942Xe SHNUMBER (34X JECTIRAD
Gy GHNUMBER33Xs BHOXIDIZEReSXs SMFUEL¢IX2124PROPELLENT»IXs SHRATIOJECTIOSO
50/916Xe2HOF o5Xs SHDOIAMETERJAX s SHAREASHN ¢ &HFLOWs TX2HOF ¢5Xs OHOTAJECTIONG
GMETER s 4X s 4MAREASE(s AHFLOWIOKs AHAREALOX s AHAREASGXe SHFLOW RATESJECYIOTO
T/e11%e THORIFICEs6X4 3TNy +5Xe THSOe INavaXs GHLB/SECeIXs SHORIFICEJECTINGO
8S5+5Xs 3HINevaXe THSDe INssaXs 6MLB/SECHIXs THSQ. INes3Xs THSQe INeJECTINNG

SeaXe GHLB/SECH// ) JECT4000
850 FORMATIIXs13s7Xei2) JECT4010
060 FORVMAT (22X sF6ebs3ReFB8e612KeFB8e0) JECTA020
870 FORMAT(34x,12} JECTA0I0
880 FORMAT (62X +Fbebs3IXoFB4602X JECTA080
890 FORMATI91X ¢FBo5¢2XeFBe5e2Xs JECT4050
900 FORMAT(Q1X1FB4902XeF8s542Xs JECTA060
910 FORMAT (/7 '1OXISHELEMENT RESULTS 1 JECTOOTO
920 FORMAT {32X15s11XF10,3+104F10,4011XF1N,4 1 JECT4080
930 FORMAT [/7/VIXTHELEMENTIAXENRADTUSISXSHANGLELIX1ZHDT STRIBUTION /90X JECTA0%0

111RCOEFFICTENT /34X IHNO ¢ 39K THRADTANS 19X2HMY/ 7 ) JECTa100

END JECTA110Q
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SSTANTS//Z1AK10MNUNBER OF OMEGAS o 13//10K20MMMBER OF CLEMENTS =19,1NJ0 39 .

1 13N FOR EACH OF iae 200 SYIMETRIC SECTIONS, N 3N
2/7/730%220RADTAL DIVISIONS (XN) » F3,0//10X20MANSULAR OLVISIONS (XN} (NJD 400
""oGIII“RW'IC NODE MAMBERISVI) oF 7,4//714XIO0H0ORDER OF BESSEINJID al0
AL PURCTIONSIV) o F3,0/7/10K1THINJECTOR RADIUS »PBs8+5M0 IMe//JARIININID 420
SRATIO OF SPECIFIC MEATSIGANMA) oF T4/ 7140KSAXIM PRESSURE ANPLITNID 430
STUDE RAYIOIPO0) alF7.3//7/14X3ONTRANSPER PUNCTIONS FOR LINEAR OPERATINJID 44
T100//720X16WPRESSURE(TFLPS oF 7,3/ /720N29MRADIAL VELOCITY(TFLRI »F7,31NJD 430

0/7/720R2THTANGEATIAL VELOCITYITFLY) ofTe9 ) 1NJD 460
70 PORMAT (77 1OX1PHINPUT PACOUENCIES ) 1hJo av0
80 FORMAT (/ TX SF28.4 ) 1NJO 400
90 FORMAY (///710N39MNELENENT TNFORMATION | 1820 490
100 FORMAT (/73 1XTHELENENT LAXGHNADIUS ISXSHANGLELIXLMOISTRIBUTION/SOK 1NJD 300

JHCORPPICIENT /30NDMNO+ 1 TASMING EIRTMRADIANS 1SRN/ /7 ) 10 Sto
130 PORMAT (32X19413XF1069+10KF10.4011XF10,4 ) INJO S20

120 FORMAY (1617726 TABULAR MONL INEAR EFPECTS//11NONPRESSURELLXIONCONINID 930
10USTIONI2KGMRADIALIZXIONCOMBUST IONIORLOMTANGENT 1AL 10R1 ONCOMBUST IONIN I S40
2/9IRGMVELOCTTYIZRONVELOCITY/ 9X SUINPERTURBATIONISRAHGAINIZXY 1 TWJD 530

190 PORMAT ( 81F18.92X) ) D 340
140 FORMAT (//793X03NG0000000000 THESE VALUES PERTAIA YO A STANDING MOTNUD 37~

. I1L2  esSeseevss ) ILFLR LN
190 PORMAT {/7/733R49H000R000000 THESE VALUES BERTAIN TO A SPINNING MAINID %50
DE oedessster ) I1NJD 600

160 PORMAT (2INAIMTHE VALUE OF 12217 1S JERO AND MOY ALLOWED! 1Non 610

p 170 FORMAT (23KASHVALUE OF BESSEL ARGUMENT TOO HIGH OR LOW 2 = Fifeé) INJD 620
1NJD 630

180 D3CN & ) INID 840

. 17 | «NDT. TRUN 1} GO T0 190 e
CE * 100,0 NI 86,
oscen o 2 THJn 670

60 T0 206 TNJD 680

100 W = § 1N 490
weil) ° 1,0 I ' 'An

200 YinE » ) NIt Tip
RINJ = DATAL93Y4) INID 520

NE o DATAL{®371) +0.,000% INJD T30

NS = DATA(S) + 0.0001 ™D T3
WUMBR = DATAI9399) + 0,0001 1NJD Ta0

12217 » DATALY D %0

K » v 40,0001 INJD 760

KK o K » } INJD 770
Le2eg -1} 1NJ0 780
Mol ¢2 N3N 790
Neke? 1NN 870

17 ¢ E1 oLE€e 040 ) €1 = 0.0001 N ey

IF t MIBR oLEe O ) NUMGR » 10 NS Ay

1F ( CE JLEe 99,0 ) G0 T0 260 iy 830

CALL PaAGE ( T0 ) INJD 840
WRITE (60601 MFsNEINS o XM XNoSVNIVIRINI cGANMA +PODI TPLP (TFLR W IF LT 14JD 0%0

G0 10 (22021000 LSCRS INJO 880

210 WRLITE (470} INID 870
WRITE (6400) (MCIIMIe (W = JoN¥) INJD 880

220 LINKNT @ O 1IN0 890
DO 240 J o 1iNE INJD 900

1P (LINKNT +6T. 0) GO TO 230 INJO 910

. CaLL PasE ( 70 1830 %20
WRITE (8s90) AL AL ]
WRIYE (4s300) INID 940
LINKNT = 30 tNJD 9%0

290 WRITE (6441100 Jo RRUJDs THATAL I, UHID IN 960
LEINKNT o LINKNY - § INJD 97D

240 CONTINUVE 1440 980

M G0 7O 1260+2%01+ DSCRE INID 980
290 WRITE (6,120) 1401000

WRITE (601300 (IPPIIICOPPITIVIPRITICOPRIT)GIPTITIIOPT (L) il o%A) INJDINIG
CRREENAARRXNMAXXLRAARAXXLXXANAXXXAKXKRAXTAXRXXAARKKARAK KK KARX XN XXX AKX XXX INID} 020
[4 RUNKING DESCRIBING FUNCTION IMPLIES THAT THE EXPANSION InJpinY0
€ COUFPICIERTS AvNe BVM: AND CVN ARE FUNCTIONS OF THE FREGUENCY OMEGA. INJD]OGN
C  THEREPORE, AN OMEGA LOOP MUST BF ESTABLISHED, OTHERWISE, THIS LOOP N INjAtA

€ 15 GONE THROUGH ONLY ONCE, 1N nias
CRRRRRRXAXXXXXMAXXARKXRREKXAEAXKXXE X COOONARAKAAAKXKAXARXXXXXAARK KARALKRN Y I0] AT
200 00 470 1w o 1y WW INgNYaRN
WCR = wCtiw) N N1A%D

VOO = POO/ GANNASWCA Y taopiino

:‘z . :.: INJDINIO

* 0, 14Jn1120

MY e 0,0 INJDI1YD
Limat « 0 LR IR

00 480 J = s NE tNIDLY%0

R oo AREV/RINY INIDII80

EYA » UL 7 (XHOXNY L FIARRL

[4 sasesscesvenees N INl)B0
[4 THE CALL 1O aEsstL I!O\Hi!l ™e D!'Ill"(l'l OF TME REAL PORTION ILELIRA 1]
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C OF THE ARGUMENT, Z(J1s AND THE INAGINARY PORTIONe 2(2)e FOR A INJDI200
C GIVER OROER v THE OUTPUT OF BESSEL GIVES JORIZ1:e JOI(RD)e szn. 18001210
€ JUE22)e  sees JYRIIIVe VL2 THEREFOREs THE ANSWERS wILL O€ 1NJD1220
, C STORED 1IN TME FOLLOWING FASHION: JIv-1) @ FIRSTILIe JiV) @ 1NJD1230
: C FIRSTINIe AND JiVel) = FIRSTIN). 18501260
v P 403250
: KERR = O 18JD1260 . .
| 241} o Svmen INJD1270
242 w 0N 18J01200
CALL BESSEL ( FIRSTIN), SECONDI1de KKo Z{])e NERR } 18.01290
1F 1 KERR ) 27042704950 18J01300
270 SIVN © PIRST(M) 101310
B OSIVN o | VeFIRST(M) = 2(116FIRSTIND }/R 1nJ01320
E 3 211 = Svn 1nJ01330 ;
K I(2) @ 0.0 1NJD1340
. CALL BESSEL ¢ FIRSTI1). SECOMDITY» KKo Z{1)e KERR ) INJD13%0 {
. If ( XERR ) 2004200:9%0 1NJD1360
260 GO TO (29043201 TINE 18JO1370 -
290 IF t K} 30043004310 18J01300 .
300 0 o ¢ FIRSTIMIGFIRST(N) + FIRSTILIOPINSTIL) } / 240 NJD1390 :
60 70 320 18401600
310D o ( PIRST(MISFIASTING ~ FIRST(LIOFIAST (NI 109,34199/12,000ATA(S)11NID1410 ;
920 1F ¢ 12217 33009605340 InJB1820 ,
CRARAXXRRAAXRAXAXAAXXXKXTXERAXXRXAXAXX XL RAXXRAAXAXNRAXXRBAXXAXRAXAXKLAN 10I01430 h
C IZZ1T 1S NEGATIVE POR STANDING MODES AND POSITIVE FOR SPIMNING MODES INJO1440 o
CHEERRARXXAARXANXEREXAXANXAXAAXXKXAXXXAXXXXXARAXAAAARAXXXXRXRRXNEXKA KARN R IMIO” N
. 330 VY = VOTMATA(YS) 1RJD1440
CVY = COSEVT) INJD14T0
SVYT s SINIVT) 1801680
GO 10 330 18JD1490
340 CVY o 1,0 18J01900 !
SVY o 140 18901510 .
950 FP o 1,0 1401920
R o 1.0 18J01930
[AERIL] 18J01340
60 TO (42043601, DSCRS 1%J019%0 '
360 PO o ADSIPOOSS[VNECVT) 1NJD3960
VO = ABSIVOOSDSIVISCVT) 1J01970
WO = ABSIVOOSSIVNOVOSVT/R) 1nJ01980
A o =3,141%0 18401990
8. 1401600
LR LA $7053004370 . 11630
ST0 SAVEP = 1,0/(3,1619900001F1 9} 1. 120
CALL TNTER(ALD+PS] oMMBN) 1801430
CPST + COSIPST) 1NJ01660
19X o POSCPS! INJD1690
cALL mnuncn. OPPILYs 10X, OPXY 101660
7 o OPROCPS] INJB1670
CALL INTESIF o INTEGEL s} 1NJ01680
PP o SAVEPSINTEG 10J01690
300 IF { TFLR ) 390+40043%0 14J01700
390 SAVER @ 1,0/(3,141390V06TFLR) INJO1T10
CALL INTGRIAIBPSToNUMSR) 1NJD1720
CPSI = COSIPST) 18001730 '
- 19X o vOSCPSy RJO1740 ‘
CALL INTA (IPRI11s OPRI1}e 1PX, OPX) 1NJO1750
¥ o OPROCPS! INJO1T60
CALL INTGS (Fo INTEG, €)1, W) 1170 H
R = SAVEREINTEG 1NJD1 Y00
400 IF 1 TPLY ) 41004200410 1hJD1790 .
410 SAVET @ 1,0/(9.141990VTOTFLY) I0JD1000 :
CALL TNTOR(ACBoPST oNBR) 10J01010 \
CPSI « COSIPST) 18J01820 )
1PX = WOSCPS] 1001930 .
CALL INTA (IPT(1)s OPT(L)s [PXe OPK) 18JD1840
¥ o OPNOCPST 1NJ01850 .
CALL INTESIFeINTEGSELs M) . INJD1860
FT o SAVETSINTES INJD1070 \
420 TENP » eumoslvnu:ocvvur 1NJ01080 :
SUMP o SUMP o TERMS 1NJD1890 .
TEMR = ETASPRES [VNODSIVACYTSS2 INJD1900 :
SUMR © SUMR + TERMR INJOIf10
TEMT = ~ETASFTESIVNGR25CYTOVESVT/R INJDI¥20
SUNT = SUMT o TERMT 1RJO1930 '
TINE » 2 1NJD1940 ,
GO TO (430+4300¢ OSCRE 1NJD19%0 )
430 1F ¢ LINKNT 67, 0 ) 60 10 440 14001960 :
CALL PAGE ( 70 ) thJD1970
WRITE (6410) 1NJD1980 ,
LINKNT o 30 1101990
460 WRITE 16+20) WCRy Jo Re THATALJ)e ETAy PP, FRty FY 1NJ02000
LINKNY = LINKNT -} 1002010
430 CONTINUE 1802020
00 * D 1802090
1¢ (12217 (GT. O) DD » D/240 18002040
AVNEIW) o SUNP/DD 1NJ520%0
BYNCIN) = SUMR/DD 1NJ02040
IF (12217 4GTs O) GO 10 &40 1nJo2070
CVMRIIN) o SUMT/DD InJo2080
CVNIIINY & 0,0 INJD2090
GO 10 410 INJD2100
460 CVARIIN) o 0,0 1NJ02110
CYNT(IW) o SUMT/DD 1*JD2120
470 CONTINUE INJD2130 PO
IF (CE oLTs 1040 1 GO TO 930 TN JO2140 .
CALL PAGE ( TA ) 14J02190
WRITE (6420) 1NJD2160 .
GO 10 (480:490)¢ DSCAB 18JD2170 i
480 WASTE (6:30) AVNIL 1o BVNIL )o CVMREL ) CYNI(] ) INJD2180 ;
GO Y0 %00 18J02190 ;
490 WRITE (64400 ( WCIT)s AVMITIe BINCE)s CYNRITYs CVNE(T), 1u14NW JINJD2200 A
800 1F | 12217 } 51043604920 1NJD2210
f10 WRITE(6s140) 18202220
60 16 930 'NID2230
820 WRI'F (84190} 18002240
370 CONTINUE 14402250 .
S40 RETURN 1NJD2260
830 WRITE (441700 2111 14002270
60 10 940 1nJD2200 '
360 WRITE (44180} 1NJ02290
GO 10 340 INJD2900
END %0210




SIDNAP BESS LISToREF.0ECK 8330010

. AP 0550020
4 on SE530000
ENTRY  QESSEL 8350040
(€Y BESSEL o2 0EL500%0

bl CALL GESSEL (FINRST SECOND oM+ AG.XODE ¥
. RESSE0T0
. FIRSY o PIRSY LOCATION OF ASCENDING STORING SEQUENCE FOR MiZ)e. SESSesde
. LGN SESS00%
. SECOND o FIRST LOCATION OF ASCENDING STORING SESUCACE FOR YNIZ)e BESSO100
. OR KN(ZYe 8530110
L4 L} o MIGHEST INTEGRAL OROER DISINEO POR SOTM JR(Z) AND YN(Z). O£350120
L4 OR IR(ZY AND KNI2). 8£s301%0
L ARG o LOCATION OF 2 = XofoV WTH XeARG(1) AND YoARG(2), 0ESS0180
[ KODE o +0.COMPUTE JRIZ) AND YNIZ)e 9E3503190
. LESS 2ER0.CONPUTE INIZ) AND EN{Z), 8Ess0160
. DIMENSIONS REQUIREMENTS PIRST(300) +SECONDE2ON2 ) ARSI D) L £31107 ]
- . aFssotee
COMON 8% 70 HES30190
PESSEL SXA 85404 S£550200
SRa 8844101 s€ssestc
SNA ASaede2 NESS0220
me 0€551 0002 530230
BESS] CAL 18 0530240
. sTa BESSPe] 8£438290
(<8 204 550200
ALS 10 8E€S30278
$10 SEssFet eEssoz80
LOOs t 1) NESS0290
sTo [ ($3 2] 2530300
CaLe €ssesto
T 0£550320
[<{¥] 9E€5303%0
STA MES38340
ADD 0530396
STA 0ES30%40
0ESS? CLA [ 3310
Lo0 MES50380
ne 8£550990

™"a

/ESSS LOO o€ssoslo
AESSF TSX OESS0020
e [SYITTIN]Z] NESSOLIe
(23 ] BES30040
™A ERNOR+ «OF OF 0£350490
X0 BESS0AL0
088 aAxv SESS04 TS
ARY BESS0480
AXTY 9£530490
370 8£350500
A 0350910
EPRRY CLA a€4$30920
™A 9€340990
ERARY CLA 130540
TTRA $4 L0990
. REW ALL ORDERS OF THE BESSEL PUNCTIONS v SUB K TINES (1) 0E330960
4 AND J SUB & TINES (2) FOR COMPLEY 2 SE£330870
arer  svi [ 4]} 8ESS0300
Lot 1e8 8530990
. LY 400000 BE350400
XCA OESS0410
$X0 62041 0350020
$X0 62142 8£350430
34 62244 RELS0A0
$T0 COMMONe ) S 8€350630
sT0 [ 31 RE 130060
- CLa o SESSTO
3r0 (<} NMS30400
CLA ] 2350890
svo [{X3} 9€330700
CLA TRAY 8€330710
sro [} 22330720
({40 ] 0E$350730
L}3 ] CAL los NESSOTO
STA arw] s£53507%0
con RESL0T40
ACL Lt 8€SS0TY0
SYO COMMONS 1T fnEssoTe0
({¥] 244 RELLOT90
ALS 19 AEssodoe
sT0 oFRY 9330810
cLa COMMONSL S S€s8s0020
LoQ COMMONS1 & 82550030
TS I BES30040
OFR] Pl 020404080 330890
520 ™o OFOX.000 BES30060
Lbo COMMONS1S BESSOSTO
8¢1 up COMMONGY S 8Ess0800
s$T0 COMMONeS 8EL50000
L0G COMMONe16 92330900
L. d COMMONS 16 RESSO%1O
FAD COMMONSS BESSO20
Fou LOCs AE$30930
sTQ COMMONSS 8£850940
* CLA COMMONSS SES309%0
CALL ALOG{COMMONSS ) SE350960
TRA G211 2gsso90
621 me AFORe0,0 oEs80900
FOH L0C2 NESs0990
XCA MESS1000
. faD OfLFR agss1010
s$T0 COMMONG RL+CAN BESS1020
LDe COMMONS1S RE3310%0
CLA SHCon BESS1040
LRS [ #€3510%0
ne LL] £ 831060
TRA L} ) agsstoto
" Loo COMKOn+16 BESS1000
({¥} (417 8£551090
Les 0 0551100
622 ™ R& 4000 MESS1110
Ry CLa COMMONS 1 6 agss1120
4o COMMONS 1Y RESS110
st0 CONMON RESSI1A0
CALL ATAN{COMNOON} SS90
100 COMMONSL S nEssi180
100 L0} AECL1170
sto COMMON 8Essiieo
CLA (04} ets3s11%0
e COMON1 8 8Ess1200
[ 0 nESSI210
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MATHY C20GPAILDECK = 73050

CALL CHAMER

CALI. INJECTR

SO0 SU?.'?OU?.ZIE CTI’!.I_?:;. SOTORIR 03T 0T T OIOGTOAT AUD COIToT
YIS GE OF AL AUTOLONOUS TATIT ROGRAT,  AMLTTT, T mTeee,
THTS O ROGRAID TTOAID) CULYTOTE ALY THD
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ENTRY = CHAMBR
DECK = CHAMBR
lof3

READ CHAMBER, MZIE DATA
FOR NB CASE

cnun-cnm:memmom,}m

IAMBER DATA ON SCRATCH TATE
(lh) AS THE DATA AREA “IIL BE WRITTEN
OVER BY A NE' LINK.

F RUL
-
. i

PLACE FREQUENCIES FOR DESCRIRTNG
FUNCTTON INTO Ui ER COHI’ON

—J—
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DECK = CHAMBER
2of 3

VAS SAVED BEFORE ENTRY TO

— @T

HOVE Agps Bpps Cop FROM UPZER COMMON

T0 DATA BLOCK FOR “TRAKS® GR "DDD"

A

F

T

SET UP INPU. DATA FGB "CCC"

TZ. ' ,

m
i

P

F
RUN F

T
MOVE OUTPUT FROM "CCC" INTO
INPUT BLOCK FOR "TRANS®

MOVE OUTPUT FROM oo™

RUN

oy
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DECK = CHAMBER

30f3

{ caLcuraTES mR, W
| R HTR, I

T
— 3 R

SET UP TNPUT DATA F(R "DDD"

CALCULATES HTR, HTT IF NOT H RUN;
a — — — ~] EXPANDS TABLE 70 LO POINTS
—
il
CALCULATES (m, ") FOR
EACH FREQ. USING HTR, HTI
4;.-t:

__ LOCK FOR NBV CASE
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ENTRY = GEMEG

L.CK = WGEN

ENTRY

I_s.

<0

s =w (1)

GENERATE T"N FREQUENCIES

0.95<W<l.l S

v (2)

==1C

S
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ENRRY =

TRANS

DECK = HYMN

lof 2

&

H RUN = CH=0

« 100 u
2100

PRINT INPUT DATA

1

SET NUMEER OF Z-INCREMENTS

CALCULATE LOY~ORDER TABLES
Z, U (2), du uL(Z),/a (2),p, (2]

_Q(2)
—t- ¢

2CALCULATE HIGH-CRDER TABLES

d
u

s dQ, d s ete.
T Y
i
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DECK = HON

2 of 2 @

BEGIN CALCUEATIOBBZFW EACH FREQUENCY:
az = S nh - Y

EVALUATE 6 INTEGRALS BY SIIMPSON's

(R BOOLE'S) FORMULA;

CALCULATE FIRST-ORDER SOLUTION HR, H
I

~ ¢
T

CALCULATE SECOND-ORDER SOLUTTON
HTR, HTT
INCLUDING INJECTOR EFFECTS

END OF FREQUENCY LOOP

PRINT OUTPUT:
P{:, Wy By, H,

OR

I, I-&i, HI, H’I’R’ Hpy

=< 200
e~ CB

pes

=>200

DUMP TABULAR FUNCTIONS




ENTRY
DECK

DDD
HTINT

<99

<99
PRINT INPUT DATA

e

<>

F

FOR FACH FREQUENCY, V,
CALCULATE HIR, HTI

—

SAVE ONLY THOSE ENTRIES
FOR WHICH HTR >
(ERROR RETURN IF NONE)

EXPAND TABLE
(BY INTERPOLAIION)
TO LO POINTS

<10

] CD

210

PRINT OUTPUT TABLE

==
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T coy

DO FOR EACH
FREQUENCY

SOLVE EIGHT SIMULTANEOUS
DIFFERENTIAL EQUATIONS BY

COMPUTE AND STORE NOZZLE
ADMITTANCE COEFFICIENTS

cc
>9

PRINT OUTPUT RESULTS
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Caa >

FCR EACH OF Kl STATTOHS 7,
CALCULATE RADTUS R (Z),
A:D ARE2A A (Z) FROM THPUT
i0ZZLE GEOMETRY.

CALCULATE TARLE A® VS, AM
(AREA VS. MACH M0.,)

FROM TSENTROPTC FLO-
RZLATTONS

1

ROR FACH A (Z) THTERPOLATE TH
A", A TABLE TO ¥TH) CORRES-
"ONDTNG MACH LUMBER.

]

JETERMINE SQUARE OF REDUCED
VELOCITY FROM 1MACH NUMBFR

CALCULATE VELOCT™Y POTENTIAL ,XX

- 2K 2
™= W C  vdr
0
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FiSmy
=CY

6oL
Lgcr-

EifrRv

DETECTIHNE EFFECTIVE STATYCL, XX,
FG COICAIPATED COMRUSTYON

‘ EXAID ﬁiﬁf! OF FREQUE.CIES,

(TiSERT FOUR TREOUTI.CIES
RETIEZL. TACH TIiPUT ~ATR)

v E= iV
DE~TH .1.,0*R, o O° TANH

FAEATENCY

FOR ZACH FREQUENCY, CALGULA™E
KD ORI g, oy
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- >9q
"RYNT INUT TABLE
AR, HTT

) PRINT OUT=UT
(72,7) TARLE

]

BUIID TABLE OF d Az vs ™
"

INTERPOLATE FOR
e @2 = o)
' dw

. DETERMTNE Hop ("), Hpp (1))

CALCULATE 72 (17 ), Ims (”m)

L

PRINT MINTITUM VALUES
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ENTRY INJCTR
DECK = INJ

F
1
READ TA“E 13
2310 STORAGE FO- (DATA F0° “REVTCUS CASE
LJECTER TH.UT HAS REZi SAVED Gii SCIATCH
DAL A (13)
]

@ ..... 4{ READ INJECTOR
AR

SAVL DATA O SCRATCH TA™T
(13) AS °ART OF INPUT ADF
I’AY BE DESTROVED

RETURI TY PCHAIR™!
VTA MATH"
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RS mpy - -

JIJ

RECOVER INPUT DATA FROM
SCRATCH TAFE (13)

CALCULATE ~#'FCR EACH
ELEMENT

SAVE _#: FOR "INJDIS"
(SCRATCH TAFE 13)

DETERMINE —~*: (r)
FOR EACH RADIAL BAND
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R oAy .

[LakeSefugieia b aigampuhs

ENTRY =

DECK

INJDIS
INJDS

BEGIN LOOP FOR EACH

T ==~=~—__{ HEGIN LOOP FOR EACH

v "R apsprg |y

OF NE E"EMENTS

CALCULATE DENOMINAT(R D

S
< 0= STANDING > 0= SPINNING
ZZIT
= cos CVT=1,0
SVT=sgin V6 SVT=1,0
' l
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DECK = TINJDS @

2 of 2

%0

CALCULATE FR

' 3
CAICUIATE FT

**

ACCT 'ULA I‘IHC‘KA"‘O‘?.S ™h

A Py O

CID OF ELEITNTS 1,00 ~=mm:
FOR NZXT ELITN™ OP cCNTTIR

END OF TREQUENCY 100"

RETURN
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