


This document is  Volume I1 of a three  volume report  d r  c ~ i b i w  the  

Reacting and Multi-Phase (BAHP2) computer code developed by the  Computa- 

t i o n a l  Hechanics Section of Lockheed's Huntsvi l le  Research & Errgineering 

Center, Volume I1 provides a de t a i l ed  descr ip t ion  of a l l  the elements used 

i n  the  RAW2 code. Volume I dea l s  with the  theory and numerical so lu t ion  

f o r  the computer code, and Volume 111 is the program use r s  and appl ica t ions  

manual. 

Documentation of the  cotaputer code w a s  prepared i n  p a r t i a l  fulf i lhi tent  

of Contract NAS9-16256 with the NASA-Lyndon B. Johnson Space Center, 

Houston, Texas. The contract ing o f f i c e r ' s  t echnica l  representat ive f o r  t h i s  

study w a s  M r ,  Barney B. Roberts (ET41). 

The author acknowledges the e f f o r t s  of D r .  Terry F. Greenwood of 

NASA-Marsr:all Space Flight Center and M r .  S.J. *bertson of Lockheed- 

Huntsville, both of whoa contr ibuted t o  the  development of the MMP2 code. 

Companion documents t o  t h i s  report  include a theory and numerical solu- 

t i o n  document fo r  RAMP2 computer code; a user ' s  and appl ica t ions  manual f o r  

W 2 ,  a report  which descr ibes  the  modifications made t o  the NASA-Lewis 

TRAW2 computer code, the  o r i g i n a l  documentation of the  NASA-Lewis TBAIS 72 

computer code, and the o r ig ina l  documentation of the Boundary Layer In tegra l  

Matrix (BLIMPJ) computer code. These documents a r e ,  respectively: 

"iiiqh Alti tude Supersonic Plow of C h d c a l l y  Reacting Gae-Particle 
Mixcures - V~lutpe I - A Theoret icel  Analysis and Development of the  
Numerical Solution," IMSC-HREC TR D867400-I. 
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-Ugh Alt i tude Supersonic Flow of Cheaically Reacting Gas-Particle 
l l ixtures  - Volume 111 - BdllP2 - Computer Code Users and A p p l i e ~ t i o o s  
k n u a l , "  MSC-tiREC TR D867400-111. 

'User's Guide f o r  TBAU72 Computer Code liodtfied f o r  Use with RAMP 
and VOFMOC Flowfield Codes,' LWK-EntEC 1W D390409. 

Svehla, R.A., and B.J. &Bride, " F O ~  I V  C. rplter Program f o r  
Calculation of Iherpodymadcs an8 Transport Propert ies  of Corplex 
Chemical Systems," W 374 D-7056, Jaauary 1976. 

Evans, R.X., "Boundary Layer In t eg ra l  Matrix Procedure BLRP-J 
User's Manual," Aerozherm UW75-64, Ju ly  1975. 
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ThLs document, Volume 11, provides de t a i l ed  desc r ip t i on  of t he  flow- 

f i e l d  element of t he  high a l t i t u d e  vers ion  of t he  Reacting and Nulti-Phase 

( W 2 )  computer prograsl. The goal  i n  developing W 2  w a s  t o  develop coar 

puter  code which would provide an  engineer ing tool f o r  c a l c u l a t i n g  high 

a l t i t u d e  ( o r b i t a l )  rocket  exhaust plumes. Additionally,  t h e  computer model 

includes the  major con t ro l l i ng  phenoaeaa (boundary l aye r ,  c h m i s t r y ,  two- 

phase flow, and f r e e  molecular flow) vhich inf luence t h e  s t r u c t u r e  of  t h e  

plume. 

The contents  of t h i s  v o l m e  a r e  no t  intended t o  supply t h e  reader with 

a complete desc r ip t i on  of  the W 2 .  Instead i t  is intended to give,  a l o q  

with t he  conten ts  of Volumes I a d  111 (Refs. 1 and 2, respec t ive ly) ,  t h e  

necessary i n f o m a t i o n  about t he  i n t e r n a l  func t ions  of W 2  t o  enable  t he  

user  t o  understand and modify t h e  bas ic  coding of t h i s  computer program. 

W 2  " n s i s t s  of  th ree  bas ic  computational modules: t h e  W 7 2  program 

f o r  generat ing equilibrium thermodynamic and t ranspor t  data ,  t he  RAMP2F code 

f o r  solving the  f lowf ie ld  and the  BLIMPJ code used t o  c a l c u l a t e  t he  nozzle 

boundary layer .  Due t o  computer s to r age  l imi t a t i ons  t he  th ree  programs must 

be executed separa te ly ;  however, communication between the  programs has been 

provided v i a  temporary f i l e s  so that except f o r  separa te  executions they can 

be considered a s  one program. 

Detailed desc r ip t i ons  of t he  T W 7 2  and BLIMPJ (Refs. 3 and 4, 

respec t ive ly)  programs have not  been included i n  t h i s  report .  Sect ion 3 of 

t h i s  repor t  does contain a b r i e f  de sc r ip t i on  of the  subrout ines  of each of 

the  codes. Volume 111 discusses  the  use of TRAN72 and BLIMPJ along with 

RAMP2, Complete descr ip t ions  o f  the  two codes are given i n  Refs. 3 and 4. 
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Section 2 of t h i s  volume describes the overa l l  flow of RAMP2 (including 

¶'RAW2 and BLINPJ) along with the  da ta  communicated between the various 

modules within the RAMP2F flowfield code a s  well a s  between RAMP2, TRAN72, 

and BLIMPJ. The overlay s t ruc tu re  (RAMPZF, TRAN72, B L W J )  and labeled 

common blocks used by each subprogram of the W 2 P  flowfield program is 

presented i n  Section 3. The f i l e s  used by RAMP2 a r e  described i n  Section 

4. A complete subroutine by subroutine descript ion of a l l  the  codes is  

included i n  Section 5. Appendix A lists the overlay control cards fo r  the  

Univac 1108 and CDC 7600. Appendix B contains discussion on how t o  convert 

the  program t o  the  CDC 7600. 
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2. PROGRAM FLOW C M R S  

This sect ion  gives the user a general descript ion of the  overa l l  flow 

of the computer codes which make up the RAW2 code. Additionally, more 

d e t a i l  on the flow f o  the  W 2 P  code is a l s o  included. Flow char ts  f o r  the 

TRALU72 and BLMPJ codes can be found i n  Refs. 3 and 4. 

Figure 2-1 presents the  basic flow of the  three programs which make up 

the RAW2 code. F i r s t ,  the TBAN72 program is executed t o  provide the 

thermodynamic data  f o r  the  nozzle and plume solutions. k x t ,  the  W 2 F  

code is executed t o  provide the  nozzle so lu t ion  a d  input da ta  f o r  the boun- 

dary layer  program (BLIHPJ). Then BLINPJ is run t o  generate the  nozzle w a l l  

boundary l aye r  and e x i t  plane boundary l aye r  propertfes, Finally, the  

W 2 F  code is re-executed t o  merge the inviscid nozzle and boundary layer  

r e su l t s  and ca lcula te  the plume. 

Figure 2-2 presents the  comunication of the  various auxi l ia ry  programs 

with the RAMP2 programs along with communication between the three programs 

of the BAMP2 code. 

Figure 2-3 presents a flow chart  of the  main routines i n  functional 

groupings f o r  the BAMP2F program. To attempt t o  completely flow chart  the 

e n t i r e  program would probably transmit less information than tha t  given i n  

Fig. 2-3 s ince it would be extremely complex and bulky. 
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Generate Thermodynamic Properties 
of Combust ion Cases 

Solve Nozzle Flow Field 

Solve Nozzle Boundary Layer to Exit 

Solve Plume Including Nozzle Wall 
Boundary Layer Effects 

Fig. 2-1 Overall Flow of RAMP2 Programs 
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Modified TRAN72 

One Dimensiorral 
Gas-Particle 

Startline 

Finite Rate Chemietry 

Concentrations 
Rate Constants 

Radiation Program 

(Solids or Gas) Printed 

Fig. 2-2 Sequencing and Cormwrnication of Auxiliary Programs with the RAMP 
Program 
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3. OVERLAY AND COMMON BLOCK DESCRIPTION 

Sect ion 3.1 descr ibes  t h e  overlay s t r u c t u r e  of t h e  RAMP2 codes while 

Section 3.2 lists the  references and c ros s  references of every subrout ine 

and common block i n  t he  RAMP2 f lowfield code. 

3.1 PROGRAM OVERLAY STRUCTURE 

Three separa te  programs (TRAN72, RAMPZF, and BLIMPJ) make up the  RAMP2 

program. These programs a r e  present ly  opera t iona l  on the  Univac 1110 and 

CDC 7600 computer systems. The TRAN72 program does not  requi re  a n  overlay 

t o  s t a y  within the  core  requirements of the  Univac 1110 o r  CDC 7600 compu- 

t e r s  although i t  is  poss ib le  t o  overlay t h e  program as descr ibed i n  Ref. 3. 

The RAMPZF f lowfield and BLIMPJ codes do requi re  overlaying i n  order  t o  f i t  

on the Univac 1110 and CDC 7600 systems. 

The RAMP2F f lowfield program overlay s t r u c t u r e  is  shown i n  Fig. 3-1 and 

de t a i l ed  i n  Table 3-1. The BLIMPJ program sver lay  s t r u c t u r e  is given i n  

Fig. 3-2 and Table 3-2. The list of subrout ines  f o r  the BLIMPJ code given 

i n  Table 3-2 g ives  t he  subroutine name followed by the  element name i n  

parenthesis.  The Univac 1110 overlay loader  i n s t r u c t i o n s  and CDC 7600 

segmentation loader  i n s t ruc t ions  a r e  given i n  Appendix A. 

The amount of s to rage  requirements f o r  each machine depends on the s i z e  

of t he  words and e f f i c i ency  of the  compiler f o r  each machine. Typical num- 

bers  a r e  given below i n  decimal words ( o c t a l  words). 

Univac 1110 CDC 7600 
FTN4 Version 

TRAN72 Program Size 55964 (156725) (124300) 
RAMP2F Program Size (Overlayed) 74230(222726) (133300) 
BLIL'J Program Size (Overlayed) 62280(173233) (136300) 
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LMSC-HREC TR D867400-11 

llF&i EIGHT 

I I I 

Fig, 3-2 BLIMPJ Overlay Structure 

I 

1 TWO 

3-3 

LOCKHEED-HUI.TStILLE RESEARCH & ENGINEERING CENTER 

SEVEN TEN 

I I 



ALGI#T 
B U T  
BOUND 
DBACCP 
DBAGHB 
DRIVER 
mom 
ERRORS 
FABLE 

AOASTR 
AXIS 
GASW 
GASTAP 
IDMPBI 
IDHTAB 
I D m  I 
IDTAPE 
IMWT 

ARAS SL 
COEFS 
DLTA 
FlXIL 

T a b l e  3-1 RAMP OVERLAY 

DRXVER, TWRMO, AND OTHER COMMON USE BOUTWES 

IBOUID 
IWBFP 
ITSUB 
KIltOFP 
LAGBNG 
MIIN 
PAGE 
PFP 
POFEM 

REPEAT 
3GVOFn 
RJioPEM 
RITE 
SITER 
SPCTX 
TAB 
TEEZTAB 
TBmxo 

INPUT AND SINGLE-PHASE STARTLINE 

I M T P  
LIPIN 
LOGIC 
HASCON 
MBSS 
U X T  
OPSET 
OUTPUT 

PAGVOF 
PAKrIN 
PARTPB 
PHI 
PLMOUT 
PLUMIN 
POINT 
SETHTG 

TWWPEASE TRANSONIC AND SPP SICARTLINE 

SPACET 
STARTV 
STLINE 
TliERMT 
WG 
WOPA 
m 
WXANDR 

HALL 
IDMPOP 
ONED 
ORTBLS 

PARTIL SPECIE 
POP TRACE 
PROP TRANS 
PUNEX WDGI 
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Table 3-1 (Continued) 

BOUNDARY LAYER I= DATA G ~ T I O U  

SPECIE 

PARTICLE TRAJECTORY TRACIHG AMD HEISDIG BOUTItUES 
FOR VISCOUS EXIT STARTLIHE 

BLEXIT IESTEBP 
GAS PABLOK 
ID#PDT PBLTRC 
IDnPRO PDT 
IIURSCP 

PFriZBD TdPLlOV 
PRO TRACEP 
READF WBITP 
START KTFU)P 

FLOWPLELD SOLUTION 

AVERAG 
CARCTR 

DELTAF 
FREEMC 
E r n O P  
ESHOCK 
SLSKIP 

M O W  
FNEurN 
GAPPBI 
LNBSCT 
NEWEM 

PHASE1 
PRATPT 
HXOFP 
ROTEBM 
SLDP 

STREAMLINE NOBHAL POINT SOLUTION 

PliYSOL 
SLPLIN 

OUTPUT AND PREE MOLECULAR 

ITARM 
LIMITS 
NORSCK 
OUT 
PRFBBD 

OUTBIN 
Porn 
TOFENii 
TURN 
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Table 3-1 (Concluded) 

PARTICLE AMAP IISITIALIZATIOM 



Table 3-2 BLILIPJ OVERLAY 

S I X  

SEVEN 



Table 3-2 (Concluded) 

EIGHT 

FILQ3 ( B 5 0 6 )  FISLEQ (BSOD) POINTS (BSOF) 
PIT%QS (BSOB) FUmrS (B50E) REFIT (BSO?) 
F r r r e q  (B=) oUEBL ( B l l A )  TBIlK (BSCm) 

MNE 

TEN 

suDP ( = A m  
TAD (TAD) 
T-OV (TAEWOV) 
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3.2 SUBROUTINE AND COMMON BLOCK REFERENCES 

This subsection provides a list of a l l  the references and 

cross-references f o r  the subroutines and common blocks i n  the W 2 F  code. 

The same information f o r  the BLMPJ and TBAN72 codes is not included i n  t h i s  

document, however, the user can re fe r  t o  Befs. 3 and 4 t o  f ind  similar  

information. Table 3-3 provides a list of a l l  the subroutines i n  the RAMPZF 

program, along with each routine's ent ry  point (s )  and the subroutines cal led 

by each routine. Table 3-4 is a cross reference of Table 3-3. Table 3 4  

provides a list of a l l  entry points,  the element (subroutine) tha t  i t  is  

part of aloug with a list of a l l  elements (subroutines) which reference the  

entry point. 

Table 3-5 lists each common block i n  the BAMP2F program along with its 

s i ze  (decimal) and routines tha t  refer  t o  each common block. This table  

can be used t o  locate a l l  references t o  a par t icular  common block i n  the  

event of a program modification which requires a length change t o  the common 

block. 
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Element / 
Version 

ALGINT 

AOASTR 

ARASSL 

SVERAG 

AXIS 

BACWRD 

BLEKIT 

BLKDAT 

BLMPIN 

BOUND 

BOUNDA 

CARCTR 

CBREAK 

CHECK 

CHEM 

CODEE 

CODEF 

CODEH 

COEFEQ 

Table  3-3 W 2 F  ENTRY POINTS AND EXTERNAL REFERENCES 

Entry  
P o i n t s  E x t e r n a l  References  

ERRORS, ITSUB, RGFPVM, THERMO, WOFA 

EMOFV, POFEM, RHOFEM, STGMOD, WOFA 

IDMPHI, PHI 

CODEE, CODEF 

IDMPOB, IDMPFP, INRSCP, ITSUB, PDT, 
PFP, POFEM, PBEAD, RGVOFM, SITER, 
TOFEM, UOFEM 

IDFITDG , IDSPEC, SPEC IB , TAB, WALPRP 

LAGRNG 

BOUND, INRSCT 

THERMO 

CAPPBI, IDMPFP, PPP, SPCTX, VMODEL 

SLDP, TKEY 

PFP 

PFP 

PFP, YPATPT 
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T a b l e  3-3 ( C o n t i n u e d )  

E l e m e n t /  
V e r s i o n  

COEFF3 

COEFS 

DECODE 

DELTAF 

DLTA 

DOTPRD 

DRAGCP 

DRAGMR 

DRIVER 

DUMSY S 

EMOFP 

EMOFV 

ENTROP 

ENTRPP 

ERRORS 

ESHOCC 

ESHOCK 

EXPCOR 

FABLE 

F I X I L  

EotrJ' 
Points External R e f e r e n c e s  

IDMPFP, P F P  

EMOFV, IDMPFP, TliEBHO TOFDl ,  UOFEM 

PROP 

ALGINT 

BLEXIT, BLMPIN, I N I T P ,  PBLTRC, 
PHASE1, PLUMIN, PUNEX, SPACET, TRANS 

REPEAT 

DELTFF, BlOFV, ENTRPP, POFEM, RHOFEN, 
THERMO, WEKK 

DELTAF, BlOFV, ENTROP, POFFM, RHOFEM, 
THERMO, WEAK 

ALGINT, CHECK, INRSCT, MOCSOL, 
PPATPT, SPCTX, VMODEL 

EMOFV, POFEM, TAB, T O W ,  XSI 

PROP 
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E l e m e n t  1 
V e r s i o n  

FNEWTN 

FORWRD 

FREEMC 

GAPPBI 

GAS 

GAS RD 

GASTAP 

HALL 

HYPER 

IBOUND 

IDMPDT 

IDMPFP 

IDMPHI 

IDMPOP 

IDMPRO 

IDElTAB 

IDMTOB 

IDMXSI 

IDSPEC 

IDTAPE 

E n t r y  
Points 

T a b l e  3-3 ( C o n t i n u e d )  

External R e f e r e n c e s  

CODE, CODF 

BOUND, IDMPFP, INRSCT, ITARM, OUT, 
OUTBIN, PFP,  WTFLOF 

ALGINT, DRAGCP, DRAGMR, EMOFV, P F P ,  
POFEM, STXNOR, TEMTAB, THERMO, T O W ,  
UOFV 

PRO 

GASTAP, IDMXSI, IDTAPE, TAB, X S I  

ERRORS, IDkff AB , INPUT 

EMOFV, ERRORS, FNEWTN, ITSUB, OVEREX, 
PAFH, POFEM, THERMO, THETPM, TOFH 

TAB 
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T a b l e  3-3 (Continued)  

Element1 
V e r s i o n  

IMPUT 

INITP 

INRSCP 

INRSCT 

INTEGR 

INTERP 

INTT 

IRAD 

ITARM 

ITERM 

ITSUB 

KIKOFF 

LAGRNG 

LIMITS 

LIPIN 

LOGIC 

MAIN 

MASCON 

MASS 

MAS SCK 

MAXT 

E n t r y  
P o i n t s  E x t e r n a l  R e f e r e n c e s  

SPCTX 

ERRORS 

ERRORS 

PFP, VEMBG 

PFP 

IDMPFP, OUT, PFP, PPATPT 

SPCTX 

BOUND 

RGVOFM, THERMO, UOFV 

AXIS, BOUND, IBOUND, IDMPBI, OUTPUT, 
PHI, POINT, SITER, TlEl?Wi' 

DRIVER, DUMSYS 

EMOFV, ERRORS, ITSUB, RGVOFM, W F E M  

PHI, T H E M  

IDMPF'P, INTEGR, PFP 
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T a b l e  3-3 (Continued) 

Element / 
Vers ion  

MESH 

MOCSOL 

NEWENT 

MORMCK 

NORSCK 

OFSET 

ONED 

ORTHLS 

OUT 

OUTBIN 

OUTPUT 

OVEREX 

PAFH 

PAGE 

PAGVOF 

PARINT 

E n t r y  
P o i n t s  E x t e r n a l  Re fe rences  

BACWRD , CODEE , CODEF, CODEH , DECODE, 
FORWRD, IDhPFP, PFP 

EMOPV, THF.RM0 

ALGINT, BOUND, COEFEQ, COEFF3, 
ERRORS, FNEWTN, IDMPFP, INRSCT, 
NEWENT, PFP, PPATPT, RGMOFP, ROTERM, 
SPECTX, TEIERM1, VMODEL, VOFEM 

CHEM 

INRSCT 

ITSUB, TOFENH 

ESHOCK, 
PPATPT, 
VMODZ 

NORSCK, PAGE, PFP, POFEM, 
SPCTX, THERMO, VEMAG, VMOD1, 

mom, PFP, SPCTX, TEMTAB, THERMO, 
VMODl 

MASS, PAGVOF, PHI, THERMT 

EMOFV , ERRORS, ESHOCC , IDMPFP , ITSUB, 
PFP, POFm, THERMOS UOFV 

CHECK, IDMF'FP, INRSCT, PFP 
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Tab le  3-3 (Continued) 

Element 1 
Vers ion  

PARLOK 

PARSTR 

PARTIL 

PART I N  

PARTPH 

PBLTRC 

PDT 

PF? 

PHASE1 

PHI 

PHYSOL 

PLMOUT 

PLOAD 

E n t r y  
P o i n t s  E x t e r n a l  Re fe rences  

*PARLOK INTERP , READ F , TAPElOV 

*PARSTR PFP 

COEFS, DLTA, EMOFV, FIXIL, ONED, 
ORTHLS, PAGE, PROP, SITER, TAB, 
THERMOS TOFEM, TOFV, TRACE, WM;I 

*PARTIN IDMPFP, PFP, POFEM, RGVOFM, SPCTX, 
TliERMO, TOFEM, UOFrn 

*PARTPH PAGE 

*PBLTRC IDMPDT, IDMPRO, INRSCP, PARLOK, PRO, 
START, TAPMOV, TRACEP, WRITP, WRFLOP 

ALGINT, AVERAB, BOUND, BOUNDA, 
CVREAK, CHECK, EMOFV , ERRORS , EXPCOR , 
FREEMC , HYPER, IBOUND , IDMPFP , 
INRSCT, INTT, IRAD, ITEM, LIMITS, 
MASSCK, MCCRMK, MESH, NORMCK, OUT, 
OUTBIN, PARINT, PARSTR, PFP, PLOAD, 
POFEM, PPATPT, PRANDT, PRFRBD, 
RGMOFP, SLINT , SLSKIP , SOKINT, 
SOKSOL, SPCTX, STRNOR, THERMOS 
THETPM, THRUST, TOFEM, TURN, UOFV, 
VMODEL, VMOD1, VOFEM 

INRSCT, PFP, THERMOS UOFV 

BOUND, GAPPBI, INRSCT, ITSUB, PFP , 
PPATPT, THERMOS UOFV, VMODEL 

EMOW, IDmAB, PAGE, PFP, TAB, THERMO 

IDMPFP, PFP, SPCTX 
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T a b l e  3-3 (Continued) 

Element 1 
Vers ion  

POFEM 

Porn 

POINT 

POP 

PPATDP 

PRANDT 

PREAD 

PRPRBD 

PROG 

PROP 

PUNEX 

READF 

REPEAT 

RGMOFP 

RGVOFM 

RHOFEM 

RITE 

ROTERM 

En t ry  
P o i n t s  E x t e r n a l  R e f e r e n c e s  

*PLUMIN AOASTR, BOUND, GASRD, IBOUND, LIPIiu, 
LOGIC, MASCON, PARTIN, PARTPH, 
PLMOUI, SETHTG, STARTV, STLINE 

*PREAD 

*PRFRBD 

*PRO 

*PROP 

*PUNEX 

*READF 

*REPEAT 

* RGMOFP 

T9FH 

IDMPHI, PHI, THERMT, WG, STT, WXANDR 

DRAGCP, DLUIGMR, EMON, PFP, POFEM, 
TEMTAB , THERMO TO FV 

EMOFV, PAFH, POFEM, SPCTX, THERMOS 
THETPM, TOFH, TOFV, UON, VMODEL 

IDMPFP 

IDMPFP , INRSCT, PFP , PPATPT 

HALL 

ARASSL, IDMPOP, SPECIE 

IDMPFP 

EMOFP, EMOFV, ERRORS, ITSUB, POPPI, 
THERMOS VOFEM 

EMOFV, ERRORS, ITSUB, TAB, THERMO, 
VOFEM 

POFEM 
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T a b l e  3-a ( C o n t i n u e d )  

E l e m e n t  1 
V e r s i o n  

SETHTG 

S I m R  

SLDP 

SLINT 

SLPLIN 

SLSKIP 

SOKINT 

SOKSOL 

SPACET 

SPCTX 

SPECC 

SPEC IB  

?ECIE 

.iART 

STGMOD 

STLINE 

STRNOR 

En t ry 
P o i n t s  E x t e r n a l  R e f e r e n c e s  

*SETHTG THERMO, TKEY 

*SITER EMOFV, ITSUB, POFEM, RGVOPM, THERMO 

*SLDP 

*SLINT PPATPT, SPCTX, UOFEM 

* SLPLIN 

*SLSKIP PFP, SPCTX, TEMTAB 

*SOKINT 

*SOKSOL 

*SPACET 

*SPCTX 

*SPECC 

*SPEC IB 

*SPECIE 

*START 

SPECC, TAB 

POP, TAB, THERMO 

* STARTV 

* STGMOD 

*STLINE 

*STRNOR 

AOASIR, BOUND, IBOUND, ILMPHI, ITSUl: , 
MASS, MAXT, OPSET, OUTPUT, PHI, 
POFEM, RGVOPM, m F m ,  mRMT 

BOUND, CHECK, iOEFEQ, COEFF3, EMOFL', 
FNEWTN , GAPPB IDMPFP , INRSCT, 
NEWENT, PFP, PHPSOL, PPATPT, RGMOFP, 
ROTERM, SITER, SLPLIN, SPCTX, UOFV, 
VMODEL, VOFEM 
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Element 1 
Vers ion  

TPB 

TAPt'lOV 

TEMTAB 

Tmuno 

i'HERMT 

THERUV 

TIiErMl 

THETPM 

THRUST 

mEY 

TOFEM 

TOPE& 

TOFH 

TOW 

TRACE 

TRACEP 

TRANS 

TURN 

UOFEM 

UOFV 

Ent ry  
P o i n t s  

Table 3-3 (Continued) 

E x t e r n a l  2 e f e r e n c e s  

FABLE, TAB, THERW, TlEFW 

EMOFV, POFEM, TON 

TKEY, TOFH 

ERRORS, ITSUB, THERMOS TOFH, TOW 

PFP, VEMAG 

ITSUB, TKEY 

ITSUB, TKEY 

ERRORS, KIKOFF, RITE 

PROP 

DRAGCP, DRAGMR, GAS, TEMTAB 

PARTIL, TAB, THERMO 

EMOFV, ERROU, ESHOCK, ITSUB, THERMOS 
UOFEM, UOFV 

ERRORS, KIKOFF, RITE 
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Element / 
Version 

VEMG 

WODEL 

V m D l  

M D 2  

VOGEM 

WALPRP 

WM;I 

WEAK 

WG 

WOFA 

WRITP 

m U ) F  

WTT 

mtr3' 
Points 

Table 3-3 (Concluded) 

External References 

PROP 

PHI 



fable  3-4 .- W 2 P  EIIT111[ POIMI REPeBellCES 

eat r~ 
Points Element Elements Ibefereacim 



Table 3-4 - (Continued) 

htv 
mint El@m@t Elements Referencing 

AVEBM;, DECODE, ESIIOCC, ESBO(X, FABLE, 
GAPPBI, H m ,  nascow, nesu, OUTBIU, 
O w ,  PlllsIL, PiUSE1, PI#OUT, PPATPT, 
PiuuDT, IEMOFP, mom, SITEU, STRmB, 
THEmv, Turn, UOFV, w, UElcK 

OUT, SOKPLX, ?!uw 
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Table 3-4 (Continued) 

htrp 
Point Element Eleiwnts Refereacing 

EXPCOR 

FABLE 

FIXIL 

PlParm 

EvntmD 

FEEmc 

GAPPBI 

GAS 

P w m l  

'IEIEB#O 

PARTIL 

HYPER, IIOCSOL, SrBm)R 

GASBD 

PROP 

BLEXIT, PBLTRC, WRITP, WTPLOP 

-IT, CHECK, CaeFF3, DECODE, FREMC, 
INIT, IIIPSSQ[, MCCWK, MOCSOL, OVEREX, 
P U N T ,  PARTIN, P W E 1 ,  PLOM), PREAD, 
PRFRBD, READF, STlWOR 

AXIS, LOGIC, POINT, STARTV 

Pum 
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Ent r~ 
P o i n t  

T a b l e  3 4  (Continued)  

Element E lements  R e f e r e n c i n g  

IDSPEC BL#PIN 

LMTP DRIVER 

INRSCP BLEXIT, PBLTRC 

BOUM)b, COEFF3, EXPCOB, FBEEMC, MOCSOL, 
NOMCK, PARINT, PHASE1, PIIPSOL, 
P R n o L ,  PRFRBD, ~ W O R  

IRAD P W E 1  

ADASTR , BLEXIT , HYPER, MASCON, NORSCK, 
OVEREX, PWSOL, BmfOFP, RGVOFH, SITER, 
SOKFLX, STARTV, TliETPM, TOPEm, TOW, 
TURN 

B O W A ,  TOFV, UOFEM 
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LMSC-HREC TR D867400-I1 

T a b l e  3-4 (Cont inued)  

E n t r y  
P o i n t  Element E l emen t s  R e f e r e n c i n g  

LOGIC 

MASCON 

MASS 

MASSCK 

MAxT 

MCCRMK 

MESH 

MOCSOL 

NEWENT 

NORMCK 

NORSCK 

OFSET 

ONED 

ORTHLS 

OUT 

OUTBIN 

OUTPUT 

OVEREX 

PAFH 

PAGE 

PAGVOF 

PLUMIN 

PLUMIN 

OUTPUT. STARTV 

P W E 1  

STARTV 

P W E 1  

PHASE1 

EXPCOR 

MOCSOL, TTRNOR 

P W E 1  

OUT 

STARTV 

PARTIL 

PART I L  

FREEMC, INTT, PHASE1 

PREEMC, PHASE1 

LOGIC, STARTV 

HYPER 

HYPER, PRANDT 

OUT, PARTIL, PARTPH, PLMOUT 

OUTPUT 
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T a b l e  3-4 ( C o n t i n u e d )  

E n t r y  
P o i n t  E l e m e n t  E l e m e n t s  R e f e r e n c i n g  

PARINT P W S E 1  

PARLOK PBLTRC 

PART I L  TRANS 

PBLTRC DRIVER 

PDT BLEXIT, WRITP, WTFLOP 

PFP 

P W E 1  

P H I  

PHYSOL 

PLMOUT 

PLOAD 

PLUM1 N 

POFEM 

BLEXIT, W C K ,  CODEE, CODEF, CODEH, 
COEFF3, FREEMC, GAPPBI, INTEGR, INTERP, 
INTT, MASSCK, MCCRMK, MOCSOL, OUT, 
OUTBIN, OVEREX, PARINT, PARSTR, PARTIN, 
PHASE1, PHYSOL, PIMOUT, PLOAD, PPATPT, 
PRFRBD, REDIST, SLSKIP,  STRNOR, THEWST 

DRIVER 

AXIS, LOGIC, MASS, OUTPUT, POINT, 
STARTV , WXANDR 

STRNOR 

DRIVER 

AVERAG, BLEXIT, ESHOCC, ESHOCK, FABLE, 
GAPPBI, HYPER, OUT, OVEREX, PARTIN, 
PHASE1, PPATPT, PRANDT, RGMOFP, RHOFEM, 
SITER,  STARTV, THERMV, WEAK, WEKK 
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LMSC-HREC TR D867400-I I 

En t ry 
P o i n t  

*RITE 

* ROTERM 

*SETnTG 

T a b l e  3-4 ( C o n t i n u e d )  

E lemen t  E l e m e n t s  R e f e r e n c i n g  

POINT LOGIC 

POP SPECIE 

PPATPT CODEH, COEFF3, EXPCOR, FREPRO, INTT, 
MOCSOL, OUT, PHASE1, PWSOL, PRFRBD, 
SLINT, STRNOR 

PRANDT 

PRE AD 

PRFRBD 

PRO 

PROP 

PUNEX 

READF 

REPEAT 

RGMOFP 

RGVOFM 

RITE 

ROTERM 

SETHTG 

BLEXIT 

PHASEl 

GAS, PBLTRC 

DLTA, FIXIL,  PARTIL, TRACE, WDGI 

DRIVER 

ERRORS 

MOCSOL, PHASEl, STRNOR 

AOASTR, BLEXIT, LIPIN,  MASCON, PARTIN, 
SITER, STARTV 

AVERAG, ESHOCC, ESHOCK, MASCON, STARTV, 
WEAK, WEKK 

TOFV, UOFEM 

MOCSOL, STRNOR 
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T a b l e  3-4 (Cont inued)  

E n t r y  
P o i n t  Element  E l emen t s  R e f e r e n c i n g  

SITER 

SLDP 

SLINT 

SLPLIN 

SLSKIP 

SOKINT 

SOKSOL 

SPACET 

SPCTX 

SPECC 

SPEC IB 

SPECIE 

START 

STARTV 

ST(;MOD 

STLINE 

STRNOR 

TAB 

TAPMOV 

BLEXIT, LOGIC, PARTIL, STRNOR 

CHEM 

P W E 1  

STRNOR 

PHASE1 

PHASE1 

PIIASEl 

DRIVER 

CHECK, EXPCOR, IMPUT, IBAD, MOCSOL, 
OUT, OUTBIN, PARTIN, PHASE1, PLOAD, 
PRANDT, SLINT, SLSKIP, STRNOR 

SPECIB 

BLMPIN 

PUNEX 

PBLTRC 

PLUMIN 

AVERAG, FREPRO 

PLUMIN 

PHASE1 

FABLE, GASIU), IDTAPE, PARTIL, PLMOUT, 
RGVOFM, SPECIE, THERMO, TRANS 

PARLOK, PBLTRC 
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LMSC-HREC TR D867400-1, 

"iable 3-4 (Cont inued)  

Entry 
P o i n t  Element  E l emen t s  Referencing 

TEMTAB GAPPRI, OUTBIN, PPATPT, SLSKIP, TRACEP 

THERMO 

TERMT 

T H E W  

THERM1 

THETPM 

THRUST 

TKEY 

TOB 

TOFEM 

TOFENH 

TOFH 

TRACE 

TRACEP 

TRANS 

TURN 

AOASTR , AVERAG , CBREAK, DECODE, 
ESHOCC, ESHOCK, GAPPBI, HYPER, LIPIN, 
MESH, OUT, OUTBIN, OVEREX, PARTIL, 
PARTIN, PHASE1, PHYSOL, PHYZOL, PLMOUT 
PPATPT, PRAMDT, RGMOFP, RGVOPM, 
STEITG, SITW, SOKFLX, SPECIE, 
THETPM, TRANS, TURN, WEAK, WEKK 

LOGIC, MASS, OUTPUT, POINT, STARTV 

THERMO 

MOCSOL. THERMO 

HYPER, PHASE1, PRANDT 

CHEM, SETHTG, THERM1, TOFENH, TOFK 

BLMPIN, SPECIB 

AVERAG, BLEXIT, DECODE, PARTIL, 
PARTIN, P M E 1 ,  VOPEM 

NORSQC 

HYPER, PAFH, POFH, PRANDT, TIiF3bL1, 
THETPM 

AVERAG, EMOFV, FABLE, GAPPBI, PARTIL, 
PPATPT, PRANDT, THERMV, THETPM 

PARTIL 

PBLTRC 

DRIVER 

3-28 

LOCKIIEED-HUNTSVILLE RESEARCH 6 ENGINEERING CENTER 



T a b l e  3-4 (Concluded)  

E n t r y  
P o i n t  Element E l emen t s  R e f e r e n c i n g  

UOFEM 

UOFV 

VEMAG 

VMODEL 

BLEXIT, DECODE, PARTIN, SLINT, TURN, 
UOFV 

GAPPBI, LIPIN, OVEREX, PUSE1,  PWSOL, 
PHYZOL, PRANDT, SOKFLX, STRNOR, TURN 

INTEGR, OUT, TURUST 

CHECK, EXPCOR, MOCSOL, PHASE1, PHYSOL, 
PBANDT, STRNOR 

VMODl OUT, OUTBIN, PHASE1 

VMOD2 OUT 

MOCSOL, PUSE1 ,  RGMOFP, BGVOPM, 
STRNOR 

WDGI PARTIL 

WEAK ESHOCK 

WEKK ESHOCC 

WG POINT 

WOFA ADASTR 

WRITP PBLTRC 

WTFLOP PBLTRC 

WTT POINT 

WXANDR POINT 

XSI FABLE, GASRD 
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Common 
B l o c k  

ACOM 

AMF 

Am 

AVPROP 

AVPRP2 

BLMDAT 

BOMOUT 

BPRESW 

CAPUR 

CHEMCN 

T a b l e  3-5 IUIMPZF COMMON BLOCK S I Z E  AND REFERENCES 

Size ( D e c i m a l )  R o u t i n e s  R e f e r e n c i n g  

DRTVER, PLUMIN, WTFLOP 

OUT, OUTBIN, PHASE1 

DRIVER, EXPCOR, OUTBIN 

COEFEQ, MOCSOL, NEWENT, STRNOR 

COEFEQ, S'fRNOR 

BLMPIN, CHEM, P U E 1  

OUT, PARTIN, TURN, UOFEM, UOFV 

BLEXIT, GASTAP, IDTAPE, PHASE1, PLUMIN 

BLEXIT, DRIVER, EXPCOR, GAPPBI , LOGIC, 
PHASE1, PHYSOL, PLUMIN, WNEX, STRNOR 
PPATPT 

BZEXIT, CHECK, CHEM, COEFEQ, GASTAP, 
IMPUT, NEWENT, OUT, OUTBIN, PHASE1, 
PLOAD , PLUMIN, PUNEX, READF , RGVOFM, 
SETHTG, SLSKIP ,  SPCTX, STRNOR, THERM1, 
TOFENH, TOFH 

&\CWRD, CHECK, CHEM, CODEE, CODEF, 
COCEH, COEFEQ, DECODE, EXPCOR, 
FOXWRD, IMPUT, MCCRMK, MOCSOL, 
NEWENT, OUT, OUTBIN PARTIN, PHASE1, 
PHYSOL, PRANDT, SETHTG, S L S K I P  , 
SPCTX, STRNOR, THERMl, 
TOFENH, Tom 

NEWENT, STRNOR 

DECODE, DRIVER, GASRD 
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

T a b l e  3-5 ( C o n t i n u e d )  

Common 
B l o c k  

CHOCK 

CONTRL 

CPSV 

CRI TER 

Size ( D e c m i a l )  R o u t i n e  R e f e r e n c i n g  

1 GAS, PBLTRC, TRACEP 

2 6 U S L ,  AVERAS, BACWRD, BLEXIT, 
BLMPIN, BOUNDA, CBREAK, CHECK, CIIPM, 
CODEE, CODEF, CODEH, COEFEQ, COEFF3, 
DECODE, DRIVER, ERRORS, ESHWC, 
ESHOCK, EWCOR, FABLE, FORWRD, FREEMC, 
GAPPBI, GASRD, GASTAP, HYPER, IBOUND, 
IDTAPE, INPUT, I N I T P ,  INTEGR, IRAD, 
KIKOFF, LAGRNG, LIMITS,  L I P I N ,  MASCON, 
MASSCK, MCCPYK, MOCSOL, NEWENT, OUT, 
OUTBIN, PAFH, PAGE, PARTIL, PARTIN, 
PARTPH, PBLTRC, PHASE1, PIIYSOL, 
PHYZOL, PLMOUT, PLOAD, PLUMIN, POFH, 
PPATPT, PRANDT, PRELLD, PRFRBD, 
PUNEX, READF, RGMOFP, RGVOFM, 
SLINT,  SLSKIP ,  SOKFLX, SPCTX, SPECIB , 
SPECIE,  STARTV, STLINE,  STRNOR, 
TAPMOV, TEMFAB, THERMOS THERMV, 
THERMl, TCIETPM, TtlRUST, TRANS, TCRN, 
WTFLOF, WTFLOP 

PBLTRC , READF, TRACEP, WRITP 

AVERAG, BLMPIN, CBKEAK, COEFF3, 
DECODE, DRIVER, FABLE, GAPPBI, IMPUT, 
MOCSO?,, P H W ,  POFH, PPATPT, PRANDT, 
PUNEX, SPECIE,  STRNOR, THlBMO, THERMV, 
THERM1, TOFENH, TOFH, TRANS 

PHASE1, PHYSOL, STRNOR 

CIIFM, COEFF3 , DRIVER, FREEMC, GAPPBI, 
I N I T P ,  MOCSOL, OUT, PHASE1, PHYSOL, 
PLUMIN, PPATPT, PRANUT, SOKFLX, 
STRNOR, TURN 
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T a b l e  3-5 (Cont inued)  

*on 
Block 

M T  

DATAR 

DBUG 

DELT 

DFDR 

DISCOM 

DRAG 

S i z e  (Decimal) 

2 

6 

Rou t ine  R e f e r e n c i n g  

DRIVER, FBEMC, ITARM, ITEM,  PHASE1, 
PLMOUT, PLUMIN 

LNTERP, P U K ,  EtEADF 

ARASSL, AVERAG, AXIS, BAWBD, BLEXIT, 
W I N ,  BOm, BOUNDA, CBBEAK, CHECK, 
CODEE, CODEF, CODEH, COWEQ, COEFF3, 
DAW, DECODE, DRIVER, EXPCOR, FIXIL, 
FNEUTN, FOI&JBD, FREEHC, FEEPRO, 
GAPPBI, GSRD, GASTAP, HYPER, IBOUND, 
INPUT, 'INITP, INTEGR, IIVTT, ITABN, 
ITmw, LAGRNG, LIMITS, LOGIC, MASS, 
HLPSSCK, HAXT, Mc-, MESH, n m o L ,  
ISORHCK, OFSET, ONED, OUT, OUTBIN, 
OUTPUT, OVEREX, PARINT, PARSTR, 
PARTIL, PARTPH, P W E 1 ,  PHI, PWSOL, 
PHYZOL, PWOUT, P W ,  F'LUMN, POINT, 
PPATPT, PBAM)T, PRFRBD, PROP, PUNEX, 
REDIST, SLINT, SLSKIP, SOKFLX, 
SPECIE, ST=, STQ#)D, STLIIE, 
STRNOR, THERMT, THRUST, TRACE, TRANS, 
WDGI, WG, WTFLOF, WTT, WXANDR 

DLTA, W L ,  PARTIL 

DRIVER, INITP 

ONED, PARTIL, TRACE, TRANS 
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colmon 
Block 

eaa 

EVERY 

EXPER 

eXPNN 

FAB 

FILIT 

FLND 

FLOW 

FORCE 

FREE 

Table  3-5 (Continued) 

S i z e  (Ikclmal) Routine Referencing 

BLKDAT, DRAGCP, DRIVER, GAPPBI, 
PAUTPH, PINOUT, PLUnIN, PPATPT, 
TBBCEP, TBAm 

BLKDAT, DBAQIB 

BACWBD, CODEE, CODEF, CODEH, 
DECODE, FOBWBD, IKCBk8t, 

GASRD, PLWIN 

DRIVER, FABLE, THERHO 

DRIVER, PIASSCK, OUTBIN, THRUST 

AVERAG, DUVER, FREMC, FBEPRO, 
MOCSOL, PHASE1, PUfOUT, PLUMIN, 
PPATPT, =(;HOD, STRIUOR 

AVEW, BBm, CBBEAK, CXECK, 
CODEE, CODEF, CODEE, DECODE, 
EXPCOR, FOBnaD, FREEMC, PBEPRO, 
GAPPBI, GASRD, HYPER, INTEGR, INTT, 
IRAD, LIPIN, HBSSCK, HCCRMK, nocsoL, 
OUT, OUTBIN, PARTIN, PMSE1, PWSOL, 
PIMOUT, P W ,  PPATPT, PRAIUDT, 
PRFRBD, SLINT, SLSKIP, STGMOD, 
STENOR, THRUST 
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Table 3-5 - (Continued) 

Block 

CAPPA 

GRINT 

Gsv 

AVERAG, BAamD, BLEXIT, CCIECir, CODEE, 
mDm, corn, COEFEQ, COEFF3, 
DoXODE, DRIVER, EXPCOR, F0RWB.D. 
FBBPBO, W P B I ,  Ir!Irr, ~ C B n K ,  ILOCSOL, 
I'mmT, OUT, OUTBIX, PAmrr, P-, 
PBLTRC, PDT, PliAsE1, PIIYSOL, PLHouT, 
PLULlIV, PPA'PPP, PBPBBD, M, 
SLUT, SPECIE, !XQI)D, SlRlOR, 
WBITP, YTPU)P 

A V ' ,  BUdiW, BL€XIT, O E E ,  CODEF, 
mDEii, txlwP3, IUYIP, DImOE, DELTAF, 
OetTfF, DRIVEB, mom, mom, EmmP, 
xwmPP, ESHacc, EsnocK, FABLE, POBYBD, 
-, PBEP&O, -PBX, I-, 
m, LIPIN, r!lcCBM(, t!locsoL, m m ,  
OW, PAFll, P r n I L ,  PbgfIIa, PiIAsEl, 
PBPSOL, l'umuT, PLUCI IW,  POPTU, POFB, 
PPATPT, PRABDT, UEDIST, I#;IIOPP, 
~ W I R I ,  BBDFm, SeTtffG, SITEU, SOBPLX, 
ST-, STcaoD, STRmB, TmtHo, 
Tiuuav,TuERm, TaEm, m m ,  mmm, 
Tom, Tom, TBAIIS, w p m ,  wehlt, UEKK, 
WOFA 

BLEXLT, BWPIIO, a, DRIVER, FABLE, 
GASRD, GASTAP, IDTAPE, UIPOT, LIPIN, 
OUT, OUTBIB, PABTIL, PARTIIO, PBBTPB, 
PxAsE1, PU(OUT, PLULLIU, PUREX, IKaoFP, 
m!om, SerBeG, SLSKIP, SPBCIB, 
SPECIE, TAB, THElQlo, TE[EBIIT, TUERW, 
Tmml, rn8, mFENE, mm, TRANS 

MCURD, CHECK, CODEE, CODEF, COD=, 
DECODE, EXPCOB, FOBIOBD, FREEIS, 
m, MC-, HOCSOL, OUTBIIO, PHdSE1, 
PLQAD, S-R 

DRIVER, FABLE, THEW40 

AVEBAG, STQ4OD 
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Table 3-5 (Coatimued) 

Caron 
Block 

DRIVER, GASTAP, IDTAPE, IHIl'P, OUT, 
PAGE, PbCVOf, PIlIOVP, PLlR4IU 

-IT, PBLTRC, UBITP, m P  

GASBD, GrnBP,  IRAUS 

BLEXIT, DRIVER, PLllMI 

P m I L  

LIPIBI, PrnIIa,  pI,muT, PLUnIU, SnINE 

GBSBD, I-, IICLSSQC, TmtUST 

PHASES, STEUOR 

BLEXIT, DRIVER, PBLTRC, UBITP 

DECODE, MCCRtE, PHASE1 

PIiAsE1, m o F P ,  STmJoR 

BIEXIT, DRIQER, OUTBIN, PLUECBI, PUNEX 

PARLOK, READF 

PABU)K, READF 

PARTIN, PLII#IU, SETHTG 

P W E 1 ,  STRNOR 

STRNOR 

BIAPIN, PHASE3 

CHECK. PARLXr, P-, P W E 1  

I rn ,  MCCBMR 
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NAmu 

WAWEX 

NANEY 

uAHE1 

NSF 

Table 3-5 (Continued) 

S ize  (Decimal) Routine Referencing 

DRIVER, IIBSSQt, PARTIN, PLI(OUT, 
PLuMII, TRms 

PBLTRC, READF, SPACET, TAPMOV 

AVeBbC, DRIVER, FABLE, GASRD, 
PImuT,  PLIRLII, Tmmlv 

P r n I L ,  PROP, TRACE, TRAUS 

ONED, PARTIL, PROP, TRACE, TIUWS, 
WM;I 

OIED, PARTIL, TRACE, UDGI 

ONED, PAEIPIL, TRACE, TRAMS 

FIXIL, ONED, PARTIL, PROP, TBACE, 
TBA#S 

DLTA, FIXIL, ONED, PARTIL, PROP, 
TRACE, WDCI 

PROP, TRANS 

ONED, PARTIL, PROP, TRACE, TRANS 

ONED, P m I L ,  PROP, TRACE 

ONED, PARTIL, PROP, TRAIUS 

DRIVER, MASSCK, PARTIIU, PWSE1, 
S T m R  

DRIVER, GBSRD, GASTAP 

COEFEQ, COEFF3, DRIVER, MOCSOL, 
PARTIIU, PPATPT, PRFRBD, STBNOR 
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Table  3-5 (Continued) 

Block 

P m  

PARTWT 

PBLL 

P m c  

Routine Beferencing 

W S L ,  BACUBD, BLEXIT, W I N ,  CHECK 
CODEE, CODEF, CODEH, DECODE, DRIVER, 
FABLE, F'OBWBD, FBEEHC, GAPPBI, 
GASTAP, IDTAPE, mGu, m, MSSCK, 
M C ~ K ,  nocsoL, ~WENT, OUT, OUTBIN, 
OVEREX, PABI#T, PARIA)K, PARSTR, 
P ~ L ,  p m 1 1 ,  PAKEE, PBLEBC, PFP, 
P U E 1 ,  PHYSOL, PUlOUT, P L O ,  
PLUMTJ, PPATPT, PRANDT, PBeBD, 
PRFRBD, PUNEX, SLINT, SLSKIP, 
SPECIB, SPECIE, STRNOR, TURMO, 
THERMV, THRUST, TRANS, Ui'FLOP 

ARASSL, BBCWBD, BUXIT, CHECK, CODEE, 
CODEF, CODEH, COEFF3, DECODE, 
DRIVER, FOEYBD, FREMC, GAPPBI, 
INTEGR, INIT, HASSCK, MCCRHK, MOCSOL, 
OUT, OUTBIN, OVEREX, P U N T ,  PARSTR, 
PARTIN, PFP, PWSE1, PHYSOL, PLMOUT, 
P W ,  PLUMIN, PPATPT, PRANDT, PREAD, 
PRFRBD, PUNEX, SLINT, SLSKIP, STBNOR, 
THERMO, THRUST 

DRIVER, PLUMIM, PUNEX 

CODEH, DRIVER, PPATPT 

W I N ,  GAPPBI, GUTAP, HYPER, IMPUT, 
LIPIN, HOCSOL, NORSCK, PAFH, P m I L ,  
PARTIN, PEASE1, POFH, PPATPT, PIUUYDT, 
SETHTG, TtIEI(M1, TOPENE, TOFE, TBANS 
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Common 
Block 

PEISOL 

POINTC 

PRAD 

PE(NV 

PRTINT 

PSEC 

PSLD 

PSTR 

PTEN 

WNEXT 

PUT 

PW1 

QUITIT 

RSTART 

RUE 

RWTD 

RZMAP 

RZWl 

Table  3-5 (Continued) 

Size (Decimal) Routine Referencing 

PHYZOL, STRNOR 

CHECK, COEFF3, W P B I ,  HOCSOL, PHYSOL, 
STRNOR 

IRAD, OUT, OUTBIN, PBLTRC, PHASE1, 
PLMOUT, PLUMIN, READF 

DRIVER 

COEFF3, DRIVER, GAPPBI, MASSCK, 
PBBTIN, PBLTRC, PIMOUT, PLUMIN, 
PPATPT, THRUST 

OUT, OUTBIN, PHASE1 

BLMPIN, PtlASEl 

OUTBIN, PHASE1 

CHECK, EXPCOR, P W E 1  

PROP 

PARLOK, PBLTRC 

DRIVER, PHASE1, PLUMIN 

C W ,  STRNOR 

FIXIL, PROP, TRANS 

FIXIL, PROP 

FIXIL, PARTIL, PROP, TRACE, TRANS, 
WDGI 
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Coamon 
Block 

SAVE 

SAVTEM 

SIGMB 

SIGNAL 

SKIPPY 

SLIPPT 

SLOW 

SOURCE 

SPEC I 

SPEL 

SPFK 

STATN 

STEPC 

STSUB 

SVDT 

TAPRIT 

T a b l e  3-5 (Cont inued)  

S'ze (Decimal)  R o u t i n e  R e f e r e n c i n g  

GAS, TRACEP 

PARLOK 

GASTAP, IMPUT, PLUMIN, SETHTG 

DRIVER, MASSCK, PLllMIN 

ABBSSL, BLEXIT, BLMPIN, DRIVER, 
GASTAP, PHASE1, PLUMIN, PUNEX, SLSKIP 

COEFEQ, COEFF3, PIOCSOL, NEWENT, 
PHYSOL, PHYZOL, PRFRBD, STRNOR 

TRACEP 

PARTIL 

ARASSL, BLEXIT, BLMPIN, DRIVER, IMPUT, 
LOGIC, MASS, OUTPUT, PARLOK, PARTIN, 
PBLTRC, PUNEX, ;*"CTX, SPECC, SPECIB, 
START, STARTV 

BLMPIN, SPECIB 

INTERP, PARLOK 

CHECK, DRIVER, EXPCOR, FREPIC, 
INITP, MASSCK, MESH, MOCSOL, PHASE1, 
PINOUT, PLUMIN, PRANDT, STRNOR, 
TIETPM 

ADASTR, PLUMIN, STARTV 

GASTAP, IDTAPE, PLUMIN 

DRIVER, GASTAP, IDTAPE, IMPUT, OUTBIN, 
PARTPH, PLMOUT, PLUMIN 
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Common 
Block 

TEMPER 

TEMPO1 

T m O Z  

T W O 3  

TFLAG 

TOTAL 

TUIPA 

UBVB 

VAROF 

VARSL 

VISEX 

VISSS 

T a b l e  3-5 (Cont inued)  

S i z e  (Decimal)  R o u t i n e  R e f e r e n c i n g  

AVERAG, DRIVER, EMOFP, FABLE, GAPPBI, 
OUT, PARTIN, PWSOL, POFEM, PPATPT, 
STGMOD, THERMO, THERMV, TmRMl, TOW 

PHASEI, PBYSOL, STRNOR 

DRIVER, GAPPBI, OUTBIN, PARTPB, 
PBLTRC, PLUMIN, PPATPT, SLSKIP, TEMTAB 

AVERAG, BACWBD, CBREAK, CODEE, CODEF, 
CODEH, COEFF3 , DECODE, FOBURD, 
MCCRMK, OUT, PARINT, PARSTR, PHASE1, 
SLINT, STBNOR 

DRIVER, PAKIPB, PUNEX, TEMTAB, TRANS 

GAS, PARLOK, PBLTRC, START, WTFLOP 

BLMPIN, DRIVER, EXPCOB, GASRD, GASTAP, 
IDTAPE, IMPUT, MASSCK, OUTBIN, PARTIN, 
PARTPB, P W E 1 ,  PLUMIN, PUNEX, THRUST 

DLTA, FIXIL, HALL, PROP 

DRIVER, GAPPBI, GASRD 

DRIVER, IMPUT, PLUMIN 

GAPPBI, IMPUT, MOCSOL, NEWENT, PARTIN, 
P W E 1 ,  PLUMIN, PPATPT, WNEX, SETHTG, 
THERMl, TOFENH, TOFB, TRANS 

PUNEX, SPECIE 
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Conunon 
B l o c k  

VMIx4 

VMIXS 

VMIX6 

VSON 

VTRY 

WAFT 

WALBD 

WALPR 

WRITIT 

WRITIT 

WT 

XS ICOM 

XXSH 

T a b l e  3-5 ( C o n c l u d e d )  

Size ( D e c i m a l )  R o u t i n e  R e f e r e n c i n g  

DRIVER, GASRD, TURMO, THERMV 

COEPEQ, NEWENT 

CHIM, OUT 

BLEXIT, CHECK, CIIEN, COEFEQ, EXPCOR, 
MOCSOL, NEWENT, OUT, OUTBIN, PHASE1, 
PHYSOL, PLUMIN, PRANDT, WNEX, STRNOR 

NEWENT 

DRIVER, GASTAP, TRANS 

FABLE, T H E I W  

BOUND, DRIVER, LAGBNG, PHASE1, 
PLMOUT, PLUMIN 

BLMPIN 

BLMPIN, WALPRP 

DRIVER, OUT, PLUMIN 

DRIVER, MASSCK, PARTIN, PLMOUT, 
TURUST, 

DRIVER, FABLE, GASRD, X S I  

COEFF3, DRIVER, GAPPBI, GASTAP, 
IDTAPE, PARTIL, PHASE1, PLUMIN, PPATPT 
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4. PROGRAM FILES 

This s ec t i on  provides a list and desc r ip t i on  of a l l  the  f i l e s  t h a t  a r e  

required t o  execute the e n t i r e  RAMP2 programs. Table 4-1 presen ts  a l ist of 

a l l  t he  f i l e s  along with t h e i r  funct ion,  type of f i l e s  (INPUT/OUTPUT), 

programs i n  which they a r e  used and add i t i ona l  comments. 

DESCRIPTION OF THE UNFORMATTED BINARY OUTPUT OF THE RAMP2F 
FLOWFIELD TAPE (UNIT 3) 

The binary tape output on Unit 3 is  described i n  t h i s  sect ion.  I n i t i a l  

input da t a  a r e  wr i t t en  on the f i r s t  pa r t  of the  da ta  tape and gaseous and 

p a r t i c l e  d a t a  a r e  wr i t t en  out  f o r  each da t a  point i n  t he  flow f i e l d .  This 

tape is  formatted s o  t ha t  i t  may be used by o ther  aux i l i a ry  rou t ines  (p lo t ,  

plume impingement o r  radiat ion) .  When the  RAMP2F program is sequent ia l ly  

executed f o r  both the  nozzle and plume the plume da t a  a r e  s tored  behind the  

nozzle da t a  as i f  a s ing l e  run has generated t he  flowfield.  

GROUP I - General Information 

Number of Records = 1 

Write ( ) (HEADER(1) , I=1,60), ISPECS, IMETRIC, R S T A R ~ L I N ~ ,  IC0N1, NRSS 

HEADER 

run i d e n t i f i c a t i o n  (2A4) 
da t e  ( 3A4 
descr ip t ion  (55A4) 

ISPECS = number of p a r t i c l e  spec ies  t o  be considered 

IMETRIC* 0 English f lowfield u n i t s  
= 1 Metric f lowfield u n i t s  

f 
Determined from ICON(9) 
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LMSC-HREC TR D867400-I1 

T a b l e  6-1 DESCRIPTION PROCRAH FILES USED BY RAMP2 CODES 

* ** 
Unformat ted;  Format ted.  

Comments 

T h i s  f i l e  is o u t p u t  by R W Z F  
prugram and c o n t a i n s  tlic i n p u t  
d a t a  t o  UI.INIIJ program. -- --.- - ----- I 
T h i s  f i l e  e o n t a l n s  t h e  
s t a t i o n s  c o o r d i n a t e s  f o r  
t h e  boundary l a y e r  and t h e  r e s u l t s  
of  t h e  boundary l a y e r  s o l u t i o n  f o r  
e a c h  boundary l a y e -  c?mputa t iona l  
s t a t i o n .  The RAMPZF(1) n o z z l e  
e x e c u t i o n  o u t p u t s  t h l s  f i l e .  Tlie 
BLIMPJ u s e s  t h i s  f i l e  as  i n p u t  and 
o u t p u t s  on  t h i s  f i l e .  The 
W Z F ( 1 )  plume r u n  u s e s  t h i s  f i l e  
as i n p u t .  

T h i s  f i l e  I s  o u t p u t  by t h e  
RAMPZF(1) n o z z l e  r u n  and I s  
used a s  i n p u t  by t h e  BLIMPJ 
code.  The second  RAHPZF(2) r u n  
u s e s  t h i s  f i l e  a s  i n p u t  t h e n  
o u t p u t s  t h e  plume d a t a  behind t h e  
n o z z l e  d a t a  ( W Z F ( 1 ) ) .  

T h i s  f i l e  c o n t a i n s  t h e  c u r v e  
f i t  and t r a n s p o r t  d a t a  used by t h e  
TRAN72 program. The RAIIPZ(1) 
n o z z l e  s o l u t i o n  a l s o  u s e s  t h i s  
f l l e  t o  g e n e r a t e  d a t a  f o r  t h e  
BLIMPJ program. 

I n p u t  d a t a  f l l e  f o r  TRAN72 
and RAMPZF( I )  codes .  

P r i n t e d  o u t p u t  f i l e .  I 

TY pe  

U* 

U 
U 

U 
U 
U 
U 

F** 
F 

F 
F 

Uni t 

1  

. 
2 

3 

4 

5 

6 

7 

- 
8 

F u n c t i o n  

BLINPJ Data 

. 

F 

F 

10  

11 

12 

1 3  

Input /Out  p u t  

Ou tpu t  

Punched o u t p u t  f i l e  f o r  

BLIMPJ 

TRAN72 
RAMPZF 

RIUPZF(I),(Z) 

Program 

W 2 P  

-.----------.----,--+.. 

Punched 
Output  

S t a r t l i n e  Data 

RAMP2F(l) 
BLIMPJ 
RAHPZF(2) 

RAHPZF(1) 
BLIHPJ 
W Z F ( 2 )  
TRAN72 

- 
TRAN7 2 
RAMPZF(1) 

TRAN72 
RAMPZF 

TRAN72 
RAHPZF 

Outpu t  

Ou tpuc / Inpu t  

Bwn,lsry  Layer  
Informat  i o n  

F l o w f i e l d  Data 

S c r a t c h  F i l e  

TRAN72Ptoduct 
Data 

Card I n p u t  

P r i n t e d  
o u t p u t  : I  

Outpu t  
Inpu t /Ou tpu t  
I n p u t  

Ou tpu t  
Inpu t  
Inpu t /Ou tpu t  
O u t p u t / I n p u t  

I n p u t  
I n p u t  

Inpu t  

Ou tpu t  

S c r a t c h  F i l e  

Thermodynarnlc 
Data 

F 

F 

Output  1 l n p u t  

TRAN72 and  RAMPZF codes .  

T h i s  f i l e  contains t h e  
s t a r t l i n e  g e n e r a t e d  by t h e  RAMPZF 
code  u s i n g  e i t h e r  t h e  s i n g l e  
phase o r  two-phase t r a n s o n i c  
modules. T h i s  f i l e  cou ld  a l s o  
c o n t a i n  a  s t a r t l i n e  g e n e r a t e d  by 
a n o t h e r  code  i f  i t  is i n  t h e  
c o r r e c t  fo rma t .  

TRAN72 c u t f i l e  of  thermodynamic 
d a t a  used  by RAMPZF(1) and 
RAEIPZF(2) is i n p u t .  

--- - 

S c r a t c h  F i l e  

T h i s  is a  f i l e  g e n e r a t e d  by 
RAMPZF(1) n o z z l e  s o l u t i o n  
v h i c h  c o n t a i n s  t h e  SPF e x i t  p l a n e  
end normal e x i t  p l a n e  d a t a  w l ~ i c h  
is used t o  g e n e r a t e  t h e  e x i t  
p l a n e  SPF and r e s t a r t  s t a a r t l l n e  
which c o n t a i n s  t h e  boundary l a y e r .  - -- - - . . - - -. - --- 
A l l  i n p u t  d a t a  ( c a r d s ( t a p e  5) )  
f o r  t h e  RAMPZF(1) n o z z l e  s o l u t i o n  
is o u t p u t  on  t h i s  f i l e  and  I s  
r ead  a s  i n p u t  i n  p l a c e  o f  F i l e  5 
f o r  t h e  RAMFZF(2) plume run. 

TRAN72 
RAMPZF( 1 ) 

----7 

RANPZF(1) 
RAMPZF(2) 

RAMPZF(1) 
RAMPZF(2) 

RAMPZF(1) 
RAMP2F(2) 

U 
U 

U 
U 

U 
U 

-- 
F 
F 

. .-- . 

S c r a t c h  

R e s t a r t  S t a r t -  
l i n e  and SPF 
S t a r t l i n e  Data 

-. 
I n p u t  Da ta  

- 

O u t p u t / I n p u t  

Output  
I n p u t  

--- 
Output 
Inpu t  



a RSTAFt = Throat r a d i u s  ( f  t o r  me te r s )  

a LIN3 = 1 s i n g l e  l i n e  ou tpu t  (See ICON(8) of Input)  
2 two l i n e  ou tpu t  
3 th ree  l i n e  ou tpu t  

a I C O N 1  = 1 g a s  p r o p e r t i e s  read from c a r d s  
2 g a s  p r o p e r t i e s  read from t a p e  
3 f i n i t e  r a t e  chemis t ry  
4 same as 3 excep t  f rozen  

a NRSS 0 not p r e s e n t l y  used. 

GROUP I1 - Gas Data (Wri t ten  on ly  i f  ICON(1)<3) 

Number o f  Records = 1 + IOF*IS 

Write ( ) (BETA(I), 111, 61, IOF, I S  

a BETA i s  g a s  i d e n t i f i c a t i o n  name (6A4) 

a IOF number of t o t a l  en tha lpy  c u t s  through 
"Mollier c h a r t "  (max = 10)  

a IS number of ent ropy c u t s  (max = 1) 

Write ( ) IV,IDATA, ((TEMP(J,K), K Z 1 ,  ZDATA), J1l, IV), IVT, 
((CPM(J ,K), K=1,  S),  J=1, IVT) , RSTAR, PINF, EMINF, 
GAMINF, FINF, EXINF, XSHIFT, HTREF 

a I V  number of v e l o c i t y  c u t s  through "Xol l i e r  c h a r t "  
f o r  t h i s  t o t a l  en tha lpy  and entropy + 2 (max = 15) 

IDATA number of gaseous s p e c i e s  p resen t  f o r  t h i s  t o t a l  
enthalpy and en t ropy  (max = 98) 

GAMINF f rees t ream i s e n t r o p i c  exponent 

a IVT = IV-2 

RSTAR t h r o a t  r a d i u s  ( f t  o r  m) 

PINF ambient p ressure  (psf  o r  ~ e w t c n s / m ~ )  
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EMINF 

9 =1NF 

FINF 

XSHIFT 

HTREF 

TEMP 

freestream o r  ex t e rna l  stream Mach number 

l i m i t  t o  which equat ion app l i e s  

l i n e a r  s t a t i c  pressure gradient  (s lope)  approach 

nozzle length ( f t  o r  m) 

t o t a l  enthalpy (callgm) of gas  t ab l e  f o r  0.0 HT 
t ab l e  (see Vol. 111, Section 4 . )  

contains  t he  following information f o r  each value 
of IOF,IS 

5 6 7  8 9 I D A T A  . . . . 
(A41 . . . . (A4) Species 
(A41 . . . . (A4) Name - .  

Htg P T S $ Y M c X  

Mole 
Fract ions 

Pf 

Htg 

P 

T 

S 

9 

Y 

M* 

r M 

f reeze  pressure (atm) 

t o t a l  enthalpy of the gas  (cal/gm) 

pressure (atm) 

temperature (K) 

entropy (callgo- K) 

moleci~lar  weight (gmlgmmole) 

i s en t rop i c  exponent 

t h roa t  Mach number = 1 

Mach number f o r  t h i s  t a b l e  en t ry  
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contains the following information 

Pr U C Not E 
Used 

Ir. viscosity (pcise) 

C P  sy ~ i f i c  heat at constant pressure (callgm-K) 

a Ii static enthalpy (callgm) 

GROUP 111 - Finite Bate Chemistry (Only if ICON(1) 3)  

Write ( ) m,NS,PC,TC,PR,VISO,EX 

a NT number of temperature entries for thermodynamic 
data tables 

NS number of chemical species 

a PC chamber pressure (atm) 

a TC chamber temperature (OK) 

a PR Prandtl number 

a VISO chamber viscosity (lbf -sec/f t 2, kgmlm-sec) 

a EX viscosity exponent (p = go ( T / T ~ ) ~ ~ )  

Write ( ) ((AID(1,LL) ,LL=1,2) ,I=l,NS) 

a AID(1,l) first half of species number (A4) 

a AID(1,Z) second half of species name (A4) 

Write ( ) NT, (TTB(L),Lnl,NTj, (CPTB(J,L),HTB(J,L),L=l,NT),J=l,NS) 

a TTB temperature for eaih task entry (OK) 
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CPTB s p e c i f i c  heat  f o r  each t a b l e  e n t r y  (cal/slole-OK) 

CTB entropy f o r  each t a b l e  e n t r y  (cal/rsole-%) 

HTB enthalpy f o r  each t a b l e  e n t r y  (cal/mole) 

GROii I V  - Gas P a r t i c l e  Data 

Nuarhr o' Keccsds = ISPECS+l 

Write ( ) IDIR1, ((PSP(I,J), I ~ 1 , 2 ) ,  Jals ISPECS) 

DUM dummy word 

PSP(1,J) mass dens i t y  of jth p a r t i c l e  ( s l u g / f t 3  o r  
-lm3 

PSP(2,J) r ad iu s  ( f t  o r  m) 

Write ( ) NTAB~,TMELT,HSOL,HLIQ, (HFIT(N,l,I) ,HFIT(N,2,I),N=l,ITABl) 

WTABl number of t a b l e  e n t r i e s  f o r  t h i s  spec i e s  

lMELT melt temperature (R o r  K) 

S O L  e n t h a l  y before  phase change (ft2/sec2-R o r  S m2/sec -K) 

HLIQ e n t h a l  y a f t e r  phase change (ft2/sec2-R o r  S m2/sec -K) 

I T ( , l , I )  temperature (R o r  K) 

e HFIT(N,2, I) enthalpy (f t2 / sec2  o r  m2/sec2) 

Note t h a t  i f  NTAB=l spec ies  is  i d e a l  and HPIT(l , l , I )  Cpt ( s p e c i f i c  heat  
of  l i q u i d )  and HFIT(l,Z,I) = Cps ( s p e c i f i c  hea t  of the  so l i d ) .  

GROUP V - Flowfield Data 

ICON' * ILAST + - Number of records  = 1 + ILAST + - 3 L1N3 * ILAST + ILIM 3 
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Write ( ) ( I M P ,  I=1,7), ILIEI,THltUSTsAEXIT,IEXI'f 

ILAST number of da ta  points  on the  follouiog normal 
surface. If  ILAST = 0 there is no information t o  
follow 

ILW number of points  t h a t  have par t i c l e s  present 

THRUST thrus t  (lbf o r  kwtons)  

AEXIT e x i t  plane area  ( f t 2  o r  m2) 

IEXIT e x i t  f l a g  0 i f  not e x i t  
1 i f  e x i t  

Write ( ) ( (ITYPE, R,X,H, @, S , P, 6 .  ELtg) , I=l, ILasT), (V, Inl, I W T )  
(Wg,I=l,ILAST),((2,P,T,~,R), I=l,ILAST) 

ITPPE i d e n t i f i e s  type of point (wall, shock, in te r io r ,  
e tc .  ) 

input point 
i n t e r i o r  point 
w a l l  point 
f r e e  boundary 
upstream shock point 
Prandtl-Weyer point 
downstream shock point 
s l i p  l i n e  
shock in tersec t ion  point 
v ibra t ional  mode frozen 
.o ta t ional  mode frozen 
t rans la t ional  mode frozen 

rad ia l  coordinate ( f t  o r  m) 

axia l  coordinate ( f t  o r  m) 

Mach number 

flow angle i rad)  

entropy (f t2/sec2-R or m2/sec2-K) 

Mach angle (rad) 

shock angle (rad) 

4- 7 

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER 



H t g  

V 

Ws 

gas  total enthalpy (f t2/sec2 o r  m2/sec2) 

ve loc i ty  ( f t / s e c  o r  dsec) 

mss flow between t h i s  s t reamline and a x i s  (s lug/sec 
o r  k g d s e c )  

gas  dens i ty  ( s lug / f t3  o r  kgm/m3) 

pressure ( lb f - f t2  o r  ~ / m ~ )  

temperature (R o r  K) 

i s en t rop i c  exponent 

un iversa l  g a s  constant  divided by molecular weight 
(f t2/sec2-R o r  nt2/sec2-K) 

Write ( ) (SPECN,I=l,NS) 

NS number of gas  spec les  Output only f o r  
f i n i t e  rate cases  

a SPECN spec ies  mole f r a c t i o n s  

Write ( (PO,I=l,ILAST) 

PO p i t o t  t o t a l  pressure Output only i f  
3 l i n e  pr in tou t  
se lec ted  ICON(8) 

Write ( ISP, ((U,V,T,H, 1, J=l,ISP),ILmIT 

a ISP number of p a r t i c l e  s i z e s  a t  t h i s  point  

a U a x i a l  ve loc i ty  component ( f t / s e c  o r  mlsec) 

a V r a d i a l  ve loc i ty  component ( f t l s e c  o r  m/sec) 

a T temperature (R o r  K) 

s H enthalpy (f t2 / sec2  o r  m2/sec2) 

* 
This record is  wr i t t en  only f o r  those points  t h a t  have p a r t i c l e s  present.  
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particle density (slug/ft3 or kgm/m3) 

0 not a limiting streamline 
1 is  a limiting streamline 

NWE: The flowfield data are repetit ively stored on tape as  indicated above 
normal surface after  nonnal surface. When ILAST = 0 the end of the 
data has been reached. 
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5. DESCRIPTION OF BAXP SUBROUTINES 

This  sec t ion  descr ibes  t he  subroutines of t he  three programs which make 

up the  RAW2 program (RAtYP2F, TBBM72, and BLIMPJ). Section 5.1 discusses  

the  RAHP2F subroutines. Section 5.2 presents  a descrip2ion of the  TRAN72 

program rout ines  and Section 5.3 g ives  a descr ip t ion  of t he  BLIMPJ sub- 

routines.  Writeups f o r  Sect ions 5.2 and 5.3 were taken from Refs. 3 and 4, 

respect ively . 

5.1 DESCRIPTION OF TEE BBMP2F SUBROUTINES 

This subsection contains  a de t a i l ed  descr ip t ion  of each rout ine  used i n  

the W 2 F  program. 

Described are:  

a Function ( i f  appl icable)  of each rout ine 

Calling sequence 

a Common blocks and other  rout ines  used, 

a The method used i n  perforraing the  rout ine functions. 

For your convenience, the  rout ines  a r e  organized alphabet ical ly .  

NOTE: The following rout ines  a r e  not explained i n  t h i s  s ec t ion  a s  they 
comprise t he  two-phase t ransonic so lu t ion  of t he  SPP code (Ref. 7)  
which i; incorporated i n  the  RAMP code. A complete descr ip t ion  of 
each (1 these  rout ines  is contained i n  Ref. 7. 

COEFS 
DLTA 
F I X I L  
HALL 
ONED 

ORTIS 
PARTIL 
PROP 
TRACE 
WM;I 
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Additionally, the following routines are dummy routines whose 
references have been l e f t  i n  the program so  that the functions these 
routines performed could a t  some future date be put back in to  the code. 

BOUNDA 
CARCTB 
IRAD 
REPEAT 
VMODl 

S L P L I N  
SOKINT. 
SOKSOL 
VMODEL 
VMOD2 
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FUNCTION NAME: UINT -- -- 

DESCRIPTION 

This rout ine performs a l o g  in terpo lat ion  between two values o f  a 
variable  . 
CALLING SEQUENCE 

= ALGINT ( H , R l , R 2 )  

where H i s  the interpolat ion fac tor  and B1 and R2 are  the values  of the  
variables  between which the in terpo lat ion  is being made. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON - None 
UTILITY - None 

METHOD OF SOLUTION 
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LMSC-HREC TR D867400-I1 

FUNCTION NAME: AOASTR 

DESCRIPTION 

This funct ion f i n d s  t he  Mach number corresponding t o  a given a rea  r a t i o  
by one-dimensional theory. Real gas  e f f e c t s  a r e  considered i n  t h i s  
ca lcu la t ion .  

CALLING SEOUENCE 

EM = AOASTR (OF,S,AOAsK1W1,K2W2) 

where EM is the  Mach number which e x i s t s ,  one-dirnensionally, a t  an a r ea  
r a t i o  of AOA, a n  entropy S, and a t  an O/F r a t i o  o r  t o t a l  enthalpy, OF. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMNON/ STSUB/ 
ERRORS 
ITSUB 
RGVOFM 
THERMO 
WOFA 

METHOD OF SOLUTION 

The weight flow per un i t  a r ea  a t  Mach one is  evaluated. An i n i t i a l  
guess f o r  t he  desired Mach number (depending on whether AOA is subsonic cr 
supersonic a r ea  r a t i o )  is  amde and ITSUB i s  i n i t i a l i z e d .  An i t e r a t i v e  
so lu t ion  of the  equat ion FOFEM = AOA - WOFAl/WOFA(EM), dr iv ing  FOFTEM t o  
zero, is  performed with the  a i d  of ITSUB. 
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SUBROUTINE NAME: ABBSSL 

DESCRIPTION 

This subrout ine s o r t s  a two-dimensional a r r ay  containing a s p a t i a l  
descr ip t ion  of e x i t  plane flow proper t ies  from the  a x i s  (smallest r a d i a l  
locat ion)  t o  t h e  nozzle l i p  ( l a r g e s t  r a d i a l  locat ion) .  

CALLING SEQUENCE 

CALL ARASSL (PFPARY) 

where PFPARY is a dummy a r r a y  not  used i n  the subroutine.  

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

The rou t ine  i s  entered with a s p a t i a l  random d i s t r i b u t i o n  of po in ts  
which specify t he  d i s t r i b u t i o n  of flow proper t ies  a t  t he  e x i t  plane of a 
nozzle. The four  a r r ays  t h a t  conta in  t he  flow proper t ies  a re :  

A t  each M point  i n  the  e x i t  plane (up t o  100 poin ts ) ,  t he  M pos i t ion  of 
each a r r ay  s p e c i f i e s  the  s p e c i f i c  flow va r i ab l e  (i .e. ,  temperature, s p e c i f i c  
molc f r a c t i o n ,  p a r t i c l e  dens i ty ,  e t c ) .  The poin ts  a r e  rearranged i n  the 
a r r ays  such t h a t  the f i r s t  M pos i t i on  of each a r r ay  contains  t h e  flow 
proper t ies  a t  t he  a x i s  and the  rersaining M loca t ions  of t he  a r r ay  contain a 
monotonically increasing (with r a d i a l  loca t ion)  descr ip t ion  of t he  flow 
propert ies .  
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SUBROUTINE NAME : AVEBhCE 

DESCRIPTION 

This  subrout ine determines i f  t h e  flow is t r a n s l a t i o n a l l y  f rozen based 
on Knudsen number f o r  non-continuum flow and s e t s  the  a p p r ~ p r i a t e  gas  t o t a l  
conditions.  

CALLING SEQUENCE 

CALL AVERAG(1S ,J,N,K,ITYPE) 

where IS i s  the  base point  s t reamline number on the  J da ta  surface,  N i s  the 
s t reamline po in t  on the K l i n e  f o r  which the  flow regime is t o  be determined 
and ITYPE is a f l a g  which is returned t o  t h e  c a l l i n g  rou t ine  t o  i nd i ca t e  the  
flow regime. 

ITYPE Flow Regime 
1 Continuum 
4 Trans la t iona l ly  f rozen 

UTILITY ROUTINES AND COMMON REFERENCES - 
COMMON/TOTAL/ THERMO 
COMMON/ GSV / EMOFV 
COMMON/ GAPPA/ TOFV 
COMMON/ GASCON/ RHOFGM 
COMMON/ CONTRL/ STGMOD 
COMMON/FREE/ TOFFM 
COMMON/ F STAG / POFEM 
COMMON/ DATAR/ 
COMMON/MOL/ 
COMMONITEMPER1 
COMMON/ CPMUK/ 

METHOD OF SOLUTION 

The average Knudsen number between the  o ld  streamline base point  is 
ca lcu la ted  v i a  the following equation: 

where the  proper t ies  a r e  averaged between the old (1) and new (2 )  s t reamline 
points.  The flow regime is determined by checking the  ca lcu la ted  Knudsen 
number aga ins t  the input Kundsen number f o r  c r i t e r i a  t r a n s l a t i o n a l  f reez-  
ing. Once the  flow regime has  been determined the  appropr ia te  s p e c i f i c  heat 
r a t i o  (gamma) and t o t a l  condi t ions a r e  calculated.  
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SuBROUTIrn NAME: AXIS 

DESCRIPTION 

This subroutine is used by the single phase transonic module to 
calculate the flow properties at the nozzle axis. 

CALLING SEQUENCE 

CALL AXIS  (IpJpKpL,PFPARY) 

where 

I point number on the data surface 
J data surface number 
K old time step identifier (1 or 2) 
L new time step idetnifier (2 or 1) 
PFPARY array containing flow properties for the old and new 

timestep for all points in the transonic computational 
domain. 

UTILITY ROUTIPZS AND COMMON REFERENCES 

METROD OF SOLUTION 

See Ref. 14. 
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SUBROUTINE NAME: 

DESCRIPTION 

This subrout ine performs the  backward d i f fe renc ing  s t e p  i n  the  r a d i a l  
( v e r t i c a l )  d i r e c t i o n  i n  the McCormick two-step marching shock-capturing 
algorithm. 

CALLING SEOUENCE 

CALL BACWRD (JS,LsPFPARYsJ) 

where 

JS is the  spec ies  index. Js = 1) r e f e r s  t o  the  gas  phase and 
JS  1 r e f e r s  t o  s o l i d  p a r t i c l e s  wi th in  a p a r t i c u l a r  s i z e  
range. 

L r e f e r s  t o  g r i d  l i n e s  i n  t he  marching (downstream) 
d i rec t ion .  L = J K  r e f e r s  t o  t he  last computed l i n e ,  and L = 
KK r e f e r s  t o  t he  l i n e  cu r r en t ly  being computed. 

PFPARY is the  a r r ay  of p a r t i c l e  proper t ies  f o r  each point  on ' i : ?  
new (KK) and old (JK) l i n e .  

J is  the  r a d i a l  ( v e r t i c a l )  g r i d  point  index. 

UT1L:TY ROUTINES AND COMMON REFERENCES 

COMMON/DFDR/ 
COMMON/ EFURY / 
COMMON/ DATARI 
COMMON/ PARTP2 / 
COMMON/ PARTP4 / 
COMMON/GAPPA/ 
COMMON/ GLOBAL/ 
COMMON/ TOTAL / 
COMMON/CASCON/ 
COMMoN/CHEMXX/ 
COMMON/ FSTAG/ 
COMMON/ CONTRL/ 
CODEE 
CODEF 

METHOD OF SOLUTION 

Described i n  Section 5 of Volume I. 
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SUBROllTINE NAME: BLBXIT 

DESCRIPTION: 

The subroutine merges the r e s u l t s  of t he  boundary l aye r  so lu t ion  a t  the  
e x i t  plane with the  i nv i sc id  nozzle r e s u l t s  i n  order  t o  generate  a viscous 
e x i t  plane s t a r t l i n e  f o r  a plume so lu t ion .  

CALLING SEQUENCE: - 
CALL BLEXIT (PFPARY) 

where 

PFPARY is an a r r a y  containing p a r t i c l e  propert ies .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ I STRT/ 
COMMON/CAPUR/ 
COMMON/GASCON/ 
COMMON/ SKI PPY/ 
COMNON/GASDAT/ 
COMMON/ CONTRL/ 
COMNON/PARTP2 / 
COMMON/ IPMX/ 
COMMON/ SPELI 
COMMON/ CHEMCN/ 
COMMON/DATAR/ 
COMMON/PARTP4 / 
COMMON/BPRESW/ 
COMMON/ GAPPA/ 
COMMON/ E 1TWbL/ 
COMMON/ IDL/ 
COMMON/VMIX~ / 

METHOD OF SOLUTION 

RGVOFM 
POFEM 
PREAD 
IDMPFP 
PDT 
PFP 
ITSUB 
INRSCP 
TOFEM 
SITER 
IDMPDT 
UOFEM 

The rout ine  merges the inv isc id  nozzle r e s u l t s  and boundary l a y e i  
so lu t ion  t o  generate  user  s e l ec t ed  e x i t  plane start l i n e s  f o r  r e s t a r t  a t  the  
e x i t  plane o r  punches s t a r t  l i n e s  f o r  use i n  the Standard Pluae Flowfield 
code (SPF) o r  Lockheed Method of Cha rac t e r i s t i c s  (MOC) code. The var iab les  
ISTART and IDLSTL a r e  user  inputs  t o  determine kinds of s t a r t l i n e s  t o  be 
generated. 
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Type of S t a r t l i n e  

None 

Se ts  up and punches a SPF 
s t a r t l i n e  

Se t s  up a  normal s t a r t l i n e  and 
executes a  plume so lu t ion  

Se t s  up a  normal s t a r t l i n e  and 
punches an  SPF s t a r t l i n e .  
Executes a plume restart 

IDISTL Descript ion 

0 W i l l  not  generate  a  MOC s t a r t l i n e .  

Generates an  i d e a l  ga s  MOC start 
l ine .  P r i n t s  start l i ne .  

Generates an  i d e a l  ga s  UOC 
s t a r t l i n e  and punches s t a r t l i n e  
and amss flow averaged t o t a l  
conditions.  

The s e l e c t i o a  of ISTART = 1 o r  3 r equ i r e s  t h a t  ISKPY(Card 5)  be g r e a t e r  
than zero. In  order  t o  punch o r  p r i n t  a n  MOC s t a r t l i n e  ISTART ous t  t e  a 1 
o r  3. 

The MOC s t a r t l i n e  t h a t  the  program punches is d i r e c t l y  usable  by t he  
NOC program on'v i f  some program modifLcations a r e  made t o  account f o r  t h e  
f a c t  t h a t  t he  s t a r t l i n e  po in ts  include t o t a l  enthalpy var ia t ions .  Appendix 
B descr ibes  these  changes. 

This rou t ine  requi res  da t a  w h i ~ h  a r e  s tored  on FORTRAN Unit 12 from the 
previous nozzle so lu t ion  and UNIT 2 from the BLIMPJ execution. 

The subsonic port ion of the boundary l aye r  is t r ea t ed  using the  
replacement l a y e r  method whereby t h i s  region is rcplaced with a constant  
Mach 1.01 zone t h a t  contains  the  same mass flow a s  t he  subsonic portion. 
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SUBROUTINE NAME: BumAT 

This block data routine i n i t i a l i z e s  the Kliegel  (Bef. 9 )  and Crow 
(Ref. 10) gas-particle drag coe f f i c i en t s  which are used by the code. 

CALLING SEQUEEE 

None 

UTILITY ROUTINES ABOD COW)tON REFERENCES 

COBWON/ DRAGCFf 
~ R ~ ~ ~ N / D R U C /  
UTILITY - None 

Not applicable 
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SUBROUTINE NAME: BU!PIIl 

DESCRIPTION 

This rout ine  sets up the  input  da t a  t h a t  t he  BLIMPJ code require  f o r  
generating the  nozzle boundary layer .  This rou t ine  is entered a f t e r  the  
inv isc id  nozzle so lu t ion  has been colspleted. The rou t ine  reads i n  va r i ab l e s  
specifying the type of boundary l a y e r  chemistry, w a l l  boundary condi t ions,  
and combustion chamber spec ies  ( i f  t he  thermodynamic da t a  w a s  read i n  from 
cards) .  The rou t ine  w i l l  a l s o  punch the  B L W J  da ta  i f  t he  user  d e s i r e s  t o  
execute t he  BLIUPJ code separately.  

COP(HONICPHUK/ COHHON/SPPK/ COMON/TRPBT/ 
OEWON/ PCTCI COHMON/ PARTP 2 / IDSPEC 
~ O N ! W D /  ~ O N / W A L P B /  IDMTOB 
COMt40Nl BUDAT/ COHHONI PTENI TOB 
COntlONIONTRLI COHMONI D A T W  SPECIB 
COIMON/SKIPPY/ COMMON/ SPET.1 WALPRP 
o P l M m / L I P P T /  CO)WON/GASDAT/ 

METHOD OF SOLUTION 

Not appl icable .  
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SUBRrnI#E NAME: soma, 

This subroutine f inds  the  r ad ia l  coordinate and flow angle (radians) 
f o r  a given ax ia l  coordinate on an upper a r  lower so l id  boundary. 

CALLING SEOUENCE 

CALL BOUND (R,X,TETA,ITYPE,K1Wl,UUZ) 

where R is the rad ia l  coordinate, X is the known a x i a l  coordinate, THETA is 
the wall angle and ITYPE indicates whether upper o r  lower boundary equations 
a r e  t o  be used. 

UTILITY ROUTINES AND COMMON REFERENCES 

coM4ON/DATW 
CQPMDI/WAFT/ 
LAGRNG 

METHOD OF SOLUTION 

The c m o n  block region DATAR contains boundary equations o r  wall 
coordinates necessary t o  evaluate k and THETA, The two types of equations 
used a r e  : 

r - a [d-= + e l  Conic Type 1 
2 r = ax4 + bur3 + cx + dx + e Polynomial Type 2 

When the upper o r  lower boundary is described by d i sc re te  points  (R,X,THETA) 
subroutine L A W  is  ca l led  t o  in terpola te  f o r  the R and THETA of the  
?oint. The input fixed point variable ITYPE has a one o r  a two i n  the uni t  
position which se lec t s  the upper (2) o r  lower (1) coeff ic ients  o r  points and 
control  infomation.  IEQNOW contains the number of the equation t o  be used. 

5-13 

LOCKlEED-HUNTSVILLE RESFARCH 6 ENGINEERING CQTER 



LMSC-HREC TR D 8 6 i 4 0 0 - 1 1  

SUBItOUT I N E  : CBBBM 

DESCRIPTION 

T h i s  subrout ine determines where t he  breakdown of continuum flow starts 
t o  occur. 

CALLING SEQUENCE 

CALL CBREAK (IFLG,J ,K) 

where I F L G  = 0 if t he  breakdown criteria is never executed on a normal, I F L G  
= point  number on the  normal where the  breakdown criteria exceeds -05,  J is 
the  previous da t a  sur face  and K is  t h e  new da t a  surface.  

UTILITY ROUTINES AND COMMON BLOCKS 

COMON/CPNUK/ 
COMMON/ DATAR/ 
COMMON/ FSTAG / 
C O ~ O N / T O T A L /  
COHMON/CONTRL/ 
THERMO 

METHOD O F  SOLUTION 

Birds (Ref. 5) breakdown c r i t e r i a  

is  ca lcu la ted  a t  each point  on the normal. If the breakdown parameter of 
.05 is exceeded, the  code po in t s  out t h e  l oca t ion  on the  normal where P = 
.05. The c o l l i s i o n  frequency v is ca lcu la ted  using the  hard sphere 
re la t ionsh ip .  

5 ORT v u -  - 
4 u 
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SUBROUTINE NAME: CHECK 

DESCRIPTION 

This subroutine determines whether o r  not  t o  add o r  d e l e t e  streamline 
points  based on user  input mesh controls .  

CALLING SEQUENCE 

CALL CHECK (I,K,IS,J,IGO,ITOTK,ITOTJ,PFPARY) 

where (1 ,K)  and IS,J)  a r e  the two poin ts  aga ins t  which the program Is checking 
the mesh con t ro l  constraints .  ICO = -1 f o r  checking de l e t ion  and g rea t e r  than 
zero f o r  i n se r t i ng  points.  ITOTK and I T O T J  a r e  the t o t a l  number of poin ts  on 
the J and K normals. PFPARY is  the  a r r a y  which contains  the  p a r t i c l e  
properties.  

UTILITY ROUTINES AND COPMON REFERENCES 

COIMON/VMIX4/ 
COHMOWVMIX6I 
COMMON/LSAD/ 
c O r e r O N / ~ /  
COMMON/VHIK3/ 
COMMON/ SPCTX 
COIMON/PFP 
IDMPFP 
GAPPBI 
VMODEL 

See Section 3.5.1 (Volume 111) f o r  a descr ip t ion  of mesh cont ro l  
parameters. 
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SUBROUTINE NAME: CEEM 

DESCRIPTION 

This routine evaluates the chemical reaction-rate equations to determine 
the new chemical species concentrations. 

CALLING SEQUENCE 

CALL CHEM (DXX,BIIO,U,T) 

where DXX is the distance along the gas streamline from the base noint to the 
new point 

RHO = gas density 
U = gas velocity 
T = gas temperature 

UTILITY ROUTINES AND C O W N  REFERENCES 

COMMON/ CtiEMYY/ 
COMMON/VXIXZ/ 
COMMON/ VXIX3/  
COHMON/ BLMDAT/ 
TKEY 
SLDP 

METHOD OF SOLUTION 

The reaction rate equations for the various chemical reactions are solved 
simultaneously using an implicit finite differencing scheme (Ref. 6). 
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SUBROUTINE NAME: CODEE 

DESCRIPTION 

This  subrout ine computes t he  E vec tor  of flow p rope r t i e s  f o r  use i n  t he  
McConnick two-step marching shock-capturing algorithm. The E vector  c o n s i s t s  
of t he  following flow propert ies :  

Gas Phase Sol id  Phase 

where 

P = gas  dens i ty  

u = gas a x i a l  (hor izonta l )  ve loc i ty  

v = gas  r a d i a l  ( v e r t i c a l )  ve loc i ty  

P = gas r a d i a l  pressure 

H = gas  t o t a l  enthalpy 

0 
i 

= s o l i d  p a r t i c l e  dens i ty  i n  terms of mass of p a r t i c l e s  per u ~ ~ i t  

volume of s o l i d l g a s  mixture f o r  i t h  species .  

uiSvi = veloc i ty  components of s o l i d  p a r t i c l e s  f o r  i t h  spec ies  

hi 
= enthalpy of s o l i d  p a r t i c l e s  f o r  i t h  species.  

CALLING SEQUENCE 

CALL CODEE (JS,L,PFPARY,J,I) 

where 

JS  is the spec ies  index. JS  = 1 r e f e r s  t o  the  gas  phase, and JS  
1 re fe r s  t o  s o l i d  p a r t i c l e s  within a p a r t i c u l a r  s i z e  range. 



L r e f e r s  t o  g r i d  l i n e s  i n  the marching (downstream) d i rec t ion .  
L = J K  r e f e r s  t o  t he  l a s t  computed l i n e ,  and L = KK r e f e r s  t o  
the  l i n e  cu r r en t ly  being computed. 

PFPARY i s  the a r r a y  of p a r t i c l e  proper t ies  generated i n  Subroutine 
PPATPT. 

J is the r a d i a l  (ve r t i ca l )  g r i d  point  index 

I is a n  index used i n  i den t i fy ing  values used i n  obtaining 
f i n i t e  differences.  For example, I = 1 r e f e r s  t o  values a t  
the point  J on the last computed l ine .  I = 3 r e f e r s  t o  valucs 
a t  J + 1, depending on whether the d i f fe renc ing  is forward or  
backwird. I = 2 r e f e r s  t o  values being computed a t  J on the  
next l i n e  by solving the  f i n i t e  d i f fe rence  equations. 

UTILITY RO'JTINES AND COWMON REFERENCES 

cOMWN/EFHARY / 
CWON/DATAR 
COMMON/ PARTP 2 
COMMON/ PARTP4 
COMMON/GAP PA 
COHMON/ GMBAL 
COWON/ TOTAL 
COMMON/ CASCON 
COMMON/ CEEMXX 
COMMON/ FSTAG 
COMMON/ CONTRL 

METHOD O F  SOLUTION 

Described i n  Section 5 of Volume I. 
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SUBROUTINE NAME: COW 

DESCRI YTION 

This subroutine computes t he  F vec tor  02 flow p rope r t i e s  f o r  use i n  t he  
McCormick two-step marching shock-capturiq,  algorithm. The F vector  c o n s i s t s  
of the  following flow propert ies :  

Gas Phase Solid Phase 

w h e r e  

0 = gas  dens i ty  
u = gas a x i a l  (horizontal)  ve loc i ty  
v = gas  r a d i a l  ( v e r t i c a l )  ve loc i ty  
P = gas  r a d i a l  poressure 
H = gas  t o t a l  enthalpy 

' i = s o l i d  p a r t i c l e  dens i ty  i n  terms of mass of p a r t i c l e s  per u n i t  
v o l u -  . f  so l id lgas  mixture f o r  i t h  species .  

ui,v = veloc i ty  components of s o l i d  p a r t i c l e s  f o r  i t h  spec ies  
i 

1 
= enthalpy of s o l i d  p a r t i c l e s  f o r  i t h  species .  

CALLING SEQUENCE 

CALL CODEF (JS,L,PFPARY,J,I) 

where 

JS  is the  spec ies  index. JS = 1 r e f e r s  t o  t he  gas  phase, .rnd J S  
1 r e f e r s  t o  s o l i d  p a r r i c l e s  within a p a r t i c u l a r  s i z e  range. 

L r e f e r s  t o  g r i d  l i n e s  i n  t he  a3rching (downstream) d i rec t ion .  
L = J K  r e f e r s  t o  the l a s t  computed l i n e ,  and L = KK r e f e r s  t o  
the  l i n e  cu r r en t ly  being computed. 

PFPARY is the  a r r a y  of p a r t i c l e  proper t ies  generated i n  Subroutine 
PPATPT . 

J is  the  r a d i a l  ( v e r t i c a l )  g r i d  point  index 
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i s  an  index used i n  i den t i fy ing  values used i n  obtaining 
f i n i t e  d i f fe rences .  For example, I = 1 r e f e r s  t o  values  a t  
t he  po in t  J on the  l a s t  computed l i n e .  I = 3 r e f e r s  t o  values  
a t  J + 1, depending on whether t he  d i f fe renc ing  is  forward o r  
backwzrd. I = 2 r e f e r s  t o  values being computed a t  J on the  
next l i n e  by solving the  f i n i t e  d i f fe rence  equations.  

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ DFDRI 
COMMON/EFHARY/ 
COMMON/ DATAR 
COMMON/ PARTP 2 
COMHON/ PARTP~ 
COMMON/ GAPPA 
COMMON/GLOBAL 
COMMoN/TOTAL 
COMMON/ GASCON 
c o M M o # / c a w x x  
COMMON/ FSTAG 
COMMON/ CONTRL 

METHOD OF SOLUTION 

Described i n  Section 5 of Volume I. 
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SUBROUTINE NAME: CODBE 

DESCRIPTION 

This subroutine computes the  H vec tor  of flow proper t ies  f o r  use i n  the  
McCormick two-step marching shock-capturing algorithm. The H vector  cons i s t s  
of the  following flow propert ies :  

Gas Phaes . - Solid Phase 

- f P (. - u n u i  - mvi) 
is1 

i i i  

- p  A Av, 
i i 

where 

i 
= s o l i d  p a r t i c l e  dens i ty  i n  tenns of mass of s o l i d  p a r t i c l e s  

per u n i t  volume of so l id /gas  mixture f o r  ith species.  

u , v = veloc i ty  components of s o l i d  p a r t i c l e s  f o r  ith species.  
i 1 

Aui,Avi - u - u, v - v = ve loc i ty  d i f fe rence  between s o l i d  p a r t i c l e s  
i i and gas  f o r  ith species.  

A = defined by Eq. (3.461, Volume I. 
i 

B i  
= defined by Eq. (3.1031, Volume I. 

CALLING SEQUENCE 

CALL CODEH (JS,L,PFPARY,J) 

where 

JS i s  the spec ies  index. J S  = 1 r e f e r s  t o  the  gas  phase, and J S  
1 r e f e r s  t o  s o l i d  p a r t i c l e s  within a p a r t i c u l a r  s i z e  range. 
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L refers to grid l ines  in  the marching (downstream) direction. 
L = JK refers to the las t  computed l i n e ,  and L * KK refers to 
the ltue currentlp being computed. 

PFPARY i s  the array of particle properties for the old (JK) and new 
(KK) data surface. 

J is  the radial (vertical) grid point index 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ E FHARY/ 
CoMNON/DATAR 
COMMON/ PARTP2 
COMMON/ PARTP4 
COMMON/GAPPA 
COMMON/GMBAL 
COMMON/ TOTAL 
COMMON/GASCON 
COMMON/CHEMXX 
COMMON/ FSTAG 
COMMON/ CONTRL 
PPATPT 

METHOD OF SOLUTION 

Described i n  Section 5 of Volume I. 
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SUBROUTINE NAME: COEFEQ 

DESCRI YT ION 

Th is  subrou t ine  c a l c u l a t e s  t h e  c o e f f i c i e n t s  C I  and C 1 J  f o r  use  i n  t h e  
g a s - p a r t i c l e  system c o m p a t i b i l i t y  equa t ion  along t h e  g a s  Mach l i n e s .  C I  I s  
t h e  g a s  t o t a l  entiralpy term and C 1 J  is  t h e  p a r t i c 1 2  c o n t r i b u t i o n  t o  t h e  
equat ion.  

CALLING SEQUENCE 

CALL COEFEQ (M,IPA,IPa,IPC) 

where M i s  equa l  t o  1 f o r  l i n i t i n g  s t reaml ines ,  IPA i s  t h e  b - se  po in t  number 
f o r  t h e  RRC,IPB is  t h e  base po in t  number of the  LRC and IPC is  t k 2  new po in t  
number. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ SLIPPT/ COMMON! CHEMXX/ 
COMMON/DATAR/ COMMON/CHEMCN/ 
COMMON/ GAPPA/ COWl;z;/VMIXl/ 
COMMON/ONTSPT/ CP.IMON/VMIX~ 
COMMON/ AVPROPI ,OMMON/AVPRP2 / 
COMMON/ CONTRL/ UTILITY - None 

METHOD OF SOLUTION 

The following f i n i t e  d i f f e r e n c e  r e l a t i o n s  are used t o  s.>l\re f o r  t h e  
c o e f f i c i e n t s  

and 

For a d e t a i l e d  d e s c r i p t i o n  of the  c a l c u l a t i o n  procedure, s e e  Volume I, Sect ion 
4 . 5 .  - 
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SUBROUTINE NAME: COBPP3 

DESCRIPTION 

This  subrout ine ca l cu l a t e s  t he  new p a r t i c l e  proper t iee  a t  t he  point  under 
considerat ion,  and the  i n t e r s e c t i o n  of the  p a r t i c l e  s t reaml ines  through t h i s  
point with t h e  J-l ine.  

CALLING SEQUENCE 

where 

IC - point i d e n t i f i e r  f o r  i n t e r sec t ion  of p a r t i c l e  s t reamlines  
with J-line (See Fig. 7-2k, Vol. I). 

IPRES(3) - number of  p a r t i c l e  s i z e  g ro -~ps  present  a t  new point.  

VERT - 1.0 f o r  i n t e r i o r  o r  upper boundary po in t  - 0.C f o r  lower boundary point. 

fS,JS - the  s t reamline base po in t  on the  reference norutal (J-Line). 

I , K  - The point  being solved f o r  oo the  new normal (K-line). 

IE+l,JS - the  f i r s t  point  above the  (IS,JS) point  on t h e  reference 
normal (J-l ine).  

IH-1,JS - t he  f i r s t  point  below the  (IS,JS) point  on the  reference 
normal (J- l ine)  . 

ITYPE3 - type of point which is  being solved for .  11 - i n t e r i o r  
point ,  21 - lower boundary po in t ,  22 - upper boundary point.  

I P1 - point i d e n t i f i e r  (5) of t he  l t e r sec t ion  of the  new point 
s t reamline with t he  J - l ine  (see Fig. 4-2, Vol. I). 

I22 - point  i d e n t i f i e r  (4) of the  p a r t i c l e  s t reamline i n t e r s e c t i o n  
with the  J - l ine  (see Fig. 4-2, 701. I). 

1P-l - point i d e n t i f i e r  (3) of the  aew m i n t  on the  K-line (see 
Fig. 4-2, Vol. I ) .  

P3 - a r r ay  coat- ining loca t ion  and flow proper t ies  of the new 
potnt (I, K) . 

PG5 - ar ray  coqtaining loca t ion  and flaw proper t ies  of t he  
crtreamlin : Lntersect lon on tt s J - l ine  (101). 



UTILITY ROUTINES AND CWWN REFERENCES 

COM~ON/ PSLD/ 
COMHON/XXSH/ 
~ N l G A s c o N /  
C O ~ N / C m  
COEQ(0N/ SLIPPTI 
IDWFP 
PFP 
IlYBSCT 
PPATPT 
GAPPBl 

METBOD OF SOLUTION 

For a detailed description of the calculation procedure, see Volume I, 
Section 7.1. 
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SUBROUTINE NAHE: COBPS 

DESCRl PT ION 

This subroutine cmputes the coefficients of the least-squares 
polynomial which best approximates a weighted set of data points. 

CALLING SEOUENCE 

CALL COEFS(J,C,ALPHX,BETA,KC,A,Tl,T2,T3,IND2) 

where : 

7 
3 is the number of low-order coefficients to be set 

equal to zero. 

C is the array of KC + 1 polynomial coefficients. 

ALPHA is the c i  array of KC elements. 

BETA is the 3 array of KC elezents. 

KC is the degree of the polynomial for whih the coefficients are to be 
found. Also, KC + 1 is the number of elements in the arrays C, A, 
T1, T2, and T3. KC is also the number of elements in the ALPHA and 
BETA arrays. 

A is the computed coefficient array with KC + 1 elements. 

T 1 is an array of KC + 1 elements used for temporary storage by COEFS. 
The contents upon return from COEFS are of no significance to the 
user. 

T2 is an array of KC + 1 elements used for temporary storage by COEFS. 
The zontents upon return from COEFS are of no significance to the 
user. 

IND2 is an error indicator. 
= -2, when J 1 KC. 
= +2, when J < KC. - 

UTILITY ROUTINES AND COMON REFERENCES 

None. 

BlETW)D OF SOLUTION 

See Section 5.6.12 of Ref.7. 
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SUBROUTINE W: DBCODE 

T h i s  subroutine decodes the  E vector of flow f i e l d  propert ies  computed 
by the McCormick two-step marching shock-capturing algorithm. 

CALLING SEQUENCE 

CALL DECODE (JS,JK,KK,PFPARY,J) 

where 

JS is the species index. JS = 1 refe r s  t o  the  gas phase, and JS > 
1 refe r s  t o  so l id  pa r t i c l e s  within a par t icular  s i z e  range. 

JEt is the l i n e  number f o r  the ?a€: zomputed l ine .  

KK is the l i n e  number f o r  the lit. c u ~ r e n t l y  being computed. 

PFPARY is the  array of p a r t i c l e  r roper t i e s  f o r  the  old (JK) and new 
(KK) data surface. 

3 is the rad ia l  (ve r t i ca l )  g r id  point index. 

UTILITY ROUTINES AND COHNON REFERENCES 

COMMON/CONTBIL/ 
comoN/IRN/ 
~ O N / C E i E Q /  
C O ~ O N I C ~  
THERHO 
EMOFV 
T O F M  
U O F m  
IDMPFP 

METHOD OF S O r n I O N  

&scribed i n  Section 5 of Volume I. 
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DESCRIPTION 

This funct ion computes t h e  turning angle through a n  obl ique shock wave 
knowing the  shock angle  and the  upstream Mach number. 

CALLING SEQUENCE 

DELTA = DELTAF (EPS,EM,IClWl,KlWZ) 
O f  

DELTA = DELTFF (EPS,EPI,IUWl,KlW2) 

where DELTA, the turning angle  is found from the  shock angle,  EPS, and the  
upstream Mach number, EM. NOTE: The appropr ia te  values  of gas proper t ies  
must be s tored  i n  comon upon e n t r y  t o  t h i s  rout ine.  

CONhlON/GASCON/ 

METHOD OF SOLUTION 

The oblique shock r e l a  r ionships are used t o  de te rn ine  t he  turning angle  
through an obl ique shock wave. 

-1 
3 = :- t an  t an  ./( 2 1 2 

M s i n  E. 

I + 5++-), 

* 
DELTAF and DELTFF a r e  the  same rout ine  but a r e  included as two sepa ra t e  
rou t ines  i n  the  progrm because of  overlay requirements and the  need t o  keep 
the core s i z e  as small  as possible.  
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SUBROUTINE N A m :  DLTA 

DESCRIPTION 

This subroutine is part  of the  two-phase transonic module. It modifies 
the gas phase transonic r e su l t s  along the supersonic s t a r t l i n e  so  that  the 
mass flow ra t io ,  CD, across t h i s  l i n e  is the same as given by Levine (Ref.8) 
fo r  t!le nozzle throat plane. 

Call DLTA(IW.,ZWlZ,ZAX,RRT,VK) 

where 

RW1 the radia l  coordinate (non-dimensionalized by the  throat  
radius) of the s t a r t i n g  l i n e  a t  the nozzle w a l l .  

ZWlZ the a x i a l  coordinate (non-dimensionalized by the  throat  
radius) of the s t a r t i n g  l i n e  a t  the nozzle w a l l .  

ZAX :he a x i a l  coordinate (non-dimensionalized by the  throat  
radius) of the s t a r t i n g  l i n e  on the axis of the  nozzle. 

RRT the radius of curvature (non-dimensionalized by the  throat  
radius) of the nozzle upstream of the throat.  

y = speci f ic  heat r a t i o  

irP = mass flow r a t e  of pa r t i c l e  

wg = mass flow rate of gas 
Cpt = spec i f i c  heat of p a r t i c l e s  

Cpg 
= speci f ic  heat of gas 

U T I L I T Y  3 0 U T I N E S  ANTI COMMON REFERENCES 

COMON/DELT/  
UMMON/NAMES/ 
COMHON/UBVB/ 
PROP 



METHOD OF SOV.UTION 

A v a l u ~  for ,D 1s obtained by numerically in tegrat ing  a c r o s s  the  
i n i t i a l  l ine- ,  L e n  she flow speed i s  adjusted s o  that the integrated value 
matches the followiag throat value: 
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DESCRIPTION 

This function calculates  the dot product of two vectors and returns the 
result  t o  the ca l l ing  routine. 

CALLING SEQUENCE 

where V1 and V2 are any two vectors.  

METHOD OF SOLUTION 

Vector V1 is dotted i n t o  vector V2. The resultant is a scalar returned 
a s  DOTPRD. 
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FUNCTION NAME: DRAGCP - 
DESCRIPTION 

 his routine determines the drag coe f f i c i en t  P (CD/CDStokes ) a s  a 
function of  Reynolds number. 

CALLING SEQUENCE 

= DRAGCP (RE) 

where 

RE is  the particle  Reynolds number. 

UTILITY ROUTINES AND COMMON REFEBENCES 

CCMMON/DRAGCF/ 
UTILITY - None. 

METHOD OF SOLUTION 

C ~ / C ~  i s  tabulated a s  a function of particl; Reynolds number 
and e l i n e ~ $ o k 8 ~ e r p o l a t i o .  is performed baaed on Reynolds number to  obtain 

 tokes . This tabulation is that of  Kliegel (Ref. 3 ) .  
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FUNCTION N M E :  DBa&IB 

DESCRIPTION - 
This subroutine determines the  l o c a l  drag coe f f i c i en t  (CD/CD Stoke$ 

as a funct icn of p a r t i c l e  Reynolds number and p a r t i c l e  Mach number. 

CALLING SEQUENCE 

= DRAGMR (EM,RE) 

where 

a 16 the  particle Mach number 
RE is the p a r t i c l e  Reynolds number. 

UTILITY ROUTINES AND C9MMON REFERENCES 

METHOD OF SOLUTION 

CD/CD tokes a s  presented by Crowe (Ref . lo)  i s  tabulated as a 
function o f  p a r t i c l e  Reynolds number and Mach number. A logari thmic 
in te rpola t ion  is  performed based on RE and EM t o  obta in  the  appropriate  
value of CD/CD Stokes . 
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SUBROUTINE NAME: DRIVER 

DESCRIPTION 

DRIVER provides the  highest  o rder  con t ro l  f o r  program execution. The 
i n i t i a l i z a t i o n  and log i c  subroutines are ca l l ed  from here. Most of the  
common s torage  needed i n  t h e  remainder of t he  program is spec i f i ed  here. 

CALLING SEQUENCE 

CALL DRIVER (KSKlW1,K1W2) 
where K i s  a cont ro l  constant  ind ica t ing  whether o r  not errors exist i n  the 
execution of the program. (K = 1 f o r  a de tec ted  e r r o r ,  K = 0 f o r  no 
e r ro r s . )  K l W l  and KlW2 Are f l a g s  which have various uses  i n  t he  code. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ACOM/ 
COMMON/ AUX/ 
COMMON/CAPUR 
COMMON/ CHEQ/ 
COMMON/ CONTRLI 
COMMON/ CPMUW 
COMMON/ C R I T E R i  
COMMON/ CUTPDI 
COMMON/DATAR/ 
C O I W 0 ~ / D I S C O ~ /  
COMMON/DRAGCF/ 
COMMON/ FAB/ 
COMMON/FORCE/ 
COMMON/ FREE/ 
COMMON/ GAP PA/ 
COMMON/ GASCON/ 
COMMON/ GASDAT/ 
COMMON/ GRINT 
COMMON!F ID/ 
C o m O N /  IuL/ 

METHOD OF SOLUTION 

Not appl icable .  

COMMON/ I PMX/ 
COMMON/ ISTRT/  
COMMONIMAS SC/ 
COMMON/ MOL/ 
COMMONINSF/ 
COMMON/ OFSTAR/ 
COMMON/ONTSPT/ 
COMMON/ PARTWT/ 
COMMON/ PARTP2 / 
COMMON/ PARTP41 
COMMON/ PBLL/ 
COMMON/ PRNV / 
COMMON/ WT/ 
COMMON/ PSLD/ 
COMMON/RSTART/ 
COMMON/ SIGNAL/ 
COMMON/SKIPPY/ 
COMMON/ SPEL/  
COMMON/ STEPC / 
COMMON/TAPRIT/ 

COMMON/TEMPER/ 
COMMON/TFLAG/ 
COMMON/ TPEH/ 
COMMON/ TRPRT/ 
COMMON/ V M F /  
COMMON/ VARSL / 
COMMON/ VL IM/ 
COMMON/VSON/ 
COMMON/WAFT/ 
COMMON/ WRITPT/ 
BLEXIT 
BLMP I N  
I N I T P  
PBLTRC 
PHASE1 
PLUMIN 
WNEX 
SPACET 
TRANS 

5-34 

LOCKHEED-HUNTSVILLE @@ARCH 6 ENGINEERING CENTER * -. Y C  CI 



SUBROUTINE NAME : DlRISYS 

DESCRIPTION 

This subroutine zeros out t:le particle array (PFPARY). 

CALLING SEQUENCE 

CALL DUMSYS (PFPARY) 

where PFPARY i s  the array which w i l l  be used to store particle properties. 

UTILITY ROUTINES AND COMKON REFERENCES 

None. 

METHOD OF SOLUTION 

Not applicable. 
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FUNCTION NAME: 

DESCRIPTION 

This  r o u t i n e  computes t h e  l o c a l  Mach number as a f u n c t i o n  of l o c a l  
pressure  ( s t a t i c )  and l o c a l  entropy.  

CALLING SEQUENCE - 

where EM i s  t h e  r e s u l t a n t  Mach number found from t h e  p ressure ,  P, and 
entropy,  S. NOTE: The a p p r o p r i a t e  va lues  of  the  g a s  p r o p e r t i e s  must be 
s t o r e d  i n  COMMON upon e n t r y  t o  t h i s  rou t ine .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/TEMPER/ 
COMMON/ GASCON/ 
UTILITY - None 

METHOD OF SOLUTION 

Thermaily p e r f e c t  gas r e l a t i o n s h i p s  a r e  used t o  f i n d  t h e  Mach number. 

5-36 

LOCKHEED-INNTSVILLE RESEARCH & ENGINEERING CENTER 



FU NCT ION NAME : EMOFV 

DESCRIPTION 

T h i s  routine f inds Mach number a s  a function of l oca l  ve loc i ty .  

CALLING SEQUENCE 

where EM i s  the local  Mach number fo~lnd a s  a function of the loca l  ve loc i ty ,  
V. NOTE: The appropriate valuan of the gas properties must be stored i n  
COMMON upon entry t o  t h i s  routine. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMONIGASCONI 
T O N  

METHOD O F  SOLUTION 

Thermally perfect gas relationships are used t o  f i n d  the Mach number. 
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DESCRIPTION 

This rou t ine  u t i l i z e s  t he  obl ique shock r e l a t i o n s  to f i n d  the  entropy 
rise across  a shock as a funct ion of the shock angle and the  upstream Mach 
numbe.;. 

CALLING SEQUENCE - 
SD = ENTROP (EPS,MU,KlUl,WZ) 
SD = EElTRPP (EPS,IZE6lr,KlWl,KlW2) 

where SD is the  entropy rise ac ros s  t he  shock and is a func t ion  of t he  shock 
angle,  EPS, and the  upstream Mach number, EMU. NOTE: The appropr ia te  
values of t he  gas proper t ies  must be s tored  i n  COMMON upon en t ry  t o  t h i s  
rout ine . 

COMMOM/C;ASCON/ 
UTILITY - None 

NETHOD OF SOLUTION 

The oblique shock r e l a t i o n s  a r e  employed t o  f i nd  the  entropy rise 
across  the shock. 

d s  = - L n  [ (hlf2 sin2€ - (Y -1) )] + [ t an  (E - 6 )] 
-1 V + 1  t a n  E 

- * 
ENTROP and EN'IRPP a r e  the  same rout ine  but a r e  included a s  two separa te  
rout ines  i n  the program because of overlay requirements and the need t o  
keep the  core requirements a s  small a s  possible.  
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ERRORS contains print messages f o r  varic s errors which ury occur. 
This is  an open ended routine in that it cau easf:y be extended to harsdle 
more print messages. 

CALLING SEOUEHCE 

CALL ~ O R S  ( I , n W l , k l U 2 )  

where I selects the =ssage to be printed. 

UTILITY ROUTINES AMI UXMON REFERENCES 

~ a r / c o m /  
UTILITY - None. 

)&THOD OF SOLUTICN 

Not applicable. 
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suBROuTLllgm: ES~OCK,ESBOCC* 

DESClllPT IOU 

this sub rou t i~e  employs an iteratiwe eolutioa t o  perform the 
e q u i l i b r i u  shock calculatiorrs fo r  a real o r  ideal gas. The real and Ideal 
gas ealculatioos are  sirilar, tbe difference belog that an ideal  gas case 
converges oa tbe f i r s t  i teration.  

where the faput properties are, OF, the upstrerrr O/F r a t i o  o r  t o t a l  
enthalpy, Sl,Vl, tbe apstream entropy and velocity and, EP, the shock 
awle.  Tbe submutine returns with 061TA, the turaing a*le an8 S2,V2, the 
domstream entropy and velocity. 

The continuity equation coupled v i th  the equations for  conservation of 
normal and tangential m a e n t u  a re  solved i n  an i t e ra t ive  manner u t i l i z ing  
theaocber;cal property data t o  sa t i s fy  the conservation of energy 
aquatiom. This set of four equations is expressed i n  terms of the four 
unkaom quanti t ies : 

c = shock angle 

5 = turning angle 

S2 = entropy damstream of shock 

V2 = velocity downstream of shock 

* 
ESHOClt and ESWCC are the same routines but are  included a s  tm separate 
routines it the program because of overlay requirements and tk need t o  keep 
the core requirements a s  small a s  possible. 



E)[PCOB calculares tbe flow properties of those f i e ld  points near an 
expansion corner. 

CALL exPcoR (m, J ,K,  l m J ,  ~TOTK, IPlOlsE2U,IClW, PFPARY) 

where 
tiPW = amber of Prandtl-Meyer expansion rays eaanating from the 

expension corner 

J = known normal l i n e  upstream of the expansion comer 

A = the normal l ine  under consideration downstream of the 
expansion corner 

1TUT.J = adjusted t o t a l  number of points on the J-line, not 
including the Praad:l+leyer expansion points ZdPM 

I= = number of points on K - l l a e  before the Prandtl-Meyer 
expansion points are added; returns t o  the call ing 
routine v i t h  the t o t a l  number of p l a t s  on K - l i n e  
iacluditg Praadtl-tkyer expansion points 

IPlOT = indicates i f  an upper (=2) or  lover (=I) boundary is 
being considered. 

PFPARY = array containing particle properties. 

UTILITY ROUTINES Am ~ o r a  BEFEBBlsCES 

coM4OwCbPtJR/ 
cm4OU/FsTAG/ 
C O ~ U / G A P P ~  
llQBSCT 
nocsOL 
SPm 
PPATPT 
CHECK 
VHODEL 
A L G m  
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F l w  properties a t  the expeasion corner points a r e  lraovn (from 
PBARDT). Calculation s t a r t s  from o m  of the corner points which have zero 
turnfag aagle and proceeds toward the point v i t h  an increasing turning 
angle. Subroutine MOCSOL is used t o  solve f o r  tbe flow properties of the 
intersection of the characterist ic lines f r a  tvo known points. The 
properties of the intersection of the normal froo the known point on tlu: new 
l i ne  ( U - l i n e ,  normal t o  the streamlines), with the characterist ic of the 
cormspoading p i n t  a t  the  comet,  are then interpolated. This point is 
then used aloog with another point a t  the expansion corner t o  find another 
new point, a d  so  forth. ¶'he last of the expansion corner points is used 
twice i n  the calculation to find two points on the new normal - one on the 
characterist ic l ine ,  the other on tbe streamline. 

For a detailed description of the calculation procedure, see Volume I, 
Section 7.7. 



DESCRIPTION 

This subroutine u t i l i z e s  real o r  idea l  gas information obtained from a 
master tape o r  input carda t o  calculate propert ies  loca l ly  i n  the flow. The 
maximum size of the  ar ray  used by FABLE is l imtted t o  eight  gas propert ies  
(V,R,Y, To,Po,u, Pr,Cp) a t  13 veloci ty "cuts" f o r  each of two entropy 
cu t s  and 10 O/F o r  t o t a l  enthalpy cuts.  

CALL TABLE (SS,W,IF) 

where SS is the  loca l  entropy, IF is the  O/F o r  enthalpy table  of in te res t  
and W is the l o c a l  veloci ty a t  the  point of i n t e r e s t ,  

UTILITY ROUTINES AND OFMON REPEBENCES 

~ H ~ M ~ N I X S I W  COHHONIGASMTI 
almmlcoNTRL/ ccMkfOmr/MOL/ 
 GASCO CON/ COHLBOfJ/vTaY / 
COPBlON/FAB/ TOW 
COIWON/GRINT/ POPEM 
ON/TEHPEB/  BWOW 
COMON/CRIUK/ XSI 
COMHON/PART2/ TAB 

PIETtlDD OF SOLUTION 

The routine is entered with an  O/F o r  enthalpy table,  IF, the loca l  
entropy, SS, and velocity, W. A test is then made t o  determine i f  the gas 
is r e a l  o r  ideal ,  I f  the test indica tes  an idea l  gas, tbe  loca l  propert ies  
a r e  set t o  those stored i n  the TABB common array. I f  the test indica tes  
r ea l  gas, a double interpolat ion scheme is u t i l i zed  t o  locate gas propert ies  
between tabulated values of veloci ty and entropy. In  the case of an entry 
beyo& the range of the tables, an i d e a l  gas extrapolat ion from the  l a s t  
table value is made t o  determine the gas properties. 



SUBROUTINE W: FIHL 

DESClU PTION 

T h i s  subroutine locates the wall and centerline points for the 
supersonic s tart l ine  based on user input Nach numbers. 

CALLING SEQUENCE 

CALL FIXIL 

HETHOD OF SOLUTION 

Uses transonic results  t o  establish wbere the s tart l ine  intersects the 
nozzle wall and centerline based on user input values of Mach number. 
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DESCRIPTION 

This function solves f o r  the  Newtonian impact pressure along the plume 
boundary, The calculat ion is  applicable f o r  a l l  freestream ve loc i t i e s  
including quiescent conditions (i.e., N,= 0 ) .  

CALLING SEQUENCE 

where Pm is the hypersonic Newtonian impact pressure a t  the plume 
boundary, THETA3 is the loca l  flow angle a t  the  boundary, X is the a x i a l  
coordinate of the boundary point,  and ITYPE indica tes  i f  an upper ( ~ 2 )  or 
lower (=I) boundary is  being considered. 

(X&HON/DATAR/ 
LTILITY - None 

METHOD OF SOLUTION 

The coermon block region WALLCO contains the necessary information t o  
evaluate the freestream gas properties a t  the plume boundary point. The 
impact pressure is then calculated using the following equation 

2 2 
p = pm (1 + ex) [I + ym(_nrn s i n  ($ - em)] 
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME: POgWBD 

DESCRIPTION - 
This subroutine performs the forward differencing s tep  i n  the radia l  

(ver t ica l )  d i rec t ion  i n  the McCormick two-step marching shock-capturing 
algorithm. 

CALLING SEQUENCE 

CALL FORWRD (JS,L,PFPARY,J) 

where 

i s  the  species index. JS a 1, re fe r s  t o  the  gas phase and 
JS > 1 re fe r s  t o  so l id  pa r t i c l e s  w5-thin a par t icular  s i z e  
range. 

r e fe r s  t o  gr id  l ines  i n  the marching (downstream) 
direct ion.  L = J K  r e fe r s  t o  the last computed l i n e ,  and L = 
KK r e f e r s  t o  the l i n e  currently being computed. 

PFPARY is the ar ray  of pa r t i c l e  propert ies  on the  old (JK) and new 
(KK) data surface. 

J is  the r ad ia l  (ve r t i ca l )  gr id  point index. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/DFDR/ 
COMMON/EFHARY / 
CGMMON/DATAR/ 
COMMON/ PARTP2 / 
COMMON/ PARTP4 / 
COMMON/GAPPAI 
COMMON/ GLOBAL/ 
COMMON / TOTAL / 
COMMON/ GASCON/ 
COMMON/ CHEMXXI 
COMMON/FSTAG/ 
COMMON/ CONTRL/ 
CODEE 
CODEF 

METHOD OF SOLUTION 

Described i n  Section 5 of Volume I. 
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SUBROUTINE NAME: F W Q l C  

DESCRIPTION - 
This subrout ine computes f lowf ie ld  p rope r t i e s  i n  t h e  f r e e  molecular 

regime . 
CALLING SEQUENCE 

where I1 is the point  number f o r  the f i r s t  f r e e  molecular po in t  on a  normal, 
J1 is the o ld  d a t a  surface,  K1 i s  the  new da ta  sur face ,  ITOT is the  t o t a l  
number of po in t s  on the l i n e ,  I00 is  the  l i n e  number f o r  which a  complete 
l i n e  is t o  be pr in ted ,  IOUT i s  the  t o t a l  number of l i n e s  t o  s k i p  between 
complete pr in tou t  and IMOD is the  number of po in ts  t o  s h i f t  on the  old da ta  
surface t o  l o c a t e  each base point  streamline. PFPARY is  the a r r a y  which 
contains  p a r t i c l e  propert ies .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ CONTRL/ 
COMMON/DATAR/ 
COMMON1 PARTP 2 I 
COMMON/ PARTP4 / 
COMMON/ FREE/ 
COMMON/GASCON/ 
CoMMON/FSTAG/ 
COMMON/ CUTFO/ 
WIWON/STEPC/ 
COMMON/ CRITERI  

COMMON/ GLOBAL/ 
COMMON/ PRTINT/ 
BOUND 
ITARM 
INRSCT 
WTFLOF 
IDMPFP 
P F P  
OUT 
OUTBIN 

METHOD OF SOLUTION 

Once i t  has been determined tha t  a  point  is  f r e e  molecular a l l  
successive ca l cu l a t i ons  of t he  p a r t i c u l a r  s t reamline point  a r e  made v i a  
FREEMC. The point p roper t ies  a r e  determined assuming t h a t  temperature, gas  
veloci ty ,  flow angle ,  gas constant  and spec i f i c  heat r a t i o  ( y )  a r e  constant 
along a streamline. The gas  dens i ty  is determined from a source flow 
ca lcu la t ion  ( i .e . ,  conservation of mass between s t reamlines) .  

where subscr ip t  1 i s  the old da t a  sur face  proper t ies  and subsc r ip t  2 is  the 
new da ta  sur face  propert ies .  The pressure a t  the  new point i s  then 
determined from the equation of s t a t e .  
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

SUBROUTINE NAME: GAPPBI 

DESCRIPTION 

This subrout ine i n t e r p o l a t e s  f o r  the  gas  and p a r t i c l e  p rope r t i e s  
between two known da ta  points.  

CALLING SEQUENCE 

CALL GAPPBI (18,JU,19,KU,JB,M,1SK1PG9PG,FACT0R,Ml,PFRARY) 

where I8 is the base point number, J U  is  the  base point l i n e  number, I9  is 
the seccnd point  number, KU is  the  second point  l i n e  number, J P  is the  
temporary l oca t ion  i n  the  I P F P  a r r a y  t o  s t o r e  the in te rpola ted  da t a ,  M i s  
the number of p a r t i c l e s  present ,  I S K I P G  i s  a  f l a g  used t o  determine what 
a r rays  t o  use t o  do the i n t e rpo la t i on ,  PG i s  the a r r ay  i n  which the 
in te rpola ted  point  p rope r t i e s  a r e  s to red ,  FACTOR is the  i n t e rpo la t i on  
f ac to r ,  and Ml = 0 gas only,  M1 = 1 p a r t i c l e s  present. PFPARY is  the a r r a y  
which contains  p a r t i c l e  propert ies .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ PARTP 2 / 
COMMON/GAPPA/ 
COMMON/ GASCON/ 
COMMON/ POINTCI 
COMMON/ CPMUK/ 
COMMON/ CONTRLI 
COMMON/FSTAG/ 
COMMON/TEMPER/ 
COMMON1 CRITERI 
COMMON/ PSLD/ 
COMMON/XXSH/ 
COMMON/ CAPUR/ 

COMMON/ VAROF/ 
COMMON/ DRAGCF/ 
COMMON/PCTC/ 
COMMON/VISEX/ 
ALG INT 
PFP 
THERMO 
UOFV 
T O W  
EMOFV 
P O F P i  
TEMT AB 
DRAGMR 
DRAGCP 

METHOD OF SOLUTION - 
The rou t ine  performs a l i n e a r  i n t e rpo la t i on  between the proper t ies  of 

two known poin ts  and s t o r e s  the r e s u l t s  i n  temporary a r r ays  vhich a r e  used 
i n  other  p a r t s  of t he  program during the  ca lcu la t ion .  I S K I P G  i s  a  f l a g  
which t e l l s  GAPPBI which a r r ays  t o  use f o r  the i n t e rpo la t i on  and whether or  
not t o  i n t e rpo la t e  on p a r t i c l e  propert ies .  
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SUBROUTINE NAME: GAS 

DESCRIPTION 

This subroutine looks up gas  proper t ies  from the BLIMPJ boundary l aye r  
resu l t s .  The gas propert ies  which a r e  determined a r e  used by the rou t ines  
which t r ace  p a r t i c l e  proper t ies  through the  boundary layer .  

CALLING SEQUENCE 

CALL GAS (X,Y,PFPARY) 

where X and Y a r e  the  coordinates  i n  the  nozzle where boundary l a y e r  
propert ies  a r e  t o  be determined. PFPARY is the a r r ay  which contains  the 
s p a t i a l  v a r i a t i o n  of boundary l aye r  proper t ies  i n  t he  nozzle. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ TRCDAT/ 
COMMON/ CHOCK/ 
COMMON/ SAVE/ 
PRO 

METHOD OF SOLUTION 

A l i n e a r  i n t e rpo la t i on  is  performed between s t a t i o n s  based on the  a x i a l  
locat ion (X)  and the non-dimensional boundary l a y e r  thickness  (RN-R) / (R~ 
- RBL)) where RN is  the nozzle wal l  r a d i a l  coordinate  a t  X and RBL is  
the loca t ion  of the boundary l aye r  edge a t  X. 
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME : GASBD 

DESCRIPTION 

T h i s  subroutine reads i n  the  gas  propert ies .  These proper t ies  may be 
r e a l  o r  i d e a l  and read i n  v i a  cards  o r  tape. The rou t ine  a l s o  converts  
input gas proper t ies  from MKS u n i t s  t o  English (ENG) u n i t s  i f  necessary. 

CALLING SEQUENCE 

CALL GASRD ( I P A R )  

where IPAR is  a  1 f o r  two-phase flow and a  zero f o r  gas-only flow. 

U T I L I T Y  ROUTINES AND COMMOIi REFERENCES 

METHOD OF SOLUTION 

COMMON/ W L /  
COMMON/TBPRT/ 
CObfMON/VLIM/ 
COMMON/ EXPNNI 
COMMON/ OFSTAR1 
COMMON /CHEQ / 
I T A P E  
IDMTB 
TAB 

The gas  name, A L P H A ( I ) ,  type u n i t s ,  number of O/F t a b l e s  and number of 
entropy c u t s  a r e  read i n  from an  input  card. If the  gas  proper t ies  a r e  on 
cards,  t h i s  subrout ine reads t he  cards. I f  t he  gas  proper t ies  a r e  on tape, 
con t ro l  of the  reading of proper t ies  is given t o  GASTAP. In e i t h e r  case,  
the proper t ies  3re converted from MKS t o  English (ENG) u n i t s  by t h i s  
subroutine i f  necessary. 
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SUBROUTINE NAHE: CbSEdP - 
DESCRIPTION 

G.QSTAP reads  t h e  real g a s  p r o p e r t i e s  from t h e  thermochemical d a t a  t ape  
generated by t h e  modif l e d  TPdN72 computer program and v r i t e s  these  same d a t a  
on a f lowf ie ld  t ape  f o r  coanaunication wi th  o t h e r  programs. 

CALLING SEOLTNCE 

CALL GASTAP 

METHOD OF SOLUTION 

The g a s  name, ALPHA(I), s p e c i f i e d  on t h e  i n p u t  d a t a  is  compared wi th  
a v a i l a b l e  c a s e s  on the  T U N 7 2  thermochemical d a t a  t a p e  u n t i l  a match is  
found. This p a r t i c u l a r  case  is  then  read,  s t o r e d  i n  core ,  ar ranged i n  a 
form such t h a t  autcmat ic  t ransmiss ion of d a t a  t o  o t h e r  programs 13 poss ib le ,  
and then w r i t t e n  on t h e  RA:@ f l o w f i e l d  tape. 
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SUBROUTINE NAHE: HALL 

DESCRIPTION 

The subrout ine e s t ab l i shes  gas  flow proper t ies  a t  any given point i n  
the t ransonic  region using the  method of Hall (Ilef. 11) as corrected and 
modified by Kliegel  and Levine (Ref. 8). 

CALLING SEQIJENCE -- - 
CALL HALL (IORDER,RR,ZZ,RRT,VK,XMACH,TLIETA,ZERO) 

where 

IOBDER the  order  of approximation, 1, 2 o r  3. 3 is defau l t .  

RR r a d i a l  pos i t i on  i n  t ransonic  region 

22 a x i a l  por t ion  i n  t ransonic  region 

RRT upstream w s l l  r ad ius  of curvature  

VK q, s p e - i f i c  heat  r a t i o  

lXFIACH Mach nlmber a t  RR,ZZ 

THETA flow angle a t  RR,ZZ 

ZERO 0 f a r  f i r s t  en t ry  
1 f o r  subsequent e n t r i e s  

UTILITY ROUTitiES AhD COMMON REFERENCES - 

DESCRIPTION - 
A bivarfant  i n t e rpo la t i on  scheme is  used t o  match the  two-dituenslonal 

r e s u i t s  with one dimensional condi t ions a t  the  nozzle i n l e t .  See Section 
5.6.33 af Ref. 7 f o r  more d e t a i l .  
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SUBROUTINE N N :  m?uR 

This subroct ine c a l c u l a t e s  t h e  balanced pressure a t  a corner  point 
(i.e., a t  the  i n t e r sec t ion  of a s c l i d  boundary and t he  pressure boupliaryj. 
The pressure halance rs determined f o r  e i t h e r  the overexpanded or 
underexpanded case with impact o r  ambiett  freestream pressure.  

CALLING SEQUENCE 

CALL HYPER (PB,I,K,ITWEl,KlWl,lllY2,PEPBRI) 

where PB is the  +boundary pressure. I , K  l o c a t e s  the bounds-7 point ,  a d  
ITYPE1 ind i ca t e s  i f  an  upFer (~2) or lover (~1) boudary is be$= 
considere<. PFF'ARY is tbe a r r a y  which conta ins  p a r t i c l e  propert ies ,  

UTILITY ROUTIKXS AND CO)#Oh' REFERENCES 

The boundary pressure (may be impact o r  ambient) is c o q 3 t - e  with t h e  
s t a t i c  pressure a t  the c o r t e r  point.  Depending on *ether t h e  comparison 
ind ica tes  the  flow is  overexpanded o r  underexpanded, a branch is made t o  
UJEREX o r  'RIETPH, In  e i t h e r  of these rou t ines  an  i t e r a t i v e  process balances 
the boucdary pressure with the  f l o v f i e l d  pressure a t  t he  boundary. 
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The fuact ion  determines uhich boundary equation the program should be 
uslag to s o l v e  the boundary point .  

&re X is the a x i a l  coordinate and J is a 1 for a lover  b d r y  and a 2 
f o r  an upper boundary. 

UTILITY ROUTIHES MID OOCQIOW WEBEKES 

Not appl icable .  
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DESCBL PT ION 

TMs function c a p u t e s  the storage location i n  the PDAT array of the 
particle properties i n  the boundary layer. 

CALLING SEQUENCE 

= IDME'M)(I,J,K,L) 

where I,J,K,L are indices  used t o  determine the storage location. 

UTLLITY IbWTIES m O N  REFEimKEs 

None. 

ID#PDT = I + 10 * (J-1 + 7 * (K-1 + 10 * (L-I))). 
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This function computes the particle storage location within the PFPARY 
array. 

CALLING SEQUENCE 

where I,J,K,L are indices used to determine ;he storage location. 

UTILITY BMlTINES AHD C-1 REFERENCES 

METHOD OF SOLUTION 

The particle storage location is computed using the followiug relation 

IDHPFP = I + 5 * (J-1 + 10 * (K-1 + 100 * (L-1)) 
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This fuoction calculates the s t o r q e  location i n  the PFPAEY array of 
the location a d  flow properties of the grid points i n  the single phase 
transonic solution. 

= IDneEI ( I , J , K , L )  

where I , J , K , L  are indices used to  determine the storage location. 

UTILITY ROUTINES MID COHHIU BEPEREXES 

None. 

PEmD OF SOLUT=IO# 
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FUNCTION NAME: UILIPOP 

DESCRI PTIOL 

This function ca lculates  the storage location i n  the PPPBBP array of 
the specie mole fractions for  the equilibrium or  e q u i l i b r l d f r o z e n  
thermodpadc data which were generated by the TUN72 for  use i n  the BA#P 
solut ion. 

CALLING SEQUENCE 

= IDWPOP(I,J,K,L) 

where I ,  J,K,L are indices used to determine the  storaRe location. 

UTILITY BWTINES AND C a M O N  REFEBENCF3 

None. 

HETIKID OF SOLUTION 

IDHPHI = I + 10 + (J-1 + 2 * (K-1 + 25 * (L-1))) 
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FUNCTION NAME: IDMPRO 

DESCRIPTION 

T h i s  function calculates the storage location i n  the PFPARY array of 
the boundary layer properties which are used t o  trace particles through the 
BLINPJ boundary layer results.  

CALLING SEQUENCE 

= IDMPBO(Z,J,K) 

where I,J,K are indices used to  determine the storage location. 

UTILITY ROUTINES AM) COHHON REFERENCES 

None. 

METHOD OF SOLUTION 
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LMSC-HREC TR D867700-I1 

FUNCTION NAME: IDMTAB 

DESCRIPTION 

This function computes the gas property storage location within the 
TABB array. 

CALLING SEQUENCE 

= IDMTAB (I,J,K,L) 

where I,J,K,L are indices used to  determine the storage location. 

UTILITY ROUTINES AND CONMON REFERENCES 

None. 

NETHOD OF SOLUTION 

The gas property storage location, i s  computed using the following 
relation 

IDMTAB = I + 10 * (J-1 + 2 * (K-1 + 13 * (L-1))) 
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PUNCTION NAME: LDP(XS1 

DESCRIPTION - 
This function computes the gas interpolation parameter storage location 

within the XSIDIM array. 

CALLING SEQUENCE 

= IDMXSI ( I , J , K , L )  

where I , J , K , L  are indices used to determine the storage location. 

UTILITY ROUTINES AND COMHON REFERENCES 

None. 

METHOD OF SOLUTION 

T h e  gas interpolation parameter storage location is computed using the 
following relation 
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SUBROUTPNE NAME : IDTAPE 

DESCRIPTION 

This subroutine writes the  gas  p rope r t i e s  which were input  v i a  cards  on 
the flowf i e l d  program tape. The format lsed t o  wr i t e  them on t ape  is 
compatible with t h a t  used f o r  a r e a l  gas. 

CALLING SEQUENCE 

CALL IDTAPE (UNITS, KlW1,KlWZ) 

where UNITS i nd i ca t e s  whether the  gas  proper t ies  a r e  being read i n  with 
English (ENG) o r  MKS un i t s .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/BPRESW/ 
COMMON/ PARTP 2 / 
CONMON/ GASDAT/ 
COMMON/ TRPRT/ 
TAB 

METHOD O F  SOLUTION 

When gas  proper t ies  a r e  read i n  from cards  t he  da ta  a r e  converted t o  MKS 
dn i t s  and then wr i t t en  on the f lowfield tape (Unit 3). 
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FUNCTION NAME : IDSPEC 

DES!XI PTION -- 
This func t ion  ca l cu l a t e s  t he  s torage  loca t ion  of t he  spec ies  mole 

f r ac t i ons  f o r  the equilibrium o r  equilibrium/frozen thermodynamic r e s u l t s  
which a r e  used t o  determine the  spec ies  mole f r a c t i o n  which w i l l  be used i c  
the BLIMPJ boundary l a y e r  so lu t ion .  

CALLING SEQUENCE 

= IDSPEC (I,J,K,L) 

where I,J,K,L a r e  ind ices  used t o  determine the  s torage  loca t ion .  

UTILITY ROUTINES AND COMMON REFERENCE 

None. 

METHOD OF SOLUTION 

IDSPEC = I + 2 * (J-1 + 2 * (K-1 + 13 * (L-))). 
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SUBROUTINE NAME: IWUT 

DESCRIPTION 

This rou t ine  reads t he  input  cards  o r  tape f o r  the  chemistry package. 
The reac t ion  r a t e  equations,  rate cons tan ts ,  and s t a r t l i n e  species  
concentrations a r e  read i n  o r  determined from the  TUN72 d a t a  tape and the 
appropriate  conversions, i f  any, a r e  performed, Tables of anthalpy, entropy, 
and s p e c i f i c  hea is  f o r  each spec ies  a r e  a l s o  input.  

CALLING SEQUENCE 

CALL IMPUT (IDATA) 

where IDATA s p e c i f i e s  t he  proper index of t h e  a r r a y  being input  from a CEC 
da ta  tape from which species  concentrat ions a r e  being ex t rac ted .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMXON/ CONTRL/ 
COMMON/CHEMCN/ 
COMMON/ DATAR/ 
CoMMON/GASDAT/ 
COMMON/ CHEMXX/ 
COMMON/ CPMUK/ 
COMMON/ VISEXI 
COMMON/ PCTC / 

COMMON/ GASCON/ 
COMMON/ VARSL/ 
COMMON/ TAP3IT/ 
COMMON/SPEL/ 
COMMON/ TRPRT/ 
COWON/SIGMB/ 
SPECTX 

METHOD OF SOLUTION 

The rou t ine  reads spac ies  thermodynamic da ta  and cons t ruc t s  a Gibbs f r e e  
energy a r r ay  t o  replace the entropy array.  The r eac t ion  r a t e  constant da ta ,  
react ions,  and th i rd  body da ta  a r e  input and s tored.  F ina l ly ,  the  start:'rje 
species  concentrat ions a r e  input  v i a  cards  o r  tape and converted t o  mole/mass 
raticjs. 
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SUBROUTINE NAME: XNSTP 

DESCRIPTION 

T h l s  subroutine initializes the values of various c~ntrol parameters, 
thereby providing for proper operation of the program. These initial values 
include: 

1. The counter for the upper and lower boundary equations, 
2. The counter for the first characteristic line, 
3. T h e  initial number of degrees per Prandl-Meyer ray, 
4. Convergence criteria, and 
5. Maximum number of iterations. 

CALLING SEQUENCE 

CALL I N I T P  (KlWl,KlW2) 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COHMON/ CONTROL/ 
COMMON/ CUTER/ 
COMHOU/L4TAR/ 
COtMON/ DISCOM/ 
COM?4ON/ EIEAD! 
COHMON/STEPC/ 
U T I L I T Y  - None 

METHOD OF SOLUTION 

Not applicable. 
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SUBROUTINE NAME: mCT, IMWCP* 

DESCRIPTION 

INRSCT f i n d s  the in t e r sec t ion  of two s t r a i g h t  l i nes .  

CALLING SEQUENCE 

CALL I m C T  (TI ,T2 ,T3 ,T4 ,T5 ,T6,83 ,X3 , U W 1  ,K1W2), 

CALL INRSCP (Tl,T2,T3,T4,T5,T6,R3,X3,KlWl,KlW2) 

where Tl,T2,T3 and T4,T5,T6 def ine  the equations of the two s t r a i g h t  l i n e s  
which i n t e r s e c t  a t  R3,X3. 

UTILITY ROUTINES AND COMMON REFEBENCES 

COHMON - None 
ERRORS 

I1ETliOD OF SOLUTION 

The equations of the  s t r a i g h t  l i n e s  a r e  wr i t t en  

and 

These equations a r e  solved f o r  x, but a test on the s lopes  is made t o  prevent 
indeterminate forms. I f  an indeterminate form is possible ,  the poin ts  a r e  
mapped one onto another, thus precluding the p o s s i b i l i t y  of indeterminancy 
except when the l i n e s  a r e  pa ra l l e l .  

.+ 
INRSCT and INRSCP a r e  the same rout ine  but a r e  included as two separa te  
routines i n  the program because of overlay requirements and the need t o  keep 
the core requirements as small as possible.  
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Tlds subroutine calculates the  incremental force and ewrgy  between tuc, 
adjacent points  i n  the flow f i e ld .  

CALLINC SEQUENCE 

CALL INTEGR (DELX,DELY,TmR,R,DA,V, 
m,P,X,I,K,FlLP,FYP,TBP,FXG,FYG,TBG, 
AXOZD,ENU,EG,EP,E~,WJ,PFPARY) 

where 

D F U  
DELY 
T m R  
R 
M 
v 
BIiO 
P 
X 
I 
K 
FXE. 

FYP 

TRP 
FXG 
FYG 
TRG 
AXOZD 
EKE 

EG 
EP 
EM 
DW 
PFRARY 

difference i n  a x i a l  posi t ion between the two points 
difference i n  r ad ia l  posi t ion between the two points  
averge flow angle of the  two points 
average rad ia l  posi t ion of the two points  
absolute distance between the  twi, points  
average gas veloci ty of the two p i n t s  
average gas densi ty of the  two points 
average gss pressure of the two points 
average a x i a l  posi t ion of the  two points 
pofslt number of the base point 
l i n e  nmber of the  base point 
incremental force i n  a x i a l  d i rec t ion  due t o  the p a r t i c l e  
moment urn 
Jncremental force i n  r ad ia l  d i rec t ion  due t o  the pa r t i c l e  
momentum 
incremental torque due tc pa r t i c l e  m o a e c t u m  
incremental force r n  a x i a l  direc'-,ion due t c  gas 
incremental force i n  r ad ia l  d i rec t ion  due t o  gas 
incremental torque due t o  gas a x i a i  and rad ia l  farces  
geometric te rn  f o r  axisysraetric o r  2-D flow 
avgle the l i n e  connecting the two points has referenced to  
horizontal 
incremental gas ene-gy 
incremental p a r t i c l e  energy 
sum of i ~ c r e m e n t a l  pa r t i c l e  and gas energy (i.e., mixture) 
incremenral gas mass flow between the two points 
array containing pa r t i c l e  propert ies  
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U T I L I T Y  R O U T I N E S  AND COMMON REFERENCE - 
CWMON/ CONTRL/ 
COMMON/ PARTP4 / 
c a u m N /  P m 2 /  
COMION/DATAR/ 
C W W N / F S T A G /  
C O ~ N / I ~ C R /  
PFP 
VEMAG 

NETHOD OF SOLUTION 

This subrout ine ca l cu l a t e s  t he  mss flow, energy, momentum, sad t h r u s t  
produced by the  p a r t i c l e s  and gas  containea i n  each streamtube bounded by two 
s t reamline po in t s  on a normal. The r e s u l t i n g  values  are in t eg ra t ed  along each 
normal and compared t o  the i a i t i a l  d a t a  sur face  t o  determine how w e l l  the  
so lu t ion  is conserviag t he  conservat ion equatious. 
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DESCRIPTION 

This rout ine  performs a l i n e a r  i n t e rpo la t ion  f o r  p a r t i c l e  proper t ies  a t  a 
given a x i a l  loca t ion  i n  the nozzle. 

CALLING SEQUEWE 

CALL INTERP (I, J,K*L, IPOINT, X, PFP1IP.Y j 

where (1,K) and (L,J) are the s t reamline poin ts  on two consecutive normals 
t h a t  bracket the  a x i a l  pos i t ion  (X) a t  which p a r t i c l e  proper t ies  are 
required. IPOINT is a dummy var iab le  t h a t  is no longer used. PFPARY is che 
a r ray  which contains  the p a r t i c l e  proper t ies ,  

HETiiOD OF SOLUTION 

T'he p a r t i c l e  proper t ies  and loca t ion  on s t reamline a t  a spec i f ied  a x i a l  
s t a t i o n  (X) a r e  determined using a l i n e a r  i n t e rpo la t ion  using the s t reamline 
points  (1,K) a-ad (L,J) which bracket X. The p a r t i c l e  proper t ies  are 
determined from the PPRARY array.  This rout ine  is used t o  help deteretine tbe 
p a r t i c l e  proper t ies  at the  boundary l a y e r  edge a f t e r  the  nozzle so lu t ion  a d  
boundary l aye r  so lu t ion  have been performed. 
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FUNCTION NAME: I'TBEBI, IT& 

DESCRIPTION 

ITERM tests each normal lower wall point to determine if it is within the 
predefined problem limits. If the point falls outside the limits, the case is 
terminated. 

CALLING SEQUENCE 

FUNCTION = ITERM (IP,K,KlWl,KlWZ) 
FUNCTION = ITARM (IP,K,KlWl,KlWZ) 

where IP identifies the characteristic point on the new K line. 

COMMON/ CUTFOI 
COMHON/DATAR/ 
UTILITY - None 

METHOD OF SOLUTION 

The a.yular orientation of a line drawn from the upper or lower cutoff 
coordinates to the characteristic point is determined. One can determine if 
the point is inside or outside the problem limits by comparing this angle to 
the angle of the upper 3r lower cutoff line. 

* 
ITEKM and ITARM are the same routines but are included as two separate 
routines in the program because of overlay requirements and the need to 
keep the core requirements as small as possible. 
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SUBROUTINE NAME: ITSUB 

DESCRIPTION 

This subrout ine con t ro l s  t he  i t e r a t i v e  so lu t ion  of any set of equations 
which can u l t imate ly  be expressed a s  a funct ion of one var iab le ;  i t  can a l s o  
be used t o  con t ro l  an i n t eg ra t i on  loop. 

CALLING SEQUENCE 

CALL ITSUB (FoFY,Y,~VE,CONV,NTIHES,K~W~,~W~) 

where 

FOFY is  t h e  funct ion of Y which is  dr iven t o  zero 
Y is the  va r i ab l e  which is  i t e r a t i v e l y  solved f o r  
SAVE i s  t h e  program con t ro l  a r r ay ,  i.e., SAVE(1) is a con t ro l  counter,  
SAVE(2) is  the  Y increment 
CONV is the  convergence c r i t e r i a  f o r  FOFY 
NTIMES = maximum number of i t e r a t i o n s  t o  be performed 

UTILITY ROUTINES AND COMMON REFERENCES 

None. 

METHOD OF SOLUTION 

ITSUB modifies Y i n  the proper d i r e c t i o n  by the  increment value SAVE(2) 
u n t i l  the  roo t  has been bracketed. The method of f a l s e  pos i t i on  is then used 
t o  modify Y u n t i l  the  so lu t ion  is reached. Immediately a f t e r  en te r ing  ITSUB 
each time, t he  funct ion is inspected f o r  convergence. If  t he  func t ion  has 
converged, a program cont ro l  is s e t ,  and computer con t ro l  is t ransfer red  t o  
the c a l l i n g  rout ine.  
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SUBROUTINE NAME: KIKOFF 

DESCRIPTION 

This subroutine terminates the use i f  an error i n  the calculat ion is 
encountered. 

CALLING SEQUENCE 

CALL KIKOFF (KIWI ,K2W2) 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON1 CONTRLI 
UTILITY - None 

METHOD OF SOLUTION 

Not applicable. 
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SUBROUTINE NAME: UGRNG 

DESCRIPTION 

This subrout ine determines t he  r a d i a l  l oca t ion  and flow angle f o r  s o l i d  
boundaries which a r e  input a s  t a b l e s  of R,X, and flow angle. 

CALLING SEQUENCE 

CALL LAGRNG (IER,ID,ARG,R,THETA,ITYPE) 

where 

IER is an  e r r o r  f l ag ,  I D  is  a t a b l e  loca t ion ,  
ARG is  the  a x i a l  value f o r  which the r a d i a l  coordinate,  R ,  of the wall 
and flow angle,  THETA, a t  t he  w a l l  a r e  des i red ,  
ITYPE i nd i ca t e s  i f  an upper (=2) o r  lower (= l )  boundary is being 
considered. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ DATAR / 
COMMON/ CONTRL/ 
COMM~NIWAFTI 
UTILITY - None 

METHOD OF SOLUTION 

The rou t ine  uses  the Lagrange in t e rpo la t i on  formula t o  so lve  f o r  R and 
flow angle  a s  a  funct ion of a x i a l  pos i t ion ,  X, from a set of t abu la r  po in t s  
describing a  s o l i d  boundary. The rou t ine  uses  t he  two c l o s e s t  po in ts  t o  the 
desired X t o  so lve  the  i n t e rpo la t i on  formula. I n  the v i c i n i t y  of l a r g e  
conl inear  va r i a t i ons  i n  R and flow angle t he  po in ts  should be placed c lo se  
tcge ther.  
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SUBROUTINE NAME: LIMITS 

DESCRIPTION 

T h i s  subrout ine tests the  new boundary point  t o  determine i f  it is within 
the  l i m i t s  of the  cur ren t  boundary equation. Depending on the test, the  
opt ions a re :  

1. U s e  t he  cur ren t  boundary equation, 
2. Advance t o  the  next boundary equation, o r  
3. The cur ren t  equat ion is  the  last one specif ied.  

CALLING SEQUENCE 

CALL LIMITS (I,K,ITYPE,IOK,IUWl,KlW2) 
where 1 , K  represen ts  the l oca t ion  of the  boundary point  i n  t he  PHO a r r ay ,  
I T W E  ind i ca t e s  i f  an upper o r  lower boundary i s  being considered, and IOK i s  
a contra.: fud ica t ing  i f  opt ion 1, 2 o r  3 is t o  be used. 

UTILITY RK'TTL 1.33s AND COMMON REFERENCES - .. 
COMMON; CONTRLI 
COHMON/DATAR/ 
BOUND 

METHOD OF SOLUTION 

The radius ,  RMAX, and boundary angle ,  THETAPIAX, a t  t he  l i m i t i n g  a x i a l  
value XMAX i s  ca lcu la ted  i n  BOUND. WAX o r  XMAX is  compared with R o r  X f o r  
the  point i n  question. The r e s u l t s  of t h e  comparison determine which of 
opt ions 1, 2, o r  3 is  t o  be used. 
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SUBROUTINE NAME: L I P I N  

DESCRIPTION 

L I P I N  ca l cu l a t e s  information f o r  the s t a r t i n g  l i n e  po in ts  when the  
s implif ied s t r a i g h t  s t a r t  l i n e  opt ion is used (i.e., when ICON(2)#2) .  

CALLING SEQUENCE 

CALL L I P I N  (COOR,SBINTOT,DELM,K1W1,KlW2) 

where COOR is the  s t a r t i n g  l i n e  information a r r ay ,  S i s  the entropy l e v e l  of 
the  s t a r t  l i n e ;  INTOT is  the  t o t a l  number of input po in ts  spec i f i ed  (50 max), 
DEW i s  Mach number gradient  along the  s t a r t l i n e ,  and K l W l  is  a f l a g  which 
determines the type of s t a r t l i n e  po in t  d i s t r i bu t ion .  

UTILITY ROUTINES AND COMkIGN REFERENCES 

COMHON/ INPUT/ 
COMMON/ CONTRL/ 
COMMON/ PCTC / 
COMMON/FSTAG/ 
COMMON/GASCON/ 
COMMON/ GASDAT/ 
RGVOFM 
UOFV 
THERMO 

METHOD OF SOLUTION 

The s t a r t l i n e  input  da t a  a r e  divided i n t o  t he  spec i f ied  number of 
increments. Radial g rad ien ts  i n  Mach number, X and 8 , a r e  calculated.  

K l W l  = 0 The s t a r t l i n e  po in ts  a r e  evenly spaced 
K l W l  = I The s t a r t l i n e  po in t s  a r e  concentrated near  the  upper 

tcundary . 
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PROGRAM NAME: MAIN 

DESCRIPTION 

T h i s  is  the main program which i n i t i a t e s  the overal l  program solution. 

CALLING SEQUENCE 

None. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ PARTP 1 / 
DUMSYS 
DRIVER 

METHOD OF SOLUTION 

Not applicable. 
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SUBROUTINE NAME: M C O N  

DESCRIPTION 

MASCON c a l c u l a t e s  the Mach number d i s t r i b u t i o n  a t  a n  a r ea  downstream of 
the throat  such t h a t  t o t a l  mass flow is conserved. Mess flow, ca lcu la ted  a t  
the throat ,  is  used as the constant  f o r  comparison. 

CALLING SEQUENCE 

CALL MASCON (E,SE,DELM,KlWl,KZWZ) 

where E i s  the input  l i n e  a r r ay  CORLIP, SE i s  the Input l i n e  entropy l e v e l ,  
and DEN is  the  Mach number grad ien t  along the  s t a r t l i n e .  

UTILITY ROUTINES AND COMMON REFEReNCES 

COMMON/ CONTRL/ 
RGVOFM 
ERRORS 
EMOFV 
I TSUB 
m F E M  

METHOD OF SOLUTION 

The mass flow r a t e  the t h roa t ,  m*, is calculated.  This  m* is  
compared with t h a t  a t  the  input l i n e  l oca t ion  f o r  an i n i t i a l  Mach number 
d i s t r i b - t i on .  The Mach number d i s t r i b u t i o n  i s  then perturbed u n t i l  mass flow 
is conserved. 
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SUBROUTINE NAME: MASS 

DESCRl  PTION 

The rout ine  is used by the  s ing le  phase t ransonic module t o  ca l cu la t e  the 
mass flow and momentum a t  each so lu t ion  s t a t i on .  

CALLING SEQUENCE 

CALL MASS (WD'lT,PDOT,JN,KN,PFPARY) 

where WDOr and PDOT a r e  the mass flow and momentum a t  the J N  s t a t i o n  a t  the 
new timestep KN. PFPARY i s  the a r r ay  containing a l l  tile flow proper t ies  a t  
the old and new time s t e p  f o r  a l l  po in ts  i n  the transonic flow domain. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COblMON/ DATAR/ 
COMMON/ S P E L /  
P H I  
THERMT 

METHOD O F  SOLUTION 

The mass and momentum f luxes  a r e  in tegra ted  s t a r t i n g  a t  the  wall  point 
and proceeding t o  the a x i s  a t  each s t a t i o n  a t  a  given time. 
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DESCRIPTION 

This subroutine keeps a running check on the  mass flow. Mass f l w  a t  t he  
s t a r t i n g  l i n a  is ca lcu la ted  and compared wi th  t ha t  crossing each normal l i n e  
downst ream. 

CALLING SEQUENCE 

CALL MASSCK (ILASTSISTART,K,K1WlsK1W2,YFYARY) 

where ILAST is  the  l a s t  point on the normal l i n e ,  ISTART is a number of the 
f i r s t  point on the  noma l  and K represen ts  t he  noma l  l i n e  under 
consideration. PFPARY is the array containing the  p a r t i c l e  propert ies .  

;ITILITY ROIJTINES AND C O W i ;  REFERENCES - 

METHOD OF SC UTION 

The r a s s  flow through the  s t a r t l i n e  i s  ca lcu la ted  and s tored.  Mass flow 
through l i n e s  downstream i s  ca lcu la ted  and these values  compared with the  
i n i t i a l  value. A percect change i n  mass flow is pr in ted  f o r  each normal 
l ine .  The t o t a l  mass flow passing under each point on a c h a r a c t e r i s t i c  l i n e  
is  s tored  s o  the mass flow can be w r i t t e n  on the  output tape t o  p e w i t  
streamline t racing.  
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SUBROUTINE NAME: MAxT 

DESCRI PTION 

This rou t ine  f i nds  t h e  smallest time s t e p  t h a t  must be taken t o  maintain 
s t a b i l i t y  during the s ing l e  phase t ransonic  so lu t ion .  

CALLING SEQUENCE 

where mCK is the  smallest  time s t e p  which is found i n  t he  a r r a y  which 
contains  t h e  maximum s t a b l e  t i m e  s t e p  a t  a l l  po in t s  i n  the  so lu t ion  domain. 

UTILITY ROUTINES AND COmON REFERENCES 

HETHOD OF SOLUTION 

The smal les t  time s t e p  over a l l  t h e  so lu t ion  poin ts  is located and 
retuined to  the  c a l l i n g  rout ine.  
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This subroutine perforas the McCoraick two-step marching shock-capturing 
algorithm, In performing this algorithm, calls are made to subroutines CODEE, 
CODEF and CODEH to code the E ,  F and H vectors of flowfield properties. The 
forvard and backward finite differences in the radial (vertical) direction and 
performed by calls to subroutines FORWBD and BACWBD. And finally, the 
flowfield properties as computed by the finite difference equations are 
obtained by decoding the "next-line" E vector by makiag a call to subroutine 
DECODE. 

CALL ~~ (JK,KK,PFPARP) 
where 

JK is the line number for the last cmputed line. 

KK is the line number for the line curreatly being computed. 

PPPABP is the array of particle properties for the new (KK) and old (JK) 
data surface. 

UTXLI','Y ROUTINES AND COWON REFEBEHXS 

COCQ40hif FSTAG/ 
CMMON/CONTRL/ 
COWON/ IRN/ 
WDEE 
CODEH 
FOBUIU) 
BACWRD 
DECODE 

Described in Section 5 of Volume I. 
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DESCRIPTION 

This rout ine  ca l cu la t e s  the maximum initial s t e p  size tbt can be taken 
following a restart at the e x i t  plane using a s t a r t l i n e  which conta ins  a 
boundary layer ,  

cALLLNC SEQUENCE 

whexe L is  the  t o t a l  umber of po in ts  on the  s t a r t  l i n e  and IPNFD is the  point 
nutsber on the  s t a r t l d n e  ( s t e r t i n g  from the a x i s )  where the Mach number is less 
than 2.0. 

UTILITY ROUTINES AND C 6 M l N  REFERENCES --- 

METHOD OF SOLUTION 

This rout ine f inds  the  f i r s t  point away from the nozzle l i p  where the 
Mach nwber  is l e s s  than and c l o s e s t  t o  Mch 2.0. The maximum s t c p  size is 
then taken t o  be the d is tance  from this poin t  t o  the l i p .  A Mach number of 2 
was chosen s o  t h a t  a reasonable in i t ia l  s t e p  s i z e  can be taken while 
maintaining numerical accuracy. 

3-82 

LOCKHEED- HUNTSVILLE J@2EARC! i E K I N E E R I N G  CENTER 



DFSCRL PTION 

T h i s  subroutine salves the  c h a r a c t e r i s t i c  equations f o r  gas  only A-ow i n  
the region around and dOWn~tredl of a n  expansion comer .  

CALLING SEQUENCE 

CALL HOCSOL (IN,ICN,~,KN1,IN2,~2,IFLAG,ITYPZ,KLWl,KlW2,PFPARY) 

where IN,KN i d e n t i f i e s  the s torage  loca t ion  f o r  the new poin t  t o  be c-puted, 
I N l , K N l  i d e n t i f i e s  t'w r igh t  runaiog known point ,  and IN2,#hi2 i d e n t i f i e s  the  
l e f t  rurming known point.  IFLAG is an  e r r o r  i nd ica to r  and ITYPE s e l e c t s  the  
type calculatior,. PFPARY is  the  a r r ay  containing the p a r t i c l e  propert ies .  

UTILITY ROUTINES AN3 COW)(ON REFERENCES 

MZTWD OF SOLUTION 

COP9ION/ CEEHX4/ 
co1prowVX1X3/ 
COEF F3 
INRSCT 
POFEn 
COEPEq 
PPATPT 
PFP 
UmPFP 

Bourn 
BOTERn 
VOFM 
RGHOFP 
rnEUrY 
WEYENT 
ERRORS 
SPCTX 
W D E L  
ALGINT 
TKmtm 

The four  cha rac t e r i s z i c  equations a r e  wr i t t en  a s  a func t icn  of f i v e  
variables ,  R,X,?, V, and S. An addi t iona l  re la t ionship  i s  obtained by 
assuming the entropy, S, v a r i e s  l i n e a r l y  between knovn da ta  points. Using 
these c h a r a c t e r i s t i c  equations i n  f i n i t e  d i f fe rence  form, the  rout ine  solves 
for  a new mesh poia t ,  knowing two mesh poin ts  of a n  opposi te  Emily.  

The so lu t ion  is tegun by s e t t i n g  the average values of proper t ies  over 
the s t e p  length equal t o  the known values a t  the base point. Subsequent 
passes i n  the i t e r a t i v e  so lu t ion  r e s u l t  i n  "updated" average values. The 
i t e r a t i v e  so lu t ion  is continued u n t i l  the  desired convergence on ve loc i ty  o r  
flow arigle is reached o r  u n t i l  the maximum number of i t e r a t i o n s  is exceeded. 

MOSCOL is  u t i l i z e d  by subroutine EXPCOR t o  solve t h e  normal l i n e  
immediately downstream of any expansion corner.  
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This subroutine ca lcula tes  the  change i n  entropy and gas t o t a l  enthalpy 
along a gas streamline f o r  gas p a r t i c l e  flows. 

CALL NEWENT (NP,ITl,IT2,S3,83,K,PB) 

where 

number of pa r t i c l e s  present on streamline 
1 f o r  i n t e r i o r  point 
2 f o r  w a l l  point 
1 f o r  i n t e r i o r  o r  lower wall point 
2 f 3 r  upper wall point 
entropy a t  new point  
t o t a l  enthalpy o r  O/F r a t i o  a t  new point 
5 gas only streamline 
7 gas and pa r t i c l e s  present on streamline 
a r ray  containing streamline base point propert ies  (upstream) 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ CHEMCN/ 
COMWN/VISEX/ 
COHNON/VMIK1/ 
COMMON/VHIX3/ 
COMMON/VMIX~ / 
COH~)N/PARTP~/ 
CHEM 

The compatibility r e l a t ions  fo r  gas t o t a l  enthalpy and entropy (Eqs. 
(4.2) and (4.3) of Table 4-1, Vol. I) a r e  solved a t  the  new streamline point 
knowing the gas and pa r t i c l e  propert ies  a t  the new and base streamline 
points. For gas only flows (and streamlines not crossing a shock) the gas 
t o t a l  enthalpy and entropy a r e  held constant along a given streamline. 
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FUNCTION NAME : 

DESCRIPTION 

This rou t ine  checks t o  see whether t he  s t a r t  l i n e  is  c lo se  enough t o  a  
t rue  normal t o  proceed with the so lu t ion  assuming the  s t a r t l i n e  is a  normal. 

CALLING SEQUENCE 

INM = IJORWK(L) 

where L is  the  number of points  on the  s t a r t  l i ne .  NORWK = 0, the  l i n e  is 
c lo se  t o  a  normal. NORMCK=l, the  l i n e  is  not c lo se  t o  a  normal. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

METHOD O F  SOLUTION 

A new normal is constructed using the  s t reamline angles  from the  
s t a r t l i n e  and an  assumed s t e p  s i z e  equal  t o  t he  a x i a l  d i s t ance  between the  
f i r s t  and l a s t  s t a r t l i n e  points.  I f  the  d i f fe rence  i n  the a x i a l  s t e p  s i z e  
between the  upper wal l  po in t s  exceeds 1-1/2 times the  c e n t e r l i n e  a x i a l  s t e p  
then the  so lu t ion  w i l l  not begin a t  the  a x i s  u n t i l  the  region above the  
s t a r t  l i n e  is  calculated.  
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LMSC-HREC TR D867400-I1 

SUBR3UTINE NAME: 190RSCK 

DESCRIPTION 

This rou t ine  rses l o c a l  flow p rope r t i e s  t o  c a l c u l a t e  p rope r t i e s  
downstream of a normal shock t o  ob t a in  p i t o t  pressure.  This rout ine  is  used 
only f o r  f i n i t e  r a t e  chemistry real gas  cases. 

CALLING SEQUENCE 

CALL NOBSCK (VI,PI,EMI,TI,GMI,RI,HI,POSTR) 

where 

VI,PI, ....., H I  a r e  t he  l o c a l  values  of ve loc i ty ,  pressure,  
Mach number, temperature, gamma, gas cons tan t  
and enthalpy 

POSTR is the p i t o t  pressure.  

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

The downstream condi t ions a r e  f i r s t  e s t i ua t ed  uc :ng i d e a l  gas  
re la t ions .  The rou t ine  then performs an i t e r a t i o n  a s  follows: 

1. Calculate  downstream s t a t i c  enthalpy from energy equation. 

2. I t e r a t e  i n  subrout ine TOFENH f o r  temperature, gamma and gas  constant .  

3. Calculate  downstream pressure from cont inu i ty  and equat ion of s t a t e .  

4. Check t o  see  i f  r e su l t an t  pressure s a t i s f i e s  the Rayleigh l i n e  
equation. I f  not ,  increment the downstream ve loc i ty  and repea t  
s t e p s  1 through 4. 

5. When the  i t e r a t i o n  is  complete, t h e  p i t o t  pressure is determined 
from the downstream conditions.  

5-8 6 

LOCKHEEPHUNTSVILLE RESEARCH & ENGINEERING CENTER 



FUNCTION NAME: OFSBT 

DESCRI IT ION 

The funct ion determines the  oxidizer-to-fuel r a t i o  on the  i n i t i a l  da ta  
sur face  f o r  the  single-phase t ransonic  module. 

CALLING SEQUENCE 

where R is  the r a d i a l  coordinate  of t he  point  on the  i n i t i a l  da ta  surface 
and O F  is the  O F  r a t i o  a t  the point .  

UTILITY ROUTINES AND COMMON REFEBENCES 

METHOD OF SOLUTION 

A l i n e a r  i n t e rpo la t i on  i s  performed using the  l o c a l  r a d i a l  coordinate 
and an input  t a b l e  of O/F vs r a d i a l  posi t ion.  
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME: ONBD 

DESCRIPTION 

This subroutine integrates the relations for one-dimensional two-phase 
perfect gas nozzle flow through the nozzle conical in le t  assuming the flow 
is  directed toward a sink point a t  the apex of the cone. 

CALLING SJCQUENCE 

CALL ONED 

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

See Section 5.6.52 of Ref. 7 .  
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME: ORTHl,S 

DESCRI PTION 

This subroutine f inds  the l e a s t  squares  polynomial which best  
approximates a weighted s e t  of da t a  po in t s  using orthogonal polynomials. 

CALLING SEQUENCE 

CALL ORTHLS (XA,YA, WA, ZJ, LA, JA, CA,ALPW,  BETAA,KA,TA, TB ,TC, INm) 

where 

XA is the  a r r a y  of IJ da ta  po in t s  f o r  the independent var iable .  

YA is  the a r r a y  of IJ d a t a  po in ts  f o r  the dependent var iab le .  

WA i s  the a r r a y  of IJ weights f o r  the da ta  points.  

IJ is the n~unber of elements i n  the XA,YA, and WA ar rays .  
Also, N i s  the  number of elements i n  the TA, TB and TC 
ar rays .  

LA is the weight switch: 
= 0 i f  weights a r e  a l l  set equal t o  one; 
= 1 i f  weights a r e  input  i n  t h  W a r ray .  

JA is the number of low-order c o e f f i c i e n t s  t o  be set equal  t o  
zero. 

C A is the  a r r a y  of KA + 1 computed polynomial coe f f i c i en t s .  

ALPW is  the computed a array.  

BE TAA i s  the  computed 9 array.  

KA is the  maximum degree of the  polynomial t o  be f i t t e d .  Also, 
KA + 1 i s  the  number of elements i n  the  C a r r ay  and K is  the  
number of elements i n  the  ALPHA and BETA ar rays .  

i s  an a r r ay  of I J  elements used f o r  temporary s torage  by 
ORTHLS. Its contents  upon re turn  from ORTHLS a r e  of no 
s ign i f icance  t o  t he  user.  

i s  an a r r ay  of I J  elements used f o r  temporcry s torage  by 
ORTHLS. The contents  upon r e tu rn  from ORTHLS a r e  of no 
s ign i f icance  t o  the  user.  
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LMSC-HREC TR D867400-I1 

TC i s  an array of IJ elements for  temporary storage by OBTZILS. 
The contents upon return from ORTHLS are of no s ignif icance 
t o  the user. 

INDA i s  the error indicator: 
= -1, when JA >KA 
= +1, when JA < KA. - 

UTILITY ROUTINE AND COMMON REFERENCES 

None. 

METHOD OF SOLUTION 

See Section 5.6.53 of Ref. 7. 
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SUBROUTINE NAME: OUT 

OUT w r i t e s  t h e  c a l c u l a t e d  d a t a  f o r  d a t a  p o i n t s  along wi th  t h e  
corresponding t i t l e  and headings.  

CALLING SEQUENCE 

CALL OUT (11,12,K,KlWl,KlW2,FFPARY) 

where 11,12 r e f e r  t o  the  po in t  numbers of the  p o i n t s  t o  be output  (any 
number of p o i n t s  may be ou tpu t  a t  one t i m e .  K r e p r e s e n t s  t h e  c u r r e n t  nqrmal 
l i n e  ( t a k e s  on the  va lue  1 o r  2). PFPARY i s  the  a r r a y  con ta in ing  the  
p a r t i c l e  p r o p e r t i e s .  

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ CONTRL/ 
COMMON/DATAR/ 
COMMON/ GASCON/ 
COMMON/ HEAD/ 
COMMON/ PARTP4 / 
COMMON/ PARTP 2 / 
COMMON/GAPPA/ 
COMMON/WRITPT/ 
COMMON/TEMPER/ 
COMMON/FTSTAG/ 
COMMON/ CRITER/  
COMMON/TOTAL/ 
COMMON/BOMOUT/ 
COEIMON/ CHEMCN/ 
COMMON/ CHEMXX/ 
COMMON/ GAS DAT/ 

METHOD O F  SOLUTION 

Not a p p l i c a b l e .  

COMMON/UMIXZ/ 
C O M M O N / V M I ~ /  
COMMON/ PRAD/ 
COMMON/ PSTR/  
COMMON/ AMF/ 
POFEM 
PAGE 
P F P  
THERMO 
PPATPT 
NORS CK 
VEMAG 
SPCTX 
ESHOCK 
VMODl 
VMOD2 
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

SLBROUTINE NAME: OUTBIN - 
L"cSCR1 PTION -- 

This  subred t ine  w r i t e s  t h e  c a l c u l a t e d  normal d a t a  on t h e  b inary  output  
tape .  This i s  done f o r  any number of  d a t a  po in t s .  The r o u t i n e  w i l l  a l s o  
punch ( o r  w r i t e  on a  f i l e )  a n  e x i t  pl-ne s t a r t  l i n e  o r  a  r e s t a r t  s t a r t l i n e .  

CALLING SEQUENCE - 

CALL OUTBIN (Il,I2,JK,KlWl,KlW2,PFPARY) 

where I l , I 2  i d e n t i f i e s  the  range of p o i n t s  t o  be w r i t t e n  on t ape  (IJ1 is 
f i r s t  p o i n t ,  I 2  i s  l a s t ) .  J K  r e p r e s e n t s  t h e  c u r r e n t  c h a r a c t e r i s t i c  l i n e  (1 
o r  2) .  KlWl and K1W2 a r e  f l a g s  which s p e c i f y  whether o r  no t  t o  punch a  
s t a r t  l i n e .  PFPARY is  t h e  a r r a y  con ta in ing  t h e  p a r t i c i c  p r o p e r t i e s .  

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/TAPRIT/ 
COMMON/ DATAR/ 
COMMON/FORCE/ 
COMMON/ GAP PA/ 
COMMON/ PARTP4 / 
COMMON/ PART P 2  / 
COMMON/CONTRL/ 
COMMON/ GLOBAL/ 
COMMON/AUX! 
COMMON/ AMF/ 
COMMON/ PUNEXT/ 
COMMON/ FLAG/ 
COMMON/ I S T R T /  
COPIMON/TRPRT/ 

METHOD O F  SOLUTION 

Not a p p l i c a b l e .  

CoMMON/PSTR/ 
COMMON/ GAPPA/ 
COMMON/GASDAT/ 
COMMON/ PRAD/ 
COMMON/ CHEMCN/ 
COMMDN/ CHEMXX/ 
CoMMON/FSTAG/ 
COMMON/ VMI X3 / 
VMODl 
THERMO 
YFP 
TPil AB 
SPCTX 
EMOFY 
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SUBROUTINE NAME: OUTPUT 

DESCRIPTION 

This subroutine p r i n t s  out the  c a l c d a t e d  data f o r  the  data  po int s  i n  
the single-phase transonic module. 

CALLING SEQUENCE 

CALL OUTPUT (L,PEPARY) 

where L i s  the new timrstep ind ica tor  and PFPARY i s  the  array containing a l l  
the flow c h a r a c t e r i s t i c s  of the transonic data po int s .  

UTILITY ROUTINES AND COMMON REFERENCES 

COPMON/DATA! / 
m O N / S P E L /  
PAGVOF 
PHI 
THERMT 
MASS 

METHOD OF SOLUTION 

N o t  applicable. 

5-9 3 

LOCKHEE5HUNTSVILLE RESEARCH & ENGINEERING CENTER 



SUBROUTINE NAME : OVEBeX 

DESCRIPTION 

OVEREX s o l v e s  f o r  t h e  shock a n g l e  a t  t h e  nozzle  l i p  when t h e  flow is  
overexpanded. Provis ions  a r e  made t o  c a l c u l a t e  the  shock ang le  f o r  a n  upper 
o r  lower l i p  point .  Real g a s  e f f e c t s  a r e  considered i n  c a l c u l a t i n g  flow 
propert ies downstream of t h e  shock. 

CS!.L1RC SFCJENCE --- - -- - 
CALL 3VEREX (PB,I,K,ITYPElSK1W1,K1W2,PFPARY) 

where PB is t h e  f rees t ream pressure  a t  t h e  boundary; I , K  d e f i n e s  t h e  
l o c a t i o n  of t h e  l i p  po in t  i n  t h e  c h a r a c t e r i s t i c  d a t a  (PW) a r r a y  and I T Y P i i l  
i l c i c a t e s  whether a n  upper i=2) o r  lower ( = I )  boundary is t o  be considered.  
PFPARY i s  tho  a r r a y  conta ining p a r t i c l e  p roper t i e s .  

U T I L I T Y  ROUTINES AND COMHON REFERENCES 

COMHON/DATAR/ 
COHHON/PARTPO/ 
COMMON/ PARTP2/ 
mom 
ESBOCK 
THERMO 

POFEU 
XTSUB 
PFP 
UOFV 
W F P  
ERRORS 

METHOD OF SOLUTION 

For t h e  f i r s t  pass through t h e  s o l u t i o n ,  a n  i n i t i a l  shock a n g l e  is  
assumed. Th is  shock ang le  is  per turbed i n  I T U S B  and t h e  r e s u l t  used t o  
c a l c u l a t e  f low p r o p e r t i e s  inc lud ing  s t a t i c  pressure  downstream of t h e  
shock. The c a l c u l a t e d  s t a t i c  pressure  is compared wi th  t h e  boundary 
pressure  t o  determine i f  t h e  d e s i r e d  convergence has been obta ined.  I f  t h e  
s o l u t i o n  has  no t  converged I T S U B  is c a l l e d  a g a i n  and t h e  above procejure  is 
repeated.  

5-94 

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER 



SUBROUTINE NAME: PAGB 

DESCRIPTION 

This subrout ine page ejects and writes the  header comen t s  and page 
number on each page of pr intout .  

CALL PAGE (LCNT, KlW1, K1W2) 

where LCNT is  a counter which monitors the  number of l i n e s  of pr inted output 
per page. LCNT is r e i n i t i a l i z e d  i n  PAGE. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON1 HEAD/ 
COMMON/ CONTROL1 
UTILITY - None 

METk:nD OF SOLUTION 

When the  maximum number of  l i n e s  per  page (55) have been output ,  PAGE 
is ca l l ed  t o  page e j e c t .  It then p r i n t s  the i den t i fy ing  information and the 
page number, increments t he  page number and r e i n i t i a l i z e s  t h e  l i n e  counter. 
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IMSC-HKEC TR D867400-I1 

SUBROUTINE NAME: PLLGVOF 

DESCRIPTION 

The subroutine page e j e c t s  and writes  the header comments on esch page 
of printout for  the single-phase transonic module. 

CALLING SEQUENCE 

CALL PAGVOF 

UTILITY ROUTINES AND COHHON REFERENCES 

METHOD OF SOLUTION -- 
Not appiicable. 
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SUBROUTINE NAPE: 

DESCRIPTION 

The subrou t ine  determines t h e  p a r t i c l e  p r o p e r t i e s  f o r  t h e  por t ion  of 
t h e  f i r s t  normal downstream of  a Prandtl-Meyer expansion which is inf luenced 
by t h e  expansion fan.  

CALLING SEWEKE 

CALL PARINT (INL,Ill,K,IFG,PFPARY) 

h e r e  INL is t h e  number of p a r t i c l e  1imTting s t r e a m l i n e s  which p e n e t r a t e  t h e  
Prandtl-Eleyer fan ,  ( I 1 1 , K )  is t h e  f i r s t  po in t  i n  t h e  Prandtl-#eyer f a n  on 
t h e  new l i n e ,  IFG is a f l a g  which is  re turned t o  t h e  c a l l i n g  r o u t i n e  which 
i s  a z e r o  i f  t k e  i n t e r s e c t i o n  of t h e  p a r t i c l e  s t r e a m l i n e  was performed 
s a t i s f a c t o r i l y  o r  a 10 i f  t h e  i n t e r s e c t i o n  was above o r  below t h e  
expansion. I f  IFG r e t u r n s  as a 10 t h e  new normal (K-line) is r e c a l c u l a t e d  
wi th  a smaller s t e p  size. PFPARY is t h e  a r r a y  con ta in ing  p a r t i c l e  
p r o p e r t i e s  of t h e  o l d  and new normals. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ =AD/ 
COWON/ PARTP 2 / 
COMMON/PARTP4/ 
CO#NON/GAPPA/ 
COMMON/DATAR/ 

METHOD OF SOLUTION 

CO!MON/TOTAL/ 
INRSCT 
CHECK 
PFP 
IDMPFP 

The Prandtl-Heyer expansion is performed assuming t h e r e  a r e  no 
p a r t i c l e s  present .  This  r o u t i n e  c a l c u l a t e s  t h e  p r o p e r t i e s  o f  any p a r t i c l e s  
which e n t e r  t h e  zone of in f luence  of t h e  Prandtl-Meyer fan. The l i m i t i n g  
s t r e a m l i 5 e s  and a s s o c i a t e d  p r o p e r t i e s  which e n t e r  t h e  f a n  a r e  known before  
e n t e r i n g  t h i s  r o u t i n e  (from PARSTR). Once t h e  new normal has  been 
completed, inc lud ing  the  expansion f a n  p o i n t s ,  PARINT uses  t h e  previously  
saved d a t a  t o  i n t e r s e c t  t h e  l i m i t i n g  s t r e a m l i n e s  wi th  t h e  new normal t o  
l o c a t e  t h e  new i i m i t i n g  s t reaml ine  and a s s o c i a t e d  p roper t i e s .  The p a r t i c l e  
p r o p e r t i e s  a t  a l l  t h e  remaining p a r t i c l e  s i z e s  a t  t h e  o t h e r  expansion f a n  
p o i n t s  a r e  determined v i a  i n t e r p r e t a t i o n .  
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SUBROUTINE NAME: PARLOK - 
DESCRIPTION 

The rout ine determines the i n t e r s e c t i o n  of the p a r t i c l e  l imi t ing  
s t reamlines  with the edge of t he  boundary layer .  It a l s o  determines t he  
p a r t i c l e  p rope r t i e s  a t  t he  edge of the  bo~nda ry  l aye r  s o  t h a t  3BLTRC and 
TRACEP can t r a c e  p a r t i c l e  s t reaml ines  through t h e  boundary layer .  

CALLING SEQUENCE 

CALL PARLOB( R9, ICT , NPAR, PFPARY ) 

where R9 is t h e  r a d i c a l  coordinate  of t he  boundary layer  edge a t  each 
boundary l aye r  so lu t ion  s t a t i o n .  R9 is t h e  coordinate  a t  which the  boundary 
layerlboundary layer  edge ve loc i ty  is .995. ICT is t h e  boundary l aye r  
s t a t i o n  number, NPAR is the  number of p a r t i c l e  s i z e s  which are found a t  aay 
given s t a t i o n  and PFPARY is the  a r r a y  which conta ins  p a r t i c l e  proper t ies  
which are read from t h e  i nv i sc id  nozzle so lu t ion  tape and a r e  used t o  
determine the  p a r t i c l e  p rope r t i e s  a t  t he  boundary l a y e r  edge. 

UTILITY ROUTINES AND COWION REFERENCES 

METHOD OF SOLUTION 

The inv i sc id  nozzle so lu t ion  (saved on tape)  and bounaary Layer 
so lu t ion  (BLIMPJ) r e s u l t s  a r e  known p r io r  t o  en t ry  t o  PBLTRC. The boundary 
layer  edge a t  each of the  boundary layer  so lu t ion  s t a t i o n s  i s  a l s o  known. 
PARLOK u t i l i z e s  the i nv i sc id  nozzle f lowfield tape  t o  determine the  p a r t i c l e  
proper t ies  a t  the  edge of each boundary l aye r  s t a t i o n  along with t he  
loca t ion  and proper t ies  of a l l  p a r t i c l e  l im i t i ng  s t reaml ines  which i n t e r s e c t  
the  boundary l aye r  anywhere i n s ide  the  nozzle. 
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SUBROUTINE NAME: P M T R  

DESCRIPTION 

This subroutine saves the particle streamline location and properties 
at the last normal before a Prandtl-Meyer expansion. 

CALLING SEQUENCE - 
CALL PARSTR ( INL, ITRY , J ,K, ITST,PFPARY) 

where INM is the number of particle limiting streamliaes which enter the 
expansion fan, (ITRY,K) is the point number on the new normal which is being 
overriden by the Prandtl-Meyer expansion and whose properties and properties 
of the point above it are to be saved. J is the line identifier for the old 
normal prior to the expansion fan. ITST is a 1 if the particle limiting 
streamline is at the nozzle wall (i.e., particle impingement with the nozzle 
wall has occurred) and ITST is a 2 for all particle limiting streamlines 
which have not impinged on the nozzle wall. PFPARY is the array which 
contains the particle properties on the old and new normals. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ DATW 
COIIMON/ GAPPA/ 
COMMON/ LSAD/ 
COMMON/ PARTPZ / 
COMMON/ PARTP4 / 
COHHON/TOTAL/ 
PFP 

METHOD OF SOLUTlON 

This routine saves only the data for any particles size groups whose 
streamlines have been determined by PHASE1 to enter the zone of influence of 
the Prandtl-Meyer fa11 on the first normal downstream of the expansion 
corner. This information which is saved by PARSTR will subsequently be used 
by PARINT to determine particle flow properties in the Prandtl-Meyer zone of 
the first normal beyond the expansion corner. 
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME : PARTIL 

DESCKI ITION 

T h i s  s u b r o u t i n e  is t h e  c o n t r o l  s u b r o u t i n e s  f o r  t h e  Approximate 
Transonic  Ana lys i s  module. T h i s  r o u t i n e  and t h e  o t h e r  r o u t i n e s  were t a k e n  
from t h e  SPP code (Ref. 7 )  and modif ied  f o r  u s e  by t h e  RAMPZF program t o  
o b t a i n  t h e  two-phase t r a n s o n i c  s tar t  l i n e .  

CALLING SEQUENCE 

CALL PARTIL (NTAPE,NSETS) 

where 

NTAPE 

NSETS 

t h e  FORTRAN u n i t  on  which t h e  s t a r t l i n e  is s t o r e d  
( u s u a l l y  8) 

t h e  number o f  start l i n e  p o i n t s  f o r  which t h e r e  are 
p a r t i c l e s  p r e s e n t  

UTILITY ROUTINES AND COMMON REFERENCES 

WMMON/ILINE/ 
COMNoN/ DELT/ 
COMMONIDRAG1 
COMMON/DATAR/ 
COHMON/NAMEL/ 
COMMON/ N&EFl/ 
COMMON/NAMEQ/ 
COMNoN/NAMER/ 
COMMO N/N AMES / 
COMMON/ NAMEX 1 

METHOD OF SOLUTION 

COHHON/NAMEY / 
COMMON/ ERR/ 
COMMON/NAMEA/ 
COMMON/ NAME 1 / 
COMMON1 RZWl / 
COMMON/ SOURCE/ 
COMMON/ PARTPZ / 
COMMON/ F I  LIT/ 
COMMON/ GASDAT/ 
COMMON/ GASCON/ 

See S e c t i o n  5.6.55 of Ref. 7. 

cowlro#/ XXSH/ 
COMMON/ CONTRL / 
COMMON/ PCTC/ 
PROP 
FIXIL 
ONED 
DLTA 
WDGI 
TRACE 

OR'rHLS 
COEFS 
PAGE 
TAB 
SITER 
TOFM 
TERN0 
mom 
TON 
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SUBROUTINE NAHE: PARTIN - 
DESCRIPTION 

T h i s  s u b r o u t i n e  r e a d s  i n  g a s  and p a r t i c l e  p r o p e r t y  s t a r t l i n e  d a t a .  
Data are read  i n  from c a r d s  o r  t ape .  

CALLING SEQUENCE 

CALL PART I N  ( NSETS , NTAPE , PFPARY) 

where 
NSETS is  t h e  number o f  s t a r t l i n e  p o i n t s  where p a r t i c l e s  

a r e  p r e s e n t  

NTAPE i s  t h e  FORTRAN u n i t  t o  r e a d  t h e  s t a r t l i n e  d a t a  
from ( 0 7  f o r  c a r d s ) ,  NTAPE u s u a l l y  = 8 f o r  two- 
phase and s ing le -phase  s t a r t l i n e  gene ra t ed  by t h e  
program, PFPARY i s  t h e  a r r a y  c o n t a i n i n g  p a r t i c l e  
p r o p e r t i e s .  

UTILITY ROUTINES AND COEMON REFERENCES 

METHOD OF SOLUTION 

COMMON/ V ISEX/ 
COHMON/FSTAG/ 
COMMON/ BOXOUT/ 
COMMON/ TRPRT/ 
COMMON/ SPEL/ 
COMMON/CHEMXX/ 
RGVOFM 
UOFEM 
TOFEM 
POFEM 
SPCTX 
THERMO 
IDMPFP 
P F P  

The g a s  s t a r t l i n e  p o i n t s  are read  s t a r t i n g  w i t h  t h e  a x i s  p o i n t  and 
i n p u t  up t o  t h e  boundary, w h i l e  t h e  p a r t i c l e  s t a r t l i n e  d a t a  is i n p u t  
s t a r t i n g  wi th  t h e  l a s t  l i m i t i n g  s t r e a m l i n e  o r  las t  g a s  s t a r t l i n e  p o i n t  and 
i n p u t  down t o  t h e  a x i s .  
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SUBROUTINE NAME: PARTPH 

DESCRIPTION 

This subrou t ine  reads  and sets up t h e  d a t a  t a b l e  of p a r t i c l e  
temperature ve r sus  enthalpy.  Th i s  r o u t i n e  a l s o  p r i n t s  o u t  t h e  p a r t i c l e  drag 
t a b l e s  a s  w e l l  a s  t h e  temperature ve r sus  en tha lpy  t a b l e s .  

CALLING SEOUENCE 

CALL PARTPH (IPFTOC,LCT,NGS) 

where 

IPFTOC = zero  f o r  two-phase c a s e  
= 10,000 f o r  g a s  on ly  c a s e  

LCT = l i n e  coun te r  f o r  p r i n t o u t  purposes 

NGS = a  dummy v a r i a b l e  

UTILITY ROUTINES AND COMMON KEFERENCES 

COMMON/ GASTPEI 
COMMON/ CONTRLI 
COMMON/TPHEH/ 
COMMON/GASDAT/ 
COMMON/DRAGCF/ 
COMMON/ PARTP2 / 
COMMON/DATAR/ 
COMMONITFLAG/ 
COMMON/TAPRIT/ 
C3MMON/TRPRT/ 
PAGE 

METHOD OF SOLUTION 

Not app l i cab le .  
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SUBROUTINE NAME : PBLTRC 

DESCRI PTION 

The subrou t ine  provides  o v e r a l l  c o n t r o l  over  t k  ? p a r t i c l e  t r a j e c t o r y  
t r a c i n g  module f o r  de te rmina t ion  of t h e  p r o p e r t i e s  of  t h e  p a r t i c l e s  i n  the  
boundary l a y e r  a t  t h e  e x i t  p lane  of t h e  nozzle.  

CALLING SEQUENCE 

CALL PBLTRC (PFPARY) 

where PFPARY i s  a n  a r r a y  which is  g e n e r a l l y  used t o  s t o r e  p a r t i c l e  
p r o p e r t i e s  but  is  used as a working a r r a y  i n  t h e  p a r t i c l e  t r a j e c t o r y  t r a c i n g  
module. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ CHOCK/ 
COMMON/ CONTROL/ 
COMMON/ CONVV/ 
COMMON/ GAP PA/ 
COMMON/HITWAL/ 
COMMON/ I PMX/ 
COMMON/MET/ 
COMMON/ PARTP 2 / 
COMMON/ PRAD/ 
COMON/ PSLD/ 
COMMON/QUITIT/ 
COMMON/SPEL/ 

COMMON/ TFLAG/ 
COMMON/TRCDAT/ 
IDMPDT 
IDMF'RO 
INRSCP 
PARKOK 
PRO 
PRO 
TAPMOV 
TRACEP 
WTFLOP 
WRITP 

METHOD OF SOLUTION 

This  r o u t i n e  u s e s  a s  i n p u t  t h e  i n v i s c i d  nozzle  r e s u l t s  s a v i ~ s  on u n i t  3 
and t h e  boundary l a y e r  r e s u l t s  which are s t o r e d  on u n i t  2. P a r t i c l e  
p r o p e r t i e s  i n  t h e  boundary l a y e r  a t  t h e  e x i t  plume a r e  determined v i a  the  
following: 

STEP 1 The boundary l a y e r  r e s u l t s  a r e  read i n  from u n i t  2 ,  converted 
t o  v e r t i c a l  d a t a  s t a t i o n s  a long t h e  nozz le  w a l l  and saved f o r  
f u r t h e r  use .  

STEP 2 The p a r t i c l e  p r o p e r t i e s  a t  t h e  edge of t h e  boundary l a y e r  a r e  
determined from t h e  f l o w f i e l d  t a p e  ( u n i t  3) and saved f o r  
i n i t i a l i z i n g  t h e  t r a j e c t o r y  t r a c i n g .  If  no p a r t i c l e s  a r e  
found t o  p e n e t r a t e  t h e  boundary l a y e r  then t h e  r o u t i n e  is 
e x i t e d .  

5-163 

LOCKHEED-HUNTSVILLE RESEARCH 6 ENGINEERING CENTER 



LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

STEP 3 For each particle size that penetrates the boundary layer, 
eight particle trajectories (at even axial increments from 
the limiting streamline penetration to the exit plane) plus 
the limiting streamline trajectories are traced through the 
boundary layer up to the exit plane. 

STEP 4 All particle sizes and properties are merged at the exit 
plane, summarized and stored for future use by the program 
for generating a viscous, two-phaee startline fox a plume 
station. 
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FUNCTION NAME: P D P  

DESCRIPTION 

This funct ion computes t he  p a r t i c l e  property da t a  s torage  loca t ion  ar.1 
r e t r i ev ing  d a t a  from the PDAT a r ray .  This a r r a y  contains  the p a r t i c l e  
proper t ies  i n  the  boundary l aye r  a t  t he  e x i t  plane of the nozzle,  

CALLING SEQUENCE 

where I , J , K , L  a r e  ind ices  used t o  determine the s torage  locat ion.  

L T I L I T Y  ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

This rou t ine  simulates a four-dimensional a r ray .  The p a r t i c l e  property 
s torage  l oca t ion  i s  computed using the  following r e l a t i o n :  

and re t r ieved  using the r e l a t i o n  

PDT = PDAT(IX)  
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FUNCTION NAME: PPP 

DESCRIPTION 

This function computes the part ic le  property data storage location and 
retrieves data from the PFPARY array. 

CALLING SEQUENCE 

where 

I , J , K , L  are indices used to determine the storage location. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ PARTP3/ 
COMMON/ PARTP 2 / 
COMMON/ PARTP4 / 

METHOD OF SOLUTION 

The part ic le  property data storage location is computed using the 
following relat ion 

and retrieved using the relat ion 

PFP = PFPARY ( I X )  . 
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SUBROUTINE NAME: EWlSKl 

DESCRIPTION 

This subrout ine  provides  t h e  necessary c o n t r o l l i n g  l o g i c  fo* t h e  
complete f lowf ie ld  ca lcu la t ion .  R o p e r  subrou t ines  are c a l l e d  t o  handle 
d i f f e r e n t  kinds of ca lcu la t ions .  

CALL INC SEOUENCE 

C a l l  P W E 1  (IFINZS,I~S,KLWIsK1W2,PFPARY) 

where 

I F I N X S  is  a zero 
K2Wl,K2W2 are e r r o r  f l a g s  
I T R S  = 0 n o r m 1  execut ion 

= 10 two-phase s o l u t i o n  wi th  two-phase s t a r t l i n e  
s e t  up by program 

= 2 0  e x i t  plane s t a r t l i n e  using inviscgd and v i scous  
merged r e s u l t s  

PFPARY is t h e  a r r a y  conta ining p a r t i c l e  p r o p e r t i e s  on t h e  s t a r t l i n e  
and subsequently used t o  s t o r e  p a r t i c l e  p r o p e r t i e s  on t h e  
o l d  and new normals. 

U T I L l ' i Y  ROUTINES AND C W O N  REFERENCES 

coMMoN/kmx3/ 
COMMON/ W 1 X 4  / 
COMHON/WIX~/  
COMMON/ PSTR/ 
COMMON/ CHEMCNI 
COMMON/ PUT/ 
COHMON/AMF/ 
COMMON/ PTEN/ 
COHMON/HASOUT/ 
COMMON/ CAPUR/ 
COMMON/ I SEA/ 
COMXON/YRITITj 
COMMON/ CUTFO/ 
COMMON/ CPSV/ 
COMMON/LI PFX/ 
COMMON/ IRN/ 
COMMON/SKIPPY/ 
COMMON/ PUNEXTI 
COMMON/ LSAD/ 
OUT 
THRUST 
OUTBIN 

P O F M  
EMOFV 
RQ4OFP 
VCFEM 
THETPH 
TOFFM 
SOKSOL 
STRNOR 
ERRORS 
MASSCK 
CHECK 
YFP 
IDNPFP 
INRSCT 
SOKINT 
FREEklC 
THERMO 
PRFRBD 
EXPCOR 
MESH 
NORMCK 
VMODEL 
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COHHON/V ISEX/ 
COMMON/ EXPER/ 
C ~ O N / G A S D A T /  
COMMON/ FSTAG / 
COHMON/WAFT/ 
COMMON/ PARTP 2 / 
CON#ON/LIPPT/ 
COMMON/ BLNDAT/ 
COPMON/RSTART/ 
COMMON/ PRAD/ 

mTHOD O F  SOLLTION 

SPGTX 
PPATPT 
LI?l l  TS 
BOUhD 
BOUNDA 
PRANDT 
UOFV 
ITERH 
TURN 
HYPER 

VMODl 
PU) ALJ 
lBOUND 
1NT.I" 
AVERAG 
IRAD 
S L S K I P  
ALGIhT 
CBREAK 
PARSTR 
PARINT 
SLINT 

Th i s  subrou t ine  makes most of t h e  tests t o  determine what kind of 
c a l c u l a t i o n  should be c a r r i e d  o u t  f o r  t h e  p o i n t  under cons ide ra t ion .  The 
point  may be a r e g u l a r  f i e l d  p o i n t ,  s o l i d  o r  f r e e  boundary p o i n t ,  expansion 
corner  p o i n t s  a t  t h e  f r e e  boundary, and expansion c o r n e r  p o i n t s  a t  s o l i d  
boundary, e t c .  Th i s  r o u t i n e  c a l l s  e i t h e r  t h e  c h a r a c t e r i s t i c s  o r  shock 
cap tu r ing  methodology f o r  s o l v i n g  p o i n t s  depending on u s e r  s e l e c t e d  optio-..  
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FUNCTION NAME: P B I  

DESCRIPTION 

This  f u n c t i o n  computes t h e  f low proper ty  d a t a  s t o r a g e  l o c a t i o n  f o r  any 
g r i d  po in t  a t  the  new o r  o l d  t imes tep  i n  t h e  s i n g l e  phase t r a n s o n i c  module. 
Th i s  f u n c t i o n  r e t u r n s  t h e  requ i red  d a t a  from t h e  PFPARY which is  used as a 
working a r r a y  i n  t h i s  module. 

CALLING SEQUENCE 

= P H I ( I , J , K , L ,  PFPARY) 

where I ,  J ,K ,L  a r e  i n d i c e s  used t o  determine tl.e s t o r a g e  l o c a t i o n  i n  the  
PFPARY a r r a y .  

UTILITY ROUTINES AND COHMOti REFERENCES 

T h i s  r o u t i n e  s imula tes  a four-dimensional a r r a y .  The f low proper ty  
s t o r a g e  l o c a t i o n  is computed us ing t h e  fo l lowing r e l a t i o n :  

and r e t r i e v e d  us ing  the  r e l a t i o n  

PHI = PFPARY(1X). 
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SUBROUTINE NAME: PHYSOL 

DESCRIPTION 

T h i s  s u b r o u t i n e  f i n d s  t h e  r e f e r e n c e  p r o p e r t i e s  on t h e  c h a r a c t e r i s t i c  
l i n e  s o  t h a t  t h e  c o m p a t i b i l i t y  e q u a t i o n s  c a n  be used  t o  c a l c u l a t e  t h e  f low 
v e l o c i t y  and a n g l e  o f  a p o i n t  downstream of t h e  known r e f e r e n c e  normal l i n e  
( o r  s u r f a c e ) .  

CALLING SEQUENCE 

CALL PHYSOL (PRET, I S ,  JS ,  I N ,  KN, IDIR, IFLAG, K l W l ,  KlW2, P lS ,  
PIN, EM, PN1, IPM, IPN1, KPM, JAG,  P, ARGN, ISLIP, KSLIP, IFlX, 
1141, IQUAD, H, SAVE, DP, PFPARY) 

where 

PRET(8) is  t h e  s t o r a g e  a r r a y  o f  r e f e r e n c e  p r o p e r t i e s  found 

(XS,JS) is  t h e  p o i n t  on t h e  r e f e r e n c e  normal l i n e  (;-line), normally 
on  t h z  same s t r e a m l i n e  as t h e  one under  c o n s i d e r a t i o n  

(IN,KN) is a known p o i n t  j u s t  below t h e  p o i n t  under  c o n s i d e r a t i o n  on 
t h e  new normal l i n e  (K-line) 

IDIR i n d i c a t e s  i f  a I - c h a r a c t e r i s t i c  (=+I)  o r  a 1 1 - c h a r a c t e r i s t i c  
(-1) i s  be ing  cons ide red  

I FLAG is a c o n t r o l  i n d i c a t o r  t o  r e t u r n  t h e  p rope r  message t o  t h e  
c a l l i n g  s u b r o u t i n e  i n  o r d e r  t h a t  a p rope r  measure c a n  be 
t aken  

PIS(8)  a r r a y  c o n t a i n i n g  t h e  f l o w  p r o p e r t i e s  of  t h e  s t r e a s l i n e  base 
p o i n t  

PIN(8) a r r a y  c o n t a i n i n g  t h e  new f l o w  p r o p e r t i e s  o f  t h e  s t r e a m l i n e  
p o i n t  

PFI(8 j a r r a y  c o n t a i n i n g  t h e  f l o w  p r o p e r t i e s  of  p o i n t  IPM wllich 
b r a c k e t s  t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  

P?lI(8) a r r a y  c o n t a i n i n g  t h e  f l o w  p r o p e r t i e s  of p o i n t  IPMl which 
b r a c k e t s  t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  

IPM,IPMl t h e  p o i n t  numbers o f  t h e  two a d j a c e n t  p o i n t s  on t h e  o l d  d a t a  
s u r f a c e  which b r a c k e t s  t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  
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KPM 

JAG 

KSLIP 

I FIX 

IQUAD 

H 

SAVE (8 ) 

DP(8) 

PFPARY 

i f  t h e  c h a r a c t e r i s t i c  l i n e  i n t e r s e c t s  a boundary, shock,  o r  
s l i p l i n e  WM is t h e  p o i n t  number on t h e  new d a t a  s u r f a  e 
which bounds t h e  i n t e r s e c t i o n  

t h e  p o i n t  immediately above o r  below t h e  s t r e a m l i n e  base 
po in t .  T h i s  p o i n t  is  used t o  d e t e c t  t h e  p re sence  o f  a 
s l i p l i n e  

a r r a y  i n  which t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  f l o w  
p r o p e r t i e s  a r e  s t o r e d  

t h e  a n g l e  of  t h e  normal 

f l a g  which i n d i c a t e s  i f  no t  enough d a t a  is known t o  o b t a i n  
t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  

i f  KSLIP i s  a 1 t h e  c h a r a c t e r i s t i c  h a s  i n t e r s e c t e d  a s l i p l i n e  

index  used w i t h i n  PHYSOL which i n d i c a t e s  i f  t h e  two p o i n t s  
which b r a c k e t  t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  have been fobnd 

f l a g  which i n d i c a t e s  i f  :he c h a r a c t e r i s t i c  i n t e r s e c t i o n  is  
below t h e  f i r s t  p o i n t  o r  above  t h e  l a s t  p o i n t  on  t h e  o l d  
d a t a  s u r f a c e  

1 - i n t e r p o l a t i o n  i s  being  made o n  R 
2 - i n t e r p o l a t i o n  i s  being  made on  X 

i n t e r p o l a t i o n  f a c t o r  between p o i n t  IPFf and IPMl necessa ry  t o  
o b t a i n  t h e  c h a r a c t e r i s t i c  i n t e r s e c t i o n  

a r r a y  which i s  used t o  r e t a i n  d a t a  from p r e v i o u s  
i n t e r s e c t  i o n s  

a r r a y  which c o n t a i n s  t h e  f l o w  p r o p e r t y  d i f f e r e n c e s  between 
p o i n t s  IPM and IPMl 

a r r a y  wnich c o n t a i n s  p a r t i c l e  p r o p e r t i e s .  
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U T I L I T Y  ROUTINES AND COt4HON REFERENCES - 
COMMON/ POINTC/ 
COWON/ CASCO N/ 
COH~ON/TP(PER/ 
COWON/ F S T  AG/ 
COMt4ON/CHPMX/ 
COMMON/ CO NTRL / 
COHnOh'/DATAR/ 
COMMON/ S L  I P P T /  

METHOD OF SOLUTION 

COMMON/TEMPOZ / 
COMMON/ PARTPI / 
CQHMON/CPSV/ 
W r f H O N / V M I U /  
COMMON/ CAPUR/ 
COMMON/ PARTPL / 
CONWON/GAPPA/ 
COMMOK/ DROP / 

(;OHElON/CRlTER/ 
BOUND 
THERHO 
INRSCT 
I T S U B  
P F P  
UOFV 
G A P P B l  
PPATPT 
VMODEL 

The c h a r a c t e r i s t i c  l i n e  is  drawn from t h e  p o i n t  under c o n s i d e r a t i o n  t o  
i n t e r s e c t  t h e  known upstream r e f e r e n c e  normal l i n e .  The r e f e r e n c e  
p r o p e r t i e s  of t h i s  i n t e r s e c t i o n  a r e  i n t e r p o l a t e d  from t h e  two known p o i n t s  
on t h e  re fe rence  normal l i n e .  Subrout ine  I T S U B  and t h e  average q u a n t i t i e s  
a r e  used t o  o b t a i n  a b e t t e r  approximation of t h e  r e f e r e n c e  p r o p e r t i e s .  

I f  t h e  re fe rence  p r o p e r t i e s  are no t  r e a d i l y  a v a i l a b l e ,  IFLAG is s e t  t o  
2 ,  and t h e  r e f e r e n c e  p r o p e r t i e s  a r e  then  assumed t o  enab le  t h e  c a l c u l a t i o n  
t o  be continued.  Normally, t h e  c a l c u l a t i o n  of  t h i s  p o i n t  i s  repea ted  
aftei-ward t o  o b t a i n  t h e  c o r r e c t  r e f e r e n c e  p r o p e r t i e s  f o r  t h e  c a l c u l a t i o n  of  
the  new p o i n t  under cons ide ra t ion .  
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SUBROUTINE NAME: - PLLlOUT 

DESCRl  YTION 

PLMOUT p r i n t s  t h e  da ta  read by PLUMIN. 

CALLING SEQUENCE 

CALL PLMOUT (KP,LCNT,KlWl,IClW2,PFPARY) 

OHERE KP i s  a c o n t r o l  parameter set i n  PLUMIN, and LCNT is the pr in ted  l i n e  
counter.  PFPARY i s  the  array  which c o n t a i n s  p a r t i c l e  p r o p e r t i e s .  

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ CONTRL / 
COMMON/ CUTFO/ 
COMMON/ CASDAT / 
COMMON/ DATAR/ 
COMMON/GASCON/ 
COMMON/ HEAD/ 
COMMON/ INPUT/  
COMMON/ GAPPA/ 
COMMON/ PARTP4 / 
COMMON/ PARTP 2 / 
COMMON/MASSC/ 
COMMON/ PARTTP / 
COMMON/ PSLD/  
COE.iMON/DRAGCF/ 

METHOD O F  SOLUTION 

Not a p p l i c a b l e .  

COMPION/ WT/ 
COMMON/ STEPC/  
COMMON/WAFT/ 
COMXON/ FREE/ 
COMMON/MOL/ 
COMMON/ 'I 'APRIT/ 
COMMON/ FSTAG/ 
COMMON/ PRAD/ 
PAGE 
TAB 
IDMTAB 
EMOE71 
TBERMO 
P F P  
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

SUBROUTINE NAME: PWMD 

DESCRIPTION 

This subrou t ine  l o a d s  d a t a  from one po in t  i n t o  ano the r  po in t .  

CALLING SEOUENCE 

CALL P'LOAD ( I ,K,L,J ,MTI,PFPARY) 

vhcre point  ( 1 , K )  is being loaded wi th  a l l  t h e  d a t a  d e f i n i n g  p o i n t  ( L , J ) .  
MM is i n d i c a t o r  (1 ,2 )  used t o  temporar i ly  s t o r e  g a s  s p e c i e  mole f r a c t i o n  
d a t a  f o r  s t o r a g e  i n t o  t h e  (1,K) p o i n t  gas s p e c i e s  s t o r a g e  l o c a t i o n .  PFPARY 
is the  a r r a y  which c o n t a i n s  p a r t i c l e  proper ty  informat ion.  

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COklUON/ C W C N /  
COHHON/ CONTRL/ 
COMMON/ DATAR/ 
COMMON/FSTAG/ 
COMFIOA/ GLOBAL/ 
COMMON/ PARTPZ / 
COMMON/ PARTP4/  
IDMPFP 
P F P  
SPCTX 

E T H O D  O F  SOLUTION 

Not a p p l i c a b l e .  
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SUBROUTINE NAME: PLUHIN 

DESCRIPTION 

PLUMIN r e a d s  i n  tlre inpu t  d a t a  ( inpu t  v i a  c a r d s )  necessary  t o  perform 
t h e  streamline-normal s c l u t i o n .  Th i s  r o u t i n e  provides  c o n t r o l  f o r  a l l  i n p u t  
f u n c t i o n s  by s e l e c t i v e l y  c a l l i n g  p e r t i n e n t  i n p u t  r o u t i n e s  and:or t h e  t r an -  
s o n i c  so lu t ion .  

CALLING SEQUENCE 

CALL PLUMIN (KlWl,UWZ,NTAPE,NSETS,RRT,XSHSV,ITRS,PF2ARY) 

where 

K1Vi K2W2 a r e  multi-use f l a g s  

NTPLPE i s  FORTRAN u n i t  o r  t a p e  number on which s t a r t i n g  l i n e  
is w r i t t e n  

NSETS is t h e  number of  s t a r t i n g  l i n e  p o i n t s  which have 
p a r t i c l e s  p resen t  

RRT is  t h e  nozzle  t h r o a t  r a d i u s  of c u r v a t u r e  r a t i o  

XSHSV d i s t a n c e  from nozzle  t h r o a t  t o  c e n t e r  (x = 0) of 
coord ina te  system 

I T R S  - 0 read i n  a l l  i n p u t  d a t a  except  s t a r t l i t ,  i f  read from tape  
1 read i n  s t a r t i n g  l i n e  from tape  o r  FORTRAN u n i t  NTAPE 

PFPARY is  the  a r r a y  which c o n t a i n s  the  s t a r t l i n e  p a r t i c l e  
p r o p e r t i e s .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMCY/CONTRL/ 
ZfiMMOv/ CUTFO/ 
COMh3 Y / DATAR! 
COMMON/GASCON/ 
COMMON/ HEAD/ 
COMMON/ INPUT/ 
COMnON/STEPC/ 
COKMoN/TFLAG/ 
COMMON/ SI GMB/ 
COMMON/VISEX/ 
COMMON/VARSL/ 
COMMON/ PARTTP/ 

COMMON/ SIGNAL/ 
COMMON/LIPCOM/ 
CONMON/DRAGCF/ 
COMMON/PSLD/ 
COMMON/ C R I  TER/ 
COMMON/ WAFT/ 
COMMON/ XXSH/ 
COMMOW/FREE/ 
COMMON/ MOL / 
COMMON/TAPRIT/ 
COMMON/ CHEMCNI 
COMMON/ PRAD/ 

COMMON/ GAS DAT/ 
COMION/ACOM/ 
COMMON/ IDL/  
CoMMON/EXPNN/ 
COMMON/ W U R /  
FARTPH 
PLMOUT 
IBOUND 
STARTV 
LOGIC 
STLINE 
G ASRD 
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COMMON/ PARTP4 / 
COMMON/ PARTY 2 / 
COMMON/CAPPA/ 
COMMON/ WRI TY T/ 
COMMON/MASSC/ 
CONMON/BPRESW/ 
COMMON/ PARTWT/ 

METHOD OF SOLUTION 

N o t  a p p l i c a b l e .  

COMMON/VMIX3 / BOUND 
COMMON/ TRPRT/ L I P I N  
COMFlO N / S  KI P PY / AOASTR 
corn?' '/ P.START/ MASCON 
COMMO. 1 ' I STRT/ SETHTG 
COMMOII/ STSVB/  PART IN 
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LMSC-HREC TR D867400-IL 

FUNCTION NAME: POFBM 

DESCRIPTION - 
This  f u n c t i o n  computes t h e  l o c a l  s t a t i c  p ressure  a s  a f u n c t i o n  of Mach 

number, en t ropy ,  and t o t a l  teniperature ( i d e a l  gas ,  two-phase on ly ) .  

CALLING SEQUENCE 

where P is  t h e  r e s u l t a n t  s t a t i c  p r e s s u r e  found from t h e  Mach number, Pi, and 
entropy,  S. NOTE: Appropriate va lues  of t h c  g a s  p r o p e r t i e s  must be s t o r e d  
i n  common upon e n t r y  t o  t h i s  r o u t i n e .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/GASCON/ 
COMMON/ TEMPER/ 
UTILITY - None 

METHOD OF SOLUTION 

Thermally p e r f e c t  gas r e l a t i o n s h i p s  a r e  used t o  f i n d  t h e  p ressure .  
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME: 

DESCRIPTION 

Th:s r o u t i n e  u t i l i z e s  t h z  t abu la ted  d a t a  of e n t h s l p y  and s p e c i f i c  hea t  a s  
f u n c t i o n s  of temperature f o r  each s p e c i e s  of a  f i n i t e  r a t e  chemis t ry  case  t o  
c a l c u l a t e  p ressure ,  a s  a f u n c t i o n  of en tha lpy  f o r  a r e a l  gas ,  i n  a  
Prandtl-Meyer expansion. 

CALLING SEQUENCE 

CALL POFH (VF,HT,DELTA) 
CALL PAFH(VF ,HT ,DELTA) 

where 

VF i s  t h e  f i n a l  v e l o c i t y  
HT i s  t h e  t o t a l  en tha lpy  
DELTA i s  t h e  f low d e f l e c t i o n  angle .  

UTILITY ROUTINES AND COMMON REFERENCES - 

COMMON/GASCON/ 
core io~ /  PCTC/ 
COMMOK/EXPER/ 
COMMON/ CPMUK/ 
ITSUB 

METHOD OF SOLUTION 

The r o u t i n e  s o l v e s  f o r  p ressure  by incrementa l ly  changing t h e  f low ang le  
u n t i l  the  f i n a l  flow ang le  is obta ined.  A t  each increment t h e  r o u t i n e  
determines new g a s  p r o p e r t i e s  from t h e  t a b l e s  on en tha lpy  and s p e c i f i c  h e a t  a s  
func t ions  of temperature,  then u s e s  these  p r o p e r t i e s  f o r  t h e  next increment. 
The r e s c l t  i s  an  i n t e g r a t i o n  of t h e  f low p r o p e r t i e s  through t h e  angu la r  
change, DELTA. 

* 
POFH and PAFH a r e  the  same r o u t i n e s  but a r e  included a s  two s e p a r a t e  r o u t i n e s  
i n  the  program because of over lay  requirements  and t h e  need t o  keep the  core  
requirements a s  smal l  a s  poss ib le .  
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SUBROUTINE NAME: POINT 

DESCRIPTION 

This  subrou t ine  is used by t h e  single-phase t r a n s o n i c  module t o  c a l c u l a t e  
the  f low p r o p e r t i e s  f o r  i n t e r i o r  and nozzle  w a l l  po in t s .  

CALLING SEQUENCES 

CALL POlNT (I,J,K,L,ITYPE,PFPARY) 

where 

I po in t  number on d a t a  s u r f a c e  

J d a t a  s u r f a c e  number 

K o l d  time s t e p  i d e n t i f i e r  ( 1  o r  2)  

L  new time s t e p  i d e n t i f i e r  (2  o r  1) 

ITYPE 1. I n t e r i o r  po in t  f o r  a l l  but last downstream s t a t i o n .  
2. Upper wa l l  (nozzle)  p o i n t  f o r  a l l  but  last  downstream s t a t i o n .  
3. I n t e r i o r  po in t  f o r  l a s t  downstream s t a t i o n .  
4. Upper wa l l  po in t  f o r  last downstream s t a t i o n .  

PFPARY a r r a y  con ta in ing  flow p r o p e r t i e s  f o r  t h e  o l d  and new time s t e p s  
f o r  a l l  p o i n t s  i n  t h e  t r a n s o ~ i i c  computational  domain. 

UTILITY ROUTINES AND COMMOI; REFERENCES 

COMMON/DATAR/ 
PHI 
WXANDR 
WG 
WTT 
IDMPHI 

METHOD OF SOLUTION 

See Ref. 14. 
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LMSC-HREC TR D867400-I1 

FUNCTION NAME: POP 

DESCRIPTION 

This  f u n c t i o n  computes t h e  s p e c i e s  mole fract...on s t o r a g e  l o c a t i o n  and 
r e t r i e v e s  d a t a  from PFPARY. PFPARY has  been tempo;;!'l:;~ loaded wi th  the  
s p e c i e s  mole f r a c t i o n  d a t a  which has  been read f r o &  t h e  TRAN72 tbe~modynamic 
t ape  which c o n t a i n s  t h e  e q u i l i b r i a  o r  e q u i l i b r i d m i f r a z e n  d a t a  f o r  t h e  
p a r t i c u l a r  p r o p e l l a n t  system which was s t o r e d  o r i g i n ? l l y  on FORTRAN u n i t  10. 

CALLING SEOUENCE 

where I ,J ,K,L a r ?  i n d i c e s  used t s  J e t e m i n e  t h e  s t o r a g e  l o c a t i o n  fn t h e  PFPARY 
ar ray .  

UTILITY ROUTINES AND COP9OK REFERENCES 

None. 

DESCRIPTION 

This  r o b t i n e  s imula tes  a f ,ur-dimensional a r r a y .  The s p e c i e s  mole 
f r a c t i o n  s t o r a g e  l o c a t i o n  i s  computed us ing  t h e  fo l lowing r e l a t i o n :  

and is  r e t r i e v e d  us ing  the  r e l a t i o n  

POI = PFPARY ( IX) . 
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SUSROUTINE NAME: PPATPT 

DESCRIPTION 

This subroutine ca l cu l a t e s  and s t o r e s  gas  and p a r t i c l e  dependent 
var iables  a s  a  function of the independent flow propert ies .  

CALLING SEQUENCE 

CALL PPATPT (M,IC,KC,VG,THETA,SG,K2Wl,K2W2,KP,ISKIP,PG,PFPARY) 

where 

M i s  the  number of p a r t i c l e  s i z e s  present a t  the  point 

I C i s  the  p o i t t  number f o r  which p a r t i c l e  and gas  flow 
proper t ies  a r e  t o  be ca lcu la ted  

KC i s  the l i n e  i d e n t i f i c a t i o n  f l a g  

VG :s the  gas ve loc i ty  a t  t he  point 

THETA is  t1.2 gas  flow angle a t  the point  

SC is  the  gas entropy a t  t he  point 

K2W1 i s  a  dummy var iab le  

K2W2 is  a dummy var iab le  

!W i s  the temporary a r r ay  s torage  loca t ion  f o r  the  
p a r t i c l e  and gas flow p rope r t i e s  

ISKIP = G ca l cn l a t e  p a r t i c l e  proper t ies  only 
= 20 ca l cu l a t e  gas  and p a r t i c l e  proper t ies  
= 4 0  ca lcu la te  gas  proper t ies  only 

PG array c o n t a i n i x  t he  point  independent flow proper t ies  

PFPARY ar ray  containing the  p a r t i c l e  proper t ies  f o r  a l l  points .  

UTIL ITY ROUTINES AND COMHON REFERENCES 
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LHSC-HREC TR D867400-I1 

POFEM 
PFP 
TENT AB 
DRAGfR 
DRAGCP 

METHOD OF SOLUTION 

The r o u t i n e  is  en te red  knowing t h e  g a s  independent v a r i a b l e s  (V.S.OF o r  
HT) and ? a r t i c l e  i r 3 - ~ e a d e n t  v a r i a b l e s  (u,v,p,h). The g a s  dependent 
v a r i a b l e s  (T.P,Y,;I- f'3.Pr) and p a r t i c l e  dependent v a r i a b l e s  (RE, d r a g  and 
hea t  t r a n s f e r  terms; a r e  c a l c u l a t e d  and s t o r e d  f o r  use i n  o t h e r  p a r t s  of t h e  
code. 
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SUBROUTINE NAME: PBANDT 

DESCRI PTlON 

T h i s  s u b r o u t i n e  computes t h e  Prandtl-Neyer expans ion  a n g l e  f o r  a g '  ,ven 
boundary a n g l e  and d i v i d e s  t h i s  a n g l e  i n t o  a series of expans ion  " rays"  
( u n l e s s  t h e  number of  r a y s  h a s  been s p e c i f i e d  i n  t h e  i n p u t ) .  The f low 
p r o p e r t f e s  a t  e a c h  a n g u l a r  increment  are set and s t o r e d  i n  t h e  PHO a r r a y .  

CALLING SEQUENCE 

CALL PRANDT (I,.J,T!iETAB,NPM,IFLAG,ITYi?E,K1Wl,KlU2,PFPARY) 

I r e p r e s e n t s  t h e  c o r n e r  p o i n t  
J i n d i c a t e s  a c h a r a c t e r i s t i c  l i n e  
THETAB is t h e  boundary a n g l e  
NPN number o f  Prandcl-Ueyer i nc remen t s  ( c a l c u l a t e d  i n  PRANDT) 
IFLAG i s  a n  e r r o r  f l a g  
ITYPE i n d i c a t e s  i f  upper  (2 )  o r  lower (1) b o u n d a ~ y  is be ing  cons ide red  
PFPARY is  a r r a y  c o n t a i n i n g  p a r t i c l e  p r o p e r t i e s  f o r  neir and o l d  normal 

UTILITY ROUTINES AND COMMON REFEREdCES 

COMNON/CRITER/ 
COMMON/ DATAR/ 
COMMON/ GASCOLU/ 
COHNON/STEPC/ 
COk¶XON/ CONTRL/ 
COMMON/ PCTC / 
common/CPHUK/ 
COMMON/ PARTP4 / 
COMMON/ PARTPZ / 
COMMON/ FSTAG/ 
COIWON/ CHEMXX/ 
COM?¶ON/EXY ER/ 
COMMON/VMIX3/ 

METHOD OF SOLUTION 

THERHO 
THETPN 
UOFV 
EMOEV 
TOFV 
POFM 
TOFH 
PAEH 
SPCTX 
WODEL 

The r o u t i n e  is e n t e r e d  w i t h  known f l o w  p r o p e r t i e s  a t  t h e  p o i n t  o f  
d i s c o n t i n u i t y  a l o n g  w i t h  t h e  known c o r n e r  and boundarv f l o w  a n g l e s .  Fro= t h e  
known a n g l e s  and t h e  p r e s e t  number o f  d e g r e e s  p e r  r a y ,  t h e  number o f  
increments  is  c a l c u l a t e d .  The d i s t r i b u t i o n  o f  P-M r a y s  is t h e n  a d j u s t e d  by a 
weight ing  f u n c t i o n .  Subrou t ine  THETPM is e n t e r e d  w i t h  k n 0 ~  i n i t i a l  
c o n d i t i o n s  and t h e  number of  d e g r e e s  p e r  r a y  and r e t u r n s  w i t h  a v e l o c i t y .  
Thzse new c o n d i t i o n s  are t h e n  set i n t o  t h e  PHO a r r a y .  See  Volume I, S e c t i o n s  
6 and 7.7, f o r  t h e  d e t a i l s  o f  c a l c u l a t i o n .  
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SUBROUTINE NAME: 

DESCRIPTION 

The subrou t ine  reads  the  p a r t i c l e  d a t a  from FORTEUN u n i t  o r  t a p e  u n i t  1 2  
on which t h e  i n v i s c i d  e x i t  p lane  s tart  l i n e  h a s  previously  'ken s to red .  T h i s  
d a t a  w i l l  be used t o  c o n s t r u c t  a new s t a r t l i n e  a t  t h e  e x i t  p lane  t h a t  i n c l u d e s  
the  nozzle  boundary l a y e r .  

CALLING SQUENCE 

CALL PREAD (PFPARY ,NSETS ) 

where PFPARY is t h e  a r r a y  i n  which t h e  p a r t i c l e  d a t a  w i l l  be s t o r e d  and NSETS 
is t h e  number of p o i n t s  on t h e  e x i t  p lane  normal which c o n t a i n  p a r t i c l e s .  

UTILITY ROUTZNES AND COHMON REFERENCES 

COWION/ CONTRL/ 
COMMON/ PARTP2 / 
COMON/ PARTP4 / 
IDUPFP 

METHOD O F  SOLUTION 

Data a r e  read i n  s t a r t i n g  with t h e  p o i n t s  n e a r e s t  t h e  l i p  and proceeding 
t o  t h e  a x i s  po in t .  
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SUBROUTINE NAME: PRFRBD 

DESCPIPTION - -~- 

This  subrou t ine  c a l c u l a t e s  t h e  f low p r o p e r t i e s  a t  t h e  i n t e r s e c i o n  of a  
p a r t i c l e  l i m i t i n g  s t r e a m l i n e  and a  plume boundary. 

CALLING SEQUENCE 

CALL PRFRBD (IS,JS,IN,KN,L,K,PFPARY) 

where 

IS = poin t  number of t h e  o l d  ( J S )  d a t a  s u r f a c e  plume boundary 
JS = l i n e  i n d i c a t o r  of  t h e  o l d  d a t a  s u r f a c e  
IN = poin t  i n d i c a t o r  of t h e  o l d  (JS)  d a t a  s u r f a c e  l i m i t i n g  

st ream1 i n e  
KN = l i n e  i r ,d ica tor  of t h e  o l d  d a t a  s u r f a c e  
I = p o i n t  number of t h e  new ( K )  d a t a  s u r f a c e  l i m i t i n g  s t r eaml ine  
K = l i n e  i n d i c a t o r  of t h e  new d a t a  su r face .  
PFPARY = t h e  a r r a y  c o n t a i n i n g  t h e  p a r t i c l e  p r o p e r t i e s  a t  o l d  and 

new normal. 

UTILITY ROUTINES AN3 COMMON REFERENCES 

COMMON/ CONTRLI 
COMMON/ FSTAG/ 
PFF 
INRSCT 
I W F P  
PPATPT 

HETHOD OF SOLUTION 

When t h e  new d a t a  s u r f a c e  has  been completed and i t  has  been determined 
t h a t  a p a r t i c l e  l i m i t i n g  s t r e a m i i n e  h a s  crossed t h e  plume boundary, t h e  
l o c a t i o n  of t h e  i n t e r s e c t i o n  is determined by t h e  i n t e r s e c t i o n  o f  a l i n e  
p a s s i t g  through t h e  o l d  and new l i m i t i n g  s t r eaml ine  po in t s .  Th i s  e s t a b l i s h e s  
two i n t e r p o l a t i o n  f a c t o r s .  One a long  t h e  l i m i t i n g  s t r e z r l i c e  and one along 
t h e  plume boucdary. Gas p r o p e r t i e s  a t  t h e  i n t e r s e c t i o n  po in t  a r e  i n t e r p o l a t e d  
f o r  between t h e  two plume boucdary p o i n t s  and p a r t k l e  p r o p e r t i e s  a r e  
i n t e r p o l a t e d  f o r  between the  two l i m i t i n g  s t r eaml ine  po in t s .  The i n t e r p o l a t e d  
point  and p r o p e r t i e s  a r e  then used a s  t h e  plume boundary p o i n t  f o r  t b e  new 
l i n e ,  and t h e  c a l c u l a t i o a  f o r  t h e  next  l i n e  is  then i n i t i a t e d .  
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SUBROUTINE NAME: PRO 

DESCRIPTION 

T h i s  f u n c t i o n  computes t h e  boucdary l a y e r  f l o w  p r o p e r t y  d a t a  s t c r a g e  
l o c a t i o n .  T h i s  f u n c t i o n  r e t u r n s  t h e  boundary l a y e r  f l o w  p r o p e r t i e s  from t h e  
PFPARY which i s  used as a working a r r a y  i n  t h e  p a r t i c l e  t r a j e c t o r y  t r a c i n g  
module. 

CALLING SEQUENCE 

where I, J,K are i n d i c e s  used t o  de t e rmine  t h e  s t o r a g e  l o c a t i o n  i n  t h e  PFPARY 
a r r a y .  

UTILITY ROUTINES AND COMMON REFERENCES 

None. 

HETHOD OF SOLUTION 

T h i s  r o u t i n e  s i n u l a t e s  a three-d imensional  a r r a y .  The bcundary l a y e r  
f l su prope r ty  s t o r a g e  l o c a t i o n  is  computed u s i n g  t h e  f o l l o w i n g  r e l a t i o n :  

and r ~ s t r i c v e d  u s i n g  t h e  r e i a t i o n  

PRO = ?FPARY( IX). 
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SUBROUTINE - - PROP 

Tills subroutine uses subroutine HALL t o  ca l cu l a t e  the  gas  proper t ies  a t  
any point i n  the  t ransonic  region f o r  a two-phase nozzle. 

CALLING SEQUENCE 

CALL PROP(1) 

where 

I = 0 fo r  the i n i t i a l  c a l l  t o  ONED 
1 f o r  subsequent c a l l s  

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

See Section 5.6.62 of k f . 7 .  
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SUBROUTINE NAME: PlMBX 

DESCRIPTION 

This  subrou t ine  g e n e r a t e s  t h e  inpu t  d a t a  r equ i red  by t h e  JANNAF 
Staadard Plume Flow F ie ld  (SPF) program t o  s t a r t  i ts s o l u t i o n  a t  t h e  e x i t  
p lane  of a rocke t  nozzle.  

CALLING SEQUENCE 

CALL PUNEX (PFPARY) 

where PFPARY i s  t h e  a r r a y  which normally c o n t a i n s  p a r t i c l e  p roper ty  d a t a  f o r  
the  o l d  and new normals but  is used as a temporary working r o u t i n e  by PUNEX. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMM~N/ TPEH/ 
COHMON/TRPRT/ 
COWON/VISEX/ 
COMMON/FISSS/ 
COHHON/VNIX~/ 
COMMON/SKIPPY/ 
COMMON/SPECI/ 
COMMON/ SPEL/ 
ARAS SL 
IDWOP 
SPECIE 

METHOD OF SOLUTION 

The e x i t  p lane  f l o w f i e l d  informat ion a t  t h e  e x i t  p lane  has been 
previously  s t o r e d  by Phase 1 and SLSKIP on FORTRAN u n i t  12 dur ing  t h e  
i n v i s c i d  nozzle  s o l u t i o n .  FUNEX r e a d s  t h e  f low p r o p e r t i e s  from u n i t  12  
o r d e r s  t h e  p o i n t s  from t h e  a x i s  t o  t h e  l i p  and punches o r  r e l o a d s  (on u n i t  
12)  t h e  SPF s t a r t l i n e  i n f o m a t i o n .  I f  no boundary l a y e r  is to  be c a l c u l a t e d  
and o n l y  i n v i s c i d  SPF s t a r t l i n e  d a t a  are requ i red ,  then  PUNEX k i l l  punch t h e  
SPF d a t a  i n  t h e  proper format. I f  a  boundary l a g e r  is t o  be genera ted by 
t h e  BLIMPJ code then t h e  SPF s t a r t l i n e  d a t a  is  s t o r e d  on FORTRAN u n i t  12 s o  
t h a t  a n  i n v i s c i d / v i s c o u s  s t a r t l i n e  can  be genera ted by subrou t ine  BLEXIT i n  
a  subsequent RAMP execut ion.  A t  t h e  p r e s e n t  time PUNEX w i l l  ou tpu t  d a t a  f o r  
any of t h e  chemical systems s p e c i f i e d  i n  Volume I, Sec t ion  2. The 
v i s c o s i t y ,  P r a n d t l  number, s i n g l e  s p e c i e  d i s t r i b u t i o z ,  p a r t i c l e  s p e c i f i c  
h e a t ,  aiid p a r t i c l e  d e n s i t y  a r e  ou tpu t  a s  e x i t  p lane  mass flow averages.  
This can  e a s i l y  be changed t o  r e f l e c t  inc reased  c a p a b i l i t i e s  of  subsequent 
v e r s i o n s  of t h e  SPF code. PUNEX w i l l  o u t p u t  both s i n g l e -  and two-phase SPF 
s t a r t l . i n e s .  
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SUAROUTINE NAME: RRADF 

DESCRIPTION 

The subrou t ine  reads  t h e  g a s  and p a r t i c l e  p r o p e r t i e s  of a s i n g l e  normal 
from t h e  f l o w f i e l d  output  t ape  (Unit 3). Th is  r o u t i n e  is  used by t h e  
p a r t i c l e  t r a j e c t o r y  t r a c i n g  module t o  load d a t a  necessary t o  s p e c i f y  
p a r t i c l e  p r o p e r t i e s  a t  t h e  edge of t h e  boundary l a y e r .  

CALLING SEOUENCE 

CALL READF ( ITOT,J ,LINE,PFPARY)  

where 

ITOT = t h e  number of p o i n t s  on t h e  normal which have 
been read.  

J = t h e  l i n e  i n d i c a t o r  f o r  t h e  l i n e  j u s t  read (1 o r  2) 

LINE = the  number of normals t h a t  have been read from t h e  
f  lowf i e l d  t ape  

PFPARY = t h e  a r r a y  i n  which t h e  p a r t i c l e  p r o p e r i t e s  f o r  each 
normal ( l i n e )  is s to red .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/CHEMCN/ 
COMMON/ CONTRL/ 
COMMON/ CONVV / 
COMMON/ DAT/ 
COMMOh'/EVERY / 
CGMMON/ IT!ITT/ 
COMMON/LIMIT/ 
COMMON/MET/ 
COMMON/ PRAD/ 
IDMPFP 

METHGD UF SOLUTION 

Not a p q l i c a b l e .  
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FUNCTION NAME: RGMOFP 

DESCRIPTION 

This  subrou t ine  f i n d s  Mach number a s  a f u n c t i o n  of p ressure ,  O/F r a t i o  
( o r  t o t a l  en tha lpy)  and entropy.  The d i f f e r e n c e  between t h i s  r o u t i n e  and 
EMOFP is t h a t  i n  t h i s  c a s e  t h e  g a s  p r o p e r t i e s  a r e  no t  known p r i o r  t o  e n t r y .  

CALLING SEQUENCE 

EM = RGFlOFP (OF, S,P,K2Wl,KlWl) 

where EM i s  t h e  r e s u l t a n t  Mach number, P  is  t h e  l o c a l  s t a t i c  p ressure ,  S  i s  
the  l o c a l  en t ropy ,  and OF i s  t h e  l o c a l  O/F r a t i c  ( o r  t o t a l  en tha lpy) .  

UTILITY ROUTINES AND COFIMON REFERENCES 

COMMON/ COCTRL/ 
COMMON/ GASCON/ 
COMMON/ I S E d  
COMMON/GASDAT/ 
POFPi 
EMOFV 

METHOD OF SOLUTION 

ITSUB 
V0FE.M 
EMOFP 
ERRORS 
THERMO 

The r e a l  g a s  t a b l e s  have, a s  independent v a r i a b l e s ,  OF r a t i o  ( t o t a l  
e n t h a l ? ~ ) ,  ent ropy and v e l o c i t y .  I f  t h e  v e l o c i t y  is no t  known, a n  i t e r a t i v e  
s o l u t l o n  must be employed t o  f i n d  Mach number from pressure ,  ent ropy,  and OF 
r a t i o  ( o r  t o t a l  en tha lpy) .  
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FU NCTION NAME : RGVOFM 

DESCRIPTION 

Th i s  subrou t ine  f i n d s  v e l o c i t y  as a  f u n c t i o n  of Mach number, ent ropy 
and O / F  r a t i o  ( o r  t o t a l  enthalpy) .  The d i f f e r e n c e  between t h i s  r o u t i n e  and 
VOFEM is t h a t  t h e  gas p r o p e r t i e s  are no t  known p r i o r  t o  e n t r y .  

CALLING SEQUENCE 

V = RGVOKI (OF ,  S ,Dl,K2W ,KlW) 

where V i s  t h e  r e s u l i a n t  v e l o c i t y  computed from O / F  r a t i o  o r  t o t a l  enthalpy,  
OF ,  entrap),, S, and Mach number, EM. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ CONTRL / 
COMMON/ CHEMCN/ 
COFlMON/ GASDAT/ 
COMMON/GASCON/ 
THERMO 

TAB 
FOVEM 
mom 
ITSUB 
ERRORS 

METHOD O F  SOLUTION 

The r e a l  gas  t a b l e s  have, a s  independent v a r i a b l e s ,  OF  r a t i o  ( o r  t o t a l  
en tha lpy) ,  en t ropy ,  and v e l o c i t y .  I f  t h e  v e l o c i t y  i s  no t  known, a n  
i t e r a t i v e  s o l u t i o n  must be employed t o  f i n d  t h e  v e l o c i t y  from Mach number, 
OF r a t i o  ( o r  t o t a l  en tha lpy)  and entropy.  
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LMSC-HREC TR D867400-II 

FUNCTION N N L :  RHOFEM 

DESCRIPTION 

RHOFEM computes the  l o c a l  d e n s i t y  a s  a f u n c t i o n  of Mach number and 
entropy.  

CALLINS SEQUENCE 

RHO = RHOFEM (EM,S,KlWl,KlW2) 

wehre RHO i s  t h e  r e s u l t a n t  d e n s i t y  found from l o c a l  Mach number and l o c a l  
entropy.  NOTE: The a p p r o p r i a t e  v a l u e s  of t h e  g a s  p r o p e r t i e s  must be s t o r e d  
i n  common upon e n t r y  t o  t h i s  r o u t i n e .  

UTILITY RC;ITINES AND COMMON REFERENCES 

COMMON/G ASCON/ 
POFEM 

METHOD OF SOLUTION 

Thermally p e r f e c t  g a s  r e l a t i o n s h i p s  a r e  used t o  f i n d  t h e  d e n s i t y .  
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SUBROUTINE NAME: RITE 

DESCRIPTION 

This subroutine t e l l s  the program user ( i n  no uncertain terms) that  he 
has made a f a t a l  error .  The next executable statement i s  a STOP. 

CALLING SEOUENCE 

CALL R I T E ( 1 )  

U T I L I T Y  ROUTINES AND COPiMON REFERENCES 

None . 
METHOD OF SOLUTION - 

Not appl i cab le .  

3-133 

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER 



LMSC-HREC TR D867400-I1 

FUNCTION NAME : ROTERM - 
DESCRIPTION 

ROTERM computes t h e  geometr ica l  f a c t o r ,  FI,FII, used i n  t h e  
axisymmetric term of the  c o m p a t i b i l i t y  equa t ion  and a s  ar. i n t e r p o l a t i o n  
parameter. 

F = ROTERM (THETA,DELTA,UlU,R3,RI,K2Wl,K2W2) 

where 

THETA i s  t h e  f low ang les  of t h e  known p o i n t s  (01  o r  811) 
DELTA d e f i n e s  t h e  quadrant being considered 
EMU is t h e  Mach a n g l e s  of t h e  known p o i n t s  ( J I  o r  uII )  
R3 i s  the  c o o l d i n a t e s  of t h e  new po in t  GIII o r  ZLII) 
R I  i s  the  coord ina te  of t h e  known po in t  ( r I  o r  XI) 

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

The method-of-character is t ics  s o l u t i o n  uses  t h i s  r o u t i n e  t o  determine a 
c o e f f i c i e n t  ner3ed i n  i ts  s o l u t i o n .  This  term ( s e e  Eq. (6.29),  Sec t ion  6 of 
Ref .  4)  can be w r i t t e n  a s :  

By the  proper choice  of d ( r  o r  x ) ,  6 and t h e  s i g n  of u, i n d e t e m i n a n t  forms 
a r e  e l imina ted  i n  t h e  eva lua t ion .  
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SUBROUTINE NAME: SBTETG 

DESCRIPTION -- 

This  r o u t i n e  computes t h e  g a s  t o t a l  enthalpy f o r  a case when f i n i t e  
r a t e  chemis t ry  is  being used and t h e  s t a r t l i n e  is t o  be genera ted  by t h e  
program f o r  gaseous f lows only.  

CALLIEiG SEQUENCE 

CALL SETHTG 

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

The r o u t i n e  i n t e r p o l a t e s  f o r  t h e  f low p r o p e r t i e s  a t  t h e  s p e c i f i e d  
s t a r t l i n e  Uach number us ing  t h e  equ i l ib r ium tnermodynamic d a t a  t a b l e s .  The 
r e s u l t a n t  temperature and v e l o c i t y  are then  used t o  o b t a i n  t h e  f low 
p r o p e r t i e s  from t h e  s p e c i e s  en tha lpy  and s p e c i f i c  hea t  t a b l e s .  The total  
enthalpy is c a l c u l a t e d  from t h e  s t a t i c  en tha lpy  and v e l o c i t y .  Th i s  
procedure is used t o  ensure  p roper ty  c o m p a t i b i l i t y  when t r a n s f e r r i n g  from 
the  equ i l ib r ium t a b l e s  t o  t h e  s p e c i e s  f i n i t e  rate t a b l e s .  
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SUBROUTINE NAME: SITER 

DESCRIPTION 

This  r o u t i n e  determines  t h e  entrop,  of t h e  g a s  knowing t h e  v e l o c i t y ,  
s t a t i c  p ressure  and t o t a l  enthalpy of O/F r a t i o .  

CALLING SEQUENCE 

CALL SITER (HG,S,EN,V,PC,PL,IFLG,ICV) 

where 
HG is t h e  known t o t a l  en tha lpy  o r  O/F r a t i o  
S is t h e  g a s  en t ropy  
M is t h e  g a s  Mach u m b e r  
V is t h e  known g a s  v e l o c i t y  
PC is t h e  g a s  t o t a l  p ressure  
PL is t h e  known g a s  s t a t i c  p ressure  
IFLG = 0 Veloci ty  is known on e n t e r i n g  t h e  r o u t i n e  

= 1 Mach number is known on e n t e r i n g  r o u t i n e  
ICV = 0 rou t ine  has  converged 

= 1 no convergence 

UTILITY ROUTINES AND COMMON REFERENCES 

NETHOD OF SOLUTION 

This subrou t ine  i t e r a t e s  on t h e  g a s  entropy u n t i l  t h e  guessed entropy,  
known v e l o c i t y ,  and enthalpy r e s u l t s  i n  a  s t a t i c  pressure  which a r e  wi th in  
t h e  convergence c r i t e r i a  of t h e  known s t a t i c  pressure .  
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SlliiROUTINI-: NACIE: SLDP - - -  ---- 

DESCRI PTlON 

This subroutine finds the solutions to a set of N simultaneous linear 
equations. 

CALLING SEOUENCE 

CALL SLDP(X,A,N) 

where 

X is the solution matrix 
A is the coefficient matrix 
N is the order of the coefficient matrix. 

None. 

METHOD OF SOLUTION 

The set of N simultaneous equations are solved using a Gauss-Jordan 
reduction scheme with the diagonal pivot strategy. 



WSC-HREC TR D867400-I1 

SUBROUTINE SANE: SLINT 

DESCRIPTION 

T h i s  s u b r o u t i n e  de t e rmines  i f  a p a r t i c l e  l i m i t i n g  s t r e a m l i n e  is 
s u f f i c i e n t l y  c l o s e  to  t h e  upper  boundary (nozz le  w a l l  or f r e e  boundary) t o  
s p e c i f y  t h a t  t h e  l i m i t i n g  s t r e a m l i n e  h a s  impinged on  t h e  w a l l  o r  c r o s s e d  t h e  
f r e e  boundary. 

CALLING SEQUENCE 

CALL SLINT(K,Jl ,PFPARY) 

where 

K is t h e  new l i n e  i n d i c a t o r  
J 1 is a O i f  no  impingement is  determined 

is a 1 i f  t h e  l i m i t i n g  s t r e a m l i n e  tias impinged t h e  w a l l  
o r  passed  through t h e  plume boundary 

PFPARY is t h e  a r r a y  which c o n t a i n s  t h e  p a r t i c l e  p r o p e r t i e s  
a t  t h e  o l d  and  new aonnal .  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ CONTRL/ 
COtWON/DATAR/ 
COMMON/ FSTAG/ 
UMMON/GAPPA/ 
COHNON/ PARTPZ / 
m o N /  PARTP4 / 
COWN/ TOTAL/ 
P PATPT 
SPCTX 
UOFEX 

HETHOD OF SOLUTION 

I f  a p a r t i c l e  l i a i t i n g  s t r e a m l i n e  is a d j a c e n t  t o  t h e  upper  boundary and 
w i t h i n  0.5 p e r c e n t  o f  t h e  r a d i a l  p o s i t i o n  o f  t h e  boundary p o i n t  t h e n  t h e  
p a r t i c l e s  are assumed t o  impinge on t h e  boundary. The o l d  l i m i t i n g  
s t r e a m l i n e  p o i n t  below t h e  boundary p o i n t  is d e i e t e d  and t h e  p a r t i c l e  
p r o p e r t i e s  a t  t h e  l i m i t i n g  s t r e a m l i n e  are assumed t o  a p p l y  a t  t h e  upper  
boundary. Subsequent  normals downstream o f  t h i s  p o i n t  are assumed t o  have 
p ~ r t i c l e s  of t h i s  s i te  group p r e s e n t  and any  mass h i t t i n g  t h e  boundary is 
assumed t o  s t i c k  t o  t h e  w a l l  ar p a s s  through a f r e e  boundary. I f  a boundzry 
l a y e r  s o l u t i o n  is performed a f t e r  t h e  i n v i s c i d  n o z z l e  is c a l c u l a t e d  and a n  
e x i t  p l a n e  s t a r t l i n e  is to  be g e n e r a t e d  w i t h  t h e  boundary l a y e r  and p a r t i c l e  
t r a j e c t o r y  t r a c i n g  t h e n  t h e  u s e r  c a n  s p e c i f y  a n  accommodation c o e f f i c i e n t  
wt-.ich a l l o w s  a l l  o r  some o f  tile impinged p a r t i c l e  mass f l u x  t o  be c a r r i e d  
o u t  i n t o  t h e  plume s o l u t i o n .  For more d e t a i l  see S e c t i o n  7.6 o f  Volume I. 
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SUBROUTINE NAHE: SLSKIP --- 

DESCKl PTION 

This subroutine saves t h e  e x i t  plane da ta  f o r  use i n  s e t t i n g  up t h e  SPF 
s t a r t l i n e .  

CALLING SEOUENCE 

CALL SLSKIP(IS,J,I ,K,PFPARY) 

where 

( I S , J )  is the  s t reamline po ia t  on t h e  o ld  normal 
(1 ,K)  is the  correspondiirg s t reamline po in t  on the new noxmal 
PFPARY Is the  a r r a y  containing p a r t i c l e  p rope r t i e s  on t h e  o ld  (J) 

and new (K) nomals .  

UTILITY ROUTINES AND COMMON RGFEREKES 

coHmlN/ PARTPb/ 
COMlON/ PARTP4 / 
COMMON/ SKI PPY / 
COMHON/TFLAG/ 
PPP 
SPCTX 
TF)ITAB 

DESCRIPTION 

Jnce PHASE1 has determined t h a t  a s t reaadine  has crossed the  e x i t  plane 
SLSKIF is ca l l ed  with the s t reamline po in t s  of the ( I S , J )  point  upstream of 
the e x i t  a tane  and the  ( I , K )  point  downstream of t h e  e x i t .  The flow 
c h a r a c t e r i s t i c s  a t  the  e x i t  point  a r e  in te rpola ted  f o r  and w r i t t e n  on 
FORTRAN u n i t  12. The da ta  on u n i t  12 w i l l  be used by o ther  rou t ines  (PUNEX) 
when the nozzle so lu t ion  has been completed. 
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAHE: SPACET 

DESCRl PTION 

T h i s  s u b r o u t i n e  is used t o  space  p a s t  t h e  n o z z l e  f l o w f i e l d  d a t a  o n  t h e  
flow€ i e l d  d a t a  t a p e  ( U n i t  3). 

CALLING SEQUENCE 

CALL SPACET(L1N) 

where L I N  is t h e  number o f  n o r a a l s  r ead  from t h e  f l o w f i e l d  t a p e  t o  g e t  t o  
t h e  e x i t  p l a n e  o f  t h e  nozzle .  

UTILITY ROUTINES AND COMNN REFERENCES 

DESCRIPTION 

The r o u t i n e  is  c a l l e d  o n l y  when a n  e x i t  p l a n e  restart is being made 
us ing  t h e  d a t a  g e n e r a t e d  by a p rev ious  n o z z l e  run  and t h e  boundary l a y e r  
d a t a  g e n e r a t e d  by t h e  B L W J  code. T h i s  r o u t i n e  is used  t o  s p a c e  p a s t  t h e  
nozz le  d a t a  o n  t h e  f l o w f i e l d  d a t a  f i l e  s o  t h a t  t h e  plume d a t a  may be s t o r e d  
on t h e  same f i l e .  
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SUBROUTINE NAME: SPCTX 

DESCBI PT ION 

This  rou t ine  is used t o  r e t r i e v e  and s t o r e  t he  spec ies  mole f r ac t i on  
data.  

CALLING SEQUENCE 

CALL SPCTX(IFCN,IPT,ILINE,JLIE) 

where 

IFCN i nd i ca t e s  t o  s t o r e  (4) d a t a  i n t o  t he  spec ies  a r r ay  o r  t o  
r e t r i e v e  ( ~ 2 )  d a t a  from the  spec ies  a r r a y  and s t o r e  i t  i n  a 
temporary array.  

IPT is the f lowfield point  number 

ILINE is the  l i n e  number (1 o r  2) 

JLINE s p e c i f i e s  which temporary a r r a y  l oca t ion  (SPCT(1,l) 
o r  SPCT(1,Z)) t o  use t o  s t o r e  o r  r e t r i e v e  data.  

UTILITY ROUTINES AND (XWON REFERENCES 

DESCRIPTION 

The RAMP code uses  a temporary a r r a y  (SPCT(25,2)) f o r  s to rage  of t he  
species  mole f r a c t i o n  information f o r  f i n i t e  r a t e  chemistry cases .  This 
subroutine r e t r i e v e s  and s t o r e s  information f r o d i n t o  a permanent array.  
When the  rou t ine  is used t o  s t o r e  information i n  the  permanent a r r a y  
(SPE(I,IPT,ILINE)) i t  uses d a t a  from the  SPCT(1,JLINE) array.  When the  code 
r e t r i eves  t he  information from the permanent a r r ay  (SPE(I,IPT,ILINE)) it 
s t o r e s  i t  i n  t he  temporary a r r a y  (SPCT(1,JLINE)). 
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FUNCTION NAME: SPECC 

DESCRIPTION 

This  f u n c t i o n  computes t h e  s p e c i e s  mole f r a c t i o n  s t o r a g e  l o c a t i o n s  from 
the  a r r a y  which c o n t a i n s  t h e  equ i l ib r ium chemistry thermodynamic r e s u l t s .  
This rou t ine  is  used t o  determine t h e  s p e c i e s  mole f r a c t i o n s  used i n  s e t t i n g  
up t h e  BLIHPJ inpu t  d a t a  by t h e  boundary l a y e r  d a t a  genera t ion  module 
(BLMPIN) . 
CALLIKG SEQUENCE 

= SPECC (I ,J ,K,L) 

where I,J,K,L are i n d i c e s  used t o  determine t h e  s t o r a g e  l o c a t i o n  i n  t h e  
temporary SPECX. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/SPEL/ 

METHOD OF SOLUTION 

This  f u n c t i o n  s imula tes  a four-dimensional a r ray .  Species  mole 
f r a c t i o n  d a t a  have previously  been s t o r e d  i n  a temporary a r r a y  (SPECX) as a 
funct ion of t o t a l  enthalpy,  en t ropy ,  v e l o c i t y ,  and s p e c i e s  name. The 
appropr ia te  s t o r a g e  l o c a t i o n  f o r  t h e  mole f r a c t i o n s  is computed us ing  t h e  
following r e l a t i o n  

and r e t r i e v e d  us ing  t h e  r e l a t i o n  

SPECC = SPECX(1X). 
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SUBROUTINE NAME: S P E C I B  

DESCRIPTION 

This funct ion determines the  spec ies  mole f r a c t i o n s  from the  
equilibrium thermodynamic da t a  f o r  use by the  boundary l aye r  input  da ta  
module i n  s e t t i n g  up the  BLIMPJ da ta  f o r  a equilibrium case. 

CALLING SEQUENCE 

CALL S P E C I B  (HOF,K,V,S) 

where 

HOF is the  in t e rpo la t ion  f a c t o r  f o r  t he  t o t a l  enthalpy 

K is  the  equilibrium chemistry t o t a l  enthalpy t a b l e  number 
t o  be used i n  the  in t e rpo la t ion  

V is the ve loc i ty  a t  which the species  mole f r ac t ions  are desired 

S is  the  entropy a t  which the  spec ie  mole f r a c t i o n s  a r e  desired.  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON1 CONTRLI 
COMMON/ GASDATI 
COMMON/ PARTPZ / 
COMMON/SPEL/ 
COMMON/ SPFK/ 
TOB 
SPECC 

DESCRIPTION 

This rout ine is used by the  boundary l aye r  input da ta  module t o  
determine the  species  mole f r ac t ions  a s  a funct ion of t o t a l  enthalpy, 
entropy and veloci ty .  This rout ine is only required f o r  equilibrium 
chemistry cases  where the thermodynamic da t a  come from the TRAN72 program. 
The rout ine loca t e s  where i n  the  thermodynamic t ab l e  t o  f ind  the  
corresponding species  mole f r ac t ions  and r e t r i eves  them from an a r r ay  i n  
which they have been previously s tored.  
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LMSC-HREC TR D867400-I1 

SUBRO'JTINE NAME: SPECIE 

DESCRIPTION 

This  r o u t i n e  determines  t h e  s p e c i e s  mole f r a c t i o n s  and t r a n s p o r t  
p r o p e r t i e s  from t h e  equ i l ib r ium thermodynamic d a t a  f o r  u s e  by t h e  SPF i n p u t  
d a t a  module. 

CALLING SEOUENCE 

CALL SPECIE (INU,ISK,OF,S,V,PFPARY) 

where 

INU is t h e  po in t  number o n  t h e  e x i t  p lane  SPF s t a r t l i n e  

ISK is  t h e  number of s p e c i e s  i n  t h e  p a r t i c u l a r  chemical system 

OF, S,V i s  t h e  t o t a l  en tha lpy  ( o r  O/F r a t i o ) ,  ent ropy and v e l o c i t y  
of t h e  g a s  a t  t h e  p a r t i c u l a r  p o i n t  i n  t h e  e x i t  p lane  

PFPARY is  t h e  p a r t i c l e  a r r a y  i n  which t h e  s p e c i e s  mole f r a c t i o n s  
are temporarf l y  s t o r e d .  

UTILITY ROUTINES AND COMMON REFERENCES 

COkIMON/ PARTP 2 / 
COMMON/VISSS/ 
POP 
TAB 
THERMO 

DESCRIPTION 

This  r o u t i n e  performs a  f c n c t i o n  s i m i l a r  t o  SPEClB excep t  t h a t  i t  is 
used by t h e  SPF i n p u t  d a t a  g e c e r a t i o n  module (PUNEX). Th i s  r o u t i n e  
determines  t h e  s p e c i e s  mole f r a c t i o n s ,  and t r a n s p o r t  p r o p e r t i e s  a t  each SPF 
e x i t  plane s t a r t l i n e  p o i n t  a s  a  f u n c t i o n  of t o t a l  en tha lpy ,  ent ropy and 
v e l o c i t y .  Th i s  r o u t i n e  is  on ly  used f o r  e q u i l i b r i u m  chemis t ry  c a s e s  where 
t h e  thermodynamic d a t a  comes from t h e  TRAN72 program. The r o u t i n e  l o c a t e s  
where i n  t h e  thermodynamic t a b l e  t o  f i n d  t h e  corresponding s p e c i e s  mole 
f r a c t i o n s  and t r a n s p o r t  p r o p e r t i e s ,  then  i t  r e t r i e v e s  t h e  d a t a  from t h e  
PFPARY i n  which t h e  s p e c i e s  mole f r a c t i o n s  have been p rev ious ly  s t o r e d  i n  
the  c o r r e c t  o r d e r  f o r  the  p a r t i c u l a r  SPF chemical system. Th i s  r o u t i n e  is 
en te red  wi th  t h e  enthalpy,  en t ropy ,  and v e l o c i t y  whereas SPECIB i s  e n t e r e d  
wi th  t h e  i n t e r p o l a t i o n  f a c t o r  f o r  t h e  t o t a l  en tha lpy ,  t h e  t o t a l  en tha lpy  
t a b l e  number, ent ropy,  and v e l o c i t y .  SPECIE and SPECIB could  be combined 
i n t o  a  s i n g l e  r o u t i n e ,  but  f o r  computer s t o r a g e  l i m i t a t i o n s  and over lay  
requirements t h i s  has  no t  been done. 
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SUBR0UTI:IE NAME: $TART 

DESCRIPTION 

This rou t ine  determines t he  p a r t i c l e  flow c h a r a c t e r i s t i c s  required t o  
i n i t i a t e  the  p a r t i c l e  t r a j e c t o r y  t rac ing  through the boundary l aye r  a t  the 
point where t he  p a r t i c l e s  e n t e r  t he  boundary layer .  

CALLING SEOUENCE 

CALL START (X, IST, 1 ,P l )  

where 

X i s  the  a x i a l  coordinate  of t he  boundary l aye r  edge where the  
p a r t i c u l a r  p a r t i c l e  t r a j e c t o r y  is t o  s t a r t  

IST i s  the  p a r t i c l e  s i z e  group number 

I i s  the  p a r t i c u l a r  t r a j ec to ry  number (1-10) 

P1 is  the  a r ray  i n  which the  p a r t i c l e  flow p rope r t i e s  a r e  returned 
(V,  B*H,T, ?,Y*X). 

UTILITY ROUTINES AND COMMON REFERENCES 

DESCRIPTION 

A s e t  of t a b l e s  def ining the  p a r t i c l e  proper t ies  a t  t he  boundary l aye r  
edge a s  a funct ion of boundary l aye r  s t a t i o n  pos i t ion  has been previously 
s e t  up by the  p a r t i c l e  t r a j e c t o r y  t rac ing  module. The p a r t i c l e  t r a j e c t o r i e s  
a r e  not necessar i ly  i n i t i a t e d  a t  a boundary l aye r  s t a t i o n  posi t ion.  This 
rout ine i n t e rpo la t e s  f o r  t he  p a r t i c l e  proper t ies  a t  the  edge of t he  boundary 
l aye r  using the  a x i a l  coordinate  of the  pene t ra t ion  of t he  boundary l aye r  t o  
look up da ta .  
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SUBROUTINE NAME: STARTV 

This  subrou t ine  sets up t h e  g r i d  and i n i t i a l i z e s  t h e  s i n g l e  phase 
t r a n s o n i c  s o l u t i o n .  

CALLING SEQUENCE 

CALL STARTV(PFPARY) 

where PFPARY is t h e  arr-ay which normally c o n t a i n s  p a r t i c l e  p r o p e r t i e s  but is 
temporar i ly  used by the  single-phase t r a n s o n i c  module as a working a r r a y .  

UTILITY ROUTINES AND COFIMON REFERENCES 

COMMON/ CONTRL/ 
COMMON/ DAT AR/ 
COMMON/GASCON/ 
COMMON1 SPEL/ 
COMMON/ STS W / 
AOASTR 

METHOD OF SOLUTION 

BO'JND 
IBOUND 
IDMPHI 
ITSUB 
MASS 
MAXT 

OFSET 
OUTPUT 
PHI 
POFEM 
RGVOFM 
RHOFEM 

The r o u t i n e  i s  en te red  knowing t h e  combustion chamber and nozzle  
contour ,  a n  o v e r a l l  O/F r a t i o ,  t h e  O/F d i s t r i b u t i o n  a t  t h e  i n i t i a l  t r a n s o n i c  
s t a r t i n g  p lane  (normally t h e  en t rance  t o  t h e  convergenc s e c t i o n  of t h e  
combustion chamber), t h e  a x i a l  p o s i t i o n  t o  start t h e  t r a n s o n i c  s o l u t i o n ,  the  
a x i a l  coord ina te  of the  t h r o a t  and a n  a r e a  r a t i o  a t  which t o  t e rmina te  the  
t r anson ic  system. Also known a r e  t h e  thermodynamic p r o p e r t i e s  of the  
system. The fol lowing s t e p s  a r e  taken t o  i n i t i a l i z e  t h e  single-phase 
t r anson ic  s o l u t i o n :  

Step The mass f low of  t h e  motor is determined e i t h e r  a s  a n  inpu t  o r  
us ing  the  o v e r a l l  O/F r a t i o ,  t h e  t h r o a t  a r e a  (us ing  the  a x i a l  
coord ina te  of t h e  t h r o a t )  and t h e  requirement t h a t  t h e  f low be 
s o n i c  a t  t h e  t h r o a t .  

S tep  2:  Tt.e a x i a l  coord ina te  of t h e  downstream c u t o f f  f o r  t h e  
t r a n s o n i c  module i s  determined us ing  the  inpu t  downstream 
c u t o f f  a r e a  r a t i o  o r  t h e  d e f a u l t  a r e a  r a t i o  of 1.5. 

Step 3: The computational  g r i d  i s  set up i n  t h e  C a r t e s i a n  coord ina te  
system. Ten s o l u t i o n  s t a t i o n s  a r e  e q u a l l y  spaced up t o  and 
inc lud ing  t h e  t h r o a t  and t h e  s t a r t i n g  s t a t i o n .  Downstream of 
t h e  t h r o a t  17 e q u a l l y  spaced s t a t i o n s  a r e  set up o u t  t o  t h e  
downstream s t a t i o n  of s t e p  2. At each a x i a l  s t a t i o n  e q u a l l y  
spaced p o i n t s  a r e  s e t  up inc lud ing  t h e  wall and c e n t e r l i n e .  
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Step  4:  The o/F r a t i o  a t  each of t h e  p o i n t s  on the  upstream boundary 
s u r f a c e  is s e t  using t h e  inpu t  O/F ve r sus  r a d i a l  p o s i t i o n  
d i s t r i b u t i o n .  The remaining f lowf i e l d  p o i n t s  O/P d i s r r i b u t  ion  
i s  i n i t i a l l y  s e t  t h e  same a s  t h e  i n i t i a l  d a t a  s u r f a c e .  The 
flow a n g l e  a t  each p o i n t  is  assumed t o  vary l i n e a r l y  from the  
a x i a l  t o  t h e  nozzle  w a l l  a t  each s t a t i o n .  

S tep  5: The remaining flow v a r i a b l e s  (P,T,V,H) are determined by 
i t e r a t i n g  using p ressure  (which is  t h e  independent v a r i a b l e  
used t o  look up temperature,  v e l o c i t y ,  molecular weight, and 
gamma from t h e  thermodynamic t a b l e s )  t o  f o r c e  t h e  mass flow 
through the  p a r t i c u l a r  d a t a  p lane  t o  match t h e  mass f low 
c a l c u l a t e d  i n  s t e p  1. The code i s  fo rced  t o  t a k e  t h e  
a p p r o p r i a t e  s o l u t i o n  (subsonic o r  supersonic  depending on 
which s j d e  of the  t h r o a t  t h e  i n i t i a l i z a t i o n  i s  tak ing  place)  
f o r  the  pressure .  

S t e p  6: The maximum al lowable  t ime s t e p  f o r  each p o i n t  i n  t h e  
computational  domain i s  then c a l c u l a t e d  us ing  the  fo l lowing 
r e l a t i o n :  

DT = 
DTCUT * DR 

where 

DTCUT i s  t h e  f a c t o r  t o  c u t  s t e p  s i z e  ( .2)  

DR i s  t h e  r a d i a l  d i s t a n c e  between two mesh p o i n t s  

M is  t h e  Mach number 

a i s  t h e  s o n i c  v e l o c i t y .  

Step 7:  The maximum s t e p  s i z e  f o r  t h e  o v e r a l l  s o l u t i o n  i s  then  
determined by us ing  MAXT t o  s e a r c h  f o r  t h e  s m a l l e s t  time s t e p  
of a 1  computational  po in t s .  

Note: Tke maximum number of r a d i a l  p o i n t s  :s lS(ICON(2)). 
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LMSC-HREC TR 0867430-11 

SUBROUTINE NAME: SM;MOD 

DESCRIPTION - 

This subrau t ine  computes t h e  g a s  themodynamlc p r o p e r t i e s  i n  t h e  
t r a n s i t i o n  flow regime. 

CALLING SEQUENCE 

CALL STCXOD(1, K)  

where 

I = t h e  po in t  number 
K = t h e  l i n e  number 

UTILITY ROUTINES AND CONMON REFEBENCES 

COMMON/GASCON/ 
COHMON/FREE/ 
COherON/ GSV / 
COMMON/ FSTAG / 
COMMON/DATAR/ 
COMMON/TEMPER/ 
UTILITY - None 

METHOD OF SOLUTION 

The r o u t i n e  is en te red  knowing t h e  flow regime, Knudsen number a d  flow 
proper t i e s  (Mw,T,P,V,u ,S,H,y) of t h e  (1,K) point .  The s p e c i f i c  h e a t  r a t i o  
i s  then determined based on t h e  flow regime. 

Continuum - is  the  same a s  en te red  
Vibra t iona l  mode f rozen - Y is s e t  t o  1.4 
Rotat ional  mode f rozen - Y is set based on a  curve f i t  o f  gamma 
from 1.4 ( v i b r a t i o n a l l y  f rozen)  t o  1.667 ( f r e e  molecular)  based 
on Knudsen number 
T r a n a l a t i o n a l l y  f rozen ( f r e e  molecular)  - Y = 1.667. 

Once the  l o c a l  gamma is  determined then the  l o c a l  s t a t i c  p r o p e r t i e s ,  T, P,  
and V ,  c r e  used t o  determine t h e  l o c a l  t o t a l  cond i t ions  (To,Po) and Mach 
number. While provis ions  a r e  made f o r  handl ing t r a n s i t i o n a l  f low a t  t h e  
present time t h i s  rou t ine  is  c a l l e d  only  f o r  t r a n s l a t i o n a l l y  f rozen  flow. 

5-148 

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER 



SUBROUTINE NAHE: STLlae 

DESCRIPTION 

This routine s tores  the input gaseous properties of s t a r t l i n e  from a 
temporary array used by the  input module i n t o  the permanent array used by 
the f lowfield computational m u l e .  

CALLING SEOUENCE 

CALL STLINE 

UTILITY ROUTINES AND COkRlON REFERENCES 

COHfON/CONTBL/ 
COMION/DATAR/ 
COW .ON/ I t W T /  

METHOD OF SOLUTION 

kt applicable.  
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SUBROUTINE NAIIE: SfBIlOB 

DESCRIPTION 

This  subrou t ine  handles  t h e  c a l c u l a t i o n  of t h e  f low p r o p e r t i e s  of t h e  
point  i n  questic-n. The fol lowing c a s e s  are considered: 

1. I n t e r i o r  po in t ,  uses  I -  and ; I - c h a r a c t e r i s t i c  (ITYYE = 11) 
2 .  Lover s o l i d  boundary po in t ,  u s e s  I - c h a r a c t e r i s t i c  (ITYPE = 21) 
3 .  Upper s o l i d  boundary po in t ,  uses  I I - c b a r a c t e r i s t i c  (ITWE = 22) 
4. L o w e r  f r e e  boundary p o i n t ,  uses  I - c h a r a c t e r i s t i c  (ITYPE = 31) 
5. Upper f r e e  boundary p o i n t ,  uses  I I ~ h a r a c t e r i s t i c  (ITYYE = 32) 

Except those  ITYPE nllrbers shown above, soeetimes, one of t h e  fol lowing 
n u b e r s  (500, 600, 70C, 800, 900) is added t o  t h e  o r i g i r a l  number to 
t ran- i t  more informat ion t o  t h i s  subrout ine .  

CALLING SEOUENCE 

Il,K1 is t h e  s t o r a g e  l x a t i o n  i n  the PW) a r r a y  f o r  t h e  p o i n t  i n  
q u e s t i o n  on t h e  new normal (K-line) 

IS1,JSl is the s o r a g e  l o c a t i o n  i n  t h e  PHO a r r a y  f o r  t h e  known 
re fe rence  p o i n t  on t h e  o l d  normal (J- l ine) ;  normally t h i s  
po in t  is on t h e  same s t reaml ine  as t h e  p o i n t  I1 ,M 

IN1, lCNl  is t h e  s t o r a g e  l o c a t i o n  i n  the PW) a r r a y  f o r  t h e  known p o i t t  
I1,Kl on t h e  new normal (K-line) 

IFIAG i s  a c o n t r o l  i n d i c a t o r  f o r  sending i n  and o u t  necessary  
messages 

ITWE denotes  t h e  type of p o i n t  t o  be ca icu la ted .  

UTILITY ROUTINES AND COM4ON REFERENCES 

COMMON/ STEPC/ 
COKXON/AVPROP/ 
COMMON/ PARTP4 / 
COWON/ PARTP i 1 
CONnON/ GAP PA/ 
COHHON/ONTSR"Z 
COMMON/ POIKC; 
COWCN/ NSF/ 
COMMON/OVERLA/ 

PPATPR 
FNBiTN 
INRSCT 
GAP PB I 
PMYSOL 
SPCTX 
PFF' 
RGMOPP 
COEPP3 
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METHOD OF SOLUTION 

ROTEIW 
SLPLIN 
NEUENT 
uow 
v o m  
COEFEQ 
CHECK 
VWODEL 
Enow 
SITER 

I n i t t a l l y  the  flow proper t ies  of the  point  i n  quest ion a r e  a s s 4  t o  
be the  same as those of the known upstream p i n t  on t he  same s t reamline,  and 
its loca t ion  is foucd by in t e r sec t ing  the average streamline from the 
reference point  (IS1,JSl) on t he  J - l ine  and the  average normal from the  
known point ( IN1 ,KNl)  on the  A-line. Subroutine PHYSOL is used t o  f ind  t h e  
ceference proper t ies  f o r  the  c h a r a c t e r i s t i c  l i n e s  and Eq.(4.135a) and 
(6.100) of Vol. I are then used t o  c a l c u l a t e  ve loc i ty  and flow aogle  f o r  the  
new point. 

The i t e r a t i v e  eethod is eaployed t o  f i nd  the  ve loc i ty  and the f i o u  
angle  u n t i l  they do not  cheage appreciably between the successive 
i t e r a t i ons .  During t h i s  i t e r a t i o n ,  t h e  loca t ion  of t he  new point  is 
perturbed. 
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FUNCTION N a a :  TAB 

This function computes the thermodynamic data storage location and 
retrieves data from the TABB array. 

CALLING SeOUENCE 

= TAB ( I , J , K , L )  

where 

I , J , K , L  are the indices which are used to determine the storage 
locat ion 

UTILITY ROUTINJ3 AND COMON REFEREICES 

COI610NfGASMT/ 
UTILITY - None 

'Phis routine simulates a four-dimensional array. The thermodynamic 
data storage location is computed using the following relation 

and retrieved using tire relation 

TAB = TABB(1X) 
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SUBROUTINE NAME : 

DESCRIPTION 

This rout ine spaces pas t  t he  header, thermodynamic da ta ,  and p a r t i c l e  
thermodynamic da t a  on the f l o v f j e l d  da t a  f i l e  (uni t  3). This rout ine  is 
used by t h e  p a r t i c l e  t r a j ec to ry  t rac ing  module t o  g e t  t o  t he  beginniog of 
the f lowfield da t a  on the output  tape. 

CALLING SEQUENCE 

CALL TAPXOV 

UTILIm ROUTINES AND COHMON REFERENCES 

METHOD OF SOLUTION 

The header and t ranspor t  da t a  a r e  read from u n i t  3 u n t i l  the f lowfield 
data are reached on the  f i l e .  
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DESCRIPTION 

This  subrou t ine  w i l l  p e r f o m  a  t a b l e  lookup f o r  p a r t i c l e  temperature a s  
a func t ion  o f  enthalpy o r  f o r  p a r t i c l e  en tha lpy  a s  a  f u n c t i o n  of temperature. 

c A L L r a  SEQUENCE 

CALL TEMTAB(X,Y,WHICH) 

@ere 
X is t h e  unknown v a r i a b l e  

Y is  the  known v a r i a b l e  

WHICH is t h e  lookup c o n t r o l  v a r i a b l e  i n d i c a t i n g  t o  lookup 
temperature ( = l )  o r  en tha lpy  ( ~ 2 ) .  

UTILITY ROUTINES AND COHHON REFERENCES 

COHHON/ CONTROL/ 
comON/TVEII/ 
COHON/TFLAG/ 
UTILITY - None. 

METHOD OF SOLUTION 

The unknown v a r i a b l e  ( p a r t i c l e  temperature o r  enthalpy)  is c a l c u l a t e d  
by e i t h e r  assuming cons tan t  h e a t  c a p a c i t i e s  o r  by applying l i n e a r  
i n t e r p o l a t i o n  techniques  t o  t h e  t abu la ted  d a t a  inpu t  on c a r d s  33. 
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SUBROUTINE NAME: THERHO - 
DESCRIPTION 

This  subrou t ine  u t i l i z e s  real o r  i d e a l  g a s  informat ion obta ined :ram 
t h e  f l o w f i e l d  t a p e  ( o r  t a b l e s )  and a l o c a l  O/F r a t i o  ( o r  t o t a l  enthalpy,  t o  
c a l l  subrou t ine  FABLE t o  c a l c u l a t e  thermodynamic g a s  p r o p e r t i e s  l o c a l l y  i n  
t h e  flow. 

CALL THERMO ( OF, SS , VV) 

where 

OF = g a s  total  en tha lpy  o r  O/F r a t i o  
SS = g a s  ent ropy 
VV = g a s  v e l o c i t y .  

UTILITY ROUTINES AND CUHXON REFERENCES 

COMMON/GASCON/ COHHON/FAB/ 
COMMON/ CPXU K/ COHHONI CONTRLI 
COMHON/GRINT/ CONHON/VLTM/ 
COMMON/ PARTP4/ TAB 
COMMON/ PARTPZ / FABLE 
COMMON/ GAS DATI TlERM1 

THERMV 

HETHOD OF SOLUTION 

The r o u t i n e  is e n t e r e d  wi th  t h e  l o c a l  O/F r a t i o  ( o r  t o t a l  en tha lpy) ,  
OF, ent ropy,  SS, and v e l o c i t y ,  VV. The l o c a l  r a t i o  is  used t o  determine 
which s e t  of thermodynamic t a b l e s  t h a t  subrou t ine  FABLE should use  t o  
perform t a b l e  lookup of t h e  l o c a l  thermodynamic g a s  p r o p e r t i e s .  Subroutine 
THERMO then  u s e s  t h e  l o c a l  thermodynamic g a s  p r o p e r t i e s  obta ined from FABLE 
t o  perform a n  i n t e r p o l a t i o n  between t h e  O/F ( o r  t o t a l  en tha lpy)  t a b l e s  based 
on t h e  l o c a l  O/F r a t i o  ( o r  t o t a l  en tha lpy) .  I f  a  f i n i t e  r a t e  c a s e  is being 
c a l c u l a t e d  then THEM is  c a l l e d  t o  compute t h e  l o c a l  thermodynamic g a s  
p roper t i e s .  Th i s  r o u t i n e  a l s o  checks t o  s e e  i f  t h e  v e l o c i t y  which i s  
en te red  i s  beyond t h e  l i m i t i n g  v e l o c i t y  o f  e i t h e r  of the  two t a b l e s  bounding 
i n  l o c a l  O/F r a t i o  ( o r  t o t a l  en tha lpy) .  If t h e  l i m i t i n g  v e l o c i t y  is 
exceeded t h e  THERMV is c a l l e d  t o  c a l c u l a t e  t h e  l o c a l  thermodynamic g a s  
p roper t i e s .  
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SUBROUTINE NAME: lligglET 

DESCRI PTZON 

This rou t ine  determines the gas  thermodynamic p rope r t i e s  f o r  t he  s ing l e  
phase transonic module. 

CALLING SEQUENCE 

CALL T H E W  

UTILITY ROLTINES AND COPIMON REFERENCES 

METHOD O F  SOLUTION 

This rout ine performs the same funct ion a s  THERMO and i s  used t o  
determine the  l o c a l  thermodynamic p rope r t i e s  of the  gas. Unlike T H E M  
which uses O/F  (or  t o t a l  enthalpy),  S and V t o  look up thermo da ta ,  TIIEREfT 
uses O / F  (or  t o t a l  enthalpy) and pressure t o  look up the  thermo data.  T h e  
thermodynamic t a b l e s  which a r e  used by THERMT a r e  the same a s  those used by 
THERMO except they a r e  organized s o  t h a t  pressure is the  dependent var iab le .  
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SUBROUTINE NAME: THBRMV 

DESCRl PTION 

This rout ine determines the  gas  thermodynamic p rope r t i e s  f o r  
equilibrium chemistry cases  f o r  which the l o c a l  ve loc i ty  has  been found t o  
exceed the  l imi t ing  ve loc i ty  of e i t h e r  of t he  two t ab l ee  used t o  determine 
t5e gas thermodynamics. 

CALLING SEQUENCE 

CALL THERMV(OF,S,VV,Sl,S2) 

where 

OF = gas t o t a l  enthalpy o r  O/P r a t i o  
S = gas  entropy 
V = gas ve loc i ty  
S1 = reference entropy l e v e l  of f i r s t  (high t o t a l  pressure)  entropy 

t a b l e  a t  the l o c a l  OF 
S2 = reference entropy l e v e l  of second (low t o t a l  pressure)  entrovy 

t a b l e  a t  the l o c a l  OF. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ CONTROL 
COMHON/CPMUK/ 
COMMON/GASCON/ 
COMMON/GASDAT/ 
COMMON/MOL/ 
COMMON/ PARTP 2 / 

COMMON/ TEMPER 
COMMON/ n W 
COMMON/ WRY / 
EMOFV 
POFEM 
T O W  

METHOD OF SOLUTION 

T h e  RAMP code l i k e  the  MOC (Ref.12) code uses precalculated t ab l e s  of 
gas  thermodynamic da ta  which a r e  generated by the TRAN72 program. -The use 
of these t a b l e s  is explained i n  Appendix A of Volume I and Ref. 13 (HOC). 
The t ab l e s  a r e  generated f o r  s p e c i f i c  O/F r a t i o s  (or t o t a l  enthalpy) and 
entropy l e v e l s  ( t o t a l  pressure).  Each t a b l e  is  made up of a s e r i e s  of 
veloci ty  e n t r i e s  corresponding t o  po in ts  on an i s en t rop i c  expansion from the 
t o t a l  condi t ions f o r  t h e  p a r t i c u l a r  table .  A t  each ve loc i ty  i n  the t a b l e  
the thermodynamic proper t ies  a r e  tabulated. Since there  a r e  l im i t a t i ons  t o  
how many t a b l e s  of O/F r a t i o  (10) and entropy ( 2 )  which can be handled by 
the program i t  is possible  t h a t  the l o c a l  gas  ve loc i ty  might exceed the  
l imit ing ve loc i ty  of one of the t a b l e s  being used f o r  t he  in te rpola t ion .  
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Subroutine THERMV i s  used when a  g a s  l i m i t i n g  v e l o c i t y  i s  exceeded. 
Subroutine THERMO c a l c u l a t e s  l o c a l  p r o p e r t i e s  f o r  each i n d i v i d u a l  t a b l e  a t  
tlrc cn te rcd  v e l o c i t y ,  then c a l c u l a t e s  t h e  e q u i v a l e n t  t o t a l  cond i t ions .  
THEKMT c a l c u l a t e s  t o t a l  c o n d i t i o n s  f o r  t h e  l a s t  e n t r y  of each t a b l e  then 
i n t e r p o l a t e s  f o r  t o t a l  c o n d i t i o n s  a t  t h e  d e s i r e d  O/F ( o r  en tha lpy)  f o r  each 
ent ropy t a b l e .  The l o c a l  thermodynaiaic p r o p e r t i e s  a t  each entropy t a b l e  a r e  
then c a l c u l a t e d .  Another i n t e r p o l a t i o n  i s  performed based on t h e  en t ropy  
l e v e l  t o  g e t  t h e  l o c a l  thermodynamic p r o p e r t i e s  f o r  t h e  e n t e r e d  O/F,  S, and 
V .  F i n a l l y ,  t o t a l  c o n d i t i o n s  corresponding t o  the  p a r t i c u l a r  s t a t e  of the  
gas (T,  P, OIF, 5, V )  are c a l c u l a t e d  f ~ r  use by o t h e r  p o r t i o n s  of t h e  
program. 
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SUBROUTINE NAME: TWMl 

DESCRIPTION 

This rou t ine  determines t he  gas  thermodynamic proper t ies  f o r  a f i n i t e  
r a t e  chemistry case.  

CALLING bdQUENCE 

CALL THERMl( HT , V) 

where 

HT is  the  gas  t o t a l  enthalpy 
V is  the gas  velocity.  

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ TEMPER/ 
COMMON/GASCO#/ 
COMMON/ PCTC/ 
COMMONICPMUKI 
COMMOK/ CONTRL / 
COMMON/V ISEX/ 
COMMON/ CHEMCN/ 
COMMON/CHEMXX/ 
COMMON/ GAS DAT/ 
TKEY 
TOFH 

METHOD OF SOLUTION 

The rout ine looks up enthalpy and s p e c i f i c  hea t s  from tabulated da ta  of 
enthalpy and s p e c i f i c  hea ts  a s  funct ions of temperature. The enthalpy, 
spec i f i c  hea t s  and molecular weights of each spec ies  a r e  used, along with 
species  concentrat ions,  t o  ca l cu l a t e  the mixture gas  constant ,  gamma, 
enthalpy, s p e c i f i c  hea t ,  t o t a l  pressure,  and temperature. These proper t ies ,  
along with ve loc i ty  a r e  used t o  ca l cu l a t e  t o t a l  enthalpy and Mach number. 
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SUBROUTINE NAME: THETPM 

DESCRIPTION 

THETPM performs a numerical i n t eg ra t i on  t o  ca l cu l a t e  p rope r t i e s  through 
a  Prandtl-Meyer expansion. E i ther  the case of known f i n a l  ve loc i ty  o r  known 
f i n a l  expansion angle may be handled. 

CALLING SEOUENCE 

CALL THETPM (OF,S,DELTA,VF,CI,IT,17YPE,K1W,K2W) 

where 

OF is the  l o c a l  O/F r a t i o  o r  t o t a l  enthalpy 
S i s  the l o c a l  entropy l e v e l  
DELTA i s  the  t o t a l  expansion angle  
VF i s  the f i n a l  ve loc i ty  downstream of t he  expansion 
V I i s  the  i n i t i a l  ve loc i ty  upstream of t h e  expansion 
I T  i s  a cont ro l  parameter i nd i ca t i ng  i f  expansion t o  a  s o l i d  

wal l  o r  f r e e  boundary is taking place 
ITYPE ind i ca t e s  i f  a n  upper (2)  o r  lower (1) boundary i s  being 

considered. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/G ASCON 
COMMON/ STEP c I 
COMMON/ CO hTRL/ 
THERMO 

TOFH 
ITSUB 
TOW 
ERRORS 

METHOD OF SOLUTION 

The i n t e g r a l  equation 

where M~ = v ~ / ' / R T  i s  solved knowing e i t h e r  the f i n a l  ve loc i ty ,  VF, o r  
the expansion angle  (A8). A s  can be seen, i f  the f i n a l  ve loc i ty ,  VF, is 
known, the i n t eg ra t i on  progresses s t ra ightforwardly t o  a  so lu t ion .  However, 
i f  the expansion angle is  known, an i t e r a t i v e  procedure must be employed t o  
pick the ve loc i ty  which produces the desired expansion angle. 
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SUBROUTINE NAME : THRUST 

DESCRIPTION 

THRUST computes the  vac, .A t h r u s t  produced by a  two-dimensional o r  
axisymmetric nozzle. Addition of t he  t h r u s t  a t  t he  th roa t  and the  
integrated pressure along the  nozzle wall y i e l d s  the  f i n a l  t h rus t .  

CALLING SEQUENCE 

CALL THRUST (L ,  K ,  11, .?I, I T W E ,  I C U C  , K1W1, KlW2, PFPARY) 

where L , K  designates  the unknown c h a r a c t e r i s t i c  point  and 11, J1 i s  the 
known c h a r a c t e r i s t i c  point .  ITYPE s p e c i f i e s  i f  t he  point is on the  upper o r  
lower boundary and ICALC i s  a  counter with the values of 1, 2, o r  3. ( 1  
spec i f i e s  i n t eg ra t i on  a t  the  t h roa t ,  2 - along t h e  nozzle and 3 - a t  the  
c x i t . )  PFPARY is  the a r ray  which contains  p a r t i c l e  proper t ies  on the old 
and new normals. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ CONTRL/ 
COMMON/DATAR/ 
COMMON/FORCE/ 
COMMON/ PARTP4 / 
COMMON/ PARTP 2 / 
COMMON/ FsTAG / 

METHOD OF SOLUTION 

COMMON/WT/ 
COMMON/ PSLD/ 
COb!MON/ INTCR/ 
COllMON/TRPRT/ 
P F P  
V m A G  

Thrust i s  found by f i r s t  computing the  (gas and p a r t i c l e )  momentum 
thrus t  i n  the sonic a r ea  or  th roa t  of the no?-le. The s t a t i c  pressure i s  
then in tegra ted  along the  nozzle wal l  and the  t o t a l  t h rus t  found by summing 
of the pressure and momectum terms (both gas  and p a r t i c l e j .  Inclusion of a  
fac tor  i n  the  incremental force  term accounts f o r  e i t h e r  two-dimensioc, .,r 
axisymmetric flow. 
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SUBROUTINE NAME: TKBY 

DESCRl PTION 

This rou t ine  determines the  proper index t o  be used i n  t he  enthalpy and 
spec i f i c  heat t ab l e s  and ca l cu l a t e s  i n t e rpo la t i on  fac tors .  

CALLING SEQUENCE 

CALL TKEY (T,TTS,ITKEY,SDT,EU)T,NT) 

where 

T = the  temperature 
TTB = the  temperature t a b l e s  used a s  independent var iab les  
ITKEY = the resul 'ant  index 
SW and HDT = i n t e rpo la t i on  f a c t o r s  
NT = number of e n t r i e s  i n  the  temperature t ab l e .  

UTILITY ROUTINES AND COMMON REFERENCES 

None . 
METHOD CF SOLUTION 

The rout ine searches the  temperature t a b l e  u n t i l  t he  input temperature 
is bounded. The index of the lower bound is s t o ~ e d  i n  ITKEY and the 
in te rpola t ion  f a c t o r s  a r e  ca lcu la ted  by the  equations 

SDT = 
T - TTB (ITKEY) 

TTB (ITKEY + 1) - TTB (ITKEY) 

and 

HDT = TTB (ITKEY + 1) - T 
TTB (ITKEY + 1) - TTB (ITKEY) 
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FJNCTION NAHE: FOPEN -- 
DESCRIPTION 

TOFEH computes the local static temperature as a function of Mach 
nmber. TOFEM and TOW ate quite sinflnr; the difference being if llach number 
or velocity is the koown quantity. 

CALLING SEQUENCE 

where T is she one-dimensionally calculated local static temperature which 
exists at the Mach number, EM. NOTE: The appropriate values of the gas 
properties must be stored in camon upon entry to this routine. 

UTILITY ROUTINES AND C O W N  REFERENCES 

COH~)N/GASCOI/ 
UTILITY - Note. 

METHOD OF SOLUTION 

The thermally perfect gas relationships are used to find the static 
teapcrature at the local Wach number. 
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DESCBI PT ION 

T h i s  routine ca lculates  the teeiperature a s  a functioa o f  enthalpy for  a 
f i n i t e  rate chemistry case. 

CALLING SEQUENCE 

where HU is the s t a t i c  enthalpy. 

UTILITY ROUTINES AND REPEllENCES 

 GASCO CON/ 
c o n n o N / P c r C /  
GOmw/CRIUK/ 
caracoN/VIsEx/  
COMMON/ CHMCNI 
COWON/QIEUX/ 
COHnOEi/GASDAT/ 
TKEY 
ITSUB 

The temperature is estimated i n i t i a l l y  and t h i s  temperature is  used t o  
caiculate  an enthalpy from the temperature-eothalpy tables .  If the resultant 
enthalpy does not match HU, the teaperatare is i n c r e ~ n t e d  and the process 
repeated unti 1 the enthapies converge. 

5- i64 

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER 



NNCTION N r n :  raw, mum* 

This rout ine ca l cu l a t e s  t he  temperature as a funct ion of enthalpy f o r  a 

f i n i t e  r a t e  chemistry case during a Prandtl-Meyer expansion. 

CALLING SEOUEaE 

= mm (HU,V) 
= TAFH (HU,V) 

where 
HU is the  enthalpy 
V is the  velocity.  

UTILITY ROUTI@IES AND COHWN REFEBENCES 

METHOD OF SOLUTION 

The methodology is the  same as f o r  TOFENH except t h a t  the  gas  constant ,  
molecular weight, g-a, and Mach number a r e  a l s o  computed. 

* 
MFH and TAEH a r e  the same rout ine  but a r e  included as two separa te  rou t ines  
i n  the  program because of overlay requirements and the  need t o  keep the  core  
requirements a s  small as possible.  
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N M X I O N  NAME: TWV 

DESCRIPTION 

This func t ion  computes t he  local static temperature as a funct ion of 
velocity.  TOFV and TDFM are qu f t e  similar; the  d i f f e r ence  being i f  b c h  
number o r  ve loc i ty  is t h e  known variable .  

T = TON ( V , I u W l , K l W Z )  

where T is the  l o c a l  static temperature which e x i s t s  a t  t h e  ve loc i ty ,  V. 
NOTE: The appropr ia te  va lues  of t he  gas proper t ies  must be s tored  i n  common 
upon en t ry  t o  t h i s  routine.  

UTILITY ROUTINES AND COMMON REFERENCES 

corseON/GAScOW/ 
RITE 
€aRous 
KIKOFF 

METHOD O F  SOLUTION 

The thermally perfect  gas  re la t ionsh ips  a r e  used t o  f i nd  t h e  static 
temperature a t  t he  l o c a l  veloci ty .  
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SUBROUTINE NA!!: TRACE 

DESCRIPTION 

T h i s  subroutine is used by the tw-phase transonic module to  integrate 
particle trajectories through the nozzle throat. 

Call TRACE . 
UTILITY ROUTINES AND COMNON REFERENCES 

DESCRIPTION 

See Section 5.6.81 of Ref, 7. 
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LMSC-HREC TR D867400-I1 

SUBROUTINE NAME: 

DESCRIPTION 

This rou t ine  so lves  t he  equat ion of motion of a p a r t i c l e  along with i ts  
thermal response. This rou t ine  is used by t h e  p a r t i c l e  t r a j e c t o r y  t r ac ing  
module t o  t r a c e  p a r t i c l e  t r a j e c t o r i e s  through the  nozzle boundary l aye r  and 
predict  the p a r t i c l e  flow proper t ies  which e x i s t  a t  t he  nozzle e x i t  plane i n  
the  boundary layer .  

CALL1 NC SEQUENCE 

CALL TRACEP (P1,P2,RP9RHOP,DT,EP,ACC,XEND,PFRARY) 

where 

RP 
RHOP 
DT 
EP 
ACC 
XEBD 
PFPARY 

a r r ay  which conta ins  t h e  p a r t i c l e  flow c h a r a c t e r i s t i c s  and 
loca t ion  a t  t he  edge of the  boundary layer  
a r r ay  which contains  t h e  p a r t i c l e  flow c h a r a c t e r i s t i c s  and 
loca t ion  i n  the boundary l a y e r  a t  the  e x i t  plane of the  nozzle 
p a r t i c l e  rad ius  
p a r t i c l e  mass dens i ty  
i n t eg ra t i on  t i m e  s t e p  
p a r t i c l e  emiss iv i ty  
p a r t i c l e  accmodat ion f a c t o r  
a x i a l  loca t ion  of e x i t  plane of nozzle 
p a r t i c l e  property a r r a y  which is temporarily used t o  s t o r e  the  
s p a t i a l  va r i a t i on  of boundary layer  proper t ies  along the  nozzle 
wall. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/ CHOCK/ COMMON/ SLOW/ 
COMMON/ C O W /  DRAGCP 
COMMON/DRAGCF/ DRAGMR 
COMMON/FIND/ GAS 
COMMON/ SAVE/ TEMTAB 

METHOD OF SOLUTION 

This rou t ine  is ca l l ed  with the loca t ion  and p rope r t i e s  of a given 
p a r t i c l e  s i z e  a t  the  edge of t he  nozzle boundary layer .  The equations of 
motion and energy equations a r e  solved a s  t he  p a r t i c l e  t r a j e c t o r y  is traced 
through the  known boundary l aye r  flow f i e l d  up t o  the  e x i t  plane of the 
nozzle. The rou t ine  a l s o  keeps t r ack  of which p a r t i c l e s ,  which t r a j ec to ry  and 
where any nozzle wal l  impingement takes  place. The propert iee  of t he  p a r t i c l e  
a t  the  e x i t  plane o r  point of impingement on the  wal l  a r e  returned t o  t he  
c a l l i n g  routine.  
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SUBHOUTLNE NAME: PgAtlS 

This subroutine provides overall control for ini t ia l iz ing the data and 
reading the namelist data for the Kliegel two-phase transonic solution of a 
supersonic gas particle startl ine.  

CALLING SEQUENCE 

CALL TRANS (NTAPE,NSETS,RUT) 

where 

t W E  = FORTRAN unit on which the startl ine i s  written 
NSETS = number of startl ine points where particles are present 
RUT = throat radius ( f t ) .  

UTILITY ROUTINES AND COHHON REFERENCES 

cOMHON/ CONTRL/ 
COMMON/ GASDAT/ 
CO#NON/GASCON/ 
COMMON/ C W K /  
COMnON/TPEH/ 
COMMON/MAS SC / 
COM?lON/DRAGCF/ 
COMMON/ PARTP 2 / 
COMMON/ERR/ 
COMMON/NAMEA/ 
COHMON/NAMEl/ 
COMMON/NAMEW/ 
COMMON/HUL/ 

METHOD OF SOLUTION 

Not applicable. 

COMMON/ PCTC/ 
COMMON/ V I S E C  / 
COMMON/ VSON/ 
COMMON/ DATAR/ 
COMMON/NAMEB/ 
COWON/ NAMEXI 
COMMON/NAMEQ / 
COMMON/ NAMEL/ 
COMMON/DRAG/ 
COMMON/ a w l /  
COMMON/ RWTD/ 
TAB 
PARTIL 
THERMO 
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

SUBROUTINE NAME : TURN 

DESCRIPTION 

TURN solves f o r  a shock wave which has a known turning angle (6) .  A 
condition of known turning angle e x i s t s  when the flow is turned through a 
compression corner on a so l id  boundary. Real gas e f f e c t s  a r e  considered i n  
ca lcu la t ing  conditions downstream of the shock. 

CALLING SEQUENCE 

CALL TURN (PU,PD,DELTA,IFLAG,KlWl,KlWZ) 

where PU,PD represent flow condit ions upstream and downstream of the shock, 
DELTA i s  the  turning angle,  and IFLAG i nd i ca t e s  i f  t he  so lu t ion  w i l l  o r  w i l l  
not converge. 

UTILITY ROUTINES AND COMMON REFeRENCES 

COMMON/BOMOUT/ 
COMMON/ CRITER/ 
COMMON/ CONTRL/ 
THERMO 
EMOFV 
UOFEM 
ESHOCK 
ITSUB 
ERRORS 
UOFV 

METHOD OF SOLUTION 

An i n i t i a l  shock angle is assumed. This shock angle is used t o  
ca lcu la te  a turning angle. The ca lcu la ted  turning angle is compared t o  the 
known turning angle and successive i t e r a t i o n s  on shock angle a r e  performed 
u n t i l  the turning angle d i f fe rence  is  s u f f i c i e n t l y  c lose  t o  zero. 
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FUNCTION NAME: UOFEM 

DESCRIPTION 

T h i s  f u n c t i o n  computes t h e  l o c a l  Mach ang le  a s  a f u n c t i o n  of l o c a l  Mach 
number. P r i o r  t o  t h e  c a l c u l a t i o n ,  a test is made t o  ensure  t h a t  the  Mach 
number is g r e a t e r  than one. 

CALLING SEQUENCE 

MU = UOFEM (EM,KlWl ,K1W2) 

where EMU is  t h e  Mach ang le  which e x i s t s  a t  t h e  l o c a l  Mach number, EM. 

UTILITY ROUTINES AND COkfMON REFERENCES 

METHOD CF SOLUTION 

The following equa t ion  i s  solved f o r  t h e  l o c a l  Mach angle.  
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

FUNCTION NAME: UOW 

DESCRIPTION 

This function computes the l oca l  Mach angle a s  a function of loca l  
velocity.  

CALLING SEQUENCE 

EMU = UOFV ( V , K l W l , K l W 2 )  

where EMU i s  the Mach angle which e x i s t s  a t  the l oca l  ve loc i ty ,  V .  

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ BOMOUT/ 
UOFEM 
EMOFV 

METHOD OF SOLUTION 

The local  ve loc i ty  i s  converted into  a Mach number using EMOFV. 
Function UOFEM i s  then entered with the calculated Mach number. The Mach 
angle i s  obtained from the following equation. 
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FUNCTION NAME: VEPW: 

LIESCRI l?'l'ION --- 

VEMAG determines the magnitude of a vector. 

CALLING SEQUENCE 

where V i s  any vector. 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON - None 
DOTPRD 

METHOD OF SOLUTION 

The following equation i s  solved for the magnitude of a vector 

where 
-5 3 

v = V(1) i + V(2) j . 
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LMSC-HREC TR D867400-I1 

FUNCTION NAME: VOFEM 

DESCRIPTION 

This  f u n c t i o n  computes v e l o c i t y  as a f u n c t i o n  of Mach number. 

CALLING SEQUENCE 

V = VOFEM (EM,KlWl,KlW2) 

wtiere V i s  t h e  l o c a l  v e l o c i t y  which corresponds  t o  the  l o c a l  Mach number, EM. 
NOTE: The a p p r o p r i a t e  va lues  of t h e  g a s  p r o p e r t i e s  must be s t o r e d  i n  common 
upon e n t r y  t o  t h i s  rou t ine .  

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

The thermal ly  p e r f e c t  gas  r e l a t i o n s h i p  

i s  solved f o r  v e l o c i t y .  Local s t a t i c  temperature ,  T, i; obta ined from t h e  

inpuc Mach number. 
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SUBROUTINE NAME: WALPRP 

DESCRIPTION 

This  subrout ine  determines t h e  d i s t r i b u t i o n  of p o i n t s  along t h e  nozzle  
wa l l  which w i l l  be used as boundary l a y e r  s o l u t i o n  s t a t i o ~ s  f o r  t h e  BLIMPJ 
code. 

CALLING SEQUENCS 

CALL WALPRP 

UTILITY ROUTINES AND COMMON REFERENCES 

METHOD OF SOLUTION 

This  r o u t i n e  uses  t h e  nozzle wall p o i n t s  and a s s o c i a t e d  p ressure  
d i s t r i b u t i o n  t o  e s t a b l i s h  t h e  s o l u t i o n  s t a t i o n s  and p ressure  d i s t r i b u t i o n  
which w i l l  be used by t h e  boundary l a y e r  inpu t  module. 

m e  nozzle wa l l  is descr ibed us ing  34 s t a t i o n s .  The f i r s t  s t a t i o n  i n  
the  nozzle w a l l  point  on the  s t a r t l i n e  and t h e  l a s t  po in t  is t h e  nozzle  
l i p .  The next th ree  p o i n t s  a r e  s p e c i f i e d  ~t d i s t a n c e s  away from t h e  
preceding point  on t h e  nozzle of 1/200th,  1/100th,  and 1 /50 th  of t h e  
d i s t a n c e  from t h e  f i r s t  t o  the  last p o i n t s  on the  nozzle w a l l ,  The 
remaining p o i n t s  a r e  e q u a l l y  spaced a long t h e  nozzle ou t  t o  ti12 l i p .  The 
appropr ia te  flow p r o p e r t i e s  t h a t  the  boundary l a y e r  inpu t  module r e q u i r e s  
a r e  i n t e r p o l a t e d  from t h e  i n v i s c i d  nozzle  w a l l  r e s u l t s .  This  po in t  
d i s t r i b u t i o n  was chosen because i t  produced the  b e s t  r e s u l t s  f o r  a l l  caseb 
t h a t  haw, been run using t h e  boundary l a y e r  opt ion.  
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S1TSROUT I N E  NAME : WDCI 

DESCRIPTION 

T h i s  subroutine i n t e g r a t e s  along t h e  i n i t i a l  t w o - p h a s e  supersonic 
startline for the m a s s  f l o w  by trapezoidal rule. 

CALLING STnUENCE 

CALL WUG 1 

UTILITY ZOUTINES AM) COPLNON REFERENCES 

COMMON/ DATAR/ 
CUtMON/NAMEL/ 
COHPION/NAMEM/ 
COMMON(NAMES/ 
COMMON/RZW1/ 
PROP 

METHOD OF SOLUTION 

See Sect ion 5 . 6 . 8 7  of Ref. 7. 
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SUBROUTINE NAWE: URm, md 

DESCRIPTION 

This subrout ine determines t h e  independent var iab les ,  entropy and 
veloci ty ,  SD, VD, downstream of a weak oblique shock. The gas  proper t ies  
upstream of t h e  shock a r e  known p r i o r  t o  en t ry .  

CALLING SEQUENCE 

CALL WEAK (OF,SU,VUsEPS,DELTAsSD,VD,ltlW,K2W) 

where OF is the upstream O/F r a t i o  (or  t o t a l  cnthalpy),  SU,W are the  
upstream entropy and ve loc i ty ,  EPS, DELTA are the  shock angle  axxi turning 
angle,  and SD,VD are the  downstream entropy and veloci ty .  

CO~ON/GASCON/ 
TH-0 
w.0FV 
POFM 
RHOFM 
ENTROP 
DELTAF 

METHOD OF SOLUTION 

From the known upstream entropy and ve loc i ty ,  the  l o c a l  ga s  proper t ies ,  
pressure,  dens i ty ,  and upstream Mach number a r e  calculated.  The entropy 
rise ac ros s  t he  shock is added t o  t h e  upstream entropy t o  g e t  t o t a l  
downstream entropy. Downstream velocfzy is  ca lcu la ted  from the following 
relat ionship.  

u 

= cos (5-6) 

* 
WEAK and WEKK a r e  the  same rout ine  but a r e  included as two separa te  rou t ines  
i n  the  program because of overlay requirements and the  need t o  keep the core  
requirements a s  small as possible.  
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SUBROUTINE NAPE: WG 

DESCRIPTION 

Tkis subroutine decodes the pressure, velocity,  O/F ratio and density  at 
each po int  i n  the single phase transonic aodvle. 

CALLING SEQUENCE 

Call UG 

UTILITY ROUTINES AND COHXO;i RLFERENCES 

See Ref. 14. 
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FUNCTION NAME: YOPd 

WOFA computes t h e  weight f low per  u n i t  area as a f u n c t i o n  of Mach 
number. This  c a l c u l a t i o n  is used only i n  f u n c t i o n  dASTR. 

c u L l N C  SEQUENCE 

Weight Flow = WOFA (DI,KlWl ,MW2) 

where El4 is t h e  l o c a l  Mach number. NOTE: The a p p r o p r i a t e  va lues  of t h e  g a s  
p r o p e r t i e s  must be s t o r e d  i n  c-n upon e n t r y  t o  t h i s  rou t ine .  

UTILITY ROUTINES AND COlQlON REFERENCES 

COMWN/GIISCON/ 
UTILITY - None 

METHOD OF SOLUTION 

Weight flow per  u n i t  a r e a ,  W/A, is c a l c u l a t e d  f ro= t h e  t h e m a l l y  p e r f e c t  
gas r e l a t i o n .  
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SUBROUTINE NAME: VBlPP 

DESCRIPTION 

This subrout ine p r i n t s  crut a header and summarizes the  p a r t i c l e  flow 
propert ies  a s  they e n t e r  the  nozzle boundary l aye r  a s  w e l l  as a t  t he  e x i t  
plane of t h e  nozzle i n  the  nozzle boundary layer .  

CALLING SEQUENCE 

CALL U R I T P  (In) 

where 

i U R  = 1 p r i n t  ou t  p a r t i c l e  p rope r t i e s  a t  entrance t o  boundary l aye r  
= 2 p r i n t  ou t  p a r t i c l e  proper t ies  i n  boundary l aye r  a t  e x i t  plane 

of the nozzle 

U T I L I T Y  ROUTINES AND COMMON REFEBENCES 

CownoN/CONvV 
COHHOW GAPPA, 
COH#ON/XITUAL/ 
COHLION/ IPMX/ 
I D W D T  
PDT 

METHOD OF SOLUTION 

Not appl icable .  
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FUNCTION NAHE: WTPU)F 

UESCRI YFION - 

This  f u n c t i o n  computes t h e  area normal t o  t h e  f low which is bounded by 
two st reamline p o i n t  & . 
CALLING SEQUENCE 

where 

M = t h e  po in t  number of t h e  lower s t r e a m l i n e  po in t  
N = t h e  p o i n t  number o f  t h e  upper s t reamlfne  po in t  
K = t h e  l i n e  number 
A = a 1 f o r  a x i s m e t r i c  f low and a 0 f o r  tvo-dimensional flow. 

UTILITY ROUTINES AND COMMON REFERENCES 

COHMON/DATAR/ 
COMMON/ CONTRL/ 
UTILITY - None 

HETHOD OF SOLUTION 

The a r e a  bounded by two p o i n t s  and normal t o  t h e  average l o c a l  f low 
vec to r  is c a l c u a l t e d  v i a  geometr ic  r e l a t i o n s .  
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LMSC-HREC TR D 8 6 7 4 0 0 - I 1  

SUBROUTINE N M :  WTPLOP 

DESCRIPTION 

T h i s  rou t ine  is used by t h e  p a r t i c l e  t r a j e c t o r y  t r ac ing  module t o  
ca l cu l a t e  the  p a r t i c l e  dens i ty  d i s t r i b u t i o n  i n  the  boundary l a y e r  a t  t he  e x i t  
plane of t h e  nozzle. 

CALLING SEQUENCE 

CALL WTFLOP (IPMAX) 

where IPMAX is the  number of p a r t i c l e  s i z e  groups which pene t ra te  the  boundary 
layer.  

UTILITY ROUTINES AND CONHON BLOCKS 

COMHON/ACO#/ 
COMMON/ CONTRL/ 
COMMON/ GAPPA/ 
COMMON/HITWAL/ 
COMMON/ PARTP 21 
COMMON/TRCDAT/ 
PDT 
IDMPDT 

METHOD OF SOLUTION 

A mass flow balance is performed f o r  each two consecutive p a r t i c l e  
t r a j e c t c r i e s  t o  determine the  dens i ty  a t  each t r a j ec to ry  point  a t  the e x i t  
plane of the  motor. Any p a r t i c l e  mass which impinges on the  nozzle w a l l  is 
applied t o  the nozzle l i p  point using a  u se r  input accommodation coe f f i c i en t  
and an  average p a r t i c l e  ve loc i ty  and temperature. 
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SUBROUTINE NAME: WTT 

This  rout ine  i s  used by t h e  s i n g l e  phase transonic module t o  s o l v e  f o r  
pressure, v e l o c i t y ,  and O/F r a t i o  a t  each new point .  

CALLING SEQUENCE 

CALL WTT 

UTILITY ROUTINES AND COMMON REFERENCES 

COMMON/DATAR 

DESCRIPTION 

See Ref. 14.  
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WSC-HREC TR D 8 6 7 4 0 0 - 1 1  

SUBROUTINE NAME: UXANDR 

DESCRIPTION 

This routine solves reference equations for single phase transonic 
routines . 
CALLING SEQUENCE 

CALL WXANDER ( I N , J N , K N , I T Y P E , P F R A R Y )  

where 

I N  point number on data surface 

JN data surface number 

KN old time step identifier (1 or 2)  

I T Y P E  1. Interior point for all but last downstream station. 
2. Upper wall (nozzle) point for all but last downstream 

station. 
3. Interior point for last downstream station. 
4. Upper wall point for last downstream station. 

PFRARY Array contains flow properties for the old and new time steps 
for all points in the transonic computational domain. 

U T I L I T I E S  AND COMM3N REFERENCES 

COMMON/ DATAR/ 
P H I  

METHOD OF SOLUTION 

See Ref. 14. 
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FUNCTION NAME: XSI 

DESCRIPTION 

This function computes the storage location for the nonlinear 
interpolation weighting functions required for thermodynamic property lookup 
and retrieves data from X S I D I M .  

CALLING SEQUENCE 

= X S I  ( I , J , K , L )  

where 

I , J , K , L  are indices used t o  determine the storage location. 

U T I L I T Y  ROUTINES AND COMMON REFERENCES 

COMMON/ X S I  COM/ 
U T I L I T Y  - None 

METHOD OF SOLUTION 

This routine simulates a four-dimensional array. The storage location i s  
computed using the following relation 

and retrieved using the r ~ l - t i o n  

X S I  = X S I D I M ( 1 X ) .  
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5.2 DESCRIPTION OF TRAN72 SUBROUTINES 

T h i s  s u b s e c t i o n  p r e s e n t s  a b r i e f  d e s c r i p t i o n  of  a l l  t h e  s u b r o u t i n e s  t h a t  

make up t h e  TRAN72 program. 

BLOCK DATA 

BLOCK DATA c o n t a i n s  a tomic  d a t a  s t o r e d  i n  ATOM(i,j) and many o f  t h e  

v a r i a b l e s  used w i t h  t h e  v a r i a b l e  fo rma t ,  FMT. The format v a r i a b l e s  are s t o r e d  

i n  t h e  common l a b e l e d  OUPT and are d e s c r i b e d  here .  

A v a r i a b l e  f o m a t  was used s o  t h a t  one format ,  FMT, cou ld  be used i n  t h e  

f i n a l  o u t p u t  w i t h  changes i n  t h e  number of  dec imal  p l a c e s  acco rd ing  t o  t h e  

s i z e s  o f  t h e  numbers. The format  i s  used t o  p r i n t  a l a b e l  and from 1 t o  1 3  

a s s o c i a t e d  numbers. The l a b e l s  c o n t a i n  14 a l p h a ~ ~ u m e r i c  c h a r a c t e r s  s t o r e d  i n  

f o u r  words and p r i n t e d  w i t h  3A4,A2. The numbers are a l l  p r i n t e d  i n  a f i e l d  of  

9 .  FMT i s  i n i t i a l l y  set i n  BLOCK DATA as fo l lows :  

F'MT ( 1 )  ( 2 )  (3)  ( 4 )  (5 )  ( 6 )  ( 7 )  (8) ( 9 )  (10)  (11) (12)  (13) (14) (15)  

( lH,  34A, A2, F9. 0 ,  FO. 0 ,  F9. G ,  F9. 0 ,  F9. 0 ,  FY. 0 , 

where t h e  s p a c e s  are s t o r e d  a s  b lanks .  

Some v a r i a b l e s  set i n  BLOCK DATA t o  modify FMT are a s  fo l lows :  

Var i ab le :  FO F1 F2 F3 F4 F5 FB FMT13 FMT9X R R 1 9  

Storage:  0  1, 2, 3, 4,  5, 13 9x, 19 ,  
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The fol lowing is  a l i s t  of v a r i a b l e s  used a s  l a b e l s  and p r i n t e d  v i t h  

3A4, A2 i n  FMT: 

Var iab le  S to red  Label 

P ,Am 
T.DEG K 
H.CAL G 
S. CAL/(G)(K) 
M.MOL WT 
(DLV DLP)T 
(DLV DLT)P 
CP.CAL/(G) (K) 
G- (S)  
SON VEL.M SEC 
PC/P 
CF 
MACH NUMBER 
CSTAR, F T i  SEC 
ISP, LB-SEC/LB 
IVAC , LB-SEC / LB 
&/AT 

0 Subroutine CPHS 

Subroutine CPHS c a l c u l a t e s  thermodynamic p r o p e r t i e s  f o r  s p e c i e s  numbering 
from 1 t o  NS f o r  a n  ass igned temperature TT. It uses  e i t h e r  one of two sets 
of c o e f f i c i e n t s :  COEF(2,i, j) f o r  t h e  temperature i n t e r v a l  TLOW t o  TMID and 
COEF(l,i, j) f o r  t h e  i n t e r v a l  TMID t o  THIGH. The index i s  t h e  jth ti! s p e c i e s  and the 'index" i (i = 1 t o  7 )  r e f e r s  t o  t h e  i c o e f f i c i e n t .  

The p r o p e r t i e s  c a l c u l a t e d  2nd t h e i r  corresponding FORTRAN symbols a r e  a s  
fo l lows : 

Proper ty  

(s?R) 

FORTRAN Symbol 

S ( j )  j = JS1, .  . . ,NS 

HO(j) j = JSl,. . . ,NS 

CPSUM 

CPSUM (when CPHS Is c a l l e d  by HCALC). 
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The index JS1 i s  always s e t  equa l  t o  1 i n  a l l  r o u t i n e s  c a l l i n g  CPHS except 
HCALC. In  t h e  l a t t e r  event JS1 and NS a r e  both s e t  equal  t o  t h e  index j o t  a 
p a r t i c u l a r  spec ies .  

Q Subroutine EFMT 

Subroutine EFMT (E-format) w r i t e s  s t a t ements  i n  a s p e c i a l  exponent form. 
This form i s  s i m i l a r  t o  the  s t andard  FORTRAN E-format, but  the  l e t t e r  E and 
some of the  spaces  have been removed f o r  coupactness.  It i s  used t o  w r i t e  
d e n s i t y  and mole f r a c t i o n s  w i t h  t h e  TRACE o r i i o n .  

Subroutine EQLBRM 

EQLBRM is t h e  c o n t r o l  r o u t i n e  f o r  t h e  equ i l ib r ium module which cc . l cu la tes  
equ i l ib r ium composit ions and thermodynamic p r o p e r t i e s  f o r  a p a r t i c u l a r  po in t .  
The subrou t ine  flow diagram is  given i n  Figs .  5-la t h r o ~ . g h  5-lc. Figure  5-la 
i s  a diagram of t h e  complete rou t ine .  Figure  5-lb i s  an expansion of the  
block l abe led  85 i n  Fig.  5-la. It g i v e s  t h e  d e t a i l s  f o r  ob ta in ing  and 
applying c o r r e c t i o n s  i n  s u b r o ~ t i n e  EQLBRM. Figure  5-1C i s  t h e  expansion of 
the  block between blocks l abe led  160 and 143 i n  Fig.  5-la. Figure  5-lc i s  the  
flow diagram f o r  adding and removing condensed spec ies .  

Severa l  common v a r i a b l e s  must be se t  before  EQLBRM i s  c a l l o d .  These 
var t -ables  and t h e  modules s e t t i n g  them a r e  s u m r i z e d  below: 

- - - 

EhN. ENNL. IQ1, [USE(!). JSOL. lor  first ~ ter .~ ( lo l l .  
JLlQ. EN(j.NP'T\. ENLN(j) 1 first poi111 o111v 
COEF(k.l.j) .  'rEhIP(i,k). IONS, L,LMT(l). RR. KS 
NI.M, NC. SHOCK. IDEDUC. TRACE. nl~d TMII). 

F~>I .  TP. HP. SP. TV. UV. .~lul SV p r v b l ~ ~ ~ ~ s .  TI', ; : I 8 .  

SP. VOL, and SO (if S P  is true) are al l  s c l .  

TT. PP, NPT, VJM(NPT) (if VOL IS lruc). In :tdd~- 
tion, d not previously set 111 Iiryul: VOI,, Ti1, IIP, 
SY, and SO (if SP 1s lruc). 

BO, ECRAT, and HSUBO 
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Kl( nurnbsr d 

In I. In 1 + 

talc 11lale conlrd 
facbr A cep. I 181; 
i . ~ B D A l  

Fig .  5-lb ;low Diagram for Obtaining and Applying Corrections in 
Subroutine EQLBRM (Statement 85) 
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r.. .Ir 

l-cAd~.-l 

Fig.  5-lc - Flow Diagram for Adding and Removing Condensed Species  
i n  Subroutine EQLBRM 
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Common va r i ab l e s  s e t  by EQLBIIN include TTT(WVT), PPP(NPT), SSm(mT), 

t~smt(r@T;~, CPR(WT), GA#)IAS(NPT), VM(NPT), UN(lYPT), DLvPT(NPT), D L m ( m ) ,  

TOTN(NPT), ENN, EN( j ,NPT), mi( j), IUSE( j), JLIQ, and JSOL. 

Subroutine FROZEN 

Subroutine FROZEN is c a l l e d  from RCCKET t o  c a l c u l a t e  t he  temperature and 

thermodynamic proper t ies  f o r  the  fallowiog assigned condi t ions:  

1. Composition frozen a t  combustion condi t ions  (NFL = 1) 

2. An assigned e x i t  pressure  (PP) 

3, An assigned entropy equa l  t o  t h e  entropy a t  combustion condi t ions  

(SO = SSrn(1)). 

I f  a temperature is reached 5OK below t h e  range of a condensed canbustion 

spec ies  ( ( T W ( j , l )  t o  TEMP(j,Z)), c a l cu l a t i ons  are stopped. TT is set t o  

zero and con t ro l  is returned t o  ROCKET where a message is p r in t ed  a d  data f o r  

a l l  preceding po in t s  are l i s t e d .  

The va r i ab l e s  which must be set i n  cotamion before c a l l i p s  FROZEN include 

NFZ, NPT, TT, PP, IUSE(j), COEF(k,i,j), SO, NS, NC, TEWP(j,k), m, W ( l ) ,  

EN(j, l) ,  RR, and TOTN(1). The va r i ab l e s  which are set by FROZEN include 

Ti'T(NPT), PPP( NPT) , SSIRNNPT), HSII#(NPT), CPR(NPT) , GMNAS(NPT), W(NPT), 

Wf(NPT), DLVPT(@iPT), DLVTP(NPT), and TOTN(NPT). Zlany of t he se  va r i ab l e s  a r e  

t he  same a s  a r e  required by o r  set by EQLBBH. 

Subroutine GAUSS 

Subroutine GAUSS is used t o  so lve  t he  set of simultaneous l i n e a r  

i t e r a t i o n  equat ions  constructed by subrout ine HATRIX. The s o l u t i o n  is 

e f f ec t ed  by pe r fowing  a Gauss reduct ion using a modified pivot  technique. I n  

t h i s  modified pivot  technique only rows a r e  interchanged. The row t o  be used 
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f o r  t h e  e l i m i n a t i o n  of a v a r i a b l e  is s e l e c t e d  on the  b a s i s  tirat t h e  l a r g e s t  of 

its elements, a f t e r  d i v i s i o n  by t h e  l ead ing  element, must be smaller than t h e  

l a r g e s t  element of t h e  c t h e r  rows a f t e r  d i v i s i o n  by t h e i r  l ead ing  elements. 

The s o l u t i o n  vec to r  is  s t o r e d  i n  X(k). I n  t h e  even t  of a s i a g u l a r i t y ,  

IHAT (which is equa l  t o  t h e  number of rows) is set equa l  t o  LHAT - 1. IMT is 

t e s t e d  later i n  subrout ine  EQLBBH. 

8 Subroutine HCALC 

The purpose of HCALC is t o  c a l c u l a t e  thermodynamic p r o p e r t i e s  f o r  

r e a c t a n t s  under c e r t a i n  circuslstances.  HCALC i s  c a l l e d  from N W F  (see "Entry 

NEWOF"), SHCK and CETON. 

HCALC is c a l l e d  from NEWOF when CALCH f s  s e t  t rue .  CALCH Is set t r u e  i n  

t h e  -in program when ze ros  have been punched i n  ca rd  columns 37 and 38 on one 

o r  more REACTANTS cards .  The z e r o s  are a code i n d i c a t i u g  t h a t  t h e  enthalpy 

(o r  i n t e r n a l  energy f o r  UV problems) f o r  t h e  r e a c t a n t  should be c a l c u a l t e d  

from t h e  THERHO d a t a  a t  t h e  temperature punched cn t h e  card.  This  temperature 

has  been s t o r e d  i n  t h e  R T W  a r r a y .  CPHS is c a l l e d  t o  c a l c u l a t e  t h e  

enthalpy.  The va lue  is s t o r e d  i n  t h e  ENTH a r r a y  and p r i n t e d  i n  t h e  f i n a l  

t ab les .  

The p r o p e r t i e s  c a l c u l a t e d  i n  subrou t ine  HCALC, t h e i r  F O R T W  symbols, and 

t h e  cond i t ions  f o r  which they are used are as follows: 
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Proper ty  FORTBAN Symbol Equation Condit ions 

.'1 ( k ) ~  HPP( k) (192) SHOCK problem. DETN problem with 
T schedule.  W, RKT, o r  DETN 
problem i f  00 i n  cc 37 and 38. 

HSUBO (193) SHOCK problem. DETN problem w i t h  
T schedule. HP, BKT, o r  DETN 
problem i f  00 i n  cc 37 and 38. 

u ( k ) ~  w p ( k )  (194) UV problem i f  0 0  i n  cc 37 and 38 
1 

uo UUBO (195) UV problem i f  009 i n  c c  37 and 38 

% AN (197) SHOCK o r  DETI'i problem 

" i EN( j (205) SHOCK problem 

0 
CPRl (206) SHOCK problem 

S o  SO (207) SHOCK problem 

The q u a n t i t y  mi was d e l i b e r a t e l y  subscr ip ted  d i f f e r e n t l y  from EN(j) 

t o  a l low f o r  t h e  f a c t  t h a t  t h e  same compound map have a d i f f e r e n t  index as a 

reac tan t  than as a r e a c t i o n  species .  Thus, f o r  example, 02(g)  might be 

t h e  t h i r d  r e a c t a n t  read i n  from REACTANTS c a r d s  and a l s o  the  t e n t h  s p e c i e s  

read i n  by SEARCH. I n  t h i s  c a s e  m3 would be s t o r e d  i n  EN(10). 

Subroutine INPUT 

Subroutine INPUT sets up t h e  t r a n s p o r t  and r e l a x a t i o n  d a t a  needed f o r  

t h e  t r a n s p o r t  proper ty  c a l c u l a t i o n s  done i n  TRANSP. It is c a l l e d  from 

TRAMSP f o r  each point .  The va r ious  f u n c t i o n s  of t h i s  subrou t ine  a r e  

ou t l ined  a s  follows: 

1. The EN a r r a y  is  searched f o r  t h e  most important gaseous s p e c i e s  f o r  
the  cur ren t  point .  These a r e  i d e n t i f i e d  and s;ved by s t o r i n g  t h e  index of 
the  s p e c i e s  name i n  IND. A maximum of 20 s p e c i e s  is  allowed. A l l  s p e c i e s  
of mole f r a c t i o n s  l e s s  than 10'~ are omit ted,  as %ell as a l l  condensed 
phases. However, a l l  gaseous atomic elements are i n i t i a l l y  included,  even 
i f  they a r e  no t  among t h e  20 most important spec ies ,  o r  even i f  t h e i r  mole 
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f r a c t i o n s  are l e s s  than This  c o n d i t i o n  is  imposed t o  s a t i s f y  a 
requirement imposed upon t h e  A a r r a y ,  which is explained later i n  t h f s  
sec t ion .  If any elements have been omitted through use of a n  OMIT card ,  
they are r e i n s e r t e d  i n t o  t h e  A a r r a y  a t  t h i s  po in t .  A message is pr in ted  
out g iv ing  t h e  name of t h e  element r e i n s e r t e d  i n t o  t h e  A a r ray :  "NO ELEMENT 
WAS FOUND I N  THE LIST OF SPECIES WITH THE NAME (name of spec ies ) ,  OR ELSE 
THERE IS AK ERROR I N  THE A ( I , K )  ARRAY." 

2. The mole f r a c t i o n s  and molecular weights are now c a l c u l a t e d  f o r  t h e  
new reduced composition obtained i n  S tep  1. 

3. Transport  and r e l a x a t i o n  d a t a  are i n i t i a l i z e d  t o  zero. Then, d a t a  
s t o r e d  i n  TABLES are searched,  i n t e r a c t i o n  by i n t e r a c t i o n ,  f o r  d a t a  
p e r t i n e n t  t o  t h e  c u r r e n t  po in t .  When such d a t a  are found, s u b r o u t i ~ e  
LGRNGE(TT) is c a l l e d .  LGRIUGE(TT) i n t e r p o l a t e s  f o r  t h e  temperature TT. I f  
d a t a  are missing f o r  a pure species, a n  empi r ica l  equa t ion  is used t o  
estimate t h e  d a t a .  I f  d a t a  a r e  missing f o r  a n  i n t e r a c t i o n  between un l ike  
spec ies ,  d a t a  are es t imated from combining r u l e s ,  us ing  t h e  d a t a  of t h e  pure 
species .  The empi r ica l  equat ion and t h e  combining r u l e s  are desc r ibed  i n  
t h e  next sec t ion .  I f  d a t a  f o r  a pure  s p e c i e s  a r e  missing,  a n  e r r o r  message 
is  pr in ted  out:  "NO TRANSPORT DATA WERE FOUND FOR THE SPECIES (name of 
species)."  I f  t h e  l o g i c a l  v a r i a b l e  NODATA is not  s p e c i f i e d  i n  t h e  INPT2 
namel is t ,  t h e  program sets NODATA = .F. and t h e  message is pr in ted .  I f  
MODATA = .T. is s e t  i n  namelist INPT2, t h e  aessage  is not  p r in ted .  However, 
no message is ever  p r i n t e d  when d a t a  are missing f o r  an  i n t e r a c t i o n  between 
un l ike  spec ies .  I n  e i t h e r  c a s e ,  t h e  program cont inues .  The purpose of t h i s  
e r r o r  message is t o  warn t h e  program u s e r  when t r a n s p o r t  d a t a  f o r  a major 
spec ies  a r e  missing. When t h e  u s e r  is  c e r t a i n  t h i s  is  no t  t h e  s i t u a t i o n ,  he 
may wish t o  omit t h e  message, i n  o r d e r  t o  avoid  g e t t i n g  t h e  message every 
t i m e  t h e  program f a i l s  t o  f i n d  d a t a  f o r  a minor species .  

4. The f i n a l  opera t ion  of INDUT is t o  read t h e  s to ic i r i amet r i c  
c o e f f i c i e n t s  from t h e  A a r r a y  i n t o  t h e  STC a r r a y  and reorder  them s o  as t o  
express  them as a set of chemical  r e a c t i o n  equat ions .  A s  w a s  mentioned 
e a r l i e r ,  a l l  t h e  elements i n  t h e  system are i n i t i a l y  included. Th is  is  not  
a necessary requirement,  but  was done as a matter of convenience. By 
including a l l  t h e  elements among t h e  20 (or  less) gaseous s p e c i e s  i n  the  
system, i t  is  poss ib le  t o  use t h e  A a r r a y  t o  express  t h e  system i n  terms of 
a s u f f i c i e n t  s e t  of independent chemical equat ions .  The number c, required 
independent equa t ions  i s  given by t ak ing  t h e  t o t a l  number of s p e c i e s  and 
suSt.acting t h e  number o f  chemical elements i n  the  system. So by choosirrg 
t h ~  s e t  of chemical equat ions  a s  t h e  chemical r e a c t i o n s  of formation of each 
spec ies ,  a set of equa t ions  can be e a s i l y  w r i t t e n  d i r e c t l y  from t h e  
s to ich iomet r ic  c o e f f i c i e n t s  i n  t h e  A a r ray .  For i n s t a n c e ,  i n  t h e  A a r r a y  
corresponding t o  the  column f o r  CHq, t h e r e  is  a 1 i n  t h e  row f o r  carbon, a 
4 i n  the  row f o r  hydrogen, and a 0 i n  t h e  rows f o r  t h e  remaining elements. 
By ass ign ing  a -1 t o  CHq, t h e  chemical equa t ion  C + 4H - CHq = 0 is  
formed . 
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This procedure i s  app l ied  t o  each s p e c i e s  i n  t h e  system. and t h e  r e s u l t  

i s  t h e  i n i t i a l  set of equat ions .  This  i n i t i a l  s e t  of equa t ions  is then 

reduced i n  o r d e r  t o  e l i m i n a t e  any s p e c i e s  o r  element ( i n  t h i s  c a s e  always an  

element) no t  found among t h e  20 most important s p e c i e s  i n  t h e  system. This 

reduct ion is  accomplished by sea rch ing  through t h e  chemical equa t ions  f o r  an  

element wi th  a mole f r a c t i o n  less than  so lv ing  the  chemical equa t ion  

f o r  t h a t  element,  and then s u b s t i t u t i n g  t h e  r e s u l t  i n  any o t h e r  equat ion i n  

which the  element appears. The new set of equa t ions  is one l e s s  i n  number 

than t h e  o r i g i n a l  set. Th is  procedure is repeated u n t i l  a l l  t h e  elements of 
-7 

mole f r a c t i o n s  less than 10 have been e l imina ted  from t h e  chemical 

equations.  The s to ichCuue t r i c  c o e f f i c i e n t s  of t h i s  f i n a l  set of equa t ions  

a r e  s t o r e d  i n  STC and a r e  used f o r  c a l c u l a t i n g  t h e  r e a c t i o n  c o n t r i b u t i o n  t o  

t h e  h e a t  c a p a c i t y  and thermal conduc t iv i ty .  

Subroutine LGRNGE(TT) 

Subroutine LGRNGE(TT) is  a four-point Lagrange i n t e r p o l a t i o n  rou t ine .  

I+ is  used t o  i n t e r p o l a t e  w i t h i n  t h e  t s b l e s  of t r anspor t  and r e l a x a t i o n  d a t a  

a t  temperature TT. 

@ Subroutine MASTER 

MASTER is t h e  main program of t h e  TRAN72 program. It prov ides  o v e r a l l  

c o n t r o l  of t h e  opera t ion  of t h e  program. 

@ Subroutine M A I N 1  

This subrout ine  determines how and where t h e  inpu t  d a t a  should be read 

in .  It provides o v e r a l l  c o n t r o l  of t h e  equ i l ib r ium thermodynamic proper ty  

c a l c u l a t i o n .  
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Subroutine MATRIX 

This subroutine sets  up the  matr ices  corresponding t o  Tables I and I V .  

The assigned thermodynamic s t a t e  being set up is spec i f ied  by the  following 

codes: 

Assigned Thermo- 
dynamic S t a t e  

Codes 

TP = .TRUE. VOL = .FALSE. CONVG = .FALSE. 
HP = .TRUE. VOL = .FALSE. CONVG = .FALSE. 
SP = .TRUE. VOL = .FALSE. CONVG = .FALSE. 
TP = .TRUE. VOL = .TRUE. COWVG = .FALSE. 
HP = .TRUE. VOL = .TRUE. CONVG = .FALSE. 
SP = .TRUE. VOL = .TRUE. CONVG = .FALSE. 

After  convergence of any of t he  previous s i x  problems, se tup  of the  

der iva t ive  matr ices  is spec i f ied  by the  following codes: 

Derivative Codes 

DLVTP CONVG = .TRUE. LOGV = .FALSE. 

DLVPT COWG = .TRUE. LOGV = .TRUE. 

Subroutine MOCDAT 

This subroutine writes the  r e s u l t s  on Tape 10  i n  the  p a r t i c u l a r  format 

required by prcgram PLUME. 
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Subroutine OUT 

The ou tpu t  rou t ine ,  a p p r o p r i a t e l y  c a l l e d  OUT, handleo a l l  t h e  ou tpu t  of 

t h e  t r a n s p o r t  proper ty  c a l c u l a t i o n s .  This inc ludes  t a b l e  headings,  u n i t s ,  

c a l c u l a t e d  d a t a ,  spacing,  and punched-card output .  

This r o u t i n e  was w r i t t e n  wi th  t h e  c a p a b i l i t y  o f  sav ing  t h e  t r a n s p o r t  

d a t a  f o r  a s  many a s  52 points .  These d a t a  a r e  saved i n  STORE. Including 

t h e  c u r r e n t  s e t  of 1 3  p o i n t s ,  t h i s  means t h a t  a s  many as 65 p o i n t s  can be 

p r i n t e d  a t  one t i n e .  If t h e  problem has  more than 65 po in t s ,  which might 

occur f o r  a TP problem, t r a n s p o r t  d a t a  w i l l  be p r i n t e d  o u t  a f t e r  every 

mul t ip le  of 65 points.  

Subroutine OUT1 

This  subrout ine ,  toge ther  wi th  e n t r i e s  OUT2 and OUT3, w r i t e s  s t a tements  

common t o  a l l  problems. OUT1 writes s ta tements  g i v i n g  t h e  d a t a  on BEACTAN'fS 

and f o r  percent f u e l ,  equivalence r a t i o ,  and dens i ty .  

Entry OUT2. - This e n t r y  w r i t e s  t h e  s t a tements  f o r  p r i n t i n g  va lues  of 

pressure ,  temperature,  d e n s i t y ,  enthalpy,  entropy,  molecular weight, ( a l n  V / a  

I n  P)T ( i f  equ i l ib r ium) .  ( a l n  V/aln T)p ( i f  equi l ibr ium),  h e a t  

capac i ty ,  YS, and son ic  v e l o c i t y .  These v a r i a b l e s  and corresponding 

l a b e l s  a r e  p r i n t e d  wi th  a v a r i a b l e  format descr ibed i n  BLOCK DATA. 

Entry OUT3. - Entry OUT3 w r i t e s  s ta tements  g iv ing  t h e  equ i l ib r ium mole 

f r a c t i o n s  of r e a c t i o n  species .  It a l s o  cooperates  i n  t h e  removal of 

condensed species .  
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Subroutine REACT 

The purpose of subroutine REACT is t o  read and process the  da ta  on the 

REACTANTS cards. The subroutine is  ca l l ed  from the  main program a f t e r  a 

REACTANTS code card has been read. The da t a  or. t he se  cards  are described i n  

the Section 4.1 of Volume 111. 

The reac tan ts  may be divided i n t o  two groups according t o  card column 

72 on the REACTANTS cards.  The two groups a r e  oxidants  (0  i n  cc  72)  and 

f u e l s  (cc  72 f 0).  We general ly  keypunch F i n  card column 72 f o r  f u e l s  even 

though t h i s  i s  not necessary. The conten ts  of card column 72 a r e  read i n t o  

FOX. Depending on the  contents  of FOX, program va r i ab l e s  r e l a t i n g  t o  

oxidants o r  f u e l s  a r e  subscr ipted 1 f o r  oxidants and 2 f o r  fue l s .  

The FORTRAN symbols f o r  the  proper t ies  read from the  REACTANTS cards  

and t h e i r  associated proper t ies  discussed i n  INPUT CALCULTIONS (Section 4.1, 

Volume 111) a r e  a s  follows: 

1 Prabperlv 1 FORTRAN sy nlbol I 

w ' ~ '  PECWT(1) (if no M In c c  53) I I I I 

/ (U!!:" I ENTlI(j) (1, UV proble111 and 00 not 111 cc  37 . I I I ~  38) 1 
I 

h(sb 
I 

"E.ICII of the j REACTANTS cards  contains frunl 1 to 5 s t i ~ l c i ~ -  

lunlelric coefficients read (indicated by subscript n ~ )  1111~) 

PECWTO) ( ~ f  M in r e  53) i ENTHO) (if not UV preblenl and 00 n u  In cc 37 and 38) , 
i 

ANUM(J. III) and their corresponding chem~cal  svn~bols  re .~d 
tnto NAME(i. m). In relating m ANUM(j. n ~ )  w ~ t h  ;I::). tkr  

indcx i nssorr;tled wit11 a par t~cu la r  c l lenl ic~l  elenlent 1s 
determined from UP chemic.~l symbol in NAME(). m) . 
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I f  t h e r e  a r e  s e v e r a l  o x i d a n t s  t h e i r  p r o p e r t i e s  a r e  combined by 

subrou t ine  REACT i n t o  p r o p e r t i e s  of a  t o t a l  oxidant  using t h e  r e l a t i v e  

propor t ion c f  each oxidant  g iven  on t h e  REACTANTS cards .  S i m i l a r l y ,  i f  

t h e r e  are s e v e r a l  f u e l s ,  t h e i r  p r o p e r t i e s  a r e  combined i n t o  p r o p e r t i e s  of a 

t o t a l  f u e l .  The t o t a l  oxidant  and t o t a l  f u e l  p r o p e r t i e s  d i scussed  i n  INPUT 

CALCULATIONS and t h e i r  clssociated FORTPA& symbols a r e  as fol lows:  

I Prc~perty 

b y  

HPP(k) ( i f  UV problen~ and 00 (194) 
no1 in cc 37 and 38) 

I 

I f  any of t h e  p j  (k) a r e  zero  then  RH(1) = RH(2) = 0.  

WRTRAN svmbol 1 Equation 

These t o t a l  oxidanc and t o t a l  f u e l  p r o p e r t i e s  a r e  subsequent ly  combined 

i n t o  t o t a l  r e a c t a n t  p r o p e r t i e s  by u s i w  t h e  va lues  of oxidant- fuel  mixture 

r a t i o s  obta ined from t h e  main program. Th i s  i a  done i n  NEWOF, an e n t r y  i n  

SAVE. 

BOP(i.k) 

HPP(k) (if not UV problem and 
00 not in cc 37 and.38) 
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Other common v a r i a b l e s  s e t  by REACT a r e  LLMT, NAME, ANUM, ENTH, FAZ. 

RTEMP, FOX, DENS, RMW, MOLES, NLM, NEWR, and NREAC. 

A p rov i s ion  is  made f o r  e l i m i n a t i n g  a second t a p e  s e a r c h  when two 

consecut ive  s e t s  of REACTANTS c a r d s  c o n t a i n  t h e  same elements. Th i s  i s  done 

by saving t h e  element symbols (LLMT(!)) i n  LLMTS(L), the  kilogram-atoms per 

kilogram  BOP(!,^)) i n  SBOP(P ,~) ,  and t h e  number of  e lements  (NLM) i n  NLS. 

Atomic weights  Mi a r e  s t o r e d  i n  ATOM(2,i). The corresponding chemical 

symbols a r e  s t o r e d  i n  ATOM(1, I ) .  The o x i d a t i o n  s t a t e s  of t h e  chemical  
+ 

elements V o r  V- a r e  s t o r e d  i n  ATOM(3,i). The ATOM a r r a y  i s  s t o r e d  by 

BLOCK DATA. 

@ Subroutine RKTOUT 

This subrou t ine  c a l c u l a t e s  va r ious  rocke t  performance parameters  from 

previoulsy  c a l c u l a t e d  thermodynamic p r o p e r t i e s .  

It is a l s o  t h e  c o n t r o l  program f o r  w r i t i n g  rocke t  performance output .  

It c o n t a i n s  t h e  WRITE s ta tements  t h a t  apply  s p e c i f i c a l l y  t o  rocket  

parameters and i t  c a l l s  subrou t ine  OUT1 and e n t r i e s  OUT2 and OUT3 f o r  t h e  

WRITE s ta tements  common t o  a l l  problems. The rocket  parameters a r e  p r in ted  

with t h e  v a r i a b l e  format,  FMT, desc r ibed  i n  BLOCK DATA. 

Subroutine RKTOUT i s  c a l l e d  from subrou t ine  ROmT. 

Subroutine ROCKET 

This  subrou t ine  provides  c o n t r o l  f o r  

the  rocket  performance c a l c u l a t i o n s .  A 

log ic - l eve l  f low c h a r t  is  g iven  i n  Fig. 5-1. 

The symbol is used t o  i n d i c a t e  t h a t  t h e  loops  

shown a r e  not  a c t u a l l y  coded as DO-loops. Note 

t h a t  t h e r e  i s  a RETURii t o  CHEM and a r e e n t r y  a t  

ROCKTl once i n  each loop. 
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Subroutine ROCKET o b t a i n s  the  required thrrmodyn.~mic proper t  ieri 1 or 

equ i l ib r ium performance by c a l l i n g  subrou t ine  EQLBRM. For f rozen  

performance, subrou t ine  ROCKET c a l l s  subrou t ine  FROZEN t o  o b t a i n  t h e  

required thermodynamic p r o p e r t i e s .  Rocket performance parameterc a r e  then 

obta ined by c a l l i n g  subrou t ine  RKTOUT. I n  a d d i t i o n  t o  c a l l i n g  RKTOUT and 

FROZEN, subrou t ine  ROCKET a l s o :  

Ca lcu la tes  e s t i m a t e s  f o r  t h r o a t  p ressure  r a t i o s .  

C a l c u l a t e s  e s t i m a t e s  f o r  p r e s s u r e  r a t i o s  corresponding 
t o  ass igned a r e a  r a t i o s  ( i f  any). 

@ Subroutine SAVE 

Subroutine SAVE has  s e v e r a l  f u n c t i o n s ,  a l l  of which a r e  concerned wi th  

saving some informat ion from a  completed c a l c u l a t i o n  f o r  subst , e n t  use i c  

l a t e r  c a l c u l a t i o n s .  The primary purpose is t o  save computer time by having 

good i n i t i a l  e s t i m a t e s  f o r  composit ions.  

These e s t i m a t e s  f o r  t h e  next p o i n t ,  NPT, come from e i t h e r  t h e  po in t  

j u s t  completed, ISV, o r  some o t h e r  previous  po in t .  The flow of t h e  r o u t i n e  

i s  d i r e c t e d  by ISV a s  f o l l c a s :  

1. ISV p o s i t i v e .  Trans fe r  composit ions f o r  po in t  j u s t  completed f o r  
use a s  i n i t i a l  e s t i m a t e s  f o r  next  p o i n t  ( t r a n s f e r  EN(j,ISV) t o  EN(j,NPT)). 

2. ISV negat ive .  Save va lues  of ENLN(j) f o r  gases  and EN(j) f o r  
condensed i n  SLN(j), ENN i n  ENSAVE, ENNL i n  ENLSAV, IQ1 i n  IQSAVE, JSOL i n  
JSOLS, JLIQ i n  JLIQS, and NLM i n  LL1. (These va lues  are saved because they 
a r e  t o  be used a s  i n i t i a l  e s t i m a t e s  f o r  some f u t u r e  p o i n t  and they may be 
overwr i t t en  i n  t h e  meantime.) Make ISV p o s i t i v e  and t r a n s f e r  EN(j,ISV) t o  
EN( j , NPT) . 

3. ISV zero.  Use t h e  d a t a  p rev ious ly  saved (as  d i scussed  i n  ( 2 ) )  a s  
i n i t i a l  e s t i m a t e s  f o r  c u r r e n t  po in t .  Restore  IUSE codes and i n c l u s i o n  o r  
exc lus ion  of "E" a s  a n  element f o r  IONS opt ion.  
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Entry NEWOF - NEWOF combined the  p r o p e r t i e s  of t o t a l  ox idan t  and t o t a l  

f u e l  c a l c u l a t e d  i n  subrou t ine  REACT with  a n  O/F value  t o  g ive  p r o p e r t i e s  f o r  

the  t o t a l  r e a c t a n t .  NEWOF i s  c a l l e d  f o r  each mixture ass igned i n  the  NIX 

a r r a y  i n  INPT2 namel is t .  It is  c a l l e d  from e i t h e r  THERMP, ROCKET, SHCK, 01 

DETON. The c a l c u l a t e d  p r o p e r t i e s  and corresponding FORTRAN symbols a r e :  

Subroutine HCALC i s  c a l l e d  by Entry NEWOF t o  c a l c u l a r e  t h e  e n t h a l ~ i e s  

f o r  each r e a c t a n t  t h d t  has  ze ros  keypunched i n  card  columns 37 and 38 i n  i ts 

REACTANTS c a r d  (see  Table VI). 

Proper ty  

BO(i) 

ho/R 
I 

Values of HPP(2), HPP(l), HSUBO, BOP(i,2!, BOP(i , l) ,  and BO(i) a r e  

p r in ted  ou t .  

FORTRAN Symbol 

BO(i) 
I 

HSUBO ( i f  not  W problem) I 

@ Subroutine SEAkCH 

Subroutine SEARCH reads  t h e  THERMO d a t a  which have been s t o r e d  o r  t a p e  

4 and s t o r e s  t h e  a p p r o p r i a t e  d a t a  i n  c ~ r e .  

A check i s  made near  t h e  beginning of t h e  r o u t i n e  t o  prevent  THERMO 

data  from exceeding t h e i r  s t o r a g e  a l lo tments .  These v a r i a b l e s  a r e  a l l  i n  

l abe led  common SPECIES and a r e  c u r r e n t l y  dimensioned f o r  150 s p e c i e s  

(Appendis B). However, t h i s  dimension may be reduced t o  save s to rage .  
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SEARCH is  c a l l e d  from t h e  main program when t h e  l o g i c a l  v a r i a b l e  NWJK 

is  t rue .  NENR is s e t  t r u e  i n  REACT t o  i n d i c a t e  a new c l~emica l  system. 

REACT a l s o  s t o r e s  chemical e l e a e n t  symbr.1~ f o r  the  c u r r e n t  chemical system 

i n  the  LIMT ar ray .  SEARCH s t o r e s  THERMO d a t a  i n  c o r e  f o r  each s p e c i e s  whose 

elements a r e  included i n  t h e  LLMT a r r a y  (un less  t h e  species name was l i s t e d  

on a n  OMIT card) .  

The THER#O d a t a  a r e  s t o r e d  i n  common v a r i a b l e s  TUIW, TEIID, THIGH, SUB, 

A, COEF, and TEMP. SEARCH writes o u t  t b e  names ad d a t e s  of s p e c i e s  whose 

d a t a  a r e  s t o r e d  i r  core. 

SEARCH i n i t i a l i z e s  t h e  IUSE a r ray .  IUSE(j) f o r  gaPeous s p e c i e s  are set 

equal  t o  zero. IUSE( j) f o r  condensed s p e c i e s  are set equa l  t o  negat ive  

in tegers .  For t h e  chemical system under cons idera t ion ,  t h e  f i r s t  poss ib ie  

condensed s p e c i e s  is set equa l  t o  -1, t h e  second t o  -2, and s o  on, wi th  one 

exception. I n  t h e  event  t h e r e  are two o r  more condensed phases of t h e  same 

spec ies ,  each phase is given t h e  same nega t ive  i n t e g e r .  Thus, i f  IUSE(j) 

f o r  BZ03(j) is s e t  equa l  t o  -4, f o r  example, IUSE(j) f o r  B,03(s) 
L 

w i l l  a l s o  be set equa l  t o  -4. A d e s c r i p t i o n  of t h e  IUSE a r r a y  is given i n  

t h e  next s e c t i o n .  

The var ious  condensed phases of a s p e c i e s  a r e  expected t o  be ad jacen t  

i n  t h e  THEM0 d a t a  as they a r e  read from tape  4. These phases must be 

e i t h e r  i n  inc reas ing  o r  decreas ing o r d e r  according t o  t h e i r  temperature 

i n t e r v a l s .  

MS con ta ins  t h e  t o t a l  number of s p e c i e s  s to red  i n  core.  NC c o n t a i n s  

the  t o t a l  number of condensed s p e c i e s  (counting each condensed phase of a 

spec ies  a s  a s e p a r a t e  spec ies ) .  

IUSE a r r a y  - Each value  i n  t h e  IUSE a r r a y  is a s s o c i a t e d  wi th  a 

species.  Tinese va lues  of '"SE s e r v e  two purposes: 
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1. They i n d i c a t e  which s p e c i e s  are t o  be included i n  t h e  c u r r e n t  

i t e r a t i o n  (IUSE(j) - i 0 f o r  excluded s p e c i e s  and IUSE(j) - . 0 f o r  included 

species) .  

2. They i n d i c a t e  mul t ip le  phases of t h e  same s p e c i e s  i f  a b o l u t e  va lues  

of IUSE(j) are equal.  

The IUSE( j) are i n i t i a l i z e d  i n  subrou t ine  SEARCH and t h e  etain program 

a s  follows: 

1. IUSE(j) = 0 f o r  a l l  gaseous species .  

2. IUSE(j) = n f o r  a l l  condensed s p e c i e s  whose n a m s  have been l i s t e d  

on INSERT cards .  The number n i n d i c z t e s  the  s p e c i e s  w a s  t h e  nth condensed 

s p e c i e s  whose TWRNO d a t a  were read from tape  4. 

3. IUSE(j) = -n f o r  a l l  condensed s p e c i e s  not l i s t e d  on INSERT c a r d s  

where n is def ined i n  (2). 

These i n i t i a l  values  of IUSE(j) may be a d j u s r t d  later i n  subrou t ine  

EQLBRM. For condensed s p - c i e s ,  t h e  s i g n  is  ad jus ted  a s  s p e c i e s  a r e  included 

o r  excluded i n  t h e  c u r r e n t  i t e r a t i o n .  

For t h e  IONS opt ion,  IUSE(j) va lues  f o r  i o n i c  s p e c i e s  a r e  set t o  -10000 
-8 when t h e  mole f r a c t i o c s  of a l l  i o n i c  s p e c i e s  a r e  l e s s  than 1 0  . 

@ Subroutine SET 

This rou t ine  i n i t i a l i z e s  t h e  common a r r a y s  uhich c o n t a i n  concen t ra t ion  

informii:ion t o  zero  and provides a n  i n i t i a l  guess  (ENN = 0.1) f o r  t h e  

inverse  of t h e  mixture molecular weight and a l s o  f o r  t h e  chamber temperature 

(TT = 3800 K) .  The IUSE a r r a y  is  a l s o  i n i t i a l i z e d .  
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Subroutine TRANSP 

Subroutine TRANSP is t h e  main r o u t i n e  f o r  t h e  t r a n s p o r t  c a l c u l a t i o n s .  

A f low diagram is g iven  i n  Fig. 5-1. A L 1  c a l c u l a t i o n s  of t h e  p r o p e r t i e s  a r e  

done i n  t h i s  rout ine .  The equa t ions  are given i n  t h e  next sec t ion .  

One o t h e r  opera t ion  is c a r r i e d  o u t  i n  t h i s  rou t ine .  Local t ape  u n i t  3 

is searched f o r  :he t r a n s p o r t  and r e l a x a t i o n  d a t a  of t h e  important 

i n t e r a c t i o n s  and saved i n  the  v a r i a b l e  TABLES. This  sea rch  d i f f e r s  from t h e  

one i n  subrou t ine  SEARCH. I n  SEARCH, d a t a  are saved f o r  a l l  i n t e r a c t i o n s  i n  

t h e  chemical s y s  t e m ;  whereas, t h e  TRANSP, i n t e r a c t i o n s  invcllving a trace 

spec ies  a r e  e l iminated.  

The remainder of t h e  r o u t i n e  is t h e  c a l c u l a t i o n  of t h e  p roper t i e s .  

Ca lcu la t ion  of t h e  v i s c o s i t y ,  monatomic thermal conduc t iv i ty ,  r e a c t i o n  

thermal conduc t iv i ty ,  and r e a c t i o n  h e a t  c a p a c i t y  a l l  involve t h e  so lv iog  of 

a set of simulteneous l i n e a r  equat ions .  The matr ix  elements f o r  each a r e  

c a l c u l a t e d  i n  TRANSP, but t h e  a c t u a l  s o l u t i o n  is obta ined from subrou t ine  

GAUSS. 

The s o l u t i o n s  obtairled from GAUSS a r e  checked f o r  accuracy f o r  two of 

the  p r o p e r t i e s ,  v i s c o s i t y  and r e a c t i o n  thermal conduc t iv i ty .  I f  the  i n i t i a l  

equat ions  a r e  n o t  s a t i s f i e d  t o  a p resc r ibed  to le rance  by us ing t h e  s o l u t i o n  

obtained from GAUSS, a n  e r r o r  message is  p r i n t e d  ou t .  

@ Subroutine VARFPfT 

Subroutine VARFMT ( v a r i a b l e  format) a d j u s t s  t h e  number of decimal 

p laces  p r i n t e d  i n  F-format i n  the  v a r i a b l e  format,  PMT, according t o  :he 

s i z e  of t h e  number. It is used f o r  P, and Ae/At. Var iable  

format is  descr ibed i n  BLOCK DATA. 
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5.3 DESCRIPTION OF BLIMPJ SUBROUTINES 

The BLIMP-J suSroutines a r e  i d e n t i f i e d  by two labels .  The f i r s t  l abe l  

is the  element name and the  second l a b e l  is  the subroutine name, e.g., B03A 

(element name), SETUP (subroutine name). In  t he  following desc r ip t i on  the 

subroutines are ordered according t o  t h e i r  element name. Figure 5-2 g ives  a 

flow char t  which shows the  general  so lu t ion  procedure and the 

interconnect ion of the major subroutines.  

There are seve ra l  dursmy subrout ines  included i n  t h e  program. Some of 

these a r e  f o r  obtaining information from the computer system, e.g., da t e ,  

time of day, etc. The s p e c i f i c  rou t ines  a r e  B30B, B30D, B30E, B30F, B30G. 

They a r e  described on the following pages. I f  there  a r e  system subrout ines  

of the  same n a m e  and funct ion they may be removed from the  program. 

Alternat ively,  they may be used t o  c a l l  t he  appropriate  system rout ine.  

BOlA DUNCOM 

A c o l l e c t i o n  of a l l  labeled commons sometimes usc-i'ul when performing 

debug operations.  (Serves a s  main program f o r  SOC machines. Ca l l s  BLIMP 

(Bo2A) 

B02A BLIMP 

Master c a l l i n g  program. For t he  Univac system, t h i s  program c a l l s  

SETUP, ITERAT, OUTPUT, ROCOUT. (For CDC t h i s  is a subrout ine c a l l e d  by 

DUMCOM) . 

B03A SETUP 

Control program f o r  s e t t i n g  up boundary l a y e r  edge condi t ions and 

streamwise de r tva t ives  f o r  a new s t a t i o n  o r  a new case. Called by BLIMP. 

Cal l s  FIRSTG, LINMAT, RECASE, TRMBL, STATEN, REFCON, TRANCR, HISTXI, INPUT, 

TOD, ETIMEF, DATE. 
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OfMfWS ?AGE IS 
OF POOR QUALrrYI 

I n l t l a l l z r  Data 

tMw.B.  W?B) 

Read Turbuicat * Par.rrtcrs .  Cruup 
B (B19A) 

1 s  - IS + 1 

t 
C ~ l c u l a t e  or  Brad Flrsc 
Cwrscs  

Croups IS and 16 (1107A). 
Calculate Edge State  
B1U or  BZOA). Output 
€due S ta te  and t jbe  Para- 
r t c r s  (BO7A) 

C s l c u l ~ t e  ku LTA 
m d  New P r t u r y  
Varlable (1)- 

Difference Coeff lc icnts  
and Historic  Terms (B10.b) 

Fig. 5-2 Flow Chart for BLIMP-J Solution Procedure 
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B04A ITERAT 

Control program f o r  perf o w i n g  boundary l a y e r  i n t e r a c t i o n  and t e s t i ng  

maximum e r r o r s  f o r  convergence. Called by BLIMP. Cal l s  NNNCER, ETIMEF, 

NONCER , TLEFT. 

0 8058 NNNCER (entry point NONCER) 

Control program f o r  performing t h a t  port ion of a boundary l a y e r  

i t e r a t i o n  having t o  do with so lu t ion  of t he  nonlinear (conservation) 

equations. With the a i d  of i ts  subrout ines ,  i t  eva lua tes  e r r o r s  and 

coe f f i c i en t s  of t he  cor rec t ions  of t he  nonl inear  equations,  reduces t h i s  

matrix t o  the nonlinear set, eva lua tes  maximum e r r o r s  of conservation 

equations, evaluates  cor rec t ions ,  computes damping f a c t o r  and app l i e s  t o  

cor rec t ions ,  and co r r ec t s  primary var iables .  Called by ITERAT. Cal l s  

IMONE, EQUIL, ICOFF, IONLY, RERAY, ABMAX, ULCER, STATE, OGLE, LINCER, 

TRMBL, TRANCR, LIAD, ETIMEF. 

@ B05A RNLCER 

Further reduces nonlinear equations t o  reduced nonlinear set of wal l  

variables. Introduces w a l l  boundary condi t ions and so lves  f o r  new values of 

t h i s  set. Called by NNNCER. Ca l l s  RERAY, EQUIL. 

B06A LINCER 

Evaluates e r r o r s  f o r  l i n e a r  equat ions (i .e. ,  Taylor s e r i e s  expansions 

and l i n e a r  boundary condi t ions)  and with the a i d  of its subrout ines ,  

determines maximum e r r o r s  of l i n e a r  equations and c o r r e c t s  e r r o r s  f o r  these  

l i n e a r  equations f o r  the matr ix  reduction which is performed on the  l i n e a  

equations (see discussion under subrout ine HATS1). Called by NNNCER. Cal l s  

ABXAX, MATS1, MATSZ. 
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Calculates  boundary l aye r  edge condi t ions and sets up wal l  boundary 

conditions f o r  uncoupled problems. Called by SETUP. Ca l l s  STATE, EgUIL, 

SLOPQ, SLOPL . 

@ B07B MISCIN 

Se ts  up de fau l t  values f o r  c e r t a i n  va r i ab l e s  and reads namelist 

QMISLTS. Called by RECASE. 

BO8B ICOEFF 

Calculates  groupings which cont r ibu te  t o  the  e r r o r  equat ions and 

inf luence c o e f f i c i e n t s  f o r  the  nonl inear  (conservation) equations.  Called 

by NNNCER. 

Reads i n  most of boundary l aye r  input da t a  Cal leJ  by SETUP. Ca l l s  TOD, 

DATE, GEOM. 

8 B09B GEOM ( S ,  R, P, KIN, h i T ,  NBT2, NS, PTET, NTH, GE, I P ,  IU) 

Reads namelist  $INPUT and computes the wal l  length and the  grad ien ts  of 

pressure and ve loc i ty  when necessary. Se l ec t s  from the input  da t a  those 

s t a t i o n s  used f o r  boundary l a y e r  so lu t ion  s t a t i o n s .  Called by RECASE. 

S - wal l  length 

R - nozzle radius  

P - pressure 

KIN,NBT,NBT2 - un i t  assignments 

NS - number of BLIMP so lu t ion  s t a t i o n s  
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PTET - a x i a l  coordinates  of BLIMP so lu t ion  s t a t i o n s  

NTH - t h roa t  s t a t i o n  number 

GE - cos4 (wall angle)  

IP - f l a g  f o r  input  of edge pressure and edge pressure grad ien t  

IU - f l a g  :or input of edge ve loc i ty  and edge ve loc i ty  g rad i en t .  

1/2 
s i (wall length)  = s i +  [ ( r j  - rj-l)2 + (x j  - x ~ - ~ ) * ]  

f o r  IP  = 1 

f o r  I U  = 1 

same a s  I with P replaced by Ue 
dx i 

where i - BLIMP so lu t ion  s t a t i o n  

j - i n d e x o n i n p u t  x, r, P,  e t c .  

NPI- value of j f o r  the ith BLIMP so lu t ion  s t a t i o n .  

@ BlOA 

Computes terms involving de r iva t ives  with respect  t o  X I  ( i .e. ,  

nonsimilar terms) and s t o r e s  those upstream q u a n t i t i e s  needed f o r  these 

d i f  ference re la t ions .  Called by SETUP. Cal l s  TAYLOR. 
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0 B l l A  OUTPUT 

Pr in t s  standard boundary l aye r  output  block f o r  converged so lu t ion  o r ,  

i f  required, a t  the end of each i t e r a t i o n .  Called f o r  BLIMP. Ca l l s  REFIT. 

B l l B  ROCOUT 

Available a s  an  opt ion (KR(8) = 1,2,3),  t h i s  subrout ine ca l cu l a t e s  a 

corrected body contour which can be output onto punched cards  f o r  use a s  

input t o  TDK. 

The KX(8) = 1 option ca l cu l a t e s  and punches the  inv isc id  flow contour 

which should be used f o r  TDK input  f o r  a spec i f ied ,  and d i f f e r e n t ,  nozzle 

contour (which has been input  t o  BLIMP-J). The inv i sc id  contou- 

ca lcu la ted  from 

XI = l(a = 6; s i n  o 

where R is  the  inv isc id  contour radius ,  Rg is the  nozzle rad ius  
I * 

( input ) ,  6* i s  the body displacement thickness ,  and Q is the  wal l  angle. 

The KR(8) = 2 option ca l cu l a t e s  and punches the  desired body contour i f  

the input  contour i s  the inv isc id  flow f i e l d  contour. The body contour is  

ca lcu ls  ted from 

where the terms a r e  the  same a s  above except t ha t  RI is the  input  contour 

t o  BLIMP. 
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In both cases  the contour is normalized t o  the throat  radius  ( the  

minimum rad ius)  and the a x i a l  coordinate is zero a t  the th roa t .  Also, the  

contour is punched i n  a form s u i t a b l e  f o r  TDK input.  

B12B IMONE 

Evaluates the c o e f f i c i e n t s  of th2 (I-l)th cor rec t ions  f o r  the I 

nonlinear (conservation) equations,  where I i s  the nodal point  i n  the 

boundary layer .  Called by NNCER. Ca l l s  TAYLOR, LUU). 

B13B IONLY 

Evaluates the c o e f f i c i e n t s  of the  cor rec t ions  f o r  t he  I t h 

nonlinear (conservation) equations,  where I i s  the  nodal point  i n  the  

boundary layer .  Called by NNNCER. Ca l l s  LIAD. 

B14A STATE 

Evalua:o:, the  chemical s t a t e  and proper t ies  of a homogeneous gas  

mixture. Called by NNNCER, REFCON. Cal l s  HHOMO, CHOMO, SHOblO. 

B14B STATEN 

Reads i n  basic  property da ta  f o r  homogeneous boundary-layer option. 

Called by SETUP. 

Calculates  enthalpy of homogeneous gas  a t  temperature T, degrees R. 

Called by STATE. 
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C a l c u l a t e s  s p e c i f i c  hca t  of homogeneous g a s  a t  temperature  T, degrees  

R. Called by STATE. 

C a l c u l a t e s  ent ropy of homogeneous g a s  a t  temperature T, degrees  R. 

C a l l e d  by STATE. 

@ B15B RERAY (N, C ,  KQ, D, NQN, NNN, LS, IS,  ND, SD, L, S, LL, LLL) 

Replaces r e c t a n g u l a r  m a t r i x  (C) w i t h  N rows of N+NQ columns by t h e  

product of t h e  inverse  of a n  N by N submatrix and t h e  remaining columns of 

C. The i n v e r s e  i s  a l s o  permit ted  t o  a c t  on a d d i t i o n a l  columns (mat r ix  ( D )  

wi th  ND rows and NQN columns) from a n o t h e r  p o r t i o n  of memory. Also. r o u t i n e  

rea r ranges  columns according t o  a r b i t r a r y  s p e c i f i c a t i o n s  g iven  by LS. 

Called by EQUIL, NNNCER, RNLCER. 

N = number of rows i n  r e c t a n g u l a r  ma t r ix  ( s e e  s k e t c h )  
C = elements of r e c t a n g u l a r  m a t r i x  ( s e e  s k e t c h )  
NQ = number of columns i n  m a t r i x  C i n  excess  of those  c o n t r i b u t i n g  

t o  square  mat r ix  ( s e e  s k e t c h )  
D = elements  of ma t r ix  of  add i t iona!  columns ( s e e  ske tch)  
NQN = number of a d d i t i o n a l  columns ( s e e  :ketch) 
LS = s e q u e x e  t o  which columns of C a r e  rearranged (LS(1) = 0 s i g n i f i e s  

no rearrangement ) 
IS  = f l a g ,  y i e l d s  debug ou tpu t  i f  RERAY en te red  wi th  IS  = -2, s i g n i f i e s  

s i n g u l a r  ma t r ix  i f  RERAY y i e l d s  IS  l e s s  than ze ro  
ND = dimension on rows of C from c a l l i n g  program SD-LLL used t o  br ing 

i n  d m y  s t o r a g e  space.  
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B16A SLOPQ (N, X, Y ,  S, 2 )  

Based on a  sequence of quadra t ic  (3-point) f i t s  of a  s e t  of po ic t s ,  

c a l cu l a t e s  average s lope a t  each point  and i n t e g r a t e s  the equat ion thus 

defined between each pa r i  of points.  Called by REFCON. 

N = number of points  t o  be considered 

X = absc issa  a t  each point  

Y = ord ina te  a t  each point  

S = de r iva t ive  a t  each point  

Z = i n t e g r a l  up t o  each poin t  

0 B16B SLOPL (N, X, Y ,  S, Z )  

This rou t ine  performs the  same funct ion a s  B16A SLOPQ except tha  l i n e a r  

(2-point) f i t s  a r e  used ins tead  of quadrat ic  (3-point) f i t s .  The s lope is  

the average of the  l e f t  and r i g h t  slopes.  Called by REFCON, TRANCR. 

@ B17A ABMAX (N, X, XM, I )  

Searches an a r ray  f o r  t he  en t ry  with maximum value. Called by LINCER, 

NNNCER . 

N = number of e n t r i e s  i n  the  a r r ay  

X = coe f f i c i en t s  i n  a r r ay  under considerat ion 

XM = ent ry  with maximum absolute  value 

I index on XM. 

Performs operat ions on a  column of a  matrix B o r  en a column of e r r o r s  

R (designated X i n  c a l l  l is t)  such a s  t o  form A**(-1)*X where A**(-1) is  the 
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inverse  of the  spa rce  mat r ix  formed from the  Taylor s e r i e s  expansions of 

F ( 1 , I ) )  and t h e i r  d e r i v a t i v e s  ( i n  t h e  c a s e  of MATS1) and of G(1 , I )  o r  

SP(l ,I ,K),  v ix . ,  

Or ig ina l  ma t r ix  o p e r a t i o n  

mul t ip ly ing  through A**(-1) 

Called by LINCER, LINMAT, MATS2. 

See MATS1 f o r  funct ion.  Cal led  by LINCER, LINMAT, FIRSTG. C a l l s  MATS1. 

Evaluates  t u r b u l e n t  t r a n s p o r t  p r o p e r t i e s  and t h e i r  d e r i v a t i v e s  wi th  

respec t  t o  non l inea r  v a r i a b l e s .  Cal led  by SETUP, NNCER. C a l l s  LIAD, 

TAYLOR, ERP, ERF. 

Ca lcu la tes  t h e  e r r o r  f u n c t i o n  of X. Cal led by TRMBL. 

0 B19T TRANCR 

Evaluates terms required f o r  c o n s i d e r a t i o n  of t r a n s v e r s e  curva tu re .  

Called hy SETUP, NNNCER. 
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@ B20A EQUIL (KQ, 2, PRR) 

Control  program f o r  computation of chemical s t a t e  of t h e  system. 

Performs such complex f u n c t i o n s  a s  s e t t i n g  up f o r  d i f f e r e n t  types  02 

s o l u t i a n s  ( i s e n t r o p i c  expansion, s t a g n a t i o n  p o i n t ,  boundary l a y e r  o r  wa l l ) ,  

r e c a l l i n g  s t o r e d  values  of boundary l a y e r  s o l * l t i o n s  and r e i n i t i a l i z i n g  

omitted spec ies ,  re-evaluat ing absent  atom a r r a y ,  d e l e t i n g  molecules based 

on absen t  atom a r r a y ,  and, wi th  the  a i d  of subrou t ines ,  e v a l u a t i n g  

p roper t i e s ,  c o a t r o l l i n g  p r i n c i p a l  i t e r a t i v e  loop,  and r e i n v e r t i n g  and 

a t t empt i rq  a l t e r n a t e  pa ths  when convergence problems occur.  Cal led  by 

:JNNCER, REFCON, RNC LEP . Calls CRECT, MATER, PROPS, RERAY, THF3M. 

KQ = f l a g  which c o n t r o l s  chemistry optioirs  ( s e e  FORTRAN v a r i a b l e s  l i s t )  

Z = en tha lpy  (when used)  

PRR = pressure .  

B21A TERM 

Evaluates  c u r r e n t  thermodynamic p r o p e r t i e s  f o r  each s p e c i e s ,  which d a t a  

a r e  required f o r  eva lua t ion  of e r r o r s  and c o r r e c t i o n  c o e f f i c i e n t s  i n  

chemistry s o l u t i o n .  Ce l e d  by EQUIL. 

@ B22A MATER 

Evaluates  c u r r e n t  e r r o r s  i n  chemis t ry  s o l u t i o n  and s e t s  up mat r ix  of 

l i n e a r i z e d  cor i -ec t ion equat ions .  Cal led  by EQUIL. C a l l s  KIhET. 

Cor rec t s  s t a t e  v a r i a b l e s  and composit ion,  p r i n c i p a l  l o g i c  being 

involved w i t h  l i m i t i n g  c o r r e c t i o n s  such t h a t  i n s t a b i l i t i e s  i n  t h e  i t e r a t i o n s  

w i l l  not occur. Called by EQUIL. 
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HOE = 0 or 1 i f  l i i i ea r iza t ion  done predomiii.iotly on equi l ibr ium o r  mass 

balance r e l a t i ons ,  respect ively.  

Reads i n  basic  elemental composition da t a  and species  property da ta ,  

selects base species ,  and sets up s t o i c h i m e t r i c  c o e f f i c i e n t s  f o r  species  

formation reactions.  Called by SETUP. 

B25A PROPS 

Computes a l l  p roper t ies  and pro,erty de r iva t ives  required by boundary 

lhyer  caJ culat ions.  Called by EQUIL. 

B26A TAYLOR (D, FM, F, P) 

Calculates c ~ e f f i c i e r ~ t s  :n Taylor s e r i e s  expansicns of i n t e g r a l s  which 

appear i n  the i n t e g r a l  form of the boundary l a y e r  equations.  Called by 

HISTXI, LWONE, T R M ~ L .  

D = dis tance  between neighboring nodes I and 1-1 

FM = value of function and its dz r iva t ives  a t  1-1 

F = value of funct ion and its de r iva t ives  at I 

P terms i n  Taylor s e r r e s  expansion. 

Se ts  up matrices f o r  Taylor series expawiocs  and l i n e a r  boundary 

conditions frcm e t a  spacing, and so lves  t o  express l i a e a r  co r r ec t i ons  i n  

terms of nonlinear correct ions.  Called by SETUP. *;ails MATS1, MATS2. 



B28A KINET 

The subroutine is reserved f o r  modeling of k ine t i ca l l y  cont ro l led  

sur face  react ions.  c a l l e d  by MATER. 

@ B29A FIRSTG 

Compu:cs ~r reads i n  f i r s t  guesses f o r  primary var iab les  o r  i n s t r u c t s  

program 50 - s e  values from previous case.  Called by SETUP. Ca l l s  M'IS2, 

FIATS1 . 

Foms Dawson i n t e g r a l  of X. Called by TRMBL, 

B30B ETIMEF(T) (en t ry  po in t  ETIME) 

Subroutine t o  c a l l  the  system f o r  elapsed time, T, i n  seconds. Present 

rout ine c a l l s  the  system by a c a l l  SECOND. This c a l l  should be replaced 

with the  appropriate  system c a l l ,  o r  t he  e n t i r e  subroutine can be replaced 

by a dunmy. Called be SETUP, ITERAT, NNNCER. 

@ B30C LIAD (L, I,  J, C) 

Alters elements of the  AM matrix and the  correspanding e r r o r s  t o  

r e f l e c t  the  so lu t ions  t o  the l i n e a r  equations.  Called by NNEEK,  IHONC, 

IOMLY, TRMBL. 

L = 1 f o r  momentum, 0 f o r  enthalpy, and K f o r  spec ies  equations 

I = K ~ '  ~on1ine.r equation 

J = J~~ l i n e a r  var iab le  

C = c o e f f i c i e n t  of jth l i n e a r  va r i ab l e  i n  nonlinear equat ion 
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Dummy subrout ine .  Not used wi th  BLWP-J. Cal led by ITERAT. 

B30E DATA ( I ,  J )  

hinmy subrout ine .  Can be rep laced  wi th  a c a l l  t o  t h e  system f o r  da te .  

Called by SETUP, RECASE. 

I s 9  

J is dimensioned 3 and is  expec t ing  a format of  3A6. The f i r s t  9 

l o c a t i o n s  are f i l l e d  by DATE and t h e  second 9 l o c a t i o n s  by TOD. 

B30F TOD ( I ,  J )  

Dummy subrout ine .  Can be rep laced  wi th  a c a l l  t o  t h e  system f o r  t i m e  

of day. Cal led  5y SETUP, RECASE. 

I = 18 

J = s e e  B30E 

This subrou t ine  and B30E f i l l  t h e  J(3) with  in fo rmat ion  g i v i n g  d a t e  and 

time of day. 

Example: 10AUC74 10:23:02 

Dummy subrout ine .  Cal led  by ETIMEF. 

B36A OGLE ( N ,  XAK, FRM, DPDM, NUMX, X, P, rX) 

Looks up a n  a r r a y  of v s l u e s  of a single dependent v a r i a b l e  us ing a 

cub ic  curve  f i t  between any two p o i n t s  (and corresponding two s l o p e s )  of t h e  

t ab le .  Cal led  by NtirXER. 
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N = number of p o i n t s  t a  be considered 

SAM = value of independent v a r i a b l e  f o r  which lookup is t o  be 

performed 

P W  = outpu t  i n t e r p o l a t e d  va lues  re turned by OGLE 

DPDIM = outpu t  i n t e r p o l a t e d  s l o p e s  re turned by OGLE 

NU4X = numver of t a b u l a r  e n t r i e s  i n  t h e  t a b l e  

X = t a b u l a r  independent v a r i a b l e  

P = t a b u l a r  dependent v a r i a b l e  

= s l o p e s  t o  be used. 

This r o u t i n e  conver ts  t h e  coo?. ... a+e and c o n s t r a i n t  d a t a  i n t o  elements 

i n  the  s o l u t i o n  mat r ix  and sets up t h i s  mat r ix  f o r  FINEQ. C a l l s  FUNXS, 

TRINT . 

This  r c u t i n e  e v a l u a t e s  va lues  of v a r i a b l e s  and t h e i r  d e r i v a t i v e s  a t  new 

nodes. Cal led by FISLEQ. C a l l s  FL%i. 

a Bsoc FINEQ 

This  r o u t i n e  so lves  f o r  t h e  unknown c o e f f i c i e n t s  of t h e  new polynomial 

segments based on LU mat r ix  decomposition. Called by FISLEQ. 

@ B5OD FISLEQ 

This is t h e  main subrout ine  f o r  least square  curve f i t s  of v a r i a b l e s  

between nodal p o i n t s .  Called by POINTS. C a l l s  FILQ3, FIKEQ, FILQS. 

@ B50E FUNXS 

This  r o u t i n e  e v a l u a t e s  s p e c i a l  polynomials f o r  the r e f i t t i n g  funct ion.  

Called by FILQ3, FILQS. 
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B50F TRINT 

This  r o u t i n e  e v a l u a t e s  s p e c i a l  polynomials f o r  t h e  r e f i t t i n g  funct ion.  

Called by FILQ3. 

BSOG POINTS 

This  r o c t i n e  uses  c u r r e n t  va lues  of t h e  v a r i a b l e s  and t n e i r  d e r i v a t i v e s  

and s o l v e s  f o r  the  c o e f f i c i e n t s  o f  t h e  polynomial segments between each p a i r  

of ad jacen t  nodes. Limits  placed on t h e  v e l o c i t y  v a r i a b l e  e s t a b l i s h  t h e  new 

nodal d i s t r i b u t i o n  and va lues  of remaining v a r i a b l e s  and t h e i r  d e r i v a t i v e s  

a r e  c a l c u l a t e d  f o r  t h i s  new d i s t r i b u t i o n .  Cal led by REFIT. C a l l s  FISLEQ. 

BSOH REFIT 

This  is t h e  main c a l l i n g  r o u t i n e  f o r  t h e  r e f i t  procedure. It e v a l u a t e s  

c e r t a i n  c o n s t r a i n t s  which depend on E T A  and the  type of curve  f i t .  The BSO 

subrou t ines  ar  a l l  pa r t  of t h e  PXFIT opt ion.  Called by OUTPUT. Calis 

POINTS . 

0 EDGPRP EDGPRP 

This r o u t i n e  determines t h e  s t a t i c  pressure  a t  t h e  edge of t h e  boundary 

l a y e r  i n  t h e  i n v i s c i d  RAUP nozzle  f l o w f i e l d  a f t e r  the  nozzle  Soundry l a y e r  

has been c a l c u l a t e d .  The f i r s t  pass  through the boundary l a y e r  s o l u t i o n  

uses  s t a t i c  cond i t ions  a t  t h e  nozzla  w a l l  as edge c o n d i t i o n s  i n  t h e  boundary 

l a y e r  so lu t ion .  I f  t h e  s t a t i c  p ressure  a t  t h e  nozzle  w a l l  a r e  m e t  w i th in  10 

percent  of t h e  pressure  a t  t h e  edge o f  t h e  b o u ~ d r y  l a y e r  as  determined by 

EDGPRP then  t h e  boundary l a y e r  s o l u t i o n  is run wi th  edge c o n d i t i o n s  

determined by EDGPRi' i n  t h e  i n v i s c i d  f l o w f i e l d  a t  t h e  edge of t h e  boundary 

layer .  
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EWHSY EDCHSP 

Subroutine EDGHSP determines t o t a l  c o n d i t i o n s  of t h e  boundary l a y e r  

edge a t  t h e  e x i t  plane of a two phase nczzle .  These t o t a l  cond i t ions  can be 

used t o  re run  t h e  boundary l a y e r  s o l u t i o n  t o  b e t t e r  match s t a t i c  p r o p e r t i e s  

a t  the  edge of t h e  boundary l a y e r  i n  two phase nozzles .  

There a r e  severe  g r a d i e n t s  i n  t o t a l  cond i t ions  near  t h e  l i p  of t h e  

nozzle f o r  s o l i d  roclie: motors. These g r a d i e n t s  a r e  caused by two phase 

e f f e c t s  and the r a p i d  change i n  concen t ra t ion  of p a r t i c l e s  near  t h e  l i p .  

The f i r s t  pass thxough tile boundary l a y e r  s o l u t i o x  uses  t o t a l  cond i t ions  

which match s t a t i c  p r o p e r t i e s  a t  t h e  nozzle  l i p .  However, c o n d i t i o n s  a t  t h e  

boundary l a y e r  edge ( i n  the  i n v i s c i d  f l o w f i e l d )  may no t  be matched. The 

edge t o t a l  cond i t ions  c a l c u l a t e d  by t h i s  r o u t i n e  provide a b e t t e r  match of 

a l l  s t a t i c  cond i t ions  a t  t h e  boundary l a y e r  edge s o  t h a t  ano ther  pass  

through t h e  boundary l a y e r  s o l u t i o n  can  be made t o  b e t t e r  s imulate  t h e  edge 

condi t ions .  

Thi s ;unction computes t h e  gas  p roper ty  s t o r a g e  l o c a t i o n s  wi th in  t h e  

TABB ar ray .  ":is func t ion  i s  used by subrou t ine  EDGHSP t o  determine 

boundary l a y e r  edge t o t a l  q r o p e r t i e s  from t h e  TRAN72 equ i l ib r ium d a t a  t a b l e s  

t r a n s f e r r e d  t o  t h e  BLIHPJ code on the  RAUP output  d a t a  tape.  

REAGP READP 

This  subrou t ine  reads  t h e  f l o w f i e l d  d a t a  from t h e  RAMP nozzle  f lowf ie ld  

o i ~ t p u t  f i l e  (Unit 3). These d a t a  a r e  used :: Subroutine EDGPRP t o  e s t a b l i s h  

boundary l a y e r  edge condf t ions  f o r  t h e  second pass  through t h e  boundary 

l a y e r  s o l u t i o n .  
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Thc funct ion is used t o  l o c a t e  a part i cu lar  equil ibrium f low property 

within the FABB array based on i n d i c e s  i n  the  c a l l i n g  sequence. This 

routine is used t o  simulate a  four dimensional array. 

a TAPMOV TAPMOV 

This rout ine  is used t o  space past information i n  the RAMP output tape 

t o  g e t  t o  the beginning of the RAMP computed f lowf ie ld  data .  
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Appendix  A 

The RAMP2 program is  o p e r a t i o n a l  o n  t h e  Univac  1108 Exec 8 a n d  CDC 7600 

FTN4.8 s y s t e m s .  The known d i f f e r e n c e s  be tween  t h e  Univac  a n d  CDC s y s t e m s  

are: 

The i n c l u s i o n  o f  PROGRAM c a r d b  i n  t h e  m a i n  r o u t i n e s  o f  the t h r e e  
programs.  

TRAN72 (MASTER) 
PROGRAM NASTER (INPUT, OUTPUT, PUNCH, TAPE5=I:PUT, TAPE6=OUmUT, 
WAPE7=PUNCH, TAPE4, TAPE8, TAPE10, TAPES, TAPE3). 

RAMP2F (MAIN) 
PROGRAM MAIN (INPUT, OUTPUT, PUNCH, TAPES=INPUT, TAPE6=OL!PUT, 
WAPE~PPUNCH, TAPEl, TAPE2 , TAPE3, TAPE4, TAPES, TAFE9, TAPE10, 
VAPE11, TAPE12, TAPE13). 

BLIMPJ(DUMC0M) 
Program DUMCOM (INPUT, OUTPUT, PUNCH, TAPE~ZINPUT, TAPE6=OUTPUT, 
*TAPE7=PUNCH, TAPEl, TAPEZ, TAPE3, TAPE4, TAPE10, TAPE18, TAPElY, 
WAPBO) . 
A l l  r o u t i n e s  i n  t h e  RAMP2F c o d e  which  h a v e  t h e  p a r t i c l e  a r r a y  
PFPARY as a n  a rgument  i n  t h e  calling s e q u e n c e  a n d  t h e  MAIN 
program r e q u i r e  a LEVEL 2 ,  PFPARY s t a t e m e n t  s o  t h a t  f o r  t h e  CDC 
7600  t h i s  a r r a y  may b e  s t o r e d  as  L a r g e  Core  Memory (LCM). 

The Univac 1108 Exec 8 o v e r l a y  i c o t r u c t i o n s  f o r  t h e  RAMPZF a n d  BLLMPJ 

programs  are shown i n  F i g s .  A-1 a n d  A-2, r e s p e c t i v e l y .  T a b l e  A-3 and A-4 

p r e s e n t  t h e  CDC 7600 segment  l o a d e r  i n s t r u c t i o n s  f o r  t h e  RAMP2F a n d  BLIMPJ 

c o d e s .  I n  o r d e r  f o r  t h e  CDC 7600 l o a d e r  t o  o p e r a t e  t h e  f o l l o w i n g  dummy 

r o u t i n e s  m u s t  b e  i n c l u d r d  Tor  t h e  RAM2F: LEGOO, LKB1, LKB2, LKB3, LKB4, 

LKB5, LKC1, LKC2, LKC3, LKC4, LKCS. The BLIMPJ p r o g r a u  r e q u i r e s  t h e  

f o l l o w i n g  dummy r o u t l n e s :  LEGOO, LIhKA, LINKl, LINK2, LINK3, LXNKY, LINK5, 

LINK6 and LT.NK7. 

The 'IRAN72 d o e s  n o t  r e q u i r e  o v e r l a y i n g .  

LOCKHEED-HUNTSVILLE RESEARCH & EbvINEERING CENTER 



LMSC-HREC TR D867400-I1 

5E'; Y A I h  
I Y  TPFP .r 4 I Y ,  .!'RIVEQ, m B L K P ~ T  

Sf5 Rl * , (MAX fV I  
I N  T P F % . ; ~ W T A P , . F L U Y I Y ~ ~ A X I C ~ ~ I D ~ I - ' H T ~ * L O S I C ~ * P O I ~ T ~ ~ ~ G ~ ~ U T T  
I U  T P F $ . ~ Y A Y B ~ , . P A S S , . M A X T ~ ~ O F S E T ~ ~ C U T P U T ~ . P A G V O f ~ m P ~ I ~ m S T A ~ T V  
I Y  T P F S . T ~ E R M T ~ m I N I T P , ~ t A 5 R r ~ m I O r X S I ~ ~ I I ! T A P f ~ ~ G A S T A P ~ . I ~ P U T  
I V  T P F ~ . P ~ R T I Y , . L I P I ~ , ~ L J O F A , . A ~ A ~ T R , . ~ E T H T G , . P A R T P H , . ~ A S ~ O ~  
I T  TPFF .PLKGUT* * S T L I N E ,  oSPACEf 

S C G  3 2 3 , ( M A I 4 )  
1 TPF%.TQAt iS , .CSEFS, .DLTA, .F  I X I L ~ m H A L L , ~ C N E O r m ~ R T H L S ~ . P A R f I L  
I ' t  T P F % . T V A C f  ,.U@GI, . P R O P ,  ~ P U ' ~ E ) r , * A ~ b S S L ~ e S F E C X E ~ o I ~ M P O ~ ~ o P O P  

S C ~  ? ~ * , ~ M A I V I  
14  T P F B . ~ L P ~ I N ~ . I ~ ~ T O E , . S P E C I ~ , ~ ~ ~ L P C ! P , ~ T C ~  
I h J  TPFB.SPECC 9. I t  SPEC 

S t 5  34*,(M414) 
I Y  T P F S m P ~ ~ T c C , ,  IDMPHO, oPROvo13PP9T ,  mPDt , .3LEXIT m e P f i R L 0 ~  
1% T P F ~ . I Y ~ S C P , ~ T A P ~ C V , . R E A C F , . I ~ ; T E P P , . T R ~ C ~ P , . G A S , ~ S ? A ~ T  
I u  T ? F % . P Q E A L , . ~ T F L O P , . U R I T P  

SE5 553, tMA j k )  
I h l  T P F % . C ~ C C K , . C H E H , . S L D P , . C O E F C C , . ~ @ T P R D , . ~ M O F P , ~ ~ N E ~ T ~ , ~ G A P P ~ I  
1" ~ P F S . I ~ ~ S C T ~ . ~ E W E ~ T ~ ~ P P A T P T ~ ~ G G M @ F P ~ ~ V E M A G ~ . V M ~ D E L ~ ~ V ~ O C ~  
I n J  TPFS,PwPSE 1, SOHINT 

St5 CJ*,(dS) 
I N  ~ P F ~ ~ ~ T R Y O P , . S O K S G L , ~ P H Y ~ . O L ~ ~ C A R C T Q ~ ~ S L P L I N  
I V  TPF%.AVf W A G ,  .STGUOD 

5 1 7  C 2 * , ( 6 5 )  
I Y  T P F I ~ N ~ R Z C ~ , ~ P O F Y ~ . V Y O D ~ ~ ~ T U P F ~ ~ ~ C U T ~ . E S H O C K ~ ~ U ~ A K  
I V  T P ~ S , C E L T A F , m ~ 4 T ? 0 ~ ,  .LIHTTS,.SLSKIP,OPRFQBD 
InJ TPFB.fpEEMC9 mkTFLGF, OXTACH 
IY T p F B . T O F E h H , . O U T R I W , ~ I N T T  

St5 C3*,(25) 
5'4 TPFE.RASSCH, JYTEGR, . C @ R C A K , .  THRUST,.XTERH 

5 E t i  C 4 * v ( b S )  
T P ~ $ * V C C ~ M K ,  .EACiJEC, oCODtE,oCC9EF , O C O D € H ~ * O L C G I ! E ~ ~ F O Q U Q D  

*: TP~$.L3UP<i?A 
S t 5  C S * , ( G S )  

I Y  TPFP.THETPP,.PRAV3T, . H Y P F R , . C V E R ~ X , . M O C S O L , . E X ~ C G R  
I Y  TPF$.IQAPI OPLCAC ,,NORMCK ~ o S L 1 h T v  oPARINT,  .PA~?STR 
I h :  TPFSoPAFH, . M E S H ,  .YEKK, oEMTQPP ,,DFLTFF ,.ESHOCC 

:.LC Dl*,( 
;b C U M S V S , ~ P R T P ~  

F :r5 

Fig. A-1 RAMPZF Loader  I n s t r u c t i o n s  f o r  t h e  Un i vac  1108, 
EXEC 8 O p e r a t i n g  S t s t e m  
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I 

I ? .  L03A 
r *  4 - b  - .- 

I h  b O I A  
I ---- 

11. d C r P  
C6 C C iUb a -  4 I L I l b  

Ih  h24A 
a rM.r 

v - 
Itr ~ 1 4 F  
<FG C F V b  ha-  ItihrF 1 

Ihc I \ C 4 A  

Fig. A-2 BLIMPJ Loader Instructions for Univac 1108, Exec 8 
Operating Sys tern 
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ORfGNVAL PAGE 1s 
OF POOR QUALITY 

# 

-. - 
L I N U d S  TREE LKBS0(LKC 1 r L K C 2  aL#CSeLACr(eLKCS) 
L I N K P I  TREE L K B l  
L I N K n 2  1Pf.E LKB2 
L I N K F Y  TREE LKbZ 
L f N K 5 h  TR tC  L K P Q  
R O O T  TiiEE L E C 4 C ~ ( L I N W E l r L I N K D 2 r L I N K P ? r L T t . K P 4 r L I b ~ ' : K ! ~ S )  
LEG36 INCLUDE % A 1  h r n h  I V E R r P L t f O A f ~  
L K b f  INCLUDE Y L ~ P I N ~ ? N ~ T P ~ G A S P C ~ G A ~ T ~ P ~ F A ~ Z T ~ N ~ L ~ ~ I ~ ~ U O F A ~ ~ O ~ S T F ~ ~ F ~ ~ ~ ~ ~ ~ ~  
~ A ~ T F H ~ H & S C C ~ , ~ P L ' . ' : > U T  *STL I ':FrSPPCCT 
LKI.2 IYCLg i ! I  T h A h  S.f't!l.lrlcr CtkASSLeCP! CTEq I ' . : ' P  
L K P Z  INCLUDE t L H P I h r r T C ~ T ( ~ B ~ T O Y  r S F t  CI f ; r t ;ALPRP 
L K 8 4  INCLUDE P R L T P C ~ I D ~ P R O ~ P R ~ ~ I O ) 9 F O T ~ P O T ~ B L E : W I T ~ P A R L U K ~ I ~ R S C P r T B P ~ O V r ~ F  
ACrFr IXTFRPrT l iACCPrGL?- ' r?TAHf  , P ! , f P O ~ i J T F i ( ! ~ r U R l T P  
L f l h 5  IhCLUCK PHA9Zl  
L K C l  INCLUQE STRtiCRr,'.CKS;lL *PbYSOL * CAsrTR IQLPLT '~.LVcfiAf rSTrtPOl '  
L K C 2  1"rCLUUt "OOnSCK t~)::Fu.VF'0[;2rTtrP>. r L .1 ' - ITS  9 1  TAh'MqrSHOCY ,k:EAH *'if L f l f ' r t  NTR 
r O P ~ ~ U T , S L h R l ~ r V S ~ R t L  .FRF ~ ? ~ ~ C * L ! f F L f i k 9 t ; t I ? ~ , 1 r ~  -1'. T T  
LKC? I1~CLIJ;.F. TY9l !cTr7! .Tt i .L  rRASSCflr  ITrO:  r!.! I 'KLP 
LKC4 IRrCLt!!iK r-tCCHPK 9 :  f i l . tKi  A 
L 6 C t  IrlCLtJL'F ~ ~ ; E T F . ~ ~ ~ I ~ P A ' ~ L T ~ H Y P F R ~ F . A R s T R , ~ ~ ~ C S ~ ' L  .FARlhJT rIRAL:rPL f:L;I.,rSL!: T rh l  
rort:Jc%rrrsH.: v c 7 w , n v F  Q C Y  *FSHC.CC.WFKK . ~ ? . T R P P * C C L T F F  
L c G  - : T,Lr!iaLL t iLTrV7FY . + a h  T C ' ~ ~ I F . T C R Q P ? " . , U T  a T S  t 5 t  *?T'*\rC!'C"X)I 
Lt..'J ! I  GLO!. :tL ' ,LMlikT r L  I P P T  r::FRt SUrPFAP,Pi: 1 CrV1. ' l  v 3 r f 1 i F r C k \ : r l S S t  p. 

LCGJC GLC'3AL )iUL,rjRULrChEQrVAR3FrIf TP7 9 IPHx, i !FsTbR~CAPURrTRPRTrf ib .AcCr  
LFG;i; C-LFOPL f i Q I t J T ~ P ~ T E 9 T ~ F A l : ~ C P ~ \ l l C ~ ~ t L r : , ' h ' 1 T i T r T F X P F E q V 4 F 7  , U I c I ( ~ F  
L i C '  :I CLi)?AL f B P f i l T ~ ~ ~ 1  ~ D v r X X S b r F F l . G r " ~  I t r T r !  LiSFF~rF1C.?:At r V E f  r F  )iE! 
L t G  ' b  CLCfiAL "AS!:C,hi *A!J*' r r  TFPCrTPKHr.-,C hr rGP IC? ' .  rr : , i tCFrS6II ;PY 
L:G:*! LLPJFL  ? A $ l ' b T f , I  f ik7!~?,P&f i  fQ4rCUTt  l..r:F'IT! V r  f f . ~ * d T i ? P r C C t ' T r  L 
L~'C.I?L. 6 ~ 0 f ; A L  VLI ?-..UPTAP r 5 P f  L , ~ P R T f ' I  r ' F L 4 r  rVA"LrPAATf'*:T 
LEG70 GLOGAL POLL IVSONIPPNV 
LhF5 CLOCAL C H E ~ l Y Y ~ V ~ I H 7 r R U F  rVH1b  ? ~ C H C ~ L Y ~ F A ~ ~ S T U * P V P H P ~ Q ~ V  I U  1 rAVFtir+F' 
LKOS GLOPAL P O I h , T C ~ S L T P C ' T ~ L S A T , ~ C ' I I N ~ X f ~ T P A r L I F . ~ X q Y P I T  l T + I S F A * q 1 4 $ f ? l ~ T  
L K 8 5  T-LtIJdL AHFrCUTeFSTR r V M 1 X i r V F : I X C r E X C ; E R r ~ r R F C 2 r P I S E C r I ~ d T T T V ~ ( ; V E ~ t  A 
LKt55 GL0MAL TOTbLrT,LnHALrCP( iP rTLflPO;'tTEMPOlrCPSVrLSTC!Lk 

TWO 

Fig. 8-3 W2F Loader Directives for the CDC segmentation Loader 



Fig. A-4 BLIMPJ Loader Dire~t ivee  ior the CDC Segmentation Loader 
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Appendix B 

One of the eltit plane s t a r t  l i ne  options available i n  the MMP2 progr- 

is a s t a r t l i ne  that is compatible wlth the Locbheed k t h o d  of Character  * 
istics Program (MOC) , Thls s t a r t l i ne  assumes an ideal  gas approximation 

of variable t o t a l  temperature which occurs i n  viscous flows. ¶'he IU4MP 

program w i l l  output this s t a r t l i ne  follawiqg a nozzle, bouadary layer a d  

&t plane s t a r t l i ne  run of the BAHP2F program. The s t a r t l i ne  and asso- 

ciated t o t a l  conditions a m  punched for  the errir plane of the nozzle. The 

axial coordinates are assumed t o  be zero and the radial  coordinates of the 

s ta r t l ine  are noadimensioaalieed by the exit radius. Phe t o t a l  conditioas, - 
R,y, To, Po a re  mass flow averaged based on the exlt plane conditions. 

The subroutiaes i n  the HOC program which required u d i f i c a t i o n s  are: 

TABLE, FWIBl, ENOW, t4OCSOL and PBIIlODT. Pilgures B-1 through B-5 present 

listfsgs of the routines a s  they should be t o  u t i l i z e  the BdWP2F ideal  gas 

MOC s tar t l ine .  Chaages t o  the program a re  noted on he l i s t i ngs  using a f 

for  statements that  have been modified and a + for  staterpents that  have been 

added. 

* 
Smith, S.D., and A.U. i le t l i f f ,  "User's Manual - Varialbe OI'F Batio Method 
of Characteristics Rogram for  llotsle and P1- Amalysis," USC-EBEC 
D162220-IW, Lockheed Hssiles & Space Company, Huntsville, Ala., June 1971. 



Table B-1 

SUBROUTINE TABLE HODIFIED mu USE wrm R A W P ~  mc SABTLIIYE 

S*I I@OU~IOC TBCLC ISS.I..j~I 
mjs fwr)lfrl: CILCW.AWS LOCCL 3 6 s  w Q * c * l r ~ S  F C ~  ~ L L  urn I l I E b L  
5.5 :s L FU*.CTXC-~ OF ~LTQOPVISSI rho WELCCITTIWWI 
C~YI~IS~CC~~BSI?I?-~~I 
C C ~ ~ O u r ~ D ~ l n r r l ~ U * l l ~ l . ~ C O o i l l C l  
CPm*m#(U  f a - f p n o t L . j z ~  . ? l . l ~ h g ~ ~ : ~ . z l . a ~ c ~ l t 9 . 2 l v  

~ ~ l ) l l t ~ t l . ~ 1 A t  82C.Zl.IW~AP8Z,vZl,~10b~21tCl. 
* U O L L C O ~ I ~ C ~ ~ ~ ~ I ~ I M B I L ~  A ~ ~ ~ ~ I ~ I T U A C S ~ L ~ ~ ~ Z ~ ~ ~ E C ~ O ~ I ~ I  

C ( h l 1 3 w 1 5 & ~ C 0 1 1 1 3 m 6 # ~ . I ~ ~ 1 0 . P e ~ A S t E P  
c t c * ~ * ~ : u ~ r r ~ c ~ r ~  

) C ~ * I a # C b ~ # f V F  
C l a + O a r  tC  WCRI lS, Cf 
OI~CYSIO. wCh1ma:.z).w*tzI 
ru a s ~ c u a r  IOI I~BICATES C ~ S  m m p r l ; t x C s  OUISIPC R U 6 c  oc TAPLO 
l s ~ s m  v IIIIPI~ e r a  OF T b i L e  
o a t 8  a&#.* r 
Oil@ P 8 I b b  1 
ASltS=B. 
I u = l  
joc '%=a 
s=ss .. - .-ww 
SP= S 
S ' t I l = W  
. r t 2 1 = w  
F x l O  UW9F6 OF EWTROPT CUTS 
: s = I c O m t l  I 
IF BILT OW C Q ~ O P T  CUW. mu r r w E  EITW:, raor ts  00 IDE~L 6.s 
I F t l S ~ C e I I 5 0  10 1CZ 
IF E W ~ ~ P T  O~)TSIOF e r n e  OF t a e t c . s C r  10 LBULST BC n I 6 n E s T  VUU~ 
I F l S r L I . S T b 9 t I C . I l l  ) 0 = S l ~ 3 l l F . I l  
IF@ s.w.s tarc r r . ts , ,  ss+=sraetxr.xs, 
I F 4  S-l tE .SF1 1 5  l E U = a b  
I)~~CIEI I.: I,~V EWIWJPT s r t e t r  I ~ C  1x8 re  cr-11 rrrurr 
09 13 I Z Z r I S  
l F t S P , L C e C I I I ) t U v l  I IbF 13 LC 

I J  C 9 l T l U E  
:=IS 

2C J f = l - ; * l W  
s t 1  S c O C l t r  TO ~ o v E s T  O a  n I 6 a E S l  1r0Lr WUW. I F  B U l S I Q E  R b a 6 E  
j F t W e l l e l e (  jF.JS.1.1)l 
I.m#a=IvT * I I F  .Js 1 
I ~ ~ W r C l . T Y t 1 f v J S v I V ~ ~ X m l l l  ~P#IVB=T~P~~FI&~IWIUI.~I 
B Q a C a C I  j r O f T  r E L O C I T T  O E T u E E ~  I L I  @h@ IL-11 T b b l c  VALUES 
oc zz rr: .IW~J 
I F I W @ t I V l . L F e ~ ~ t ~ F m J S m L m ~ I l  60 TO bG 

?" COI I * I nuC  
i : x r a r  
C r L C u L b f E  F o b C l f O r  OC arv  e C t u € t a  t L l  avo 81-?I V E r o C f T r - a t ) ~ ~  

a3 M v = ( w P t l w  I - 1 L P t f f  ~ J S ~ L - ~ ~ I ~ ~ I ~ T L ~ ~ I F ~ J S ~ L ~ ~ ~ ~ T ~ B ~ I ~  v J S e L - l m l l l  
STI LOCIL V T L B C I T l  a t  C ~ @ S T  E n t @ o o r  cur ajrrlm 
wp. ra r t 1 .  ~ I = V P I  1-1 
S c T  L C C I L  b a s  ~ C l l S l b l l  t i l l  I f  F f a f t  Cf:I*@T C v 1  t I ~ = l l  
WClt l lTt ; .  1 ~ l Z I ~ e - L W l O T l ( l t f F v J S . L ~ l e f  I ~ v O T A D ~  IF.JS.L.ZI 
f C t  ~ O c r r  b a w l  a 1  F 1 e S T  rn1C;oor CUT t l w = * l  
e w l O l t l .  l v ~ : t ; . - W ~ ~ r l ~ ~ ~ I f  . d S . L - l . * l ~ W * f b 9 t f f  . d S ~ L . l l  
r s j T  IS r b t l F ~ t I h *  F a C l o o  E E C I K ~ ~ C  A o r l b  ~ E T r E E r  T E r P E a r T u a F s  
r f  I - ?  WCLLCZTT C U l S  
l S l t = ~ ; l l t r  . ~ S . r - l ~ I l  
r s t *  I s  S I P I L L =  1C. T S I I  R u t  :-WIr*: r P o I v  ~ f T . E E ~  P c C = s ~ o € :  
XSIP:~SII n .JS.~-I.?I 
3 t r  ~ r c r i  t ' l l b r  rcmc t t  f j a f t  C w v o p 1  C*JI 
u r s r a v a b .  ~r~:laCrIr.~s.~-I..I-c~bqclF.~f.l-1.1 l . f r e c l F  .JS.L-;.II~ 

* ~ ~ S ~ I F ~ J S ~ ~ ~ ~ ~ ~ ~ W ~ ~ ~ * T ~ ~ ~ ~ V ~ ~ W ~ ~ @ T ~ ~ ~ ~ W ~ ~ V ~ ~ ~ R T ~ ~ ~ ~ ~ ~ ~ O ~ S ~ ~ S X T  
SCT LOCBL T C l b L  P E S S W E  a. f 1 r ) S l  E*11)001 -1 
VC%TOvtF. lv  ~ = ~ ~ O ~ I F ~ J S ~ L - ~ ~ ~ I ~ ~ ~ V ~ ~ ~ Q ~ ~ ~ ~ I V I ~ I A ~ ~ I ~  . J S . L - J ~ ~ I  1 

*.*XSjPI 



Table B-1 - (Concluded) 

L V o  M I L L  CCCAL r I C  l \ W T  V E L U C I T V  I S  b I T M l h  m n h 6 E  OF T A B L E  
I F l V P t I V ~ ~ ~ ~ V l ~ O  19 Ti. 

c P C ~ F ~ O *  CR~,LITI(*IS ?DEIITIC.L TG TMOSL O~SCRI~EO. CSQ )I)CO~U 
C  C * l O O P v  CC1. O c  I F  T m l S  I S  ALPEAOV OO6E 6c TO 6 C  r W p  S T M T  
c I ~ ~ ~ P O L A  *IW oc EBJT~OPV 

6' I F t I U . E 2 . Z l  S t  10 05 
1r=t 
5 C  TO 2' 

i I F  C I I l S l X  3 s r . r ~ ~  O r  I ~ R L L .  C B L C t Y b l r  S a c  % W C Q t I E S  F R o r  L A S T  
C  T a g L C  V @ L U S  P S I h 6  I J F A L  6 r S  R E L i T I O m S  

7: a = v ~ ~ T a v l  Z. iV1 
& s r r a = a r  
6 r r - ~ = r ~ ~ w v t r  ,IUI 
T - V ~ I T U T I  . * I U I  
P = U C ~ T P T ~  ..lr, 
E H = * P l I V l  R C R T  l 9 * 6 A * ~ @ * T l  
13=T.t1.- l 6 a n r r - l . 1 * C ~ * C ! m . 5 l  
P C = D + U l T G l l  l ~ ~ t 6 A 1 w 1 A l ( 6 / I H I b - i .  I 1  I 
~ E r l U v c r . I r ~ = r U ~ c r l  
U C R T a V t S .  I W I = P O F P ' I E I I O F V I V I ~ ~ ~ I  
60 TO b? 

01  1 ~ I I S . E C . I l  60 TO 11; 
C  FIO ' )  F O A C T I O I  DC u1v (?ETYCEY (1) rho (1 11 E h T P O P V  C U T S  

h ~ ~ l ~ ~ - S T ~ l I F . I - : ~ l ~ t S ~ ~ ~ ~ ~ ~ . ~ ~ - ~ ~ # o t ~ f  * 1 - 1 1 8  
C  ~ 1 9 3  9,SAP.a.T 1). L I W A O  I Z T E _ P P C L I T I O R  ?ICTMEL* C l T P C P V  C U T S  

R ~ W C ' I T R V l i ~ I l * M * t V ~ L T P V l ? ~ 2 l - t E ~ ~ P V t 2 m 1 ~ l  
s a w a = r r r t a v a  ~ . I I ~ S * ~ V C ~ T ~ ~ ~ S . ~ B - V ~ T P T I  :.:I I 
T ~ V C ~ T ~ ~ I ~ . ~ I * M S ~ I ~ E ~ ~ I ) T ~ ~ . ~ ~ - V C W ~ R T ~ ~ . ~ B I  

C  C I L C W A T E  m ~ 1 6 M T I * C ~ F U S C T f O l l  tA ' IALO6GUS 10 V S I T  &LO X S I P I  
M ~ = I 5 P l I I - S T A 8 I I F  ~ I - I I l W E I I T ~ V t 2 ~ 1  I I I I S I A B  l l C ~ I l R E l l T R V l 2 ~  21- 

*ST&R~IF.I - l l l W i & T ~ V l Z e l B B  
c F X ~ D  ~ o r s s u n  USI~C ~~CISNTI*~ FU~CTIO* IW~PI  

P = w E w l d ~ I  ~ . I ~ * € Z P I H I P * A L O ~ ~ V E I I T R V ~ S ~ Z ~  f V € I I T O V t ~ , ~  Ill 
c CILCULA-E RACP n9 

E * = V l u L T  ti.-6r-A*- * 
C  C ~ L C U L L ~ L  S l A 6 m r T  101 ~ o n 3 1 l I r h s  

T O = v m l l . e  l 6 a R - a - 8  .P*€m*C#@*.cl 
PO=P* tC T O 8 1  I ~ * ~ ~ A ? ~ L I ~ ~ A - W A ~ : .  I I BOLXP l S D # C l  
63 7 0  2 1  

IC: I U ~ A Z = I V T ~  txr .I I 
C  I F  tI)ClrL. 60 1, I ? c  A?U S C T  6 I S  ? a @ o C P T l E Z .  I F  R E & *  € 0  B A C I  
C rye  1 n l E O C c ~ A f :  ? E T r t E I  V E L C C I T I E S  

1 F t t V P A X . E L . I I  60 TC 12r 
I P = s t A a l I c , l I  
1=1 
Ir:? 
60 -0 2, 

C S C ~  sb: PCODEC~IPIL HE- m - ~ k  b-LV 04' E ~ T D O ~ V  CUT t t s  = 11 
11" s r r . c ~ = ~ ~ n t r ; v 1 : . 2 1  

t = v r % t r v i  ;.;I 
: z r r w f P r n . . ? ~  
P=Vft.TQVl !,;I 

cV=  r ~ r c v v  i w n - a * i t * f  I 
f P = l e l I . *  t 6 I P W & - I  . l - 5 ~ * E I * . C l  
~ 0 ~ ~ ~ ~ ~ 1 ~ ~ t 1 . ~ ) ~ ~ ( l 0 l l l * ~ t 6 l ~ ( r ~ # l 6 ~ ~ ~ b ~ ~ . B l ~ ~ 9 ~ t ~ ~ I ~ l  
CIC TO 1': 

C ~ € 1  s t$  P c O ~ C C T I f S  M I C E  .wEL I F F A L  GAS 
1 2 C  Q = t l d l l C .  l * l * 2 l  

~ r r r v r = ~ a e  11~.1.1.31 
T ' l = T ¶ Q l T F  * & * A m 6 1  
P o = T A e l r r  * 1 * 1 m S I  
I o € e L = l  
CD=~A~~~*~CIILIMI-~. I  
11)=10 
TO=OF l C D  
T'TfWVlVW t 

2:a COW T l h u r  
nfrvor 
E  65 
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Table B-2 

SUBROUTINE ROFEH MODIFIED FOB USE WITH BAHP2 EOC STARTLINE 

c ~ S S U I I E  n r u w r r o w  OF nacn UO.I~~I m o  ~ * r a o ~ v c s ~  
FUIICTIO- cwEr  IE*.SB 
C O I ( * ~ I L A ~ C O U I R . 6 ~ A ~ T O . P O . A S T C R  
CWWOWl t E  WE111 10. O f  
11=10 
1P=m 
C* lOZ=IM~A- l .B* .S,  
11AtMC=6ARA116bIma-1.1 

c C O ~ ~ ~ U T E  LLCCAL ~ O T A L  P~LSSWE  PSIA ARB AS A F u n c r x o n  OF 
c MEAO ~ e s s  c ~ a o c s l a ~ b  . 

PStAl)=PBIQ~lSIOB*l~t1/tZB#*.0AT6b~ 
c conmn tam SI~TIC ~OESSCE 

#NE~:PSI ICII I I . ~ W ~ O Z + C ~ C P  B * ~ R A T ~ ~ R I  
R 5 r m w  
E.0 

Table B-3 

SIJBROLTINE WOFD W D I F I E D  FOB USE WITH &XW2 MX STARTLINE 

f U * t I X O *  EIOFP I P * S #  
C I LC~  M). rs  t a ~ r t C t f o w  @f PAESSW€I*I a.3 te1ROPvISB 

C O I ( I O W I ~ ~ I C ~ ~ ~ R ~ ~ M ~ ( L ~ ~ O . P O . A $ ~ E R  
1 c m m o n r  WE *car ra. OF, 

~ ) ~ T ~ A ~ = ~ A ~ A I I ~ A I I L - ~ . I  
~ 1 0 2 = 1 6 A r * A - l . # r . S  

C COcrWTE L P C U  TOTAL P1)ESSuaE L S  A  C I m C T x O l  of WCLO LOSS 
P S T ( L R = P O I F x P t S I P B ~ t  l t O l T Q #  I**RAT~AP 

C COmPUlE LCCAL M C W  WUW8ER fROC THCP*LLLV m@fECT 6 1 s  R f U T f O U s  
E ~ O ~ P = ~ O ~ ~ ~ l ~ P S 1 A O / P I * ~ I l ~ 1 1 1 A T 6 A ~ I ~ l ~ I 1 6 ~ ~ O ~ B  
11tTUPh 
L%D 

,- 
URlGlNAL FALL .-. 
OF QOOR QUALnY 
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ORIGINAL Pi'.< . - - 
OF POOR Q'JLL;?-r' 

Table B-4 

SUBROUTINE HOCSOL HODIFLED FOR USE WITH R M 9 F  NOC STARTLINE 

~U~RW)TINH)OCS~L~IN.U~~~~Y~.~I~.I~Z.U~~,IFL~I.IIVP~D 
C lrOCSM a L @ C S  W E  CWAPbCl fR IST fC  EGUAIXONS A1 I H E  N f Y  POIUT 
C I I & . * h B  0 E f C r ) l W S  THE M Y  POINT 
C 8?N l .U~ l rB2 .M* t )  OESCOXBCS TWE 1YO M N C N  POINTS 
C 81CL46)  I l rOXCAfES I F  AN EPROR EYXSTS II VW CALCUCATION 
C (XTVPEB S ~ ~ X C A T C S  TME TVPE OF C A L C U L ~ T ~ O N  TO FE WADE 
C*r-* l f V P € = l l  COIOUTES INTERIOR POXRT 
C 21 C O ~ ~ ~ T C S  LOULR 
C 2 2  C O * P l l E S  UPPER MALL 
c 111 cone t~ rs  LOULR c a ~ ~  nouno~ov 
C S2 COrPLTES UPPER FPEC R O U M U R I  

C ~ * 3 1 1 C O L T 9 1 1 1 1 ) U 1 ( l C ~ . f  C O N t l 6  b 
CB*lle*/CR ItEUICO*WUS (10 I . X T i l *  8 10 ) 
C ~ ( ~ ~ ~ I D A T ~ ~ I C ~ ~ ~ ~ . L C C . ~ ~ . I P ~ O ~ I O ~ . ? I . A P ~ O ~ I ~ O . ~ I ,  

.OfRal82Cb JIA8120~2~.XVTA~82t~Z~.1bB88P60~8~ 
~ ~ A L L C O 8 l C C ~ 6 ~ ~ l ~ I Y b L L 8 1 O J m 2 ~ ~ X T ~ b R S t l C O ~ 2 ~ ~ I E ~ O Y ~ 2 ~  
~ m l r ~ ~ 6 ~ r o a r u . ~ r m ~ . ~ o . ~ o . ~ s r r ~  
c O n ~ W F l n ~ T E I I F ~ E m T I N F ~ ( # S  
ObTa P I  0 1 1 - 1 8 5 5 9 8 1 6 1  

c T m * C A T E  CFF SLCe(IO 01611 r N t  a t T r 1 N  F I R S T  t l L ~ ~ ~ a n l 0 R  
C Z*UL*~-GEE BOUNO) 

I T V P E I = X T ~ ~ 1 1 ~  
C F I L T E R  BYT AN0 Rf TAXN SECObO 01611 ~ A ~ X ~ T ~ P R ~ O R  80 L O Y C O . ~ ~ P P E R ~  

x lVPEr=XT ITVP€II"B.AO 
C SE1 S-OLS FOP NEM POIWI 

1=1* 
U=Uh 

c KT SYMOLS FOP TUO uwoww POIUTS 
I l = x N l  
1 1 1 1 1 1  
XZ'XG 
uz=mlrz 

c SEE IF A X X S V ~ E T R I C  om TWO BI-EISXONAL 
b I O Z D t I C O h t 7 1  

C 1 W I  11 ALXZE COLTROL CI*STANTS 
I l E  RAT=: 
XFLA6= l  
Y A S I = l  

c F I u B  ALL @ECrSSAlY  C*~OACIEP~STIC o a l e  r t  FIASI URJM* ~ 0 1 ~ 1  
Rl=*YOI;. 11 .R I l  
XI=m4082. t l . l ?  I 
l r l = P n 0 8 3 *  11,UI I 
T~ETAI=OHC~~.I  1.~1) 
SI=PwO8S. l l . r l 1  
U1=PwO86. 11 ,a1 I 
s l=eno ie  .I 1.1 i t  
CALL F A S L f 8 O C l ~ S A ~ Q I ~  
6AHW&1=6AWh 

P 1 = ~ O p E ~ 8 E H 3 f ~ I V I I * S I ~  
C F I N D  b L L  NCESSARY C h A n ~ C I E O I S I X C  DhTA 4 1  SCCONO MNOuI POINT 

R Z = P ~ O ~  I. 12.1~21 
XZ=DWOf?. l i . U Z l  
w2=PnO8 3.12, l t I  
l M E T A Z = P H C I ~ ~ I - ~ l Z )  
S?=PwOcs. 1 2 . ~ 2 1  
U t=PnOlb .  1 2 . ~ 2  I 
O F Z = P N 0 ~ 1  .I 2.121 
CALL F A B L E l O F 2 r f 2 r V Z B  
6AWYAZ26A n A  
RC2Za 
PZ=POFC*l EUOFV8Q2l.SZ) 

c ~ V E Q A ~ E  mnoM1 VALUES FOP INITIAL GUESS 4~ ~ E U  POINI VALUES 
v 3 = r v i ~ v z ! e . s  
~ H t T A 3 : I T H T A l ~ l H E I A 2 1 . . 5  
SS= 851.~2 W.5 
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Table B-4 (Continued) 

C 6UC SS l Y l 1 l  r~ AUERA6E VALUES 
U I B = U 1  
U M = u 2  
R 1 B  = tPI .YZb* .ZS 
R t B  = tRk.(12)*.2S 
T w ~ T l B = T H t t A l  
TUET~B=THET r 2  
wZu=w2 
u I B = u l  
C o i o t t o . a c . l s I . x T r P c 1  

c TMIS IS FCR IMTCRRXOR oa UALL POIMT 
10 C O * u m I = ~ V  I'VZ1*.5 

I T L I * I = I T L f * t I I  
COI8W.L =CO hVR6 t I I 
60 TO ZC 

C T M ~ S  f S  FCR FREE 90V*bMt P O I h T  
i s  C ~ * ~ ~ = ~ T H T A ~ ~ T H F T A ~ I * . S  

ITLI~I=ITLI~I?B 
COIlUAL=CObUD64 2 1  
I F t  I FRLt .~C .ZbCOY~AL=COMWl iL IZ *  

2 0  60TOt25.3C.3CI.f l * E 1  
c CALCULAT~  LEFT AND Rf6WT Ru ron I l r 6  C m ~ a r c ~ C S l S T I C  A 6 L E  FOR 
C I * T t R R I O P  P Q l k T  

2s BCTI~=TWE T i a - u l e  
BET h 2 = 1 n E  129-Ute 
6 0 T  O I S  

3~ ~ o T  o l  JS.rCl.T1.OE: 
C CILCUL ITE  CUAPACTERISTLC A I C L E t  FOR LObLR BW*GbRY 

3s BET.I=lwC T l P - U I e  
B t l l 2 ' 7 w C  T i @  
6 0 1 0 4 5  

c C I L N L A T E  C P A ~ ~ L C T ~ O I S T ~ C  AISLFS FOR U P P E ~  BOUN~ART 
a3 etrrr=rwtur 

B E T ~ Z = T ~ E  120 -vzc  
c FINO I ~ T E ~ E C T L B ~  OF LEFT rno RIGMI RUMNILC CHARACTERISTIC LINES 
C FRO* TIIC ~ R Q Y R  POINTS. THIS 1s L O C A T ~ O M  01 *EM POIRT 

r s  IFIBETA~.EE.EFTA~I so TO 101 
crLL I ~ R S C ~  1st~ . x s . ~ t f # i  .R?.EZ.B~T~Z . R S . K ~ B  
~ ~ T ~ ~ . S . ~ C . S S I . I T V W I  

C SOLVE B C U r O I Q T  E o U A t l O b  FOR fi AkO THETA AT I I P U T  1 

SG CALL ~ o u ~ ~ c ~ P ~ . ~ s . T ~ ~ ~ ~ . I T T D E z ~  
C L O I O  I b  I l E b  COOROIMATES 

S f  P M O 1 1 . l r l l ) = ~ S  
C f ~ O W 4 ? l = I - t M O  O l r r E ~ S 1 ~ A ~ .  f C O N ~ 7 1 2 7 - l ~ f S ~ l l ~ t T L I C  

PYO l t . 1  .U #:X3 
I F ~ I C O * ~ ~  I . C Q I ~ . I ~ . R ? / I R ~ W ~ )  .LT .C.B GO TQ I r s  

C IPLSS=k -F  IRST  T 1- TMOU6W * 1 P L S f  =2 -SUBSEOUEIT PASSES 
60TOtbC.65)  e I P A S S  

C CMECR OR C R I E h T l T I O *  OF C H ~ P A C T E R I S T I C  L I N E S  F I R S T  T IWE TMROUGH 
63 1 0 r 4 0 1 = 1  

1 F t A B S I B E  T A L I  .L~.PXOQ~IOUAPX=Z 
l O u ~ o I = I  
I F ( A 0 S  (BE T A 2 l r L E  *P1OIb IOUADZ=z  
O E L T A l = l - i + t I O U I 0 1 / 2 1  
DELTA 2 = l - i ~ t I O ~ l O 2 / 2 l  
I P A s s = 2  

C CALCUL ITE  ROfbTXOWAL TERN O r  C O * P A I I B I L I T T  €OM. t E O I S  b Z 2 9  R E F  1) 
6 s  F 1 = 9 O I € a r  t t w Z T  U . 0 C L ~ ~ l ~ 4 1 9 r P w O t I O u ~ ~ l . f  .U~.P~O~IOUAO~,I~.UIDI 

F 2 ~ R O T E Q R t T * E T ~ . O E L T ~ Z . U t B ~ P ~ O t 1 O U A D 2 ~ I ~ ~  l r P M O t l C U ~ D 2 . 1 2 ~ 1 1 2 1 l  
60 10 1 7 1  .TS~TSB. ITV9€L 

7 1  S 3 = S I * F l * f S ? - S U I t F l * F 2 )  
OCS=OFl-F ~ * ~ O F Z - O F ~ ) / ~ C I * F Z I  
6 0 T  0 9 2  

7s 6 0 1 0 ~ 8 0 . ~ S I * I f W E ~  
C ASSUME ENIaOPV AN0 V f L O C I T V  C 0 4 S f h W l  ALOR6 LOVER pOUM0 

80 SS=S2 
OFS=oF2 
vs=vz 
6 0 T 0 8 b  
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Table 8-4 (Continues) 

C  A S S W E  ENlROPY AN0  VCLOCIT?  C O Y S l A h t  AL0.6 UPPER BOUND 
0 5  s s = 9 1  

O I S = O F l  
I F (  X T E W t  & o w 1 I ~ 3 = ~  

86 6 0 T 0 ( 9 0 e 9 C e . t I * I T Y ~ E L  
8 1  F B : l * F l X  lTPC?-Z l  

f f G = f  E O * O b l I T Y P E 2 I  
c ~ E T  A urrrurEo NEU VELO~XTY FRW DRCSSUOE r e u  C ~ C C  ~ W ~ ~ O A R Y  

V S = ~ F E * # ~ ~ P t C W T ~ ( 1 ) I E T A S ~ I ~ . R 3 e I l Y P ~ 2 ) e O F 3 e S 3 ) I * m S * V 3 * w L  
90 S U l B = S I U t C i 9 l  

C CALCULATE AVCRI6E VALUES OyCR S f P o  LEKGTM 
9 1 0  = ( a l Q ? l * . S  
R I B  = ( Q 2 . P y ~ * . 5  
CU IB=COSt  L L R I  
S U Z h = S l U ~ r Z q b  
~u.Uie=COst  L.OI 

c EOUAWIOQ t - 2 5  P € F  I 
0 1 - C U I B I t  I U l e * Y I B  I 
O2=CU2B/ t  SUf6*U20 b  
CALL FIBLE(OCJ.S3.VSI 
P~=POFEW~E~OCVIVSI.SII 
R A V I = ( R C l ~ b . w S  
R L U Z = ( R C Z Q I * w S  
~ . M A Q ~ = ~ ~ U ~ * A ~ * ~ A W N A ~ * . T  
U W A W i = t 6 I M * A Z b A N W A I * . S  

C E Q U A l I O *  t - 2 S  k E F  1 
OCeAr)=O.S*(OFl*OF 3 )  
SBAP=O.S* ( S l * S I l  
C A L L F I B L E  ( O F ~ A R ~ S B A R * V ~ B I  
1 AV l=TOFV I P  10 I 
I ) ( M A w I = ~ w L c ~ ~ ~ E ~ o F ~ ~ v ~ ~ ~ ~ ~ ~ ~ R D  
Oc8AQ=O.S*t@F2*OF3) 
SBAR=O.S. tS2*S3B 
C I L L F I B I E  ~OF8AR.SBAR~VZB I 
lAV2=TOCW (U28 I 
R W O A V Z = R W C F E ~ ~ E H O F V I W ~ B  I * S B A R l  

' o ~ s I l = s 3 - T l  
O X S I  2 = s 5 - 9  
C ~ ~ = C U ~ ~ / ~ I B ~ I U ~ B * V ~ ~ ~ * ~ O F ~ ~ F ~ I  
C I Z X U ~ ~ # S U ~ B I ~ V ~ ~ * V Z ~ ~ * ~ O F ~ ~ F ~ ~  
B ~ = S U ~ U * C ~ ~ ~ * O X S I  l l t R ~ U 1 * 6 A ~ r V l l  
B 2 = S U ~ B * C L Z B * O X S I 2 / t R I P 2 * 6 A ~ A P 2 ~  

C  EOUATIOW 6-25 REF 1 
6 1 = 3 e 0  
62=C.C 
I F 4  h 8 s t Q l e )  .GT.O.~IGl=Sf W4 t H t T 1 B B * F l I R 1 B  
I t ( A B S ( P 2 P l w G l ~ C e C l 6 . ' = S I N t T H t T Z B I * F Z / R Z B  
6 0 1 0 ( ~ 5 e 1 C C e l I S ) ~ I T V P ~ l  

C  CALCULATE k E M  U € L O C I l V  FOR IhTERRXOR P 1  .tCOII 6 -19  R E F  11 
9 5  VS~~lHETL1-lHETA2*01~V1~0~*V~*AXO2O*l6l*62I-B1~~2~/(Q1*Q2l 

**~CII*CXZ II(UI*OZI 
C  CALCULATE NEW F L O y  AW6LE -FOR INTEPRIOP Pf  .(ZOl) 6 - 2 3  R E F  1 1  

~ W ~ A ~ = T M ~ ~ A ~ * C ~ * ~ V ~ - V ~ I - ~ X O ~ O * ~ ~ * B Z  
*<I? 

6 0 f  0 1 3 0  
1Q0  6 0 T O t 1 0 5 . l l D l . I l V P E Z  

c CALCULATE LEY VELOCIIV FOR LOYEP YALLIECN a:t+ REF i) 
1 0 5  ~ 3 =  r l ~ f  T r  I-THE 1 ~ 3 * 6 1 * ~ x O Z O - B  1 * 0 1 * y 1 ~ 1 0 1  

.*cI l I P 2  
6 0 1 0 1 3 0  

C CbLCULATE hEw vELOC1  I Y  FOQ UPPER wbLL tEON 6 - 2 1  REF il 
110 US= ( 1META?- lHETAZ*G2*~1020 -?  2 * 0 2 * V Z l I O Z  

. *CIZIOZ 

C  CALCuLA iC  hTY PLOu 1 n 6 ~ t  FOP LOUER FREE BOUND !EON 6 - 2 9  REF 11 
1 2 0  ~ ~ T ~ ~ = T ~ E T A ~ - ~ ~ I * ~ v s - v ~ ~ * G I * A x o ~ o - ~ I  

.*CI 1 
6 0 1  0 1  SP 

C  CALCUALTE k E C  FLOU AhCLE FOR UPPER FREE BOUND tEON 6 - 2 2  RCF 1) 
1 2 s  l W E T b S = T P t l A d * @ * t V S - V 2  l - G 2 * b x 0 2 0 * 8 2  

.-Cf 2  
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LMSC-HREC D867400-11 

Table B-4 i(;oncluded) 

1 3 0  CALL F b B L C ( O f 3 ~ S 3 ~ W 3  I 
C CALCULAIE kEM M C H  Ah6LE 

Uf=UOFW(VJ) 
W I O ( l 3 5 ~  I l S r  l r E l ~ I T V ~ E 1  

C QI COWVEC6PICE C R I l E P I l  
1 3 5  COWV=V3 

60101.5 
1 Q 0  CONv=lHET AS 

t M C U  FOR COMVERCEWCE 
1.5 IF# 1 ~ e s  1 (COWV* 3. 1~~~ t c o ~ v w i * s . i ~  8%. )-COWUAL L I E  I 10 1 6 s  

I f ~ ~ I l E R A 1 ~ I l L I M l l ~ 6 f ~ 0 l 6 0  TO 1 6 0  
C R t  CALCW81C AVERIIE VlLUES AkO 1YCI)EVENT FOR NEXT PASS 

V18=(VI*V!)*o5 
V2e=(VZ*V31*.5 
UlB=(UI*U?l* .5 
UZE=~V~*U?I**S 
IW€T I @ = ~ ~ ~ E I A I * T H E T A ~ I * o ~  
T ~ E  12e=( 1 b E T b t * v n C T & 3 m o s  
I I C Q ~ ~ = X I C ~ ~ I ~ ~  
6010C15C* 1SC.1551 * I T V P E I  

1 5 0  CONVWl=V3 
601020 

ass Conv*l=TwEf AS 
601020 

160  CALL LRR00S#lZB - 
c ERRORS(12l S l A l t S  - MOCSOL &LC 

I F L b 6 = 2  
6010170 

161 CALL ERQOCStZSI 
I F L  A6=2 
60 1 0  1 7 c  

I 6 5  BE1Al=#IHflbl*1HEf~~-U1~U31*.5 
M f A 2 ~ # ~ E l @ Z * 1 U E T A 3 * U Z * U 3 ) * . 5  
I f # I I V P E I ~ E O ~ ~ l C A L L I N P S C f ~ R l ~ X l ~ B E T ~ l ~ R Z ~ X 2 ~ 8 E 1 A 2 ~ P M O ~ l ~ I ~ K ~ ~ ~ H O ~  

12* I ,N) l  
C LO10 FINAL C~ARACTERlSTIC l i b 1 1  1U10 PHJ A0911 MHER CONVER6CO 

Pn013*1*1 l=V3 
PnOt..I.ti )=TmEIrS 
P H O t S r I r U  I=S3 
PwO(b*I*U l=U3 
PHO#?*I*M 
PUO(0.f rh l=CF3 
IPnO8 I * N l  : I IVPEI  
AWO# I * U l  'ASTER 

1 7 0  RETURN 
€YO 
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Table B-5 

SUBROUTINE PRANDT M O D I F I E D  FOR USE WITH RAMP2 MOC STARTLINE 

SUBWOUTINE P R I N O ~ ~ I ~ J ~ I W E T A R ~ ~ P W ~ I F L ~ ~ ~ ~ T V P F J  
c TMIS ROUTI~E C o r P u T E s  Y m r a o T ~ - H e v r a  EXPANS~ON ANGLE AND 
C O I ~ I D E S  I L T O  S E P Z E S  OF € x P A * S f O N  WAYS 
C (1) - I O E L T I F I E S  C O I N F R  P O I N T  
C t J J  - I D E l T I F I E S  A C H l R b C T E P I S T I C  L I N E  
C t T n f 1 A B J  - BOUNOAPV A U 6 L E  
C t Y P w J  - NKn0CF OF I Y C P E M E N T S  
C t I F L 4 6 J  - CQOOR F L A 6  
C t I l V P E J  - I O E N T I F I E S  UPPER ( 2 )  01 L O * C R t l  J  SOUNDAPV 

C O ~ ~ O N / C O L I O L /  I R u W ~  10 J * I C O %  t 16 J 
c o n - o h #  r~ IIV~IWTCST 
C ~ ~ M ~ N ~ C R I ~ E R / C O C V R ~ ~ ~ O  J ~ I T L I ~  112 t 
C O M ~ O ~ / ~ A ~ ~ ~ / ~ H ~ ~ B ~ ~ ~ P ~ ~ J . I P M O ~ ~ G C ~ ~ J  . A D M O I I G ! ? ~ ~ J .  

.OFi?ATtZ? J .ST&% 120.2 J S I V T A R ~ ~ ~ ~ Z J ~ T A B ~ ~ Z ~ C ~ J ~  
~ Y A L L C O ~ ~ ~ C ~ ~ ~ ~ ) ~ I Y ~ L L I ~ O ~ ~ ~ I ~ I T R A N S ~ ~ E O ~ ~ J ~ I ~ O N O ~ ~ ~ )  

C O ~ ~ O N / ~ A K S N / ~ , G A ~ ~ ~ m T O e P O ~ b S T E Q  
CC~~~N#STEPCISTEP~I~J 
I r L B 6 = 1  
~ ~ V P E ~ = I T V P E - ~ I T V P E / ~ P # ~ ~ O  

C S f 1  c C R k t 6  C O h D I  T I O N S  
R C = P M O t I .  I e J J  
X C = * H O I Z e I r J J  
S C = P H O t S . I e J J  
OF=PWO4B.leJJ 
CALL F L R L € ~ O F * S C ~ P H O ~ ~ . I  * J J )  
WC=PMOIJ.I, j J  
T ~ E T A C = ~ M C ~ Q . I . J #  
NPM-ICON( J 
IF(NPw.NE.CI GO TO 5 

C CALCULATC I U M 9 E R  OF I N C R E W E U I S  
h P M = b @ s t t  t H E T A 1 - 1 M E T A C # I S T E P ( I  J J  
rpn = N P ~  1 

I T V P € l  .f Ce 1 . INO~NPW-~~-~O J NPM:~O 
I F t  I T V P E I  &C~~.lNO~NP*~6f.9OlNP*=ot 

C I N I T I b L I Z E  
5 CCNTINUE 

w x = v c  
r n E T A I = T t + n r c  
*=3 
0 P 1 0 2  = 1 r S ? G ? g 6 S / F L C h t ( * P W B  
4R6 = 0. 

1 9  h=u* l  
r a G  = ARG.DPIC: 

C C I L C U L A T C  b E 1 6 M l I ~ 6  F U U C l I O N t L O O S C h S  I f J I T I A L  P A Y S , T I 6 H T E N S  F I U A L J  
O E ~ ~ M P = ~ ~ C L T A B - T H E T ~ C I * ~ A Q ~ I ~ ~ S ~ O ~ ~ ~ ~  J o t  T H E T A I - T H E T A C I  
* P I = U * I  

C HOLO C O Q h f P  COoROINATES8RC.SC1 run ENTROPV t S C )  C O N S I I N T  
C THROU~HOUT F l P A ? ! S I O N  

P M O t I . I P I , J J = R C  
P W O t Z e r P I  d J = X C  
P H O t  S r W P I  e J ) = S C  
p H 0 4 0  .hP1 d #=OF 

c FINO V E L O C I T V ~ V S T B R ~  O O Y N S T R C L ~  OF EXPANSION a b v  
C A L L  T H E T F n t O F  eSCeOEGPMP~VSTAR.VI  * I e I T V p E  J 
TME t r I = t M E r a x * o E 6 P t w  

c SET E O N 0 1  ~ I o ~ J S  C O Y N S T R E A ~  O F  EXPANSION 
10 P M O ~ J ~ W P I  .JJ=VSTAR 

P H O I 9 . N P l  r J J f T M E T  11 
U M O t b e N P 1  e ~ J = U O F U t V S T A a B  
PHO t 7 e N P I  r~)=!l. 
IDHOt IP I . . J=5  
r P n o  ~ W P I  .,) =ASTER 
V1:VSTAR 
I F (  I V T E S T  & T  etJNPM=W 
I ~ ( I V T C S T  .6T .3 )1VTEST 'O 
I F 1  W.LT.CCk)GOlCIE 
6 0 1 0 2 C U  

2 0 0  RETURN 
E N 0  
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