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SECTION 1

INTRODUCTION

ThlS report is 1ntended to serve as an interim user's manual for Aerotherm s
Boundary Layer Integral Matrix Procedure, Version J (BLIMPJ). * Details of the
solution procedure_can be found in Reference 1. BLIMPJ is 1ntended to serve as
rigorous boundary layer program in connection with existing JANNAE reference pro-
gram such as ODK, DER, and TDK (Reference 2-4). It is capable of treating two-
dimensional and.axisymmetric nozzles with a variety of wall boundery'cbndifions
which include regenerative and transpiration cooling as well as ablating wall

materials.

Section 2 of this report contains a description of the’revieed input in-
- structions. This Qersion of the BLIMP program has been reoriented to rocket
nozzle problems; therefore, many of the optlons available for other flow condi-
"tions do not apply and have been deleted from the input.. In these cases the
input instructions contain statements to this effect. Section 3 consists of
several aids to usage of the progrem and two auxiliary subroutines provided with
this version of BLIMP. The REFIT option is discussed in Section 4. Some fea-
tures of the output are described in Section 5 and three sample cases are pre-

sented in Section 6.

A fully documented manual including program listing and Fortran varlables de- .
scription will be issued at a later date. :



SECTION 2

INPUT

A comprehensivé'set of input instfﬁctions comprises the bﬁik of this sec-
tion. Within these instructions are discussions of some of the'Qpﬁions'and help-
ful suggestions for selection of input. The primary selection of all code options:
is made in group one thrdugh the choice of the KR;s. The inpﬁt instructibns,
the aiscussion of code'usage-in Section 3, and the input for the'éample cases
. of Section 6 should provide sufficient information for the averége user to pre—"
pare input for rocket nozzle problems.

In accordance with JANNAF specifications, all units of input'and oufput
are in the International System of units (Reference 5). The internal‘uhit540f
the BLIMPJ code are primarily in the English Engineering system. Since other
JANNAF codes have not converted to SI units, there is an option (KR(13)=1) to
allow ihput and output in English units. This option does not, however, change
the output headings. Appropriate I/0 units for this option are discussed in
Section 3.

The present version of BLIMPJ can use as input the nozzle contpur and
free stream pressure ratio provided by the namelist output of ‘TDK. BLIMP out-
put can provide punched card body contour coordinates in a form compatible with
TDK input.



CARD GROUP IDENTIFICATION

LA A I A A DRI LR AL A I AL P 2 Y 2 L A R L Yy

ALL CARDS WITH THE: EXCEPYION OF THE NAMELISY INPUT (GROUP 3) AND THE
THERMOCHEMICAL DATA INPUT (GROUP 13) USE! COLUMNS 73*80 FOR IDENTIFICATION
(THIS 18 OPTIDNAL)

5 DIGIT NUMBER IN COLUMNS T73=77

' FIRST TWO DIGITS (73,74) = GROUP NUMBER

" THIRD DIGIT (75) = CARD OR CARD SET NUMBER

: " LAST TWO DIGITS (76,77) = CARD -NUMBER FOR CARDS WITHIN A CARD SET
. COLUMN B0 =« ALPHABETIC CHARACTER USED .FOR CASE IDENTIFICATION

" EX, 1) THIRD'CARD OF CARDASEf 2 IN GROUP 9, CASE A
~ 09203 A | 4

‘2) CARD { OF GRDUP 12 (NOT A CARD SET), CASE 8
12100 B .

BRIVUP ¢ CONTRUL CARD, TITLE, AND IDENTIFICATIOV (CALLtD FROM RELASF)

CARD 1,FDRMAT(2011 15A4), KR

"FIELD 1 (COLUMNS 1=20) . THIS IS THE VARIABLE KR(DI*ENSIUNED 20) WHICH IS
‘ : USED TO CONTROL: THE VARIDUS PROGRAM JPTIONS

COLUMN 1. DETERMINES WHETHER A NEW SET OF: ETA VALUES I8 TO BE. INPUT FOR
PRFSENT CASE: (SEE GROUP )

0 USES RES]DENT VALUES FROM PREVIJUS CASE _ _
1 - VALUES INPUT BY USER " (MANDATORY FOR FIRST CASE OR FDR. RESTART)

COLUMN 2 DESIGNATES TYPE DOF FIRST GJESSES 7o BE UTILIZED FOR PRIMARY
VARIABLES (SEE GRDUP .9) :

0 USES BUILT=IN RELATIONS TO CALCULATE FIRST GUESSES (REQUIRES
READING ONLY GUESS FOR ENTHALPY IF THE GAS AT THE WALL),
RECOMMENDED FOR: MOST SITUATIONS,

| FIRST GUESSES INPUT BY USER

3 fIRST GUESSES INPUT BY USER ARE ACCEPTED AS SOLUTIDN AT FIRST TIME
AND FIRSY NR SUBSEQUFNT (FOR RESTART) STATION,

COLUMN 3 DETERMINES TREATMENT OF STREAMAISE DERIVATIVES,
0 PERFDRMS SIMILAR SOLUTION AT EACH STREAMWISE STATION
1 CUNSIDERS TWJ=POINT DIFFERENCE RELATIONS AT ALL STATIONS WITH THE
FOLLOWING EXCEPTION (A SIMILAR SOLUTION 1S PERFORMED AT THE FIRST
STATION) -

2 CUNSIDERS THREE‘PO!NT DIFFERENCE RELATIONS AT ALL STATIONS WITH THE



FOLLOWING EXCCPTIONS (A SIMILAR SOLLUTION 18 PERFORMED AT THE FIRST
STATION AND & TW3«POINT SOLUTION IS PERFORMED AT THE SECOND STATION
AND A TWO=PQTINT SOLUTION IS PERFIRMED FOR THE FIRST STATION AFTER A
DISCONTINUITY OR A REFIT STATION, SEE: CARD SET 4 OF GRIUP 3)

3,4,5 SAME AS 0.1,2 EXCEPT A LINEAR CURVE FIT (SLOPL) IS USED INSTEAD
OF A QUADRATIC CURVE FIT (SLOPQ) FOR EDGE CONDJTEONS,

COLUMN 4 DETERMINES NHEN_OUTPUT BLOCK IS TO BE PRINTED

0 OUTPUT BLOCK PRINTED FOR CONVERGED SJLUTION OR FOR NONCONVERGED
SOLUTION AFTFR 50 ITERATIONS (WITH APPROPRIATE CDMMENT)

1 OUuTPUT BLOCK P?IVTED AFTER EACH IYERATIOV
CULUWN 5 DEWERMINES TREATMENT OF ENTROPY LAYER
0 FOR ROCKET NIZZLE PROBLEMS

COLUMN 6 DESIGNATES B0DY SHAPE.
A DISCINTINUITY INTRODUCED AT & DOWNSTREAM STATION REVERTS 1IN
INTEGRATION WITH RESPECT TJ S STARTING AT THAT STATION, IT IS
RECOMMENDED THAT THIS BE DONE AFTER AN APPRECIABLE CHANGE OF
SURFACE INCLINATION WITH RESPECT TO THE FREE=STREAY VELOCITY
FROM THAY AT THE TIP OR STAGNATION POINT, THE QPTI¥UM SWITCH=
OVER PIINT DEPENDS ON THE SPECIFIC BODY SHAPE. IT IS LEFT TO
THE USER TO ESTABLISH THIS FOR JHE BODY SHAPE OF INTEREST, '
THE METHOD FOR IMPLEMENTING A OISCONTINUITY 1§ DISCUSSED
UNDER CARD SET 4 OF GROUP 3),

3 PLANAR SHARP « BODY CONTOUR AND PRESSURE DISTRIBUTIUN INPUT IN

NAMELIST FORY (CAN BE USED FOR BIUNDARY LAYER PREDICTIINS ALONG THE
WALL OF A RECTANGULAR CROSS SECTIOM NJZZLE),

4 AXISYMMETRIC NOZZLE :
6 AXISYMETRIC NDZZLE = NOZZLE SHAPE. AND PRESSURE DISTRIBUTION IN
NAMELIST PORM (EX, TOK QUTPUT) (USED WITH GROUP 3, CARD SETS
3¢ 40 5)
? SAME AS 6 WITH TRANSVERSE CURVATURE cuuérosaeo,
8 AXISYMETRIC NQZZLE WITH TRANSVERSE CURVATURE (NOT RECOMMENDED)
axx NOTE. x*x TRANSVERSE. CURVATURE. SHOULD BE CONSIDERED INLY WHEN
THE BOUNDARY LAYER THICKNESS IS8 NOT 4UCH LESS THAN THE
NUZZLE RADIUS
COLUMN 7 Desxcwarss WHETHER OR NOT TURBULENT FLOW WILL BE covszosneo.
0 LAMINAR FLDN aNL Y

2 TURBULENT FLIW WILL BE COMPUTED IF TRANSITION CRITtRIA IS EXCEEDED
‘(SEE GROUP 83,

CNLUMN 8 DESIGNATES WHETHER OR NOT B30DY SHAPE CORRECTED FIR
DISPLACEMENT THICKNESS WILL., BE QUTPUT

0 NO CORRECTED BODY CONTOUR



3

CORRECYED B0DY CONTOUR AND PUNCH OF R=CORRECTION, THIS GIVES
INVISID FLOW CONTOUR FOR THE GIVEN BIDY CONTOUR (NNZZLE. TO EXIT),

CURRECTED BODY CONTOUR AND PUNCH OF R+CORRECTION, THIS GIVES NEW
BODY CONTOYR IF PRESENT CONTOUR IS THE: ozsxnso INVISID CINTOUR
(NOZZLE TO EXIT),

CORRECTED BODY CONTOUR(Re=DELTA STAR) ND PUNCH

COALUMN 9 TOGETHER WITH COLUMN 11, THIS SPECIFIES THE TYPE OF WALL

BOUNDARY CONDITIONS, (SEE APPENDIX A)
NOT USED,
NOT USED,
ASSIGNED COMPONENT MA3S FLUXES AT THE wWALL (MDOT EDGE GAS, MDOTY

"PYROLYSIS GAS, MDOT CHAR== REWUIRES XR(11) = 0, 1, OR 2),

NQT USED

WALL STEADY STATE ENERGY BALANCE WHILE SATISFYING WALL MASS
BALANCES AND LIMITED .SURFACE EQUILIBRIUM (USE XR(1i) = 0.
KR(7) =0 OR 2,)

COLUMN 10 DETERMINES TYPE OF CURVE FITS EMPLOYED ,T0O REPRESENT THE

2

PRIMARY .VARIABLES OF VELAICITY RATID, TUTAL ENTHALPY, AND
ELEMENTAL MASS FRACTIUNS (<RC10)=1 IS STRONGLY
RECOMMENDED FOR ACCURACY FOR MOST PROBLEMS,)

UTILIZES CONNECTED CUBICS

UTILIIES CONJECTED QUADRATICS EXCEPT FOR DUTERMOST SEGMEVT NHERF
CONNECTED CUBICS ARE EMPLOYED '

UTILIZES CONNECTED QUADRATICS ENERYNHERE,

COLUMN 131 TOGETMER WITH COLUMN 9, THIS DESIGNATES THE TYPE: JF: WALL

BOUNDARY CONDITION SEE GROUP 16,

ASSIGNED WALL- TEMPERATURE, ALSD USED WITH KR(9)=4, THIS OPTION
TOGETHER WITH KR(9)=2 WILL YIELD SURFACE EQUILIBRIUM

IF THE ASSIGNED TEMPERATURE 1S GREATER THAN THE

ASSIGNED ABLATION TEMPERATURE (SEE GROUP 11, CARD 1, FIELD 7),
THE PROGRAM WILL CALCULATE THE APPROPRIATE CHAR FLUX, ASSIGNED
CHAR FLUX SHIULD BE SET TD ZERD (SEE GRUUP 16s CARD SET 11),

ASSIGNED WALL: ENTHALPY,

SURFACE EQUILIBRIUM WITH ASSIGNED COMPONENT MASS FLUXES (RE=
QUIRES KR(9) = 2), THE PROBLEM IS WELL~PDSED AND WILL CONVERGE
ONLY IF THERE: EXISTS A TEMPERATURE ABOVE 250K GIVING SURFACE
EGUILIBRIUM FOR THE ASSIGNED COMPONENT MASS FLUXES, USE WITH
CAUTION FOR ANALYSES OF MATERIALS WITH PLATEAU=LIKE BEHAVIOR,

kxx USED FOR ASSIGNED BLOWING RATE ##x

COLUMN 12 DETERMINES WHETHER DR NOT NEW DATA FOR THERMODYNAMIC AND



TRANSPIRT PROPERTIES ARE TQ BE. USED

0 USER INPUTS NEW DATA FOR ELEMENTS AND MOLECULAR, ATOMIC, AND
TONIC SPECTLS, THERMOCHEMICAL DATA NOY PRINTED IN QUT2YT,
17 JSES RESIDEHT»ELEMESTAL AND SPECIES VATA, |
P} SAME AS KR(12)=0 [XCEPT THERMOCHEMICAL DATA ARE PRINTED IN QUTPUY
CopJdnn 13 .

0 SI1 uMNITS I/D
§ ENGLISH UNIT3 1/D=nD CHANGE TO HEADINGS
copunn }4~ DETERMINES MODEI, TO BE EMPLOYED FOR MULT!CDMPUNEMT TRANSPORY
PROPERTIES, CONSIDERING UNEQUAL. DIFFUSION COEFFICIENTS CAN
© SUASTANTIALLY INCREASE THE NUMRER OF ITERATIONS (44D SUME=
TIMES £QYVERGENCE DOES NOT QCCUR IN THE alLUOWED NUYBER OF

TTERATIONS) NDUE TO THE USE OF INEXACT DERIVATIVES IN THE:
NEWTUV-QAPHSQN ITERATION PQUCE)URE.

0 CUHNSTIDERS UNF JJAL DIFFUnId“ ANO THER*AL DIVFJSIDN COEFFIZIENTS FOR
ALL SPECIL° :

B S JVSIDFR IQEQUAL DIFFUSTON COEFFXCIEVTS FOR-ALL SPECIES BN
'LECTS THERIMAL DIFFUSION

2 CONSIDERS Falal. DIFFUSTON COEFFICIFNTS AND NEGLECTS THFﬁﬂkL
DIFFUSION

COLUMNS 15=20 FOQOR DEBUG PURPOSED ONLY, SHOULD ALL,Bﬁ SET T3 0,
FIELD 2 (COLYMNS 21=72), CASE

TITLE UF CASE (ALPHANUMERIC), USED FQOR IDENTIFICATIOUN F PRINTED QUTPUT,

SRauP 2 NUMEER OF ELEMENT3 (CALIED FROM RECASE)

X2 R Y AL L R Y PR R R L R R Y L R RN LA F YL AL L L LA AR L 4 A A 4 A L A K]

CARD §, FURMAT(I2,B8xX,4011)
FIELD 1 (COLUMNS 1=2, RIGHT=JUSTIFIED), NSP

NUMBER OF ELEQENT% TN THE SYSTEM NOT INCLUDING ELECTRONS (MAX, OF 9)

FIELDS 2=51 (COLUMNG (11e60), KS(M), M=1,NS axxax USED ONLY FIR KR(9)
OR ANY iF THE KR9 = 2 OR 4§ %Axx%

( T”Io INFURMATION 15 USED NANLY FOR A3LATING WALL MATERIAL,)
THE SURFACE MATERTAL 1S SPECIFIED IN ADVANCE BY THE USER FOR XR(9) =
2 OR 4, UP TO THREE MATERIAL COMBINATIONS ARE ALLOWED, EACH



COMRINATION MAY HAVE A SEPARATE PYRILYSIS GAS AND CHAR HATERIAL
SPECIFIED IN GROUP 11, FIELD S5,. ENTER A |, 2, OR 3 10 DENOTE MATERIAL
CNMBINATION 1, 2, OR 3 STARTING WITHA THE STATION 1 ENTRY IN CILUMN (1,
STATION 2 IN COLUMN 12, ETC, SEE ALS) GRIUP 6, CARDS 1 AND 2,

GRAUP 3 STATION INFORMA*IUN (CALLED FROM RECASE)

CARD g, FORMAT(Ia.ax,u011)
FIELD 1 (COLUMNS 1=2, RIGHT=JUSTIFIED)s NS
 NUMRER OF STREAMWISE STATIONS (1AXTHUM OF 40)
FIELD 2 (COLUMNS 11=50), KR9

VALUES TO BE ASSISNED TO KR(9) WHEN WALL 3DUNDARY CONDITINONS ARE TU BE
CHANGED AT DOWNGTREAM STATIONS (SEE-CARD 1 IF GROUP (), COLYMN 11
.CNRRESPNANDS TO STATION S(1), COLUMN 12 TO STATION 8€2), AND S 0N,

IF WaALL BOUNDARY CONDITIONS ARE NOT T3 BE CHANGED AT DUWNSTREAM
STATIUNS, THIS FIELD SHOULD BE LEFT BLANK, WHEN THE XR9( ) ARE
EMPLOYED, KR(9) g40uLD BE GIVEN THE VALUF NECESSARY T0O READ ALL APPR(IPw
RIATE WALL DATA (GROUP 16), _

AT THE PRESENT T14¢, IT IS POS3IBLE TJ CONSIDER ANY COMBINATIOINS UF

KR9 iF 2, 3, AND 4 COMPRISING REGIONS UF AN ABLATION MATERIAL AND
"REGIONS WHERE THERE Is NO ABLATINN (THESE NONABLATING REGIONS ARE (8=
TAINED BY USE OF XR9( ) = 2 WHILE ASSIGNING  ZERD CGWPUNENT 4Ass FLUXES,
SEE CARD SET 11 OF GRDUP 16)

CARD SET 2.'annnrc7axo,a)

FIELD 1 (COLUMNS 1=10) S(1). :
S(1) IS NORMALIZED BY RTM, SEE GROUP S, CARD 1,

FIELD. 2 (COLUMNS 11«20),FIELD 3 (COLUMNS 21=30),ETC. 7 FIELDS PER CARD,
SC(L), L=2,48 w2axlISED ONLY FDR'KR(b):a DR BAxa

STREAMWISE DISTANCE UPON WHICH BOUNDARY=LAYER SOLUTION IS BASED,

S(LY I8 ENTERED 1% NORMALIZED FORM « THE. NORMALIZING FACTOR BEING

RTM INPuUT IN GROyP 5, CARD 1, §(1) MUST NOT BE 9, THE '

VALUE OF S(1) SHDULD BE SELECTED TU REPRESENT THE PHYSICAL )IbTANCE FROM
THE STARY OF THE 30UNDARY=LAYER DEVELIPMENT 10 THE FIRST SOLUTION
STATION,  THE BOINDARY LAYER IS ASSUMED TU BE SIMILAR UP T2 AND INCLUD=
ING THIS FIRST STATION, & NEGATIVE ENTRY FOR 8( L) SIGNIFIES A DISCON=
TINUITY AT THAT STATION, THIS PRODUCES A TWO=POINT DIFFERENCE. SOLUTION
AT THE FIRST STATION AFTER THE DISCONTINUITY AND THUS HAS AN EFFECT ONLY
Fan-THREE-PorNr SDLUTIONS (KR(3)=2). (ALsa.SEE'CARD SET 4)

CARD 3 ,FORMAT (2I5) axxxs. USED ONLY FOR KR(6)23,6,7 *xaxn
FIELD 1 C(COLUMNS 1-5) N

NUHMBER OF THE LAST STATION 0F NOZZLE CONTOUR DATA READ UNDER THE NAME=
LI8T SIMPUT OF CARD BET 5

FIELD 2 (COLUMNS 6=10) NTH



THROAT STATION NU%BER IN THE NAMELIST INPUT,

CARD 8ET 4 rFURMAT (14IS) sxaxa USED ONLY IF CARD 3 IS USED LR LR

FIELD 1 (COLUMNS !-a)c FIELD 2 (CGLUMNS 6=10), ETC, 14 PER CARD, NP(I)-
1=1,NS (SEE CARD 1), RIGHT JUSTIFIED . .

THE STATION NUMBERS OF THE NS STATIONS OF NAMELIST INPUT T0 BE: USED AS.
BLIMP SOLUTION STATIONS, ENTER IN ASCENDING ORDER, A NEGATIVE: ENTRY
IDENTIFIES A DISCJNYINUITY AT THAT STATION aAND HAS THE SAME EFFECT AS A_
~NEGATIVE ENTRY FOR S(L) A5 DISCUSSED IN CARD SET 2; FIELD. 2. _

CARD SET 5 NAMELISY (3INPUT) FOR XITABoYITABrPlTAB KRRAR USED JNLN IF CARD
, 3 I8 USED awwnxn

“(TDK OutPuT FOR xItAB, YITAB, AND PITAB (MAX IF S00 STATIONS) CAN BE
INPUT HERE,)
XITAB, YITAB ARE: THE. COORDINATES OF THE BODY CONTDUR NQRMALIZED BY.
RTM, (FOR A CIRCYLAR CROSS SECTION NOZZLE YITAB 18 THE RADIUS/RTM)
PITAt » PRESSURE. AT EACH STATION, NIRMALIZED BY THE STAGNATION PRES=
SURE, . o . . .

#x% NOTE aax THE VAMELIST‘CARDS ARE NIT SEQUENTIALLY'IoﬁNTIF;ED!

GRIUP & NODAL DATA (CALLED FROM RECASE) %4 SKIP THIS GROUP FOR KR(1)=0 #&%

q—.----_-----_gq..p -q----.p-q---q-_g--pq---g---g--_--p-----_------.--pq-@--p.gg-.-'p. .

. ‘ . /
CARD 1, FORMAT(I2) waxnn USED ONLY IF. KR(§)m] kanxx

CFIELD i (COLUMNS. 122, RIGHTwJUSTIFIED), NETA

NUMBER OF NODAL: PIINTS ACROSS THE BOUNDARY LAYER INCLUDING WALL. AND
BOUNDARY LAYER EDSE (MAXIMUM OF 15),.

CARD SET 2, FORMATC7EL0,4) aaxsx USED ONLY IFi KR(1)21 #aaax

FIELD 1 (COLUMNS tw30), FIELD 2 (COLUMNS 11w20), ETC,s 7 T3 A, CARDa
ETAC1)) Imi,NETA (SEE CARD 1 OF THIS GROUP) ,

ETA STATIDNS ACROSS THE: BOUNDARY LAYER, STARTING AT WALL (ETA=0,0), 1T
IS RECOMMENDED THAT THE VALUE OF ETA AT THE BOUNDARYsLAYER EDGE: BE GIVEN
A VALUE OF ABOUT 5,0 SO THAT THE STRETCHING PARAMETER wILL B3E: NEAR
UNITY, ALSOD, THERE SHOULD NOT BE MUCH MORE. THAN A TWO=FOLD CHANGE

IN DISTANCE BETWEEN TWO NEIGHBORING NJIDES, BEST ACCURACY FIR A GIVEN
NUMBER OF NODES I3 OBTAINED 1F THE NODES ARE. CLOSER TOGETHER: NEAR

THE WALL, FOR LAMINAR PROBLEMS, 7 NODES ARE. OFTEN SUFFICIENT WITH

A TYPICAL SPACING BEING 0,0, 0,5, 1‘0! 145) 2,0, 340y 5S¢0 AND WITH
KAPPA = 5, CBAR =3 0,8 (SFE CARD 3, FIELDS | AND 2 OF THIS GROUP), FQOR
TURBULENT BOUNDARY LAYERS, MORE NODES ARE' NEEDED CLOSE TO THE: WALL DUE
T0D THE STEEP GRADIENTS THERE, A TYPICAL SPACING WOULD BE 0,0, 0,002,
00060001;0025'006;015100007!loilslasl' '
WITH KAPPA = 10 AND CBAR = 0,95, WHATEVER THE NODE SPACING THE:



USER MUST EXAMINE THE SDLUTIONS. TO BE. SURE: THAT A REASOMNABLE: CURVEFIT

1S OBTAINED NEAR THE AALL, THIS CAN BE: A PRNOGLEM FOR LARGE STREAMWISE
DISTANCES IN TURBULENT FLOWS, x#& NOTE: ax%- USE: OF REFIT OPTION MAKES THE
INITIAL SELECTION OF NODAL POINTS NON=CRITICALY

4

CARD 3 FORMAT “L:

_Elo 4.212 F10,4,312) *4#x#USED ONLY IF Knc‘)=1.a...
FIELD N (CDLUMNS 1-2, RIGHT-JUSTIFIED); KAPPA

THE VARIABLE KAFPA 1S ASSOCIATED WITH THE CDNSTRAIVT WHICH IS UTILIZED

- TO EFFECTY A STRETCHING OF ETA, THE BOUNDARY=LAYER COORDINATE! NORMAL. TO

" THE SURFACE, IN ORDER TO EFFECTIVELY USE THE: ASSIGNED NODAL SPACING (SEE
CARDS 1 AND 2 OF THIS GROUP), KAPPA IS THE INDEX FOR THE NJDAL PODINT
"AT WHICH THE VELOCIYY RATIO IS FIXED, T3 ILLUSTRATE, IF KAPPa IS. 5, -
THEN THE FIFTH NOJAL: POINT COUNTING FROM THE: WALL AND INCLUDING THE wWALL
WILL HAVE A VALUE. OF: CBAR (A QUANTITY WHICH IS INPUT INS THE SECOND FIELD
OF THIS CARD),

FIELD 2 (CDLUMNS 3!12); CBAR

CBAR 1S THE VALUE OF THE VELOCITY RATIO AT THE BOUNDARY=LAYER NODE
DESIGNATED KAPPA (SEE DISCUSSIOM UNDER FIELD { OF. THIS CARD),

FIELD 3 (COLUMNS 13ei4, RIGHT~JUSTIFIEDY KONRFT

THE VARIABLE KONRFY DETERMINES. IF THE. NODAL. REFIT JPTION 1S TD BE USED,”
FOR KOWRFT=0, THE DEFAULT VALUE, ‘REFIT IS NOT CALLED, IF THEi REFIT 0OP=
TION IS DESIRED, SET KONRFT = 1, THE: REMAINING FIELDS ON CARD 3 ARE NOT
REQUIRED IF KONRFT =0, ‘ _ ‘

FIELD 4 (COLUMNS 15w16, RIGﬂT-JUSTIFIED) NPIINT

NPQINT 18 THE. NUMBER' OF EXTRA DAYA POINTS TO BE USED TO DEFINE: EACH
POLYNOMIAL SEGMENT DURING REFIT, SHOULD BE: SET BETWEEN | AND = THE.
HIGHER THE NUMBER, THE. GREATER THE DEFINITION OF THE CURVE, PRIOR TO
REFITTING, GENERALLY FROM 3 TO S APPEARS REASONABLE, IF NO VALUE OR 0 °
I8 INPUT A DEFAULT VALUE OF S 18 USED, IF A VALUE GREATER THAN & I8
SELECTED, IT I8 DVERRIDEN AND REPLACED: BY 6,

FIELD 5 (COLUMNS 17e26) RATLIM

IN CONJUNCTION WITH THE. VALUES OF F2FIX (SEE: CARD 4 BELOW) RATLIM DETERm
MINES HOW FAR AWAY FROM THE DESIRED VALUE THE VALUE OF F(2,1) IS ALLUWE=
O 7O DRIFY BEFORE REFIY I8 CALLED, RATLIM 18 EXPRESSED AS A RATIO OF THE
ODIFFERENCE BETWEEN THE DESIRED VALUES OF NETGHBORING NODES, FIR EXAMPLE
IF F2F1IX(2)=0,1, P2FIX(3)80,2 AND RATLIM30,5, F(2,2) MAY DRIFT UPWARD

DR F(2,3) DOWNWARD TD 0,15 BEFORE REFIT I8 CALLED, RATLIM MUST BE SEL=
ECTED BETWEEN 0,0 AND 1,0, OBVIOUSLY THE SMALLER THE VALUE, THE TIGHTER
THE CONSTRAINT 6N NODAL- POSITIONING, A VALUE OF 0,0 WILL CAUSE: REFIT TU
BE CALLED AFTER,EVERY CONVERGED SOLUTIDN,

FIELD 6 (COLUMNS 2728 RIGHT-JUSTIPIED) KTURB

THE SWITCH KTURB DETERMINES IF THE NUMBER OF NDDES ARE TO BE: CHANGED
YUPON TRANSITION 13 A TURBULENYT BOUNDARY LAYER SOLUTION , FOR KTURB=0 .
(DEFAULT VALUE) NO CHANGE IS MADE, FOR. KTUR3 =4 A SECOND SET.JFi KAPPA,
CBAR, AND F2FIX VALUES ARE REQUIRED AND .ARE NAMED, KAPPAT, NETAT, AND
FRFIXT WHICH FUNCTION IDENTICALLY TO THEIR ORIGINAL COUNTERPARTS,
'CURRENTLY THIS OPTION I8 LIMITED TO OCCURING SI%ULTANEDUSLY N!TH THE



TRANSITION T3 TURIULENT FLOW, THE REMAINING FIELDS ON CARD 3 ARE NOT
REQUIRED IF KTURB=0,

FIELD 7 (COLUMNS 2930 RIGHT=JUSTIFIED) KAPPAT

KAPPAT HAS THE SAYME MEANING AS KAPPA IN FIELD 1 OF THIS CARD AND IS USED
1F A CHANGE IN THE NUMBER OF NODES IS YD 3E MADE. (KTURB=1),.

FIELD 8 (COLUMNS 31%32 RIGHT=JUSTIFIED) NETATY
NETAT 1S THE NEW NUMBER OF NODES ACROSS THE LAYER FOR KTURBsi,
CARD SET 4 FDRMAT (BE10,4) ax*axySED ONLY IF KONRFTziasann

FIELDY C(COLUMNS 1=103, FIELD 2 (COLUMNS 11w20), ETC, 8 TO A CARD,
FPFIX(1), I={,NETA (SEE CARD { OF THIS GROUP),

F2FIX(I) 18 THE DESIRED DISTRIBUTION OF THE VELOCITY RATIO ACROSS THE

BOUNDARY L AYER WHEN THE: REFIT OPTION IS EMPLOYED, THE VALUES OF F2FIX

vUST GO FROM 0,0 TO 1,0 AND THE VALUE OF FRFIX(KAPPA) MUST EQUAL CBAR,
CARD SET S FORMAT (eElOiQ) i***tUSED ONLY IF KONRFT={ AND KTUR3Iz{ #dnkx

FIELD (COLUMNS 1=10) FIELD 2 (CDLUMNS 11-20). EYC,, 8 TO A CARD,
FRFIX(I), Ia4,NETAT (8SEE CARD 3 OF THIS GROUP),

FRFIXTC1) I3 EQUIVALENT IN MEANING TQ F2FIX(I) OF CARD 4 EXCEPT THAY IY
APPLIES YO THE CHANGF IN THE NUMBER OF. NODES, F2FIX(KAPPAT) MuST EWUAL
CBAR,

GRIUP S BUDY SHAPE DATA (CALLED FROM RECASE)
------------’g--q’.Q--Q--—Q-E---.'_.-.-qqqqgnﬂﬁqq-.q-.g..qg---g.qq-.-q-q-q.-.q-_—
CARD 1 ,FORMAT (E10,4)
FIELD § (COLUMNS 1=10) RTM
RTM (METERS) I8 USED AS A NORMALTZING FACTOR FOR ALL. LENGTH VARIABLES
» 3, RUKAP, YITAB, ( RTM IS THROAT RADIUS FOR NOZZLES,)
CARD SET 2, FORMATC7E;0.4) ##xx» USED ONLY FOR KR(6) = 4 DR B Askaw

FIELD 1 (COLUMNS je10), FlELD 2 (COLUMNS 11e20), ETC,y, 7 TO A CARD,
ROKAP( L)y L=1, NS (SEF CARD 3. OF: GROUP 3) :

THIS 18 THE LOCAL BJDY RADIUS NORMAL: TD THE BODY CENTERLINE woRMALIZED
BY RTM,

GRIUP 6 MATERIAL PROPERTY DATA NEEDED FOR WALL QUASI=STEADY ENERGY BALANCE
(CALLED FROM RECASE) *xxxxCONSIDER THIS GROUP ONLY IF: KR(9) DR ANY OF
THE KR9 IS EQUAL TO 3 OR GREATERA%#2#



CARD |, FURMAT(9E8,3) »x ,gED ONLY IF XR(9) IR ANY OF THE KR9 I3 3 OR 4 =%
FIELDS 1,47 (COLUMNS 1~8, 25»32, 49=56), EMIV(1),151,3

SURFACE EMITTANCE OF THE MATERIAL COMBINATIONS BEING CONSIDERED UNDER
KR(9) OR KR% OF. 3 NOR 4,

 FIELDS 2,5,8 (COLUMNS 9=16, 33=40, 57=64), HCARB(I1),I=1,3
HEAT OF FORMATION (J/KG) OF THE VIRGIN STATE OF THE ABLATION MATERIALS
BEING CONSIDERED UNDER KR(9) DR XR9 OF 3 IR 4,
FIELDS 3,6,9 (COLUMNS {7=24, 4l=4B, 65=72), HPYG(I),Isy,3

HEAT OF FORMATION (y/KG) OF THE TRANSPIRANTS BEING CONSIDERED UNDER
KR(9) OR KR9 OF 3 QR 4, : '

CARD 2, FORMAT(6A4) »x USED ONLY WITH CARD )| %%
FIELDS 1,2, AND 3 (CULUMNS (=8, 9=16, [T7=24)

NAMES UF SURFACE SPECTES FUOR MATERIAL CNAM3INATIONS 1,2, AND 3 EXACTLY AS
THEY APPEAR IN THE THERMUDYNAMIC DATA TABLES (GRUUP §3), LEFT JUSTIFIED,

GRIIUP 7 STAGNATION DATA (CALLED FROM RECASE)
CARD { ,FORMAT (T7E10,4)
FIELD 1 (COLUMNS 1+10) ' )
LOCAL STAGNATION PRESSURE (N/M##2)
FIELD 2 (COLUMNS 11=20)
NORMALIZING FACTOR FOR THE EOGE PRESSURE READ IN UNDER NAMELIST FORM IF
THOSE PRESSURES ARE NIT NORMALIXED YO THE STAGNATION PRESSURE, PREE
PRE/FACTOR
CARD 2. ,FORMAT (7E10,4)
CFIELD 1 (COLUMNS 1e10)
STAGNATION ENTHAL®Y OF THE EDGE GAS (J/KG)

CARD 3 ,FORMAT (7E10,4)
FIELD 1 (COLUMNS {10)



INCIDENT RADIATION FLUX ABSORBED BY [IHE SURFACE AT STATION S(1),

J/SEC=tsx2, (IF A SURFACE ABSORPTIVITY LESS THAN UNITY I8 TO 3E: CONm

SIDERED, THIS ENTRY SHOULD BE CORRECTED FOR SURFACE ABSURPTIVITY), THIS -

INFORMATION I8 USED .ONLY FOR KR(9) OR KR9 OF 4,

INPUT BLANKS IN T74IS FIELD FOR QOTHER. TYPES OF PRIBLEMS, RADIATION FLUX
. AT OTHER STATIONS WILL BE INPUT AS RATJIDS IN GROUP. 15, '

GRIUP 8 TURBULENT FLOW PARAMETERS (CALLED FROM TREHBL) sxan CONSIDER THIS
GROUP ONLY IF XR(7)=32 xhxth

-.-------.-..'--—..-.----._-.----._--.--_--’.F.._-..---.-..-_----_.----.--..-?-,--.—!

CARD 1, FORMAT(6EL0,3)

CFIELDS twby (COLUMNY 1=10, 11=20, 21230, 31=40, 41050, 51-60) ELCON, YAP,
CLNUM, SCT, PRT, RETR '

ELCON I8 THE PRANDTL MIXING -LENGTH CDNSTAVT_(O.“O 1S A TYPICAL: VALUE),

YAP IS A CONSTANT OF PROPORTIONALITY IN THE MIXING LENGTH EXPRESSION
(11,823 1S A TYPICAL VALUE),

CLNUM 19 THE CLAUSER CONSTANT OF PROPJRTIJNALITY IN OQUTER WAKE; REGION,
(0,038 IS A TYPICAL VALUE) -

SCT IS THE TURBULENT SCHMIDT NUMBER, (0.9 IS & TYPICAL VALUE)
PRT IS THE TURBULENT PRANDTL NUMBER, (0,9 IS TYPICAL VALUE)
RETR IS THE TRANSITION REYNOLDS NUMBER BASED ON MOMENTUM THICKNESS, IF

RETR [$ EXCEEDED, TURBULENCE TERMS WILL BE [NCLUDED IN THElFGVERNING
EQUATIONS, .

GRIIUP 9 FIRSY GUESS NR RESTART INFORMATION (CALLED FROM FIRSTG) Ahkk SKIP
THIS. GROUP FOR KR(2)=2, CONSIDER. ONLY CARD 6. FOR KR(2)=0 axxx

CARD 1 ,FORMAT (3EL0,4, sx,xs,sxo 4) xxxx USED OVLY IF KR(2)sy DR 3 ..**_

FIELD 1. (COLUMN 1slo) ALPH

FIRST‘GUESS OR RESTART VALUE FOR BOUNDARY LAYER NORMALIZING PARAMETER
(USE A 1,0 TF A BETTER GUESS I3 NOT KNOWN) ,

FIELD 2 (COLUMNS 1120) F(1,1) |
FIRST GUESS OR RESTART VALUE FOR STREAM FUNCTION AT THE WALLj
CFIELD 3 (COLUMNS 21=30) F(3,1) |

FIRSY bUESS OR RESTART VALUE FOR NORMALIZED VELDCITY GRADIEVT AT THE
WALLY,

FIELD & (COLUMN 36aao, RIGHT JUSTIFIED) IST



STATION NUMBER FOR RESTART, MEANINGFUL ONLY FDR KR(2)s3,
CARD SET 2, FORMAT(TES0,4) axsx USED ONLY FOR KR(2)31 QR 3 wwax

FIELD ! (COLUMNS 1=10), FIELD 2 (COLUMNS 11220), ETC,s 7 TD A CARD,
Fl2)1), 1=1,NETA,

" FIRST GUESSES OR RESTART VALUES FOR VELOCITY RATID U/UL  ACRISS THE
aouquPv LAYER, - _
FARD SET 3, FORMAT(7EL0.4) *&aa ISED GNLY FOR KR(2)=] DR 3 awas

FIELD 1 (COLUMNS 1=10), FLELD 2 (COLUMNS 11=20), ETC,ey 7 TD A CARD,
G(_Zol)a GCi,T), T1=1,NETA

FIRST GUESSES OR RESTART VALUES FOR ENTHALPY GRADIENT AT THEVNALL G(2,1)
AND ENTHALPY G(1,I) ACROSS THE ROUNDARY LAYER, J/KG,

CARD SET 4, FQRMAT(7EL10,4) xxax USED UNLY FOR KR(2)=1 DR 3 AND NSP. GREATER
’ ) THAN 1| aawa

CFIELD 1 (COLUMNS (=19), FIELD_ 2 (COLUMNS 11=20), ETCyy 7 TO & CARD,
(SP(2y1¢K)e 3P(1,T1,K), I=1,NETA) Kz|, NSP=}

FIRSY GUESSES UR RESTART VALUEs FOR ELEMENTAL MA3S FRACTION GRADIENT
AT THE WALL 8SP(2,1.,K) AND ELEMEMTAL MASS FRACTION VALUES SP{{,I,K)
ACROSS THE ROUNDARY LAYER, READ IN WALL GRADIENT AND VALUES AT NODES

FOR EACH ELEMENT BpFORE. GOING ON T0O NEXT ELEMENT, START FACH ELEMENT
UM A NEW CARD, ‘

CARD. SET %, FORMAT(3612) ssxax USED ONLY FOR KR(2)=1 OR 3 AND NSP GREATER
THAN | &kxx

FIELD 1 (COLUMNS 1'2, RIGHY JUSTIFIED), FIELD 2 (COLUMNS 3=4, RIGHT
- JUSYIFIEDY, ETC,,; (LEF(K), K31,NSP) (SEE CARp | DF GROIUP 2)

ENTRIES IN THESE FIELDS MusT INDIVINUALLY CORRESPOND TO THE ELEMENTS AS
THEY ARFE SELECTED FROM THE THERMODYNAMIC DATA (B3EE DISCUSSIIN UNDER
GROUP 13) ACCORQ[VG TQ WHETHER, FOR THE FIRST, OR RESTART, STaTION, THE
ELEMENTY IS

0 NOY PRESENT

§ PRESENT DUE TO L.OCAL INJECTION '

2 PRESENY DUE TO UPSTREAM INJECTION (NOY PDSSIBLE_AT FIRSY STATION)

3 PRESENT FROM THE EDGE GAS

CARD b6y FORMAT(E10,4) awaax USED DNLY FOR KR(2)30 #axkan
FTIELD 1 (COLUMNS {«10), GW

FIRST GUESS FOR ENTMALPY ‘OF THE GAS AT THE: WALL, J/KG, IF NJ. INFORMATION
IS AVAILIABLE' USE THE VALUE OF THE STAGNATION ENTHALPY (GROQUP 7, CARD 2)



GRIUP 10 *xa%x NOT USED FOR THIS VERSION an#ws

GRIIUP  §1 ELEMENTAL DAtTA (CALLED FROM INPUT) ‘
*xx+ SKIP THIS GROUP FOR XR(12)=4 OR 6 OR FOR KR(7)s1 OR 3 wxaw

CARD 1, FORMAT(I3,F7,0,5F10,4) #**«% USED ONLY FOR KR(12)20,2,5y IR 7
FIELD 1 (COLUMNS {e3, RIGHT=JUSTIFIED), I8
NUMBER OF ELEMENTS IN TML SySTEM INCLUDING ELECTRONS IF CONSIJERED (THIS
ENTRY WILL BE THE SAME AS CARD 1 OF GROUP 2. (EXCEPT FOR THE:- DIFFERENT

FORMAT) FOR SYSTEYS NOT CONTAINING ELECTRONS BUT WILL BE ONE! GREATER FUR
SYSTEMS, CONTAINING ELECTRONS) ' :

FIELDS 2 AND 3 (COLUMNS 4=10,11=20) FFAR, FITMOL:
CONSTANTS IN THE CURVEFIT OF FF(J) IN TERMS OF MOLECULAR WEIGHT,, .
FFCJ)S(WTM(I)/FITMOL) x#FF AR |
. FFAR AND FITMOL ARE: PRESUMED TO Bg 0 431 ANp 23,4 IF NO ENTQY I8 MADE.
FIELDS 4, S, AND 6 (COLUMNS 2130, 31«40, 4{=50) BASMOL, SIGMA, EPQOVRK
s%% NOTE FOR FIELDS 216 xas ' '

THESE VARIABLES DEFINE. THE REFERENCE. SPechs PROPERTIES FOR" FFMJ) e
(AEROTHERM FINAL. REPORT NO, 69=53, JULY 1969), BASMOL IS THE: YOLECULAR
WEIGHT OF THE REPERENCE. SPECIES, SIGMA AND EPOVRK ARE THE SPECIES
SIGMA AND EPSILON/K AS DEFINED BY SVEHLA ('ESTIMATED VISCOSITIES AND
THERMAL CONDUCTIVITIES OF GASES. AT HIGH TEMPERATURES!, NASA TR=Rei32,
1964), STANDARD VALUES DESCRIBED IN AEROTHERM- REPORT 69+53 ARE! USED

IF NO'ENTRIES ARE MADE,

FIELD 7 (COLUMNS 51=60) TF(N+#1) *xax USED ONLY FOR KR(9) = 2 WITH KR(11)
S0 KKK

ABLATION TEMPERATURE (DEG K)» ABOVE WHAICH EQULIBRIUM CHAR REMJVAL RATE
WILL BE DETERMINED, BELNW THIS TEMPERATURE;, SURFACE EQILIBRIYM 18
SUPPRESSED, AUYDHATICALLY SET TD 50,000 K IF. NO ENTRY, AN ABLATION TEMPw
ERATURE MUST BE: ENTERED IF SURFALE CHEMISTRY 18 TO BE CONSIDERED,

CARD SET 2

CARDS 1,2+3,,4s19 (ONE. FOR EACH ELEMENT, SEE CARD i, FIELD 1 OF THIS GROUP),
FORMAT (1X,A2,3A4,8F7,3) wasx USED INLY FOR KR(12)80,2,5, OR 7 ww

FIELD 1 (COLUMNS. 2e3 a%x EFT JUSTIFIEDAx%) KAT(K)

ATOMIC SYMBOL OF: ELEMENT (£ FOR ELECTRON), WITH ELECTRON LAST (WHEN
CONSIDERED), .



FIELD 2, (COLUMNS 4m15) ATA(K), ATB(KI» ATC(K)

NAME OF ELEMENT (JSED FOR OUTPUT ONLY), FOR BEST LOOKING OUTPUT, ELEM=
ENTS WITH 3 OR 4 |LETTERS. (EG,, IRON) SHOULD STARY IN COLUMN 6, ELEMENTS
WITH 5, 6, DR 7 LETTERS (EG,, CARBUN) SHOULD START IN COLUMN: S, AND ° .
ELEMENTS WITH 8 QR MORE: LETTERS (EG,. NITROGEN) SHOULD START IN COL, 4,
FIELD 3 (CDLUMNS 16222) s WATI(K) ,

ATOMIC WEIGHT OF ELEMENT
FIELD 4 (COLUMNS 23m29) TK(K,1) ’
AMOQUNT OF ECEMENT IN BOUNDARY=LAYER EDGE:GAS SEE BELOW FOR: UNITS,

. FIELDS.S YO 10 'CDLUNVS 30%36' 37=4%, 44=50, Sia57, S8wbd, 65n7[) TKEKy J)
JSZ'-’

AHDUNT‘OF ELEMENT IN PYROLYSIS GAS AND CHMAR FOR EACH OF THE THREE ALLOW=
ABLE: MATERIALS, FJELDS 5 AND 6 ARE: FUR MATERIaL {, PIELDS 7 AND 8 FOR
MATERIAL: 2, ETCy NEGATIVE VvALUES ARE. USED YO DESIGNATE RELATIVE MASSES -
DF ELEMENTS, wHEReAq POSITIVE VALUES: ARE USED TO' DESIGNATE RELATIVE
NUMBERS OF ATOMS, AS AN EXAMPUE OF THE LATTER, THE ENTRIES POR A SILICA
CHAR COULD BE' §, FOR THE. ELEMFNT SILICON aND 2, FOR DXYGEN,

GRIOUP 12 DIFFUSION FACTIR DATA (CALLED FROM INPUT)
axxx SKIP THIS GRUUP FOR KR(12)=) IR IF IT 13 DESIRED TO USE: THE
MOLECULAR WEIGHT APPROXIMATION FOR DIFFUSION FACTORS (SEE FIELDS
2 AND 3 OF; CARD | OF GROUP 14),
----..---.--“---------Q-Q---'---.-..----..--------.--.--.-.-.--.----q’-----.q
CARD 1, FDRMAT(ISJ cawak USED DNLY FOR KR(12)80 OR 2, AND THEN JNLY IF
1T IS DESIRED TO READ IN DIFFUSION FACTIR DATA FOR
ONE OR MORE SPECIES RRA KR

FIELD i (COLUMNS 1-;, RIGHT!JUSTIFIED) NFP

NUMBER OF MOLECULES FOR WHICH DIFFUSION ?ACTOR.DATA ARE TO BE: READ
(SEE: FIELDS 2. AND 3 OF CARD | OF GROUP (1),

CARD SET 2

CARDS 1.2;34...' AS REQUIRED (DIFFUSION FACTDR DATA REQUESTED BY CARD 1 OF
THI8 GROUP ARE ENTERED HERE 3 YO A CARD) FORMAT(3(2A4,E§2,4))
axxkx USED ONLY FOR KR(12)30 OR 2, AND THWEN ONLY IF THE!CDN-

DITIONS OF CARD 1 OF THIS GROUP. ARE. MET #axax:

FIELDS 1, 3, 5, AND 7'(CQLUMNS 18, 21w28, 4)e4dB, AND bimb68, RESPECTIVELY)
NFIACJ) AND NF1B{(J) IN EACH FIELD
NAME. OF MOLEGCULE: A8 IT APPEARS IN COLUMNS 73«80 ON FIRST CARD QF: 4=CARD
THERMODYNAMIC DATA SET FOR THE MOLECULE (SEEi GROUP 13, CARD SETS 2,3,
Gpeser CARD 1)

FIELDS 2, 4, 6, AND 8 (COLUMNS 9420, 29%40, 49e60, AND 69-80 RESPECTIVELY)
FF!N(J) ‘IN EACH FIELD



CGRIIUP

---..--.-----.-----ﬂ-.------'----'---.---.-.-.-..--.--.‘---.-.----.-.---------

CARD
FI

A SET OF FF(J) ARE. INCLUDED IN THE PRIGRAM, IF ANY OF THESE: ARE T0 BE
CHANGED, THE NEW VALUES FOR EACH OF THE SPECIES NAMED IN FIELDS {,3,5
ETC, ARE ENTERED HERFE UNDER THE VARIABLE. NAME FFIN(J), THEY ARE. THEN
SOR*ED BY SPECIES NAME AND ENTERED INTD THE PROPER SLDTS IN THE FF(J)
ARRAY, THESE DIFFUSION FACTORS. ARE. REFERENCED YO OXYGEN (D2) OR OTHER
REFERENCE SPECIES INDICATED IN GROUP 11, TO OBTAIN ACCURATE: VISCOSITY
CALCULATIONS USE. )

FF(J)=(SIGHA(J)*WTM(J)** 25*EPOVRX(J)2ax,0795) /(SIGMA(REF)*WTM(REF)
#x 25xEPOVRK(REF)A#,0795)

13 THENMDCHEMICAL DATA (CALLED FROM INPUT)
aaxaex SKIP THIS GROUP FOR KR(12)s] awanx

THERE ARE FOUR CARDS FOR EACH HOLECULAR, ATOMIC, CONDENSED, OR IONIC
' SPECIES, A TOTAL OF 70 SPECIES OF ALL TYPES ARE ALLOWED, THE NUMBER -
OF ALLOWABLE CINDENSED=PHASE MATERTIALS WHICH CAN BE' SIMUITANEOUSLY
PRESENT IN ANY SOLUTION IS 4, ANY NUMBER OF CONDENSED PHASE: SPECIES
CAN BE INCLUDED IN THE THERMOCHEMICAL DATA DECK, (NOTE,,, CONDENSED -
SPECIES ARE REQUIRED IN SURFACE EQUILISRIUM CALCULATIONS'FoR CONSID=
- ERATION AS CANDIDATE SURFACE MATERIALS. BUT ARE NOT PRESENTLY CONSIDw
ERED AS CANDIDATE SPECIES WITHIN THE BIUNDARY LAYER), A SLANX CARD
‘AFTER "THE LAST SET CONCLUDES THE THERMIDYNAMIC DATA, THE ARRANGEMENT
OF THESE CARD SETS IS OF CONSEQUENCE IN SO FAR AS IT DETERUINES THE
BASE SPECIES UPON WHICH MASS BALANCES ARE PERFORMED, THE FIRST INDEe
'PENDENT SET OF. BASE. SPECIES BEING SELECTED, SINGULAR MATRICES CAN RE=
SULT FROM CERTAIN 3ETS OF THEORETICALLY ACCEPTABLE BASE SPECIES DUE
TO ROUNDwOFF: ERRORS, FURTHERMORE, MASS BALANCES, ETC, FOR: THE: (NSP)TH
BASE SPECIES (SEE: CARD 'y OF GROUP: 2) IS OBTAINED BY DIFFERENCE,
THEREFORE, THE. ELEMENT REPRESENTED BY THIS BASE: SPECIES SHOULD BE
PRESENT IN APPRECIABLE QUANTITIES' THROUGHOUT THE BOUNDARY LAYER,
FOR EXAMPLE, FOR ABLATION IN AIR, MOLECULAR NITROGEN 1S A 500D CHOICE

FOR. THE (NSP)TH BASE SPECIES,

A MULTIPLE PHASE SPECIE SHOULD BE: ENTERED TOGETHER IN ORDER OF ASe
CENDING YEMPERATURE RANGES, THE GAS PHASE: AND TWO PHASES OFi ANY
COMBINATION OF SOLID AND LIQUID ARE. ALLOWED,

EXCEPT FOR THESE: CONSIDERATINNS, ATOMIC, MOLECULAR, AND CONDENSED
SPECIES CAN BE ARRANGED IN ANY ORDER, WHEN IONIZED FLOWS ARE CONw
SIDERED, THE ATOMIC, MOLECULAR AND CONDENSED SPECIES DATA 4UST
APPEAR FIRST AND BE: FOLLOWED 8Y, FIRST, ELECTRON SPECIES DATA, AND
THEN THE IONIC SPECIES DATA (WHICH CAN BE IN ANY ORDER), THE: DATA
FORMAT ACCEPTED BY THE PROGRAM (DESCRIBED BELOW) 18.AS GENERATED BY
'FORTRAN Iv PRIGRAM FOR CALCULATION OF THERMODYNAMIC DATA! DESCRIBED
IN NASA TN D=4097, AUGUST 31967,

axaxh NOTE waasx THESE CARDS ARE: NOT SEQUENTIALLN IDENTIFIED IN
COLUMNS T73»80 WITH THE SYSTEM USED ELSEWHERE,

§ +FORMAY (15,3F10,3) _
ELD 2,3,4 (COLUMNS 6215,16425,26w31) TJ(1),121,3
TEMPERATURE RANGES FOR THE TEMPERATURE: COEFFICIENTS, (DEG K)



TJ(1) =« LOWER TEMPERATURE LIMIY
TJ(2) = COMMON TEMPERATURE
TJ(3) = UPPER TEMPERATURE [ IMIT
CARD SETS 2,3,4,,,, ONE FOR EACH MOLECULE.
CARD 1 ,FORMAT (3A4, 6X.2A3,0tA? F3,00,A1,2F10,3,14X, 11)
"FIELD .1 (CDLUMNs 1ei2)
SPECIES NAME.  EX, = H20, USED FOR INPUT/JUTPUT ONLY,
FIELD 2 (COLUMNS 19=24) | -
DATE OF THE DATA USED FOR THE CURVE FIT,

FLELDS 3, 4,5.6,.,, (COLUHNG 25m26, 27-29»30~31032n3“;35n36.37-39 adaﬂt.
02-04). JAT(L), ALPY(IJ,I:& 4

"JATCI) = ATOMIC SYMBOL OF THE ELEMENTS IN THE MOLECULE (LEFT JUSTIFIED)

ALPT(I1) = NUMBER JF ATOMS DF JAT(X) IN THE=MOLECULE

FLELD 1t (COLUMN 45), JP '

" PHASE UF THE MOLECULE (S,L,G)
WHEN A SPECIES WAS. SEVERAL' PHASES THERE I8 ONE. 4wCARD SET FOR EACH
PHASE. THE SETS ARE URDERED WITH THE LOW TEMPERATURE PHASES FIRST,
(SEE DISCUSSION AT THE. REGINNING OF THIS GRDUP )

FIELDS 12,13 (COLUNNS 46n55,5heh5) SPLy3PU

SPL. = LONER TEMPERATURE. LIMIT FOR THIS MOLECULE: IN TH!S PHASE
SPU = UPPER TEMPERATURE: LIMIT POR YHIS MOLECULE IN THIS PHASE

FIELD 44 (COLUMN 80) 1c1
 ENTER A 1
CARD 2. ,FORMAT (SE15,8,15)
FIELDS 1°5 (COLUMNS 1=15,(6230,31=45¢46s60,61n73)
COEFFICIENTS ACI). 13,5 FOR CP,M,8 (SEE 3IELOW)
FIELD 6 (COLUMN 80) |
ENTER A 2 |
CARD 3~,FbRMAT (5E€15,8/,15)
FIELDS 1=5 (COLUMNS 1=15,16#30,31545,46260,6175)
COEFFICIENTS A(I).I26,7 BCI),I%1,3 FUR CP,H,S (SEE BELOW)
FIELD 6 (COLUMN B0)
ENTER A 3
CARD 4 FORMAT (SE15,8,15)



FIELDS 1wl (COLUMNS {=15,16=30,31=45,46%60)
COEFFICIENTS B(I§.1=4.7.FUR CP,H,S (SEE BELOW)
FIELD 5 (COLUMN 803
EMTER A4
THE ACL) APPLY TQ THE UPPER TEMPERATURE RANGE AND THE B(I) APPLY T0 THE
LOWER TEMPERATURE RANGE IN THE EQUATIONSe
CP/RSA(II+A(R) ATHA(I)aTax24A(UIRT4234A(5I#TnY
H/CR®TIZACI) YA CRIRT/24A (3 ATH2/34ACUI *TAAS/4+A(SIATARL/5+AC6) /T
S/REAC1IAALOGIT #AC2) ATHA(3) kT4 #2/20ACA) ATHA3/3¢A(SIATRRU/UBALT)
WHERE T IS IN DEGREES K, '

A8 MENTIOMED REFQRE THE LAST CARD IN GROUP {3 I8 A BLANK CARD (IDENTIw
FIED A8 ISLAST IN COLUMNS 73=78),

GROUP (4 kkxxn NOT USED FOR THIS VERSION aaxxs

GROUP 15 STREAMWISE: DISTRIBUTIONS. FOR EDGE: CONDITIONS (CALLED FROM REFCON):

P LR Ty D L L P e R P DL P D e L L L P L I L S L L I L D LI L L L L L)

CARD SET 1, FORMATCTE10.4) ##ax& USED ONLY FOR KR(6)54,8 warax

FIELD 1 (COLUMNS fe10), FIELD 2 (COLWMNS 11%20), EYC,s 7 TO A CARD,
PRECL), L=i,N5 (SEE CARD 3 OF GROYP 3)

RATIO OF LOCAL. STATIC TO STAGNATION PRESSURE, IN ADDITION TQ DEFINING
THE LOCAL PRESSURE, THIS DATA IS USED TO FORM THE LOCAL VELJCITY GRADe
IENT AT OTHER BODY STATIONS,

CARD SET 2, FORMAT(TE{G.4)

FIELD § (COLUMNS (=103, FIELD 2 (COLUMNS 11=20), ETC,, 7 TOD A CARD,
RADR(LI» La1,NS (SEE CARD 3 OF: GRIUP 3)

RATIO OF LOCAL TO STAGNATION POINT INCIDENT RADIATION, THIS INFORMATION
18 USED ONLY FOR KR(S®) DR KR9 OF: 4, INPUT BLANKS INTO THIS FIELD FOR
OTHER TYPES OF PRJIBLEMS, (NOTE. = NUMBER OF: CARDS IN CARD SET 2aNC- WHERE
NC. 18 THE SMALLEST INTEGER SATISFYING 7#NC: ,GEy, N3 (CARD 1, GROUP3))



GRIIYP 16 STREAMWISE DISTRIBUTIONS FOR INPUT WALL: CONDITIONS
(CALLED FROM REFCON)

CARD SET 1, FORMAT(7E{Q,4) #x* USED ONLY FOR «R(1t)=i AND KR(9)=0 1) OR 2 =%«

FIELD 1 (COLUMNS (=10}, FIELD 2 (COLUMNS 11=20), ETC.. 7 TO A CARD,
HHW(L,1)y L=21,NS (SEE CARD 3 OF: GRIYP 3)

ENTHALPY OF THE GAS AT THE WALL, J/KG,
CARD SET 2, FORMATCTEL0,4) a#axx USED ONLY IF KR(11)S0 AND KR(9)80,1, OR 2,
IF KR(9)E3 0R IF ANY OF THE KR9S2 OR 3 ##*w

FIELD 1 (COLUMNS 1=10), FIELD 2 (COLUMNS 11=20), ETC,, 7 TQ A CARD,
THll,1), L=1,NS (SEE CARD 3 OF: GRIUP 3)

WALL TEMPERATURE, DEG K

CARD SET 3, NOT USED IN THIS VERSION,
CARD SET 4, NOT USED IN THIS VERSION,
CARD SET 5, NOT USED IN THIS VERSION,

CARD SET 6, FORMAT(7EL10,4) *axs USED ONLY FOR KR(T)=0 OR 2 WITH KR(9)32 AND
KRC11)=0,1, DR 2, OR WITH ANY OF' THE KR9a2

FIELD 4 (COLUMNS §=10), FIELD 2 (COLUMNS 11=20), ETC,, 7 0 A CARD,
DO N=§,3 FLUXJCN,L,1), L=1,NS (SEE: CARD 3 OF GROuP 3)

WALL. MASS FLLUXES JF BOUNDARY=|AYER EDGE GAS, PYROLYSIS GAS, AND CHAR,

RESPECTIVELY (SEE GROUP 11, CARD SET 2, FIELD 4), KG/SECwMx#2, PDS=

ITIVE FOR MASS INJECTION,

READ IN ALL EDGE. GAS VALUES, THEN START .PYROLYSIS GAS VALUES IN A NEW

CARD AND READ ALL PYROLYSIS GAS VALUES, ETC,

xxx NOTE *ax IF N) MASS FLUXES, THE PROPER NUMBER OF BLANK CARDS MUST BE

‘ ENTERED MERE, (NUMBER OF CARDS=3 TIMES NUMBER OJF CARDS IN
CARD SET 1 OR CARD SET 2, WHICH EVER IS USED,)

LR TRANSPIRAYION COOLING RATE CAN BE SPECIFIED HERE. A3 A PYRILYSIS GAS
FLUX #nxn

GROUP 17 (CALLED FROM BLIMP)
CARD § FORMAT(A1)
FIELD 1 CCOLUMN 13, JAST
THE PURPOSE OF THIS ENTRY IS TO PERMIT o TEST ON WHETHER OR NIT A NEW



* CASE IS TO FOLLOAW, IN THE EVENT A CASE DOES NOT CONVERGE IN THE ALLOTTED
NUMBER OF ITERATIINS, AMY REMAINING CARDS FUR THAT CASE ARE READ AND
THEN IGNORED UNTILi A COMMA (,) DR A PERIOD (,) IS ENCOUNTERED IN

COLUMN 1, A COMMA SIENIFIES ANOTHER. CASE, WHILE A PERIOD

SIGNIFIES THAT THERE ARE NO CASES TO FOLLOW,



SECTION 3

CODE USAGE

The BLIMP code has been fully documented in Reference 6 and Reference 7.
Details of input, outﬁut, debug procedure, sample cases, code liéting, and Fortran
variables list for the BLIMP code can be found there. Most of that;information
also applies to BLIMPJ with the exceptions noted in this manuai,»

3.1 UNITS AND CONVERSION FACTORS

As pointed out in Section 2 , the internal units of BLIMPJ are primarily
English Engineering and the input-output units are SI. .The quantities of inter-
est for BLIMPJ and the convérsion factors used in the code are given in Table.
3.1. 1If English unit input-output is specified (KR(13)=1), the following input

changes are required:

® Group 5, card 1 - RTM (feet)

e Group 6, card 1 - HCARB, HPYG, (Btu/lbm)

o . Gfoup 7, card 1 - Staénation Pressure (atm)
card 2 - Stagnation Enthalpy (Btu/lbm)
card 3 - Radiation Flux (Btu/sec-ft?)

° Grbué 9, card 1 - Total Heat to Walls (Btu/sec)
card set 3 - Enthalpy (Btu/lbm)
card 6 - GW (Btu/lbm) N

°® Group 16, card set 1 - HW (Btu/lbm)

card set 2 - TW (°R)
card set 6 - FLUXJ (lbm/sec-ft?)

The output heédings will remain in SI units. Most of the quantities in the out-
put will have the English units corresponding to the SI units shown in the oﬁtput
headings. The appropriate English units can be easily identified by referring
to Table 3.1. The exceptions to this (for English unit output only) are given

below:



) Pressure is in atmospheres

° The isentropic edge calculations are output in the folléwing units
Cp = cal/gm - °K
'Tgmperétﬁrg - °K
Pressure - atm
Enthalpy - cal/gm
Entropy - cal/gm-°K
Vel_qcit;y - ft/sec.

. .Density - lbm/ft?

' TABLE 3-1

CONVERSION FACTORS

ST Multiply By To Get English Engineeriné
kg/m? UCD (0.062427962) " 1lbm/ft® (density) -
joules/kg UCE (4.3021-04) © Btu/lbm -
meters UCL (3.28084). . feet (length)
kg UCM(2.2046226) ~lbm (mass) _ ‘
N/m? UCP (9.86923-06) Atmdsphereé (pressure)
joules/m? UCR(8.8114-05) Btu/ft? o
N/m? UCS (0.020885434) 1bf/ft? (shear)
°K - .7 UCT(1.8) °R (temperature)
N-s/m? UCV (0.671968995) "1lbm/sec~ft (viscosity)
watts .0 - - 9.4845-04 Btu/sec ‘ '

N T ; 0.224809 1bf

3.2 MACHINE REQUIREMENTS
Core usage:
Code:’ 20,059 (decimal words)
Data.: .32,145 fdécimal words)
Unit assignments:
' Read 5 “
Write 6>

Punch 7



Scratch 18 (3000 decimal words, drum)
Scratch 19 (3000 decimal words, drum)

This version of the BLIMP code has been checked out for execution on the
Univac 1108 Exec 2.and.Exec 8 systems. Other versions of BLIMP have been exe-
cuted on CDC 5600. Primary sources 6f difficulty for conversion.ofjthis_vérsion
to CDC 6600 are division by zero, zero core before execution, and'the namelist
feature; ' ' ’

3.3 SELECTION OF AXIAL SOLUTION STATIONS

The choice of how fq?:to step in the axial direction betWéen'sblution'
stations is cause fdr some concern. While there is no rigorous procedure for-
choosing the solution stations it is hoped that the following qualitative dis-
cussion will be helpful to the new user of BLIMPJ. As in many caées, experience
is the best teacher. ' '

A In general there are three features of the flow which should influence
the choice of stations.:

® Discontinuities in geometry

~® Discontinuities is wall conditions

(ex. start of blowing or ablation)

® Pressure Distribution

3.3.1 Discontinuities in Geometry

Discontinuities in geometry arise primarily from abrupt changes in wall
angle which lead to changes in free stream_conditioné (ex. the pressure gradient).
These discontinuities can usually be treated by placing a solutijon sfation at
the discontinuity and identifying that station with a minus sign as described in
group 3 of the input instructions. ' ' ‘

3.3.2 Discontinuities in Wall Conditions
The beginning and end of regions of blowing or ablation, or other drastic
éhanges in wall conditions should be treated as discontinuities. They can best
| be treated by placing‘splution stations close together and on either side of
the discontinuity and marking both stations with a minus sign. This has'two
effects. First, it stops the curve fit of edge conditions ét'the discéntinuiiy;
and second, in the case of KR(3) = 2, it shields thé downstream solution in the
new region from the solutions in the old region by restricting the backward
idifferenciné to the solutiqns at the discontinuity.. If the stations are too
close together, difficulty in convergency may occur. Sample case 6.3 is an
example of this for a change in wall material. '

3-3:



3.3.3 Pressure Distribution

The selection of solution stations with fesPect to the pressure distri-
butibn influences the solution through the calculation of the streamwise deriv-
atives of the pressure and the free stream velocity. (Both of these terms
appear in the momentum equation.) The difficulty arises from the method of

calculating these gradients. Presently there are two methods available. [See
KR(3) options.]

Use of the linear option [KR(3) = 3, 4, or 5] is less likely to lead to
trouble, but is also considerably less accurate in highly nonlinear regions.
Derivatives at a station are computed as the average of the linear slopes to

one station forward and to one station backward (Figure 3.1).

Dy
=1 <
y v P2
po <1
D, +0D
_ b °f
O =—2—
/
X RT

Figure 3~1. - Linear Derivative |

The gquadratic option [KR(3) = 0, 1, or 2] is more accurate but can give

erroneous results, particularly in regions of large curvature. The derivative

at a station is the weighted avérage of the derivative calculated from a three

poin£ backward quadratic, a three point centered quadraﬁié, and a three point
forward quadratic (Figure 3.2). The derivative of each quadratic is

o,

Figure 3-2. Quadratic Derivative

evaluated at the station in question (0 in Figure 3.2) and the derivative at the
station calculated from T




In regions of large curvature the forward or backward quadratic can be

in error as  shown by the example below.

-2 !l
! D
e

In this case the large'positive derivative from D

Plp

Figure 3-3. Quadratic Derivative With Error -

p, Would outweigh the .

contributions from D_. and DC and lead to errors.

f

As ‘a guide to the user the following suggestions éfe offered.

1.

Select the distribution of solution stations by referring to a
graph of P/P_ Vs. X (or S/RT)' (This is in additon to discont-
inuity consideratiofs.) ' '

Decrease the interval between points in regions of lérge

a%p
ax?

dp ' '
45§ and large

Check the output values of B(the streamwise derivative of edge

du
dx

‘velocity). For rocket nozzles it is expected that — >.0

therefore, it is negative values of B where positive values
are expected that indicate a poor selection of solution stations.

Use the linear option [KR(3) =.3, 4, or 5] and select the
solution stations so that the average linear slope is a good
approximation to the slope of the g%-curve.

It should be stressed that accurate evaluation of the pressure gradient is of

utmost importance to reliable solutions, and every effort should be made for

a proper choicé of the solution stations.

3.4 - RESTART/FIRST GUESS OPTION

An option [KR(2) = 3] is available for restarting BLIMP at any solution

station. This option is useful for continuing a solution which has been stopped

during execution. (For example, exceeding the time limit or faulty data'down-

stream of the selected station.) Restart should be used with care ‘since there

is some loss of accuracy at the restart station. It is important that the

restart station be a valid .solution station since the input is accepted as the



solution. The card punch options (KR(8) = 1,2) should not be used with restart
if the restart station is downstream of the throat since the normalizing factor,

throat radius, would not be corrected for displacement thickness.

A potential problem associated with the restart option involves turbu-
lent transition. This version of BLIMPJ has a transition length. for the devel-
opment of a fully tﬁrbulent boundary layer. This length is equal to the length
upstream of the station at which the turbulent transition criterion (Reg) is
exceeded. A RESTART should not be made at a station in this region. For re-
starting in the fully turbulent region the transition Reynolds number should A
be input as zero.

The option for inputting a first guess at the first station (KR(2) = 1)
is useful for starting those problems which have well developed tufbulent pro-
files. The built-in guess can lead to an excessive number of iterations for-
such cases. This option is also useful for starting those problems which have
a large degree of nonsimilarity in streamwise solutions. However; it is very
difficult to provide accurate profile information without careful calculations
or output of a previous solution. A reasonable first guess frequently can be

obtained from the output of a previous, similar problem (sece sample case 6.2).

The additional input for-restart or first guess is described in group 9
of the input instructions. For restart this information can be obtained from
the output at the restart station. If the restart station is also a refit
station, the values of ETA and the nodal distribution of F(2,I), G(1,I) and
SP(1,I,K) are those of the refit output. The starred quantities on the sample
output (Figure 3.3) that follows are those used in réstart. The input ETA
values must agree with those used for the solution station.

3.5 NAMELIST INPUT AND GEOMETRY CONVERSION (SUBROUTINE GEOM, CALLED BY RECASE)

In order to facilitate the input of various wall contours, subroutine
GEOM is provided to accept a wall contour input as (X, Y) coordinates in name-
list form. These coordinates are then used to calculate the wall distance, _
which BLIMP uses for its solution procedure. Up to 500 coordinates can be read
in. The wall distance between pairs of points is calculated from the Pythagorean
theorem.

Y.
As = [ax2 + ay?2}”?

In addition, the wall angle is calculated and those points selected as solution
stations are passed back to calling program (RECASE). The entire geometry in-
formation is then written onto a scratch file (Unit 18) for later use, if nec-
_essary, in ROCOUT.



STATION

ITERATED VALUES

I1s

VM EWN -

*

TIME  ALPH
1,00221,920
2,49022,537
3.50622,675
4,50822,689
5,047722,690

ALPHA R

*

DAMP  MAX,LIN  MAX,ERRORS IN CONSERVATION EQS; -
FPPN ERROR MOMENTUM ENERGY H o

2,9411 (4999 8,006 7 wd 0401 & =1,0400 9 =9,6m05 0
3,62031,0000 4,205 6 =2,4401 3 =4,2¢403 9 =7,8-05 0
3,73411,0000 3,005 7 B8,8400 3 of,4403 9 #],2#08 0
3,74981,0000 6,006 5 =1,1400 2 »1,5402 9 w1,2#08 0
3,75151,0000 8,206 5 ={,2%01 2 =),6401 9 1,705 0
ADIUS  PRESSURE €DGE VEL, BETA

(METERS)

(N /7M2)

M/SEC

1465003 3,767°03

MEAT FLUXES (WATTS/M2)
DIFFUSIONAL TOT ENTH RERAD

24269401 2,130=01 1,984407 3,768402 7,858e01 B8,970407 8,970¢07 0,000

GP

J/KG)
2,352407
2,409407
1,560407
5,912¢06
2,833406
1,179+06
3,5368405
2,120405
1,934405
1,117+05
1,070+05
0,000

MOLECULAR -

WEIGHT

1,411401
1,411+408
1,411408
1,411+014
1,411¢01
1,4114014
1,40840%
1,400401
1,368401
1,371¢01
“1,363401
1,355¢01

WALL MASS FLUXES (KG/SEC=M2)-
SHEAR  MECHANICAL PYROL CHAR  TOTAL GAS HYDROGEN  OXYGEN
(N /M2)  REMOVAL GAS :
2,797¢03 0,000 0,000 0,000 0,000 ©8,573%06 8,573e06
MOM TRANS HEAY TRANS " BLOWING PARAMETERS ELEMENTAL MASS TRANSFE
COEFF, COEFF, (NORM, BY RHOE®UE«ST) FOR CH,
CF/2 ST NO, PYROL GAS CHAR  TOTAL GAS MHYDROGEN. OXYGEN
2,218#03 2,442003 0,000 0,000 0,000 4,324»03 4,297<03
MOMENTUM DISPLACE, EFFECTIVE ENTHALPY REYNOLDS MASS THICKNESS (M) FOR
THICKNESS,THICKNESS, BODY  THICKNESS, NUMBER
THETA DELSTAR  DISPLACE, LAMBDA PER METER HYDROGEN  OXYGEN
(M) M) (M) () :
24412904 Q,896%05 4,896%05 3,452%04 U4,047407 «1,579=0] =1,56801
TOTAL. HEAT THRUST
10 WALL (LT
(WATTS) (N)
1,290¢07 - =8,4359+02
" NODAL INFORMATION ' -
ETA ~ DISTANCE r U/VE FPP SHEAR G, TOTAL
FROM waAll ' ENTHALPY
(METERS) t * (N /M2) (J/KG)
0,000 . 0,000 2000 0,000 3,751400 2,797+403 »1,167407
1,266203 - 5,164e07 §,526w03 1,055«01 3,594400 2,794403 =1,099+07
3,065003 1,464%06 B8,344e03 2,166%01 1,847400 2,791¢403 «1,018407
7.889903 4,721%06 4,059#02 3,497«0f 5,851e01 2,778403 =8,998+06
C 1,533w02 1,065205 §,065=03 4,216e01 2,665+01 2,759403 =8,260406
3,615%w02 2,955%05 3,294e01 5,097%01 1,067«01 2,708403 =7,312406
1,280w01 1,281%04 §,569¢00 6,521=01 2,984=02 2,484¢03 =5,714406
3,903=01 4,554=0a 5,895+00 7,878%01 1,576=02 1,910¢03 =4,031¢06
6,018008 -8,032%03 1,062¢01 B,700w01 §,310002 1,355¢403 »2,876¢06
1,000400 1,340m03 1,806¢01 9,500001 6,570003 5,888¢02 «1,635406
1,196400 1,650203 2,239¢01 9,774=01 5,637=03 2,413402 «1,145¢06
24500000 3,767+03 - 5,201¢0% 1,000400 0,000 0,000 »0,950405
DISTANCE DENSITY - VISCOSITY SPECIFIC  THERMAL  PRANDTL MODIFIED
FROM WALL RNO MU HEAT COND, NUMBER  SCHMIDT
(METERS) (KG/M3) (N ®3/M2) (J/KGeK) (WATTS/M weK) NUMBER
10,000 G,079¢01 3,080~05 2,603¢03 1,5d5-01 5,189«01 6,681«0t
‘59163707 3,121401 3,675%05 2,792¢03 1,955%01 5,247"01 0b,681=01
1,364006 2,479401 4Q,277°05 2,988¢03 2,417=01 - 5,287e01 6,6B81901
4, T21e06 1,939¢01 5,028=05 3,200+03 3,029«01 5,318=01 6,681#01
14065605 1,71740% 5,4u9=05 3,309+03 3,384a01 5,328=01 6,681=01
2,955=05 1,503401 5,947¢05 3,418+03 3,811«08 5,334«01 6,681=01
1428¢m08 1,255¢01 6,694=05 3,552903 4,460"01 5,332°01 6,683+01
4,554w08 1,084401 7,350%05 3,643403 5,043=01 5,312=01 6,693=01
8,032e04 1,002401 7,719=05 3,685¢03 5,380.0! 5,286«01 6,708=01
1,300#03 9,320400 8,052~05 3,717+03 5,704=01 5,247«03 6,730=01
1,650w03 9,084900 8,169-05 3,728¢03 5,824«01 5,228=01 6,740=01
3,767203 8,883400 8,270-05 3,736¢03 5,931«01 5,210e01 6,750~01.
DISTANCE FROM WALL,METERS
0,000 S,168w07 §,460e06 4,721w06 §,065%05 2,955=05

1,281%04

" QCOND

8,966¢07

R COEFFICIENTS,

' GPP

(J/KG)
. 1,954¢07
=2,079¢08
=8,849+07
-1,823407
~3,502¢06
=3,957405
-2,383¢04
=3,271+403
1,004404
~1,051¢03
*1,139¢404
4,148¢03

MACH
NUMBER

0,000

§,429=02
8,17402
1,177w01
1,360-01
1,52201
1,791=01
2,028~01
2,163-01
2,287-01
2,325+01
2,354#01

4,554~04

3ewnnooemeov AXJAL POSITION =,20486400 METERS = = » = =17 DEC 73 22143115

ELEMENTAL MASS DIFFUSIVE FLUXES (KG/SEC=M2) FOR

STATIC
ENTHALPY
(J/KG)
=1,167407
=1,099¢07
=1,018¢07
«9,0074+06
=8,272+06
=7,331¢406
«5,745+06
~4,075¢006
«2,930¢06
] ,6994+06
=1,2134006
®7.659+05

8,032=04

TEMP

(DEG K)
8,250402
1,078+03
1,358+03
1,735+03
1,961403
2,239+03
2,678¢03
3,080¢03
3,307¢03
3,910403
3,580403%
3,640003.

14340%03



ELEMENTAL FRACTIONS AND THEIR FIRST AND SECOND DERIVATIVES WITH RESPECT TO ETA

H §,42901 1,429%01 1,429«01 [,429«01 1,429«01 {,329¢01 1,42980f 1,429=01 §,429%01 1,429«0¢
1,429201 1,429~01 . ) -
-1,369;0:0315309;52002,919-07 2,548409 1,478408 8,914=09 8,17809 3,260-08 2,496%08 4,120=08
wly - . .
w3 862206 u,sxz.és v2,603206 7,202208 w},282008 «3,530010 4,103009 ~1,341=09 1,996209 =1,906=08
w1,386e09 4,505=09 .
o] 8,571=01 B8,571e=01 B8,571=01 8,571«01 8,571e01 B8,571+01 8,571»01 B8,571=01 8,571«01 8,571+01
8,571=01 B8,5Tt1=0i ‘ -
1,369=06 1;059-55 *2,919#07 =2,50809 ) 478208 nB,914n09 =8,178=09 =3,260m08 «2,496-08 =4 ,120008
4,608=08 0,000 . :
3,362=06 .a,stz-&s 2,603006 =7,202e08 1,282008 3,530010 =d,103209 1,341+09 «1,996=09 1,946=08
1386009 w§,505e09

MOLE FRACTIONS
H 2,792¢43 5,577=10 9,359<08 7,175+06 4,33605 2,455=04 },835#03 7,025+03 1,305-02  2,127=02

2,490%02 2,838e02 .

o 6,233028 1 ,705020 1,723¢15 2,917e1f {,642009 7,852008 6,926e06 1,351=04 5,193%04 {,454«03
2,006=03 2,608e03

02 1,227927 2,826w20 2,586¢15 4,062e11 2,221w09 1,033=07 8,816%06 §,663~04 &,182204 1,647+03
2,219=03 2,818.03 .

H2 2,043201 2,843#01 2,443e01 2,443001 2,062w01 2,8402=01 2,437e01 2,432«01 2,438=01 2,459~01
2,471»01 2,484=91 . . ' .

oM 3,636=16 6,594=12 4,806w09 1,250«06 1,204e05 1,125°08 1,433«03 7T,666=03 },627=02 2,870e02
3,418=02 3,936.02

H20 7,557#01 7,557=01 7,557-01 7,557=04 7.557~01 7,555=0% 7,530%01 7,418-01 7,258-01 7,011%0}

6,896=01 6,7B84201

REFIT CALLED

x b 4

. S *
1 Teraen U/UE 6C1 1) T SPC1, 1,10 SPCL,I,2) SPC1,1,3) SPU1,1,4) SPC1,1,5) SPC1,1,6) SPCL,I,7) SPC1,1,8)

0,000 0,000 . =1,167¢07 1,429%01
5,932204  5,091%02 =1,135¢07  {,429=01
1,048=03  1,18901 +1,089407 1,829=01
3,913203  2,524%01 =9,881406 1,429=04
7.912%03  3,6488e01 =9,002¢06 §,429=01
2,040m02 4,506e0] 7,955¢06 §,429=01
B,148202 5,986=03 =b,325¢06 ) ,42901
2,989401  7,517#01 =4,500406  1,429-01
5,759+01 8,502%01 ~3,162406 1,429-0%
10 1,000000 9,500201 =1,635¢06 1,429-01
11 1,220400 . 9,804=01 <1,088¢06 1,029=01
12 2,500000 1,000000 =6,950405 1,429+0%

OP~NT NN



3.6  CORRECTED BODY CONTOUR (SUBROUTINE ROCOUT)

Available as an option (KR(8) = 1,2,3), this subroutine calculates a
corrected body contour which can be output onto punched cards for use as input
to TDK.

The KR(8) = 1 option calculates and punches the inviscid flow contour
which should be used for TDK input for a specified, and different, nozzle con-
tour (which has been input to BLIMPJ). The inviscid contour is calculated from

= - *
RI RB GB cos ¢

where R_ is the inviscid contour radius, R_ is the nozzle radius (input), ¢&X*

I B B
is the body displacement thickness and ¢ is the wall angle (see Figure 3.1).
+ —_—
Figure 3.4. Corrected Contour KR(8) =1
The KR(8) = 2 option calculates and punches the desired body contour if

the input contour is the inviscid flow field contour. The body radius is cal-

culated from

= -+ *
RB RI GB cos 9§

where the terms are the same as above except that R
BLIMP.

T is the input contour to

In both cases the contour is normalized to the throat radius (the minimum
radius) and the axial coordinate is zero at the throat. Also, the contour from
the throat to the last BLIMP solution station is punched in a form suitable for
TDK input.



The KR(8) = 3 option calculates both of the above quantities; however,
there is no punched output and the input throat radius is used as a normalizing

factor for the printed output.

3.7 NODES AND STATIONS

BLIMP is limited to 40 streamwise stations and 15 nodes at each station.
The nature of the integral matrix solution procedure used in BLIMP does not
require close spacing of nodes or stations, and it has been found that the
above limits are more than adequate for almost all problems. In addition, the
use of the REFIT option, described in Section 4, to maintain optimum nodal lo-.
cation eliminates the need for an excessive number of nodes to account for

changes in boundary layer profile shape.

3.8  TRANSITION REYNOLDS NUMBER

The transition to turbulence is determined by comparing the momentum
thickness Reynolds number, Reg, with an input transition value. It'is not pos-
sible to give an appropriate transition value for compressible, highly accel-
erating flows. A flat plate, zero pressure dgradient value of Ree = 360 serves
as a nominal guess. It is known that for accelerating flows the transition
value increases. The value selected will depend on the particular problem

under consideration.

3.9 DUMMY SUBROUTINES

There are several dummy subroutines included in the program which can
be replaced with the appropraite system subroutines if it is desired. The
easiest way to do this is to have the dummy routines call the appropriate sys-
tem routines if the system routines have different call names. The dummy rou-

tines and their appropriate function are listed below.

Subroutine Name Function

B30D TLEFT Call the system to get time re-

maining for this job

B30E DATA Call the system for date
B30F TOD Call the system for time of day
B30G SECOND Call the system clock for elapsed

run time in seconds



3.10 EXECUTION TIME

The primary contribution to the execution time of BLIMPJ is the inversion
of the matrix for the nonlinear equations of the boundary layer. This is done
once for each iteration and most solutions require three to five iterations;

The biggest factors in the inversion time are the number of elements and the

number of nodes. The effect on inversion time is shown below.

m
I, = [ + 1)N + 3]

where K is the number of elements, N is the number of nodes, and m is between 2
and 3. To economize execution time every effort should be made to eliminate
elements that exist in trace amounts.

A second cohtributor to execution time is the number of chemical species
input in group 13. The program will automatically eliminate those species which
contain elements not identified in the elemental composition. However, the user
should make every effort to eliminate those admissible species which will exist

only in trace amounts.



SECTION 4

-NébAL DISTRIBUTION REFIT OPTION

4.1 INTRODUCTION

_ A new optlon has been developed for the BLIMP code which w111 change the
values of_the independent variable, n, (ETA(I), the nodal dlstrlbutlon across
the boundary layer) during code execution. The purpose of this optlon'is to
provide a means for'maintaining an optimum nodal distribution fof problems'which
include nonsimilar effects including transition to turbulence, blowing, pressure -
gradients, long streamwise running lengths, etc. This readjustment is accom- .
plished while preserv1ng the fundamental characteristics of each proflle, namely,
"basic profile shape, wall and edge derivatives, and 1ntegral properties. Poten-
tially a number of bases may be identified for selecting nodal distributions
and for making decisions relative to changing the existing distribution, e.g.,
‘mapping of any one of the velocity, temperature, and specie profiles. However,'
since adequate mapping of the ve1001ty proflle is the most commonly encountered
problem, a selection criterion based on this parameter has been implemented, and
the identification, evaluation and implementation of any‘other possible cfiterla
has not been pursued at this time. Initially the selection critefion has been’
based upon malntalnlng a desired (specified) velocity ratlo distribution across
the boundary layer. For nonsimilar turbulent flows, for example, the nodal dis-
tribution will change as a function of distance to account for the changes in
velocity profile shape as the turbulent layer develops. The decision to refit
is made following a converged solution and is based on whether or not the newly
calculated velocities vary by more than a selected ratio from the de51red values.

The REFIT procedure is currently valid for all forms of curve flttlng
across the boundary layer (KR (10)), i.e., all quadratics, quadratics with a
final cubic and all cubics. Finally, as a result of the basic features of the
REFIT option, it is possible to change the number of nodes used to describe the
boundary layer. This latter capability has been programmed only for the case
of transition from laminar to turbulent flow, as a means for eliminating the un-
necessary and expensive extra nodes from laminar calculations. As such, this
option is limited to this application; however, potentially it may be programmed
for more general application. The REFIT option is limited to a maximum of 15 -
nodes; however, as might be anticipated, the ability to maintain a more optimum



. distribution of nodes makes it possible to solve most problems using fewer nodes

than normally required without ‘REFIT. For example, for some long streamwise
length, turbulent flows, it is either very difficult or impossible to estimate
in advance the best distribution for the entire length using all 15 nodes. With
REFIT, it is possible to achieve good results with minimal selection of desired
velocity ratios using 12 nodes. Since solution times vary foughly as the number
of nodes squared, this represents a saving of 40 percent in computer time, some
of which is used in the refitting operation.

4.2 BASIC PROCEDURE

A descriptién‘of the basic procedure is as follows. A new input switch
(KONRFT) is added to thevBLIMP code (in RECASE). 1If KONRFT is greater than O,
the REFIT'option will be used. 1In this event, a set of desired values of the
vélocity ratio, u/ue (FZFiX(I)) must be read in. These represent the desired,
fixed valueslof u/ue as a function of node number. This set of values is se-
lected based on such considerations as keeping nodes within the laminar  sublayer
for turbulent flows (ﬁ/ue < ~0.05); maintaining good spacing in the middle ve-
locity region where integral guantities are strongly affected; and, finally,
definin§ and maintainingrgood spacing'at the outer edge to prevent overshoot of
the profile. (Note that this latter goal is one of the advantages of the REFIT
method since tﬁe nodes between the fixed node (KAPPA) and outer nodes are tied
to desirgd velocity ratios which are less thah 1.0).

The capability to change the number of nodes (NETA) across the boundary
layer has been added. Currently this is associated directly with the onset of
transition from laminar to turbulent flow. The switch KTURB (also read in RECASE)
determines if this suboption is to be employed. For KTURB = 1 the number of nodes
will be changed following the first turbulent solution for transition based on
Ree, momentum thickness Reynolds number. The BLIMP code assumes a finite tran-
sitional length which is equal to the streamwise length prior to onset of tran-
sition. Consequently, the first turbulent solution is still effectively a laminar
solution because the transitional factor applied to the eddy viscosity is - equal
to zero. Thus the laminar nodal distribution is adeguate for the "turbulent"
part of the solution at the first turbulent station.

Following a converged solution (at the end of OQOUTPUT), the REFIT is called
if KONRFT > 0 and either IS = 1, the ratio criterion is exceeded, or the number
of nodes is being changed. At this point, the n values and all the primary bound-
ary layer variables and their derivatives are passed to the main subroutine (REFIT)
of the new option. This package first takes the existing distribution u/ue(I),
consisting of ETA (I), F(2,I) and derivatives, generates the quadratic and cubic



curve fit coefficients consistent with the curve fit option used in BLIMP (KR (10))
and then solves for the new locations of the ETA nodes based on the F2FIX values.
Additional points are generated in each new polynomial segment (NPOINT per seg-
ment) and these date points) together with the following constraints, are gener—
ated in the subroutine POINTS. . ‘

1) Connecting'curves must have equal function values at the neﬁ‘node.

2) Connecting curves must have equal first derivatives'(spline fit) at
the new node. ’ i

3) Conhecfingvcurves'must have equal second derivatives-étAthe new nodes
if the curve option is all cubics, KR(iO) = 0. The function value
and the n value must be maintained at the first and last hodes,,

4) The first derivative value must be maintained at the first and last

node (except for all quadratics, KR(10) = 2, for which the outer de-
rivative must float). o

5) The function value and the n value must be maintained at their CBAR
"and KAPPA values. I

These data points and constraints which define fhe old curve together
with the new n values are then operated on by a series of subroutines (FISLEQ,
. FILQ3, FINEQ, and FILQ5) which perform a least squares curve fit. The results
of this operation are returned to BLIMP as the new values of F(2,I), E(3,I) and
F(4,I) at the new values of ETA(I). This process has been selected specifically
to preserve the important characteristics of the profile, namely the derlvatlves
at the wall and all integral quantltles.

In identical manner, the other dependent variables, i.e,, G(1,I) and
SP(1,I,K), are adjusted to the new values of ETA(I). Note that the redistribu-
tion of n is based on an input u/ue selection criterion; once this has been com-
pleted, ~all other variables are adjusted to this new distribution. This is the
only selection criterion considered at this stage of development.



SECTION 5

OUTPUT. o .

Thls sectlon contains a description of the important and/or new output

in BLIMPJ.

Much of the output is self- explanatory, ‘and a complete descrlptlon

.of the output can be found in Reference 6 or Reference 7.

5.1  OUTPUT SUMMARY

In genefel'the‘output consists of the follouing sections:

‘turbulent parameters

_Program heading, control optiohs, input stagnation conditions, and

s

Edge gas composition and the input thermodynamic curve fit data

A list of the elements, the associated base species, and transport

fproperty calculation procedures

THe‘one—dimensional, isentropic edge ‘expansion for the stagnation -

conditions and each solution station
Summary table of wall and edge conditions

Boundary layer solution, station by station, nodal iﬁformation in
detail, and REFIT output

Corrected contour summary for use in connection with TDK program.

It should be noted that the entire input data is not printed as part of

the output.

It is recommended that the input be listed for use in identifying

errors and preserving the input details for later reference.

5.2 SPECIAL OUTPUT FOR BLIMPJ

5.2.1 Total Wall Area

The wall area calculation is an approximation to the actual wall area

and 1s based on trapezoidal integration between BLIMP solution stations of

Si
A =.f 2nrds

5o



where Si is the wall ‘length at station i and So is the wall length at the first,
or restart, station. The wall area calculation is valid only for circular cross

-section nozzles,

5.2,2 Total Heat to the wall

- The total heat to the wall is calculated by trapezoidal integration be-
tween BLIMP solution stations of

Si
Qw = J~ 2mrqgds

~ where Si and So are defined in Section 5.2.1 and g is the net heat flux per unit
area to the wall.-

'5.2.3 Thrust Loss (AF)

. P&*
AF = anpeuée cos ¢ < - 5__5?)
. p.u
e e

This represents the thrust loss due tb‘boundary layer effects for a circulaf
croés section nozzle. All of the terms in the equation above are taken from the
BLIMP solution at the station of interest. The subscript e refers to edge gas
values as calculated by the isentropic expansion performed by BLIMP. (Note that
-these'edge values may not be the same as those calculated by TDK.)

5.2.4 Station Contour Summary

‘The option KR(8) # 0 causes printout and punch of contours corrected for
the effects of displacement thickness. Details of this option are contained in
Section 3.6. The station numbers printed out refer to the input TDK contour sta-

tion numbers.

5.3 ISENTROPIC EDGE EXPANSION

Most of the information presented in this output is self-explanatory,
with the following possible exceptions. '

® CP-FROZEN - Specific heat calculated from the mass fraction and spe-

cific heat of each specie at the specified temperature.

CP-FROZEN = ZKiCpi
i



CP-EQUIL - Specific heatfcalculated from-%%> and allowing for
changes in composition P

CPequar T T

S . 3K,
= D K.Cp. + 2h, ——1->
i 1 h 1 p

MMA = 34nP\ - -
GA - (Bﬂ,np)s

.MACH NUMBER . = Ue/V(BP/Bp)s

5.4 . SUMMARY TABLE FOR WALL AND EDGE CONDITIONS
The following quantities appear in the summary table and need some expla-
nation: '
° XI, (Kg/sec)**2 - The normalized internal streamwise coordinate defined
by
s
_ 2K
£ _';f UePelet ds
o -
where k is 0 for two-dimensional nozzles and 1 for circular cross
section nozzles. ) ‘ ' ' ' o
° RADIUS: - ‘Local nozzle radius except for KR(6) = 3 option which causes .
output of 0.3048 meters ( = 1 foot). '
° BETA - Representative'of-the pressure gradient,
. d!Lnue
B =2 Ftne
e COMP FLUX, KG/SM2 - Input wall flux ofAboundary layer edge gas, pyrol-
' ysis gas, and char gas.
5.5 ‘'BOUNDARY LAYER SOLUTION AT EACH STATION

For each solution station four groups of information are output:

Iteration summary

Integral properties and wall conditions

‘Nodal information

Refit information



5.5.1

Iteration Information

The iteration information shows the progression toward a solution. Most

of this information is useful in locating convergence errors. For normal solu-

tion the values of ALPH (the coordinate stretching parameter) and FPPW (the‘

normalized velocity gradient at the wall) should stabilize before convergence.

The DAMP term reflects the allowable correction for each iteration and should

have a

in the

5.5.2

of the

value of 1.0. Very small or zero values of DAMP. indicate that the error

solution is very large and that convergence may not occur.

Integral Properties and Wall Conditions

The following definitions will be helpful in understanding this section
output: ‘

) ALPHA - Coordinate stretching parameters ALPHA (0.)., ETA(n), and y
(the physical coordinate) are related through

K
n = F e fyody
av2g o

™ Diffusional héat flux - heat flux to the wéil due £ovdiffusion, mass
diffusion included ' '

° Total enthalpy flux - net enthalpy flux to wall; diffusional heat
flux less the energy convected away from the wall by blowing

® RERAD - reradiated heat'flux

-

) QCOND.—A ay

wall

° Blowing parameters defined by

- m

B' = —9__
g p_u_ St
. e e

where ﬁg is the mass flux of pyrolysis gas, char gas, or total gas
"at the wall

@ Transfer coefficients

- W
Cer2 = oo



- TOT ENTH

St ="
(u) (G, - G.)

MASS DIFFUSIVE FLUXj
j = K. = K
J ‘ (peue)( je ij

CM

where Kj is the mass fraction of element.j

° Momentum thickness, enthalpy thickness, mass thickness .

. ’ e ou ' '
Thickness =4[ ~~—— (p_ - P )dy/(P_ - P )
o u e w’ e w

w ee :

-

where P is either u, G, or Ki

. . e
° Displacement thickness = jﬁ (1 - ppz ) dy

o e e

e Effective body displacement .- same as displacement thickness for no
blowing cases. In the case of blowing, this parameter gives‘the:in-
viscid flow field displacement.

5.5.3 Nodal Information

The values of the primary variableé} tﬁeir derivatives, and seVeral.dé—-
rived quantities are given at each node. First derivatives are denoted by P and
second derivatives by PP. All derivatives are with respect to an. F is the
stream function and G is the total enthalpy. The thermodynamic Prandtl number

is based on frozen specific heat. The modified Schmidt number is a Schmidt num- -

ber based on the self-diffusion coefficient for a fictitious species representa-
tive of the system as a whole. The term RHOSQ*EPS/RHO*MU is the ratio of the
turbulent viscosity to the molecular viscosity.

5.5.4 REFIT Information

If the REFIT option is called, the new values of ETA and the_primary var-

iables are printed out. This information is particularly useful for RESTART in-

put.



SECTION 6

) SAMPLE CASES.

6.1 SAMPLE CASE 1 - ROCKETDYNE 2-D NOZZLE

This problem is an 02/H2‘rectangular cross section nozzle that was test
fired by Rocketdyne. This problem is relatively straightforward and the input
is typical of this type of problem. ifﬁe real: body contour, calculated pressure
distribution, measured wall temperature, and stagnation conditions were provided.
A complete listing of the input data is given and the pressure distribution and
wall temperature are shown in Figure 6.1. The selected solution stations afe
also shown in Figure 6.1. Two point differencing with no discontinuities was
used (KR(3) = 1). The corrected inviscid flow field contour was punéhed (KR(8) =
1) and a listing of the punched cards is provided. (Notice that the punch out-
put starts at the nozzle throat.) The boundary layer was assumed to Le fully
turbulent at the first solution étation. It was'also QSSumed that the boundary
layer upstream of the first solution station was develbping over a combustihg
liquid layer. For this reason an artificially long starting length was selected

to increase the boundary layer thickness at the first station. .

‘Stagnation conditions for this case are:

4.6182406 N/m?

P =

o

T = 3570°K (H = 9.0948+04 J/hg)
MR = 6.15

Following the input data are parts of the program output. Included are
the program heading, the thermochemical data for the species of interest, several
of the free stream chemistry solutions, a summary of edge and wall conditions at
each solution station, the boundary 1aye£ solutions at the first and last stations,
the corrected body contour, and a listing of the‘punched card output. Since this
ié‘a two-dimensional nozzle, references to radius. are, . in fact, references to »

the contour coordinate y. -
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LIST OF INPUT DATA

CASE 1
10400321210202000000 TEST CASE ROCKETDYNE = PUNCH = R=DELTA*COS 01100
2. _ 02100
19 03100
14,25 A 03201
49 30 . _ ' o 03300
9 12 16 _ 19 21 2% 25 27 29 31- 32 33 35 .33 0340}
44 44 46 . 47 49 _ . 03402
STUPUY
X]TABe. - 0,0 , 0,0 , 0,0 »25,306 , =24,516 , =23,226 , *21,935

’ ’

“200645 , =19.355 , «18.064 , =16,774 , =15,4B4 , =14.193 , =12,903
=11,600 , 10,322 , 8,545 , =7,742 , =6,452 , =5,161 , =3,871 2,181
T Yo1s r =1,613 , 1,290 , =0,968 , =0,545 , =0,32% , =0,194 0,0

.
.
L]
0 0181,', 0,1303, 0,2839, 0.4271, 0,5639, 0,7226, 0,880 ,» 1,032
’
L4
’

l 1232, 1,390 , 1,353 , 2,015 , 3,007 , 4,024 , 5,007 ba724
%‘942 v 10720 , 11,375 , YITAB= 00 4 0,0 ', 0,0 6,548
64387, 6,219 , 62045 o 54864 , 5,671 o 5,471 , 5,264 5,039
4,807, 4,561 , 4,297 , 4,019 . 3,716 , 3,387 , 3,032 2,632
24187 , 1,484 , 1;374 ’ 1,258 , 1,164 , 1,090 , 1,062 1,013
1,006 , 1,000 , 1,0004, 1,0019, 1,0077, 11,0174, 1,0310, {,0510,

1407610,  1,1039,  1,1239,  1,1903, 1,2342, 1,3858, 11,6233, 11,8961,

z,xoo y 2,938 , 3,217, 3,690 , 4,000 , PITAB= - 0,0 » - 0,0
0\ , 0,9953,. 0,7954, 0,0 , 0,9944, 0,0 0,9934, 0,0
o 0.9918. 0.0 ’ 0,0 ’ 0,0 ’ 0,9879, 0,0 ’ 0,0
6 9771, 0,0 , 04,9565, 0,0 0,3734, 0,0 4  0,7800, 0,0
05‘6653' 0,0 & 0.#77 ’ Ne0 ' 0.531 0,5071, 0,4774, 0,0
044151, 0,0 , 0,0 40,3204, 0,0 0,0 » 0,2554, 0,0
o,o S, 60,1446, 0,0 0,0750, 0,0609, 0.0 40,0474
SEND.
12 04100
) 1002 L006 01 ,025 06 15 042014
: o7 1,0 1,5 2,5 0u20
1000495 1 30,5 - N4300
0;0 0,05 0,12 - 0e25 0,35 0,45 0,6 04401
0,23393 0,85 0,95 0,98 1,0 _ og?oe
7 . 05100
4 e{aas»oev : . o 07100
,oou550044 - 07200
: : 07300
s 44 11,823 0018 9 09 0R100
-12.18E006 09600 .
2, . 11100
H: HYDROGEN 1,008 w140 _ 11201
2 OXYGEN 16,0 6,15 11202
300, 1000, 5000, £13100
Ho. J 9/65H 1, G 300, 5000,
0'25’ E¢01 O, 0, 0, 0,
o,zSa7xezoE+05-o 46Q11763E400 0, 125 E+0) 0, 0,
0% 0, e 25071627F+os-o 45011762E+00
J 67620 §, G soo. 5000,

04 2SH20596E401w0,27550619Em04=031028033E008 04455§0674Em{1n0,43680515E=15
04 129230803E+05 0,49203080E¢01 05294642B8TE401=04163B1665Em02+40,24210316Em05
eo.gbo?auszEsoa 0,38906964E=12 0,2914T644E40S 0,29639949E+01
02, J 9,650 2, 6 300, 5000,
3&2;9535E+01 0,73618264E=03=0,19652228E06 0,36201558E710%0,28945627E~14
2019825E404 0,36150960E¢01 0,36255985E+0120,18782184E=02 0,70554544En05
267635137E08 0 121555993E=41=0,10475226E+04 0,43052778E+01
"3 3761M 2, G 300 5000,
0 35001907E+01 0,51119464Em03 0,52640210E=07=0,34909973E=10 0,36945345€w14
#0¢B0738042E40300,19629421E401 0,30574451E+0] 0,26765200E202n0,5809942E#05
0» 5521039]E108-0 181227396-1l~0.988904745+03-0 22997056E401
OH: J 37660 §, H 1, 6 300, 5000,
042P106427E404 0,95931650E= 2030 19441702Ee06 04137566U6Em10 0,14224592E215
o‘ 93538456404 0,54423445E401 038375943640 70,10778858E»02 0,96830378E06
04 §8713972E=090,22571094E=12 0,36412823E+04 0,49370009E+00

P - -3 4

- W " e W w w w ae

EWMNE EGWNEE WS D W=D W=D > B> >D>D> Db



Hedr - J 37614 2, 0 1, t 300, T 85000,
0,27167633E401 0,29451370E=02=0,R02243745=06 0,40226682E=09= o JUBUT2145E=14
-0,29905826E405 0,663056T1E+01 0,40701275E+040,11084499E=02 0, 41521130£=05
-o 29637404E=08 0,B0702103E=12=0,30279722E+4050,32270046E+00 4
13LAST
15201
15202
' 15203
030, 650, 658, 709, 861, 919, 911, 16201
906, 900, 894, 838,9 486, BRI, 369, - 16202
8133, 708, 504, 488, 4224 - 16203
' : 16601
16602
16603
16604
16605
16606
16607
16608
. 16609

> PP PP D DD D SN



-CASE 1 OUTPUT

ROCKETDYNE RECTANGULAR NOZZLE WITH ARTIFICIAL START LENGTH

BDUNDARY LAYER INTEGRAL ﬁATRIX PROGRAM (BLINP)

, .
ACUREX CORP,»AEROTHERM DIV, MY, VIEW,CALIF, (R9K,EPB) 37 FEB3. 74 11137145

CASE: TEST CASE ROCKETDYNE s PUNCH = R-DELTA#LDS 01100 A
CONTROL NUMBERS 1 2 3 4 5 6 7 8 9 10 11 12 33 14 §5 16 17 18 19 20
t 604 0 03 2 1 24 0°206 2000 0 0 0
U/UE 1O NODAL PT, ETA VALUES '
HORM, ETA AT WHICH .
ETA NO¥M, o ‘ . :
9,500%0% 10 0,000 2,000m03. 6,000"03 1,000%02 2,500e02 .6,000m02 },500001 &4,0002014 7,000m01
1,000400 §,500400. 2,500¢00 T o
CASE: 1.00000+00
TITAL ENTHALPY,J/KG 9,09480+04
TOTAL PRESSURE, N/M2 §,61820406
INSIDENT RAD FLUX,J/8M2 0,00000
MIXING LENGTH CONSTANT = 4,4000+0}
SUBLAYER CONSTANT, vAv e 1,1823+01
CLAUSER NUMBER T 1,8000~02
TURBULENY SCHMIDT NUMBER® 9,0000~01
TURBULENT PRANDTL NUMBERZ 9,0000=01
TRANSITION MOM,THICK,RE: & 10,0000
CASE l e T Y FEB 7q:11;37=‘5
RELATIVE ELEMENTAL COMPUSITIONS, ATOMIC WYS/UNIT MASS : :
T SYMBOL.  ELEMENT ATOMIC WY EDGE GAS PYRO,GAS § CHAR 4 PYRU,GAS 2 CHAR 2 PYRD,GAS 3 CHAR 3
b HYDRUGEN 100800 £1387301 ,ooooooo £0000000 »0000000 $0000000 20000000 ¢ 0000060
) OXYGEN 16,00000 40537587 ,0000000 40020000 10000000 40000000 - 20000000 40000000
FHERMODYNAMIC PROPERTY CURVE=FIT DAYA (SEE MANUAL FOR FORMAT)
N J 9/65§ §, 0, 0, 0,6 300,000 5000,000
1000,00 425000000404 200000000 »00000000 ¢00000000 200000000 225471627405 46011762400
5000,00 425000000+08 ¢00000000 400000000 ,oooooooo 200000000 125471620405 ®y 45011763400
.00 «00000000 . 400000000 400000000 +00000000 , 00000000 400000000 400000000
0 J 6/620 y, 0, O, 0,6 300,000 5000,000 1
1000,00 22946428740} we16381665«02 - ,24210316~05 ., 1602843208 . 23890696412 129147644405 29659949408
5000,00 «25420596401 »g27550619=04 ~, 3102803308 2 45510674=11 " 4368051515 129230803+05 49203080401
.00 ,00000000 . 00000000 200000000 «00000000. 100000000 . 100000000 +00000000
22. J 9,650 2, 0, 0, 0,6 300,000 5000,000
1000,00 362‘5985001 ,137521ea =02 7055454405  w,57635137=08 ¢2155599311 w, 10475226404 W43052778¢01
5000,00 .3&219535001 ¢73618264=03 ", 19652228~06 ,36>01558-10 =, 2894562714 =, 12019825404 ¢36150960+01
) W00 «00000000 200000000 - 40000000V «00000000 (00000000 200000000 £ 00000000
H2: J 3/61H 2, 0, 0, 0,6 -300,000 5000,000 :
T 1900,00 2 3057445140] +26765200=02 "y58099162~05 15521039108 ®,18122739=11 +,98890474403 ©  «,22997056+0}
5¢00,00 «31001901¢01 ¢51119464=03 152604210207 =y 3470997310 136945345014 v, 87738042403 e19625421404
,00 000000000~ ,00000000 (00050000 400000000 ) »00000000 400000000 (00000000
04 . J 37660 JH LI, 0, 0,6 300,000 5000,000 .
1000,00 ¢38375943+01 .lo776650-02 196830378906 (1871397209 ~,22571094w12 136412823404 249370009400
5000,00 129106427401 +95931650=03 we19441702w06 113756646%10 014224542715 139353815+04 154423445+01
,oo ,00000000 200000000 +00000000 ¢00000000 200000000 400000000 »00000000
422 © . J 3/61H 2,0 '}, 0, 0,6 300,000 5000,000
§000,00 «4070§275+01 11084099402 1 41521180=05 " 2953740408 180702103m42 "¢ 30279722405 ©432270046+00
5000,00 ,27167633404 ,29451374-02 v, 8022437406 110226682~09 =, 48472145m14 «,29905826+05 4 66305674+0%
400 «00000000 400000000 : 00000000 400000000 100000000 +00000000 +00000000

THE: INTERPRETATION OF MEANINGLESS INPUT NAS ATTEMPTED,
THE: POLLOWING RECDRD 1S ERRUNEOUS OR DDES NOT CORQESPJND 7O FORMAT SPECIFICATIONSH

{3LAST A
I/0 CALLED AT SEQJENCE NUMBER 000360 op: INPUT
" ELEMENY HYDROGEN OXYGEN
BASE 8P H o]



LECUL AR TRANSPORT PRIPERTIES
jQVISCOSITY sevee BUDDENRERG = WILKE. MIXTURE FIRMULA WITH MU(I) CALCULATED ON
YHE 3ASIS OF D(I,1) = DBAR/G([)x2 :

-~ THERMAL CONDUCTIVITY ;.:., MASON = SAXENA MIXTURE FORMULA WITH EUCKEN CORRECTION
DIFFUSION COEFFICIENTS [y,ee D(Is3) = DBAR/(F(II4F(J)) RITH oa&a 8ASED ON
SIGMA = 3,8670, EPOVRK = 106,7000, AND MREF. 12,0000
METHODS EMPLOYED ' ,
0 CONDENSED PHASE, VALUCS FOR F(I) AND G(I) SET EQUAL 10 1E+10
1 VALUES FOR F(I) (3R GCI)) INPUT DIRECTLY
2 VALUES FOR F(I) (OR GCI)) CALCULATED BY F(1) =(MCI)/FLITMIL)A*FFA AND
G(I) = (MUI)/F1TGMWIAaGGA WHERE MUI) 13 SPECIES MOLECULAR WEIGHT, )
FITMOL = 26,7000, AND FFA = ,4890, FITGMA = 24,3000, AND GGA = ,4540
3 VALUES FOR G(I) CALCULATED BY G(I3 = SQRT(DBAR/D(I,I)) = (SIGMA(I)/SIGMA)

% (EPSC(I)/EPOVRY) %#0,0795 » (M(I)/MREF) #20,25 WHERE SIGHA(I) AND EPS(I)
ARE GIVEN WITH TNERHJDYNAMIC DATA

SPECIES F(1) METHOD G(1) METHDD SPECIES FLI) METHDD 5(1) METHUOD
H . 1201 2 236 2 0 2778 1827 2
32, 1,093 2. 14433 2 He +283 2 e 323 2
pL| 0802 2 0850 2 - H2d - 4825 2 ¢ 873 2

Q*AGNATION SOLUTION FOLLOWED BY BOUNDARYeLAYER EDGE: EXPANSION

CP=FROZEN CP=EQUIL GAMMA
(J/KG=DEG=K) (J/KG=DEG~K)
36763404 J11226405 L1135040) . . : :
TEMP = 3570,00611 DEG=K PRES = ,4618+407 N/Ma MOL WT 3 313,3659437
RELATIVE MASSES OF. COMPONENTS 1,2 AND 3 100000 400000 200000
ENTHALPY 3 ,9094789+05 J/KG ENTROPY 3. ,18169405 J/KG=DEG=K
DENSITY = +207925¢01KG/M3
VELI & 0,000 M/SEC' MACH 3 0,000

SPECIES  MOLE FR, SPECIES  MOLE: FR, SPECIES  MOLE. FR,
M 149768201 8 ,77499m02 - 02 . ¢80802-02
H2. +23978400 O +68046mQ1 H20 63358400

STATION NO, 3

CP=FROZEN CP~EQUIL GAMMA
(J/KGeDEGK) (J/UG=DEG=K)
236760404 11219405  L11350+0) :
TEMP = 3567,8442 DEG=K PRES = ,4S88407 N/M2  MOL WT % §3,3681673

RELATIVE MASSES OF CJIMPONENTS 1,2 AND 3 00000 200000 00000

ENTHALPY = ,7625105+65 J/KG  ENTROPY 30 ,18169+¢05 J/KG=DEGaK
. DENSITY = ,206716+01KG/M3 :
VEL' 8 },715¢02 M/SEC" MACH S 1,080n0]

'SPECIES MOLE fR. SPECIES  MOLE FR, SPECIES  MOLE' FR,
H 149686701 0 s 77241m02. 02. . ¢80598=02
H2 ¢23972400 OH . ¢b3911=01 H20 153090400

sfATION NO, 2

CP=FROZEN SCP=EQUIL - GAMMA .
(J/KG=DEG=X) (I/XG=DEC=K) . _
(36759404 11218405 1135040 -
TEMP = 3567,3040 DEG=K PRES = ,4580407 N/M2  MOL WT = §3,3657080

RELATIVE MASSES OF CIMPONENTS [,2 AND 3. 400000 100000 100000
ENTHALPY = - 47267309405 J/KG ENTROPY 2 418169405 J/X5=DEG~K
. DENSITY = ,205422+01KG/M3
VELi & 1,912¢02 M/SEC  MACH = 1,205=01
SPECIES  MOLE FR,. SPECIES  MDLE FR, SPECIES  MOLE' FR,
H S 496066=01 "0 W 77179w02. . D2  ¢B0349=02
H2. . 423970400 UH 163879=01 ' H20 153098400



TSTATION ND, 19

CP=FROZEN * CP=EQUIL GAMMA
(J/KGaDEG=K) " (J/KG=DEG=K) 82401
+ 39276404 11482+0
$34931 $gup : zz;7,guaz 5Eé-K PRES = ,2189+406 N/M2 MOL WT = 14,2113023
RELATIVE MASSES OF COMPONENTS 1,2 AND 3 00000 100000 00000
. ENTHALPY = =,5395774407 J/KG ENTROPY 3. 18169405 J/XGaDEGeK -
DENSITY = «141BSO0+00KG/M3 .
VEL! = 3,373+403 M/SEC: MACH = 2,534+400

SPECTES  MOLE FR SPECIES NOLE FR, .  SPECIES  MOLE. FR,
Mtk ,14235201 , O 4812803 D2 (57052m03

H2 . 222245400 DL . 3160120} H20 .75052*00

AXIAL DISTANCE,METERS  m,76201401 =,60961<01 =,40638+01 =,25402-01 «,1524001 . »,76)81=02 ©,50787=02 =,25394=02
S =y 76378203 ,71250%04  ,51299-03  ,11177-02 ,22201-02 4063002  ,63142#02  ,15842=01
$26472=01  ,35205+01  46752~01

WALL! LENGTH,METERS ,56102-01 71545201  ,92262=01  ,10802+00 11872600 12698400 (12966400 33223400
013402400 13486400 . ,13530400 13594400 13701400 13888400  ,34099+00 15107400
416250400 ,17130400 18325400

RADIUS,METERS - 230480400 ¢30480400 «30480+00 030430400 30480400 «30480+00 «30480+00 +30480+00
. © 430480400 430480+00 «30480+00 ¢304380400 30480400 30480400 230480400 ° 30480400
230480400 ¢« 30H80+00 «30480+00 : ’ ’

X1y (KG/SEC) an2 © L15181%03  ,19595-03  ,26424%03  ,33177-03  ,39274w03 4622903  ,49423=03  ,52979+03
: 455571~03  ,56776%03  ,57406=03  ,5825%e03  ,59768%05 . ,62101e03 ~ 6442003 7288403
79221963 8261703 8655403

PRESSURE- RATIO . . ¢99300400  ,99180%00  ,9B760+00 497710400 95650400  ,B7340400 ,78060+00 ,66530+00
i ¢57700400  ,53100¢00  ,S50710+00 (47740400  ,41510400  ,32040400 ,25640¢00 ,14460400
275000m01  ,60900+01  ,47400=01 :

STATIC PRESSURE, N/M2. J4SBTTHOT 45803407 45609407 - 45124407 44173407 40335407  ,36050+07  ,30725+%07
p26647407  ,24523+07 23419407 22047407 ,19170407 14797407 (11841407  ,66779+06
L 34636406  ,2B8125¢06 121890406 T

EDTE: VELOGITY,M/SEC. (17108403 19122403 23536403  ,32060403  ,44392403 77238403 10414404 13295404
: (15380404 16461400 17026404 17736404  ,19262404 21753404 23637404 427721404
31495404  ,32545+04  ,33731+04 : 4

BETA. ,59805¢00  ,65028¥00  ,18790+401  ,21356401  ,41020+01  ,8B8253401 79376401  463095+01¢
$62219401 62927401 (57530401  ,SBT95+01 67594401 55236401  ,35809+01  ,22397+01
(24786401 9TISUF00 15247401 o i

INZTD RAD,FLUX,WATTS/M2  ,00000 00000 (00000 - ,00000 000000 - ,00000 100000 00000
: ' 200000 ,00000 ,00000 00000 ,000060 - ,00000 200000 100000
00000 £00000 100000

WALL: TEMPERATURE,DEG K 63000403 (65000403 465800403  ,70000+03 486100403  ,91900403  ,91100403  ,90600403
’ 220000+03 89400403 «88890+403 288600403 «88300+03 «86900¢03 83300403 «70800%03
54400403 «48800¢03. 142200403 : .

COH4P: FLUX,KG/SH2. 400000 00000 400000 400000 400000 (00000 400000 400000
- 400000 00000 00000 100000 ¢00000 400000 400000 00000

200000 400000 +00000
EQHP. FLUX KG/SM2 , ,00000 00000 ,00000 00000 200000 00000 400000 400000
* 500000 200000 400000 100000 00000 400000 400000 100000

200000 00000 100000
CQHP: FLUX,KG/SH2 400000 00000 00000 400000 400000 100000 00000 400000
00000 - ,00000 . 400000 00000 400000 100000 200000 +00000

2100000 200000 400000



STYATION

1. -

= = = = a o AXIAL PISITION

v

QCOND
1,718407

CIENTS,

GPP

(J/KG)
2,036+07
1,339+07
=7,5064006
=-2,585+07
~1,002+07
»1,685+00
=1 ,159+05
=2,813402
=7.,549+04
"7,643404
»2,276%04
8,692403

MACH
NUMBER

0,000

6,734e03
1,862~02
2.887-02

. 5,022202

6y661~=02
T,876=02
9,125=02
1,004~01
1,058~01
1,082=01
1,080=01

3,938m04

1,399»01
2,029x11
1,687#10
8,601=01
2,029n11

-.76201'01 METERS = = » = = «{7 FEB 74 1§337415

STATIC
ENTHALPY
(J/KG)
1,222¢07
=1,206407
wl, 164407
=1,125¢07
=1,007+07
»8,595+06
=T4,054+06
=5,011¢06
-2,991¢06
w],309¢06
nl,266¢04
Te625v04

RHOSQ*ERS
/RHO*MY

0,000

1,232=03
6,639=02
3,33001
2,660400
1,001+01}
2,874401
3,824401
2,907401
2,443+01
1,088+0}
0,000

7,836=04

1,399%04
S,24310
«1,99810
B,601=01
54243510

1,998n10

ITRRATED VALUES CDAMP  MAX,LTN  MAX,ERRVURS IN CONSERVATIIN Ecs.
173, TIHME  ALPH  FPPW ERRGR  MOMENTUM ENERGY H
L 3,000 4,400 ,7826 ,0723 9,+00 10 =2,4¢01 7 3,4+04 3 =1,0=05 0
2 3,000 5,133 (8624 1449 9,400 10 -2!3001 8 3.2'oa B »],5=05 0
3 6,000 5,999 ,9473 ,2068 7,400 10 »2,0401 8 3,1404 B «1,9=05 0
§. 6,000 7,017 1,0386 ,3048 6,400 11 11,6401 8 2,6404 8 1,5-05 -0
5 6,000 B,196. 1,1419 4821 4,+00 11 1,2+01 B8 2,0+04 3 -2_9-05 0
6. 6,000 9,502 t,2744 ,9188 2,400 {1 7,3+00 8 (,2+04 8 w{,6-03 O
T 10,000 9,826 1,37561,0000 2,=01 8 =3,9400 8 2,2+03 3 =6,8-06 0
8 10,000 9,930 1,40201,0000 4,~06 9 9,9=0f 6 U,1402 9 1,605 0
9 10,000 9,956 1,40811,0000 2,06 7 ={,9-01 6 ‘7,0¢01 3 6,505 0
10- 10,000 9,962 1,40951,0000 2,=06 7 =4,0202 4 «1,5¢01 "9 =3,5-05 0
ALPHA RADIUS ' PRESSURE. EDGE VEL, BETA HEAT FLUXES (WATTS/M2)
(METERS) (N /v2) - M/SEC DIFFUSIONAL TOT ENTH RERAD
9,962+400 3,048-01 4,588+406 1,715+02 5,980w0] 1,721+07 1,721+07 0,000
WALL. MASS FLUXES (KG/SECaH2) ELEMENTAL. MASS DIFFUSIVE. FLUXES (KG/SECeM2) Foa
SHEAR  MECHANICAL PYROL CHAR  TOTALI GAS  HYDROGE  JXYGEN
(N /M2)  REMDVAL. GAS
2.358¢02 0,000 0,000 0,000 04000 w2,102=06 2,102=06
MOM TRANS HEAT TRANS " BLOWING PARAMETERS ELEMENTAL MASS TRANSFER COEFFI
COEFF, COEFF,  (NORM, 8Y RHOEAUE*ST) FOR T CMs FOR
cF/2 ST NO, PYROL GAS CHAR  TOTALI GAS  HYDRUGE OXYGEN
3,680%03 3,942+03 0,000 0,000 0,000 =8 (845202 n7,960x02
MIMENTUM  DISPLACE, EFFECTIVE ENTHALPY REYNOLDS MASS THICKNESS (M) FOR.
THICKNESS, THICKNESS, BODY  THICKNESS, NUMBER
THETA DELSTAR  DISPLACE, LAMBDA PER METER  HYDROGE - +JIXYGEN
- (M) (H) (M) (M)
2,721m04 1,135=05 1,135~05 4,420e04 4,314406 4, 357400 3,922400
TOTAL HEAT THRUST TOTAL: -
TO WALL L0OSS WALL- AREA
(WATTS) (N) (H2)
24544405  #6,802401 140479002
NADAL: INFORMATION
ETA DISTANCE F U/UE FPP SHEAR G, TOTAL GP
FROM WALL ENTHALPY
: (METERS) : (N /M2) (J/KG) (J/KG)
0,000 0,000 0,000 0,000 1,409400 2,358402 =1,222407 9,4192+06
2,000=03 5,579%07 2,834=04 2,862-02 1,463400 2,357+02 =1,204+07 9,598+06
. 6,000%03 1,867=06 2,597-03 B,779=02 1,506400 2,353+02 -1, ' 164407 1,013+07
1,00002 3,433=06 7,256«03 §,451=0f 1,370+00 2,348+02 -1 125407 9,832+06
2.500702 14120"05 4,154=02 2,958=0}] 6,372=01 2,324+02 '1.006007 5:970¢06
6,000702 3,602%05 1,755=01 4,u84~0) 2,280%01 2,256+02 =8,592+06 2,477+06
1,500%01 1,174=04 6,493-01 65,8620} 7,946~02 2,080+402 ~7,049406 9,65840S5
4,000e01 3,938m04 2,321400 .7,425m0) H4,5}0m02 1,586+02 ~5,003+06 6,773+05
74000201 7,836=04 4,732+¢00 B,664=0) 3,680002 9,691+01 »2,380406 6,764+405
1,000400 1,220~03 7, tus0+00 9,500=01 - 1,914m02 4,257404 e1,295¢06 4,508+05
1,500400 2,003-03: 1‘235+01 9,99320, 6,589004 6,840w0) 2,011+03 7,008404
2,500900 3,611=03 2,23240% 1,000+00 0,000 74000 9,095+04 0,000
DISTANCE DENSITY  VISCOSITY SPECIFIC  THERMAL: PRANDTL MIDIFIED MOLECULAR
FRIM WALL RHO My HEAT CIND, NUMBER  SCHYMIDT WEIGHT
(METER3) (KG/M3) (N =3/M2) (J/KG=K) (WATTS/M =K) NUMBER
o 000 - 14262401 2,577-05 2,428+03 1,200=01 5,213=0] 5,574=01 1,441+0})
1579207 1,126401 2,779=05 2 478403 1,315%01 S,237~01 5,5674=01 1,441+0}
1,867-06 9,230400 3,168=05 20586403 1,55201 .5,280~01 6,574=01 1,441+01}
3,433-06 7,B57400 3,522-05 2,697+03 1,787=01 5,314=01 5,574<01 1,44190}
x.iao-os 5,575+400 4,d416=05 2,986+403 2,454~01 5,373=0{ 6,674~01 1,441+01
3,602=05 4,190400 5,331=05 3,233+403 3,190-01 5,403-01 6,674~01 1,441+01
14174204 3,375400 6,145-05 3,408+03 3,870-01 5,411=01 5,575=01 1,440+01
3,938=04 2,751400 7,010-05 3,547+03 4,/614=01 5,389+01 5,586~01 1,430+01
7,836204 2,398400 7,609=05 3,619+403 5,174n01 5,322~01 6,721«01 1,402+0}
1,220=03 2,199+00 7. 1 973=05  3,654403 5,563=01 5,237-01 6,762-01 1,368+01
2,003%03 2,075400° 8 ?oa =05 3,675+03 5,840=01 5,162~01 6,795=01 {,339+0}
. 3,611%03 2,067400 B «217=05 3,676403 5,858=01 5,156m0f 56,797=01 - 1,337+40}
DISTANCE FROY wA{L,METERS
0,000 . 5.,579=07 1,867%06 3,433m06 1,120%05 3,602=05 1,174%04
2,003=03 3,611=03 : N
ELEMENTAL: FRACTIONS AND THEIR FIRST AND SECOND DERIVATIVES WITH RESPECT TO ETA
H 1439901 1,399=01 1,399=01 1,399=01 1,399=01 1,399«01 1,399%0}
1,379-01 1,399=0} .
8, 12407 6,530m07 1,311206 #2,065007 S,114=08 1,498m09 »d,646m10
9,259~ 10 0,000
uB,OOSwOb 1,651905 =3 80805 1,720w06 =1,424w07 w2,18909 1,947=10
®4,331=10 2,470~ 10
o] 8,601n01 B,601=01 8, 60104 B8,50imDl B,601=01 B8,501e01 B8,601m01
8,601-01 8,601%01
8, 124w07 =6,530m07 #1,31106 "2,065007 »5,114m08 n1,498209 4,646n10 o
«9,259=10 0,000
5.003-06 -1;651-05 3,808m05 wl, 726006 1,420407 2,189«09

4.33

1210 =2.470=10

©1,947=10 ©1,687n10

TEMP

(DEG X)

by 300402
7,0658402
8,616402
1,012403
1,426403
1.898+03
24354403
2.,868+403
3,225403
3,433+403
3,560403
3,568403

14220m03

14399a0¢
w7,269m11
2,007%10
8,601w0]
74269}y

n2,007=30



MILE FRACTIONS
H
a
Q2.
W2,
oH:
- H20

REFIY CALLED

T OETA(D)

{: 0,000

2. 3,459«03
3 8,201=03
4 1,917=02

5 3,419=02
b b,073=02
TP 1,677=04
8: 0,163e01
9 6,560=01
10: 1,000+00
1l 1,194400
12, 2,500400

2,652~17 2,493~15 2,191~12
4,879-02 4,969=02
5,368-37 1,513=32 6,566=26
7,478+03 7,724-03
14529736 3,805-32 1,392«25
7,853-03 8,060-03
2,2351+01 2,251=01 2,251e0}
2,393=01 2,397-01
7.452=19 4,731e1S
6,297=02 6,391-02
7674901  7,749-0}
6,337=01 6,309-01

2,193»10
2,118n2)
4,036m21
2,251=01
1,804e12
TW749=01

usuE:

0,000 »1,222407  1,399-0}
4,980=02. =1,190¢07  1,399~01
1,202=01 =1,142+07  1,399-0%
2,U85=01 =1,046+407 1,399=01
3,515=01 =9,553+06  1,399=0}
4,496m01 «B,S576¢06  1,599+0%
6,029=01 =6,850¢06  1,399=0}
7,499=01 w4,895406  1,399=01
8,502=01 =3,270+06 1,399~0%
9,500701 =1,295¢06 1,399+01
9,779201 «5,949¢05  1,399-04
1,000400 9,095+04

1,599+01

44878907

7.159~14
1,175w13
2,251-01
3,660n08
74749901

- 5,487%05

2,337%09
4,301%09
2,251~014
1,542705
7.749%01

893704
1,843=06
2,093#06
2,248701
5,353%04
7,738w04

7,242=03

1,502n~04

2,079m04

2,240w0}
T.426%03

7,609m01

2,117m02
1.uq£kos
14908403
2,270%0}
2,671202
7.217%01

3,610m02
9,304m03
4¢949=03
2,334w01}
4y719m02
6,741e01

C G(t D) SPC1,1,1) SPC1,1,2) 7 SP(1,1,3) SP(1,1,4) - SP(1,1,5) . SPC1,1,6) &P(1,1,7) SPQ1,1,8)



STATION

19 » o= L = AXIAL PISITION

ITERATED VALUES . DAMP  MAX,LIN  MAX,ERRORS IN CONSERVATIIN EOS,
I18.  TIME  ALPWH  FPPW = ERROR MOMENTUM ENERGY H
17 4,00011,332 3,3761 ,4999 2,-06 13 1,6401 10 4,9+403 10 w4, 705 - 0
2 8,00011,530 3,37624,0000 4,06 13 7,8400 10 2,5+03 10 »2,3294 0
3 4,00011,533 3,4388{,0000 4,m06 b =2,6400 3 #8,0%02 3 2,005 0
4 7:00011,5308 3,44831,0000 d,m06 6 »3,9%01 3 @],1402 .90 {,3204 O
5 T.00011,534 3,44981,0000 4,=06 6 =d4,8602 3 «1,7401 10 =2,0=04 O
ALPHA RADIUS  PRESSURE EDGE VEL, BETA HE&T FLUXES (WATTS/M2)
(METERS) (N /v2) M/SEC . DIFFUSIONAL TOT ENTH RERAD ~ OCOND
1,153404 3,048m01 2189405 3,373403 1,525400 1,720407 1,720¢07 0,000 14719407
WALL MASS FLUXES (KG/SECmM2) : ELEMENTAL MASS DIFFUSIVE FLUXES (KG/SECwM2) FOUR
SHEAR  MECHANICAL PYROL CHAR  TOYAL! GAS  HYDROGE JIXYGEN
(N°/M2)  REMOVAL GAS )
S¢117403 0,000 0,000 0,000 0,000 n2,254m07 2,254%07
M4 TRANS HEAT TRANS BLDWING PARAMETERS ELEMENTAL MASS TRANSFER COEFFICIENTS,
COEFF, COEFF, {NORM, BY RHOE*UEA*ST) FIR CMy  FOR
CF/2 © ST NO, PYROL-GAS CHAR  TOTALi GAS  NYDROGE OXYGEN
3.171~03 2,808~03 0,000 0,000 0,000 1,012m03  §,020m03
MAIMENTUM DISPLACE, EFFECTIVE ENTHALPY REYWOLDS. MASS THICKNESS. (M) FOR
THICKNESS,THICKNESS,  G0ODY  THICKNESS, ' NUMBER
THETA DELSTAR  DISPLACE,. LAMBDA PER METER  HYDROGE DXYGEN
4} ) M ] :
$,014n0d wy, 728904 w], 72804 9,370e04. 7,206406 #9,563n03 #9,986w03
TOTAL HEATY _THRUSY TOTAL
70 wALL LOSs WALL, AREA
(WATTS) (N) M2)
Te326406 1156793 24/135=01¢
NIDAL INFORMATION
ETA DISTANCE F- UZUE- PPP SHEAR G, TOTAL GP GPP STATIC
FROM WALL: ENTHALPY ENTHALPY
(METERS) . (N /M2) (J/K6) (J/KG) (J/KG) S (J/KG)
0,000 0,000 0,000 0,000 3,450¢00 5,117+403 ~1,272+07 2,016407 1,905+08 =1 ,272+07
1,716703 1 074~06 6,964=04 7,138=02 3,761400 S5,113+03 =1,228+407 2,393+407 =5,017+407 =1,231+407
1,130=03 3, 'l6b=06 4r «037-03  1,649201 2,961400 5,105+403 -1.163007 2,253+07 =1,656408 =»1,179¢07
9,393-03 9, '188=06 1, BSo~oz 24950001 1,324400 S,081+03 =1,057+407 1248%07 »7,177407 ~1,106+07
159302 1, 187705 alseq 02 3,7i1«0} 6,955=01f 5,048403 -9,53uooe T,068406 =2,548407 «1,062¢07
2.830~02 3.586-05 1.027=01 4,656m0) 3,U488401 /4,983+403 =3,064406 3,718406 =U, 246406 =1,019+07
7,730202 1,302-04 3,979=01 5,767=0] 4,152=01 4,709+03 =7,641406 1,318+06 =4,381405 ~9,532406
- 2,030m08 4,819=04 },662+400 7,210=0) 3,573=02 3,B6B+03 #3,921406 4,8J4405 1,873404 =8,577+06
5,085201 1,105=03 4,030+00 8,228=0} 3,079=~02 2,697+03 odn 2359406 5,388¥05 =2,202+404 ~8,208406
1,000400 2,444%03 9,100%00 9,500=01 1,407~02 8,666+02 »x.ssa+oo 44139405 »3,100404 =6,789+406
1266400 3,260%03 1,207+00 9,843=0] 8,309#03 2,260+402 »5,356+05 3,189¢05 n7,106¢04 =b,044¢06
Py500400 7,340%03 2,633401 1,000400 0,000 0,000 - 9,095+404 0,000 24626404 »5,594¢06
DISTANCE DENSITY vlsCOs!Tv SPECIFIC: THERMAL' PRANDTL' MIDIFIED MOLECULAR  MACH RHOSG*EPS
FROM WALL RHO HEAT COHD, NUMBER  SCHMIDT NEIGHT  NUMBER. JRHO®MY
(METERS) (KG/M3) (N -S/nﬁ) (J/KGnK) (WAYTS/M wK) NUHBER. C
0,000 8,992%01 1.979~05 2,308+03 B,865~02 5,152=04 5,474=01 1,441+401 0,000 0,000
1,074206 6 '377-01 2,4B2m05  2,405403 " 1,148=01" 5,202-01 6,074m01 14441401 3,583=01 5,1§7-02
3,166206 4,711%0f . 3,030=05 2,54A+03 1,466=01 5,265-01 6,574=01 1,441401 T,177-01 6,803~01
9,388w06 3.518-01 3,673=05 2,748+03 1,895-01 5,326~08 5,674-01 §,441¢401 1,121+400 . 3,517+00
1,877405 3,06420f 4,023=05 2,864+403 2,153=01 5,351-01 5,A74«01 §,441901 §,323¢00 7,936+00
3,886=05 2,742701 4.328=05 2 059+03 2,3%86-01 5,368«01 6,474m~01 1,441401 1,509400 4,693+0¢
$,302204 2,3680] U4,767#05 3,087+¢03 2,7352-01 5,387=01 5,574=201 1,441401 1,B25400 5,085+01
A, 81904 2,0P6"01 5,167=05 3,193'03 3,055%01  5.399~01 5,574=01 14441400 2,155¢00 1,367¢02
1,105~03 1,8B4=01 5,542405 3,203+403 3,366=01 5,406~01 5,574401 1,441¢01 2,342+400 {,105+02
2,444803 1,577~01 6,220705 3,422+¢03 3,943001 5,399=01 5,680~01 1,435+00 2,507+400 7,739+04
3,260w%03 1,470m01 6,498205 3,471+03 4,190e01 5,3B2=01 6,688=01 },428401 2,529+400 3,363+40%
7+340e03 {, 438801 6,640%05 3,493+403 4,322e01 5,367m01 5,695e01 1,421401 2,534+00 0,000
DISTANCE FRUM WALL,METERS :
0,000 1.074%06 3,166m06 9,388w0b6 1,877005 3,886=05 1,302~04 4,8]%04 1,105+03
3,2b0=03 7, 300-03
ELEMENYAL FkACT!DNS AND THEIR FIRST AND SECJND DERIVATIVES WITH RESPECT TO ETA
LE 1,399201 . 1,399=01 1,399=01 1,399<01 1,399=01 1,399«01 1,399=01 §,599=01 1,399-01
1,399=01 1,399«01 .
»5,424=06 =1,819=06 5,796707 2,166008 2,557#08 1,205=08 1,966=08 2,807«08 8,010~08
»4,616=08 0,000 ’
1,821=04 8/ (617205 =9 ,190w06 5,179=08 *9,474m08 1,346e08 4,405009 1,699e08 1,059%09
-2, 100-QB 2,4 709-05 ’
0 8, sox-ox B, 60101 8,601w0) 8,601w01 B8,60i=03 3,501#0% B8,601r0] 8,601w01 B8,601=0}
. 8 601-0! 8.801=01 )
S, aza-os 1:819=06 »5,796m07 ®2,166w08 22,557~08 e],205=08 »},966#08 w2,807=08 #8,010°08
u,als-oa 0,000 ) . .
w],821%04 =B8,617=05 9,199n06 »5,179608 9,474n08 »1,336%08 =i, 40509 1,699=08 w},059=09

2,190m08 2,749=08
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286752001 METERS = m = « =-wlY FEB 74 11138157

1EMP

(DEG K)

0,220¢02
5,950402
8,055+0¢
1,079403
$,238403
§0384403
1,602403
1,810403
2,013403
2¢396+403
24556003
2638403

2,4944ew03.

14399204
8.610908
"l,316v08
By601w01
»8,610w08
4,316m08



MILE PRACTIONS

H 1,324-25  1,028=17 1,168-12 5,124n09
1,023=02 1,42592

Q 1,000-30 4.293-38 1 ,081a26 {,740w18
2,332-04  4,823-04

o2. 14000230  1,311+37 2,413426 3,209~18
3,299+04  6,719-04

Ha 2425101 2,251-91- 2,251=0) 2,251w01
20226=01 2,225-0) -

oH 2,525=32  3.953-22  1,348s15 6,752m13
7,¢752=03 1,166=02

Hady TeTH9=01  T,749=01 7,749%01 7,7490}
T,538«01 7,505e01

1:267w07  1,246m06

2,376m15  6,345%13
8y312m15
2,251=01 2,251m0}
4,200m09 7,921a08

ToT69%0)  7,749=0)

STATION SUMMARY FOR TEST CASE RICKETDYNE ~ PUNCH = R=DZ|TAACOS

NEW CONTOUR INFORMATIDN~NORMALIZED BY

. THRDAT RADIUS =

STATION AXTAL
NO, COORDINATE

i 0,00000

2 0,00000

3 0,00000
q *2,55501¢01
S 2,42729¢01
I3 «2,29957+01
7 »2,17175+0}
8 »2,04003¥014
9 =1,91630+01
10 =1,78848¢0}
1" e} ,66070v01
12 »1,53304001
13 -1,40522%3)
14 w1,27750¢0¢
15 =1,14850+01
16 *1,02196¢+01
17 =8,55926%00
18 v7,66522400
19 ~6,38B01+00
20 »5,10982400
21 . »3,83261400
22 w2,15937+00
23 =1,91581%00
24 *1,59700+00
25 wi, 27721400
26 »9,5840001
27 wb,38603%01
28 ©3,19797»04
29 *},92076=01

30 0,00000
31 1,79205=02
32 1,29008=0}
33 2,81084=014
34 4,22864~01
35 5,58307-01
36 7,15434.01
37 8,71273=01)
38 1,02177+408
39 1,11206400
49 1,37621+00
41 §,53760¢00
42 1499502400
4% 2,97718+400
44 3,98409400
45 4,95734+00
46 6,6573)1+00
47 8,85332+400
48 1.06137¢0%
49 1,17572+01
PuW(g)s s10000000+01,

410020607401,
4101607806401,
S10523073+401,
,11057537401,
,11922156+01,
, 13869279401,
18966184401,
229003827401,
o 236930225401,
048y 0,0 SEND

CONTQUR
CIRRELTINN
0,00000
0,00000
9,00090¢
3,80517=03
3,614Q5=13%
3.42474~03
31,2343R8~03
3.,04416=03
2.,85395=03
2438220=-03
3.14128=03
3.29541~03
1423612203

=3,16989~04
~2,B8182~03
i 8941393
=5,0350%5=03
»6,33009~03
»7,33035=03
=8,53456=03
«9,70462¢03
=1,00707=02
mle00A2bm02
9, 87241=03
=9,562047=03
=9,5]104n03
=5,45841=03
»9,51721=03
«9,66580=93
®9,9175503
~9,94474=03
~1,00971~02
~§,0347)=02
w]407687=02
~1,11577=02
»1,1730h=02
=1y22740-02
~1,28017-02
~1,29919=02
»1,37205e02
w1, 4167102
=], 4874 7=02
»1,73089~02
“f,93231-02
r2,48536w92
»3,15205-02
»3,69115=02
w3,96183=02
ni,[9752m02

«00000N000 ’
12900774400,
22867121400,
271563358400,
40217651401,
213762186401,
219950161 +01,
£ 398407184014,
«06573144+04,
110613684402,

INPUT
CONTOUR .
0,00000
0,00000
0,60000
6,48306+09
6,32366+00
hy15732¢400
$,98505+400
5,80584+00
5,61476400
5.41674+400
5,21179+00
4,98903+00
4,75733+00
4,51577+00
4,25438400
3,97914+00
1,67915400
3,35341+00
©3,00193+00
2,60590400
2,16531+00
1,46928+490
1,36037400
1,24552+00
T 1,14949400
1,07919+00

3,97640-03 MEYERS

INVISCID
CONTIUR

0,00000
0,00009
0,00002
6,47925+00
6,32001¢00
6,15390+00
5,98181+00
5,80289400
S.61133¢00
5.41376400
5,20855400
4,98573+400
4,755339+00
4,51553+00
4,25727+00
3,98409+00
3,68518¢00
3,35974+400
3,00925400
2.61643400
2,17501+00
1,47933+00
1,370482+00
1,25543+00
1,15905+00
1.68879¢00

1,05147+00 106073400
1,00295+00. 1,01247400
9.,96023~01 1,00567+00
9,90082=01 1,00000400
9,90181=01 1,00013400
9.91964=01 100205400
9,97706=014 1,00805400
100731400 1401803400
1,02078+00 1,03195+00
1,04058+00 1,05231+400
1,06543+00 1,07770¢00
1:09295+00 1,10575+400
1,11275+400 1,12375¢00
1,17850400 1,19222¢00
1422196400 1,23511¢00
1,37206+00 143859%¢00
1,60779+00 1,62510400
1487730400 1,894662400
2413858400 2416303400
2,90886400 2,94033400
3,18510400 3,22201400
3,65340400 3,69302400
3,76033¢00 4,00230400 -
PUNCH OUTPUT
CASE 1

10001262408,
10080532401,
210319327401,
S 10777018401,
41257455401,
W12301069¢401,
216251037401,
221630317¢01,
£32220067401,
»40023053¢01,

«17920492~04¢,
«28103u41+400,
195830749400,
+87127256+00,
0 11120606+01,
15375980401,
229771779401,
W 49573429+01,
+88533173¢0¢,
W 41757229¢02,

6-11

6,708=13

1,788905
$,598=10
2,530n10
2,251m0}
2,013m0b
7474920}

. 01100

14253004

1,250n08
1.917'05
2,250m03

24901005

Te748m0}

A

5,709=04
3,733=07
5,587=07

2424804 -

Re010»04
YPYLTLIN

4,997%93
4,748m05
6,854205
2,234n04
3,156m03
7,683n0}



6.2 SAMPLE CASE 2 - SPACE SHUTTLE MAIN ENGINE

This sample problem is an 02/H2 circular cross section nozzle typical of
the space shuttle main engine. A first guess (KR(2) = 1) at the first station
was made from a previous problem at different conditions. The data taken from
the previous problem is all of group 9 and cards 1 and 2 in card set 2 of group 4
of the input data. This was done to reduce the number of iterations at the first
station, where a well developed turbulent profile was expected. The nozzle con-
tour and pressure distributions were provided from the output of a single zone
TDK run using the' same contour and fuel. The solution stations were selected
by the process discussed in Section 3.3. Wall temperatures and stagnation con-
ditions were also provided. Figure 6.2 shows the pressure distribution and the
wall temperature variation. The solution stations are shown and those stations
selected as discontinuities are labelled with a D. These stations were selected
to correspond to the wall temperature jumps and to the region of rapid change

in curvature of P/Po near x/RT = 2. The stagnation conditions are:

2.0477+07 N/m?

P =

(o]

To = 3653°K (-6.9501+05 J/kqg)
MR = 6

A complete listing of the input, the program output heading and station
summary, and the first and last solution stations are shown. (Run time on a

Univac 1108 was 195 seconds.)
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000001
000002
000003
000004
200005
000006
000007
900008
000009
000010
000041
000012
000013
000014
000015
000016
000017
000018
000019
900020
goco2s
000022
000023

000024 .
900025...

000026
. 000027
900028

000029

000030°

00003¢
000032

000033

000034
900035
000036
000037
000038
000039
000040
000041
900042
000043
000044
000045
000046
000047

000048

000049
000050
900051

000052

000053

p00054
-000055

000056,

000057

000058

000059

000060

000061

000062

000063

000064

000065
000066

000067

000068

000069

900070

000074

000072

000073
000074
000075
000076

LIST OF INPUT DATA
© CASE 2

XITAB z =2, 1170221n3,
XITABC 2) 2= =»2,158263400,-2,08U4139400,-2,010015400,=1, 93589|+oo.-1 861766400,
1, 7876020000-1 713517400,«1,639393400,~1,565268400,=1,491144+00,=1,417019+00,
-19302895000,-1.265770000.-1.1vuouaooo,-1.120522000,-1.006397000.-9.722726-01.
“B,981482«01,=8,240237=01,=7,496993-01,=6,757748=01,=6,016504=01,=5,275259-01,
4 ,534014=01s=3,792768=01,=3,051523=01,-2,310278=01,=1,569032~01,-3,376257r02,

XITAB(31) =
3,839005=02,
8,939333-02,
1,447381-014,
2404259101,
20676052-01'
.3,301202-01,
3,915503=01,

| 4,.524438=01,

5,115829=01,
S.728096+01,
6,3409355=01,
6,953991=01,
7,567564=01,
84183716=01,
"8,802965=01,
9,3426602=01,
140056045400,
“1,06942B8+00,
1,133972+00,
1,199540400,
1.2661600000

. 1.333927+00,

1,403013¢00,
1.n73a31000.
- 14545280400,
1,618703+00,
1.6936864+00,
1,770315+00,
1,848721+00,

1,928857400,"

2,010762¢00,
2,094577+00,
20180235400,
2+267734+00,
24357161400,
2.04B8450400,
24541671400,
2,636924400,
2,850751+00,
3,078239+00,
3,3287744+00,
3.,604948¢00,
3.906147+00,
44237946¢+00,
4s610106¢00,
5,0442674+00,
5,551555+00,
64123277400,
64755391400,

- 74858969400,
8,250457+00,

0,000000

4,655763m02,
9,832679-02,
1,543664=01,
2,145957=01,
2,780790=01,

"3,404461=01,

4,016734=01,
4,620973-01,
S4214410=01,
5,830457=01,
6,443033=01%,
7,055998~01,
7.670198=01,
8,286478=01,
8,906735=01,
9,531054~01,
1,016230+00,
1,080102¢00,
1,140836+400,
1,210586+00,
1,277356+00,
1,345376+00,
1.,414673+00,
1.055295000'
1,557436+00,
1,631109+00,
1,706319+00,
1,783289+00,
1,861971+¢00,
1,942360400,
2,024642400,
2+,108742+00,
2,194661+00,
2,282540+400,
24372277400,
2,463Bu0+00,
2,557418400,
2.677363+00,
2,887245+00,
3,118460+00,
3,372992+00,
3,653065400,
3,9%9293¢00,
4,296925+00,
4,677761+400,
S.123662¢00,
5,642443+400,
6,224261+00,
6,867253+00,
7,583819+400,
8,392641400,

» 74301470=03,

S,4R87080«=02,
1507376201,
1,641102-01,
2+250502=01,
2,885548401,
3,507206=01,
4,117679=01,
4,720099=01,
5,318231.01t,
S5,932676=01,
6,545275=01,
7.158182=01,
7.772841-01,
8,389705=01,
9,010085=01,
9,635785-01,
1,0268384+00,
1,090814400,
1,155729400,
1.221615+00,

1,288631400,.

$1,3568h1400,
19826313400,
1.497217+00,
1,56%9644400,
1,643501400,
l'719039‘0°'
1,796325¢00,
1,875216+00,
1,955945+00,
2,0385904+00,
24122895400,
2,209183400,
24297421400,
24387358400,
2,479372+00,
2,573240¢00,
2,710983+00,
2,924102+00,
3,159123+00,
3,418005+00,
3,701893400,
4,013382+00,
4,356728+00,
4,747077400,
54209269400,
54735165400,
6,326940+00,
6.980977'001

7+711083400,

8,538094+00,

6,331403+02,
1165444014,
1,739715~0¢,
24356269=01,
2,989977-014,
3,609625=01,
4,218635=01,
4,819380=01,
$,421098-01,
6,034578-014,
6,647377-01,
7,260608-01,
7,875275-01%,
8,492908=01,
9,11390%~01,
9,740826-01,
1,037423+00,
1,101596400,
1,166640400,
1,232694+00,
1,299893+00,
1,368309+00,
1,438029400,
1,509186+00,
1.,581815+400,
1,655969+00,
1731799400,
1,809308+00,
1,88R525+00,
1,969594+¢00,
2,052464400,
2.137126400,
2,223752+00,
2,312224+00,
24402533400,
2,49u9R0%00,
2,588988+00,
2,745303+00,
2,961821+00,
3,200663400,
3,363434400,
3,751925¢00,
4,068083400,

4,417886400,

4,818067400,
5,289058+00,
5,829753+00,

6,431439400,
7.097048400,
T.841360¢00,

1.,480773=02, 2,248320~02,

7,188499~02,
1,258282=01,
1,839499-01,
2.464870=01,
3.,094342=-0¢,
3,711967=01,
4,321029-01%,
4,918356=01,
5,523693-01,
6,136905-01,
6,749371-01,
7.,363012~=01,
7.,978002=01,
8,59588¢2=01,
9,218289-01,
9,845947=01,
1,048058+00,
1,112398+00,
1,1775614+00,
1,243838+00,
1,311229+00,
1,379825+00,
‘1,049814+400,
1,521200400,
1,594050+00,
1,668528+400,
1.,744615400,
1,822383+00,
1,901951400,
1,983300+00,
2,066024¢00,
2,1514R3+400,
2.,238402+00,
24327134400,
2,417826400,
2,5104u1+00,
2,604861+00,
2,779791¢00,
24999905400,
3,2025%97+00,
3,509776+¢00,
3,802548+00,

a0125805000r

4,480667400,
4,891428400,
5,374611400,
54925968400,
6,537526400,
74215089400,
7;970671000'

3,035240=02,

8,057737=02,
1,352258=01,
1,940455«01,
2,571494=01,
3,197972=01,
3,813872=01,
4,421489=0%,
S.,016912~014,
S.626000-01,
6,239089=01,
6,851697~018,
7.,065105=01,
8,080852+#01,
8,699128=01,
9,322654=01,
9,950968»01,
1,058743400,
1,123156¢00,
1,188519400,

$1200620210202000000 SSME=NPL (FIRST GUESS FROM MPL SOLUTION) 01100 N

2 : 02100 N.

31 : . : 03100 N

0194 - : ’ : ’ 03201 N

393 31 ’ 03300 N

2 q 10 1S 18 20 24 26 =28 =29 30 31 38 a7 03401 N

=53 »55 83 140 180 =211 =213 265 280 298 317 334 357 1373 03402 N

384 389 393 . : 03403 N
SINPUT

1,255024+00,

$,322551400,
1,391401400,
1,461640400,
1,533212+00,
1,606304400,
1,681135400,
1,757420400,
1,835511400,
1,915432400,
1,996984400,
2,080470400,
2,165696400,
2,253021+00,
2,342127+00,
2,433179400,
2,526017400,
2,620877+00,
2,815088400,
3,038866400,
3,285041¢00,
3,556600¢00,
3,854022400,
4,180349400,

04544530000,

4,966935400,
5,462202¢00,
6,023916400,
6,645595400,
7,335626¢00,
8,111135¢00,

8 68677058 8386&7 B8.993873,9,152548,9,314894,9,480435,9,649603,9,822585,
9,999484,10,179860,10,364607,10,%53176,10,745641,10,942437,11, 103385'11 348369,
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=0,67635137€E~08 0,21555993E~11-0,10475226£404 0,43052778E+01

H2 J 3/761n 2,

G 300.
0,31001901E401 0,5111946GE=03 0.52640210E~07=0,34909973E~10 0 3694534SE=14
©0,B87738042E+03~0,19629421F+01 0,30574451E+401 0,26765200£202=0, 58099162E~05

5000,

0, 552103915-08-0 18122739E=11~0,98890474E+403~0,22997056E¢01

OH J 3/660 1, H

1,

G 300.
0,29106427E+401 0, 9593!6508-03-0.19Qa17028-06 0,13756646E»10 0 14224542E~15
0.393538155000 0454423445E+01 0'38375903E901-0.10776658E-02 0.968303785—06

5000,

- 0438713972E~09=0,22571094E=12 0,36412823E404 0,49370009E400

H20 J 3/61H 2, O

833, 838, ' 82s,

828, 828, 805,
466,7 466, 465,
755, 17, 665,
209, 395, 394,4

1,

817,
700,
455,
EYAN

6 300
0,27167633E+01 0,29451374E=02-0,80224374Ea0b 0.10526b62£-09-0.08ﬂ721QSEOIH

=0,29905826E+405 0,66305671E+401 0,40701275E401=0,11084499E=02 0,41521180E=05

. 0,29637404E»08 0,80702103E~12~0,30279722E+405=0,32270046E¢00

816,
650,
440,
492,

816,
S75,
422,
437,

So00,

819,
490,
805,6
a10,

{,029=01
' 09402

16204

09302
0940¢

09501
11100
11201
11202
13100

BUNACDUWNSDUNCDIUHUNDEWNS S WNCZZZZIZIZZ

13 LASTY
15201
15202
15203
15204
15205
16201
16202
16203

16205
1660
16602
16603
16604
16605
16606
16607
16608
16609
16610
16611
16612
16613
16614
16615
LASY

BZZLZIZZZLZZZZLZLIZILZIZZZ2



w . OUTPUT CASE 2
BOUNDARY LAYER INTEGRAL MATRIX PROGRAM (BL!H#’
ACUREX CORP,=AERQOTHERM DIV,,MT VIEW,CALIF, (RMK,EPB) 17 DEC 73 22142346
CASE  SSMEeNPL (FIRST GUESS FROM MPL SOLUTION) 01100 N
CONTROL NUMBERS 1 2 3 4 5 & 7°8 9 10 11 12 13 14 15 16 17 18 19 20
' 1 t 2 006 20 21 0202006000 0

U/UE TO NODAL PT, ETA VALUES
NORM, ETA AT WHICH
_ _ETA NORM, , . .
9,500001 10 . 0,000 2.808-03 6,808403 1{,557=02 2,703e02 4,835+02 1,465#01 4,150201 7,219=0
‘ 1,000400 1,203400 2,500400 , 7
CASE - 1,00000400
TOTAL ENTHALPY,J/KG . .=6,95010405 )
TOTAL PRESSURE,N /M2  2,08770407

INCIDENT RAD FLUX,J/SM2 0-60000

MIXING LENGTH CONSTANT 5 4,4000e01
SUBLAYER CONSTANT, YA+ 3 {,1823+0%
CLAUSER NUMBER = 1,8000#02
TURBULENT SCHMIDT NUMBER=z 9,0000~01
TURBULENT PRANDTL NUMBERZ 9,0000~01
TRANSITION MOM, THICK,RE 3 0,0000

AXIAL DISTANCE,METERS wy28287400 «w,26307400 »,20086400 w, 15635400 =,12725400 =,10785+¢00 =,69042-01 =,849639=01
o =,3023708 »,20535=01 =, 441B88=02 ,00000 71814=02 s17698=01  ,25396=01 ,28086m04
06566101 014276400 «20224+00 125421400 25778400 37788400 245935400 «S8642¢00

278840400  ,10437¢01 15694401 1211989018 226197401  ,28870401 30780401

WALL LENGTH,METERS «25390a01° ,44815=01  ,10458400 ,15782400 19005400 21153400  ,25049¢00 ,27588+00
: 129628400  ,30617400  ,32236400 ,32678400 33398400 34465400  ,395335400 ,35650400
240327400 49812400  ,57017¢00  ,63241400 ,63665¢00 ,77806¢00 LR7235400 ,30171401

012323401 ,15202001  ,20757401  ,26424401  ,31497¢01  ,34191¢01  ,36311+401

RADIUS,METERS 022669400 222586400 121305400 «19115+00 e 17732¢00 0 16810¢00 910966400 014066400
T 413442400 »13250400 213095400 . ,13088¢00 213138400 «13403+00 013761400 v13925¢+00
16710400 122233400 126300400 029724400 ,29954400 237418400 W 42162400 «49092400

59050400 « 70007400 087911400 ¢10135¢0¢ +10989¢0) 11326401 11521401

X1, (KG/SEC)mn2 : ¢31395«03 255432%03 1299402 +19748«02 +23896<«02 22668502 «32343=02 v35148#02
«37745«02 438960002 4088702 141389=02 W421u8=02 243080-02 «43637-02 s43808=02
046329202 +52840"02 «58955=02 004691 =02 ¢65095«02  ,79018~02 1BL678=02 »10388=01}
11262101} ¢15918%04 ¢22330+01 229053=01 +35119=01 «38302=01 040535=01

PRESSURE RATIO (97670400 ,97625400 96878400 94836400 92633400 90408400  ,B1798+400 ,73996400
- ¢64935400  ,60086400  ,4B369+00  ,0464T+00  (324B4+00  ,19596¢00  ,12534¢00  ,10473+00
«76277201 (55609701  ,42513%01  ,3395{=0]  ,33607=01 ,21202~01 ,1647B=0% . ,11899-0%

+80510202 56426902 35064202  ,25956~02 ,21512=02 - ,19737m02 ,18727=02

STATIC PRESSURE,N /N2 120000408  ,19991408 - 19838408  ,19420+08 ,18968408  ,18513¢08  ,16750408  ,15152+08
213299408  ,12303408  ,99085407  ,91424407  ,66518407  ,40127¢07  ,25665¢07 21445407
015619407  ,113B7+07 87053406  ,69522406  ,6B817+406 43415406  ,33741406  ,24366406
116486406  ,11550¢06  ,71800¢05 53151405 44050405 - ,40416405 ,38348405

EDGE VELOCITY,M/SEC ¢32394403  ,32808403  ,37678+03 48678403  ,58438403 67030403  ,94313403 11510404
13722400 14870404 17634404 18534404 21666408 25671404  ,28569+04  ,29608+04
031299404 ,32828404  ,34019404  ,34950408  ,34991404  ,36720e04 37586404  ,38620404
239753404 40692404  L41B28+04 Q2482404  ,42867+04  ,43038404  L,43140404 ,

BETA . 022811203 (64757=01 278582400 216525401 »21852401 «27574401 204420401 .649793+018
50297401 - ,49894+0% 2062940401 .12524¢02 «17759+02 +15389+02 s17597+02 019093402
. e11666401 053573¢00 62948400 255597400 +37538+00 43243400 37083400 130785400
+23760¢00 218734400 +13019+00 +98188=01 29009901 , 8855401 2 79975=01
INCID RAD,FLUX, WATTS/M2 400000 00000 200000 «00000 00000 200000 200000 00000
. . : 200000 200000 «00000 200000 00000 200000 » 00000 200000
+900000 - 200000 00000 «00000 200000 »00000 « 00000 100000

: . et 200000 200000 «00000 200000 400000 200000 100000
WALL (TEMPERATURE,DEG K 283300403 »83800403 »82500403 +81700¢03 »81600¢03 081600403 +81900¢03 182800¢03

/ . 282800403  ,80500403  ,70000403  ,65000403  ,57500+403 49000403  ,46670+403  ,46600003
o o (46500403 45500003 04000403 42200403 80560403  ,75500403  ,71700403  ,66500¢03
// . »57500403  ,09200403  ,63700+03  ,41000403  ,40000403  ,39500403  ,39440+03



COMP FLUX,KB/SM2 -

COHP FLUX,KG/3M2

) STATION
TTERATED VALUE

1 ;-- -

]

ITS  TIME  ALPH - FPPW

8,14913,
9,27114,

11457117,
12,75019,

14,93620,
15,89920,
16,85320,

O OOV AL VN

o

ALPHA
2.068401

watl
SHEAR
(N /M2)
2,316403

MOM TRANS
" COEFF, .
cFr2

2,451903

MOMENTUM
THICKNESS,
THETA .
o)

1425104

TOTAL HEA

© 1O WALL
(WATTS)
:1,321406

- NOOAL INFORMA
ETA

0,000
2.808#203

6,808=03 -

1,557=02
2.,703=02
4,835=02

1436501

4,154~0¢
7'219-01

1,000400°

1,203400
2,500400

6,99711,889 2,3098

078 2,2822
386 2,2352

10.39815,825 2,1774

407 2,0843

148 11,9293

13,89520,575 1,88431

653 1,91681
676 1,91941
681 1,92001

RADIUS
(METERS)

. 00000
,00000
200000

400000

" 400000
000000

-

e = = = o e AXIAL POSITION

DAMP  Ma

200000
00000
100060
+00000

.400000

400000

00000
00000
000000

100000

200000
000000

100000
£06000
00000

«00000

,00000
200000

XoLIN MAX,ERRORS IN CONSERVATION EQS,
ERROR MOMENTUM ENER

L1597 2,400 11 6,
L0247 2,400 11 6,
L0091 2,400 13 b,
«0932 24400 11 6,
22751 2,400 11 6,
25074 1,400 J3 S,
,0000 6,-01 11 2,
20000 1,05 7 2,
20000 8,=06 5 =2,
¢ 0000 1,w06 S =i,
PRESSURE EDGE VEL,
(N /M2) M/SEC

2401 8 =5,3
5401 8 «5,4
9401 B8 5,7
9401 B wS,7
9401 8 »S5,5
040§ B =u,}
S4+01 B =2,2
0400 8 wi,5
2201 2 «3,8
3«02 2 w=b,8
BETA

GY K

+04 8 =7,7=05 0
404 8 =9,2=05 O
+04 B =), 1%04 O
+04 8 »1,1=04 0
+04 8 »9,5«05 O
¢04 8 =9,8%05 0
+04 - B =3,0m05 0
+03 9 3,0-05 0
$01 9 «3,8405 0
+00. 2 «2,7»06 O

HEAT FLUXES (WATTS/M2)

DIFFUSIONAL TOT ENTH

20267°01 2,000407 3,249+402 2,281=04 9,551+07
ELEMENTAL MASS DIFFUSIVE FLUXES (KG/SEC’HZJ-}UR

HASS FLUXES (KG/SEC=M2)

MECHANICAL
REMOVAL
0,000

HEAT TRANS
COEFF,
8T NO,
2,99903

DISPLACE, EFFECTIVE ENTHALPY REYNOLDS

THICKNESS, .
DELSTAR
(M)
4,823=05

T~ THRUSY
LOsS

(N)
wi,205¢+0

TION
DISTANCE
FROM wWalLlL
(METERS)
0,000
5,70307
1,6U8e06
4,673=06
9,309=06
1.890-05
7,026=05
2.304%04 -
4,448=04
6,504°04
8,058+04
1,828»03

PYROL
GAS
0,000

BLOWING PARAMETERS

CHAR
0,000

TOTAL GAS H

YOROGEN

9,551+07

OXYGEN

0,000 «6,425-06 6,425+06

(NORM, BY RHOE*UE#ST) FOR

PYRUL GAS
0,000

-pooY THICKNESS,
DISPLACE, (AMBDA

(M) (M)

4,823%05 1,522=04
(THIS CASE
3 .

F U/VE
0,000 0,000
-3,212=03 1,102-01
1,773=02 2,287~=0}
7.204-02 3,519=01
1,641«01 4,179=01
'3,639=01 4,8§5=01
1,499400 6,146=01
5,354400 7,610%0}
1,056+401 -8,782=01
1,984¢01° 9,500-01
1,990%0%F 9,807«04
4,682+401 . 1,000¢400

CHAR
0,000

TOTAL GAS H
0,000

NUMBER
PER METER H

YOROGEN
1,187-01

YOROGEN

OXYGEN
1,483»01

OXYGEN

3.513407 *9,318+00 =1,165¢08

Fpp

{
1,920+00
1,874+00
9.911=01
3,681~01
1.894e01
9,912=02
3,202=02
2,061=02
1,639=02

SHEAR

N /M2)

2316403
2s316403
2,315+03
24311403
2,306403
24294403
2,218403
1,884+03
1,238+03

8,574=03 - 5,830+02

6,036-03
0,000

1,983+02
0,000

G, TOTAL
ENTHALPY
(J/KG)
~1,165407
=1,086¢07
=9,901406
-8,701+06
=7,964¢06
=7,226406
*5,6U09+406
=3,873+06
«2,4044006

~1,457406.

~1,010406
=6,950405

00600
+00000
+00000
,00000

200000
00000

RERAD
0,000

MASS THICKNESS (M) FOR

GP

¢J/KB)
1,336+07
1,390407
9,211406
4,036406
2,179¢06
1,168406
3,856+05
2,531+0S
2,102+05
1,193405
9,342+04
0,000

200000
400000
.00000
200000

,00000
200000

QCOND

9,546407

ELEMENTAL MASS TRANSFER COEFFICIENTS,
CHM, FOR

WAS RUN PRIOR TO ADDITION OF WALL AREA CALCULATION.}

GPP

(J/KB)

9,264406
n5,662+07
~2,856+07
-7,834¢006
=2.292+06
-3,857+0S
=2,382¢04
~6,77%403
-1,581+04
=6,165403
=1,130¢04

4,337+03

¢00000
200000
200000
200000

100000
400000

», 26247400 METERS = = = = = ={7 DEC T3 22142146

STATIC
ENTHALPY
(J/XG)

w1,165407
=1.,086407
-3,904406
=8,707+406
=1,974408
=7,239¢06
~5,669¢06
~3,903¢06
=2,405406
=1,504+006
~1,061¢406
=7,478¢05

- 400000
100000
00000

,00000
00000

TEMP

(DEG K)

8,330¢02
1,124+03
1.449+03
1,828¢403
2,050403
24265403
2.,698403
3.1316¢03
3,392¢+03
3,539+03
3,601403
3,643+03



DISTANCE DENSITY VISCOSITY SPECIFIC THERMAL PRANDTL. MODIFIED MOLECULAR MACH

FRO™ WALL RHO LIT] HEAT COND, NUMBER  SCHMIDT WEIGHT . NUMBER
(METERS) (KG/M3) (N «8/M2) (J/KG=K) (WATTS/M «K) NUMBER
0,000 4,073401 3,100°05 2,609+403 1,558-01 5,191«01 6,681=01 1,4313401 0,000

5,703=07 3,018001 3,777~05 2,826¢03 2,031=01 S,255=01 6,681=01 1,411+01 3,913=02
1,6UBe06 2,302+401 4,364005 3,045¢03 2,566=01 S,297=01 6,681=01 1,811¢0% 7,222=02
3,673=086 1,854001 5,203=05 3,249+03 3,176=01 5,323«01 6,681%01 1,411+401 9,965=02
9,309=06 1,655¢401 5,612-05 3,346¢03 3,523~01 5,331%01 6,6B1=01 1,411+01 1,122+01%
1,890005 1,497401 5,99405 3,428+403 35,85t=01 5,335e01. 6,681-01 1,410401 {,233=01¢
7,026w05 1,255401 6,727~05 3,558+03 4,889-0f 5,332-01 6,683~01 1,408401 1,451=01¢
2,344e08  1,079401 7,410%0% 3,650¢03 5,095=01 5,309«01 6,695=01 1,399401 1,680=01
4,40800 9,801400 7,858%05 3,699+03 5,513=01 5,272=01 6,716=01 1,382¢01 1,858=0%
6,50004 9,297+400 B8,101-05 3,721403 5,753=01 S,240=01 6,734=01 1,368401 §,962n01
8,058=08 9,087¢00 8,205-05 3,7314¢03 5,861=01 5,222=01 ~6,743«01 1,361401 2,004=01
1,828203 8,946400 8,275=05 3,737+403 5,936e01 5,209~0f - 6,750=04 .1,355+01 2,029=01

‘ DISTANCE FROM WALL,METERS
0,000 S,703=07 1,648m06 U4,673=06 9,309m06 1,890#05 7,026°05 2,344v04 4,648=04 6,504=04
8,05800 1,828=03 -

ELEMENTAL FRACTIONS AND THEIR FIRST AND SECOND DERIVATIVES WITH RESPECT TO ETA

H 1,429%01 1,429=01 1,029%0%1 1,829=01 1,829-01 1,429=01 '1,42901 1,429-01 1,42901 1,429+0%
1,429=01 1,429-01
6,096=07 95.663-07 =7,330708 »2,679=08 «1,552708 ~9,978~09 »3,573209 ~2,336%09 =1,621=09 «~1,023=09
«5,549«10 0,000
©74055207 =7,732206 2,566m07 4,756=08 .§,257=08 3,156=09 2,224m10 31,128=10 1,041=10 1,114=10
7,013=11 «2,876-11 . - : R
] 8,571=01 B8,571=01 8,571=01 B8,571~01 8,571=01 8,571=01 B8,571~01 8,571»01 8,571=01 B,571~01
8,571=01 8,57101 : .
*6,096=07 =5,663207 7,330908 2,679=08 1,552~08 9,978=09 3,573~09 2,336m09 1,621-09 1,023~09
5,549=10 0,000 -
T,455=07 7,732006 =2,566m07 =l ,754r08 =1 ,257w08 =3,156m09 =2,224=10 =1,128=10 =1,041=10 =1,114~10
~7,013011 2,876-11

MOLE FRACTIONS Lo
" 3,790=13 1,527209 3,250e07 1,582~05 7,947=05 2,824=08 1,971=03 7,780-03 1,606=02 2,265-02

2,600-02 2,846-02 .

o 1,203927 1,647=19 2,826-14 1,714~10 6,333%09 1,073=07 8,128~06 1,692~04 8,090=04 1,655=03
2,191=03 2,624=03 : .

02 2,829¢27 2,675=19 4,148~14 2,356=10 B8,482~09 1,409=07 1,033%05 2,074=04 9,462=04 |,858~0%
2,006=03 2,833-03 .

H2 2,003e01 2,083=01 2,043e01 2,043.01 2,002+01 2,001=01 2,437=01- 2,432~0%1 2,044=01 2,063=01

. C 2,475-01 2,485-01 . . , )

oW 5,402-16 2,416=11 2,378208 3,433=06 2,686~05 1,34504 1,569=03 B8,705=03 2,081=02. 3,081=02

3,587=02 3,952-02

H2O 7,557=01 7,557-01 7,557%01 7,557=01 7,557=01 7,554=01 7,5260% 7,399=01 7,170=01 6,967~0}
. ‘ 6,860%01 6,78101

REFIT CALLED

I ETACD) U/UE G(1,1)  SP{1,I,1) SP(1,I,2) SP(1,1,3) SP(1,1,4) SP(1,1,5) SPCI,1,6) SP(1,1,7) SPUL.I,

1 0,000 - 0,000 ®1,165407  {,429«08

2 1,266203  5,057=02 =},129407 1,429-01

3 3,065-03  1,193=01 =1,079+407 1,429-01

4 7,889e03 2,518+01 =9,694406 ],429=01

S 1,533»02 3,487-01 =8,730¢06 {,429-01

6 3,615%02 8,503=01 =7,595¢06 1,4829-04

7 1,280=01 5,980008 =5,847406 1,429-01

8 3,903e01 7,501e01 =4,007¢06 1,829-01

9 6,u14=01 8,50u=01 =2,758+06 1,429=04

10 1,000400 9,500=01 «1,457406 1,429-01

i1 1,198400 9,802-01 =1,017406  1,429=01

12 2.500000. 1,000¢00 «6,950405 1,429°0)

STATION 31 » @ e ® =-» @ = » AXIAL POSITION 30780401 METERS » = = e .= =7 DEC 73 22146322

TTERATED VALUES DAMP  HAX,LIN  MAX,ERRDRS IN CONSERVATION EOGS,
[TS  TIME ALPH  FPPW ERROR  MUMENTUM ENERGY H

1,04837,428 4,2421 ,4999 6,205 13 9,2400 10 =2,2403 10 =2,0e03 ¢
2.50837,475 4,26011,0000 3,205 13 d4,6400 10 »1,1403 10 «3,7=03 0
3,50337,476 9,26561,0000 3,05 6 »5,2°01 10 1,2¢02 10 1,7=04 0
4,51937,476 4,26641,0000 6,205 6 =6,9+02 10 6,5+401 10 =} ,6#08 0

BN -



PRESSURE EOGE VEL,

ALPHA RADIUS BETA ) HEAT FLUXES (WATTS/M2)
. (METERS) (N /M2)  M/SEC DIFFUSIONAL TOT ENTH RERAD GCOND
3,748401° 1,152400 3,835¢04 4,310403 7,998=02 2,920¢06 2,920406 0,000 2,919¢08
WALL _ MASS FLUXES (KG/SEC=N2) : "ELEMENTAL MASS DIFFUSIVE FLUXES (KG/SEC=M2) FOR
SHEAR . MECWANICAL PYROL CHAR  TOTAL GAS HYDROGEN  OXYGEN - .
(N /M2)  REMOVAL GAS S )
1,004¢03 0,000 0,000 0,000 0,000  =7,27207 7,272%07

* MOM TRANS HEAT TRANS

BLOWING PARAMETERS

COEFF, COEFF, (NORM, BY RNOEsUE*ST) FOR - CH, FOR
CcF/2 ST NO, PYROL GAS CHAR TOTAL GAS HYDROGEN OXYGEN
1.226'0} 0,000 0,000 0,000 1,386203 1,38603 .

1,17603

MOMENTUM DISPLACE, EFFECTIVE ENTHALPY REYNOLDS

MASS THICKNESS (M) FOR

THICKNESS, THICKNESS,  BODY  THICKNESS, NUMBER
THETA DELSTAR DISPLACE, (LAMBDA PER METER HYDRUGEN  OXYGEN
(1) )y - (M) (M)
6,443=03 8,113°03 8,113~03 9,057~03 2,896406 9, 972=02 9.831~02
TOTAL HEAT THRYUST
10 WALL 1033
(WATTS). (N)
1,479+08. 3,741404
NUDAL INFORMATION ) .
ETA - DISTANCE F U/UE FPP - SHEAR G, TOTAL GP
FROM wALL ENTHALPY
-(METERS) : (N/M2) (J/KG) (J/KG)
0,000 0,000 0,000 0,000 G,266400 1,000¢03 =1,273407 2,710407
2,310=00 3,389-06 |,637-04 3,82B=02 4,578¢00 1,004+03 =1,248+07 3,091+07
S,671=00  9,656=06 1,003=03 9,453=02 4,353¢00  1,004¢03 ={,207407 3,320+07
1,547+03 3,478-05 6,886=03 2,114=01 2,011¢00 1,003+403 =1,109407 2,029+07
3,05003 9,798#05 2,601=02 3,103~01 7,628-01 1,003¢03 ~1,006¢07 B8,677406
9,222-03 3,267=04 1,069-01 4,192=01 2,802=01 '9,999+02 =8,B04+¢06 2,928+06
3,873902 1,666-03 6,811=01 5,84501 5,489=02 9,828402 =6,804¢06 6.,884405
1,612«01 7,504403 _3,792+400 7,391=01 1,28b=02 9,067+02 ~0,841406 1,672+05
© 4,582=01 2,152~02 . 1,268+01 8,473=01 6,992=03 7,214402 =3,325¢06 1,053405
1,000400 4,658=02 3,1064C1 9,500=01 3,123=03 3,323+02 »1,674406 5,732¢04
1.274400 S,925=02 4,098+01 "9,801-01 2,732=03 1,430+02 *1,097406 S,496+04
2,500400 1,167=01 - 8,694¢01  1,000¢00 0,000 04000 =6,950405 0,000
DISTANCE DENSITY  VISCOSITY SPECIFIC  THERMAL  PRANDTL MODIFIED MOLECULAR
FRO% WALL RHO MU HEAT COND, NUMBER  SCHMIDT WEIGHT
(METERS) (KG/M3) (N =S/M2) (J/KG=K) (WATTS/M =K} NUMBER :
0,000 1,650°01 1,894-05 2,338403 B,74bm02 5,062+01 6,681=01 {,411¢01
3,389-406 1,315=01 2,199~05 2,389403 1,033-01 S,087=01 - 6,681=01 1,431+01
9.656-06-'1.029-01 2,585205 . 2,472+03 1,206=01 S5,131=01 6,681-01 1,411401
©3,478-05 7,339e02 3,230=05 2,608+03 1,643201 5,205~01 6,681-01 1,411¢01
9,798=05 5,971%02 3,700~05 2,800403 1,974=01 5,249=01 6,681=01 1,411+0%
31,267-04 S,12402 4,092~05 2,930¢403 2,272~01 S5,276=01 6,681=01 1,411+01
1,666=03 4,573=02 4,411=05 3,029¢03 2,524~01 5,294-01 6,681=01 1,411+08
7,50803 04,509=02 4,452-05 5,041¢03 2,557=01 5,296=01 6,681=01 -1,411¢01
2,152=02 4,593%02 4,398-05 3,025403 2,513=01 5,293=01 6,681=01 1,411401
4,658=02 '4,665%02 4,353~05 3,012+403 2,478=01" S,291=01 6,681»01 1,415+01
5,925002 0,624=02 4,379+05 3,019¢03 2,498=01 5,293=01 b,681.01 1,411¢01
1,167=01" 4,586e02 4,403=05  3,026403 2,517=01 5,290e01 06,681=01 1,411¢08
. .. - DISTANCE FROM WALL,METERS :
0,000 3,369=06 9,656e06 3,478205 9,798=05 3,267«04 1,666=03
5,925202 1,16701 ' T

ELEMENTAL FRACTIONS ANp THEIR FIRST AND SECOND DERIVATIVES WITH

H l.nzo-ol 1,429=01 1, azo-ot
1.429-01 1, azv-ol

1,523=05 =5, 577=06 2,059=06

-7.745-08 0,000

oa,aos-os 6, 062m04 w4 ,412%0S
) 4,508=09 “1,136=09

8, 571-01 a, 571—01 8,571=01
8,571-01 8,571=01

-1 523-05 5, 577=06 2,059906

7,745=08 0,000

. 2,403%03 -b,obz-on

4,812405
»4,4508-09

1:136w09
MULE FRACTIONS

0,206%27 3,237=21
< 4,279%06 5,016=06

1.900-30 1,00030 8,391a35
4,279-12 6,115=12

1e ooo-So 1,000=30° 2, 13738
6,341~ 12 9,037-12

2,443=01 "2,443%01 2,483401
2,443-01 2,843=01

2,021=34 8,119=27 2,665%20
2,679=07 3,286=07

7.557%0%1 7,557=01 7,5570}
7.557=01 7,557~01

H
o]
02
H2
OH

- Heg .

3,567+16

RESPECT 70 ETA

1,429201 1,429~01 1,029~01 1,429%01

83,382207 «4,483%08 «8,356709 »],161=08

*6,775206" 1,686007 +2,947<09 «7,948#10
8,571~01 8,571~01 8,571=01 8,57101
4,382007 0,083208 B8,356m09 1,161%08
6,775+06 »1,686207 2,947#09. 7,948=10
5,962011 1,635~08 539407 5,295%06
5,023%23  1,56117 8,073%14 6,905=12
9373223 2,574%17 6,26914 1.019-::1
2,403201 2,443-01 2,843+01 2,44301
1,094=13 2,080-10 1,873208 3,522%07
77557201 7455701 7,557=01 7,557=01
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ELEMENTAL MASS TRANSFER .COEFFICIENTS,

G

GPP

(J/KG)

4,401408

1,819+08
-3,516+08
=1,628408
«2,658407
*2,026406
*1,136¢05
«5,561403
«2,362403

2,296+02

=3,642+03
14249403

MACH .
NUMBER

0,000

STATIC

ENTHALPY .
(J/KG)
»1,273407
=1,249¢07
r1,216¢07
=1,154+07
*1,095+07

=1,044+07

=9,982¢06

=9,9214¢06 -

»1,000¢407
=1,007¢07

"1,003¢07

=9,994406

21654m01

5,828=01
1,112+00
1,484400
1,868400
2,471+00
3,104400
3,590400
4,054400
4,165+00
4,233+00

T.504»03

1,429=01

241%2=02

1,429=01

TEMP

(DEG X}

3,944¢02
44949402
6,325¢02
B8,865¢+02
1,089+03
1,270403
1,423403
1.443¢03%
15416403
1,395¢03
14407403
1.419¢03

0,658002

1,829-01

a3,526208 #3,567~08 =5,457~08

~1,833~09
8,571%01
" 14526008
1,83309

6,901=06 -

1,252731
1,839=11
'Z.aas;og
h.vdf.o7

T:557»014

©9,308=10
'0'571.01

3,567=08

9,308-10

4,859-06

S,692~12

8,416-12
2,43301
3,154%07
1,557-08

*2,227-09
8,571+01
5,457-08
2,22709

3,614206
2,928+12
4,353e12
2,433~01
2,157~07
7,557+04



6.3 SAMPLE CASE 3 - SOLID PROPELLANT ROCKET NOZZLE

To aid the user of BLIMPJ this sample problem of a solid propeliant rocket
motor with two ablative wall materials is presented. The primary differences in
this case and the liquid propellant cases -are:

® Time varying stagnatipn conditionS’
e More elements and chemical species
e Ablative wall materials

3)

BLIMP cannot accommodate time varying stagnation conditions or solid par-

° Solid particles in'the flow (Alzo

ticles in the gas. Average values of the stagnation condition are assumed.. Since
- the solid particles tend to leave the boundary layer region'and reside in the

free stfeam, the amount of‘A1203 condensate at M = 1.0 was calculated using the
Aerptherm Chemical Equilibrium program and this amount was removed from the ele-
mental composition of the boundary layer gas. The elemental cémposi;ionvof_ﬁhe
fuel, which is primarily ammonium perchlorate and aluminum, and the elemental
composition of the boundary layer edge gas are shown in Table 6-1.

Element Percent Percent
By Weight By Weight
Element Fuel ’ . Gas -
H 3.738 5.267
c 11.474 - 16.171
N 8.694 12,254
o] 38.987 35.675
Al 16.045 .949 \
c1 21.062 29.684 "'
TABLE 6-1

Elemental Composition of the Fuel and the Assumed
Boundary Layer Gas (29.047 Percent (Weight)
of the Fuel Condensed as A1203)

The two ablative wall materials are silicon phenolic tape (MX2600) and
carbon phenolic tape (MX4926). The specified wall temperature was always less
than the fail'temperature of the wall material. 1In the absence of any other
information it was assumed that the wall was in steady state ablation. In this-
case the pyfolysis gas and char gas are‘leaving'the surface at a fixed ratio.
The combined éblaﬁion gas is then assumed to have the elemental composition of

the wall material and is accounted for in BLIMP as char gas. (See input cards
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in group 11 for the composition of the two wall materials.) The BLIMP options
which use assigned wall temperature and ablation gas composition, and calculate
the required blowing rate are KR(9) = 2, KR(1l1l) = 0, assigned wall temperature,
and assigned blowing rate of zero. The change in wall material at station 22

is specified on card 02100 of the input. Discontinuities were-also specified

at the juncture of the two materials."(Nofice that these poihts'are not forced -
to be extremely close together.)

A completé liSt.of the input, the output héading and summary page, and .
~the first and twehtyfsixth solution stations are shown. The-executionbtime on
a Univac 1108 was,approximately 30 minutes. This is primarily a result-bf-hav—
ing seven elements (see'SeCtion 3.10). Two suggestions which would reduce the
execution time are to remove all the aluminum, and remove the silicon'and run
up to station 22, then restart at station 22 and include silicon. This would
probably save ten minutes. - '

Another feature of this run is that. the linear curve fit option‘for the
edge'preésure was used. This was done primarily to eliminate any problems with
curve fit. If a more exact solution is desired, the option KR(3) = 2 shoﬁld be
used and a time limited case executed to insure that the Betas are correct be-

fore investing in the entire solution.

This case was run in- two parts using the restart option. For this reason
the total wall area and the total heat to wall given as the station 26 output
apply only to that portion of the nozzle from the restart station (20).
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INPUT
SAMPLE CASE 3

18
38

10500620210202000000 SDLID PROPELLANY SAMPLE. CASE ’

7 1111111 111111)111112222222

28 -
6,75222=03

Bl R Y :

3 6 7 9 11 12 13 14 15 16 17
24 25 26 21 28 29 =30 =31 32 33 35

SINPUT . :

XTTaBl1)= =1,0 2 =o7392  , =, 731, =,Ti6 , =,704
-, 003 , w,528 , =,432 , =,377 , =,301 ¢ =226
075  , .00 r 2075 4 J1B51 , L,226  , 301
G452, . ,528  , LKD3 , L67B , ,904°- , 1,130
1563, 1,809 , 2,035 5 2.1628 , 2,261 4 2,487
2.739 4 3,165  , 3,331 4 3,617 , 3,843 , 4,069
4,521 , d.048 ’

YITaB(1)= {,268 , 1,258 , 1,23 r 1,205  , 1,191
£.139 ., 1,105 , 1,076 , Ll,052 , 1,033 , 1,019
14002, 1,0 p 1,001, 1,006 , 1,016 , 1,029
1,066 , 1,u89 , 1,119 , 1,183 5, 1,253 , 1,352
54545 4 14635, 1,724, 1,7728 , 1,812 , 1,901
2,072, 2,152 , 2,228 , 2.298 , 2,367 , 2,428
2.529 , 2,55% ,

PITABC(1)= 1,0 ¢ 4949 , ,934 , ,925 , ,918
W885 ,  ,859 , ,R28 , L7197 , L 762 , L7130
637 , ,598 , ,5388 , 525 , L4B3 , 44y
L3650 331, L2937, L2654 G139, 154
{103 ’ «VB7 ’ 2075 ’ 00912 « 065 ’ . 057
045 ’ 2 040 ’ 037 ’ 034 ’ 0031 ’ 029
27, 027, '

SEND

12, : _

0,0 - ,002 006 S0l , 025 W06
ol . 1.0 1.5 2,5

10 495 t 3,5

040 « 05 12 «25 ¢35 by 45
5 .85 .95 .98 1,0
(674116

4,1341406

1,7968+06

0,0 .

L4 11,823 018 .9 .9 200,

6,482 +05
'a 1900,

H. YYDRIGEN 1,008m,03267 -, 0253 ", 0242

€. CARRQN 12, =,15171 -,3584 », 2092

N NITROGEN 14,008m,12254 -,0000 00000

3. UXYGEN 16, #435675 . 1163 ., 462

ALALUMINUY 26,97 =,00949 20000 10000

SY YILICON 28,406 »,00000 «0000 ",3046

CLCHLORINE 65,457=,29634 20000 20000

300, 1000, 5000,
H2 J 3764 20 00 00 0G 300,000

-« ®m w w w w

- % w e ww

- w w e ww

20
a1

»,678
=, 151
377
1356

2,713

4,295

‘.177
1,008
1,046
1,450
1,988
2,482

909
681
Q402
125
, 051
,028

)

5000,000

22
43

- . w e W

» e w v ew

- % e w ww

01100
02100
03100
03201
03300
03401}
03402

04500
04201
04202
04300
o440l
ou402
05100
07100
07200
07300
08100
09600
11100
11201
11202
11203
11204
11205
11206
11207
13100

0;31001901E 01 0,5111946UE=03 0,52644210FE=0720,34909973E=}0 0,36945345Em~14
»0,B7738042E 03-0,19629421€ 01 0,30574451E 01 0,26765200E=02#0,58099162E=05
0,59210391E=08~0,18122739E=11=0,98890474E 03-0,22997056E 01

ca

0 29840696 01 0,

J 9/65¢C 10

100

000

06

300,000

' 5000,000
14891390£=02=0,578996B4E=06 0,10364577E=09~0,69353550Em14

90’14245228E 05 0,63479155F 01 0,37100928E 01%0,16190964Ew02 0,36923594E=05
»0,20319674Ew08 0,23953344E=|2~0,14356310E 05 0,29555351€ 01

AL

J12/6SAL 100

000

000

nG

300,000

- . 5000,000
0;25450650E 01e0,75157512E=04 04486741 78E=0Tw0,1404S399Ewi0 0,152192B5E=14

0‘354959575 05 0,53100255E 01 0,279649B3E 0120,12468u95E«02 0,20733316E=05
»0,15487769E~08 0,43185442Em12 0.3B456100E 05 0,41365426E 0t
100 000 06

H21.

J 3/61H4 20

3004000

5000,000

@BLBLLBLDNL WD



0y 97167613F 01 0,29451374E~02=0,B022437UE=D6 0.102266825'09-0 46“721055-10
=0, ??9058’6F 05 0,66305671F 01 0.40701275E 01=0,11084499E=02 0,41521180E=05
0. 29b37u0nF-ou 0,80702103E~12~0,30279722E 05~0,32270046E 00
He “J 9/64H 1CL° 100 000 06 300,000 5000,000 ‘

04 ?766588ut 01 0,14381883Em02=0,46993000E=06 0, 73099008&‘10-0 437311 06E=14
=0, L1191 7468E 05 0 62553540[ 01 0,35248171E 0] 0,29984862E~04~0, 862218915-06

0,20979721F = -06=0, °8658191F 12=0,12150509E 05 0,23957713E 01
¢Il J 976751 |0 100 000 0G 300,000 5000,000

0, 5747883)5 01 0,88991943E=03=0, 525253965-06 0, 573209625 10~0 35108944E~14
-0.15317“30F 05 0,36478404E 01 9,32528276E 01 0,41823126E=03 0,37R806202E=05

"), §10240836-06 041947131 7E=11=0,15090340E 05 0,664B5803E 01

N2, J 9/065N 20 00 on 06 300,000 5000,000
0.289631005 01 0,1515UB6SEmD2m)457235277EmO6 0, 908073935-10 o . $5223555Em14

=0470586184E 03 0,61615143E 01 0,36748261E 01=0,12081500Em02 0,235240402E=05
“0,63217559Em0920,22577253E=12=0,10611588E 04 o.zsseoazae 01

ALCL: J 97644 1CL 100 o000 06 300,000 5000,000
0.83754335E 01 0,18702767C=03=0, UIB69033E=07 0.831a7171E—11-o ssaxloaat =15
-o_@DBGOll?F 04 0,23323883F 01 0.33327027E 01 0,44007734E=02=0,65385801E=05
0.4a387us7ﬁe08~0.111706u3L-11-0.b7755002E 04 0,736431B9E 0}

ALCLR J 9/76daL  {CL 200 000 06 300,000 S000,000
o,éoosxooss 01 0,33723139F=03=0,14321882E=06 0,26838301E~i0=0,18532160E=14

=0 39B36262F 05=0 JexalqosL 01 0,43363468E 9] 0, 99563726E~02 =0315043433E=04
0, 1027?7356-07 0 2603717?( 11=0,39361237E 05 0.7:382017E 01

ALCLS J 376441  4CL 300 200 06 300,000 5000,000
0493982905E 01 0,67170780E=03=0,29024817E=06 0, 553509105—10 o,3aav=azat 14

#0,7328347BE 05=0,16564599F 02 0,53451521E 01 0.16916668E»01=0,25004302E=04
0.1&71R980E-07 0,41452873E=11~0,72452434E 05 0030263715 01

ALY , J 9/765AL 10 §00 000 06 300,000 5000,000
0439717174E 01 0,63202200E=03=0,25646015E=06 0, 4908877ut 10-0 330279a9t-14
0.0575?335F 04 0,32492563E 01 0.,29297104E 0} 0.31aiouuSE-oe-o,1ssabu7ot-05

*D,31939557Em=08 0,89331277F~]2 0.98709961E 04 0,859B5845E 01

YRR J 9/64al, 0 1CL 100 0G 300,000 5000,000

0,67805200E 01 0,79662R22E~03"0,34233355E#06 0,65022648E=|0=0,45549197Em14"

-0Q44080832E 05-0 +93132976E 01 0,32444400E 0} 0,314117005E=01~0,19322038E04
- 04 11962798F-07~0 27069180E=11=0,43312343F 05 0,77922149€ 01
ALQH Ji2a/67al 10 1H 10 06 300,000 5000,000

0,36800674F 01 0,336306823¢=0R2=0, 12066244;-05 0, 213822055-09-0 13898349g =13 _

‘=0 23046105E 05 0 36769913F 01 0,26132214E 0} 0, 27716890E-02 0,74157830E~05
-0.11354602E-07 0, ,455 69557 [1~0,22586797E 05 0,10062166E 02
ALNR2H Ji2szoesal: 10 2n 10 - 06 300,000 5000,000
0964260300E 01 0,32230262E=02=0,12139348Em05 0, 2107USOOEn09-0 13823000E~ 13
=0,57626154E 05=0,74707565E 01 0.24B004S6E 01 0,16149264En01-0,16033524E=04
0« 6“466!665 08m0,4099UT69E~12=0.56%582759E 05 0,12293907E 02
C J 3/61C 100 000 o000 06 300,000 5000,000
0a 255106635 01m0,14696202E=03 0,7438B0B4E=07~0,794B4079%E~}1 0.58900977E-lb

0‘352162905 05 0,43128879E ol 0,25328705E 0]= 0-155576“15'03 0430682082Ew=06 -

=0,26770064E=09 0,87488827C=13 0,B5240422E. 05 0,46062%74E 0}
co J 9/65¢C 1 200 900 06 300,000 5000,000

oaaqboaoans 01 0,30981719E=02~0,)2392571E=05 0, 22741325E-09n0 15525954E=13

-o‘u8961402E 05=0 q8635°8’E 00 0,24007797E 01 0,87350957E=02~0,66070B78E=05
0,20021861E=08 0 L 03274039E~15~0,48377527€ 05 0,96954457E 01

CLi J 3761CL 100 000 000 0G 300,000 5000,000
0,29595315E. 01~0,41899860k=03 0,15980973E»06w0, 251027175'10 0.16673826Eu14

0113659103E 05 0,30350159€ 01 0.20888310F 0] 0,23675912E#02m0, 41905830E905L

06 2240B8564Em0B=0,33258769E=32 0.13836334E 05 0,72655033E 01

n J 9/65H4 100 000 000 06 300,000 5000,000
0425000000E ot o0, 0, 0, 0,
0‘254716275 05=0,46011763E ) 0.25000000E 0] 0. - 0,
0o 0, 0.25471427E 05#0,46011762E 00

HC(): J 3761H i1c 10 100 06 300,000 5000,000

0y L 33366T20E 01 0,33912031E=0290,12957629E«05 0,22679230E«(09=0,14952372E~13
eo‘?bu30557E 04 0.69479329E 01 0.37929190F 01°0,47861919E»04 §,57305920E=05
»0,54606603E=08 0,16288628E=110,26288218E 04 0,52070412E 01
N J 37614 170 000 ogn0 0G 300,000 5000,000

_— N WS S W= B W LW~ D WU~ EWNe- N W S W= BN~ S NN~ 2 W EWN— SN~ W



0, ?ﬂ%OZbﬂZE 01 0,106611583E=(3~
0.56116040E 05 0 fN44BT58(E 01
-0.'60756025:10 0,20999044C=13
NQ J 6/063N 10
04 z;aoooooE 01 0,133B2281=02=
o.“BaBSZQQE 04 0,67458125E 01
'C.b1139316E-08 0,15919075E=11
J J 67620

190

0, 74653373Ew07 0,18796524Ewi0e0,10259839Emd
0,25930714E 01e0,2180018{E~04d 0,5420528TE=07
0.56098904E 05 0,41675764E 01

100 000 06 300,000 5000,000
“0,5289931BE=06 0, 9591933?5'10-0 6UBUTII2E~L1Y
2.,40459521E 01=0,34181783E=02 0, 79&19190E-05
0,77453934E 04 0,29974988E 04

002 000 06 300,000 5000,000

25“205905 01=0,27550619E~04=0,31028033Em08 0.4:51067”5-11'0 43680515E=15

ZQLSWSOBE 05 0,49203080F 01

0.,2946U287E 01+0,16381665E=02 0,24210316E=05

-o , 16028432608 0,38900964E=12 0,29147644E 05
oM J 3/660 iH 100 000 NG
0,29106427E 01 0,95931650E=03=0,19441702E=06
04393538156 04 0,54423445E 01 0,38375943E 0l
0,18713972E=09«0,22571094dE=12 0,36412823E 04
a2, J 9/650 20 00 00 06
0436219535E 01 0,73618264E=03~0,19652228Ew06

=0 1a019825€ 04 0,34150760E 01 0436255985E 01=0,13782184Em02 0,7055454UEm05

~0267635137Em0B 0,21555993E 1120, 10475226 04
sTCL2 J12/6981 {CL 20 00 06
20 (66562009E 01 0,392255]4E=03<0,16975920E=06
W21B865180F 05=0,43502099E 01 0,42340627E 0}

o S 10572099E=0720,26771636E=11=0,21378628E 05
ST J 3/67ST 100 000 000 06

0,29639949E 01}

300,000 5000,000
0.13756606E'10 0,14224542E=15
0,10778858E=02 0,96830378E=06
0,49370009€ 00

300,000 5000,000
0, 36201558E-10-0 28945627E=14

0,43052778E 01

300,000 5000,000
053002402 1Ewl0m0,44765027E=14d
0.10291978E»01=0,15513734Em04
0,73084885E 01

300,000 5000,000

0.265060145 01°0,35763B52E=03 0.29592293E~06"0,72804829E*10 0,57963329Em14
0q 53U437054E 05. 0.32200057L 01 0,317935%37TE 01*0,2T6486992E~02 0,44784038E=05

"0 345331775‘08 0,91213631E=12 0453339032E 05
oIC J 376781 1C- 400 000 06

0,27273204E 01}
300,000 5000,000

0.)5799033E 0120,13409344Em02 0,75483047E=06m0, 165“3778E’09 0.126633055-13

0y . 85046120F 05=0,56633593F 01=0,21924696F 01}
0% 606901205a07-0 16729207E=10 0,85953443E 05
SICL‘ . J 976781 {CL 100 000 OG
0,441 79424E 01 0,13137080E=03~0,30789013Em07
0 216503625 05 0, s;azbsaaa 01 0,38247525E 01
0, zsxeqosxznoe-o 6514806JE~12 0,21774076E 05
srcLs . Ji2s6981 fCL. 30 00 06
0423913634E 03 0,67983523Em03~0,29385989Em06
=0 512°8ab°E 05#0,15758539% 02 0,51253419€ 01
0.15160893E-07-0 45701854E= xi-o.soasxoaes ns
SICLA J 9/6781 {CL 400 000 06
041 20B9655E 02 0,10190735E=02m0,44167865E=06
=0, 529360525 05+0,2994008%E 02 o,btou001oE 04
o.zaaua7aaz-o7 0,60370155E=11-0,81705075E 05~
sru J1276981 14 10 00  0G

0,41342700E=0120,78274113Ew04
0,23756080E 02

300,000 5000,000
0,47B029U2Ew 1w0,24135145EmLS
0,24969130E=02w0,36640266E~05
0,61967S73E 04

300,000 5000,000
0+56056340E=~10w0,39374882E=14
0.17938832E~0120,26825402E04
0,48235054E 01

300,000 5000,000
0.,844B1573Em}0m0,594915B0Ew1Y
0,24933114E=01=0,36703263En04
0,98955289E 00

300,000 5000,000

30911184F 01 0,146B9347E=0270,56349951E=06 0.&0071335E-09-0 63679401Emtd

o 043020075 05 0,57808348E ni
eo.=s797081E~oe 0,12582731E=11
sxq J 3/6781 N

04,39858621F 01=0,87927054E=05

0,43524809E 05 0,31615156E 0!
»0,377348B3E~08 0,5683533{F=11
SIZ J 376781

0, 504701395 01 0,53990034rm03=

6913318GE 05—0 19234578F 01
-o 575096035—08 0,14775004E=11

2917, 2972, 2968,
2914, 2897, 2893,
2738, 2675. 2617,
zoxs. 2015, 2012,

200

0441309782E 01"0,35619084E=02 0,76432635E=05
0.44159598E 05 0,10358455E 0}

100 000 0G 300,000 5000,000
0,54269539E=06»0,17951017E=09 0,16337069Ew)3
0,31051955E 01 0,§4B52449E=02 0,18561060Em0S
0;437857095 0S5 0,78753961E 01

000 000 0G 300,000 5000,000
0,43078376Ew=06 0, 113552065009w0 9626287 E=ld
0. 381553°3E 01#0,19096SU2E=~03 0,59233416Ew05
0,69784655E 05 0,57275556E 0f

13 LAST

15201
15202
15203
15204
16204
16202
16203
16204

2956,
2875,
2562,
2009,

2939,
2859,
2514,
2005,

2930,
2826,
2472,
2003,

2919,
2788,
2431,
2002,

DWWy B Wil BN =S WN = S W= CWN=EBEWAN~ DW= W~ BEWHNEREWN= WV RN~ SN~ W



16601}
f6602
16603
16604
16605
16606

16607

16608

16609

16610
16611
16612
LASY

NLwWEBLWLLrLLBDWLDN

w



ASE:

OUTPUT
SAMPLE CASE 3

BOUNDARY LAYER INTEGRAL MATRIX PROGRAM (BLIMP)

CONTROL NyMBERS ¢

U/LE 10
NORM, ETA

9,500-01

ASE.

ITAL ENTHALPY,J/KG
JTAL PRESSURE,
NOIDENT RAD FLUX,J/8M2

1

MIXING LENGTH CONSTANT

SURLAYER CONSTANT,

CLAUSER NUMBER

TRANSITION MOM,THICK,RE

SOLID PROPELLANT SAMPLE CASE
2 'y 4 S5 6

6o 5 0 0 6

4,796«04 1,168+03 2,720=03 4,837«03 9,585+03 3,177=02

01100

23 0 2 o

8

0 0 0 o

ETA VALUES

T 1,000400 1,348400 2,500+00

NODAL PT,
AT ‘AMICH
ETA NORH,
10 0,000
1,00000400
1.79680406
N/ZN2. 4,13010406
0,00000
T 4,4000-0}
YA+ = 1,1B234D1
= 1,8000-02
TURSULENT SCHMIDT NUYBER=  9.0000-01
TURBULENRT PRANDTL NU4YBER= 9,0000-01
20,0000

ACUREX CORP,<«AEROTHERM DIV, MT,VIEW,CALIF, (RMK,EPB) 23 FEB 74 10355108

9 10 11 12 13 14 15 16 17 18 19 20

[

PYRD,GAS 2 CHAR 2 - PYRO,GAS 3°
40000000 ,0240079 0000000
210000000 20174333 20000000
0000000 10000000 ¢0000000
40000000 0288750 0000000
10000000 10000000 0000000
«0000000 201085%3 20000000
«0000000 40000000 20000000
! _

", 18122739=11  =,98890473+03
136905335214  =,87738042+03
| +00000000 ,00000000
2395334412  =,14356340405
#,69353550=44  =,16205228405
400000000 . 400000000
!
24318954U2n12 ,35056[00105
1521928514 158498957405
400000000 200000000
1
(80702103r12  =,30279722405
w 4847214Sm14 =) 29905826405
400000000 400000000
1 . .
© w,98658191.12 412150509405
" 83731106938 =, 11917468405
400000000 00000000
‘ .
J19471317=11  »,13090360¢05
©,35108944m18  =,1331743040%
00000000 400000000
1 ’
522577253212 10611588404
#165223555014 =3 9058618403
400000000 +00000000
)
=,1117064311  =,67755002404
#,53213024=)5  =,69880112408
00000000, 400000000
, .
»,26037172011 = 39361237405
# 1853216014  »,39836262405
+00000000 400000000
1 .
@ 41452878Bm1]  ~, 72652431405
~135875822~14  =,73283478¢05
100000000 ,00000000

CASE | » w o o # @ o o # & = v. = 2. ” @ ¥ ® o " = 8 = - 0.0 =
REUATIVE ELEMENTAL COMPOSITIONS, ATOMIC WTS/UNIT MASS
SYMBOL-  ELEMENT ATOMIC WY EDGE- GAS PYRO,GAS 1 CHAR.
H HYDRIGEN 1,00800 40522520 10000000 £ 0250992
[ CARBON' 12,00000 00134758 £0000000 10715333
N NITROGEN 14.00800 10087479 10000000 40000000
3 UXYGEN 16,00000 ,0222369 40000000 20072687
AL ALUMINUM 26,97000 40003519 .0000000 20000000
51 SILICON 28,06000 .0000000 00000000 »0000000
CL  CHLORINE. 65,45700 .0015349 (0000000 ¢0000000
THERMODYNAMIC PROPERTY CURVE-FIT DATA (SEE MANUAL- FOR FORMAT)
H2. U 3/61H 2,0 0,0 0,0 0,6 300,000 5000,000 .
T 1900,00 +30574451¢01 426765200702 *,58099162705 «55210391~08
5000,00 231001901401 2511194604203 152644210~07 ».34909973«10
00 200000000 . 00000000 00000000 100000000
€O J 9/65C 1,0 [,00 0,00 0,6 300,000 5000,000
160,00 «3710292849] " 1619096402 13692359405 "y 2031967408
S900,00 2981069640} ¢ 14891390=02 »,57893684=06 2310364577209
200 +00000000 . ¢00000000 100000000 ¢00000000
AL J12/65AL 1,09 0,00 0,00 0,6 300,000 S5S000,000
100,00 ,27964983431 -, 1206349502 420733316205 »,15487769+08
5900,00 £25450650491 -, 75157512%04 L4B674178=07 »,14045399=10
200 400002009 . 400000000 ¢00000000 £ 00000000
Hax: J 37614 2,0 1,00 0,00 0,6 300,000 50004000 -
1000,00 240701275401 "y 1108449902 44152118005 *, 2963740408.
5900,00 27167633404 £29451374<02 v, 8022437406 110226682=09
000 400000000 . 400000090 200000000 400000000
HeL J /644 J,CL 1,00 0,00 0,6 300,000 5000,000 .
1900,00 £ 3524817149} 229984B52=03 =,86221891706 12097972108
5000,00 227665834401 014381883-02 4699300006 734794080
200 L00000000 ,00000000 ¢ 00000000 200000000
s12 J 9/6781 1,0 1,00 0,00 0,6 300,000 50004000
1200,00 232528276401 L41823126-03 ¢ 37806202~05 »,51024483=08
5000,00 L37478835401 81991943403, -,32525396=06 . 57324962~10
200 200000000 . 400000909 200000000 100000000
N2, J 97658 2,0 0,0 0,7 0,6 300,000 5000,000
1000400 £ 36748201401 1200150002 123200102705 "y 63217559=09
5000400 «28953194+0) C 4151504866402, n5723527706 179807393=10
400 400000000 202000000 ¢00000000 400000000
T8 J 9/76aaL 1,CL- 1,00 0,00 0,6 300,000 5000,000 . i
1000,00 233327027401 44047734=02. =, 65385801705 44438743708
5000400 $43754335401 1070276703 17869033207 8514717111
4,00 200000000 . 400000000 100003000 «00000000
A EL2 J 9703AL 1.CL 2,00 0,00 0,6 300,000 5000,000
1000,00 L4335345840} 47956372602 »,15049433=04 210272735%07
5000,00 ,669330063401 $33723139-03 =, 14321882-06 .256838301=10
,00 400000000 _ ,0u000000 ,00000000 200000000
WLELS J 3/704al 1,CL 3,00 0,00 0,6  300.000 5000,000
1000,00 W53451521+91 o 10916668~01 ~,25004302-04 416718989=07
5300400 1+ 9398290540 «67170783=0% =,29024817~06 £35354910 410
W00 «00000001 «01000000 00000000 100000000
Wy J 976540 1,0 1,00 0,00 0,6 320,000 5000,000

- =« a 23 FEB 74 10155205

1,265%01 3,781-01

CHAR 3

¢0000000
10000000
£0000000
200060000
0000000
+0000000
£0000000

»,22997056401
19629023401
00000000

029555351403
65479156401
00000000

,A1365026401"
+53100256401
+00000000

®,32270046400
2663505671401
«00000000°

123957713401
16458354040
00000009

156085603401
£ 5647BU04401
¢00000000

1235B0424+0}
361615448001
400000000

¢ 73643189+0¢
023323888¢04
100000000

175382017401
*,38121908+01
400000000

»302637154014
"y 16554590402
+00000000



1000,00
5100,00
£ 00
ALt
1000,00
5000 ,00
,OO
ALY
{200,00
5000,00
.00
ALD2H
$1000,00
Sy00,00
.00

[
1000,00
5000,00
,00
to2.
1200,79
5000,00

, .00
453
1000,00
5000,00
L 00
” .
1000,00
5000,00

200

HEY
j000,00
5000,00

,00.

N
1000,00
500,00
W00
N2
{000,00
5002,00
.00
2
1900,00
5000,00

<00
4
1000,20
5500,00
.00
22:
1000,00
S000,00
00
ST
1000,00

5000,00
' 200
(344
1000,00
5000,90

. 400
SICL
1000,00
5200,00
400
sICL2
1600,00
5300,00

«00
SIZL3

1000,00

5500.00
.- ,00
s1cLd
1000,00
5900.00

L 00

s1d
000,00
500,00
200

SV
1000,00
3000.00
.00

si2.
1000,00
5000,90
,00

29297104491 131210445202
239717174404 163202200=03
,00000900 400000000
J 9/64aL- 1.0 1,CL 1,00 0,6
(320446409421 .1u117oos~oz
267805200433 « 7966282203,
,oooooooo 400000909
J12/67AL §,0 4.H 1,0 0,6
$ 26132211401 .2771689;-02
*3686067Us01 133136322202,
L00000909 | .00200000
J12/68AL 170 2,H 1,9 0,6
L 2UB00USH+OY S16149264-01
bU26430640] ,3?330362 02
€ 30000200 «10020000
: J 3/61C 1400 0,39 0,90 0,6
25328705401 »,15537901 -03%
,25B10603+0¢ - 14576202203
200009900 . 202000000
J 9/65%C 14,0 2,00 0.90 0,6
(20007797404 +B7350957=92
L46608041+3] 230983171902
. 00000000 .30000900
J 3/61CL 1700 0.00 0,00 0,6
.208383¢n+01 « 28675912~ 02
+29595315+01 n,41899860-03
00020000 «20000900
_J 9/654 1,00 0,00 0,00 0,6
.25000000+91 £00000000
42500000043} 200000000
200000099 . +00000000
J 3/60H 3§48 1.0 -1,00 0,6
37929190401 ﬂ75bl°l9v04
. 33366729401 133912031-02;
200000000 ,ooo:oooo
J 37618 1,00 0,00 0,00 0,6
L25030714+40] -.21800181=04
,2U502682¢01 .10661453+03!
200000009 . 400000000
J 6/63N 1,0 1,00 0,09 0,6
40459521401 ~,34181783=02
,31690020+01 £13382281-02
, 00000000 . 400000000
J 6/620 1,00 0,00 0,00 0,6
L 29464287401 ,15381565 02
L 25420596401 27550619=04
.00000000 «00000090
J 37652 1.4 1.00 0,00 0,6
.38375943+04 =.10778853=02
b 2910642740} 2959315630~03
,00000000 200000009
J 97653 2,0 0,0 0.0 0,6
,36255985+31 =, 1878218402
. 36219535401 £ 73618264-03
200000000 .oooocooa
J 370781 1, oo 0,90 9,90 0,G
,31793537+0} 3764690002
,26506014403 " -.357638:2 =03
,00000000 200000090
J 3/67301 {,C 1.00 0,00 0,6
", 21924696401 J41342700~ -0t
155799033401 .13u093au~02
,00000000 «00000000
J 9/67S1 f1.CL' 1,00 0,00 0,6
. 38247525+0) .Luoeqxso -02
LUULT7942440} «131370680-03
,00000000 #00000000
J12s6981 {JCL- 2.0 0,0 0,6
uasuoea7¢01 !10291978.01
6562009401 +39225514=03
.ooooonoo .oooooooo
J12/6931 1,CL. 3,0 0,0 0,6
;51253u10931 .17qsaale 01
93913634431 6798352303
,00000000 200000000

J 976781 {,CL- Q 00 0.00 0,6

,61000010401
. 12083655402
. 00000000
J12/6931 |
41309732401
«3091118¢+01
L00000000

WH

J 376731 N

.31051955+01
,3985862140]
,00000000

2493311401
.10190735=02

200000000

1.0 0,0 0,6
., 3561908492
«14689347=02
00000000
1,00 0,00 0,6
«14852449-02
- 87927056-05
00000000

J 3767S1 2,00 0.00 0.00 0,6

,38155393407
25047413940}
,00000000

.. 13096542~03
15399003403
400000000

v, 13586470"05

®;11939557+08
»,25846015%06 ¢49488774=10
400000000 200000000
300,000 5000,000 :
", 1932203804 114962798~07
", 34233355«06. 165022648m10
400000000 100000000
5004000 5000,000
74157830005 =,11354602-07
», 1206624405 £21382205=09
. 00000000 ¢00000000
300,000 5000,000
", 16033524=04 45466166708
" 12139348-05 421074500m09
400000000 00000000
330,000 5000,000
230682082706 =, 267706064=09
7438B0BYUR0T =y 7903107911
£00000000 200000000
300,000 5000,000
»,66070878%05 120021861~08
", 1239257105 ¢22741325%09
«00000000 £ 00000000
300,000 5000,000 .
© =, 41905834=05 +22408564#08
£15980973~06 ®,28102717~10
«00000000 +00000000
300,000 5000,000
400000000 400000000
500000000 200000000
«00000000 100030000
300,000 5000,000
157306920=05 =,34806603r08
»,12957629#05 222579230-09
200000000 £ 00000000
300,000 5000,000
5420528707 “e56475602=10
~, 784653373=07 . 18796524=10
«00000000 200000000
300,000 5000,000
W79819190=05  w/51139316=~08
©,52899318w06 295719332710
400000009 100000000
300,000 5000,000
p24210316%05 ", 1602843208
«,310268033+08 L45510674etd
400000000 230000000
300,000 5000,000
.96830378=06 «18713972~09
=y 19441702706 «13756646=10
¢00000000 «00000000
300,000 5000,000
¢ 70534544705 =y 57635137-08
v,19652228=06" 2 36201558~10
200000000 200000000
300,000 5000,000
4478403805 =,32833177-08
12959229306 », 7280482940
400000000 ¢ 00000000
300,000 5000,000 :
=, 7827411304 , 50696120%07
£ 7548304706 ", 16543778=09
,00000000 +90000000
300,000 5000,000
=, 3664026605 +25169051=08
«,30789013~07 «47802942~11
100000000 100000000
300,000 5000,000
=, 15513731 ~04 210572099%07"
=y 16975920706 «30024021~10
00000000 200200000
300,000 5000,000
»,2hB825402~04 1 18160893=07
~,29385989~06 £56056340=10
300000000 " 200000000
300,000 5000,000
=,36703263=04 42414874807
=, 44167865=06 +94481573=10
(00000000 200000000
300,000 5000,000
1 76432635«05 3379708108
5634995106 210071335~09
100000000 «00900000
300,000 5000,000
21856106005 °© =,37734883=08
15426953906 =¢17951017~09
.00000000 200000000
300,000 50004000
,59233416=05 ~, 57549603208
~,43078376~06 +11355206-09
400000000 +00900000

6-30

¢89333277=12
2,33027949=14
400000000

*, 2706918011

#,45519197s14

100000000
L45569559m11

-, 13898319#13

200000000

“ 40994769712

», 13828000913
100000000

BT4BBB27=13
15890097736
400000000

(63274039~15
v, 15525954913
400000000

r,33258769"12
1867382614
£00000000

00000000
200000000
100000000

16288628211
», 14952372~13
400000000

20999044r13
», 1025983914
100000000

(1591907611

T e,6uB47932r14

00000000

38906964212
» 43660515=15
,00000000

., 2257109412
,14224542r15
00000000

212155599311
2894562714
00000000

9121363112

,57963329e14
400000000 .

-, 16729207210
¢+12663345=~13
2100000000

©,65148061~12
" 20135145215
00000000

~, 26771636211
18765027, 14
2+00000000

°,45701854=11
=,39374B82~14
100000000

| #,60370155=11

«159491580,14
200000000

21258273111
», 63679401 =14
+00000000

1683533111
 16337069=13
00000000

«14775004«11
=, 96262871214
v»00000000

,98709961 408
195752335404
100000000

», 43312343405
e, 44080832405
400000000

=,22586797405

~ 23046105405
©¢ 00000000

», 56682759405

" 57626154405
400000000

185240822405
85216294405
400000000

- 4B8377527+05
. a8961042005
,oooooooo

£13836331405
£13659143405
+00000000 -

125471627405
12547162705
100000000

-, 26288218404
", 26430557404
100000000

56098904405
(56116000205
400000000

,97453934404
,98283290+04
¢00000000

1291476464405
29230803405
00000000

£ 36412B23404°

059353815404
100000000

-, 10475226404

=, 12019825¢04
£00000000
,53339032405

+534370564405
100000000

85953143405

85046120405
00000000

121774076405

21650362405
£00000000

-, 21378628405
", 21865180405
200000000

=,50431048405

«,51298469405
00000000

«,81705075405
=, 82936052405
+00000000

, 44159598405
44302447405
,00000000

(43785709405
43524809405
£00000000

69784655+ 05-
169133185405
100000000

+86985B84b408
432692568401
«00000000

179922149401
"y93132976+01

- 400000000

410062166402
136769913401
100000000

+12293907¢02
e, 74707565408
¢00000000

146062374401
(43128879401
000000000

0969514574014
©, 98635982400
200000000

+72655033401
+30350159+0%
+00000000

" 46011762000
®, 46011763400
200000000

25207041208
,69479829401
400000000

(U1675764408
CHUUBT581¢08
400000000

29974968401
67858126401
«00000000

029639949401
449203080401
00000000

449370009400
« 5442344501
400000000

2430527784901
+36150960401
»00000C00

127273204401

15220605701
«00000000

028756080402 .
"y 56633593401
00000000 -

e61967373+014
33226348401
000000000

. 73084885409
43502099401
200000000

248235050409
©,15758539+02
«00000000

‘®y, 98955289400

»,29940086402
«00000000

21035845540)
¢578083468401
400000000

s78753961401
v3161515640]
200000000

157275556401
"y 19234578403
100000000



ELEMENT HYDROGEN CARBON NTTRUGEN  OXYGEN ALUMINUY SILICON
ELEMENT CHLORINE. . » "
BASE 3P H2 - ¢o N2 © W20 ©Al s10
4ch .

MILECULAR TRANSPORT PRIPCRTIES

VISCOSITY ... BUDDENBERG = WILKE HIXTU?E FIRMULA HWITH HU(IJ CALCULATED ON

THE 3ASIS OF C(1,1)

= DBAR/G(I)ax2

THERMAL CONDUCTIVITY ,[,... MASON = SAXENA MIXTURE FORMULA WITH EUCKEN CORRECTION
/

DIFFUSION COEFFICIENTS ,ease D(I,JI)

= DBAR/(F(I)4F(J)) WITH DBAR BASED ON

SIGMA = 3.,4673, EPOVRK = 106,7000, AND MREF =
METHODS EMPLOYED

0 CONDENSED PHASE, VALUES FOR F(I) AND G(I) SET EQUALI TO 1,E410

32,0000

1 VALUES FOR F(I) (R G(I)) INPUT DIRECTLY
2 vVALUES FOR F(I) (OR G(I)) CALCULATED BY

F(I) s(M(T)/FPITMIL)~2FFA AND

G(I) = (MCI)/FITGMAI*=GGA WHERE M(I) IS SPECIES MOLECULAR WEIGHT,

FITMOL = 26,7000, AND FFA =

£ U890, FITGHW =

24,3000, AND GGA = (4540

3 VALUES FOR G(I) CALCULATED BY G(I) = SQGRT(D3AR/D(I,I)) =2 (SIGMA(I)/SIGMA)

* (EPS(1)/EPOVRK) #%0,0795 & (M(1)/MREF)
ARE GIVEN WITh THERMODYNAMIC DATA

An0,25 WHERE SIGMA(I) AND EPS(I)

SPECIES  F(I) METHOD G(I) METHOD SPECIES F.(I) METHDD G(I) METHOD
42 283 2 323 2 [} 1,024 2 1,066 2
AL 1,005 2 1,048 2 H2) 825 2 .873 2
HCL 14562 2 1.579 2 si3 1,278 2 14310 2
N2 1,024 2 1,067 2 ALCL 1,835 2  ],834 2
aLcLe2 2,385 2 2,339 2 ALCL3 2,825 2 2.738. 2
ALO 1,262 2 1,295 2 ALICL 1,984 2 1,972 2
ALOH 1,276 2 1.309 2 ALI2H 1,486 2 1,507 2
¢ 676 2 726 2 co2 1,277 - 2 1,309 2
L. 1550 2 1,568 2 H 2201 2 2236 2
HC0 1,048 2 1,084 2 N 729 2 719 2
N3 14059 2 1.i01 2 a 778 2 827 2
2+ 802 2 850 2 02 1,093 2 1,133 2
sl S 1,025 2 1.067 2 s1c: 142197 2 14255 2
SICL 1,840 2 1.844 2 sICL2 2,393 2 2,346 2
SICL3. 2,832 2 2,744 2 sICi4 . 3,210 2 3,082 2
SIH 1,082 2 1,085 2 SIv 1,209 2 1,283 2
812 - 1,438 2 1,462 2

STAGYATION SOLUTION FOLLOWED BY. ROUNDARY=LAYER EDGE: EXPANSION

CP=FROZEN CP=-ENUIL GANMA
(J/KG»DEG=K) (J/%G=DEG=K)
,19238+04  [35717+04  ,1185440) .
TEMP = 3358,7743 DEG~K PRES = 4134407 "N/M2.  MOL WT = 20,961749S

RELATIVE MASSES OF CIMPONENTS 1,2 AND 3 ,00000 - 200000 100000

ENTHALPY = ,1796B00407 J/KG ENTROPY = 411239405 J/XG=DEG=K

DENSITY = ,3105654+¢01K6/M3
VEL- = 0,000 M/BEC  MACH = 0,000. "
SPECIES  MOLE FR, SPELCIES  MOLE FR, SPECIES  MOLE FR,
H2 32765¢00 co 26630400 AL - «15009%03
H2) 015625400 HCL 181471-01 SI0 4006000
N2 W91498a0 1 ALCL - 030009=02 ALCL2 .15555=02
ALCL3 ;26257-ou ALU 280879-04 ALICL - 2 11507=02
ALAA £57631=03 ALO2H ,83226+03 c £31974=08
ciz .16294=01 cL 263179292 H 2 37711=01
HC2. (14979-03 ] «51854=03" NO L 34U80=03
0 . 53155=03 oH WTTE30-02 02 L10117-03
st ,00000 s1c 200000 SIcL .00000
sicL2 «00000 31CL3 200000 SICLY 200000
SIv «00000 SIN 100000 s12 200000



STATION ND, ¢

CP~FROZEN CP=EQUIL GAMMA

(J/XG=DEG=K) (J/XG=DEG=~K)
19217404 .35192+04 .11861401

TEMP = 3327,2873 DEC=K PRES = 3861407 'N/M2] MOL - WT = 21,0085418

RELATIVE MaSSES OF CIHMPUNENTS 1,2 AND 3 ,00000 «00000 L 00000
ENTHALPY = 1706417407 J/KG ENTROPY = 31239405 J/KG=DEGwK
DENSITY .= 2934BTLOIKG/ M3

VEL = 4,253402 M/5EC  MACH = 3,402-01

s:scxss ngg FR, SPECIES  MOLE FR, SPECIES  MOLE FR,

H «32855400 cn 425654400 AL 214027-03

H27 15693400 HEL :8177o£b1 . 8ID .00000

N2 151636=0] ALCL 129892-02 ALCL2 (19995=02

ALTL3 027413=04 ALD W 75U24=04 ALoCL 21161302

ALIH ,52995-03 ALO2H $82929=03 . ¢ £ 26200-08

t92 016431204 cL 6069902 H ,36139=01

HC3 +14044-03 N :43583-05 NG :sosoz-os

o 4794383 OH 73245=02 02 91502704

sl $ 02000 SI1C ¢ 00000 SICL. £ 00000

SItL2 ¢00000 SI1CL3 00020 SICcLY iooooo

SI4 ,00000 SIN 400000 512 100000

STATIIN ND, 2
CP=FROZEN CP=EQUIL GAMMA
(J/KG;DEG-K) (;/KG'DEG-K)
19206+04 34984404 ,1186340}
! TEMP = 3314,8021 DEG=K PRES. =. ,3758+407 N/M2. MOL- WT .3 21,0190399

RELATIVE MASSES UF COMPUNENTS 1,2 AND 3 200000 00000 «00000 .
ENTHALPY = 1670770407 J/¥G ENTROPY 3. 11239405 J/KG=DEG=K
DENSITY = ,285557+01KG/M3 .

VEL = 5,022402 M/5E MACH = 0,026=01

SPECIES  MOLE FR, SPECIES  MULE FR, SPECIES  MOLE: FR,

H2 32891+60 co 26663400 AL ,13548+03

23 “15719+00 HEL 18188701 $10 £20000

N2 291699=01 ALcL 129843-02 ALCL2 215133-02

ALCL3 $27897=04 ALD (7331704 ALOCL: Q11650-02

AL A «56730403 ALD2H ,82736=03 c . 22418708

cox «16485=0] cL 45972002, H £35520=01

HEd 1368703 N (0327703 NO L48705-03

) $45960=03 oM TH146U=02 n2- «37347=04

sI 400000 SIC 00000 SICL +00000

SIcL2 +00000 SICL3 400000 SICLY «00000 .

SI4 200000 SIN 100000 © 812 «00000

STATION NO, 26
cP~FROZEN CP=EQUIL GAMMA
(J(KG'DEG-z) g:g;f;egg-KJ 12573401 ‘
1771 ngMP ' 1880, 9520 DEG-K PRES 2. 1406406 N/M2 HD;ONT0= 21,6243002
RELATIVE MASSES OF. COMPUNENTS 1,2 AND 3 400000 100000 40000
e TENEHALPV = =,1623419407- J/KG  ENTROPY = 411239405 J/KG=DEG=K
DENSITY = J194U21H00KG/M3 '
VEL = 2,616+03 M/SEC MACH = 2,744+00
.
SPECIES  MULE FR, SPECIES MOLE FR, SPECIES  MOLE FR, '
He «36210¢00 €n 26274400 AL g 4652407
H22 S16131400 HeL e82532-01 810 20000
e 9458301 ALCL. (45911203 ALCL2 .30171e02
: - £753=07 ALOCL 23285203
14816=02 ALd el t
ALCL3 L] a4 11823=0% [ , 24855~15
hea H19103405 N 137216=10 NO y18062-00
a '8866708 OH $12128=08 v2 s17313-08
s1 00000 s1C 100000 SICL: +00000
’ K SICL3 00600 sictLy . 20000
s1cL2 «00000 ] [} 812 *90000
SI4 400000 SIN 100000 .



STATION NO, 27

CP=FROZEN CPLEGUIL GAMMA
(J/XGeDEGwK) (J/XG=DEG=K)

17596404 .18230¢04 21258440
TEMP = 1807.5427 DEG=K PRES = ,1158+406 N/M2. MOL WT '8 21,6346047
RELATIVE MASSES OF CI4PNNEMTS 1,2 AND 3 00200 100000 000000
ENTHALPY = «,17609944+07 J/XG ENTROPY = 211239405 J/4G=DEG=K
QENSITY =. «165613+00KG/M3
VEL' = 2,668+03 M/SEC MACH = 2,853+00

SPECIES  MULE FR, SPECIES  MOLE FR, SPECIES  MOLE. FR,
M2 +36408400 co 126436+00 AL ¢1756107
H22 016008400 HCL +81800=01 sIQ ¢00000
N2 0 94628~0y ALCL $31917=03 ALcl2 148407=02
ALCL3 «19676=02 - ALD ¢60508=08 ALOCL +3594503
ALIH ¢ 3320904 ALD2H 2 821206=04 4 ¢56270216
co2 _ 430188=9) ¢ 2 374564=04 H p 2102003
ney «13758=05 N 11983=10 ND 131725=07
0 .28781-08 oH 26304605 02 ¢55375=09
s1 «00000 34 e 09000 SICL: 200000
sicLe2 400000 - SICL3 400000 - SICLY 000600
Sin W 00000 SIN +00000 812 £ 00000

STATIIN NO, 28

LP=FROZEN CP=gaUIL GAMMA
(J/KG=DEGeK) . (J/KG=DEGwK)
s 17575¢04 . 19220408  ,12585+0}

i TEMP = 1794.2504 DEG=K PRES =: 41116406 N/M2 MOL WT = 21,6365263
RELATIVE MASSES OF CIMPONENTS 1,2 AND 3 220009 200000 400000
ENTHALPY =  =,1786160¢07 J/XG ENTRDPY = ,11239+405 J/XGrDEG~K
DENSITY = ,161B6B+00KG/M3
VEL: = 2,677403 M/SEC  MACH = 2,874+00
SPECIES MOLE FR, SPECIES MOLE FR, SPECIES MOLE: FR,
H2 . 36447490 s} 226108400 AL L14U96~07
H22 « 15983400 HCL 81647=0t 510 200000
N2 ,9u637-01 ALCL 12967103 ALCL2 1475392202
ALCL3 4 20710=02 ALOD 24952108 ALOCL: 234346203
AL DH +30610=04 ALO2H 3 76250=04 c L82306-16
caz .30490~01 CL «34118=04 . H £19323=03
HC3 .12885~05 N 296353=11 NO © .70180=07
0 .23195=08 OH £55570=03 02 . a43396=09
sl . ,00000 sIC £00000 sIcL 430000
sIcL? 200000 s1cL3 200000 SICLY 200000
SIH ,00000 SIN £00000 s12 .00000




AXTAL- DISTANCE,METERS
WALL! LENGTH,METERS
RADIUS,METERS
.21,(xc/s:caa«z

PRESSURE RATIO

STATIC PRESSURE, N/M2
EacE:VELgcxrv.n/sEc
BETA

IN2ID RAD FLUX,WATTS/M2
WALL' TEMPERATURE,DEG X

COHP FLUX,KG/SM2

COMP FLUXKG/SM2

COAMP FLUX,KG/38M2

=, 49278400
00000
$76175400
.19812%01

$45720-02
53363400
+13391401
26518401

,82916400
267412400
.01180+00
13968401

«32520=03
LU2719=01
.10817+00
$20537400

193400400
.5980C¢+00
215400400
245000=01

,38612407
,24722407

263665406

18603406

42525403
L11867408
,20721404
«25350¢04

»32025=01
f12350+01
£89303+400
45130400

.00000
L00000
,00000
400000

29770404
28970404
$26170404
$ 20094404

500000
L.00000
,00000
00000

00000
.00000
£ 00000
L00000

,00000
400000
,00000
. 400000

«,85705+00
(5055901
£91410+00
424383401

456209701
58419400
15052401
«31336401

79543400
S6T479460
L97707+00
215491401

(40976402
L46940=01
12101400
423924400

90900400
+55830¢00
112500400
+34000-01

37579407
,23101407
51676406
(14056406

150215403
12167404
21060404
,26159+04

(28779400
L11850+01
76353400
L36571400

L00090
L0000
L, 00000
00000

29720404
.28930¢04
225620404
»,C0050¢04

L00000
L00000
00000
00000

00000
00000
00000
£00000

L,00000
00000
,00000
200000

=, 40649400
«10179+00
2106714018
28953401

211289400
163553400
£16710401
136073401

76782400
267816+00
110415401
16732401

184165002
15122201
f13367400
(27208400

488500400
¢52500400
10300400
12800001

236587407
«21704+07
242581406
411575406

¢56763+03
$127724040
122066400
26080408

p45743+00

112793401
263739400
121954400

00000
200000
,00000
00000

129680+04
.28750+04
,25140+04
.20030+04

400000,
,00000
400000
,00000

00000
00000
400000
400000

400000"
,00000
(00000
200000

\

»,30870400
115235400
12195401
+31333401

022323400
68654400
+18350+01
+38503+01

, 72535400
(68470400
(11022+01
17224401

17128201
155075«01
(14598400
228910400

82800400
$4B300400
187000201
+27000~01

e34230+407
019953407
235967406
W 11152¢06

¢ 70370¢03
¢13523+04
223123404
126775400

«76712+00
14411¢01
462199400
111786400

00000
00000
00000
2100000

129550¢04
28590404
24720404
¢e20020+04

£00000
00000
400000
160000

100000
100000
00060
100000

200000
2100000
200000
400000

*, 20291400
£25418400
1137184018

32913400
2 79035+00
¢19988+01

« 69636400
970513400
111622401

¢25737-01

+64093=01"

2 15813+00

76200400
240200400
2 75000=01

31502407
216619407

¢31006+06

184373403

«15029+¢04
023669404

93779400
14270403
¢60305+00

00000
200000
00000

4129390404
128260408
(24310408

v

100000
,00000
+00000

«00000
400000
100000

¢00000
00000
,00000

~, 15235400
+35593400
14580401

438056400
189621400
120910401

T 468692400

073411400
0119514014

42996901
72792701
16895400

+73000400
¢33100400
$69120m014

130179407
113684407
428575406

490820403

(16427404
123957404

L 12130401

(14157401
55835400

100000
200000
00000

429300404
,2788B04+04
«20150404

400000

. 200000
. 400000 .

«00000
§00000
200000

00000
00000
«00000

., 10179400
245705400
115242401

«H3166+00
10062401
121623401

267954400
1 77726400
012215004

+34204%01
+81726=01
(17012400

168100400
126500400
65000701

128153407

010955007

.20572f06

099632403,

217845404
« 20169404

, 13869401

012767401
54504400

200000
¢30000
900000

229190404

. ¢27380404

120150400

;00000
000000
+0000Q

00000
400000
00000

200000
000000
000000

*, 5055901
160940400
$16765+01

148305400
111728401
123260401

e 6T5464Q0

T B844BTH00

12815401

¢ 38492%0}
.95055901
18201400

163700400
119900400
45700040}

(26334407
,82269406
(255644006

210766404
£159450406

(24607404

(12614401
110610401
150656400

00000
400000
400000

29140404
126730404
120120404

00000
200000
100000

100000
00000
100000

00000
00000
100000




STATION 1'% = = o = e = =2 AXIAL POSITION =,49278400 METERS w = = = o =27 JAN 74 103363139 .
_-UERAIEDJALQEL_—_QLLEAXJM;EBEQBLILCMERVAIION EQS, - _

178 TIME ALPH FPPW ERROR  MOMENTUM ENERGY H2 co . h20 HCL 810
_1w21 5073, 600_.6ﬂ56_.3233_1.100_1}_L.3_!00_6__3 T102_ L 6, 3-09_1_2 2= OLJ_Z 1:03__1_8 9=08__1 7,6=08 2 0,0
__2__29. 372_3,280__,5640_,4433 5,400 13 =8,5=01_8 2,6402 | 2,4-08 1 3,007 B =1,9=09 3§ _2,4%07 11 6,008 2 0,0

0 . .

__3_.31.. 233 2,916 ,4926 7218 3,400 {3 «8,6-01 & 1.6402 18 1,2207 & =5,3=07 1 8,309 1) =3,7=07 { =7,6-08 2 0,0 -
0 .

— 8 45,059 2,779 _,48434,0000 7,-01 13 =1,3~0% 8_S5,1401 3 _6,0208_5 =l,9206_11 9,8=09 11 =1,1=06 7T 11,8207 2. 0,0
0

5___52.555__'2,7_7_7_,_45ﬁi.,O,OQ.O_i,:QLLuﬂL,9103__6___5.5.1'_00_3__:3,l!.-07_11_:9.2!'06_3___1..220_7_1.1__3,.44:0,6 3 4,0=06_2_0,0

]

60,068 2,777 __,uB651,0000 3,08 11 2.9=05 B 7,901 4 2,5207 £1 =8,2=06 14 =~1,3=07 S _=2,0e06 11 =4,3-06 2 0,0
0 -
ALPHA RapIUS PRESSURE EDGE VEL, BETA HEAT FLUXES (WATTS/M2)
_(METERS) ___(N_/MRY _ M/SEC _ __ _ DIFFUSIONAL_TOT ENTH__RERAD GCOND.

2,777+400 8,292«01 3861406 4,252402 3,202-02 3,020406 3,020406 0,000 2,515406

WALL . MASS FLUXES (KG/SEC=M2). ELEMENTAL MASS DIFFUSIVE FLUXES (KG/SEC=M2) FOR
SHEAR___MECHANICAL _PYRUL__ ___ CHAR __TOTAL- GAS_ HYDROGEN__ CARBUN._ _NITRUGEN___OXYGEN__ ALUMINUM__ SILICON _CHLORINE
(N /M2)  REMOVAL  GAS

T,352#02 0,000 0.000 l193:.0h_1..l_9,3:(1h__49_.421',0.9_:.6.364!_6_7__2.089107__'1,,5523_0.7 44,877=09 _ 0,000 24171207

MOM_TRANS HEAT TRANS __ BLOWING PARAMETERS __ ELEMENTAL MASS_TRANSFER CUEFFICIENTS,

COEFF, . CDEFF,  (NURM, BY HHMOEAUEAST) FOR CMe FOR '
CF/2 ST NQ.__ PYROL GAS __ CHAR___TOTAL GAS_ MYDROGEN__ CARBNN ___ NITROGEN __ OXYGEN __ ALUMINUM __ SILICON CHLORINE
1,387-03 2,109=03 0,000 4,538=07 4,538=07 6,033m04 1,263-03 3,152-03 8,608=04 7,149%04 0,000 14050703

MOMENTUM DISPLACE, EFFECTIVE ENTHALPY REYNDLDS HMASS THICKNESS (M) FOR
"THICKNESS,THICKNESS, BODY  THICKNESS, NUMBER - j
THETA DELsTAa_ﬂ_prsgLAcz. LAMBDA__PER METER_HYDROGEN____CARBON____NITRDGEN_ __OXYGEN  ALUMINUM__ SILICON CHLORINE
M) (M) &) M)
1,151205__2,504=05__2, 5;_4"05__1 928205 _1,502+07 =6,192=03 _ 6¢000704 _2,045%02_=3,561~03 =2,549-03___ 0,000 __ =2,533-03

TOTAL HEAT THRUST T0TAL
70 wWALL LOss WALL AREA
{4ATTS) (M) (M2}
0,062405 wd,719402 1:34501
NODAL INFORMATION . :

ETA DISTANCE_ F UZUE £PP SHEAR Gy TOTAL 6P cPP STATIC TEMP

FROM WALL ENTHALPY ENTHALPY
(METERS) : (N_2M2) (J/KG) (J/KG) (J/KG) (J/KG)__ (DEG K)
0,000 0,000 -3 S4B=07 0,000 4,865201 75352402 6,482405 3,708405 4,428+08 6,482405 2,977+03

2,000=03  1,205=07_ 7,145-06 ¢ ,191__; u.ggq;el__7 350402 6,503405__3,711+05_ 4,425404 6,503405__ 2,578+403
6400003 3,616=07 6 7114~05 8,102=03 4,862%01 7.345402 b, Suntos 3,716405 4,421404 6,544405 2,975+03
,000=02_ 6,028=07 1,871~04 _1.}5_0_!12___ B60=01 7,341$02 _6,585405 3.721'05 9."05*0“ 6,585405 2,981+03
2,500-02 1,509~06 1,171=03 3,373-02 4 653 =01 7,324+02 6 740405 3,739+405 4,336+04 6,739405 2,987403
_ $,000=02 __3,630=06 6,137.:@34__&‘0@0:02 4 6’55-01 ,282002_» ,106005 3.781+05_H3.95510u ,,,,,, 7,100405 3 000403
1,500=01 9,134=06 4,196-02 2,008=0)1 4,768-01 7,145+02 8,063405 3,880+05 1,127+04 8,027+0S «035+03
_u.ooo-o1_,2,1178-05_2,‘21&:01___‘5.129:01__0,2?,44-01_6,245t02 1, 078006 3,958+05 -=7,375404 _ 1,0%5¢06 _ 5,12%03_
7,000m08 4,418=05 B8,476=01 7,999=01. 2,666=01 3,887+02 1,382+C6 ! 348405 =1,532405 1,325406 3,213+403
$4000400 6,412=0% {,586+00_9 9. ,500=01___9,380~02__1,354+402__1,608+06__2,068+05_=1,246405 _x_5263Qb 3,275403
1,500400 9, L807205 2,961400 1,005400 ~1,408202 =2,016401 1,775¢06 3,383+404 ~3,166404  1,684406  3,321403
2.500'Q0~.L.bbS:Q@__i.Z;Qioqﬁﬂl.ogozoo,hn.ooou‘ 04000 1, 797#06 04000 7,291+03 1.706406__3,527+03

DISTANCE DENSITY VISCOSITY SPECIFIC THERMAL PRANDTL MODIFIED MOLECULAR MACH RHOSQ*EPS

FROM WALL RHO HEAT COND, NUMBER  SCHMIODTY WEIGHT NUMBER £RHO*MY
(METERS) (KG/M3) (N -3/"2) (J/KG=K) (WATTS/M =K) NUMBER .
04000 3.334400 7,711=05__1,895403 _3,841s01 3,805=04 7,109<01 2,137401 0,000 0000

1,20507 3,333400 7,712-05 1,895¢03 3,842-01 3,805«01 7,109=01 2,137+0¢ 9,700=04 0,000

3, 615'0L_3.33l!_00 1,715 05___.1 895403 . 3 843=01__ 3,804~ 01_7 109=01__2,137+04..2,909=03_ 0,000

6,028=07 3,329400 7,717-05 1,895+03 3, ,845=01 3,804~01 7,109=01 2,137+01 4,846-03 0,000
_____1,50°~Qﬁ_3,322t.0n__l.121~n5_L,ﬂ96ml_3 852-01__3,804= 01._7-“0 012, 157*01_1.210 0204000
3,630=06 3,305+00 7,751-05 1,897+03 3,867-01 3,802=01 7,110-01 2,136¢401 2,892-02 0,000
.3:134'06 3.264'00_._1 809+05__1,900¢03_~3,905-04 3.799 01 7,110 01 24133401 7,148=202_ 0-000
2,478=05 3,159+400 7,960=05 1,907403 4,007-01 3,788~01 7,110-01 2,125+404 1,801~01 0 000
4,418-05_3, 058?00_8 108-05__1, 913*03__4..11.0:-0L_3|775-01__.7.111.‘01.__2.l16*01 2eTT1=01__90,000
6,412-05 2,969+400 8,211-05 1,918+03 4,184-01 3,764=01 7,112~-01 2,108+01 3,259-0! 0 000
—3, 607 =05_2, 939*0.0..& 287 QS__L 921+¢03 __4,241=-01_ _3,755=01__7,112=01. 2..1021'01.__}.“.24:01__0.‘0.00
1,665-04 2,932¢00 8,298-05 1, 922*03 4,249=01 3,753=01 7,112=0% 2,101+01 3,402~01 0,000




_ DISTANCE FROM WALL,METERS :
0,000 1,205207__3,616207__6,028-07__1,50906__3,630206 _9,134n06__2,478205  4,418=05  6,41205

9,807~ 05 14,665=04 R

ELEMENTAL FRACTIONS AND THEIR FIRST AND SECOND DERIVATIVES WITH RESPECT 7O ETA

H2 3,032-02 3,032702 3,032n02 3,032e02 3¢032+02 3,032702 3,032702 3,032-02 3,032=02 3,032-02

3,032=02__3,032=02
"3,169008 3 163208 =3,16408 =3, 154=08 »3,17308 =3,171=08 =3;178708 =~3,008,08 =2,230=08 =§,070+~08
~1,207=10_ 0,000 .

9,218=09 =8_877=10 9,705=09 =4 ,553=09 1,397~10 =2,692=10 2,455-09 9,332~09 1,392=08 7,797-09
9ebd1=11 _=1,833=10

co 3,773°01  3,773=01 3,773%01 3,773401 54775701 3,773=01 3,775=01 3,773=01 3,775-01 3,773=01
- 371301 3,773=014 - -

#3,96807 =3,963207 =3,964707 =3,951=07 =3,973+#07 =3,963=07 =3,984m07 =3,754w07 =2,809=07 =1,367=07
e aﬂz-aq 0.000-

8,328=08 =5,716-10 1, 120-07 »5,286208 1,076~-08 ~8,309709 3,300~08 1,135=07 1,731=07 1,026~07
Qo434510_393536~09

AL 9,890-03 9,490=03 9,490=03 9,490-03 9,490%03 9,490%03 9,490-03 9,490-03 9,490=03 9,490=03
9.490%03 _9,490=03.. ' : : :

2,161%09 2,152=09 2,202709 1,911-09 2.211=09 1,868-09 2,999-09 1,911=09 1,823-09 8,630-10
1,076=10__ 0,000

“1,540=00 4,099209 =2,621-08 7210209 <3,532709 G,342-10 #2,709510 =1,056=10 =1,155=09 =5,042-10
=2,240~10__1,466=10 .

H20 1.589=01 1,589=01 1,589=01 1,589+01 1,589=01 1,589=01 1,589701 1,589=01 1,589=01 1,589~01
1,589=01__1,589201_ i

3,126-07 3,129-07 3,133-07 3,136m07 3,132-07 3,143=07 3,149=07 2,985-07 2,226~07 1,144=07
2,320=09__0,000 i

5,603=08 3,190-08 3,359=08 =1,152-08 1,172%08 2,406~09 =2,360~08 ~9,114=08 ~1,298=07 =8,077=-08
=3,426%09 _1,754=09 i

HeL 3,014=01 3,014=01 3,014~01 3,01d=01 3,014~01 3,014=01 3,014=0] 3,014~01 3,014=01 3,01d=01
3.014-01__3,014=01 :

6.693-08 6,559%08 6,544=08 6,426708 6,697#08 6,418~08 6,596~08 6,156708 5,164=08 2,805=08
2214009 0,000

92,419=07 =1,294=08 =1,070=07 6,523-08 =2,861-08 7,131~09 =6,33309 ~1,192-08 =2,852-06 ~=1,866-08
4,541=09 =6,087=09

S10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 . 0,000 e e e e . . e
0,000 0,000 0,000 0,000 0,000 0,000 6,000 0,000 0,600 0,000 :
0,000 0,000 :
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 6,000
S _.0,000 9.000 - . e e e o
N2 1,225%01 1.225~01 1,225701 1,225+01 1,225-01 1,225=01 1,225-01 1,225~01 1,225=01 1,225=01

1,225=01 1,225=04

0,681%08 4,734=08 4,709=08 §,685~08 4,670»08 &,765-08 4,717=08 4,352-08 2,711-08 4,066=09
=1,038=08 0,000

9,4B7=08 u2,200-08 =2,209m08 =3,498m09 9,715#09 =1,883=09 v5,260°09 =1,970%08 ~2,76608 =1,040=08

1,431-09_8,905=09
HOLE_FRACTIONS
H2 : 382108 3 ,421=01 3,.420=0] 3,420e01 3,418.01 3,410=01 3,403~01 3,373=-01 3,338-0% 3,311-0}
3,289-01 3,286-01%
] 2.696-01_ 2, 697-01__2 597201 2,69Tm0)  2,697201_2,696~0% 2,695208 2,6808=01 2,080=01__2,673=01
2,656m01 2,665-0]
AL .311-05__3 383205 3,409=05__ 3,43405  3,530m05__3,761=05__4, 397205 __6,456=05_ 9.204=05_1,162=04
1,371=04 1,403-04
H20 1 651-nL__L‘bin_uL__J+650;&1__44bﬁnnni__14649:ni__L.bﬂl:ﬂl__l 642701 1,626=01 1,605=01_ 1,581~
1,572=01" 1,569=01
HEL 8_526:02_m6,SZS:OZ-B.525502__5+52Q102__5,521502~_&,515502__5449@}02__8.930:02__5.}11:92__§,251302
8,187=02 B8,177=02
810 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,600 0.000
0,000 0,000
N2 9,303=02  9.342=02__9.342=p2 9,341e02 9,339202 9,335=02 _9,322=02 9,284=02_ 9,238=02 9,200=0
9,168=02 9,164-02
ALCL 244362 53__2 036-53 2,041703 2,444.03 2,457#03_ 2,486=203 2,555=03__2,716=03 2,854=03_2,932-03
: 2, 983-03 2,989 os
ALCL2 2 ]31-03»w2 128- 03__2.722 03 2,716203__2.,693=03__2,642=03__2,513203_" 2,201=03 _1,920=03__1,740=03
1,616=03 1,599-03
ALCLY 9 uns:os 9,382-05__9,329=05__9,276=05 9,082=05 8,649=05 7,648-05 %$,574-05 4,081=05 3,288-0%
2.804m05 2,741=05
ALO 1.1a5955_*1Llﬁigas_*LL7gi:o5__1,11§:n5__J,B30:05~N1,&54:95__2.22§:9§._;.543:95 4,911205__6,229=05

Te369=05 7,543-05

ALUQL._,___JAIDB 03 1,109=03._1,109=03  §1,110~03_ 1,113w03__1,118=03_ §,131~03 ° 1,156=03 1,166=03 -§,16603
«162=03 |} 161'03

Al_QH 4,253 og__g‘ga1-5 4265208 4,272-04 6,301-04 4,367~04_ 4,532-04 4,935-04 5,297-04 5,525=04
S.679=04 S, 700 04

ALO2H. 60796204, 62751704 6,761708 _ 6,771=04 64807704 __6,889=04 _7,089=04  7,556=04__7,938=04_ 8,150-04
8,277-04 8,293=04

¢ 20181710 2.195%10,_ 2,222710__2:250=10__2¢357=10__ 2622210 3,417=10- 6,612=10 _1,231=09_-1,865=09.

] 2,513-09 2,620-09 )

cap 1:818=02 1,817= 02 1,816=02 1,816=02 1,813=02__1,806=02 1,789=02 '},745=02 1,701~02 1,670=02
. 1,647=02 |,643=02

cL 2.360'03 _2a 355'03 _2,397-03 2,408=-03 __2,452~03 __2,.554=03__2,827=03  3,635=03 4,593203 5,358-03

5.978-03 6,070~ 03




H 1,386-02_1.389-02__1,396=02_ 1,403=02 1, 425-02 1,489=02__1,650702__2,130=02__2,707=02_ 3,174=02
3,557-02 3,614e02 . -
HCQ 9-642:Q;3.9 ESZIQZ 9.670=05  9,689205  9,760=0S__9,924=05__1,034=04 1,3145=04 1,258=04 1,337=04
6=0 04~04
N 15,904707 __5,934=07__5,996207_ 6,057=01__6,293+07 _6,872=07__8,551+07_ J. 1873506 2,457-06__3,452=06
4,406=06 4,559206 ’ T
NO 12492204 __1.197204__1.205-04 _ 1,218+04 1,248=04__1,328~08 - 1,551=04_ 2,2B0=04 3,268-=04 4,146=04
4,913=04 %,030=04
0 S.521:_05;_5.5.5.6:0;9_5.,Q.LB_-_QE_S.J_QO_-LQS_SJS.LS-:.OS_.Q..9..‘23:0.5_.@, 2187205 1,457=04_ 2,501=04 3,%79=04
4,626=04 4,794-04 .
OH 20210703 - 2.217=03._2,231703__2,244203__2,296703__2,419=03__¢ 754-03 _3,798=03_ 5,124=03__6,242=03
7,183=03 7,325en3
02 10081705, 1.087705..1,099205.___1,111205__14156705__1,269=05_1,597-05_ 2,8268=05 __4,825=05_ 6,869=05
8,635-05 9,151=05 )
. 0,000 004 05000 04000, 0,000 0.000 0,000 0,600
0,000 0,000
SIC 0,006....0,000 . ...0,000 0,000 __ 0,000 _ 0,000 .__ 0,000 __ 0,000 __ 0,000 0,000 __
0,000 0,000 )
sxcL,_____~n,oao__,__n 4000 0,000 0,000 0,000 0,000 0,000~ 0,000 - 0,000
000 0,000
stz o000 %0000 "0 000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 8,000
SICL3____ 0,000 0,000 0,000 0,000 04000 0,000 0,000 0,000 04000 04000
000 0,00 : .
SIcLa__ 0,000 _a, 00 0,000 0,000 0,000 0,000 _0,000____0,000 0000
: . 00 0,000
SIH 0,000 ' 0.000 .  _o.000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000
SIN 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000__ 0,000 0,000
0,000 0,000
siz 0,000 0,008 0,000 0,000 0,000 04000 0,000 0,000 0,000 04000
0,000 0,000 .
REFIT CALLED
I ETA(D) U/UE G(1,1) SP(1,I,3) SP(1,1,2) SP(1,1,3) sSP(1,I,4) 8P(1,1,5) SP(C1,1,6) SP(1,I,7) SP(1,1,8)
i 0,000 0,000 '6.uﬁzgni___lrosz:nz___z,JJ}:o1...3.&90103__.1.SSQeo1,~_3.b19:QL_h_QtQ90
2 3.708a02 4,999=02 6,866405  3,032%02 3,773-0)  9,490~03 1,589~01 3,014=01 0,000
38, 92(1..0.2_1,2&% . 03202 . 3,773=01 9,490-03 14589204 3.014=01 0,000
4 1,875-01. 2,500-01 B8,468+05 3,032-02 3,773=01  9,490-03 1,589=01  3,014~01 0,000
S___2.,658=0f _ 3, "°9-01_2.315L0L3.,032202 34773201 ___9,490=03___ 3,589=01__ 3,084=01__ 0,000
6 3,471=04  4,503=01  31,021406 3,032-02 3,773=01 9,090-03 1,589=01  3,014=01 0,000
7. 4,780~ -0 5 99_6.'2.01_____1,.19219_6,__._3,.032:02__,_3.713?0l_-_9.l|90-03__,1a539'0l_._.3.01“-01~__0.0°°
8  6,365-01  7,50601 1,323406 3,032702 3.773~0)4  9,490=03 1,589=01 3,014=01 0,000
9 7‘735 01 e,gg;-ot 1,007406 _ 3,032=02  3,773-0)_ 9,490-03__-1,589-01 _ 3,014=01 0,000
D 1.000%00 9,500~01  1,608+406 3,032-02 3,773=01 91090-03  1,589%01 7 3,01401 0,000
1. 1,137400__ 9,763=01 1 674406  3,032=02__ 3,77 9.u9o-osn__1.569-01"__}.01a-01___0 000
12 2,500400 1,000+00 ,797406  3,032-02 3,773=01 9,490-03 1,589=01  3,014=01 0,090




STATION 26 = = @ = w = = « = AXIAL PISITION 220383401 METERS e e m = = =23

FEB 74 11200103

11
10

10

HCL.
“541=0}

n2,8n0%

ni,9=02

1¢1003

»d,5004

SILICON

ITERATED VALUES DAMP MAX,LIN  MAX,ERRORS IN CONSERVATION EGS,
ITS. TIME  ALPH  FPPW ERRJR MOMENTUM ENERGY He co AL H20
1 11.00021,137 6,9386 ,4999 5,=05 13 3,6901 10 6,5+03 11 =5,0e0] 11 =6,7n01 10 11,6003 11 6,4=01
0 : . :
2. 21,00021,796 6,87071,0000 3,=05 13 ],7+401 10 3,1403 §1 »2,820) 11 =»3,6m01 1] 8,9m084 {1 3,501
a .
3" 32,00021,812 6,81821,0000 3,705 7 mb,6m01 10 «1,2402 10 w1y 5202 10 =} 902 | w2,8e04 10 2,1m02
0 T
4 42,00021,808 6,75691,0000 3,-05 6 2,0400 4 1,5402 10 1,7=04 10 2,4203 10 »5,505 10 =2,0e03
0 : . -
5 649,00021,807 6,75291,0000 3,-05 & {,4=01 31,3401 30 1,3204 10 ®7,304 10 =5,4e05 10 =5,2-04
] : : :
ALPHA RADIUS PRESSURE EDGE VEL, BETA HEAT FLUXES (WATTS/M2)
(METERS) (N /42) M/SEC : DIFFUSIONAL TOT ENTH RERAD QCOND
2,181401 1,549+400 1,426405 2,616403 3,657=01 1,907406 1,951+06 0,000 1,815+06
AalL MASS FLUXES (KG/SEC=2) ELEMENTAL MASS DIFFUSIVE FLUXES (KG/SEC®M2) FOR
SHEAR  MECHANICAL PyROL CHAR  TOTALI GAS 'HYDRDGEN  CARBUN  NITRUGEN .DXYGEN  ALUMINUM
(N /M2)  REMOVaL Gas .
1,277403 0,000 0,000 2,530m02 2,330002 U0,066%04 »1,296~03 3,660m03 w2,464e03 2,300%04 n7,43503

MOM TRANS HEAT TRANS BLOWING PARAMETERS

COEFF, CUEFF,  (NORM, BY RHOF4UEST) FIR cH, FOR
CF/2 ST ND, PYROL GAS  CHAR  TOTAL! GAS HYDROGEN  CARBON  NITROGEN
9,597«04 1,058=03 0,000 4,703m02 4,703m02 b,466m05 w5, 5B5m04 =3,220w04

YIMENTUM DISPLACE, EFFECTIVE ENTHALPY REYNOLDS MASS THICKNESS (M) FUR

ELEMENTAL MaSS TRANSFER COEFFICIENTS,

. OXYGEN
6,283=04

ALUMINUN
1,186203

THICKNESS, THICKNESS, BIDY  THICKNESS, NUMBER - .
THETA DELSTAR  DISPLACE, LAMBOA PER METER HYDROGEN  CARBUN  NITRUGEN
(4) 3] S5 N
2,574=03 3,965=03 4,023%03 3,314=03 B,927¢06 3,401»02 5,906m202. 4,374=02
TITAL HEAT THRUST TOTAL
TO WALL LSS WALL AREA
(AATTS) (N) (M2)
6,502+406 2,6584+04 2,430400
NYyaL INFORMATION : .
ETA DISTANCE F. U/UE FPP SHEAR G, TOTAL GP
FROM waLL ENTHALPY
(METERS) . . (N /M2) (J/KG) (J/KG) .
5,000 0.000 »6,587%02 0,000 65753400 1,277+403 3§, 7UB406 1,158+07
4,796m08 B,78905 =»6,550m02 7,082«02 6,790+00 $,281+403 »1,516406 1,357+07
1,168203 2,185=05 w6,372=02 1,546=01 5,700400 1,286403 =1,408406 1,414+07
2,720=03 5,252-05 =5,550~02 3,027=0)0 2,464400 1,293+03 =1,032¢06 B8,103+06
4,83703 9,558=05 =3,937=02. 3.,855=0] ~1,123400 §,295#03 =7,507+405 4,068+406
9,585=03 1,939-04 5,373-03 4,672=0) 4,545=01 1,294+03 ~=04,506405 1,729+06
3.177=02 6,585=04 2,713~01 6,047=01 1,139~01 1,272+03 7,785+04 H,556+0%
1,265201 2,627-03 1.701400 7,489=0] 2,571202 1,165¢038 6,625¢05 1,103405
3,781=01 7,735-03 6,122+400 8,491=0] 1,081=02 9,125¢02 1,102+06 4,993+04
1000400 1499u=02 1,843401 9,500=01 4,070m03 3,725+02 1,356+40t 1,856+04
1348400 2,661-02 2,575%01 9,784-0] 3,414-03 1,595402 1,596+06 1,558+04
2,500400 4,360-02 S,078+01 1,000+00 0,000 0,000 1,797406 0,000
DISTANCE DENSITY  vISCOSITY SPECIFIC. THERMAL: PRANDTL MIDIFIED MOLECULAR
FROM WALL RHO MU HEAT - coND, NUMBER  SCHMIDT WELGHT
(METERS)  (XG/M3) (N =S/M2) (J/XG=K) (WATTS/M =K) NJUMBER
0,000 2¢065=01 5,97205 1.,615403 2,271e01 4,247~04 7,125201 2,4504+014
8,769=06 1,999=91 6.,098-05 1,623¢03 2,327=01 4,254=01 7,125+=01 2,448¢01
2,185-05 1,929=01 6,240=05 1,632+403 2,391-01 4,261-01 7,125=01 2,446+0}
5,252205 1,853=01 6,001=05 1,643+403 2,464w01 4,267»01 7,125=01 2443401
9,558m05 1,815=01 &,487=05 1,648+03 2,304e01 4,269-01 7,125-01 2,441+01
1939204 §,78B=01 6.,548=05 1,652+03 2,533-01 #4,270m01 7,12503 2,440+01
5,585=04 1,776=01 6.375=05 1,654+403 2,546%01 4,272=01 7,124=01 2,439+401
2.627=03 1,808=01 6,510%05 1,609+03 2,507e01 4,281=0) 7,125=01 2,446+01
7.735=03 1,856=01 6,443-05 1,634+03 2,437-01 4,320-01 7,126=01 2,470+01
1.794=02 1,932=01 6,.392=05 1,599+03 2,304=01 4,037«01 7,12801 2,537+0}
2,661=02 1,951-01 6,254-05 {,621+03 2,342-01 4,329~01 7,126m01 2,480401
U 860702 1,944=01 5,697=05 1,771403 2,5649-01 3,810~01 7T,110-01 2,162+0}

OXYGEN
2,167=02

GPP

(J/KG)
1.,902+08
3.,836407

»1,785+408
=8, 741407
#2,258407

#2,633406
w1,67140S
=1,100+04
»2,313403
-3,9235402
»1,520403

2,794402

MACH
NUMBER

0,000

1,983#01
4,534=04
8,197=01
1,035+400
1,247+400
1609400
2,008+00
2,304+00
2,630+00
2.714%00
2,743+00

ALUMINUM

5,994=03

STATIC:
ENTHALPY
(J/KG) ¢
v1,748+¢06
-1,633+06
r1,501406
~1,345406
-1,259¢06
-1,197+06
»1,173406
"1, 256406
~1,368406
-1,520¢06
-1,577+06
"1,623+06

RHOSQ#EPS
/RHO®MY

0,000

1,031=02
2,424=01
2,019+00
5,729+00
1,572401
6,475404
2,658402
4,964402
5,381+02
2,742+02
0,000

SILICON
1,442»03

SILICON

7380204

TEMP

DEG K)

'2,005+03

2,070+403
2,144+03
2,228403
2,274¢03

2¢306403

2,321403
2,286403
2,249+403
2,220403
2,149403
1,880403

SI0.
9 e3,

2-02
"1,8002.
11,4902
01,9903

.wl,2e048.

CHLORINE!
6,898403

CHLORINE!
S,736m00

CHLORINE

R4133=02



0,000 8,78906 2,/185-05 5,252e05 9,558e05 1,739+04 6,585704

2.651=02 4,860n02

DISTANCE FRUM WALL,METERS

ELEMENTAL FRACTIOUNS aND THEIR FIRST aAND SECIND DERIVATIVES WITH RESPECT T0 ETA

H2

%]

AL

AL

SI10

N2

1,743<02  1,742202 1,780=02 1,737#02 1,735»02 1,732=02 1,725-02

1,578=02 3,032~02

~1,393233 =1,406=03 =1,258003 #6,278+04 «3,309000 nl,736=04 n1,02704

7,432=04 0.000

*1,230-03 1,121=02 1,802202 6,931203 {,519=03 1,067~08 =3,286n06

1,909=05 =7,B65~05

3,684e08  3/681=01 3,677201 3,670%01 3,666n01 3,561~01 3,6540}

3,602-01 3,773-01

#2,987202 =3,007202 =2,61502 «1,256202 »5,993=03 »2,0B86«03 =b,614%04

7,970-04 0,000

3,606~05 =9,951405

9,109-03 9,132-03 9,164~03
9,432=03  9,490-03
2,272-03 2,287+03 1,987=03

3,543=06 0,000
1,802-03 ~1,976=02 =3,062=02
=1,228°08 =2,698=07
1,668=01 1,472=01 -1,678~0}
1,738-01  1,589-01
3,897-02 3.923-02 3,411=02

«8,005=04 0,000
2,152=02 =3.810~01 =5,242«01
~3,233-05 9,656-05

C2,774=01 2.781-01 2,791=0}

2,860=01 3,014=~01
6,920=N2 6.954=02 6,050=02

8,132-04 0,000
4,230=02 ~5.088~01 -9,332=31

©1,886=02 2.610-01 4,015701 1,92201 3,387=02 3,772-03 2,028704
9,214003 9,247~03 9,279-03 9,334=03

9,510408 4,505-04 1,83104 ,264m05

©1,084r02 2,58%-03 n2,903=04 =1,72305

1,586%01 1,692001 1,597m01 1,707201

1,537202 7,797003 3,219-03 8,30404

#1,357201 =8,022-02 =8,936%03 =2,734=04

2,306-01 2,816m0) 2,826=01 2,842701

2,892002 1,367#02 5,518203 1,22703

©3,300m01 =7,872202 =3,368=03 n5,383-04

1,632=05 =8,126=05

1,592-02 1,471~02 1,309=02 1,056m02 B8,918803 7,252=C3 4,475703

1,225=06 0,000

©1,153201 =1,161=01 =1,009=01 =4 ,328<02 =2,268%02 =9,304=03 #2,17803

©2,903=07 0,000

®7,120=02 1,013400 1,554400 5,503=01 1,311e01 §,u73w02 8,738~04

3,519=08 «1,17708

1,449201 1,453=01 1,658=01 1,866e01 1,471=01 1,877«01 1,486n01

1,528-01 1,226=01

3,616m02 3,6403~02 3,167=02 1,523=02 7,286=03 3,044=03 B8,4l4nr0d4

©1,551=03 0,000

2,307#02 =3.154=01 =4,857=01 n{,721=01 74,097#02 »4,553¢03 «2,435=04

~3,836=05 1,631=04

2,627#03

1,703n02
.m]1,115~04
»2,071805
3,605001
2,423000
#2,065#05
9,385203
7,0360006
»1,065106
1,718#014
2,657=04
1,413%05
2,856m01
1,153»04
*5,171~05
1,880703

3,726=04

5,282e05
1,498=01
3,384w04

2,749w05

7,735+03

1,611m02.

"2,251%04
5,182-06
3,628%04

«3,55604
3,600~06
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MOLE FRACTIONS
H2
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. 8,519=07
1,824=01 1,836=01
. 1,954=01 .
B,715=02 5,818=02
9,275=02
8,854-03 B8.175=03
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1,300m06
1,727+03
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5,512=14
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7,309#04
2,824=03
4,542906

5,253=09

1047205

2,283=06

2,987-04

7.04%907
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4,282»18
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2,350m07
14285908
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3,984w10
1,065=40
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\
2,557-04
2,816m01
2,909~06
1,873n01
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4,941e03
1,282~01
1671903

3,65503

2,257w04
1,970w06
1,643%03
2,380w04
7,304m04
1,025%13
3,797n02
9438304
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5,023=06

8,B41~09

1,532705
3,990-06

4411004

1,239=06

1,767=09
S,701=18
5,276=09
1,753~07
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5,379n11
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1,138910
14172m16

2,54701
2,81401
3,794#06

1438001

9,142=02
4,015=03
1,286~01
1,780=03

3,955%03

1,901+04
2,513-06

‘1,922-03

2,570-04
7,831~04
1,568-13

3,757=02

1116703

4,260203
5,37906
1,26708
1,996=05
5,87070%
5,127+04

1,832#06

1,789%09

6,323n18
4,794=09
1430907
572509
3,306w11
4,040e10
1,08710
9,51917

2,538n01
2,808n01
4,253m06
14891701

94201m02.,

- 2,477%03
1,294=01

1,829=03,

3,38103
14774m04
2,970~06
1,969-03
2,660m04
8,126m04
1,885413
3,754%02
1,213%03
4,593m03

5,532+06

1,49408
'2,269-05
7,035706
5,697=04

2,214906
1,212n09

4,428918

3,061%09
7,807=08
3,293209
1,823=11
2,660010
7,192e11

3,931e17

2,530m01
2,798m01
3,150m06
1,906201
9,249-02
1,022+03

1,308«01

1,709w03
3,64403
2,196n04
2,201=06

[ 1,91803

2.450e04
7,690~04

1,165%13
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3,820703
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2,222%06
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1,886m03
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7,36604
6,798m14
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B b04n04
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4,628=06
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1437705
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6,408m12

3,883m»19

2,259-04
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1,525%06
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1,427w0%
1,395~03
4,201w03
3,55m04
1,227=06
1,955003
1,98404
‘7.544m04
3,947n14
Uy 669m02
7,781+04
2.523%03
4,119-06
501109
1253205
2,497=06

3,209=04

94399=07
{.398nt2
3,102-21
SeT743w12
2,949»10
1,850=11
14592w13
" 3,493m13
1,052m13

1,099m22



APPENDIX A

WALL BOUNDARY CONDITIONS

Wall boundary condltlons for the BLIMP program have been generallzed to
1nclude surface thermochemlstry con51derat10ns. These wall boundary conditions
are flagged by various combinations of the KR(9) and KR(11l) flags. The purpose
of this appendix is to explain>the types of'options that are available.”

For typical engineering problems, there are several sets of boundary con-
ditions which are used most often. These are typically ¢ombinations ef the fol-

lowing conditions.

° Chemical equilibrium between the gaseous bounﬁary layer and the-

surface material
® Assigned surface temperature
® : Assigned surface mass flux

[ Energy balance between the surface materlal and the gaseous boundary
1ayer assumlng steady state ablation.

0f course, these four conditions cannot be used 1n all p0551b1e comblnatlons and.
do not constitute a complete list. Five comblnatlons which can be used in the
BLIMP program:and the control card punches necessary to flag them are summarized
below. The reader should also note that a procedure for varying KR(9) as a
function of body station (denoted KR9( ) in this manual) is described under'card 1,
field 2 of group 3. This procedure allows the user to change the type of boundary
conditions at various points along the body. ‘ ’

a. Assigned temperature and mass flux

~Use KR(9) = 2, KR(1l1l) = 0. This combination.is often used when ex-
perimental data or data from separate analyses are available to de-
scribe T and MDOT as functions of streamwise location. No surface
material-boundary layer gas interaction chemistry.is considered in

the resulting solutions.
b. Assigned temperature and surface equilibrium

Use KR(9) = 2, KR(11]) = 0. This option is obtained when the program
compares the assigned temperature to the ablation temperature (group 11,



card 1) for the surface material in question. 1If the assigned tem-
perature is larger, a surface equilibrium analysis is performed. The
assigned MDOT should be zero. With the surface equilibrium chemistry
package called in, the program automatically chooses the correct sur-
face material and calculates the correct mass loss rate at the assigned

temperature.
Assigned mass flux and surface equilibrium

Use KR(9) = 2, KR(ll) = 2. This option also uses the surface equilib-
rium chemistry package mentioned in (b) above. The program will auto-’

. matically choose the correct surface material and temperature to coin-

cide with the assigned mass flux.
Steady state energy balance and surface equilibrium

Use KR(9) = 4, KR(1l) = 0. Whenever KR(9) is greater than or equal
to 3, aAspecial surface chemistry package based on vapor pressures is
called. The special éhemistry package does not allow fail temperatures
and the surface material must be specified in advance. Within these
limitations, the program will calculate the correct mass loss rate
of'specified surface material necessary to satisfy the steady state

energy balance equation.

In the steady state energy balance, the pyfolysis front and the ex-
posed material surface are assumed to be receding at identical rates.
This special situation eliminates the need for an in-depth conduction
analysis and allows ablation calculations to be performed as a sub-
routine to the boundary layer analysis. The steady state assumption
is good for large ablation rates or small thermal diffusivity of the
ablation material. For charring materials it is also necessary that

the ratio of pyrolysis gas to char mass removal rate approach the

’steady state ratio, which can be found from the virgin material com-

position.
Assigned flux of transpirant with steady state energy balance

Use KR{9) = 2, KR(11l) = 0, and assign XR9( ) = 4, as reguired. This
option allows an assigned flux of transpiring gas into the boundary
layer through an ablating surface while maintaining surface equilib-
rium. The local surface condition is determined by the steady state
energy balance. The flux of transpirant gas is input on card set 11
of group 16 as a pyrolysis gas. The fields for boundary layer édge
gas and char fluxes must also be input in accordance with KR(9) = 2

but blank cards may be used. Card set 3 of group 16 for assigned



wall temperature is also required in accordance with KR(11l) = 0 but
blank fields may be used. The boundary layer calculations use the
KR9( ) = 4 value, the KR(9) = 2 option affecting only thevreading of
the transpiration flux. The heat of formation of the transpirant'gas
must be input in field 3 of card 1 of group 6.

The abové cdmbinations_qf boundary conditions are used in nearly all ablat-

ing and nonablating boundary layer flow analyses; however, other combinations are
possible..
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