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Three Stream Model is applied to the flow in the scramjet combustor. Separate
temperatures are assigned to the hydrogen, the air and the ignition source ma-
terial. A mixing routine is included in the model which allows the unmixed
fuel and air to be mixed at a prescribed schedule along the combustor. The
area profile along the flow direction is used as a design parameter and is opti-
mized by the multiplier method. A wall friction factor and a heat transfer coef-
ficient can be calculated by the van Driest turbulence model. Therefore, the
effect of heat recovery from engine wall by fuel hydrogen is made clear. The

fuel injection momentum is also taken into consideration.

L#& 7

AR—ZA TV — O A F L ELUTHFEINE X756V 2y b VD
SICOWTOMRIES { EiixhTua0D, B, iF< v 2510 b
iT%ﬁﬂTﬁMT%Wi/ZTAaMALT PREEIREIC X9 B g O
ERBINTY —Iv, BITETIVORILENR TS, AUIRTIRRT 5 4
Uxwy MREEZZOREIEIRERD B EEAFERELTE D RIGHENORYTIC
Three Stream  Model®® % i 7z, BFHMBETHRARETH D, EFI
BEAEDZAY D a—bHAANTED ., RhAROREEZEETEZL S, &
P BETH BE BRI, BRHERREEA O B (R B % van DriestELK T 7O 2 L THE

HHUT, micllAa AN,

19924 12 15 A 2
#13 rjyk;ﬁ TR NF-—ATFLPRRELSTOHRKE

—8-



v§147,Né.&1992 WF 3 B X
2. eIV

2.1 Three Stream Model [HUIZAZ7 TS ALY 2w b v D Vv OMMERT, AWHT
T O DIZHEWSEEN S % TH %o AWIFE TV Three Stream Model D 4}
M AR5 ZDETFIME—IKTEF GRS DO TH D Wikl
Bhorlwbziohsbndtd s, BEEREE Y I 2 U— M 5DITHBEERA
FITOKFE, 228 HATUZRAGLUTUWEINWERET %, TLTENGITIE, 5&
1o e BRSO M TS, BABIIKBREFEE Y I 20— FLTWT, #¥O
Bk AN BIE LR E B 3OV F U T 5,

REDI—F 4 v HHAAATH Y, RGO EZLJDREDA ¥V a—
WAH O UDEERUTHA 5o AT EAGDRA L TN 2 &I
Lo THMORIEEEEKT %50 ZORISHEDOKE 1T, BB & BIDBRBEARD
EXHIMICRET A ETRAICKE LS, SFNEF ML —kouER OHE
. ER, TRIVFREFNERO TR S5,

22 BEBROBR AURITET BB OMINET T 07 7 A IVOEFEH3IT
Fde BKIICIIMIIIEIR & LT, —EWTRTEE, 2B DMmETL RS,/ IV
AT, B2 OBROEXULL 1) XD (S, ¢, ¢3) EREIERE LT,
HETHONITBRO—PIERHNIRT . & Z TCIIBIES IO & (Gap: [M12
B)ZFRLTED ., Thick > TIRKILLL TH LTS, / ZVERIRXIZONT
DARMHTER I N, KA TRIN D,

Combustor Fuel Nozzle
section injector section

Ml 275 LVxy by OBKE

Ignition
source
—

Fuel —\
Air —/

Reaction zone

X2 Thrce Stream Model
— 9 —



Vol.17,N0.3,1992 SR

Az/Ag = 1.0+ Iy tan ¢y + Iy tangy + (X — 1y — I — I3) tan ¢4
- ﬂcuru(/Y - 11 - 12 - 13)2
(X >4+ 1y + 1) (n

L, Blagn ik > TMIEREEZ S Z ENTE B, —fIC ) XVOTEI
20~30DFEMHICdH D . B4 50.0002~0.0003F2EAGE LT B EEZ 5h 5,

2.3 van Driest ELIEEFIN “hF TOWHE T F ERAUT LT, BRI EER
EHREUIHNIZ LA EV, von KarmanDiRAE X % JHL McIRHRPER oo

b2
P21 02044 “T b
/‘U A | A2 A:‘
L——r B o o B D-i< (- - -A_
l] 12 l.’l ld
Combustor Nozzle
section section

R3 MBER. J ANVOWTH T 07 7 4 VOEHE

60 -
L AZA =1+ tand +Lgand, +(X-1-L-l tand,-a , (X-1--1)

50 |-
(X>1,+1L+1)

sof

Area Ratio (-)

30
20L

10 |

0 reru G B ST B B
0 100 200 300 400 500 600
X (cm)

R4 MBERDIEIRD—H



KFzFIZALF - v X7 4 _
Vol.17,No0.3,1992 MREwX

A LR U7C BT IS RIS L D . ROBETRIITEEFEHC s B oh 5,

0.242 i (sin"la+sin™'g) =
;) (5 M) 2)

15
0.41 +log,o(Req, - Cy,) — f(n)logyo(T0 /T5)

Lty MiZ< v B Reld U A JOVZE, TwidBEmMRME =& U, BT 6 TBER
EOMEAEERT 5, & TN HRBORIEETNE: =< T"DIREn TR D X
NHMPTH D, KN TIEA(n)=n=0.76& Uiz, £/ca. BHEILUTOLOEE
LT3,

o = (24% — B)/(B? + 44%)'/?

B = BJ(B? +1A%)'/2
A? = (7; IME) /(T /T5)

B= [(1 +1z 1M§) /(Tw/TJ)] -1

BIEFERh S IZOVTRUVA /NWVADTFo V-t hkATEIh S,

hs = (1/)(Cy,/2) )

LRAFSRBIERRTTOL S IC#HIT 5,

/Cf 1 § w? 3 .

1+? "2—‘{5—K;(1—P7T) {F+ 5(1 —P11)]
P?‘L 5 PTL

() ol ()}

ZIZTC PrdEHR TS 2 MVELL PrpldELIR TS 2 MVEITH D, KiKiRA R
=Ky FOEHTH D, ZOXNEMH I -> T, BREEBANESNHEEN
50T, ENURENLERIT< v N BUIOOWTOEERT, HPERIYERE R
HBLTWE, IS OMEEMOTER UCHERERNS0IRT, ULHLENRG,
C CTRIEN ORISR EER LTI, BERFEEI30.001~0.002f28 TFE
BRICEBEENEDH > T D, BIRERIIBEKFRIZL DD U S DEE|
WROFF 2 RELD T8I 5,

3. WRHTRER

s = Pry

31 BEDAY Va—IV WEUILBEDOAY V2 —VdRATHEIN, B
a— RFIZANT %,
Mmiz = 1- exp(—aX) (4)



KT 2L -

s

Y25 L W
Vol.17,N0.3,1992
Fel  PRBESS A I RAL:
Mo My ER Tair  Tra(K)  Tigh(K) P(atm) V{(m/sec)
8 3.22 1.0 960 325 1000 2121 0.70 2000
16 552 1.0 1800 I 1 0.70 4700
25 7.07 2.0 2800 | 1 0.50 7500
0.00300 |-
M, M, T, (K) P (am)
Tw =300 K
8 322 960 0.70
0.00250 - 16 552 800 0.70
25 7.07 2800 0.50
_0.00200 |
5 [
& 0.00150 |-
= ]
£ - M_=8
g s
& 0.00100 |-
16
0.00050 |- \ 25
[ i T | NP T | el | | PR |
000000 0 25 50 75 100 125 150 175 200
. X (inch)
5 SR 75 R I PR AR A
0.050
F_ M, M Tua (K) P (atm)
- T, =300 K
8 322 960 0.70
5‘\0‘040 [ 16 552 1800 0.70
.;57 25 707 2800 0.50
3 ,
E J
-g 0.030 }
g
X
= 0.020 |
M_=8
16
0.010 25
OOOD’ APU RS SU Sy I SN SN IE R WP T W | i 1 | PR |
o 25 50 75 100 125 150 175 200
X (inch)

(6 HRBEHEAD R B E R

-



KFx xALF -2 AT L

Vol.17,No.3,1992 W 3w X
Z CTald B, XiZem TR UIBBES R X, 10 diREERTH S, BEDX
D 2 —)VidAnderson S ODIRE UMM AI LT oM s, ThidMiite
'}:’MM VP27 7 ORI TS D JRBEFOIRAIERE TS T

5o REFMBEIMBUESTILD/NXDDFELOEE, (LR TERERIG UL
KFEOROLRIIHT B TES, BRENTLD KX EXTid, (LERRELT
IKRFEERIET HELGDLERIINT B TET, I UCEEERTIRT, #
100~150cmFRE T100%i2 %3 %,

—J. BEDRMAEEIGITHENLEL D, Ihae BEiS 2 3B E TR
WHET S B A%, ARPFFE TIIIRBERS & X120 2 2TV & BIRETEL U TEI L1,

3.2 MEEBOMEE BREBRARSENOFTERO—M A8 7T, K8IE
T 8D EEZDBRBERE X HMDOIRIEH TR LTS, 75emF Tl ik
Dﬁ@ﬂi"f)\ﬁﬁTWi‘a?MJ“t& DR MIRIID SIREG DRI H100% DAL T
LJ Ynux l./ < AN Z)

’57‘&7}0;\ BOKIEOE IR, < v BB E16DB A%, < v/ 2508
B BDKRFENTGTS > THEEN B O ERE Uiz, 20emE TR —E & L
THED, JZEBICHEKEORENZHICHT LIED S, AMETIIKE-ZEL
BISFHREUTBOREKIGEZEB LTINS, £09H b1 EGD B
MmCHTHWBE D EEDNS,

B9 RBER) R % 7R T Three Strcam Model TIIFIR D UGS A H B L T 5
DTy BEOHA T HF X IVFRI0%FEI NS Z L3, FFE Lo x
IVFEBHULTEHRSIC L D BRI N, S OB H MR A L b . 524
ICRAHEEL S, HIZik< vy \ED8D Y& &16®%A0)Ti“%lb¢* LTHBH,

1.00 -
;_—g a=0.0448 (M=25)
> 075 | a=0.0484 (M=16)
3 ! 2=0.0336 (M=8)
2
%
=
-8
3
= 050
N, =1-exp(-aX)
0.25
O‘OOlIlLllJli'IlllLLIlAlllllIlIA_'
o 50 100 150 200 250 300
X (cm)

7 REDRr V-



KFZzEXLHAILF - ¥ 257 A

Vol.17,No.3,1992

B (kinetics) DIz L b . BRI OB AT,

Y
il

MR RIAME <78 D |

X
i

BERIRIBALTF Uy < v DB BE THT0%, 16DB5545% &) Mo T

W5,
3000 -
[ Mixing Schedule .
T N, =1 -exp(-0.0336X) =3 deg
| ign
2500 9,=8 deg
g $¢,=20 deg
¥
3 2000 |- a_ =0.0003
g |
g !
& 1500 |
[ M_=8
1000
G=2 inch
T, =325K
500 |- -
[ ER=1.0
0*‘ PR ST W T U S ST ST W S S T U SO SO T S S UNS U SENP U DO T NS edei ol
0 25 50 75 100 125 150 175 200
X (cm)
R8O
1.00 - 9,=3 deg
s Mixing Schedule ¢,=8 deg
v 2
= N, =1-exp(-0.0336X,
& i ¥ ) $,=20 deg
§
(3] a_ =0.0003
0' - oury
i% 75 M_=8
S
2
£
(5] M =16
Y os0
//;:‘ncl'
0.25 la=325K
ER=1.0
[1 X 1] ATVIPIINE NN RPN SN BT DT SN P
0 25 50 75 100 125 150 175 200
X (cm)

B9 bR



KFLFLF - v 27 4 e 24
Vol.17,No0.3.1992 Wt 5

T GO M E RO X O M &1L D KX { | Jachimowski®iz k %
& IS B S BDSER T U 72 I HEAL D 50% 0 £ 200%12 7 » TED B[ EMEA AT D
iU & U TBRBERIRICIZ200 IR E DO AN X & LTI XL 5,

AR UAE R OIS IEE YISO R 2H L TH 0%, BEELOHKN
HINSE U THISEOMIE A > ) ZVc kB ER bITHbRTE D, B4t xh
TR DI RO A F D 2 EHTMETH B,

4. ¥ =W

BHEE TR O TEELBLTHIRFIOVT, THEZOWRNHHD AT
U 2 — VA 52 % Three Stream Model & T I IO TUL T O E 1572,

(1) van DricstfiLiE € 7 IVIZ K O . BEMIEEBAREUZ0.002BETH O . JEBER
EEL—HLTWB,

2) B&3nWThow vy BUZBWTH. RO FmEEEY100~150cmiR)E T
SERET B EDVE o T,

Q) HRORIGHEEEAEZB LU THDEDT, T/ EHAKE IR BITREL, BREBE
FHRIIETF Uy M=16TH45RTRIETH 5,

(@) MPEBRWINTE T 07 7 A INVEHEICHAANS Z EXT[REEL D . NERHE
FEE BEBICERIZ Stk b, BIRROBRHALERNSE Z ED30h > 7,

X ®

(1) Pulsonetti, M. V., I. Erdos and K. Early:An Engineering Model for Analysis of Scram-
jet Combustor Performance with Finite Rate Chemistry, AIAA-88-3258 (1988).

(2) McQuade, P.D., S. Eberhardt and E. Livne:Optimization of a 2D Scramjet-Vehicle
Using CFD and Simplified Approximate Flow Analysis Techniques, AIAA-92-3673
(1992).

(3) Jachimowski, C.J.:An Analytical Study of the Hydrogen-Air Reaction Mechanism with
Application to Scramjet Combustion, NASA Technical Paper 2791 (1988).

(4) Jachimowski, C.J.:Chemical Kinetic Research Related to Combustion in High-Speed
Flows, Major Research Topics in Combustion edited by M.Y. Hussaini, Springer-Verlag,
339-355 (1992).

(5) van Driest, E.R.:The Problem of Acrodynamic Heating, National Summer Meeling,
IAS, 26-41 (1956).

(6) Anderson, G.Y. and R.C. Rogers:A Comparison of Experimental Supersonic Combus-
tor Performance with an Empirical Correlation of Nonreactive Mixing Results, NASA
TMX-2429 (1971).



