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Combustion flow in ejecting mode of strutjet engine

(1) Flow simulation in simultaneous mixing and combustion
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Abstract
and features of ejecting mode in static sea-level and zero to 1 Mach conditions were analyzed in detail. The performance results show
that the strutjet engine gets thrust enhancement with Mach number greater or equal to 0.7. It is concluded that the strujet engine of

A configuration of strutjet engine in ejecting mode was investigated with numerical simulation. The flow structure

this configuration can be used as the propeller of air-launched missile and the thrust enhancement in lower range of Mach number in-
cluding zero Mach needs to be optimized with multiple elements.
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Fig.1 Strutjet engine configuration
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Table 1 Simulated typical cases CASE

O/H ratio of | . Total pressure of .
CASE| ey rocker .,/ (kels) pﬁmp‘:c AP | Ma |Height/km
1 [2.5(20% Hy) | 0.096 4 0
2 | 1.65(30% H;) | 0.084 4 0 0
3 | 1.65(30% Hy) | 0.084 4 0.7 0
4 |0.4(70% H,) | 0.084 4 0.7 ]
5 |0.4(70% Hy) | 0.107 7 0.7 0
6 |0.4(70% Hy) | 0.107 7 1.0 0
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Fig.3 H, mass fraction on horizontal symmetry plane

Ma

152
150
@a1g »
286
255 Horizontal symme try plane

191
160 rtical symmetry e

0.64 L‘

033
o 2=0m x=005m z=0.1m =02m z=04m z=06m

Fig.5 Mach contour
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Fig.6 Pathline of flow

(2) E SR BT T E 8 5 Y2 X

X — R R W R R S R R
SAHEY R A M, G R A RN E 'R AR
B 358, 33 AT LA WA 7 0L PR b 2 e i Ofe (6 3 BY ¥1) J2 ¥R K
PEFE). MFFHENLEXE, WIEHNREM
A4k 5 3 AW R S I R R BT B AR A — B
A AL R 1] T W AR E K R B
S L 78 A WO 7 O B LA L X — B BEBY )2 R
P, BT — U B R, B S RR
H R EE AR EW R NHEAT WU ENREH B
FE. BEAVERREBLUE, WVEHERRE BT
A A AR A B T O B PR, E RS KRR B 1R
nag, Y BB ERSRMHOBTBRXME,
W2 Bt

) ZHREEERX

FEXRERE, AR ASPBEPRE —RKZ
7] 7 R ) = K, AP TE— DR A N £ 19
Weim X, 6,7 i, Wil XAFFAERS T EXH
RV ST S M R BIR; HR T W
BRI AR JE IR AM A R R IS B BR O IR OR T LR
PR A B e I O 2% B (H 7) R, Wi B T R R B
UL, B30 A7 Bk B 3 K A B AL I X b R S
BAW BRI #E—2 2 ol W, e X 19 £ 42
FER MR SOR B CHT R S HLZ T R W
BEERN .

(4) Yo 9L 3l (X 35k

R & S HL L 5 G BY V) SR KRS B X
B aEHESERS. ARBANREEERER
W BEEBSHFERM, ZKRKBEMHEHEEZD
75 o BY £ J2 9 31 R0 O L AT T AR LA B Ak 2 IO T AR
MR . WA FE PR, 76 B0 DX O 4 20 O T 75
DA A7 7 B B B O O 3 DX, O ELRE A =k B9 )
J2 U % T | U AL 0 Bl DX T AR e, R S A

Fig.7 Swirl in back of strut
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Table 2 Overall performance of typical cases

Performance
Entrainment | Overall | Pure rocket | RBCC h“'m: f
ratio O/F | thrust/N | thrust/N |
CASE ratio

1 7.8 | 897 | 333 220 0.62
8.2 6.3 350 220 0.63
18 3.8 | 350 106 0.87
22 7.2 347 352 1.01
1.6 | 3.8 | 667 573 0.86
175 | 575 | 67 794 1.19

L= T RV T LS 0 S

(5)/2 CASE6 RYHE 1 ¥ 58 Lh 85 8 , {H CASE4 (1)
K SRR, R RES S HITE S X, SMC #
AWASRFNTHEERIHBEEEAN (B
Ma =0)IA B J1 1438

A, AR TR EERE, RB SMC A
I A ZBIHLE Ma =0~ 0.7 75 B P HE A7 1558 8 %
BAK,MTE Ma 5 0.7 KL LB, R TEREH
Tl Kmsh hEE sMC A WA S KR Ma =
0.7 EELUTHEMNMNENMBREEAHETHEA
BIBFSE . M CASE1 fl CASE2 &/, T EA LT JLA :

()X FARE T 5, — W Bext & sh oL i ik /y
HERERR AR AR, N ERY R — N E AR
I8 B i 3h (1 4H R AR Ak ] A

(2)xf B ot B 9 T80 0k 36, 3 k& & 3h DLW 4 1
b F it IR A, 7EmE R Y O TR R SR A SR B R Y B
E#E , EEEPR—-FHBAT, S5 HEERS
ZIRRBIEAF

(3)ME 4,5 % F, Zahblia E R o3 7% M
A] BBk A, oA T A 2 ) B O sh ok R P A B T 2
MR, EIBERBE R THY RMEREENEBEH
B0 ( LA AD0 B T J2 9 e of B 1D BRI B AR TE R T 5" #R

Ao

y\*
1993
! 1827
1661
1495

1329
1163
996
830

664 Horizontal aymme try plane
32

1662}’_;Y

Fig.9 Boundary layer on side wall

(OMNGISTEESHEABOLFERE, RA K
MR mMBEEL I HB RSB P R K
BER B, A4 A W RBAR TS HE 1345k XT K CASE1 M1
CASE2 BRI RRMEE T W5 WM AR L
{H 5] 58 R BT M 40% , 76— A 52 hn #4
BEBMNHET, SRR O T REHLEIR KT
REHE IR, X R B R PIRR T B A AR5 4 8 9R 9
FEREHA,

YHEAFREZELRE  XRTRWRX 5158
VB o 2 o 45 RO RT3 R 3 L 3 KT R sh L R A AR
RE%,



Bul Hol

AR 51 B kR b EE R Sh AL ) SR e i 3

165

4 HFRiIF

(LM 31t 3 B 8 A, 51 BT R 08 i 3 T A K 3R
9k EKE RSP MO X B E RS EERT
HRZEHHEFDEX R EEFREK . KR
WX EHEREKEE s AMRE., HbhhER
MEBEREERENYZXHE,

(2)%F B i+ 8 T8 A9 A 4 BT 22 B, R B SMC B
ROHAG R Ma=0~0.7 FE R HE R
BEAR, M E Ma =0.7 DA L3RG T HE 1858,

(3)SMC BEX A9 & K sh ¥l ol RE 76 8 1K 2 #F 3K
(845 Ma = 0) 70 [l P BB 35 B4 /13858, X Uk Tt
ZRHERMRIITE, FHE _—KREEWEEE,
BT RIS e B B R R I A (Ma = 0
~0.7)NHE REVIERE M mYLE, A f F X SMC
R 5 IR R AIEERAB T

Stgtgtgaga e SEta gt oA A gt ol ca e g

(E8F 114 .W)

ERy B ERERR MY FRBERY #, R
/NS S KB B, B B0 5 A TR R SHE Y
HX, ELRBASFCER K> THHRER LK) M
KEGER  hE 7/l W, EEAEESTE R/ID, =0.42
M kB B KE, RE T, R/D, <0.42 HXH
WOEMRBEBRKTRESE, BB 8EESE
Fi,ifi#E RID, >0.42 F KB, Y B ke = Sk
A E, R BT BN EAERFES TR
BRAK ) FR&ER TRARZAT 8.

5 & it

it 5B, A XSG RAE - EE.
FEMLEERY b BEAL T S TE RSB W sh. i
BEREY [FRY HOM ALY 8O 8 7 3 ik i 3h 1
HWE N BARKOE W, BAAR NN R &4
BAGIARBERE Bl TERY BAAT BMEE
GRIVTHREBKN 4 TFRENTFHLRBERY
e HTRESTHRBSRATFAHARE B, R
JH VSS BLRLSR A A% WY 11 £ 43 e BE 43 7 SR 3B P O A0
ERBERNMET, R, ARG RERBERIE T
W 2 B 33 BE 0 B T B 38R

BETW:
[1]

Boyd 1 D, Penko P F, Meissner D L, et al. Experimental

and numerical investigations of low-density nozzle and plume

BEUR:

(1]

(2]

(3]

[5]

(6]

[2]

[4]

[5]

[6]

[7]

[8]

(9]

(10]

Siebenhaar A, Bulman M J. The strutjet engine: the over-
looked option for space launch[ R]. Al44 95-3124.
Bulman Mel, Siebenhaar Adam. The strutjet engine: exploding
the myths surrounding high speed airbreathing propulsion[ R].
AJAA 95-2475.
Siebenhaar A, Bulman M J, Bonnar D K. The role of the
strutjet engine innew global and space market[ R]. JAF-98-5.
5.04.
Landrum D Brian, Thamest Mignon. Investigation of the rocket
induced flow field in a rectangular duct[ R]. A/44 99-2100.
Lehman M, Paul S, Santoro R J. Experimental investigation of
the RBCC rocket-ejector mode[ R]. AIAA 2000-3725.
AR KW RS A EIM]. dbmEE T
REAL, 1988,

(%8 ZIEAMR)

e e T e e T i e

flows of nitrogen{J]. AIAA Journal, 1992, 30(10):2453 ~
2461 .
Bird G A. Recent advances and current challenges for DSMC
[J). Computers Math . Applic., 1998, 35(1/2):1 ~ 14,
Chung C H, Kim S C, Stubbs R M, et al. Low-density noz-
zle flow by the direct simulation Monte Carle and continuum
methods[J]. Journal of Propulsion and Power, 1995, 11
(1):64 ~70.
¥EP ETEE HER.F BREENHEREN
DSMC E &[] He#HHEA, 199,17(5):9 ~ 13.
Zelesnik D, Micci M M, Long L N. Direct simulation Monte
Carlo model of low Reynolds number nozzle flows[]J]. Jour-
nal of Propulsion and Power, 1994, 10(4) :546 ~ 553.
Gatsonis N A, Nanson A R, LeBeau G J. Simulations of
cold-gas nozzle and plume flows and flight data comparisons
[J]. Journal of Spacecraft and Rockets , 2000, 37(1):39 ~
48.
Doo Y C, Neison D A. Direct Monte Carlo simulation of
small bipropellant engine plumes [R]. AD ~ A177079,
1987.
HOBCBES REF  BERINBEEARSN
DSMC HATH (1] . HHEH AR ,2001,22(5).
Bird G A. Molecular gas dynamics and the direct simulation
of gas flows{ M]. OxFord: Clarendon Press, 1994.
Boyd I D. Analysis of rotational nonequilibrium in standing
shock waves of nitrogen[J]. AIAA Journal, 1990, 28(11):
1997 ~ 1999.

(B %)



