2003 4£ 6
FuE T3

#E 3t

JOURNAL OF PROPULSION TECHNOLOGY

R Jun. 2003

Vol.24 No.3

— R NETB T RBCC 5| EHEAS M RE R 22N
I EE, MTEHIZR, iR

(PIE Tk K2 iR TRERL, BEPE 7592 710072)

B E: NHZEREN = 4EiniiE REREE R, W5 BES N RBCC BB E — 5| 5 K A5 R R T A
ZHGRMF TR TARRERAT TH. SREI: /AR KT R E LELRE, —REEEMm, REHEHE
. RERORNNE: — UCKETSE TR LR 5] B IR AR, (HAERIEE Y KRB ETR T, HREER AL

i FHETE — IR, Ao R LB E R

PCKETERCH G, BRBRERE - RBE Y IR A R

AN RGN E, B2 RS IRBOR M — Ok E B B — R E A K LA, AR ksl

NiftE, EH&5UTRGHR,
xR "AXKML 58S, HEEa T
FhESES: V438 MEAARIRAE: A

XERS:

1001-4055 (2003) 03-0204-04

1 51 5

Effect of primary rocket parameters on the performance of RBCC
(rocket based combined cycle) in ejector mode
WANG Guo-hui, HE Guo-qgiang, CAI Trmin

( Coll. of Astronautics, Northwestern Polytechnic Univ. , Xi’ an 710072, China)
Abstract:  Applying 3D turbulent finite volume numerical algorithm validated, different operation status of Rocket Based
Combined Cycle ( RBCC) model with different structures and working conditions of primary rocket were simulated in ejector mode. It
was found that: 1, by increasing the chamber pressure of the primary rocket. the second air mass flow rate, the total thrust of the
model and the mixing efficiency will increase. 2, the shape of primary rocket nozzle can affect the ejector-mixing efficiency dramati
cally. However, with the promise of providing enough primary mass flow, cone shaped primary nozzle can be utilized in the rectangu-
lar main duct of RBCC model, which will not bring ohvious reduction to the system performance. 3, by increasing primary nozzle
number, the mixing quality will improve. 4. the expansion half angle of primary nozzle can not change the second mass flow rate. But
can affect the mixing efficiency and thrust of primary rocket. 5. the change of area expansion ratio of the primary nozzle will not effect
second mass flow rate. But it will change the mixing efficiency.
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Fig.1 RBCC “ original model”
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Table 1 Calculation results
Operation regime _ I'hrust/ N — % . Mass flow ratiof (wkgf s) : n,
Primary rocket RBCC Primary rocket Second air

12 1274. 97 900. 60 70. 6 0. 636 1.320 2.075

10 1049. 37 725.40 69. 1 0. 530 1. 306 2. 464

Chamber pressure of primary 8 824. 17 553.00 67. 1 0. 422 1. 286 3. 047

rocket/MPa 6 598.77 399. 20 66. 6 0.316 1. 268 4.013

4 373.27 245. 80 65.8 0. 208 1. 157 5.514

2 148. 37 91. 60 61.7 0.104 0. 892 8.577

1 373.27 245. 80 65.8 0. 208 1. 157 5.514

Shape of primary rocket nor 2 382.39 260. 54 68. 1 0. 208 1. 190 5.721

e No. 3 363.57 216. 88 59.7 0. 208 1.218 5. 856

4 398. 37 264. 14 66. 3 0. 208 1. 188 5.711

1 373.27 245. 80 65. 8 (0. 208 ) 5.514

Number of primary rocket 2 743.92 446. 44 60. 0 0.416 1.314 3.159

nozzle 3 1121. 31 728. 80 65.0 0. 624 1. 320 2,115

6 1008. 38 733.24 72.7 0. 624 1. 298 2. 080

. . . - 10 385.17 259.70 67.4 0. 208 1.192 5:731
Expansion half-angle of pri-

i 15 382.39 260. 54 68. 1 0. 208 1. 190 5.721

mary rocket nozzle/ (') 20 377.33 249. 16 66.0 0.208 1. 188 5. 711

K syt b 4 875. 10 536.70 61.3% 0.418 1.310 3.134

9.6l 917.82 558. 60 60. 9% 0.418 1.310 3.134

ey topkct el 16 935.98 538.52 57. 5% 0.418 1.310 3.134
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Fig.2 Mach number distribution with different primary rocket chamber pressure (y= 0)
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Fig.3 Primary rocket nozzle with different shape
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Fig.4 Primary rocket with 6 nozzles
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Fig. 5 Stagnation pressure and stagnation temperature
distribution on the line from sidewall Imm distance with
different expansion half angle of primary rocket nozze( y= 0)

3.5 BIEEREAKEE

TRAIE— IR BT UE T 9k AN 15, —IRKHT
BB 2 R 55 2 24 8MPa 2 3000K HITE T, H
B — KT A A e o ST S A T — R A

BEAT, AR BT AR I K B A R o, DR $F — IR K i
i 4208 Smm, WEE H D2 4 A A 10mm,
15. Smm A1 20mm, AN ) BZIK A 4, 9. 61 F1 16,

X1, IR A 16 I, — IR K #i i HE 5
K, Ut B I I — K BT AR T H B P AR AR 15,
WKk oee. HMBENRGHAERNHIIRE, Ak
R ZIKEE v 9. 61 B fe K. MHE T LESR T, TH AR i
K EE 79 4 I B, 38 X A 45 R0 = IR R 2 — ek
Hit A AR, SIS EOUORE, =G LI A/
TUREAHSE, 5 OGRS AR
A LB 6) T LR, — TR K Hi 8 A T AR K L
16 FHE & RCR BF, FE P A TOUHIR & BRI

ratie=9.61 Z
1.15x10° =

1.05x10°
§ 0.95x10°
06 02 02 06 10

Flow direction/m

06 -02 02 06 10
Flow direction/m

Fig. 6 Stagnation pressure and stagnation temperature
distribution on the line from sidewall Imm distance with
different area expansion ratio of primary rocket nozzle (y= 0)
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