2022 4F 11 H o B AR Nov. 2022

43 11 JOURNAL OF PROPULSION TECHNOLOGY Vol.43 No.ll

S I B R SR AB A LRI 5T

AR, ®iEE, KRB, & 0k

(PUAET A R=A kb RIS SN R SRS, PRIY 144 710072)

M OE. At A KET A8 8738 (Rocket Based Combined Cycle, RBCC) & 30L& 244 2 MR B 9]
A, TEERRBE T IR/ RS ARG B BAT T RN, FESERADF . RBEEAINAE .
WG ML MIABRIREWIBEAEE, ST KT L 0406.0 4 T A/ W IS 2064805 M Ak A B A4S 1F A AL
B PRI WEAKREAZUESLS LRARAZ R G REMEFREY R, MIANIRE, TRELN
Wk LA X R IR A R GUEE R RS, RAEERR NS G R A3, B8
MORIGE, WA EFRBERIG M, ERBRBERNGERT, UWESEANRAEI#HEL ERATAR
F 09 10%~20% , BA Y 3% ih 25 M) e ST B A MR AR AS NS KRB AR T 9%, MBI AT 10%, A
B, TR/ IR LSRN BALIG ALt By Bt R M Fe R AR A R R W, S MR/ R 18] JE 4
FEH, TR IS AENG BRSO B3R, MRBRALKG AL B AE

KR KATARAASMBEARL A, KRBT, AR, wmBLH; REME

RESES: V236 ERFRIRA: A XEHS: 1001-4055 (2022) 11-210462-10

DOI: 10.13675/j.cnki. tjjs. 210462
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Abstract: Aiming at the problem of efficient and stable combustion of a typical Rocket Based Combined Cy-
cle (RBCC) engine, three—dimensional numerical simulation of strut/cavity combined flame stabilizer in the mod-
el combustion chamber was carried out. Based on local flow characteristics, regularities of heat release, eddy
structure and mass transport characteristics, the flame stabilization performance and coupling mechanism of the
strut/cavity flame stabilizer under the flight Mach number 6.0 were analyzed. The study shows that flame stabiliza-
tion performance of the cavity is affected by the mass transport characteristics between cavity and main flow. How-
ever, with the addition of strut, the spiraling eddy structure at the trailing edge of the strut makes the fuel transfer
from the recirculation zone of strut to that of cavity. Then the residence time of fuel in the recirculation zone in-
creases, mixing efficiency is enhanced and local heat release increases in cavity. Under the action of different ed-
dy structure, the mass exchange rate between cavity and main flow accounts for about 10% to 20% of the incom-
ing air flow. Better structure of eddy and characteristics of mass transport will increase combustion temperature by

9% in flame stabilization zone and increase combustion efficiency by more than 10%.Therefore, the flame stabili-
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zation performance of the strut/cavity combined flame stabilizer is affected by local eddy structure and gas mass

transport characteristics. When the distance between the strut and cavity is shortened, the coupling effect be-

tween them is stronger and the performance of combustion and flame stabilization is better.

Key words: Rocket based combined cycle engine; Flame stabilization; Recirculation zone; Eddy struc-

ture; Mass transport
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Fig.1 Diagram of the typical RBCC engine combustion chamber (mm)

Table 1 Reduced kinetics mechanism of kerosene

No. Reaction Pre—exponential factor A Temperature exponent n Activation energy E/( cal/mol)
1 C,,H,,+0,=>11CH+10H+0, 1.00x10" 0 3.10x10*
2 CH+0,=>CO+0H 2.00x10" 0 3.10x10°
3 CH+0=>CO+H 3.00x10" 1 0.00
4 H,+0,<=>H,0+0 3.98x10" 1 4.80x10°*
5 H,+0<=>H+OH 3.00x10" 0 6.00x10°
6 H+0,<=>0+0H 4.00x10" 0 1.80x10°*
7 H,0+0,<=>20+H,0 3.17x10" 2 1.12x10°
8 CO+0H<=>C0,+H 5.51x107 1.27 -7.58x10°
9 CO+H,0<=>C0,+H, 5.50x10* 1.28 -1.00x10°
10 CO+H,+0,<=>C0,+H,0 1.60x10" 1.6 1.80x10*
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Table 2 Parameters of incoming flow

Table 3 Working condition and parameters setting

Flight Mach number 6.0 Case Separation distance Ax  Equivalence ratio ER
Altitude/km 26 H1 0 0.9

Total pressure/MPa 1.73 H2 0.5 0.9

Total temperature/K 1550 H3 1 0.9

Air mass flow/(kg/s) 3.0 H4 1.67 0.9
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Fig. 2 Static pressure of numerical simulation and direct-connect test under the condition of Ma6.0
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Fig. 3 Region distribution of Ma>1 in different strut/cavity spacing
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Fig. 6 HRR distribution curve along the direction of flow
path in the interval A

Table 4 Volume fraction of HRR in interval A

HRR/(]/s) H1 H2 H3 H4

>5 0.194 0.273 0.201 0.189
>10 0.108 0.148 0.125 0.135
>15 0.069 0.093 0.081 0.101
>20 0.047 0.063 0.054 0.076
>30 0.024 0.029 0.027 0.049
>40 0.012 0.015 0.018 0.034
>50 0.009 0.008 0.012 0.022
>80 0.006 0.003 0.003 0.005
>150 0.000 0.000 0.000 0.000
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Table 5 Total HRR in statistical interval A

Case H1 H2 H3 H4
HRR/(k]/s) 5529 5942 5325 4823

Table 6 Combustion efficiency

Case HI H2 H3 H4
76.3 85.6 71.2 69.9
88.6 99.2 88.0 88.4

Combustion effi(:icn(:y( A) /%

Total combustion effi(:iency( Combustor)/%
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Fig. 7 Flow field characteristics and streamline distribution diagram in local area(Colored by velocity in flow path direction)
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