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Abstract: The solid rocket gas scramjet has the advantages of high specific impulse, simple struc-
ture, easy flow adjustment, etc. However, in the afterburning chamber with supersonic air flow,
how to make the fuel better mixed with air, increase the particle residence time, and release more
combustion enthalpy in a shorter time has become the focus of current research. This article pro-
poses a boron based solid ramjet scheme based on central strut injection, and conducts ground di-
rect-connect test and numerical simulations under inflow conditions at mach 6. 0 and altitude of 25
kilometers to verify the feasibility and performance of this scheme, obtains the combustion charac-
teristics of the combustion chamber, and explores the influence of solid gas injection mode on the
performance of the combustion chamber. The results show that compared to the central strut in-
jection scheme, the side injection has problems such as large total pressure loss, long back
pressure shock wave string and strict intake requirements. However, it can enhance mixing, im-

prove combustion efficiency, and shorten the required distance for combustion. By introducing
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small flow of primary gas from the side wall of the central strut injection combustion chamber, the

Penetration depth of solid particles can be increased, and the combustion efficiency and perform-

ance of the combustion chamber can be improved.
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Fig. 1 Central strut ramjet combustion chamber
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Fig. 3 Incoming flow simulation experimental system
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Tab. 2 Primary gas components
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Tab. 3 Gas phase inlet conditions of the primary gas

S8 Bl
R/ (kges™ D 0.175 7
Bk /K 1 990. 854
# 'k /MPa 7
Ny J5i i 73 4 0. 132 351
CO [t 53 %L 0. 720 590
H, Fiit /34 0. 147 059

2.2.3 —RIRA K FORIAR A D251

— YRR FP A R R SR 14 A 4 A
N3 pm A1 pm. TS RA B N T O Bk 2
S o PRI Re B AL 0 0 R R A LSO 1Y ok 2 4 .
— PR OB AR A T B 5 SR D B — 3
HARINE 4 iR,

F4 —RBMEMTRANDSH

Tab. 4 Condensed phase inlet conditions of the primary gas
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Fig. 4 Partial grids of strut section structure
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Fig. 5 Partial grids of the nozzle of gas generator
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Fig. 6 Grids independency verification

2.4 HEHERKRE

SR b R AR R 1 B A R X B T AT T
i, B7 FME 8 B T AP THF .
B Py 3R B0 FUCHRE 1) R 56 5 R T R T A A 4 LG
b A TR Sy R X 1 B S O\ A R R Sk Bl AL A
BEBEZEM S . B bk e il B2 %+ o
b AR P SR A AL B, R R B 1 B A
T LAMR IR B = 0 0 B, K Ak MR S
2R3 AR Fe — WA A v il o7 B RN e = A T
B EALE CRCRD . nl LA B EE 05 5 5 b
] FL 3 A 06 AR A5 0 BE TE R ) A A E A TR 3
AR — 2o, O BRI R T BUR A9 % 220

5.04

HfeprE

459 = s

L) - -
5-
0.0 02 0.4 0.6 038 1.0

R Al i) 5
E7 HEWk I IAMBERESKEHEL
Fig. 7 Comparison of experiment and simulationresults

at equivalent-ratio 0. 9
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Fig. 9 Pressure-time curve of gas generator
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Tab. 5 Performance of the tested ramjet
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Fig. 13 Comparison of average total temperature in each

section along the axial distance of two combustion chambers
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Fig. 16 Comparison of dimensionless wall pressure distribution
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Tab. 6 Comparison of combustion efficiency of

two combustion chambers
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Fig. 20 Comparison of average total temperature in
each section along the axial distance under

different gas injection ratios
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combustion chamber under different gas injection ratios
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Fig. 23 Static pressure contours in the central section of

combustion chamber under different gas injection ratios
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Fig. 24 Comparison of combustion efficiency of boron

particles under different gas injection ratios

RIPE A AL RE B9 52 1 IR R B R R 2 K R g
KRBT P, 78 SO/ BE 2 5 W A9 [ 4
MR BAL . A7 AR — A A AR O
T LA A 48 O [ (A JIURE 1 2 35 TR B R R BE T
P e A 2 B BRPE 8RO ) InF AT R D /D ) B
M I R B PR REARK

4 i

ARSCHRE T — Tl 35 T s OB T B4 1 B0 I A
WIEESINLT . BB %R & DA
AL 6.0, BB 25 km B9 QAT A, WAL K& S L
P TR, RIE TRk L ERTERE. R
Ji R FH = 2R BSC(E 0 BN & Sl AL I R 7 S 3 2l A A
Tt MURRGE AR MR IEAT T AUEF 5 . BB 258 .

1) 78 BL%E U0 vh S 30T 2 000 2 4 I 4 4 3 7R
e R R be . S DN BR 58 & U R R i . G
W%, BB b s Bl 4. 75,

2) KM SST k-w i i A5 . A7 250 56/ 90 FE
B BB A DL T KING BB T i kA, X i 56
TOCHEAT T A 5 B 7. D FLAR A5 0 R i A (E
WENT A%, KM ERENT 3%,

3) HHEL 0 S AR T O B, M RE S R
W sR B IR, P m BRI, 4 R b ir % B
s AR WAETE BRI R R . RO B K B K
ACELSR B A )

4) A O SR A o R R B L, Gt AR
PR = N B AT 50 A S/ U AR Y — BRI LAY
R B ASIURL 1Y) 28 35 VR BE MB IR BE 11, R MR =
(8RR e S8 R R

£ T R N a7 T U N2 v R RN
MWIEESIHL T BB AR =, RRIARE TR, L
E A B Al &, IFaE— 20 5 BLUO UE T 3 MR /B 1
YA mEE AU AR B, T S AR BRI 5T R B
MLBETT L AR 78 42 08 S %

AE
5
it

2% Uk

C1] EWH, AUKW, B, % ERIME#HE#FEAR R
LRI, FALEMAKEE A, 2019, 3(2): 62-70.
2] WL, #RAe, INEER, . BRAUWER AA B X & 5
A K R b R & Bl DLAMIR =R AR s e [ .
KO HERE, 2022, 48(1): 69-75, 89

(3] Bh-tbag, BAE, AR ¥, 55 00 K 8h J1 & 5 R ok % 5k Jr
] B & J s L B [T ] F A SR R, 2019,3(1)
62-70.



5 4

HR S 2% 1 X vl AR I 4w T K Sl ML A o i RE 5 W T

69

&

L4]

[5]

L6]

[7]

[8]

BEAETR, EME 6, P 5, S [EWOIR & K R S AL
FEHE LT ] T B AR AR . 2019.3(5) :50-60.

He Y P, Chen Y C, Liu D X, et al. Research on solid
rocket/scramjet combined engine [ CJ. Proceedings of
the 21* AIAA International Space Planes and Hyper-
sonics Technologies Conference, 2017.

Lv Z, Xia Z X, Liu B, et al. Experimental and nu-
merical investigation of a solid-fuel rocket scramjet
combustor [ J ]. Journal of Propulsion and Power,
2016, 32(2). 273-278.

B, [ A R R AR v R R S HL T A e B 5 (DL
Kib: ERRFHEARKSE, 2012

W, B, B AR, A R BORE U i 45 40 X 1
P SN B M [T, [ A KCET HER 2014, 37(3):
307-314.

L9]

(10]

[11]

[12]

[13]

oap i, 2R, B R, LA M KO TR A
W6 A 55 AR AR P HE & Bh LR e == iR B B g [ ], #f ik
HoAR, 2021, 42(2): 319-326.

AMENE , Wi, BRME, SF. ONE N5 e BT IR 20
TRARE oh E 22 B WL T AP R A B ma (U], o kB R
2020, 41(6): 1296-1304.

XA, BRARS, RBk, 45, R OB AR vh R & s bl
MR A R S S AT LT ). R K Fi R A, 2017, 40
(4): 432-436.

ZHF, DRI, R VR, AE. R KR B A R R & B
HUHEBEBUE R oE ()], ST 5 R 254, 2014, 34
(1): 104-107, 161.

B 5. RBCC I 28 Br <3l ik & 5 0% 0% =5 A B 4F F B
FE[D]. P PEdb Tl K2, 2016.

SIRME R 0 5, [N B A5 R A% 1 X v S I A o T & Sl BILIA 6 1k E S R T ST L0 0. T A BV EER , 2023, 7

(4):60-69.

Citation: Zeng J. Wang G H, Huang H, et al. Influence of gas injection conditions on combustion performance of central strut

solid ramjet [J]. Astronautical Systems Engineering Technology, 2023,7(4) :60-69.



