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INVESTIGATION OF SUPERSONIC COMBUSTION
OF HYDROCARBON FUEL-RICHED HOT GAS

Situ Ming Wang Zichuan Niu Yutao Wang Chun Lu Huiping

(The 31st Research Inst.. Beijing, 100074)

Abstract: An experimental study was carried out to investigate the supersonic combustion of
hydrocarbon fuel (kerosene) in dual-combustor at the different air total temperatures of 900 K,
1 340 K and 1 700 K, which were similar to vehicle flight Ma= 4, 5 and 6. The experiments were
set on the ground connected pipe test station of air mass rate 1.2 kg/s. The fuel was injected into
subsonic dump combustor. After burned. the fuel-riched hot gas flow of Mach number 1. 25 was
parallel with the main supersonic air flow of Mach number 2. 15 (or 2. 13) in the supersonic com-
bustor. The effects of fuel equivalence ratio on the subsonic and supersonic combustions were in-
vestigated for the different total temperatures of air flows. Results show that realization of super—
sonic combustion of kerosene fuel is possible in dual-combutor.

Subject terms: Supersonic combustion ramjet engine, Supersonic combustion, Subsonic com-

bustion., Cruise missile, Kerosene
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Fig. 1 Sketch of static/ total/ pitot pressure tap locations in test model of dual-combustor

ERARE A ORY G0l 2R —RWmA (BRI MREAKE, —Hb
JHAF R G SR 3, FEWREE, 2R WA (BRANL), SR S
HE2/ 3.

YRR 4B AR R . P E B () L IREB (SEm) My
i B ZH R o 7 T W 56 & B0 1R, B I mUE WEE T A 17, 47 mm X 40 mm,
HEHEA 38 mm X 40 mm, B8 S KN170 mm . BYHE B H S S EUN2. 15A A IR
Y IR FEERVE 3. 6°, K N730 mm - ¥ K B CIF 65 mm X 40 mm, H O HEN110
mm X40 mm -

RIGTE /12 T BRL & LT, RAIANE BRI AT 2, B IR IE R 2 A IRt
PRI BIR S SR A S ied A2 T ARSI, F 102 RN & I AR I = 08 18 [X [ 77,
FH 38 SRl 58 75 R R 0 B i e e, LA ialG B BETHI A B 23N 5, R BEHIAR B 134
N 55, o A5 B0 R A L P DA 2 S MR IR e 5 3 TR R B W R U BB AR RIRE,  FH DA e
N E RIS =5 1 1 25 SR - TR BRI IR AT, R38BT Ak 22 2% /K V4 5B FE il A,
FE A o I 8 Sk B R EG D ARTH 11 mm, A6 036 B 2 A, DR AN 25 2 i il 56 B AR I
)

IR R SF R A 2525 km MU KAT Ma= SHPIREHE R AR ke/ s FRMELE



$20%
610 o IR T R AR R G B R 77

B Ma= SIS WIF S5 B EL. 4 M Pa FLEIE 1340 K, B2 B4 [0 W55 (04 W 18 T A7 6. 99 em®
(BI1. 747 cm X4. 0 em) 75 8 2 W6 75 8 B P TZ 50, W Y 0T THIAR 93, 8 em X
4.0 cm, HOSHECR2. 136, BT E AL 045 kg/ s LB AT Ma= 4F6HPRA AL
iF, BT EE AAIR R RSP AR, B RREN N kel s i, REBEHEER Ma= 409RE

MR OB A SRR, AR AT Ma= 4, SHI6E IR B2 M E R HE D
H280. 23, 0.25, 0.27 kg/s I£4i

3 BRRBERS S

AWK, BB LT EEm S A R Bz, XRUWEMRE R RGBT KB A
AIACE KAEGE (BsgE) MK X2 b FaEER=EREGEREE 0L, BB RS
HNSHAE, FRNAESRZE, FAEEmm BERGH, BEMARSEREFREZIK, S
BRI BT RIRIC & I, AT A2 (BIERERE-F), MBS E ESE. BT M
BRI M a (EANRE, BR5RFTT R AR, S 8 g XA E, #ig kB
T s 0 00 o 24 S A8 T8 5 [ [ B, 7 ol Rt S 4, T I R = R A i )
RN BUZIK, [RZIFRABFEY SRBILUG, © T PIBEE# o A AR S A R, R B 3K
BIASI 2B — 4 sh s .

FETRENMATES, @R —REL RSB E RSN TIELRE.

PRI BIRE REBRANRESIRE (ABEFLHIRBEMREESERER) LA
SRR X BN ZH0 28 A R 25t D Ab iR 2h 2 8. B2 R P AT AR @B R 2 N R Bl i R T
e H I 5 o R0 465 SR 3R, BE T 1 e e {1 H IRAE PR3 S (v = 0) FUF340 mm LLJG, 4% Bil-
lig MBI, 8 xuvaa Al oy S5, FH B/ ZRIEAEBE (0~ ) X BB R58 1 J 504 p (2) 1H, 18
WAEZ XA ) 7790 3T =R 2 R 7R o £ Crocco —ZE BN R I 3EA L, (xo~x4)
[X 32k A ) BE TR 53 IR 20 AT AT 4% p A "= const HIFREUR RRE IR AE(v2~xq) KB, Lt 25 H
I AN, ATART YA 1) 67 B (i ~n ) (B BN I R AR W] DASR FH o & 8 A o EAh, AE (s
~a) DX, AT AT R A 1) o7 B 22 1) F 0 0 0 R < O 1 R AP R B B X, T =
pA(1+ YiMa®) , 383 1(x) BREUAE, 7T PASKRAT SRR A R EOC &R, AT R H & A0 S 25 fd, Jfm
A RS E A S, R AR RE S B W T (x) . p (x) T

EI3EREBEI Ma= 4, 5, 6 =FA RS2 ERE LR MR B _EBETH K 775340 A4
By E T R B s E T R, AT DASR R B A5 R B3 BORESERIES BRE DX (4
), ATRH A 5 hs 02U AR, 7E 5 KIS po 2099 pallI L. 6ffF, 9 p afl92. Sfis.
A EY KB (s~4X) . SRR (BAREE) . Wl A B2 Nt e= T/ Te
= 1. 66 WIS P b 75 T 3 AN SR T TR A R TG R, TR RA X AN
A = T/ Twp= 1.29, XK PITERE BRI FE 0 SEBR B EA K B3b KRB AT Ma~=5

~13RITF, s BIFE p. N pBIL 115, HpHIL. 9665 AEBMEY KB (s~4) X,
SImkERgomH, MEIA R n= 1. 34, B3 5= 1. 21. B3¢ BRE IT Ma= 6 2 EREHE



78 o B OR 19994F
Adiabatic l Diabatic
gt
Azttached Separated | Reattached

2
I

Air flow
B —

Ma>1

Fuel-riched hOt gas

Fig. 2 Influence of injection of fuel-riched hot gas on the shock pattern and shear layer
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Fig. 3 Comparison of experimental and

theoretical wall pressure
(a) Simulating T of flight Ma= 4
(b) Simulating T of flight Ma= 5
(¢) Simulating T of flight Ma= 6
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Table 1 Measured pitot pressure py at the exit of supersonic combustor
and total pressure recovery coefficient o
hs-01 hs-03 hs-05 hs—10 hs=13 hs-16 hs-23
piw/ MPa 0. 3050 0. 3385 0. 3385 0. 4505 0. 4290 0. 4420 =
M a4 2. 048 2.075 2.164 2. 070 1.972 2.116 2. 059
02 4 0. 443 0. 490 0.538 0. 496 0.446 0. 497 =
- 4 (. 446 0.519 0. 560 0. 476 0. 434 0. 509 0. 450
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Fig. 4 Combustion efficiency 'l vs. equivalence ratio-reversed 0o
(a) Flight Ma= 6 (b) Flight Ma= 5
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