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Experiment of primary rocket-piloting combustion under
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Abstract: The experimental studies“were performed to investigate primary rocket pilot-
ing liquid kerosene (JP-10) combustion in rocket-based combined cycle (RBCC) combustor
under typical ramjet-mode condition. Due to the low total temperature of incoming airflow in
ramjet mode, \the-ptrimary rocket with relative low mass flowrate was employed as a piloting
flame to achieve reliable ignition and stabilized combustion of liquid kerosene (JP-10) in RB-
CC combustor. The secondary fuel (JP-10) has been injected into airflow by two strut injec-
tors located behind the primary rocket and an upstream cavity flush-wall injector. The
effects of cavity and the location position of strut and wall injection have been investigated. .
The strut injectors make the fuel easily be distributed into main airflow, and the results in-
dicate that the injected fuel can accomplish steady and efficient combustion due to the interac-
tion with the rocket plume. The comparisons of the pressure distributions in the combustor
under different injection conditions show that the strut injection plays an important role in
the combustion of wall injection fuel, and additional wall injection associated with cavity
would improve the performance of RBCC combustor. Moreover, the wall injection location
and the distance between the wall injection and cavity need to be further considered to obtain

optimal engine performance.
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Fig.1 Schematic diagram of direct-connect RBCC combustor configuration (unit:mm)
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Fig. 3 Schematic of wall injection (unit:mm)

1.3 &G

LI 5T £F X RBCC & sh ML T 7F 8 5 W7
PR 1Y 3B 06 1R AT Sk B 1 0 . &5 ORI B R
S} 0.6 MPa, S K 620 K. M7 [ S2 86 T, 4%
BEIFR A 23 8 T i I 28 5 ks, B AR
BB CEAM BFAR ) SRt #4 25 h 2945
FEE IR B 3 Y01, CO, R 4% 1 H, O,

P TR R iR BOR R R TE B 1 A Bl
VKRR R R 5 5 7N B B — IR KR B DR AR
RIS KRR E AR —
UM AT PR S SR R RR T AR
I, — WA SRR R B AR 2 X i A — K
kAT B R 4k S A RBCC & shHLBA B2
TR R AN SRR S AT — RO
MR —-MARN L3 HOBRI B EREN
160g/s, AL Pl T3 501 CEA #4719 115,
SR W R — UK EHIRAIRIE I 1757 K, £
PR 73 B0 29 8« o= 0. 35, o, = 0. 2, qeo, =
0. 05, ¢n,0-0. 4.

RBCC MR ELEAF TOL T k%
BB 0 5 120~ 160 g/s, BTS20 45 {1 224
HHHREETE 0.7 4. KLl T ol n gk 1
PR,

F1 BAIBTR
Table 1 Typical test conditions

SRR W BEWIM R A/ (g/s)

FTERTH [ i
i/ (g/s) T T,

RORTTR NN 0 0 0 A
TH 1 107.3(S) 0 0 A
TH 2 111.4¢S)  38.5 0 J
T3 112.9(S))  26.4 0 H
T 4 113.6(S) 0 26. 8 re)
T4 5 127.3(S) 0 27. 4 el




570 it = 3

VAR N 5% 28 %

2 ZRWHERDHEITiIE

SOMR M X TR v H R Y K sl LA R TE A
BESTHRAEZEMEN. BT RHET —RAH
R AE A 51 S KRG R R R A T — Rk
B 0N WERY 2 A SOBRWE I g AT WO A BT
TR BRBHE R T AU T ORI R R R R

HH A 2 N R BR B 77 2 1 e TR 2 5 R At
S04 B IFAE R B BOE BB B 2R 7 A Y i
JE AR BE A5 R B (75 B 25 B P BUTE S0 R L ot
BF & Bl HLR 6 25 A 103 2 ek 38 Oy 0 7 L B AR
RBCC & g ML #Y TR B IR Be. (H R 7 245 1t iy
I R R R 7 AR Y R e AR A T R A B
BB 7K A2 SO RE T 5 DT R B A A AN R
Bl RN 0 T AR S kA DRI R AR
FEIRBE 2 R FH 22 G 1 7 58 A BRI 4l 1A Jbe
N BB B AR Ok S BE & B ML i O k.
Ut HETRBEIE H o8 TR AR TR W 7 6 T 1Y
WRBE RN F & Zh AL R A0 52 ), 2 1 3 7Y (1 3050
XFHCTBL AN R 1 B 7R, 1 R S 56 v A7 7 1 Ok
TR S EH LN AR By B 52 e, X R AR A RE LAY
JE 188 — B LAk £ WA R 3 pes X FEAR B S
A5 {5 % HAE 5
2.1 MBEH B 0E

kTSR K Sh HL RS IR TN B A b A
THICMEER 3 ALl T RO 1,2, )R
T 77 MR, — Uk T A T AR 98 T3 B IE #
TARRET , g0 AR A5 BE 1 He g thZe an il 4 fros.

4.0 ;
W G
35F g e T, ]
o H : L] ___L T -~ ——
30F p—15 |
. o Bk
251 : ‘o . — TR
< ¢ O“Q:/;i —a— TH2
= 20F | f} ~ \0’ o TH3
i/ M Ny
15| 1 it ka
LOf % Fe® 'Y )
PooEN .i
osb e THreea o0
: e s e T
0 A . . h )
=500 0 500 1000 1500 2000
X/mm

Bl 4 ARE AT RBCC A& LA b 3 BE 1 £ 77 73 i
Fig. 4 Wall pressure distributions along RBCC

combustor under different test conditions

M P4 AT LUF B TR U A8 AR R A A
PN B R 3 R RO 1. 5 TR ) AR R A A
PIRF LR P T R, X T 98 0 4 1R (— KB AR T
VB o R 7 78 45 R T 110 B 28 B N SEAR (R R i, 4R
Je TERRBE S A T Ak o T T TR 28 AR B Ok 5 3L
JE 1 M2 9K T B, 32 T R 8 75 U I R AR Bk
BRI INFRSE T M AR R = e i i T B
ik SRR B IR G TS R
KB KA. AT — Ok H AR B, B T7E#
0% 5 PN — UK T P A MR R R R R A R B
BORE 2 1 I3 FH 8 76 R B8 BN S BRI ™ A= T
VRO ER L AR SO R R IR M B ) R IR AT
5. IR FNMEIX 3 Rl T0 A S F RO R T bR 5L
5 R8I b= MR S T R E A D b
TR B 20 IR O I T, S BT RS Y T
VE. BR %% 1 e UORRE IS 12 1) R i — 58 1
JEFFEE T B X T B B IR AS A2 BRI A
T FE” CFBORG ALY SRR B = o i, B S
A ETE” BT . e R 2 L S e s
56 T AP IR IR SE L I A R S HLA 1
MEGERN 1.7 4.

SRR R 2 RE TR g 43 A B, 5 A S AR mE
HFECTOE DR SR L, 7698 b 5 vh I I 1) 1
Bl CTBE2)F o SOOI BE A 5 R B = R AT
VIR T AR AR A B 0 & s ALY B8 1Y DTk
WAR R /N, 5 2Z I B B L 2 7 RE TS T
FEAE T CTI00 3) B, AR =5 16 3 A AR5 B 1
P 500 2 T RS DU B, R R TR T
T 110, XA LR W T DA 6 =5 R T 5 7 119
SRAL T RE AR A 213K ph — U K i 2B T RS AR B T 1
TUURHRRL A I 3 R R X3 i A 1 A L Y
T8 0T 5 FRE TRT WS 3 A 8 A% 8 3ok 0 Ok O 48 AR A
BY T2 AR PN f T T 4 A AT 38 [ 31X, Al
TR AT JE 05 B0 B B8 B 1) 58 A R s N A A Y IR
BE L X AR be S R AR T X LR B A S
F M3, h BE TR g 4R AT LA L s B R B i
S B2l A Ik e 4 B B B AT
W E S ifE— 25 48 T, 8% 0 S8 5 BOlE < R
T Bl I 0. BRI, T B R R B IE B L ok
Pk — A5 180 & ShHL A .

2.2 ZHREEEAE MM

5 R B4 AL v 1 S R B B R R A
B, IEH BB T 3 o R i R 1 4 rh #E R
B IIRTER Y+ R I 78 7 AR 25 7 2R R R B i
O (A TR = 0 5 8 4 X FE B b = i



%3

TRE1E 45 . RBCC K sh AL AR 25— IR KT 5| MR 8 ) SE 3 571

T T LIVE R B R B A R TR % R D1 i 48
T, O sk e e B SE AR B, K SE e T
S mTEM EEEE S, M E, HaRES
TG 4 SRl T 1 A b 3 BE TET R ) 43 A L AR A
’l 5 Fi.

4.0

EMGEE R

350 WEE S, i’ .S, /,/T
o —

—e— AiiE
A T4
+ THS

L]

pj'rp‘
(]

=500 | 0 ' 500 | 1000 1500 2000
X/mm
B 5 ANFESZE T0F RBCC & shtLgA b = BE 1 R A
I3 A I LR
Fig. 5 Comparison of wall pressure distributions
along RBCC combustor under

different test conditions

H &5 AT LA R SRR AR 2 S, L
EF BT SR R — T R B, ek
2PV T T S ARS8 T B 51 A B e 4
FHRKBEAR R be = N R BB 98 T8 L2 % /& R )
Frn, IF BAE AR 2 Be N 1Y FR 1 I 32 BB AR
JE T3 b T 50, DR st T DL R e = P ) o
WA TG WL AT 28 587 AR e 2 N 3 T 1Y 3 RE AT 9K
SRy R FE KRG OGN L BT A B IR AR S
SEPE. AEIXOM A B B R AL . — J7 T SRS,
W% 178 R THh 7 R I A R EL AT AR Y
I3 B B A, 0 [ B R A Y A KR SR ] L 3R
FOOBHRMETE 1 20 n A B . i BE T 7 it 4k A
WA be 2 1 i 0 e B R — KR R
AR FRIT U s i R TR 3 R R A R e i R T B g
AT 5 BRR R % e i 26 3R B R AFAE R 4
FE TR Ty DX, X i TR b = 1 AR ik W4T R
T FR T UK T B SRR SRR LA B B T o 3 49K
BERBECHIE B “ AT EIE”. TR E R
TF AR AR Y KBS &8, o BE 5k
Bh RE .

2.3 EBEBUEMZN
R T 2 R — 0 4 AR AL R SR R =

RE W5 1 SRR BE THT W 3 07 B P52 ) X 5 3 07
T CE ) F T, CLBL ) f s 00T By A be %
BE TR R g M 28 BEAT LB 5, Wikl 6 Fros. e & R]
PLE WX PRI B0 T L #5825 09 T 7 23 A AR Y
Feh. TOL 4 BT AL 3 A0 AR R /N TR T X
AT AE S T AR R MRS AT S B I )
58 W FE 3 W 78 A AR A DR G 5 O A7 AR
KRR,

40 hE SemGE
WA R T T, - —
351 152 I 4
N i
3.0F
—e— HiiikE
2.5 : —— T3 ]
< 20 . v T ]
E “’%
1L5F o if N 4
\\
1.0F . \' 4
osp \’*’v.- e |
\.»'-.‘.““-.__1. . .4‘/..'—” ‘:t-'.' |
n IS i 1 i i 1 i 1 " 1 "
=500 0 500 1000 1560 2000
X/mm

Bl 6 R SEK T4 F RBCC & s/l b 2= BE T & )
a3 ) A
Fig. 6 Compadrison/of wall pressure distributions
along”RBCC combustor under

different test conditions

2.4 HEHEBIMLLE
2N ERK S TN, HE &S ML 5
AT RIHE ST 2. X B4 T A5 0 SO — K
A URIORE T 155 B0 0 9 A ShATLAfE ) D2k
Y WUIRAS R A S bl B e 4
2 AEAFTWIRTHENHIEGHE
Table 2 Thrust increments under various

experiment conditions

S T #E )3 48 45 /kN
T 1 3.213
T.0 2 3.976
T3 3.930
T8 4 3. 854
TH 5 2. 809

Fh b AR T 3 A 04 O AT LA B TG M Y
MO (0L 2), BAR AT B e KR I BT 00 3
RFEIT 1100, 52 & 3l WL AR A5 1 4 T 3 45 e ks
XM B AN O T R A M T R S B



572 Bz B

TTH P T AR LR AT SR T — 5 B9 TT S A 15
K S LR A T A0 kL DRI TR R S LA B 5 O
b S AU T I A5 O B A R s T T e A
B T3 ke i 4 Jy B 2. AL T80 R Ll TR
Je ARG TSR, o B9 R b8 2 T 70 A 47 R AR
FRHE 7 4 45

3 & g

ARSCHFJR T 3T — UK H 51 SR RBCC
R SILAE SRS 1 52 30 A 52, 38 3 AN [] 5 7
T5 R K S ALRE IR D1 40 A R LG DRSS T i
TR [T S M S A R VT R T I 3 A T
S S RE R 52 R, DA Ol iE— 2B 1 & sh AL fg
oAb B S ml, SRR EEALZS T .

1) g — UK 51 SRR b R R S AR 1 =
URBEIE 7 X T 58 O MR B 25 T RBCC % 3h#L
BRpE = T 1 Fa i e AU bE A EE AR .

2) 1T AT A Sk b i B T R R B R A TR
0% AR T TmT 300 DX o 38600 1 3 B B 8] A8 R R IE T
R 1T T 7 A L URRE A R RN AT AR AR

3) JE AT 1 IR b U A RE T I T L —
A RBCC K B ML KR = T Jg-fH 2 40
B BE T 45 e shpLAfE 708 2% . U0 s i g 2 T
Mt 7 B 6T H i RBCC & s AL be 254 11 52
M A K.

4) AR A BT RBCC & S HL Y T fiE
A B, TR I K Y SR 3
BT B IR A ARLTRI S Eh 3k 2 v 10 IR 458 2 i A
TRl 7% Ty Xof 1A T R T SRR A — K
2 L DU A — UK Y 5 A FE a5 [ e A%
R GE B ) AR S AN B e 8 R . TR I
T B — AR B 5 DL SE B A 1 RBCC & shi#l
ARSI 1 BBV JE X & S BL A R

CESd &

C1] %, BA 0, 5. KO 5E 20 & fe 3 O 50 IR 5 i 5
(). #esk 8 A ,2010,31(6) : 660-665.

QIN Fei, LU Xiang, LIU Peijin, et al. Research status and
perspective of rocket based combined cycle propulsion sys-
tem[ ] ]. Journal of Propulsion Technology.2010,31(6):
660-665. (in Chinese)

AT 6] 5%, K R E , T R, 45 SCWR T T & B bl. 21 it
BELRE S [ ]. TR R - 2000, 21(SD) £ 111-115.

HE Guogiang, LIU Peijin, WANG Guohui, et al. Strutjet

2]

fngine:a new aerospace power for the 21st century []].

Journal of Astronautics, 2000, 21 (S1);111-115. (in Chi-

[3]

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

1 5 28 %
nese)
Kouchi T, Kobayashi K, Kudo K, et al. Performance of a

RBCC combustor operating in ramjet mode[ R]. ATAA-
2006-4867,2006.

Kato T,Kanda T, Kobayashi K, et al. Experimental study
of downstream combustion ramjet-mode[ R]. AIAA-2005-
0617,2005.

Kobayashi K, Tomioka S K,Kato T,et al. Performance of
a dual-mode combustor with muti-staged fuel injection
[R]. ATAA-2004-3482,2004.

Owens M G, Tehranian S, Segal C, et al. Flameholding
configurations for kerosene combustion in a Mach 1. 8 air-
flow[ J ]. Journal of Propulsion and Power, 1998, 14 (4)
456-461.

Kay I W, Peschke W T, Guile R N. Hydrocarbon-fueled
scramjet combustor investigation[ ] ]. Journal of Propulsion
and Power,1992,8(2):507-512.

LIU Yang, HE Guogiang, LIU Peijingset_al. Influence of
primary rocket mass flow rate on performance of RBCC
[R]. ATAA-2007-5375,2007.

B BL A 5 X Ok, 22 \RBCCAR A BB B 28 — Uk k.
A h e deE g 2w [T 0. ¥ #B R, 2010, 31 (5):
S544-548.

PAN-Kewei, HE Guogiang, LIU Reijin, et al. Influence of
combustion-stabilization by ‘primary rocket under commix-
combustion méde in/ RBCC [[J]. Journal of Propulsion
Technology,2010431(5) :544-548. (in Chinese)

WAL ER A SR X RE 55, & Sl AL R I I 7 AR AR )
RE AP R PE ry S ma [ . it 25 3 ) 2 k. 2011, 26
(8):1900-1906.

PAN Kewei, HE Guoqiang, LIU Peijin, et al. Numerical in-
vestigation of combustion about injection positions in rock-
et induced secondary combustion of RBCC engine[ ] ]. Jour-
nal of Aerospace Power,2011,26(8):1900-1906. (in Chi-
nese)

Sunami T, Magre T, Bresson A, et al. Experimental study
of strut injectors in a supersonic combustor using OH-
PLIF[R]. AIAA-2005-3304,2005.

Hsu K. Carter C D, Gruber M R. et al. Mixing study of
strut injectors in supersonic flows [ R ]. AIAA-2009-
5226,20009.

Doster ] C,King P I.Gruber M R, et al. In-stream hyper-
mixer fueling pylons in supersonic flow[ ] ]. Journal of Pro-
pulsion and Power,2009,25(4) :885-901.

Hsu K Y. Carter C D, Gruber M R, et al. Experimental
study of cavity-strut combustion in supersonic flow[]].
Journal of Propulsion and Power,2010,26(6):1237-1246.
Bonnie ] M,Gordonk S. Computer program for calculation
of complex chemical equilibrium compositions and applica-
tions: Il user’s manual and program description [ R J.

NASA RP-1311,1996.



