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Abstract: In order to investigate the combustion mechanism of oblique detonation with hydrocarbon
fuel internal injection, numerical simulations and direct-connected combustion heating experiments were
conducted on an oblique detonation combustor simulating a flight Mach number of 8. A small-scale
oblique detonation experimental piece was designed and the aviation kerosene was used as the fuel. Fuel
injection and atomization was organized through 4 x ©0.3 mm holes on a diamond-shaped strut plate
positioned in the center of the flow channel. An R2 mm bump was utilized to initialize detonation and
stationary combustion on a 20° wedge surface. Numerical simulations of the fuel injection mixing process
and engine combustion process were performed using a 10-step, 1l1-component chemical reaction
mechanism, and the Reynolds-averaged Navier-Stokes (RANS) equations. The results indicated that the
liquid fuel evaporated within a distance of 274 mm and partially mixed with the high-speed incoming flow.

Stable oblique detonation flow fields were formed on both sides of the wedge surface. The flame position
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and morphological characteristics were observed through optical measurements. The combustion zone

remained stable within an effective experimental window of 2.2 s. The experimental results are in good

agreement with the numerical simulations in terms of pressure along the flow path and characteristics of

the chemical reaction zone. The research findings demonstrate the technical feasibility of internal-injection

hydrocarbon fuel-based oblique detonation engines.

Keywords: kerosene fuel; internal injection; oblique denotation; direct-connected experiments;

standing combustion
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Fig. 1 Schematic of the structure of oblique detonation engine prototype (unit: mm)
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Fig.2 Schematic of the experimental system

J s R PV S TS R B W AR 2, R I
i 8g/s. HAMIEBIREL L 2 RmiE 147 &,
Wy b RE T T LA B ) A B, B oy
R AR RS TR Ak . BB Ml <
SR, SR 5 ke/s, 51 F1 5 MPa, T3¢
PR M H 60 kPa 135 R4S, T UL BTG 2,
AT RS TR 30 km 54 R R AUE T,

SEPRBEAE AL ik B IR A, (R AR B R
DX el Ak T8 7 T SRS, 2T RS M AR X A

3 fir s ot R R G A s R . R
PN B M 222 JGS2 a2k e g 3, T SC Bl
AR AR b B AT, R — B HRAam
HAHAL(i-SPEED 513) 4ii & T 46 {4 — U, 17 1] o'
FOLE, AUl 40 KHZ, BESGIF KR 2 ps, H

RER AL

oG L ERL AL

K3 OLEli RGN R

Fig. 3 Layout of optical measurement system

20240808-3



IR DA

%41

T AR S B A be I AR DR AS SO R, S5 —
KM — G % OAE A PLIC & e BRI 72, A 6%
=% 30 Hz,

CEYVPSER A P R S/ SR 1N o
e HUKAEER, =0 WF 21, JA h == 51 a8, IRt

LRI =1.5 s J5 S ATHLIT R 4 4K I 25 JOH TR
=22 s, WK AR A O IR IR 20 9T s, A
TFUGR T =4.8 s, & A i IR B KRR D 5
=4.9 s, K PRI 5 Bl I WO I O O Ve K

JUZS I UZS I
2 "
BHIK A A=49 s BEIIK
Flgtes| AL JIIE 2 S -
b 4 A=26's
o—e ® ® A >
0s 15s 22s 48s 49s t

4 R

Fig. 4 Experimental sequence

1.3 BEITERE

K H Fluent 5144 5K figg 45 Ak 2% S 0L 1 75 1
¥ Navier-Stokes J7 F A RHE = & LN T -
ARG B A A | TR TR BOFARHEE R B .
7% [ B WEIE X G2 o X RS A, J 1 B 172 PR Rt
SRR, S0 S RE I v AT R A R X BR i B A A
it it A Y SR FH 48 R R 5 b i T BIAY SST k-w 155
YU 20 5R F Coupled 75 Ab B ) 5 3 # A
BRPERE AR SR A PR 38 Ak 27 S A AR, A 2% I g
HLER 2 F 20 CoHy, 9 11 4143 10 219 1k
A2 S LR, A 27 S I SR fige s >R FH NI T 72
KRS o RE TR FH TG 18 A% 4 T RE 1 0 B kA, RE
THT Y B 300 Ko A T8 55 it A, W T i 0 AR A
RIS LA, SR RS B H B RIOR B AL S8 5 0k
i B L3k, v ] Taylor Analogy Breakup(TAB) —
YR B T A AR 4SS 0L T 1) B R g5 Ak ik B . R
Siemens NX %4 2451, Fluent Meshing X Ji A< 4u i3k
A7 W& T 53, 0T M A5 I T, 3 4 TR S R IX.
WEAT R AR, g X e KR SE R 0.5 mm, i
R THT [FAEE AT ) 308 0 8 DR U di T ASE UG AR 22K,
I A £ 479 T3, TSRS QnE S s . 7
B Y R, A SCRIE ST B 5 FLON S TR L 5
EA L E W RE 5 IR R RIE RS, % B3 4t
T KGR A, A S X R R R 1 Jm i X A

5 BRI

Fig. 5 Grid of computational domain

ER SR T B0 BEEGE A T L, 455 A 6
(b) iR, Horpii A iR 28 1 20 O hn ic A R 6
TN (1=2.6~4.8 ) 4% s 1 M& 848 (py~ s, py) T
2% S B A (RN bR v 22, i (o 2k SR R BUE T &
ghE LR RE T R 1A, NIRRT LR, RS
100
90
80

70 |
60

p/kPa

50 Bt
40

BN VNF 0.1 mm) (1 A% RIS
1.4 {7 EEHEAIR G I IE

Kl 6(a) r 7 S i 36 rp s B e ) AR IR (py~
Ds» Do DLIEL 2) I 55 235 S Bl Ao ) 1) A2 Al pif £k, I
=2.6~4.8 s N 5| JF a8 MUMALSFEE TAEJR A
A5 [) 7 T, HRCHST ] 7 11 P 4% R ) A% I v T

0l

10 +

[ Fr v o— .I_ SRR ngd ;E "
20} if@&%ﬁmﬁw‘@ﬁ‘ ]
\

20240808-4

t/s
(a) WREE 15040

0 i L 4 i i L i L
1.0 1.5 20 25 3.0 35 40 45 50 55



9

FARZ IG5 SRR A T R R AR A b 3 B I IR T 5

Py

Ds & 48
Pr P2 P3s Py Ps DPs Py L A\"{

» Exp.
60 | CFD 3

0 i i i I i
-200 —100 0 100 200 300 400
x/mm

(b) P E S IAIE R 1L

Pl 6 e 455 M 5 D5 BB i HE B e
Fig. 6 Pressure measurement results and comparison with

numerical results

RIS FE 7R VR RE A A A A BN BUE 1 R B
AR G — 350, E BT BT SR A5 55 9k X6 7R SO
FERT G IE M
1.5 REEHEIR

R KA B T HIE 1R, s = Ik
p=5.3 MPa, K i it it m,=466 g/s(IHE 70 g/s, A
K206 g/s, 2573190 g/s) , I K p,=60 kPa, #X i i
fme=8 gls. KT FAG ) 2= 1R 2 i A
F i O S BO E ALN, FEFEYAL o I EE R S
BH CO,: 17.6%, HyO: 26.5%, OH*: 2.5%, K7 fi
15 3.5 3 56 B i 6 e A A, 5 S U T AR
Fr—8 R AR B R R A D, JE S 0 R &,
I P8I e SR R (Y 52
2 ZFR5IE
21 HFEER

K F UL B0 5 105 06 1T AR B AR R A R

J5 5 ms BB TG, B 1 us BRAF— R S
P 1T (BRI 2=0 FCTD) A9 07 ECAE 2R, X i A7 235 SRk

Frif B ab B, A B ANE 7 B 4 2 5 (.

LR, HRIE . OH it i 70 B . CoHy, i i 20 %K
BAESGY) =~ B oA, R BUESE m R T
(@102 + @p M o R S Y, A R A
T BERS R A XA KN, o B X B T 322
I I S AR 2R R A T X

MEL 7 0] LA, 3058 I8 30 32 p b 3 9 ok 3
LA 2R Ma=4.2, 2 3 R 778 W S AR AT 2%

F1 KBERHEIR

Table 1 Experimental and simulation conditions

pJ/MPa rin/(g/s) nin/ (gfs) py/kPa

5.3 466 8 60

PR 72 A V9 T AR (AN & 7(a) B 7R ), R BE T I
S E, PO 28 T aE oo 26, ST UE ) I E
rhUC DX R TR S8 AR A SRS %08 I
X (CAn i 7(0) BT R ), 2 DX 38 2 5 250kH o #5241, 1
AR, A SR B2 ) T i R RBFRTZ, T =0
By R £ Ma=2.3 B S &= Ma=3.0, IR
FE 1 1462K 2 #2846 2= 1160K (41 & 7(c) BT ),
[] B 32 DX I 4 A T8k E AR IX (an &1 7(d) B
R o SR A R R ORE T i (8g/s) 5 A AU i
(466g/s) L AL T-ZRARLE b G EE 0.017, X1 Y i
ol 0.26) , B i T 3R T AR SR & RE A
&, BB B IR A RRETE B 3K REBE T 2k L e
5 30 e A 3 T v B (90mm) 1Y 24 39% U LI,
T L XY 24 B e @0-3.7 T B, R R AL
T EIRE L, MR N 1.7, FHI, REHEEY
SIBIRHIA T )R Y & i kA |, AR Tk
SN 2 R R R T 5 IR B RHER R & sh L
W% 33 TR 38 5 T e R AR (29 2000my/s),
AT AR G s 1 45 18K B DA A 5 7 ]
R R A W R P Bl R 2 TR B A5 T
KB IBIRSCR

[ I =V AN (1T S e B Y L o U RE a4
T U ZE AR I A A IE O XA A i A MR AT
R I e IXUIS: DX B, 2 B A 8 % %2 RHBY T 2k VR
y=0 1 1 2 BB 85 34T A5 AT SR ) [8] 9 43 A, 141 8
JIT 7R AN ] A bR A I T WA B Y S RO T
A4 B K RE SR IR TR] (), 5 B8 B5F (] () FDEHIR (T
ik, b S CRE IR B[] SR FH Ak 2 B g 3l ) 2% T
H. Cantera fl C,H,, fb.27 52 W HLEH, JEF AR 5 11
mGSHOTEAR . BB SRR I A 2
WMHRIE . . YE A e, Bz iR Akl
OB, DI A3 2 1 T B T L (LD 502k |
LT 10% T f il (20 8 S R L $2TF 20% Ui
Yl (2160 8 42) S5 10 T 1 i oK I SR s i) i 4%,
FH T4 B 43 A 108 A8 Ak o) 45w AR b 1) 5 il R
G B IR A % 107 AR A a5 B RHE T 2% BRI BE RS S
W AR x J7 I HRE 43 it (4 4 A v() THEAR

MNEL 8 H AT LA Y, Bl A T B0 1) T Ui R R, m
KA IR B ] 5 o S A R AR Ak, FE x=60~
80 mm Ab, #i K AE IR B[R] 55 5F B2 5 ] o340, A

20240808-5



WUz 3l 14 oA
0.15 0.15
# % /kPa ik
0.10 E = 0.10 | I .|
0.05 0 50 100 150 200 0.05
g g
= 0 =0
-0.05 -0.05
-0.10 -0.10
-0.15 -0.15
=0.1 0 0.1 0.2 0.3 0.4 =0.1 0 0.1 0.2 0.3 0.4
x/m x/m
(a) FHES A (b) SikEHi
0.15 0.15 "
FHR/K CH, BT 534
0.10F [WE .| 1 0.10F IR TN | i |
400 1200 2000 2800 0.04 012 020 028
0.05 0.05
=) 0 ’ e =) 0
= — =
-0.05 -0.05
-0.10 | -0.10
-0.15
=0.1 0 0.1 0.2 0.3 0.4 =0.1 0 0.1 0.2 0.3 0.4
x/m x/m
(OF 2%l (d) BB AR
0.15 e
0.10 o.10F T
0 0.005 0.010 0.015 0.020 0 20 40 60 80 100
0.05 0.05
g g
= 0 =0
-0.05 -0.05
-0.10 -0.10
-0.15 -0.15
=0.1 0 0.1 0.2 0.3 0.4 =0.1 0 0.1 0.2 0.3 0.4
x/m x/m
(e) OHZL S35 i (O Ffisiy

B 7 I EAE R (2=0 #0m)

Fig. 7 Time-averaged simulation result (plane z=0)

16 ——1500
La b —— 2(100%T)
Ll —me 2(110%T7) {1400
: - = 2(120%T7)
10} 11300
s 0.8
g 1200 ¥
= 06} &
0.4} 1100
02
1000
0 L
~0.2

. i 900
60 80 100 120 140 160 180 200 220 240 260
x/mm

8 A K HER A ] | B B S A] S R VA S Ak
Fig. 8 Variation of ignition delay time, residence time and static

temperature along axial direction

A B57 B4k (x=65~72 mm, Xt 5 &l 7(e) AR B %%
b ), o5 JCHE IR [R) W T 0 BA N TR), 26 M A7 e i

FRABE 0 XU o LI A5 K HE 38 B[] 5 T Al s a5 1Y
AR VEAS, 100 5E B A ]2 R T R R B T A
x=62~~72 mm &b & T4 A PN K HE R ) [B) f
(4 DX T, L 3l ) 9 R R, K HE R B [R] 23
K, PIL, B SR SORD 9 A IsF i) 25 01 4 3 4
ke & . NE 7(e) 1 OH Jii 43 Bl = K il
AL, BIRB A B/ 19 OH A= B, FT i
SBIETHZ 8T hZ =20, #—DHh, 4
T TRIETE 10% LA L, o5 K HE R i )4 s R
[, & B x=67~90 mm {5 [l N A5 Kk ZE 3R B (0] &g 2
RT3 B B ), K s ek LR TR . IR A A2
LA VLT (0 F1 B2 43 B, Wt 1 54 T S o i
By R TR RRUTG 3 DX Bl 80 T B e i X
5 R I 5 7 i KA 3 s ) A3 e A s [
i o, LAE S 4 BT R e Il R A A=

20240808-6



9

FARZ IG5 SRR A T R R AR A b 3 B I IR T 5

WAL 20 A P B AR B AR T, £ B0 AR 1 S B
WS T, B BURHR R HABE, OH 71 RHEF P K
AR A, RS  J BOR R R (A IEL 7(d) TR ) o
Pl O 2 Ml 1 AR B AL T JRy 88 X I B 25 O Joi 0 %40
oA 5 BE S = K, b OH 1 B 73 i = 4]
hEMER TR EEL, BESE P&
IR 7R TR 7 B0 2 B, BB S0 = K]
L2 B 00 R R R 23030 D v A5 RS THER 25
Ho IIE 9(a) il LA ), RIBFRTZAF/EZ) 11 mm
(75 5 X, I i 9 T A S5 3 K, O 73 A1 R AR
(P B R X5 s A J3E 3R A Ay 90 e 07 B AR £
JE B 7Y 1) R R A BE o DAIAT 9(b) 1) B B it
A LU, 7E[y[>20 mm 38 Fl P, I8 10 £ 3 2 e
ZIN, G HRR I 3 R AFAE A AA 2 S I X AT LA
A, i 32 R R ) A s BE AT R, BB TR
) A 27 S 1) WA e, T R OB, B0

0.03

HiE/kPa  OHJFTHE /ML

180 0.025
140 0.020

9
7
5100 0.015
3 600 0.010
1 200 0.005

0

)

\\»l
025 026 027 028 029 030 031
x/m
(a) JREBOHAI AR

025 026 027 028 029 030 031
x/m

(b) JRER LR

9 APBEBLE AR X S OH Jit it /M BRI E S0
Fig. 9 OH mass fractions and numerical schlieren of local area

of wedge surfaces

TR 5 12 B 7 DX RO A S, 7R 7 I8 1R A A bR
Wes A, FE[y|<10 mm JE N, T4 F &R0
A, BB AR 8 AR B, /D i ORI 7E I TR i
PLEIR I IE X8 A4 O . FTLLE R e
BRI T BVRHE R A1 TR R SR & sh LR e 41 21
HRE TG 9 0], JE 3518 IR S B0 HE AR R
IS — e B L 55 AR R R Bh LI PR RE I
X B 3 7 AR BN T B BUE B0 25 R, 1T
PLE 32 R2 mm S 25K 52, A AE £t 5
51 B 30 359 £ B 0 T A R 8 R, (RO SRR T,
PR IR I T ThD A BE g — 2D 3G . & AR
T 10 mm<|y|<20 mm 78 [ P9 A4 38 18 £ R 3 AU,
Hov s 7R U AR 24 60°, TG RN A5 AR T I I AR
2 49°, TR T BABE SN E B T RHE R I,
AR AR R

] 10 It/ S R R AR I J # F o0A, 4K
PRI & 9(a) 7~ HY Linel #1 Line2 &b, &l v a]
DLVE h, BRI S W AR T Y 15 01 R 272 kPa, 1
VTR E F1 R 26.4 kPa, K LR R DY S R
FIR PRI 10.3 £ .

300

—— Linel
——Line2 A

250

200 |

150 |

p/kPa

100 | i
50t ‘

O 1 1 1 1 1
250 260 270 280 290 300 310
x/m

10 SRR IR A
Fig. 10 Pressure distribution before and after the oblique

detonation wave

22 AWER

LT T3 R s gl 45 4 i i == 1 () ik
B 15 (py) « A3 IR T (p) BRI £ Cring) 1Y 7%
L2k, 76 =2.6-4.8 s BUI R B3 11 P, Jngs & %
Ak 56 15 JE Fa S 4 {5 4F 5.3 MPa l 60 kPa, H:
IR R R R, 90 32 TS| 4% T
VRS B2, U 20 I B AE G 4, =2 A3k il I e
B W), R TR =3.5 s 3K B BE R T,
RN I R E 7E 8.0 g/so

12 7 Ay v o BRL 00 15 5 NG (0 45 52
AR N G, F b s A AL 5 a0 o)) fi

20240808-7



i as sh 2k

%41

o= o
1.0 1.5 20 25 3.0 35 40 45 50 55
t/s
(a) KK
0.7 ——r——r————————————1—— 14

1i(g/s)

0 0
1.0 1.5 20 25 3.0 3.5 40 45 50 55
t/s

(b) I Ty BRI i

E3 I 1% AT . g N A A N 3T R

Al
Fig. 11 Variation of heater chamber pressure, experimental back

pressure, fuel pressure and fuel mass flow rate

&, B 12(a) iR N =2.6~4.8 s (B 25 K R,
P& v e 2 S5 AR R AR T A 30, PR 5K TR 0 R L
KR 2 pse A HLIE 1 TF 3 HE A0 ik &, A2

rh Bk B R R LR 1Y IR 20 AE 4, B 12(0) BT R Ry

(a) Ry EARBLAR B B0 KA AR

1y~ t,+2.2 s BP BN I KA G, o AR B 52 19
WG I 4 24 10 ms, Bk IS 3 B Sk 2 1sF ] 4 1)
B3k . PR ARBIL 0 S T A o A (G ] 3
FiaR ), PR KO R S X B oA o NEL 12(a)
A LLE W, Y =2.6~3.4 s i, 1 Tt E S0 T
€T B Bt , S B ifE A BK B 2 114 It ok 328 ST 8, 2k
Y G B B K, fE =3.6~4.8 s, KIGTES
FEARTRE, R oe AR R TH A S b R B, )
U A FE A S R LAS . DUIEL 12(b) R £ K
YRS AT LU 1, B R 5 (g B Z1) 0 kOHE 2
WA, B RO R B R E BB , AT LA
B LE BRI ThT T U A B TR O 0 7 A B £ KA,
RFE B ERN AR A (S H K 9(b) ) 7042
RN Ak SRR Kt SRR A AR R EO
1 F A B 55 BT 2R H 1 5 AR BL CMOS 1% #4578
400~500 nm B (G 198 FROR AR (2
33%), B MU T AR 0 KB AR R B SN
TR JIAFE I o N = S8R AT o (0
B RE I 45 SR 0T DL 75 Y R IR e A 7 rp A
FEZS AT E 1Y, (HAE—BEBRAS I 2 (40 £,+0.4 s,
to+1.0 s I Z0) | BRIGE U THT 23 A B 0 B . AHE
UL B BEAES 2 I AT BB A2 RS TR,
e Uit Hs A BE 1R 4y, ORI i R T s S A
A2, 38 2 e I EE IR E R (2%
Bl 11(a) ) B G =gl oo fie iy Fe 7 . BRBMIL R i
(%K 11(b))  IFRRIE S50 1 (B % & 6(a) ) it
T30, RS 2 . = 4o b0 1K 1 R B oRHAR
PRI T AR REAR R, TR T WA 1
B _EAMHE R T (pa pe po) P SIS, HHEDN K JF T
B AT E R IR 5 5100 5 e A U8 B A DG o

‘ ‘z0+o.2 SI ‘t0+0.4 SI ‘z0+0.6 sl
1,+0.8 5 t,+1.0 s 1.2 5 t+1.4s

100
t,+1.6 5 t,+1.8 s 1512.0 | t,12.2's

50

0

(b) TRH AR IR B B B R

200

150

12w R A B O RS IRE Y B R (0 R R

Fig. 12 Monochrome flame images by high-speed imaging and color flame images by low-speed imaging
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