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Combustion characteristics of rotating detonation
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Abstract: The liquid hydrocarbon fuel droplets need to be broken up and vaporized before further participating in detonation
combustion, resulting in a more complex phenomenon in liquid-hydrocarbon fueled rotating detonation combustors (RDCs).
To explore the incomplete combustion phenomena in liquid hydrocarbon-fueled rotating detonation, the conservation element
and solution element method (CE/SE method) was used to simulate a two-phase three-dimensional RDC fueled with a liquid
gasoline/air mixture. The Euler-Euler model was used to establish the three-dimensional gas-liquid two-phase governing
equations in the cylindrical coordinate system. The source terms were solved by the fourth-order Runge-Kutta method. The
phase transition was described by the droplet stripping and evaporation model. Furthermore, the energy and momentum
exchange between the two phases was considered. The internal energy of the components was calculated from the enthalpy
values of the polynomial fitting and the temperature was solved by Newton iteration. The injection conditions of the gas and
liquid phases were assigned by different back pressures. The reactant equivalence ratio can be obtained by the area ratio of the
droplets and the gas flow. The effects of the injection pressure and the equivalence ratio on the structure and performance of
the rotating detonation flow field were analyzed. When the total equivalent ratio is fixed to 1.00, the inhomogeneous

distribution of the fuel in the combustor is enhanced with the increase of the fuel injection pressure, resulting in some local
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fuel-rich areas. The fuel fails to completely combust in the combustor, leading to a decrease of the specific impulse. With a
constant injection pressure and a reduced equivalent ratio, there are still local fuel-rich areas, resulting in incomplete
combustion and reduced specific impulse performance. The results show that the reactant injection scheme has a significant
effect on the incomplete combustion of the gas-liquid two-phase rotating detonations.

Keywords: gas-liquid two-phase; rotating detonation; conservation element and solution element method; incomplete

combustion; combustor
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during steady rotation during steady rotation
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Fig. 10 Mass fraction of oxygen on the out wall during steady rotation
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Fig. 11 Pressure distribution at the head of RDC under different fuel injection pressures
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M 30323 s FREZE 2608.1 s (45 AT
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Table 1 Performance of RDC at different fuel supply pressures (equivalence ratio of about 1.00)

X0 FAHIRE I3/ 75/—:\‘?}?%/ MuH SRR B %  PIHETI/N BRRH R s BT R BERRRHI R L i/ ‘JL%%E?&%%ETE/

MPa (gs™) (ms™)
1 0.45 423.0 1.00 16.7 685.6 2525.6 30323 1771
2 0.50 430.9 1.00 13.2 676.4 2456.2 2829.0 1798
3 0.60 432.2 1.00 12.4 670.0 24244 2767.3 1799
4 0.70 432.2 0.99 12.5 664.9 24231 2770.1 1798
5 0.80 430.0 1.02 13.6 655.1 2321.1 2 686.1 1792
6 0.90 430.0 1.04 16.1 634.4 2 187.0 2 607.3 1785
7 1.00 432.2 1.04 18.1 619.6 2136.0 2 608.1 1778

22 HEWNKERERERERENEZ
221 Y Eibxt AR RREH R R

Y 5 2% AR R 7 FUSRRIIBE VE R 7 0.50 MPa, 18 3o U /NSRRI A 1 A B 45104 52 17 49 224 8 R g, 3
BTN 1,05, 1.00, 0.95, 0.85, 0.76 4 5 Fl 00, X T80 8~12.

P12 Ry e b e b T RS A R RS B, SR B 22 AN A 3L BE 43 A1 2= T, P 13 0 14 43 AR R R
AT 0 BT S 3 B A o L L R 12~ 14 T KSR FRIE 5 1B 8~ 10 i —3, I 12 vT LLE 2, B
245 B T B, A 2 I A R R X TR AR DN, B T 5 B R AR AT N 177 & 260, JF ALY
AR R A g T 5 | A 0 52 10t T = A T 32 7 DX 3 B ) 8 PR R AR ), 7 X S i L i
B I, S T R 0.95 5 4R SEFRAR Y 5 LL, K I e R BT, 2 HR 0.76 I, SN ) R 3
7t e BE A B {H 35.6 mm.
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=
-
=
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@ :
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Fig. 12 Temperature distribution on the out wall Fig. 13 Mass fraction of fuel on the out wall
during steady rotation during steady rotation
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FEARCLE ok A SR 20 0 400 s, i S 10 »
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BB 7 45, B SR R Case 11 0.15
b2 24 LR R, B0 KR R R A8 N
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B U6 24 0 IR A, Q1 DX 8 s 3
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Fig. 14 Mass fraction of oxygen on the out wall

during steady rotation
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Fig. 15 Axial velocity distribution at the out wall during steady rotation (unit in m/s)

Contact surface

Detonation front

222 L=kt A& M A RDC it M A8 69 % vh

2 MTEART Y & T R SO RESH, 28 IR IR RRTE 430 g/s FfHT, BARHR 1 A 29.8 g/s
TREZE 212 gfs, it 1.05 TRER 0.76, 7645 LA 1.05 B, RIAEELELHIH 16.1%, £ 21 ol
0.76 IS, ATAFAE 2.0% (A SR BREL, LR BRIRRE L1 5 2 5 e BRI O R . M M 1.05 TF%

®2 MEEEFEIHEBLLTHIRI

Table 2 Performance of RDC at different equivalence ratios

FB M SRR (s ) MBI (gs™) RIMAEHLB1/% SFIHES/N R /s ZET SOMARAHOAR AL L s JRSE Dl AR RE /(mes ™)

8 1.05 431.7 29.8 16.1 684.9 23452 27953 1798
9 1.00 430.9 28.1 13.2 676.4 2456.2 2829.0 1798
10 0.95 429.1 26.7 11.3 658.9 25183 2841.9 1797
11 085 427.0 239 6.3 636.2 27163 2899.7 1789
12 0.76 425.7 21.2 2.0 591.7 2848.0 2907.0 1771
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2 0.76, WRBHA B/ T 28.9%, TMiHAKE S HE 1 684.9 N [ 2 591.7 N, AT [ 13.6%, R I 3T 5¢ 45 S
BREH AR EL B A 2 795.3 s 1 TF2 2 907.0 s, RIFAREE 21 T B, BRBERR LT, 1A, MEm b
1.05 FFEZE 0.76 I, 22 WAL TR EAE 1 798 m/s MG T 2 1771 m/s, 28R IRIE A K .
23 AEERRIRES R
231 BBERIEE A URFAMRERE R T SRR R

& 16 Jy 2448 L AE 1.00 Fffam R BRKRE L 4] 20

RIS R LB OO TE A L, 7T | | —e— Ut tutraio | 2
DL H MR BB 2 MR R FE O TH RS s g | oo impulseofreactive il 13100 2
SR N RS MORHBETEFE ) 045 MPa B 17 % S
i, RARKREEEC B 16.7%; RRRHBETEFE S Bt 2 16) LY P AR ELU
0,60 MPa . SRR BB 124% 2157 \Peo Lo
HORHBEVE R /AR ST 2 1.00 MPa, RARMERHIE ST T T Ly 3
eSS (ESTRUANCRYRE 10T+ 2 S N I G S A
A T BT ) HAUWELE T M2 0 A5 T Ry e PR
RAIE R X AW A W, 456 R = Fuel supply pressure/MPa

WS O 1, BB S AR BIREE 16 ey 1.00 1, AR BB He (IR R A0RY He
JOORELE ) 15 Ak SR LB AR 2, UKL FE K RS U BRI 20 T )

A 2 N 25 [1] %o A BRIGR L ) 72 AR A T A A, R e W Fig. 16 Variations of the unreacted fuel ratio and the
ARSI R R R, specific impulse of reactive fuel with the fuel supply

pressure at the stoichiometric ratio
Mo, reaction) = Moy@Qn) + Moy + Mooy (31)

FH 3 &R A PR SR I AT Q1 I FE X B Y it LR T 1.00, 480 0FF 58 4 S g5 4 5% AT Q2 X8l Y # [/
T 1.00, S CK A RE 58 43 N5 MR I ET Q3 XU LR T 1.00, 480K 58 42 RN o

ML 14 BT, YHORHBTE E 1R 0.45 MPa B, G Q2 X 45 22 1Y A8 AR 48 0 s I 5 R RE S
5RO B R2 DU o BARE % Sk &8 s 0 Y bR IR O 1) B, 4 m BRRHBE I 0, F A Q3
FEDC ARG N, A Q2 S A X BRI D o WL, TEAR R UG & EURARIX R2 (R 0 T /A4
S X8 R3, 3R] Q3 DX AR I AEG fin; JF L T A He ik A FE X Q3 HUMREHE I, 53k AIH FEIX v
i QL. Q2 MM ERED, Q1. Q2 XM Ny & FNG, 2 5 B i A S b

TERRRIBEE 7 T i 2 0.60 MPa (3 #2 b, Q3 IX A A A & KT Q1. Q2 XM AEA S
b, B

Amo, eactiony = Ao, 1) + Ao, qay + Ao,z =>0 (32)
1 Amo, 1y <O, Amo, <0, Amo,qs>00 GRAEHBE T E ) = E) 0.60 MPa I, Q3 XA #E & < He fin
#57E Q1 Al Q2 DX s A AE MY A Ry I/ b i Y FAH- P . TERRRIBE: R 7175 T 0.60 MPa I, 4KSE T =44
B T, Q3 XIS AE A it > T Q1 A Q2 X E AR R M. I H i THAR RS AL
AR YA R, Q3 IXIIRREFI A R 5] 20 A, R TE T ) I i 2= —E I, Q3 IX IR AR 19 A
FEHEIN (AL 7 w00 5~ 7 08 22 I 5 422 f T 1) — LAk e Jot ot 43 B0 P ), ISP A S SR 2868
A, reactiony = Ao, o1y + Ao, 2y + Ao, gz <0 (33)

FHH: Amo, o1y <0, Amo, g2 <0, Amg,qs =05

TR, TE 25 o DL R SR AR A I s ) RN S AR B, AN 58 MR 5E Bl G OIS 1 T Y £ v S B
Ul 83 S M R R I HOHE ST BE 24 5 AR A T LI S, SRR R ) 0.60 MPa I, #AKE % (1
ANGE A MRGEAR FE AL T /IME, TS A RDC R REZRAS e RHE 7 o X R WY, 38 2ok £ 2 AR v 1 0 il
BRI 5E AR B 1 55 1Y i 422 J0 125 <O M A RDC 1Y MERESRAS- 4271
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N T HIAARTE Y 8 NS M A RDC B 14 3300
AN GE A IR IR WS TR T 09 A8 AR 1 AR R 13} o Isjner:ffféiil fuilséa:foremve o 13290 E
BRI B L 0.90 W, OEIRE S ) e RREIC:
WEUEE A AT, s s R, w2 ] % o7 o
KB M RELLAE 0.90 MHERT, e Rog e S | Vi e 12000 g
BEBUMORHITE TR ) 078 B9 SR 100 e 5 1 V) T 12500
FEAL RARR BB EE R b BT 5 | 12700 £
SN B R, I ELAEIORHBE R R ) 24 S w2600 &
A 0.60 MPa I BUE o Bk KB HE 1) 6% B2 /MBS 4 05 06 07 08 09 10
Bl 17 S 258 HAE 0.90 BHIE I ARISORE H 1] il I Fuel supply pressure/MPa
I W G e R S v R 0 A Ak TR A G By A B 17 MaHh 0.90 B, RS R L ARD S R ARk L i
RS LI 5 T 16 — 50, R[] 24 T g P PR IR T B2

- . . Fig. 17 Variations of the unreacted fuel ratio and the specific
VEJE IR RDC RS kb iy .

impulse of reactive fuel with the fuel supply pressure
—3, when the equivalent ratio is 0.90

R3 MEEETEPRRIGEE D THRIM(HZEE R 0.90)
Table 3 Performance of RDC at different fuel supply pressures (equivalence ratio of 0.90)

S SREIITE R J1/MPa 25 S (s ™) itk b ARMRMRRL LB/ % 24 J0/N L Ll /s 56T B RTIRABL AORRE L /s S i AL 2 /(ms™)

13 0.45 427.5 0.89 11.5 662.3 27152 3069.7 1783
14 0.50 430.9 0.88 8.4 648.0 2655.5 2893.8 1788
15 0.60 429.3 0.88 7.6 645.8 26233 28393 1792
16 0.70 431.0 0.90 8.4 628.7 2523.8 2755.7 1787
17 0.80 430.8 0.91 9.7 622.6 24824 27477 1790
18 0.90 431.6 0.92 11.2 596.7 2339.1 2635.1 1790
19 1.00 431.3 0.90 11.7 573.0 2292.0 2595.7 1789

232 LZ A ARAAMRIEREERRT LR R R

[ RS T SRy #8805 4 MR, 5 3 o R ORI T s 7 (e AP A R S R
KRGS 2 I 7 A B AN 58 S WA BE AR B2 e B e L T AZ AR AN [R], 39 K 44 Ol R 9 A S8 R e P JEE SR 46
P o DUSORR R A s SO0 27 R SRR A AL, X P 18 P4 i A 2 i L AR AORE L f91 A 25
PR R AT

Mfgetan = —— Miyey + Al (34)
Myir 16k
y=at+bx
A : fuel-un R FARE S EEE a<0, 5>0, 14} a=34.0:07
S P N o] S L ey " b=47.4+0.7
>0, 3K (34) % BATIMMBHR I T IRIURBOK f bATEOT

§

T H 5% R H, EIEAEbZ O 3 100
F 350 1 O 5 14 7 A T P S B e 3 1A EN
BRRHI R S 2 Rbe . 254 2.3.0 0P S it X i E Ll
e B W I B W 1 500 : 3R (34) % B 470 5 |
DI S KT 1 A X U I IX 1) Y S

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10
IR X B8P 24 5t O B R (0 B, S5 4 Equivalence ratio
1 2 BURKHR IO R B a<<0, 1R AR T A
A S8 AR BE I AR . B R 2 Fig. 18 Relationship between the unreacted fuel ratio
I 24 Hh FRO AR FL o 152 4 2 R KR L 9 96 R, and equivalence ratio
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AR Ao A R B4 B R AR VR AR RDC R A B 7 24 4 L, BE A58 3 PN 9 A 58 AR e ek s, 4
THIRBHE PRI R EGAUER,, R THIRBE 2 Y L PP fE

3 &

T WIS AR B ERRE X e % B 22 R BE % (rotating detonation combustor, RDC ) PN Jig 4% 45 25 IR e 1
)52, 2% A SF1E IG5 2K f#% G (conservation element and solution element, CE/SE) J5 15 % = 4 S W G AH
RDC #EATHUEBLIL, & FH o8 T PIAH RDC AT BRI S o 8 X A 6] T o0 45 1 1 o
B, BESE T W AS BB R ) R XA S8 BRI 5 UL K RDC HESEPEBE 2 o 7638 AR S fidfi
PR AR Y AT T, RIS S5 I8 a1F .

(DWASRBESIRAE T, 2708 22w 7 A= 1 il 1] 77 1) Jo2 6 43 508 08 1) AN 38 50 43 A, X RO
SRR E A T Rl E R IX, FEUE S AH RDC W R AN TE BRI %, ke st RE T B .

(2) FEAS R SAE R 0 3 B LA B 4 i B 07 40 224 o L A 00, RBHIS T 1 1 A 0.45 MPa 17t
2 1.00 MPa, 7ERRENBTE R J1 28 0.60 MPa B PIAH RDC MU ABEIRE LA (0 5 /IMEL o 7 3R AR R sk it
WS, JR il & SR 0, BRI, R IBE 3 1 7 ) 44 v RE S 7R ol 2 o 78 e A A 2 4y ] P g B
ZWRREE BT, DIV AR A RN i LR, (AR be 2 2R 0 Bl 2 IS e )b i L PR T B

(3)FEAN AR SO RN A 8% 3 F g DA S SOM B B, 23 LR 1.05 TR 0.76, RBRIARL L3
M 20.4% T FEZE 2.0%, #ARHE A 2207.8 s [FHE 2 848.0 s I/ Mt 1, REAE IS0 R i RAZE L SE X
UERITE R, R BRSO [, b fE .
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