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Performance of continuously rotating detonation combustor

LIU Qian, ZHENG Hong-tao, LI Zhi-ming, CHEN Xi

(College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: Using two-dimensional compressible Euler equations, the flow field in contin-
uously rotating detonation combustor (CRDC) with equivalent hydrogen/air was numerically
analyzed. The effects of fuel inflow total pressure at different azimuthal sizes of CRDC on
pressure ratio, combustion efficiency, volume heat release rate and NOx emissions were ex-
amined. The results show that with the increase of fuel inflow total pressure, when azimuth-
al size of combustor is 150mm, pressure ratio remains unchanged, and combustion efficiency
and volume heat release rate grow linearly; when azimuthal size of CRDC is 250mm ., detona-
tion wave number redoubles volume heat release rate still grow linearly, but pressure ratio
and combustion efficiency turn down due to the increase of fuel inflow total pressure. Com-
pared with conventional combustor, CRDC has a higher performance. In the calculation re-
gion of 250mm X 40mm, the pressure ratio goes up to 2. 706, greatly improving the potential
power of gas; volume heat release rate is 2. 18 X 10" W/m*; NOx emissions is 0. 692 mg/

m’, thereby ensuring low emissions requirements.

Key words: gas turbine; continuously rotating detonation combustor (CRPC);
fuel inflow total pressure; detonation wave number;

pressure ratio
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Table 1 Calculation region and boundary conditions
L PRI X mw/ o/
e po/MPa T, /K
L/mmX mm (kg/s) MPa
100X 20,
BUE 150X40, 0.2~0.5 300 Set by 0.1
T UDF
250X 40

AR RO MBS SR FH Wi 45 W5 A7 Y 0 5 |
BRSPS LG 1 3 3 15 D 2% AR B DG s
P BRIE. E I B R S5 IR A9 T X3, Tk
WG IR BAE T o< ber s Do 0 RRBE L Wi

G H T PR T U AR T AR AR A
FOETEAGIERSE Pk Z IR AN AL - 2 po<<po <<
po I TR 0T 30 B AT T 3 oy 11 g I b DA
RIABUSEWNEF (- S 34 iy as &I EpawaR: il
PN PR B 10 245 . BRI A

2 REIGIE

2.1 [#&F0 A () 3 37 1 I8 HIE

h T RE s A% R R R )RR, SRR Sk
17 TR 2l 7 R () 2k ST PR B E. 1 2 DA TR
B 100 mm X 20 mm A R 586 6 3R 7 2k
HEAT B0 Gk, B9 A% RUBE N 1. 0 mm 78 4k 3] 0. 1
mm CRH L A8 ) A% EROA 2 10° A8 4B 3] 22X 10°) , 4
F 1R s A RN 0. 10 ps 2846 F] 0. 01 ps, 4l
2 PR, RSP AL R — JA BT R L — S Y
AR pio i T T35 BUE pou o 8
KA A Do A% RS |) 37 ML 3R 2 Rk 3 B T
15 0T 1A B0 A 40 25 R AR A0 AN T) o0 A RUBE R
IR AL 45 R & B, > W A% RUEE A 0.5 mm, B[] 25
KH 0. 05 ps BFBUEZ R T &M T (H 258 o
K 2Ca)  J8 2(b) B, HATE Mg RO #] 0.2
mm. I [ RO IEF 0. 02 ps IF L 3R ZEA AT DIE 32
PR DAAS SR A T A RUBE A RS [A) RUBE A
35028 0. 2mm F1 0. 02 ps.

R 2 PIARIRSL AT

Table 2 Grid independence validation

P& 23 B3 i 5% J¥l 1 Ao/ s Pinsuic/ Apin wasic/ Poutou/ APou ot/
Azx/mm Tror/ 18 MPa MPa MPa MPa
1.0 58.1 0.2388 0.6068
0.5 54.2 —3.9 0.2360 —0.0028 0.7069 0.1001
0.2 53.1 —1.1 0.2316 —0.0044 0.7351 0.0282
0.1 52.9 —0.2 0.2301 —0.0015 0.7576 0.0225
® 3 RYiE DML I E
Table 3 Time step independence validation
I fi) 2 K Jire i JH 391 At/ s Din_suaiic/ Apin_satic/ Pout_torat/ Apou ot/
At /ps Toot/ 15 MPa MPa MPa MPa
0.10 56. 1 0.2352 0. 7504
0. 05 52.0 —4.2 0.2318 —0.0034 0.7387 —0.0117
0.02 53.1 1.1 0.2316 —0. 0002 0.7351 —0.0036
0. 01 53.2 0.1 0.2317 0.0001 0.7348 —0.0003
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Table 4 Effect of fuel inflow total pressure on CRDC flow field in the calculation region of 150 mm X 40 mm

wn/ cn, / Ry /107
po/MPa w tae/ps Ud/(m/s)  to/ps 0. /(m/s)  zws/ps
(kg/(s+*m?)) (kmol/m*) (kmol/(m’ -« s))
0. 30 1 299. 86 0.02868 1. 15 0. 25 1920.9 78.09 640. 75 62.43
0. 35 1 348.63 0.03347 1. 37 0. 24 1933.7 77.57 638. 22 62.67
0. 40 1 396. 68 0.03831 1. 56 0.25 1943.3 77.19 654. 00 61.16
0. 45 1 444.91 0. 04309 1. 81 0. 24 1951. 6 76. 86 641.95 62.31
0. 50 1 494. 13 0.04792 2. 06 0.23 1958.0 76.61 654. 61 61.11
F5 THEE 150mmX 40 mm F BN B E X CRDC {4 88 B9 %

Table 5 Effect of fuel inflow total pressure on CRDC performance in the calculation region of 150 mm X 40 mm

JAm R 1/ mm po/MPa w Preas/ MPa Pou ot/ MPa T 7/ % Q\,/lo““
(W/m*)

0. 30 1 4. 855 0.712 2.372 98.13 2.56

0.35 1 5. 681 0. 832 2.378 98. 36 3. 04

150 0. 40 1 6. 486 0. 952 2. 380 98. 62 3. 40

0. 45 1 7.293 1. 069 2. 377 98. 72 3. 86

0. 50 1 8. 080 1.185 2. 369 98. 88 4.27

F 6 iHEIE 250 mm X 40 mm HEA RN B E X CRDC 5 35 195

Table 6 Effect of fuel inflow total pressure on CRDC flow field in the calculation region of 250 mm X 40 mm

i/ cuy / Ruu/
po/MPa W . tae/ps U/ (m/$) t/ps v./(m/s) zwi/ps
(kg/(s+m?*)) (kmol/m?*) (kmol/(m® « s))
0. 20 1 204. 30 0.01951 0.729 0.27 1939.9 128.87 456.95 87.54
0. 25 1 253.53 0.02419 0. 876 0.28 1949.2 128.26 480.54 83. 24
0. 30 2 307.62 0.02871 1. 08 0.27 1917.3 130.39 592.39 67.52
0. 35 2 358. 41 0. 03330 1. 34 0. 25 1931.4 129.44 642.05 62. 30
£ 7 IEIE 250mmX 40 mm RN S EXT CRDC 88 50

Table 7 Effect of fuel inflow total pressure on CRDC performance in the calculation region of 250 mm X 40 mm

JAmRF {/mm  p,/MPa w Poca/MPa poy o/ MPa 7 /% Q./10"°(W/m®)
0. 20 1 3. 452 0.536 2. 680 98.03 1.75
0. 25 1 4. 284 0.677 2.706 98. 22 2. 18
250
0. 30 2 4.978 0.671 2.236 98. 06 2. 64
0. 35 2 5. 866 0.798 2.278 98. 38 3. 06
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Fig. 7 Detonation wave number and height at

different fuel inflow total pressures
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