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Effect of a convergent nozzle on the performance of an empty
cylindrical rotating detonation combustor

YING Zhuojun', LI Dan'", MA Hu?, XIA Zhenjuan®, HOU Shizhuo?, YANG Bo’
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Abstract: A cold kerosene hot air two-phase cylindrical rotating detonation combustor with nozzles with
convergence ratios of 4.81 and 3.60 was studied by numerical simulation and experiments. The commercial
CFD software were used to simulate and analyze the empty cylindrical rotating detonation combustor with a
convergent nozzle. With the help of the ground test bench, the experimental study of a ramjet rotating
detonation engine under the condition of high total enthalpy incoming flow was carried out, and the
pressure signals of the isolation section, detonation combustor, and nozzle throat were obtained. The results
show that when the nozzle with a small throat area is used in the rotating detonation combustor, the wave
velocity is slightly increased. In the simulation, the wave velocity is increased from 1 891 to 1 899 m/s,
while in the test, it is increased from 1 670 to 1 686 m/s. Increasing the convergence ratio leads to an
increase in total pressure, combustion efficiency, and fuel specific impulse along the way. However,
changing the convergence ratio of the converging nozzle will cause the positive shock wave at the end of the
isolation section to move forward, thus stable working margin decreases.
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Table 2 List of examples under different convergence ratios
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Fig.1 Two-dimensional numerical simulation results of rotating detonation wave
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Fig.2 Pressure versus time curve of monitoring point P in the
two-dimensional rotating detonation

JE 3 R T T MAC S b b R S T AR /N 2
TSI Y B, A A G O PR I T AR
MR . K4 (c) FIEI4(d) AT, 25 fa JERDC
0 55 I8 Ve R L o B A5 W TR AR D/ N T RAAER , Wi s L
H R S EO i SN R A P I R A IR
N RS 5 | SRR RIS ; H.Case 1/ Case 2H7FR
P25 NRRBE AN T K ER o A, LA 45
B S & L Ry G K= & G ) A RN
LR

EISFNZR3 73 45 1 A [m] g 18 T FRORR 25 =5 T
FREEA A DL RcbERE . R3TMEISE A 4 L i B
JITAS 3 5 2 1R FHCEA BRI T3 i A5 C Tk 3% ik #
WHZ . DR RRPRCRITT R .

— e Y

— — s B2
o » 3 25 B ——47291 mm | | ~J"7"_
> S =55 mm i
- e H
AN oL R >
wopmeg || R R >
: >

P13 RDCLIE 7 578 B Al
Fig.3 Schematic diagram of RDC flowpath scheme
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Case 2 detonation combustor under different convergence ratios
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Table 3 Performance of the detonation combustor
under different throat areas
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