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Numerical Simulation of Effect of Obstacles on Pulse Detonation Engine Performances
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Abstract: The performance parameters of the single-cycle detonation wave of an ideal pulse detonation engine
(PDE) are calculated by solving unsteady two-dimensional (2D) reacting N-S equations, and these parameters
are compared with the results obtained from the Wintenberger semi-analytic model. The effects of ring obsta-
cles on the loss of air flowing through the PDE and the performances of single-cycle detonation wave of the
PDE are studied. The data of numerical simulation are compared with those of multi-pulse detonation experi-
ments conducted on a 60 mm inner diameter detonation tube. The results show that the calculated impulse is
almost the same as the impulse used by the Wintenberger semi-analytic model, which means the numerical sim-
ulation method is valid. The blockage ratio increases, or the obstacle pitch and inner diameter ratio decreases,
while the total pressure recovery coefficient decreases. The blockage ratio increases, the impulse per unit vol-
ume of single-cycle detonation wave decreases and the specific fuel consumption increases. When the blockage
ratio is about 41 % , the impulse per unit volume is 92% of that of the ideal PDE. The obstacle pitch and inner diame-
ter ratio increases, the impulse per unit volume of single-cycle detonation wave first decreases and then increases,
while the specific fuel consumption first increases and then decreases. This effect of different obstacle pitch and inner
diameter ratios on PDE performance agrees with that of the multi-pulse detonation experiments.
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Fig. 2 Ideal pressure trace of thrust wall
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Table 1 Comparison of Wintenberger model results and numerical simulation results for ideal PDE

CEA HI BAERM A8/ %
z % Wintenberger i fyRe[ES) i <FiE e I RERSY I 0k FEFEF®EE  EAEBL R
LB WAk VRS 5 Wintenberger #% Wintenberger #5538 sl ik
Ug/(m s~ 1 800. 8 1 905.0 1 905.0
BRWIEEET) p,/MPa 1,839 2 2.76 2.76
W EER T py/MPa 0. 691 456 0.741 962 0.741 962
I/(N -« s 3.861 75 3.861 25 0.012 95
Iv/(kg+ m™2 « s71) 1 349. 55 1365.816 1 365.639 1. 205 28 1.192 17 0.012 95
Iy/s 116. 633 116.395 90  116. 380 83 —0. 203 29 —0.216 21 0.012 95
Igt/s 1932.78 1932.968  1932.717 0.009 71 —0.003 24 0.012 95
Fy/(9.8N+kg ! +s)  117.696 13  119.114 70 119.099 28 1. 205 28 1.192 18 0.012 95
sfc/(kg « N7« h™1) 0.199 99 0.197 60 0.197 63 —1.190 90 —1.178 15 —0.012 91
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pitch and PDE inner diameter ratio
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Table 2 Performance parameters of single-cycle detonation wave at different blockage ratios (pitch=60 mm)

ﬁﬁfjé/ B/ DN Hffz/ sy e Li/s o an Fkg_l o - stcl/. _
0 0 3. 861 25 1 365.638 98 116. 380 83 1932.717 43 119. 099 28 0.197 63
3 19. 000 3. 698 64 1 326.078 87 113.009 49 1 876. 730 06 115.649 18 0. 203 53
4 24. 889 3.584 78 1 298. 649 47 110.671 93 1 837.910 67 113.257 03 0. 207 82
5 30. 556 3. 489 36 1 280. 850 94 109. 155 13 1812.721 34 111.704 79 0.210 71
6 36. 000 3.360 14 1 253. 262 46 106. 804 02 1773.676 82 109. 298 76 0. 215 35
7 41. 222 3.295 04 1 252.221 01 106. 715 26 1772.202 91 109. 207 94 0.215 53
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Table 3 Performance parameters of single-cycle detonation waves at different pitch and PDE inner diameter ratios(spiral ra-

dius=5 mm)

S/mm S/D I/(N«s) (kg - nffi cs D) Ly/s Tot/s €. 8N{:sli;—1 .8 (kg * ;fcl/ h~1)
0 0 3.86125 1365.63898  116.38083  1932.717 43 119. 099 28 0.197 63
40 0.666 67  3.457 16 1 289.98507  109.933 55 1 825.648 41 112. 501 39 0. 209 22
50 0.83333  3.47510  1282.32472  109.280 72 1 814.807 12 111. 833 32 0.210 47
60 1.000 00  3.489 36  1280.850 94  109.15513 1 812.721 34 111. 704 79 0.210 71
70 1.166 67  3.522 74  1285.67153  109.565 94 1 819.543 68 112. 125 20 0.209 92
80 1.33333  3.54350 1288.54545  109.81086 1 823.610 99 112. 375 84 0. 209 45
| | | s B BT L R B
ol e B 1L RS 6 He 80 FE ) WY
e *—e 106 B & 11 W] 00, ZE4E Ty BEAL I AE R I T 3K 5 atm 72
S osh R FHOBREEHORME 3 BE WK 20 atm /£
: —o—nuntt S 5, E 12 BT MIEE B S/D ML
2 gl e sferT AL =
1102 @ 06
£ 03¢
ub & oo 100 %« 0 _L._JL—L._LMP.
0 05 10 15 B 03 ‘ E ‘
o S N N W A U U
B 10 Iv B4R sfe T 4 L Bl RERS- 4 1 BE 09 2% W AR 4 " s
i £ 1 | | E
Fig. 10 Percentages of impulse per unit volume and sfc % Py S i i, kkkkkkk 1 - »L o
vs obstacle pitch and PDE inner diameter ratio -1 . . . .
0 0.2 0.4 0.6 0.8 1.0
t/s
3 SESEK P IRR LI A A R B 11 S/D=18f 3 M BALKIE 1 ¥ (f=6 Ho)
Fig. 11 Pressure trace at three locations (S/D=1,
PR 4 52 AR08 TE B0 0 T A B ot
FXEFEAR K, Br PLR FRIN-ZE SRR & Y5t iE
SRk oh R R RE AT SR B AR, 5 R T A T e £ 250 6 .
ZRIRE Y BERE LT E M LR . BR % 201
BRWEHM, Bmg O, BEEK 1.3 m, A& = 15
60 mm,BEZEK 0.25 m, FEIRF E L KIEE, %T 1ot
IR Ry ) TR BEAL AL & 1R R E D ost
DRGRLE 2 FALE 3 Ab 22 % IR o IR ) 1 s ol
P3,P4,P5, LM BB EBZENARNVERNE 173 03 04 05 06 ()/Z 08 09 10 L1
Tt BORBBHENEE S 51910 50,40,50,60 Ime 1y iy

Xf RLURTETTEE S SRR ENE D B{E S/D 4
B4 0.50,0.67,0.83 F1 1. 00 B, I & 48 5B 45 4
JIREF R W E B . R IBE E AT

it %

Fig. 12 Average detonation peak pressure vs obsta-

cle pitch and PDE inner diameter ratio
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