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Computational analysis on thenozzle perfor mance
of pulse detonation engines
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Abstract :, Two~dimensonal axisymmetric numerical smulation was carried out usng
sngle-cycle and detailed chemical reaction kinetics of hydrogen/ air mixture,so as to investi-
gate different nozzle effect on'the performance of pulse detonation engines. The smulated re-
sults of detonation wave parameters are close to the value of a chemical equilibrium solver
named STANJAN. The results of numerical smulation with four sngle-nozzles and four
combined-nozzles indicate that ,the largest instantaneous thrust and specific impul se are ob-
tained in divergence nozzle; the average thrust generated by the combined- nozzle with gector
islarger than that by the sngle-nozzle. Furthermore the mechanism of unsteady eection was
analyzed ,offering references to augment the performance of pulse detonation engines.
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) ' ' Table 1 Hy/ O, reaction mechanism
| , k=AT ®F
A b E
1 1 H+0,=0+O0H 510x10" - O 8 16510 0
2 H+O=H+OH 180x10° 1.0 88300
11 3 H+OH=H,0+H ~120%x10° 13 36300
ChapmanrJouguet (C-J) ) 4 OH+OH=H,0+07 600%10° L3 0O
’ 5 H+OH+M=H,O+M\750%x10% - 2 6 0
5 . ’ H20 Enhanced by 20. 00
o ' 6 0;+M=0+0%M\ 190x10" Q5 95560 0
: 7-Hr¥M=H+HAM “220x102 0.5 92600 0
, H.O-Enhanced by 6 00
, H-Enhanced by 2. 00
FLUENT J H2 Enhanced by 3 00
Navier- Stokes(N-S) ,Realizable 8 H,+0,=OH+OH 170x10® 0 47780 0
' 9 H+O; +M=HO;+M 210x10® - 10 0
Chemkin(
) Hs/ Air 9 19 H20 Enhanced by 21 00
( 1 ), H: 0. .0 ,H ,OH, H2 Enhanced by 330
HO; ,H:0: ,H.0  Na. Oz Enhanced by 0
, N2 Enhanced by 0
, 10 H+0, +0: =HO: + 0. 6 70x10¥ - 1 4 0
PISO (pressure-implicit with splitting of opera 11 H+Op +No = HO» +No 6 70X 10° - 1 4 0
tors) - PISO 12 HO: + H=H:+0, 250%x10® 0 700. 0
: ,' 1x10°° 13 HO, + H=OH+OH 250x10% 0  1900.0
L2 14 HO; +O=0H+0, 480x10% 0 1000 0
15 HO2, +OH=H:0+0. 500%x10® 0 1000 0
16 HO, + HO, = H,0, +0; 2 00x102 0 0
, 17 H:0z +M=OH+OH+M 1 20x107 0 45500 0
, 18 H:0: + H=HO2+ H: 1. 70x10% 0 37500
; ; 19 H;0, +OH=H,0+HO; 1 00x10® 0 1800 0
) 120 mm,, 8 mm,

30mm, 1
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) 2
’ STANJAN
10,
4%,
[71 , >
1mm ) Table 2 Comparison between numerical simulation
3MPa ,2000 K resultsand STANJAN values
101325 Pa, 300 K.
STANJAN ! %
p2/ kPa 1640 1581 373
101325Pa 300 K. T/ K 2895 2969 2 49
2 Ucal/ (m/ s) 1990 1971 0. 96
e/ (m's) 1120 1092 2 56
21 ps/ kPa 610 597 3 2 12
, 2
22
x =10
( 10mm ) '
1640k Pa, , 3

610k Pa.
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