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Numerical simulation of detonation wave interacting with turbine blade

JIANG Liarryou , YAN Chuarr jun, DENG-Jurrxiang, ZHENG Long xi

(School of Power and Energy,
Northwestern Polytechnical University, Xi-an 710072, China)

Abstract: T his paper conducted preliminary numerical simulation of their interactions by
means of CFD-method. \The stoichiometric-hydrogemrair-mixture was employed as reactants
and 1-stép finite rate reaction \model was_used to~investigate the interaction of detonation
wave with a stationary blade. T hesimulation results indicate that the detonation wave atten-
uates after passing the blade passage, and generates a strong compression wave reflecting
back upstream from leading edge of blade at the same time, This mitigates the pulse effect on

turbine blade-and causes a short period of back mass flow at turbine inlet surface. A high
pressure environment is formed at the leading edge, T he pressure time sequences at pulse det-

onation engine( PDE) exit surface shows many pairs double peaks are gradually attenuated.

Key words: pulse detonation engine (PDE); numerical simulation; turbine blade;
double peaks

( Pulse detonation engine, ,

PDE) ,

: 2007 12 07; : 2008 06- 30
(50336030)
(1982-), . .



, PDE
, [2] k-€
[4]
PDE 1.2
’ 1 s
PDE
CFD : 50em,  6em, 45576;
’ 18276, 7cm,
[3] ;
’ 6822. ,
, TURBO
’ (T urbine inlet)
CFD , 0.5cm (T-urbine outlet)
’ ’ 0.5cm,
’ ’ (PDE exit) 45cm(
4.5 cm)
1 T'ucbine inlet
1.1 l 1% \ \ )‘ Tuebine outlet
N-S BRWIX /PDEexit  iieni
X
U, O(E- E ). O(F- Fv)
a _ax L \oy |- S R
U WEF
,E,,F, 1
,S . . Fig.1 Computational grids
[P ) Q] 1.3
Pu A+ p 1) . PDE 121590Pa
U= | R| . E= Puv |, 300K, ; 101325 Pa,
R u(Pe+ p)
LY L Yy 2)
_ - i 0 ]
@ T ’
QLU x 3) : N
F=| P+ p| E= N . ’
o Tm’
R+ p) ule + v ,-;k@T/ax) 4) ,
U ovi
YL_ P S o
LA L Sc Ox . 2) 4) ,
_ 0 - o
0 ? °
-Eoy 0 4) ) 2)
Fo = K ,S=10
uly. + 0Ty + k(OT/0y) 0 1
£ % w; 1 ’
L Sc Oy J T

50m/ s, 0.9,



62 24

( PDE exit) ;

1 PDE —— PDE exit

= Turbine inlet
s Turbine outlet

Table1 Time distribution in PDE cycle

/ ms
9.0
0.4
5.6
2
3 PDE exit
2 Fig.3 Comparisens of time histories of pressure at
( PDE-exit, turbine inlet and turbine/outlet
). t=9.25ms , 4
2 . .
) ’ 2 200K
? 3500
000 — Turbine inlet
Turbine outlet
( 5(1) )
2500
40%., 2000
gt
1500 l
1000} |
1.0y
500} |
3 0.8¢ —— Turbine inlet 0 L L \ N S
= - Turbine outlet 9 10 1 12 13 14 15
E 0.6} t/ms
8
T
& 04} 4
2
S 02 !' Fig. 4 Comparisons of time histories of
é R temperature at turbine inlet and turbine outlet
) -
) L o 5 6
9 10 11 12 13 14 IS5
b
t/ms (b) (e)
2 2 2
Fig.2 Comparisons of time histories of mass ’ >
flowrate at the surfaces of turbine inlet and turbine outlet 5 6(d) (f).
3 (PDE exit) ’ ’ 0 '
ex1t
(C)) ;
(PDE exit) ’

t= 10. 1 ms



63

(h) ~=10.1 ms
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Fig. 5 T ime history of pressure contours
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Fig. 6 Time history of temperature
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