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Experimental investigations of interaction of a pul'se detonation
combustor with-a turbine
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(Schoeol of Power and Energy/,
Northwestern Polytechnical University , Xi’ an-710072, China)

Abstract : Experimental \investigations of aprinciple model of interaction of pulse deto-
nation combustor (PDC)\with'turbine-were made by using gasoline and air asfuel and oxidi-
zer. The experimental, results showthat pul se detonation combustor can run stably. During
PDC detonating , the air massflow at the compressor outlet isabout 100 kg/ h more than that
of PDC required for-detonation. Thefull pulse detonation is achieved before the PDC outlet.
The peak pressure and wave speed of pressure wave are sgnificantly reduced after expansion
through the turbine. Larger fill fraction can lead to a stronger detonation wave and a strong
shock wave can be less afected by an obstacle like a turbine than a weak one. The turbo-
charger does not exhibit any signs of damage after over 40 minutes of detonation testing.

Key words: pulse detonation combustor (PDC) ; turbine; interaction;
experimental investigations

PD E (Pul se detonation en- ,

gine) , , ;
[1-2]

:2008-01-10; :2008-06-03
(50336030)
(1973-) ,



308

24

( PDE
) 1
[34] ’
“l. PDE -
, 15Hz, 20s,
1270001/ min, 27TW,
0.055kg s, 800
GE 8 PDE
’ 167]
NA SA GE “ PDE
(PDETIP)” .
3.6288kg/ s(8lbnv s) , 25000
r/ min, 735.499kW (1000hp) .
,PDE 30 Hz
18 500 r/ min, 257. 425 kW
(350hp) , 1
59 pDE
14-7dB ,PDE
21.8dB. PDE
PDE
( )
PDE .
PDC(Pul se detonation combustor)
, PDC
PDC
1 PDC
(PDC)

{73 7HE 2 A
LE
PDC [L
Wk
VA= ,,T 5 s
K4S

V2 LML
AT i

Fig.1 Sketch of experimental setup

]

0.03_-0.25kg/ s, 2.6,
1500001/ min, 1600001/ min,
750 55 100kW.

1.5m, 60 mm
PDC

PL C(Programmable logic controller)



309

90°

pl! p2! p3! p4l p5'

PDC

2.1

125kg/ h,
1.14,

ps
1376m/ s, )

218kg/ h. PDC

PLC
1
2 3
( 5)
4
1
(
1
1
1 )
, PDC
5Hz,
3.7ml/ s,
1.32 3
2.98MPa,

1 10Hz

40 12000

2 12000
Fig.2~ Turbine blades after'over, 12000 detonation cycles

2.2
¥  5Hz, ¢
1.15 , fr
) Wa—pdc
Wak )
A Wa. 3 Wak A Wa Wa-pdc
. ,Wa-k Wa-pdc A Wa
100kg/ h . , 5 Hz,
250
250 R
5 - © 1200
200F °%%
o HANLM DA URRAR | |5
150 N e
-y * o —— 100 °
100 . . s .
sl o FURRARIEA | 50
0 1 1 1 1 0
100 110 120 130 140 150
W e
3 Wak A Wa Wa—pdc

Fig.3 Compressor outlet air mass flow versus PDC

inlet air mass flow



310 24
2.3 PDC
4 5Hz, 1.139, ’
1.319 ,PDC
s 04
B S 0 O . R
- 0}
3 5 . _(1)42; s s 2 gt w i
< i
PDE 5Hz , 1s %‘ 0.7+
= ov——L—*-L»—Lr»—L—NL—-
3 6 0.7 y :
5H PDC & g ‘ ‘
z I | ‘
= R FORE WL (i T I
PDE ~2 ; x . .
0 02 04 06 08 10
ps 1s 3 /s
4 6 ,PDC )
P s < 04
' g 02}
p2 !p3 !p4 lpS 3 = 0Ok
bt
&
Ps ; Ps E o7t
w0 e -
' P2, Pu % _OZ
' p4 1p5 < bls
Eﬂ o .
PDE Pr P25 R -2 “
PDC 0.508 0.510, 0.512_-0.514 0.516
t/s
< 0.6 (b)
S o3}
“ _0:% 5 PDE 1s
£ 3f 3
= _8 Fig.5 _Pressure traces without turbine
g
2 0
< g
< 1.4
S o7t ,
S 0} | !
- 8 | |
s 0. £
S of = i
a Qf" N
04 L
tls Lol 1
@ A v~V
c R
§ 06 0 0.2 04 4 0.6 0.8 1.0
0.3}
< 0 (@)
.
S 2r [
&
g 4l
S 0 £
Q -9 g
£ 07| < AR
2 4 N L
N 0.7 %
w 04 e,
a wik . . i N
2, » —————‘M 0490 0495 0500 0.505 0.510 0.515
" 0498 0492 0495 0498 0501 0.504 e
t/s (b)
(b) 6 pPs
4 PDC 1s 3
1s 3 Fig.6 Pressure traces comparion between with

Fig.4 Pressure traces with turbine

turbine and no turbine



2 311
2.4 2.5
1s5 )
7 5 ,
Pavg , Ler
, 8 PDC )
5Hz, 1.15 , .
0.5 0.6MPa ,PDC vV =AlAt, A
( 3) 2 3MPa , 3 At
7 9
[9] 96.3kPa, 281.5K , Cea
) , 1.15
1828.7m/ s, 1.9838MPa,
PDE , 1200 1400m/s
PDE ) 3 )
, , . 1.522
PDE , , ) )
—=—£=1.09 1400
35[ % ”/|:1319 /,./"'//v\\,\ 1300 F
AL R o it
Y= A=1.522 "/ \\ % . ;
L 25 Ve A\ <\ 1100 | v
& 20 v / Z 1000 f
Hast Py S 900f
of e =
_ v/ ~A— £=1.429 i
e 600 §/ ¥ f=1.522 : Qf
0 , 500 L— : :
1 2 3 4 5 & . * 3
LI’T PT
9
! o Fg.9 Hf f fill f i d
Fig.7 HEfect of fill fraction on average peak pressure g ect of fill fraction on wave spee
32p . 2.6
3.0f . . Sn (Sound pres
AEF sure level) [10]
§ 26F 2 0
S aal _ o
Ry ij . Sk 10Iog[ pﬁj 20Iog[ prd] (1)
sl 20U Pa,
1.8 . 1000 Hz
10 11 12 13 14 15 16
7
8 PoC 2 3 Tizs

Fig.8 Hfect of fill fraction on peak pressure exiting PDC

(Transmisson loss) , ,



312 24
Ti2s = Sp2 - Sps =
20 log £ log £ = 20log £ (2 1 1 10Hz
Pref Pret Ps ,
1 1.15 : DG
: 1 100 kg/ h : 40
2 4 12000
S ;
Tias = Spa - Sas = 20|Og['Q{J = 2) PDC
Ps , PDE
1.1107 _ .
ZOIOQ[O.ZZOJ = 14.0477 dB (©)] ;
14.0477 dB. 3 S Hz,
1.15 , PDC
! 2 3MPa 1200 1400m/s
Table1 Hfect o fill fraction on peak pressure 3

reduction through turbine

pa/ MPa  ps/ MPa
) /dB
1 1.09 1.376 0.0508 28.65509
2 1.319 1.1107 0.2204 14.0477
3 1.429 2.6514 1.2118 6. 80089
4 1.522 3.5086 1.9628 5.04516
10
, 1.15
, ,PDC
[9]
307 o
25F
m 20f
S
o 15T u
10}
i | |
OF E
1 12 13 14 15 16
A
10
Fig.10 Hfect of fill fraction on peak pressure

reduction through turbine

PDC

[1]

[2]

[3]

[4]

[5]

[6]

[7]

(8l

[9]

[10]

Kailasanath K. Review.of propulson applications of deto-
nation waves[J]/A1AA Journal ,2000,38(9) :1698-1708.

MY ,2005.
YAN Chuanjun, FAN We , HUANG Xigao. Principle
and key technologies of pulse detonation engine[ M]. Xi’
an: Northwestern Polytechnical Universty Press, 2005.
(in Chinese)

HokeJ, Royce B, StutrudJ, et a. Integration of apulsed
detonation engine with an gector pump and with a turbo-
charger as methods to sdlf-aspirate[ R]. AIAA 2002-0615.
Schauer F, Bradley R, HokeJ. Interaction of pulsed deto-
nation engine with a turbine[ R]. AIAA 2003-0891.
Panicker P K,LiJ M ,Lu F K,et al. Application of pulsed
detonation enginefor eectric power generation[ R]. AIAA
2007-1246.

Rasheed A , Furman A H, Dean A J. Experimenta inves
tigations of an axial turbine driven by a multi-tube pul sed
detonation combustor system[ R]. AIAA 2005 4209.
Baptista M , Rasheed A , Badding B, et al. Mechanical re-
soonse in a multi-tube pulsed detonation combustor-tur-
bine hybrid system[ R]. AIAA 2006-1234.

Caldwell N, Qaser A, Dimicco R, et a. Acoustic meas
urements of an integrated pul se detonation engine with gas
turbine system[ R]. AIAA 2005 0413.

Caldwell N, Gaser A, Gutmark E, et a. Acoustic inter-
actions of a pulse detonation engine array with a gas tur-
bine[ R]. AIAA 2006-1233.

Hassall J R, Zaveri K. Acoustic noise measurements[ M].
5th ed. Denmark : Bruel- Kjaer ,1988:33.



