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Exper mental Investigation on Thrust Augmentation
of PulsedDetonation Engine (PDE)
FAN Yu-xin, WANG Jia-hua, L1Jian-zhong, ZHAN G Y i-ning
(College of Energy and Pow er,
N anjing U niversity of A eronautics and A stronautics,N anjing 210016, China)

Abstract: A prelminary experimental investigation on the effect of thrust augmentation on
Pulsed D etonation Engine (PDE) perfomancew as perfomed Two different thrust augmentar
tion geometriesw ere designed and tested T he results show that in averagemore than 50% thrust
increnent could be gained under rational construction paraneters A nalysis of themechanign of
thrust augmentation and the influence of different construction paraneters on thrust mprove-
ment w as perfoomed These reaults offered basic reference for design optimization of the PDE

thrust augmentation

Key words aerogace propulson systan; Pulsed D etonation Engine (PDE); thrust;
thrust augmentation; optimized paran eters

(PDE) , tion) ,

50% 100% '*?
20 60 (PDE)

(Thrust A ugmentar ; PDE

© 2004- 12- 12, © 2005- 08- 22
(1967- ),



20

984
PDE , PDE ,
i) FD E i)
' 1
: 11
: 1
; i3]
M unipalli (1) PDE , ,
FDRE[M . ., 950mm , 1.5kg/s
»Hoke™ A ligood (2) (D10L CN SFEHA ),
6.9M Pa, 200 g/s
. PDE (3) ,
52 mm 20 30Hz 13
mm , PDE (4) 7
80% , (5) PCB (2008 05)
DE (6) PCB M 113A 26
N 12910), ,
1.42m
, FDE 7
PDE 2
TIPS,
D
T 1fERM
AT, L BERRAIAL K B
]2

i

R RS

AT, B R S A 6]

R KT

AD

LR 28
ey [ ]

Fig 1 Scheneof M ulti-Cycle PDE testing A pparatus and Systan

B+ BUIER

= Zi & yips -

ﬁgm&% A

\LY

_/
T I/ TOTTT
t 1 | 1 i i

B0 Y N IS N N N

PDE

Fig 2 Structure of testing PDE



6 (PDE) 985
370
s AT 820 HEHEFT L
PDE o PDE e
\ ! Il
aoo :\o— S 3 g < ! N E @
= R AR R g — A ————E|r
300, 400 AL i;\ﬁ x 400 \
24 AL
A by
(a) iIXH 1+ A 5 PDE % $ (b) IX%{4B SPDEE i
3 PDE ( :mm)
Fig 3 L inked Structure betw een PDE and thrust augmentation geometry
+ 1
, PDE 1.8m PDE
12
A B, 3 13
. A , f=5Hz 10Hz
3(a) : B 5
3(b) PDE
) PDE 21
’ ’ A 4, B
1 A B 5
Table 1 Parametersof test smples S . B
AR = Raw=—Ro
Ro
A A
D »/mm 210 180 . Raug
D aug/mm 500 370 Ro
AL /mm 500, 350, 0 350, 180, 0
L /mm 820 370 A 5H7 10
Anuwg/A et 5.67 4.23 H , A
L Daw 1.64 1.0
A /D me 2.38,1.67,0 1.95,1.0,0 ’
140N AN=0
AL =500 |, 500N
2 — AL=0mm 1000 — AL=0mm
1 - 500 =200
OE L L_ 1=200ms -508E : : . | t ms
2 — AL=0mm 1000 —AL=0mm
[ S W G e e R
s 2 = AL‘m 1(5)22 ' — AL=350mm
- _ = mm —
S IO . BN O
ZE — AL=500mm 1(5)88E ‘ _Mzso](ggm
! =100 WM\H 1=100ms
! N eSS
2 — fi‘%& ’Hi"zﬁ 1000 — ffﬁ‘l‘ﬁ{éﬁ
A O . oY Syt
Q 100 200 300 400 -500 0 100 200 300 400
rms t/ms
4 PDE A

Fig 4 Perfomance comparion of SampleA w ith thrust augmentation absent



20

986
1500 . o
2 0 iR
i ‘ s 1000 |
S 1| ‘ - 5()0 M‘v‘
3. L 5 w VJ* 1\ /
0 ) 0f \
S R -500 - 2 :
0 100 200 300 400 0 100 ’00 300 400
/ms — Un it 1500 - /ms
o £ 1000 R
b S 500
; L.LLL 0 g M’
MiEa : -500 L
g 100 200 300 400 0 100 200 300 400
/ms (2) £=10Hz /ms
1500
o) jl{ll < ”.
2 u L1 000 L 1
s 1 f 500
b ( (o
i et e L 0 N m\/’\ 1
=y 2500 = 1 L 1
0 100 200 300 400 0 100 200 300 400
/ms /ms
1500
e EHMBEEE 000 R
< £ 500 W Mm’
5 0 . 0t WM’A’M A )’“/
AR \
' . ' : ) 500 L—— \ N
0 100 200 300 400 ,‘/ /7 () ]()() ’()() 300 4()()
t/ms (b) f=5td > \ k\ms
5. PDE B
Fig'5 Perfomance comparion of SampleB w ith thrust augmentation absent
: A== Anw/A = 4.23
350 , , PDE )
720 N , 27% ( 4
) ) 190 0.60 ' - AM/AM=S 67 f=10Hz
N , 35% 0.50 e~ A4, 4, =423 f=10Hz
) , , L oaof
S
140N B , 5 030f
[ _ .
10Hz , AL=180 , 0.20F
1 000N, 50% , 0.0
220N , 57% 0.00 ) ) )
=
5 f=5Hz f= 10Hz L5203
, 5Hz
1000N,5Hz 90N, 6
130N, Fig 6 Comparion of different sample paraneters
45% ,10Hz
7 10Hz
5Hz,
Ps3 ,
61 L m E
A D, O 2.38 A D FDE
1 : AN DH,=0 2.38 '

AAug/A jet= 5. 67



6 : (PDE) 987

20¢ 51 Da-
L5t nial'®
£ 1ol — FfFB(L.42mit) '
' 3 L 7
§. O.ST P,
00—+ 1 1]
10 20 30 40 50 60
t/ms M E 1
20
R — X% ’
% 1o} HEA PDE PIHfEI : ’
X 05 L7 ,
0.0 ; -
240 250 260 270 280 290
t/ms ’
’ D jet
AL ’
7 B
10Hz ’ '
Fig 7 Enlarged Presare curve of PDE with smpleB + Daw '
and w ithout thrust augmentation (10 Hz) ! ' '
l AL DAug
22 ,
221 ) ) ,
PDE )
DDT 222
, [9]
DAug/b jet, L Aug/bAug AL /b jet ! Shehadeh
. PDE PDE 8
, 9
' 60 st —
[ & 100% 7ci |
(6,71 =
PDE '
, 0 10 20 30 40 50
L/mm
! 8 PDE
PDE Fig 8 Shock wave front grow th from PDE tube exit
’ 9 N Pe=1

’ Al_/bjet:]. y



988 20
A /b jet= 1 PDE ,
50%
(2)
A, R %R FOE A
PDE AL/DN=2 ﬂ‘ﬂ{iﬁ F{) E AAug/A jet
'l J PDE, AAug/Ajet 4
AT o
iz B AN Pe=10 ,
(3)
) Ps
9
FOE (4) PDE

Fig 9 Schematic of the path traversed by the shock
front and situation of thrust augmentation

PDE

PDE
223

P3 ,

, PDE
PDE , Ps

) PDE
3

(1) PDE

[1]

(2]

[3]

[5]

(6]

(7]

(8l

(9]

L ockwood RM , Sargent E R,Beckett J E Thrust A ugnented
Jet L ift-Propulsion Systan[R]. H iller A ircraf t Corporation,
ReportN o ARD - 256, 196Q
L ockwood RM , SanderM W. Investigation of the Process of
Energy Trander from an Intemittent Jet to a Secondary Re-
port Corvering the Period 30 Oct 1962 to 31 M arch 1964
[R1 Hiller Aircraf t Corporation, Report N o APR- 64- 4,
1964
Ramakanth M unipalli, V ijaya Shankar. Performance A sess
ment of Ejector Augnented PDRS[R]. A IAA 2001- 083Q
Hoke J, Bradley R, Stutred J, et al Integration of a Pulsed
D etonation enginew ith an Ejector Pump and w ith a Turbo-
Charger as M ethods to Self-A pirate[R]. AIAA 2002 -
0615
Daniel A ligood, Ephram Gutmark Effects of Exit Geometry
on the Perffomance of a Pulse Detonation Engine[R]. A IAA
2002- 0613
(11 ): ™M1
, 2000 .

M, N A. M1

, 1972
Daniel E Paxsn, Jack W ilon, Kevin T Dougherry. U nsteady
Ejector Performance A n Experimental Investigation U sing a
Pulssjet Driver[R]. A IAA 2002- 3915
Shehadeh R, Saretto S,L EE S Y, et al Thrust A ugnentation
M easurements for a Pulse D etonation Engine D riven Ejector
[R]. AIAA 2004- 3398



