20144F 6 H o R Jun. 2014
35k ol JOURNAL OF PROPULSION TECHNOLOGY Vol.35 No.6

R B IRIR R INE N SRR ZE BIR R R B BER T
PR, M, BER, BT
(PEAL Tl 307 SRR, WP %2 710072)

W OE. A THRAINE MmN IR EE I E (Pulse detonation combustor, PDC) #%5FFHe & B
BEAMERL, EE T EEAEA L A R ZAR 5T PDC M idde 1 R FB PR ISR 69 AR HEAT T #-4F, B
B U B K S AT % R SR R PDC b idhihn ) )5 69 304 M R AL BRI AT A T, JF LA T IR ik
T ohidhid O PDC AR 55 R MR £ 09 R shhuid gt . Bt L2 RAe BRI b R0, AR a3 ey
MR K KIS IZ RIS I A e, Ep i FLRE T MAEPDC TEMENRSG,
EAWNEIE A B, bR K; AR —IAFRET, PDCFHGEIL, B b 2B AL HIEHES
ELFWI] AR RKRMA, KHMEHLBFEE L SIHIF R M, 4 PDC TAEIR F A4 13 50Hz
B, NS R A PDCHZ MG X TINREEA B AF ERRE TG EHNIMES, BAmF R,

KEIF: MRPBRE RS A S, Ak R BB

RESES: V231.22 MHEFRERG: A MEHS: 1001-4055 (2014) 06-0858-07

DOI: 10.13675/j. cnki. tjjs. 2014. 06. 020

Investigation on Performance of Pulse Detonation Turbine Engine
with PDC as a Duct Heater
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Abstract: A new model was developed to investigate the performance of turbofan engine with PDCs
(pulse detonation combustors) in the bypass duct. The model was used to predict the thrust performance of an
experimental system designed as a pulse detonation turbine engine with PDCs in the bypass duct. Further more,
the component characteristics of a specific turbofan engine with PDCs in the bypass duct were investigated and
the performance was compared with the same turbofan engine in which a traditional constant pressure combustor
was installed in the bypass duct under the same mass flow rate of fuel. The results show that the predicted perfor-
mance is higher than the experimental data, indicating that the experimental performance can be improved when
suitable nozzle is placed downstream of the PDC exit. Additionally, while increasing operating frequency, the to-
tal thrust and specific fuel consumption of the engine increase. When the operating frequency holds constant, the
pressure ratio, the averaged exit temperature of the PDC and the total thrust of the engine reach maximum at the
equivalence ratio about 1.1, but the specific fuel consumption rate increases with increasing of equivalence ratio.
Contrasted with the traditional constant pressure combustor in the bypass duct, the total thrust and specific fuel

consumption are better when the PDC in the bypass duct operates with a frequency higher than 50Hz.

* RS HE: 2013-09-03; EiTHHEA: 2013-10-16,
ELTWH: ERAKRFFIES (51306153); BEPE FARRIZAEES (2010JQ7005); 2l R0 i TURMI L 48 o
TGS (20116102120027) 5 VUt Tolk RAFIERIAFSSE4: (NPU-FFR-JXY20130129).
EHERIN: 5 A (1988—), F, i+, WSO IR AR | ZahPkbe S s, E-mail: 1ujie2012@mail.nwpu.edu.cn



358 Holll

SR Kk e SN IN Rk b 8 (303 B3 e LI RERIT T 859

Key words: Pulse detonation turbine engine; Performance; Component characteristics; Equivalence ratio

1 35l

Jik v 5 72 I8 58 & 3l ML (Pulse detonation turbine
engine, PDTE ) J& — Ff HI Ik i 45 5= BR 8 = R AU 1L 4t

[l

e WS & B ML A R A 58 = (Constant pressure com-

bustor, CPC) & B ML, B ¥A% G s 56 & ShHL LA )
R O 1 P FM AR AR R B AR AL A A
ok, BEAS K w AL e i fe e UL S LR PERE .

TE VK b 2 103 56 2 Sh WL K e R vl R
BPEREVEAT AL . (HJR AR 00 TAR L AR AR AR A
fR, BT L ok o 45 2R 88 %6 K s ALY M BE TH B A TR AR
TR TR M Wintenbergermiﬂ:‘uﬁﬁ*gﬁjkﬁgﬁ SAIF 2k FR
WA F Tk v 4 5= % 2l Pl (Pulse detonation engine
PDE) ¥ 4 1 9 2 22 50 v 1 55 0 2, SR T 5 1 K 8l
PLPERE 32 B 250 R AL 0 Mahua * 55 J — 4k
BE AL X PDE (94 BE VR BEVEAT 1944 IR 05T T
s A8 A5 PR 2R 0 & S LR RE RO SE R o A Y B AR AU
FROOR BE % LU BHE T /Y T ke S ML ARG PR RE (LA
i K, AN A X PDE 80 # PDTE (% ¥4 B 47 P 3 1) 17
flio &T PDTE A B it oy 5C [ 25 250 50 5 A9 Ma-
wid MA™SE 7] A = 2 R R R X Ah
B0 T 2 AT Dk o % R AR 58 2 Y B K S BIL B M RE AT
AL . S5 AR, R T AR B I, A1 E
HEAT K bk R Kb & 1 Ty B K s IR P BE S AL 4t
T T3 KR 68 5 1 T8 B O S AL R 1R RE AR L AT B B
B, GE 2 BRI 58 o0y i 28 ZE AR 2 e 7R o —
YRR AL G2 1Y PE BE 43 BT B0 1 NPSS (Numerical
propulsion systems simulation) %5 XJ 47 PDC 3 #% b =
(03 B K S L R PEREREAT T KRB 70 TAE . 45
F W], R bk g 2 a9k b A AU AL GE B0 K B HL AR T
WABE A e, K B AL AR R REFE AR 5% ~ 15% . 74 b
Tl R A 21 T 22 0 33 i xR 23 i PDC S i e
HAEMEIPRGE AT THFTE . KA H A5 X AT ik
g R TR GE A AR i AR R PR RE EAT TR, 4 R
RS AL GRS R K S DLAR LE AT ik b 48 5 32
BABE = B IR s 58 R Sh LAY B4 T 3 27.1%
BRI T A R AR 21.3% o BRSCHR 55 4F A1 25
A VK b g R I g K b E B S s BT RE HE AT IR AL F
JE T 23 T HE SRR A5 HE AW B A ) # B i 57 1 A
L BT PERERERL . i) J ' A5 R T ZND 7 B 43 AT A

R 2 A7 Tk b 43 5 F2 R R = IR A HE A B R B L
B M RE HEAT T 43 07, 75 0 45 2R W] PDC R 5
4 RIEAT TR

AR SCHE Endo—Fujiwara "™ 45 $1 HY 1 ff B A5 80 B
Hegifh I, &k JE T — il T PDTE M9 P RE T BT AL,
I FH A2 A5 R A3 T T AT Ik o A R ) A e == Y D
BV S 56 A (%) HE 7 PR RE AT T o [ B 3R R —
T3 i & Sl AL, % A L A TR T 0 2 Tk o A R n g R e
0 WP BE HE AT AL L WY TR R E TAE S A
e ZE MR Y LR R 2 A A I DL R R B e
M52 MR o I AE S5 R U A AN O R Pk g WD A
TR T 3% A 1% 40 55 s R e & 1 & s LI 1 e 14 A7 XF
k.

2 MREItERE

2.1 RSB NERTIETE

B 45 T AMRGE %A PDC Y 23 TFHE 0 B &
ML R AT S R I . A R 2R E Y
S A8 T XU 285 KU T 46 A I DY R E
AR I e TR RLEE — 2 IR A M BB 25
Fe AR i a8 2ok gy AR R e i A AR I K A ) Y
o5 i R R R A R A — 20 I K O i R ™ AR
$HE 77 5 10 AN R B3 > TR e B AN R MR AR
MR E W TR WG B SRR M,
He 7 U A J DAL S R U A 04 B R AR DAL AR
LA R YT da HE 2R = T ) AR ) I
FEIE I LUE I MR AR A Sk W T AT T HE Ol AR A
W R I UGB MG 2R o AR R S U AR
e ZE AN RETE X R R AT A . AR R E KA )
SRV I 3R AN R AU R I 4R R = S BE X gk i A
Frve e (B MRS B T AR A 52 45 52 2 1 1] T P i 52
M

|
T |

22
R M
PDC ‘ :

-

7 IF.
an| "
s Flompressor

CPC H HPT H LPT ‘

Fig.1 Turbofan engine with PDCs in the bypass duct
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Table 1 Comparison between experimental results and
predicted performance of pulse detonation turbine engine with
PDC in the bypass duct

Experimental results

Frequency/Hz Compressor Averaged Ideal
ratio thrust /N thrust /N
20 1.44 144 249
30 1.714 281 456
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Table 2 Parameters of the baseline turbofan engine

Parameters Value
Mass flow rate/(kg/s) 28.71
Bypass ratio 3.28
Compressor ratio 1.6
Radial height of bypass duct/m 0.13
Diameter of bypass duct/m 0.5
Baseline thrust/N 8450
Baseline specific fuel consumption/(kg/(N+h)) 0.0484
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