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Abstract: A three—power turbine—based combined cycle engine with multi-ducts was tested in a low speed
wind tunnel. The coupling characteristics of turbine engines and inlet are analyzed from the aspects of engine’ s
performance, mass flow allocation and total pressure distribution at turbine entrance. The coupling characteristics
of three—dimensional inward turning combined inlet and turbine engine are analyzed: the three—dimensional in-
ternal turning inlet will bring the maximum total pressure loss of 10% to the turbine engine in low—speed
freestream, resulting in a maximum loss of 24% in thrust and a 26% increase in specific fuel consumption. The to-
tal pressure distribution at turbine entrance is unevenly, and the static pressure decreases first and then increases
along the turbojet flow path of inlet. As the turbine rotating speed increase, the high—pressure zone at the turbine
entrance gradually moves to one side. In order to reduce the flow loss of the turbojet flow path, the three-dimen-
sional inward turning inlet need to match the working state of the turbine engine. It is suggested to install auxiliary
inlet valve or other drainage system and adjust the ramjet flow path dynamically.

Key words: TBCC (Turbine—based combined cycle); Three dimensional inward turning combined inlet ;

Coupling characteristics; Engine performance; Flow allocation; Pressure distribution

YWimHE: 2019-03-03; f&ITHH: 2019-03-07.
BEETE: RATWHUIES (61402060301); fizs3) /14 (6141B090308); SLATMIAES: (6141B010266); fHile H
REEEA (2016J06011),
TEER: 2 W, LA, SRRSO R A RS s . IR 1% . E-mail: ¢234872714f@126.com
WIRESE . ROI%, ML, DREER, WFEROHCh S RSN 1. NIRAIAS )%, E-mail: zhjf@xmu.edu.cn
IR 9 0, B F, JUEsk, . AR EALE 2 ) AR LI KU 5 () ). R,
(GUO Feng, GUI Feng, YOU Yan-cheng, et al. Experimental Study of a TBCC Engine Performancein LowSpeed
Wind Tunnel[J]. Journal of Propulsion Technology.)



2 e i

#HoR

1 35

PAR A 25 K8l 1 RAT A — R R L —
REAE R 25 AR AUZE A | AT AR B 9 AT 8, IS
3l Iy T P RE KT A B R, K
EM AR AT EET R @ ZHEN
KRR AR, B 5 S v B AT R R B
PBLEARTT AR 2, i B AU A 2 10 48 2k 415 70 36
(Turbine-based Combined Cycle,TBCC)vafj]*ﬂfﬂ ik
i F 41 A M6 (Rocket—based Combined Cycle, RBCC)
KLY 2 SR B KCET (Air Turbo Rocket, ATR) &
L R T P TR R K kB & B HL (Synergistic
Air-Breathing Rocket Engine, SABRE)P! JE#G g =4
BRI K BB e E 2030 4F I A SRR
KR T, TBCC . RBCC 41416 3 & shbll & ) & 2
JEEAE, I HR IR A 23 8] Y e A R R S i 3h R
4 K3 43 A TP 19 Ma=5~6 9% fe #7538 ALY 56
HL TBCCR WM 8h 15 %7

] SR B e O R B X v R AT 4% A9 TBCC AR
WF5E, an3e E ) E F ALK CAHLTT R (National Aero-
Space Plane, NASP) IR Y T S N 28 (Revolu-
tionary Turbine Accelerator, RTA) FEAfifit 25 T F2 5 H
(The Fundamental Aeronautics Program, FAP) I K
& & 98 3 % 1 #l (Falcon Combined — Cycle Engine
Technology, FaCET) . H IR R R/ R R OB T
ik & 4t W 5% HYPR (Hypersonic Transport Propulsion
System Research) KXY 09K B e ik R & 5
R LAPCAT(Long—Term Advanced Propulsion Con-
cepts and Technologies)i‘l‘ﬁu ] 1 Sanger\ﬁ%%ﬁﬁﬁ/ﬁ
MIGAKS & € AT & 7140 %%, A TBCC % 3 ALY 48 &
Bt OCHEH AR OCHE AR A B T A AL b T U S
I TBCC A BIR AR BESE . A AU TBCC i Ja
JE 0 % Sp A TBCC K 3L J58™ [ SR72 K AT &%
A AFRE 31 %1 #9 3F 156 X TBCC & BhHL | Aerojet 28 &l
=B ST A PRI HE R GE (Trijet) 55

[l P 5 T, b g g BLARCE 5 i AR R T —
ol 163 %6 i B T 3G 9 b 20 5 9 2R &% 3 AL (Turbo-
aided Rocket—augmented Ramjet Combined Cycle En-
gine, TRRE) iy 2l J) 75 220", 90 & JF e 5 S AL HL 1Y
WE A B RE VT AN, 58 W0 T HEHE R S8 S AR
FRERLAY i P AR S B s . P A
WA B8 T 9T B S8 B T ORI TBCC & B ML Y B 1A 18
UE AR T R 5 B B RAT R A B 00 4, I
T B B B R BRI 2 AN, R B TR

il

Wy S 5T T b A & TR P R S LA 5E T | b A
25 R BIALEE 5T B b 5 2S it K K 2% PE L Tl K
S A LR K2 R TR 2R SR I R TBCC
AH G Y AT TE B AR AR B AR

WA AN TBCC T E M2 — XA 3)
71 F Ge 0 PR AR B G HE AR T = e i ERGE
FH T35 T T o A AR B R A RE R 0 XUBH
AN AT B2 B Ok 2 1 SRR BT =N
R A UERIE B S R R EARY A
B ¥ RS Sl MR 5 T, G TR Y 0 B 2 4R
HTE S SR BUIR S B A A KSR B B
JE B =Yk N i A o ROE 2 5 X m BUIRAS #E T
T, 76 i T S A B B B, 0T RE AT AE B S TE R A T
Rt /IS it Ao S5 [R) A 0 A5 i 3 T R A 2 4
LA By A i S AR R, S B A B ) HE Rk
R R EE R S LG AR AT A8 TN A [E) B 3
P K A R B IR HOIRAS T —gE N A A
AT EGI AWM E S M E =TT H A
S AR R T B AT R . M Ak, FE b AR R
W Bt , 75 8 56 A shHLAI AR FH T, 38 3t R 285 1 o Hs o
S R o SR W 2 RN L LA T 11 1= I o o A RO
DAV FE 5 %8 & s AL R iR R N . H AT R A
OSTFSCHR AT AR R S B =N A AR E SR
BRI R E ST A A 2 BRI —
Pl TBCC 414 3l J1 , FF & AH R A4 A0 8 RG] 8 365, ) s
Wi kPl = 4t 5% A6 3FSE R AR A A
e

ARICE T —Fp 2@ = IR A G S
1 TP T 45 W R =4 N B 1A R TR R 3D
B 5 W48 S8 30 iR 1, 58 BT R LA XU
5, B AR T A A B S AR RS TR 1 B AR PR BE IR
AL R 40 AR A, IR ER TBCC F H BB X
H A B Ty AR AR TS A L =N R A G i RE IR
HRFEH R T H RS H

2 XTERR#EEAESH O

AT = N TBCC RS R T 3l g (it %6 R o s &
AL B IR AIF IR 5 58, 78 08 48 — b Ik sl HLAE ) B
B R v A AE WY IR ST, AE s s AL
BRBIEFE i 4 1 T =3 J1 i TRRE J5 58, A A1 A4
T 2 WA 51 e 2 A K B LT % (Xiamen
Turbine Ejector — Ramjet Combined Cycle, XTER) .
XTER 75 5 0 5 /51 55 K85 1o e 20 5 DY i 3 A J=)
MG R ZIHL, AL =4 NS0 G R Rk



— il it 6 L 2 3 7 Y R AL R 58 5 3

AL KT & S HL R IR e IR R R SR R
Wt S, A AN IR R T — 5 T
& (Eject—Ramjet, ERJ) J i #% (Scramjet Combus-
tor, SRY)EIE , a0 &l 1 fif7x o XTER 44 30 71 LA SR 48 i
iRk BhHL R SR S R R & Bh Bl L kT & S, 4
N T e VB = I 3 | o) S S
R W, 3R TBCC & B R LS — & R R IR AR
{ELA5 A0 70 00 W 9 S, % 18 B R IR TR 1Y ERY,
SRJ i 3 24 4b F 38 R A Bz Bk B0 B R e
(Ma=0~0.24) , i#% % /ERJ/SR] i 8 % i M & JLAT 45
oy, AT Y E B e (R e 4 M ) /ERJ/SRY 38 1A T
BUSEC EE B R 1.0 1.1: 1.9, A H BA7E 25 J8 R/ i
FH 3N J1 3R G 4 sl U0 i S AR 2 5 L BT 4T IZ XTER
HEMAT T T, 2 XTER 414 8 1 45 LUK 7
JE S SRR

Fig. 1 XTER model

3 RERGFSNEFE

HEHUAR 2 3 55 7E [ 1) 2 TR A I 1 XU T R
W 2 Jrs 32 AR 56 B i R ST 2 2.6m%2.8m, fi
KUt 3 90m/s, 7 4° T ff1 Lo 0 ¥ RS, 9 0 I e
T 3K R 3 Om/s, 20m/s , 50m/s , 80m/s [R5

W RS FEAHRESE I RERS B
Z AL ECU £ M 570 BE I H R D 28 ik AL
WK ah e, WE 3T . A sl i ks LR
Jetcat P220 B fif Y i W5 % Sl Bl , % & 8 L B K B
117kr/min, 18 5 18 B3 RS E T SR8 B HE A
220N; 156 i A ERJ G GH A SR I 3 ¥ 0 3 IR
&L PG e K S HLR A5 W) 31 8 [m) 25 2 o3 )
1 35kr/min, 70kr/min, 100kr/min, 1 10kr/min, 1 1 7kr/min
AR T EEE TAE 3min,

B A AP T I A0 A AN 1A 4 BT R R
P S8 8 E VERJ 38 b BE T (SR i 3E T BE 2
AT 444 CREAS 98 58 18 38 U0 5 TR 45 114,
61>, 6 T AR TR A5 A AR G Y X A
TS EEAREE AR AT A 2D i i B A B 450
PEAT R P i@ B |, A A JA ) Ao I N IE] 30s. ERJ

Fig.2 Test model in the low speed wind tunnel

Fig.3 Test system

Fig. 4 pressure measuring point on the inlet
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