5 54 A5 4 ) Moal it & it KR ¥ o ik Vol. 54 No. 4
2022 4 8 H Journal of Nanjing University of Aeronautics &. Astronautics Aug. 2022

DOI:10. 16356/j. 1005-2615. 2022. 04. 002

BEHEBETBCC3I KM ERIE
AR AR S

é%%lyz /\P TT i‘j\lr%.&l—jy éj/;I/T TN e ﬁp il
(1. Ep R K22 KB 2E 24 b k Y 4100735 2. Pk FH CAL B THF 58 Ir 3 N U3 1) 8 0 53 e A8 BR A 7, 3 1
225000 3. [ 5 A8 38 KA ML A3 L 2 e 1 A 7 S ) B B R i 55 S 56 =, T 200240)

WE: ATRK i RAT T OUF A SR BB K 2484 75 2R (Turbo based combine cycle, TBCC) 3 A 49 #F JE i
i A ﬂk*wﬁmzﬁ&mﬂ%r& MET AR A 4.0 5 FRAFIETBCCH A8 5D 4
A B At = 4R MAEAE R R AR R T B Ma.=0.7~1.6,H. =11 km ©AT IR F KL I A /bR A
Ao, THEERAN B FRRAT, PESALEANORAARESENHERINT AW RARLEENY
85%~90% , AR Tk kA, LA AS R A AL RIG TR, By EEE 6 REZAEHAE TR
W ERTRE ;P EL DA EGHAADRE B KM BAARCBEARLLAAT S I @ TR, B
AR AR EA BN EARAR G RAEIRE G XA HF ST HRAH A oA,
EEMAFHEHEARDERMARAB2AR TR AL FRRETTRAEM AN T EZRB; B FiRKRET,
H A & T 60U ~80% , R EREM T RMEAFME, T Ma > 108 FRRAET , HLHEMA &t
I&E’Eﬁﬂyﬁﬁ;&éﬁ@krﬁ:\ﬁiﬁwu YRR AT M Heik 3K T ST AR AT G B R A, A A TRE,
KEE B LI RA IR TBCC; KL/ R Fh I — R4 ;35 F ik ;L h
FESES V43 M ARG A X EHE1005-2615(2022)04-0552-12

On Flow and Drag Characteristics of Hybrid Over-Under TBCC Ramjet
Channel in Transonic Flight Conditions

LI Xiankai"?, ZHANG Zhiyu®, HE Miaosheng’, MIAO Junjie*, LIU Jun'
(1. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China;
2. Yangzhou Collaborative Innovation Research Institute Co. , Ltd. ,Shenyang Aircraft Design Institute, Yangzhou 225000,
China; 3. Hypersonic Innovation Technology Research Laboratory, College of Aeronautics and Astronautics, Shanghai

Jiaotong University, Shanghai 200240, China)

Abstract: To investigate the flow and drag characteristics of the ramjet flowpath of a hybrid over-under turbo-
based combine cycle (TBCC), TBCC engine under transonic flight conditions, a high-Mach aircraft model
with a cruise Mach number of 4.0 based on hybrid over-under TBCC engine was designed, and its
performance in Ma.=0.7—1.6, H.=11 km to simulate the aircraft-engine internal/external flow and its
coupling characteristics in the flight environment. The results show that in the whole transonic state, the static
pressure of the air pressurized at the inlet of the ramjet inlet reaches 85%—90% of the free flow stagnation
pressure, and the air flow is close to the stagnation state, indicating that there is a strong throttling flow effect

in the combined inlet, and the throat of the ramjet flowpath is the main contributor to the throttling effect of
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the combined inlet port. The exhaust flow of the ramjet tail nozzle is simultaneously interfered by the aircraft

bypass flow and the exhaust system of the turbine channel, and the turbine channel exhaust jet has various

interference mechanisms such as expansion compression and exhaust injection to the airflow of the ramjet tail

nozzle itself. The drag analysis shows that the differential-pressure drag coefficient is two orders of magnitude

higher than the friction drag coefficient of the inner surface, which is the main source of the drag of the ramjet

engine under the transonic state. In the subsonic state, the inlet port drag accounts for 60%—80% , which is

the main drag component of the ramjet engine, in the Ma..>>1.0 supersonic state, the inlet port drag ratio

decreases with the flight Mach number and decreasing gradually, and the drag of the tail nozzle increases

rapidly, indicating that the drag contribution gradually shifts to the tail nozzle, and the two tend to approach.

Key words: hypersonic aircraft; hybrid over-under TBCC ; integration of aircraft and engine; transonic; drag
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Fig.1 Schematic diagram of the transonic internal-external

flow coupling of aircraft-engine
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(a) Inlet interference region at Ma,=0.7 (b) Exhaust interference region at Ma,=0.7

(c) Inlet interference region at Ma,=0.9 (d) Exhaust interference region at Ma,=0.9
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(i) Inlet interference region at Ma,=1.5 (j) Exhaust interference region at Ma,=1.5
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Fig.10 Transonic flow coupling between turbo-engine and ramjet flowpath
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