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Effects of Auxiliary Door on Tandem TBCC Exhaust System
LIN Jian—qiang, XU Jing-lei, GE Jian—-hui, QIN Qi-hao, SONG Guang-tao

(College of Energy and Power, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to improve the performance of the exhaust system of tandem TBCC under the condition
of low nozzle pressure ratio, numerical simulation was carried out for two sets of tandem combination nozzles with
and without auxiliary doors, and the tandem combination nozzle with auxiliary doors was also experimentally stud-
ied. The results show that the auxiliary door structure can reduce the range of the flow separation area on the outer
wall of the primary nozzle and total pressure loss of internal flow to effectively increase the internal thrust of the
combination nozzle. The combination nozzle with auxiliary doors can inject ambient airflow to reduce the range of
flow separation area and bottom drag of the ejector nozzle wall, thereby reducing thrust loss and improving the
overall performance of the combination nozzle. Increasing the secondary flow nozzle pressure ratio or reducing the
main flow nozzle pressure ratio reduces the degree of under—expansion of main stream at the throat of the primary
nozzle. The sonic line moves downstream, and the mass flow rate of main flow decreases. Increasing the main flow
nozzle pressure ratio or the secondary flow nozzle pressure ratio can increase the mass flow rate of ambient airflow
injected by the auxiliary door. The distance of the inlet passage of the auxiliary door will affect the relative posi-
tion of the secondary flow jet and the ejector nozzle. If the distance is too small or too large, the mass flow rate of

the ambient airflow will be reduced.
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Fig.1 Tandem combination nozzle with auxiliary doors

Table 1 Geometric parameter of tandem combination

nozzle with auxiliary door
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Fig. 2 Computational grid and boundary condition

£ B 2 A T A Tl o 4 ) R AR C AN TR T B
B RZEOTRE L. A TAEmE 26
SR 8 e s N DIV -t B =9 | B
e RBRB AN

L.+ 1.,
T F. 4 F.

KL, Lo 33 7n F 0w b e
Sr W O E A R i, F L F 5T
FeoR TSR ) 5 U 1 AR R AE T o

R T D A, HXTE 16 Y A5 AL AT 1
BT o BETE 25— J2 RS = B 1 R 0.1mm, 9 4% 3 K
RN 1.05, 3 Hh T HERR A B A BUE TR R B
R o e BT OB (508 1) L AE (381 7)) il Fl
B (232 5 ) = B A [R) % 3 1 A, X 230 7% R L 2.4,
WL 7% B 1R S T B9 4 A WA I 3 F 47 4 4L
I

75 30 B9 51 565 W% 45 BE I R 7 p 5 3 I WA BE 1 p,,
WA WNE 3R . W ELE R LUE 55 5%
JE A 55 % XA T A5 R T a2 3 B S R B
MRS 1T S AR — W 25 . R, 25 G % R

(1)

fx



2448 ot

#HoR

2021 4¢

TR JE AN B0 ok I A5 4 RE Y T B AR AT
T L K

0.908
Fine grid
————— Medium grid
———————e Coarse grid
0.906
&
B
0.904
0.902 N EEEE—
0.0 0.2 04 0.6 0.8 1.0
XIL
(a) Pressure distribution of ejector nozzle wall
1.0
0.8 |-
&g
S i
i
0.6 B Fine grid
————— Medium grid
Ssmsmcmes Coarse grid
04 L 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0
X/L

(b) Pressure distribution of primary nozzle wall
Fig. 3 Effects of different grid density on pressure

distribution
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Fig. 6 Schlieren of tandem combination nozzle with
auxiliary door at NPR, =2.4, NPR=1.1
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Table 2 Effects of auxiliary doors on thrust coefficient of

combination nozzle with variable NPR,

NPR, 1.5 2.0 2.4 3.0
Cr 0.977 0.986 0.993 0.983
Cro 0918 0.951 0.965 0.965
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Table 3 Effects of auxiliary doors on thrust coefficient of

combination nozzle with variable NPR,

NPR, L5 2.0 25 3.0
Cy 0.930 0.963 0.958 0.956
Cpo 0.910 0.892 0.890 0.918
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