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Infrared radiation signature of three bearing swivel nozzle

SHI Jie, ZHOU Li, SHI Jingwei, WANG Zhanxue
(School of Power and Energy, Northwestern Polytechnical University, Xian 710072, China)

Abstract: In view of the three bearing swivel nozzle (3BSN) for turbofan engines, numeri-
cal simulation method was used to study the spatial distribution of infrared radiation signature of
three bearing swivel nozzle under the working conditions of vertical take-off and landing (VTOL)
and cruise (non-vectorial and 90° vectorial conditions), and the influence mechanism was also
analyzed. The results showed that under non-vector state, the local high temperature area ap-
peared on the lower wall of 3BSN due to the special geometry surface, and the jet shape became
an elliptical cone, resulting in a maximum increase of 44. 6% in wall infrared radiation from posi-
tive detection angle over negative detection angle at vertical plane, and the gas radiation on hori-
zontal detection plane was greater than that on vertical detection plane. Under 90° vector state,
the total radiation peak was only 43. 3% of the non-vector state due to the shielding effect of de-
flected 3BSN structure on the front high-temperature components. The vector deflection of 3BSN
reduced the gas velocity on the side far from curvature center and increased the temperature. A

large local high temperature area appeared on the outside of the nozzle, which caused the wall ra-
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diation in negative detection angle range larger than that in positive detection angle on vertical de-

tection plane, and the maximum relative difference was up to 71.9%. The deflection also ob-

structed the high temperature gas inside the nozzle. The negative detection angle of vertical detec-

tion plane can only cover the high temperature gas area at the nozzle exit, which was significantly

smaller than the positive detection angle, resulting in the maximum relative difference of 20% in

gas radiation.

Key words: turbofan engine; three bearing swivel nozzle; vertical take-off and landing;

temperature distribution; infrared radiation signature
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Fig.1 Aero-dynamic profile model of 3BSN
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Table 1 Key design parameters of 3BSN
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Fig.2 Calculation grid and boundary conditions

R O RS 1) P9 TR RN SR 38 0RO
Fih A5 F B T R ol 2, B o 0.2, )Y
T HE RV R 800 K, A1 Sl 450 K i il i &
BB A0 b TEPR A AR IR J) Ok 101 325 Pa, P 5
T BE R 300 Ko Wi 487 BE T8 R FH G W A% BE T, BE T
Tk B B T 2 T T RE T P AR A X I e R R
R TH] 22 [] F 6 G e R R S 40 BT B30 R FH 8 B A
B, 220 W W A5 BE 1T 5 A0 IR B (4 B, A S
WR BHLIR R 2 N BT 7 A R 56 e TR A<
AN R 58 A R R 1 R TR O, LIS B K
S I IR WA PN TR AR R R 4 HLO
FCO, M EE IR 43 B3 5B R 12.87 % Fi113.12 % .
AR HE T G HE O G 1 B SR G BE R 4y
BURFIE 5 A0 B R AR B 47— B



1198 i

K
&

&
g

i 537 &

2.2 ASNESHITERZE

= R R A A £ AN R AR S %
vk I 32 RURUR K 1SR R O e A e Y
5, A BB B R A 5 2R 2R A 4 5 VR & 5 E)
R 2 (] 1Y RE 5 4 A, DA T K = 4 25 [ 8 S5 ALy
18 B A0 T R AR S 2k Y — kR L ST A,
Bl 3t , Kl fap Ak it S e o

AR
X [T T T 1711 ?
SRR L R
B RS
/ WRSNR
Wiz

3 B vk IR R T K

Fig.3 Schematic diagram of discrete transfer method
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Fig.4 Experimental verification of infrared radiation

calculation method
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Fig.5 Schematic diagram of detection point

3 ZISMBAER ST AR

3.1 FEXRERTOIMNESEHE

JE K B RS T =l R K o I8 A K P B0 T
I I A L B 20 A e AR R 4y A an 1] 6
Ro BRI T =R R B Y B LT A R
SR Ok [ RE T AG 4T A1 B R ROk R
T A1 80 5t 5 B AR B 1/1,,,., JHe PP 5 S5 500 5 Oy
SR AME AR 2 M. TP AT LR
AF 5% o obR A = Al K Ak ik I A 14 R TR 21 A1 G o
FEAR I A a=0" Y I d K, Y 48 T A 46 X6 (| |
TE 0°~ 25" [l P 32 186 I, BE T 21 41 4 5 K
JE AR, IE 4208 T 0 W/sro 24| a| 7 25°~90°74 il
PN 3% T 48 I BE T 2T A1 8 S AT AR e S | (B AR
A 3 B WS B R B O W /st KT R E
PR T b 1) 21 1 58 5 o3 A B A — 30, 0 2 B4R
T b %) B T 2T AR S AR | o |JB T 30°~60°mE K Tk
SR T fre K 25 24 o % R R RE T 2140 R S Y
44.6 % o RSET AN AR e R AE b 3 A% T BE 1 2T
SN S, 2 B KB Y 14.8 %6, A8 Ak i B L
AN BRRLTANE ST | o B T 07~ 1538 FBl Pyl 33

—— 3 I TR T
1022 60 1.0
0.5 0 0.5
== f o
0.5 0.5
1.0 —60 1.0
-90
al(®) al(®) a/(°)
(a) BiEST (b) BETE R (o) MR 5E5T

6 AR IR A =l R O IS A L1 A1 S e R o3 A1
Fig.6 Infrared radiation intensity distribution of 3BSN in

non-vector state
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Fig.7 Temperature distribution of visible wall in

non-vector state

M 7 oAl LU | | =25 I #E 1 i
T AL 78| « | KT 25°)5 , BE I 21 41 46 5 56
JEA A 20 O m R s, K2 T Y
|| 4 F 30°~90° Y Bl i, AT UL BE 1 78 30 J7 1] b
RS S AT Y R AU p Rl A N e el 1T 2 GV
SR BE T AT D45 1 BUAR Ak e 5 WA SE PR S 1T
FULAA . AT LAE Y, A BRI A 40 %o A 38 K, T
AL BE T A6 4R I 25 T 1w L A 45 T BUIE 4
ZIN TD YRR /0N 4 WS 3 AR DB K, B T T 91 S i
E— 2 FEAR, 24| a| =90/}, BE i 5¢ 4= A ] WL, BE
A0 21 AN S5 B [ 22 0 W /sro IR, 24 | a | 4b T
30°~90°3u FEl P, AT UL BE [A1 % 5% 1 FRAR Ak R e e
TORE T 2T A S AR R

M 6(b) Hal L& i, T BRI i A K F 45
TN TET I % R T 2T A0 i S 8 b A R — B (3
ELIR DN TR 1 30°~60° 76 [l P 422 Ui 3 1) 21 41 4 5 o
JEE BB 0 R ) A e B B AR YL Bk



1200 it = 3

%37 %

F2 FRERSTREERYERTK
Table 2 Projection area variation of visible nozzle wall

in non-vector state

lal/ (%) PR WA /m” T AR F/ %

30 0.0511
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50 0.0379 12.3
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Fig.8 Wall temperature distribution in non-vector state
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