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Numerical investigation of thermal radiation characteristics

of nozzle cavities with center cone cooled
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Abstract: Numerical investigation was performed on the infrared suppress characteris-
tics of the nozzles with and without cone cooled. In the former, cone and blade were cooled
by secondary channel gas, and the temperatures of blade and cone walls were effectively de-
creased by 21. 1% and 46. 2% respectively, using only 1. 6% of the secondary gas. The ra-
diation of nozzle cavity in 3~5um was suppressed effectively, the radiation in the small view
angle range from behind the nozzle decreased obviously, and the radiation decreased by 30 %

from straight behind the nozzle compared to the nozzle without cone cooling.
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Fig. 2 Sketch of cooled nozzle

(
) 1 , . . 2 .
( 60° ) . Y
, X7 . 0. 6m, 5m,
60° s, 3
79  ,91 106
s 91
s 91

1

Fig. 1 Sketch of original nozzle

60° ( ),
2 . 5
s ( Fig. 3 Mesh of computational domain
). - 2(b) 1 .
Z(a) A ’ ’
’ O'Smm’ COZ’ COy Hzo
2.5 mm. 4 , 44%,0.18%, 0.1%, O,
15°, . 0.232%, 3~5pum

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



562 27
1 S N w
Table 1 Parameters of boundary s (£
s (EL)
/K /Pa
s (ED
350 178000
3 (S)
840 175000 S w
300 101325
(2) H,,
’ H
b b , (2)
’ DO
’ H, = J L,(Ssw)cosp,dw 2
Q
N R R I
3
I/{ia = T/\.z\th}..aRz 3
b (3) R s Tx,atm
’ »
. HE,
Fluent , SST IR,
(shear stress transport) kw ) Th.atm Modtran ,
DO [12-13]
4
’ L 4.1
4 C 2Ca))
’111. (1) ’
L) 1.6%. ,
(ES :—aXLA(S)JFaxLAh(S)_Gstx(S)+ ’
Y Yy D e
%((/)4 (ED (E D (E) s
&J L, (S, w) P sw>w:) dw, (D
47l o, = in
() o ’
L;, s Q3 905
’ @(/\ ’w’w;) ’
@D) : (C) . )



3 563
0.15 % § = =
= E ===
= ==
0.10 [ =%
£ =3
= T =F
0.05 Plane 2 -
Plane 1
E g
= N | S R |
0 0.05 0.10 0.15 0.20
¥Y/m
4 6
Fig. locity of f fil S
Fig. 4 Distribution of velocity in different ig. 6 Velocity of gas from film gaps
cross sections
830
Periodical plane 806
782
008~ SO, 1 - . 758
1Al Al h = . 734
s - = 710
0.06 yl’/ \l W =g SN 685
Tha&) ) o\ S 3 662
E ooa frin ] Wy 12 N 638
= RSN Taf S 614
== b’ 1) lL “ ~ 590
002 fN . 7 . =% 3 566
=== N 542
PRI S = S 518
0 0.05 0.10 0.15 0.20 494
Yim 470
446
422
398
5 374
Fig.5 Flow line of nozzle cavity 350
(a) AL
( 1 ) )
( 2 )
b
( 3 )
b
b b
b
6 2 4
b
b
b b
b
b b
b
4.2
7 7
(a), (b) ; ( K
Fig. 7 Distribution of temperature of nozzle parts
(unit; K)
7(3) ) )

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



564 27
’ 1.0
b
’ 0.8
21.1%  46.1%C 7 o
(b)). <3 .
= Origin
, 04k = = = = Gapup-cooling
b
’ 0.2
b
1 1 1 I I 1 ! I 1
y y 3.0 32 34 3.6 38 40 42 44 46 48 5.0
Lamda/pm
b
8 0°
Fig. 8 Intensity of nozzle from 0°
b
b ’
90°
4.3
’ 3~5 ‘U.m
8 ,
1km (
) 1/C, (C,
) 3~5 pm ’
1. 3~4.1pum s
b b
. 65%; 4.1~ 9 ’
4.5 pm , Fig. 9 Intensity comparison of original
Co, ’ , and cooled nozzles
’ ’ 30%. ,
s CO,
4.5~5pum s ,
’ ’ N 450 ]
b
9 3~5 ‘U,m ’
0°~90°
4.4
I/C,(C, ) .
. (Oo nd 450) ’
b
b
1 b b

C=F./F



(C)1994-2022 China Academic .

565

F. = mV+ (p. — p)A.

(e—1) /(1)
E—mJZKRRO—A)
K — 1 i)t

0. 968, ,  0.935.

D
. 21.1%,
46.2%
2)
, 30% , 45°

3)
, 3.3%.

[1] . . [Jl.
,2009(3) :2-4.

ZHANG Zongbin, SANG Jianhua. Research of infrared
technology of aeroegine exhaust system[]]. Stealth Tech-
nology,2009(3) :2-4. (in Chinese)

[2] . )

M. : »2002.
[3] , ; ,
[Jl. .2002,12(5):

582-585.
JIN Jie,ZHU Gujun, XU Nanrong., et al. Numerical simu-
lation of infrared radiation characteristics for aeroengine
high-speed exhaust system[]J]. Journal of Aerospace Pow-
er,2002,12(5) :582-585. (in Chinese)

[4] ,

[Jl ,2004,19(2) :104-110.

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

Journal Electronic Publishing House. All rights reserved.

ZHANG Bo, JT Honghu. Numerical study of internal and
external flow mixing for rectangular nozzles with large as-
pect ratio[ J]. Journal of Aerospace Power, 2004,19(2)
104-110. (in Chinese)

[l , 2007, 22
(11):1820-1825.
ZHANG Bo.JI Honghu, LUO Mingdong, et al. Investiga-
tion of the effect of aspect ratio to infrared suppressing
characteristics of rectangular nozzles[ J . Journal of Aero-
space Power,2007,22(11) :1820-1825. (in Chinese)

’

L1 +2007,28(1) : 32-36.
ZHANG Jingzhou, SHAN Yong. Investigation on lobed
nozzle mixer-ejector infrared suppressor for helicopter ex-
haust system[ J]. Acta Aeronautica et Astronautica Sinica,
2007,28(1) :32-36. (in Chinese)
(1. 22001,16(1) : 19-22.
HUANG Yong, GUO Zhihui, WEI Fuqging. Effect of tabs
fixed on a convergent-divergent nozzle on infrared radiation
of exhausting jet[ J]. Journal of Aerospace Power,2001,16
(1) :19-22. (in Chinese)
. %

(7. ,2008,34(2) ;158-161.
HUANG Hongyan, WANG Qiang. Numerical simulation
on flow field and infrared characteristics of chevron nozzles
[J]. Journal of Beijing University of Aeronautics and As-
tronautics,2008,34(2) :158-161. (in Chinese)

(. . 2008, 23 (4) ;
591-597.
LIU Youhong,SHAO Wanren,ZHANG Jinxiu. Numerical
simulation of flowfield and infrared characteristics of an
aeroengine exhaust system and its plume[ J]. Journal of
Aerospace Power,2008,23(4) :591-597. (in Chinese)
Presz W M ,Nelson C B. Gas turbine exhaust cooling con-
cepts| R]. ATAA-94-3083,1994.
Robert S,John R H. Thermal radiation heat transfer[ M ].
Washington D C: McGraw-Hill Book Company,1990.
Ontar Corporation. PCModWin manual [ M]. North An-
dover, MA ;Ontar Corporation,1995.
Ludwig C B,Malkmus W,Reardon ] E,et al. Handbook of
infrared radiation from combustion gases[ R]. NASA-SP-
3080,1973.

http://www.cnki.net



