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Abstract: In order to understand the heat transfer characteristics of regenerative cooling
in two dimensional plug nozzle, a computational model was established and numerical
simulation was-carried out- T he flowfield and the heat transfer characteristics of plug nozzle
at different ‘ambient pressures were investigated. Nozzle flow was assumed to be frozen, and
convective and radiative heat transfer from gas to solid wall was considered. Discretization of

the governing equations was performed with two order upstream scheme, and radiative heat
transfer equation was solved with Discrete Ordinates (DO) method. Absorption coefficient of
water vapor was calculated by Leckner formula. The results show that heat transfer condition
internal the nozzle is the worst, and should pay more attention. The heat transfer
characteristics on plug surface varies with operating conditions. At sea level condition,
heating of the plug is the worst, and with the increase of pressure ratio, it is lessened and at
last keeps unchanged with ambient pressure. An unreasonable plug contour design can cause

a very high temperature peak on it-

: 2004- 04— 26; : 2004- 07— 12
863- 2 (863-2-3-4-10) ;
(2000000619)

(1978- ),



148 20

Key words: aerospace propulsion system; liquid propellant rocket engines; plug nozzle;

regenerative cooling; temperature field; numerical computation

[

Boman CFD ,
- Wang T S
Bl Vuilamy (7 h‘]
(4 |
’ .\
Sakamoto
" Kumakawa
L6l 1 ( )
Fig. 1 __Schematic of regeneratively cooled nozzle
Fluent
6. 0, , ? )
DO ,
Navier-Stokes ) SST ( Shear-
Stress Transport) k-
1.1
2 2 1 2
/
9 qu * dA =
, Foevde dA + SaedV (1
1P , P » Y
’ A ,To &
’ , Vb & ,So @D
¢ ( pa U,v, W 76) ’
’ ;@ e )



149

1.2

Method, DO)
Transfer Equation,

B

”

Leckner

: Tg ,T\\'

1.3

(Discrete Ordinates

(Radiative
RTE),
RTE
, CFD
[7]
[8]
3
Hottel
Leckner 9. 101
7S
Tw

1. 4
CuZr s 0.7
1.5
s 4
Gambit 2.0 ,
6960, 14 100

2

2.1



150 20
X,Y A ), s
) ) 790 K
1 m 2 2 2 2 2
> 2 , 30% ,
4.9 mm, 2. 5% ,
5.5, 31.34, 80,
1 150 ) 2.3
’ 3
O- 8 mmo,
2 mm, 2.5mm
4 MPa, 6 NPR(Nozzle
’ 35215 K, Pressure Ratio)
13.173 g/mol, 1.2 s ,NPR
6 MPa, 50K ’ 3
32 kg/s, ,
3 kg/s ,
(11, 12], ’
2.2
2 ” B
i
|
| 4
| )
4(a) ,
4(b)
2
Figo2 _~Wariables on internpal, nozzle gas| wall ’ ]



1 : 151

4( C) 2 ”
iNPR= 40
2 2 2
2 2 2
0.30p
S00¢ Sl
O S e 0.25¢ e
' \ p— ee g
A W= .
400 0.207 ‘ { == e APRA
v i - NPRWO
- by =k
v = s ’- i \ ia'k_lno
E ' = a0
| =] 300 odok :. ': e AR NG
' ¥
300 0.05} 1
) Ii
il e L i ']
1ot ) 200 300 400
0 ) "
02 04 06 08 10 12 e
Nim (9) M4
(a) UL S .
’ 0.30 ':.m
- AP "W AR
2t oo b
NN 200 R T
— = APRAMO S XK N
- =t NPR “ = SFRI1IN
15+ " vy, —— PR
=
=
= 10
5
/L i
10 100 1000
P10 Pa
A(b) Tl ik
030
P
8[ e 025t =t i
AR 3 }
B— ;
= Wi 0.20 + \ "
GF ~ - == = PR
£ : —
E £ 05t R
= = S e
- " 1 = === AFF N
& 4r 0.10F e
S L S
0,05 ]
2k ik .
(1] 1 I;: I o J
-5 5 10 15 20
{ 1L = = i i i = | 10 (W m?
0 02 04 06 08 10 12 Giwivam
X/m (e it ML 1A
(c) e IE 4F A
4
3 Fig-4 Variables along base height at different
Fig. 3 Variables along plug length at different pressure ratios
pressure ratios
2
5 2 2

N P&%94@-20,10 China Academig Journal Electronic Publishibg Héuope. All rightfRserved. 8hittp:1M0ww.cnki.1



152

20

I4¢ v & »

I o o g

[N RN [

14[ :

[ Flpm w0 s M w0

(u) NPR =40

% b Lois
[ 3

L T 1.4 i b W CIRUN TP | Y | I T | T~ - B
e e DT e e TEEE WE R T MR e e T Vi O 26 T Tee T
3 ey Lo N e =

06}
E
.
(b) NPR = 80

L 14 [ L LT T LA R Y
M e B0t Diee e N T R T ST TS

Y Lot |

: 06}

Afm
(e} NPR= 400

XNm

5

(D NPR= 1100

Fig-5 T emperature contour of outer flowfield at different pressure ratios

5(d)

NPR 400

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

, 5(e)

b

’ 3

(f) )
(D

) (2)

2

http://www.cnki.1



153

[1]

[3]

— [J]. ,2000,30(2):283
294.

Wang Boyi, Guo Tangwen, Wang shifen- A SSTO Rocket

Concept-Aerospike Nozzle Engine [ J]. Advances in

M ehanics, 2000, 30( 2) : 283 294.

Boman A, Bigert M. Plug Nozzle Cooling and Performance

Study[ R]- 4744 95- 3149, 1995.

Wang T S. Analysis of Linear Aerospike Plume-Induced X—

[4]

[5]

[7]

[8]

[10]

[11]

[12]

33 BaseHeating Environment|[ J1. Journal of Spacecraft
and Rockets, 1999, 36(6): 777 783.
Vuilamy D, Duthoit V, Berry W. European Investigation of
Clustered Plug Nozzles| R]. ATAA 99- 2350, 1999.
Sakamoto H, T akahashi M, Sasaki M, Tomita T, Kusaka
K, Tamura H.- An Experimental Study on a 14 kN Linear
Aerospike Nozzle Combustor| R.ATAA 99- 2761, 1999.
Akinaga Kumakawa, T akeo Tomita. A Study of Plug-
Nozzle Rocket Calorimeters| R].AIAA 9%- 2583, 1996.
Liu J, Shang H M, Chen Y S. Grasp: A General Radiation
Sim ulation Program[ R].AIAA 97- 2559,1997.
, , (M].
, 1982.
[M]. , 1990.
Leckner B- Spectral and Total Emissivity of Water Vapor
and C arbon Dioxidel J1. Combustion and Flame, 1972, 19:
33 48.
[M]. : ,
1993.
[M].
, 1980.



