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A numerical investigation of the minimum coolant
injection rate for transpiration cooling
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Abstract: An advanced designof transpiration cooling system is not only to ensure ther-
mal protection of ‘propulsion system from ablation, but it also should utilize the full tem pera-
ture potential of porous/matrix. A numerical investigation of transient processes of transpira-
tion cooling-and the control parameters of the lowest limit of the coolant mass flow rate is
conducted with the help of a compressible, unsteady and local nomrthermal equilibrium mod-
el. The numerical investigation presents that it is important to study transient cooling
process, because the porous matrix could be ablated before the cooling process reaches a
steady state, though the steady temperature may be lower than the melting point. A higher
initial temperature and a larger characteristic size of the porous matrix will result in an in-
crease in the minimum coolant injection rate to prevent ablation of the porous matrix. From
the view point of cooling effect, a higher porosity corresponds to a larger coolant mass flow
rate. Contrarily, a higher thermal conductivity of the porous matrix corresponds to a lower

demand for the minimum coolant flow rate.

Key words: aerospace propulsion system; transpiration cooling; coolant;

minimum injection rate

: 2006 02- 16; : 2006 0507

(90305006) ; (2004kj365zd) ;

(1978),



) 23
4 9
H m ,
T )
k W/m * K )
he W/m’ * K ,
as m
h W/m’ * K
R J/ mol * K
l
m 2 kg/s *m 1
p N/m
V m/ s 1
Q W/m? m Te Q
c Jkge K H )
Re Reynold
Pr Prandtl
Bi, Biot
St Stanton
K m’
F Forchheimer
€
38 kg/'s * m i T BHIIRE TR
P kg/m3 1
A m’/s Fig.1 Transpiration cooling process
. )
¢ ) )
. [ 6] : ,
d . [ 7
91, ,
a
0 :
g %f—f+ % =0 (1)
Darcy-Forchheimer
[ 1-5] 6(2)_111/4_ ‘”;f%_ (?99]/) IECUV égFVlVl (2)
0.2 MPa,
[3],
[ 6] ,
(7] ’ P= RT (3)
, :R ( 8315J)/mol* K).

,F  Forchheimer , K



224

22

) [8]

gp)fvlyzo_ = 7’;7/
plr=1* = pe = latm

AT, 0T _
8@&[ 97 V ay]_

|:(€kf+ kd) 3y ]+ hstas(Ts— Ti) (4)

(:)Ts
(1= Pe- T =

aa—y[(l— &) ks %i]— hsast(Ts— Tr) (5)

[ 8]
ho= B2 e R (6)
i = Q%Q (7)
ka = 0.5PrRek: (8)
(1- 9k 2| e gt = 0

d7. drey
( 1_ alﬂ dy o + gﬂ[ dy e =
h T+(0)="T.] (10)

et V[Ti(0)— Te] = hefTs(0)— Te]

Tli=0= Tidi=0= To
vieo= 0
[10,11]

p|t:0= pg\

Epfcraa_y;f+ rerV %_]}:f= hstas(Ts— Ti)

aTs
(1— e)psCsat =

2

(1- 9hS5

o Ts
")/2 - hsfasf(Ts )

(11

2
(H~(3) (1) 5
(p, BV, Ts Tr),
, . SIMPLE
, 2
1=0
o051 A B ORI L )y D,
XM AT % T AT
| 50 BEABATIEARL00I |
> BEAAAREE R RN ]
RE A R R R AR (-0
HESMATIES . B I
WRBEAEER AR (6)7) (1) I AR
T
i
AT Y
3 T 9
14 e B N BT R AR
m=ri+ 0.01 S Fige it I
T<T,
Wk A AT Rem, A A )
2
Fig.2 Computation program of the minimum of
transient coolant flow
2
[ 11] 3
1400
-------- -5
1200 ~-——--ﬁi%‘rﬁ?é =20
m H{ERR =12 b 4
looo| v HiE#E=15 78
> HfHk% =2.0 v
800 /z
=
600
400
200 1 1 1
006 007 008 009 010
vim
3

Fig.3 Comparison of numerical and

analytical results
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