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Abstract

Heat transfer characteristics of evaporative transpiration cooling was investigated experimen-
tally in the range of coolant mass flux, 0.002kg/m?-sec~0.015kg/m?-sec. Glass beads, sand and
copper particles were used as porous media and distilled water was used as a coolant. The

existence of evaporation zone was confirmed on this experimental conditions and its length

increases with increasing particle size and with decreasing mass flux. In order to get the low

surface temperature, porous materials with high thermal conductivity is preferred when the

particle sizes are same, and small particles with low porosity is effective in case of the same

material. Due to the relatively small coolant mass flux, evaporative transpiration cooling system

could be stable by the capillary effect.
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. Test section

. Ceramic insulation

. Infrared heater

. Slidacs(220V)

. Constant water height reservoir
. Slidacs (110V)

. Water control valve

. Flow meter

. Thermocouple junction
10. Data logger

11. Pen-recorder

12. Ice bath

13. Water pump

14. Guard heater

15. Water reservoir

16. Manometer

17. Water injection system
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Fig. 1 Schematic diagram of experimental apparatus
for transpiration cooling
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Table 1 Physical properties of porous media
Particle size
. . Thermal
Material Porosity P
Mesh Mean diameter (mm) conductivity (W/mK)
Glass 1.0 0.38 14
Sand 14-20 1.0 0.40 2.8
Sand 32-48 0.4 0.424 28
Copper 14-20 1.0 0.37 401
Copper 60-100 0.25 0.65 401
~0.015kg/m?-secq] H$jollA] #3le] Hov] A fad FAE 2 S2dodo] Jehtel, ofg 7
o 223 o+FER9 AKLL Table 11t 7}, o Tooole AL AWyl AztEE o] oo
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Fol dolube 43 WY WA YAE A o webd B AeldE FEEAAS 54
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Fig. 3 Temperature profile

Distance from Top (cm)
Fig. 4 Temperature profile
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=
T

o

L
2]
EN

1135
tof 7t

oeh, zeju
SEREE

o]

tof bl Aol

u

o

<

af
HA doivtr] o

3

)

o
fus

dofrtr]

Yot 9lzlazlel Wit
2z 9

o] ¥ o

=

T2 =k

2 AL 60~100meshal F2)=;
o

o 7497} 48~60meshg
&

2

1

447 A4
E

bt
2013

7o) 7} 32~48meshs] m#lo] ZA %yl of 2A
9

ol dxl 27 wEod gabel 277} &

2 o) wolx
60~100mesha]

2AA27)7

SL=
o
Aol o

v

L

5

bdeh, 2Rl

Az g Gl U7
5

A

L

el A

=

1)
A9 Aol L Atole e 27 B

7o) Fig. 3oll4] vielu} upe} 3ol A2
¥ (extrapolation) ol 2} +

1

o] vERE Aelcl,
2}

32 2@ gx10*kg/m?-sol st
$49

R R

A7 kA sk ARatolol )

},1:

o
w_mo
ﬂO
K]

o

Ko

ted

9|

ol
2|

94

Woll A cbF& FA 9 o 40%4 = (5em) 74A] v

&

A7ke) TE A7

o8

15

Heat Input

® 22.88kW/a?
. 17.99 kW/mn2

Copper (14~20 mesh)
10
Coolant Mass Flux (kg/m2s) x1079

coolant mass flux

A s
® N~ © B v 2 N

(#0) g3BusT 9007 TOYVIOARAY

Fig. 8 Relation between evaporation zone length and

13

10

Coolant Mass Flux (kg/mZsl %107

Porous Media

® Copper

coolant mass flux for constant heat input

I EERES

(=0) 4q3duar] GUOZ GOY3IRIOICAY

Fig. 7 Relation between evaporation zone length and



%‘ﬂ

. =
e

- A EA

1136

- )
T W u
e o o
W £ "SE | L s ~2
o o [ o [
t M gs | 53 % 2
3 h- ) oocn 4G &= ~X Tl o0 40O+
72 3,58%8 5 | 52 3,58%K
9 Bf¥éna € TEevHoa
: =85 2 g e <5 a
g g S Q IN
b - . {0 -2 g - leo
- X o] [
s §.obb ‘T Tu 5.%5%
£ ¢2333% § 183 #53333
-8 i-%d3d 1 > 28 & ﬂ&lm <
o gusENm o ST 4
msg LRI 8- R
& mkzﬁx v} %2 Mk465
“ JExNen 5] a “ane
L] qoe o = ] ;3
U
[t
g
o~
1 o <
1o
[=¥
R
i~ % I
2
\\ o
=
— L L o o . . °
<)
b e ° 1 ~ ©
(bymDy peay sinssasg 1@TUT m (bywd) peaq aunssadq Ia(uy

1. O0mm)

(3248 mesh)

(14-20 mesh)
(a:

o Copper (60-100 mesh)

4 Sand
6 Sand

s Copper (14-20 mesh)
® Glass

Porous Media

600 - Heat Input ; 22,68 kW/m2

500}

700

ao.v axnjuiadma} adeJang

E
<

300 |
200}
100

Kvaporation Zone Length (cm)

Fig. 9 Relation between surface temperature and

evaporation zone length for constant heat

input

Fig. 11 Inlet pressure head variation with time

o Azke] A W

gl
s

28 #g A

(<)
=S

a7t

Fdeiel Fotol of

=27

- =
<

. ol

4]

3alE A9 At (hydrostatic

ah

CREEERE
pressure) 2.t}

bl 4= o

2 3|

&g

4 9t

eyl
ojw
R
5

o

G

Ko 2w oF
sl
L0
o} o <
ook 2
o
A
TN T
e
N Mw..
AT
n W m
o
e T A
T 5
B S
~ ~
T T
oD
N
1r s
Ny o
L b &o
W P
5
&
Ad
F
i
N
mo
b
T
0T
o} o
of A
o =
ok =
+ Ko
N0
0
EU
=y
- T
ed

Ko

70

¥ 3} % (saturation) &

X oF

7] = of) 4

s

Fig. 107} 11& ¢
sol @& Fe1¢3



Add Aez nudd, @ebd A4dds 38
ERUAAE e YAs ARREe HAelA =
Adtaie) FFor wulgrol AAPRA UHo|
71gA] gtEuct Bte zAsME R F
3 Z (capillary driven flow)2] utiloz 9o]3}o]

A4 Fo| o FoiAm A Fgel

toodale Aatuch B GhFelAE

2 ok O}ﬂ °[N
N
A o
do,

3 &3t
A" EA2AE FAE 4 Utk
d% Fig. 103 Fig 119 AdAHE wjms] 2
W GFEAY siarlsh & 74 (14~20mesh)
JAgdd e FAdAsFE dA5 Aegas A
shof) wtel Z7] o & Roln glont sixav)
7} AL A4 (60~100mesh)oll & FJFHFF71

Aol VozA WAsel Aiiol VA
glol 7l AT e vehdeh, olt ShEE
ARG 7o) g dFpasle] & o
W] dEer gAarA A A% FYY

o
2
Hassl 9L el E hee B Ade] uiy|g
3

T4 A% FYYALTE LR 02 vhehg

$
e
.
i)
[
EY
-

> ol (U{El CH-
()
2
N
5 ~
- &
=
ool
go 1
4 M
gy 2
>
o
2L
F oy

b ofy
i
59
e
of

N
2

g
‘.x
&
-4
of

of g AgH AT 1137

Aol Al Wrse) AW BEEAL FAL 4 3
o,
* 12 8

(1) Schuster, J.R., and Lee, T.G., 1972, “Application of
an Improved Transpiration Cooling Concept to
Space Shuttle Type Vehicles”, J. Spacecraft, Vol. 9,
No. 11, pp. 804~811.

{2)'Schuster, J.R., and Seay, G.E., 1973, “Simulation of
Three Dimensional Coolant Flow within Transpira-
tion Nosetips”, 7th AIAA/ASME/IES Space Simula-
tion Conference, Los Angeles, California.

(3) Weinbaum, S., and Wheeler, HL., 1948, “Heat
Transfer in Sweat-Cooled Porous Metals”, J. of
Applied Physics, Vol. 20, pp. 113~122,

(4) Green, L., and Downey, C., 1952, “Gas Cooling of a
Porous Heat Source”, J. of Applied Mechanics, Vol.
74, pp. 173~178.

(5) Koh, J.C.Y., and Del-Casal, E.P., 1968, “Two-Phase
Flows in Porous Matrices for Transpiration Cool-
ing”, Dev. Mech., Vol. 4, pp. 1527~1541.

(6) Rubin, A., and Schweitzer, S., 1972, “Heat Transfer
in Porous Media with Phase Change”, Int, J. Heat
Mass Transfer, Vol. 5, pp. 43~60.

(7) Yang, JW., 1969, “Analysis of Heat Transfer in
Evaporative Cooled System”, J. Spacecraft, Vol. 6,
pp. 759~762.

(8) Kikkawa, S., and Chisaka, F., 1972, “The Experi-
mental Investigation on Transpiration Cooling”,
Bull. of JSME, Vol. 15, No. 87, pp. 1116~1121.

(9) Krupiczka, R., 1967, “Analysis of Thermal Conduc-
tivity in Granular Materials”, Int. Chem. Eng., Vol. 7,
No. 1, pp. 122~144.

2 dTE 1874 dEnEA
of &jsted ofFojzlon, ol HA o2 gAl 2
Atz gy ek,



