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Sudy effect of different thickness of porouslayer. on thermally driven
heat tranger-in a centrifugal force field
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Abstract : Based,on the research of turbine blade super cooling technology , porous medi-
um was installed-in a new kind of cooling configuration with cooling tunnels. Experiments
and numerical smulations were carried out to investigate the thermally driven heat tranger
rulesin the new kind of cooling configuration with different thickness of porous layersin a
centrifugal force field. The results of experiments and numerical smulations are cond stent
basically. The results of study show that the heat transer rules of the new cooling configu-
ration are identical under different thickness of porous layers. The thermally driven heat
trander of the cooling configuration filled with porous medium can be enhanced with increase
of the rotate gpeed, heat flux and cooling air speed. At the same time, the heat trander
effect is weakened with increase of the thickness of porous layer.

Key words: porous medium; thickness; thermally driven

12007-12-22; :2008-08-18

(50276027) ; (J1400D001)
(1975-), , , , , . Email :xjxj_china @L63. com



45
) [1] - b l5 1
2. 50mm x 36 mm %
, 38 mm.
(241 , , 3mm 6mm, 1
, mm, 4 (
1 ) -
’ | o
10° m/ €. , 8
: : A (]
—_—t = -+ —F -
’ 5 \VAVIA V]
' | 2 LI
DA R 4L
LIRS, & AH5F S0

it Cdatiin]

atic of e imental apparatus

2
Fig.2 Photosof experimental model
1 ¥ Kl ik
£ LA X 3R A
1.1 ot O A it
Y
1 It i }
, X )l
L] y \_</
.
’ 3
2 3

Fig.3 Schematic of experimental model



46 24
6 8
d=3mm
d =6mm =6
4 mm, &=3mm
Fig.4 Photosof experimenta model 365 emprrprersy | pg———"
=374 m/s ——12100 W/m*
355 —A—-21600 W/m?
—w-33700 W/m?
, % 345 —-48500 W/m’
53%
g
E 325 \
= —
: 315 -\‘\:\.
5390W/ m* 48500 W/ m*; e N
32.1m/'s 96.2m/s; 8 10,12 14116 18 .20 22,24 26 28
3001/ min 1380t/ min. ey
5 Y
, Fg.5 Curvesof temperature varying with Y under
—KH, different_heat flux
! n=900 r/min (|- §=3 mm
" 2.2 ///
KH =
Tmax - Tmin ;Z 20 a
q y Tmax Thin ”E 1.8
3 o
’ '“2 1.6 L] .,/‘—,_
T 14 ///
1.2 12 /
_ 1.0 N T | I I J
S 5 =6mmo 010 20 30 40 50
, 2 3) , q/103(W/m?)
, 6 KH
Y Fig.6 Curvesof KH varying with heat fluxes
Y
, ( 240 e
, F V=374m/s |-®§=6mm
2.2F
L] ) ) Q 5 0 : /,,,
= .
gLﬁ
’ E P
< 16F L
’ [ /’/'/
, 1af
, 200 400 600 800 1000 1200 1400
»/(r/min)
[10] :
7 KH

mm O=6mm

Fg.7

Curves of KH varying with rotating speeds



, , Kot =& + (1 -€)Ks Kt

] KS ) ; E
1 H ﬂ
d =6mm
2.4[ — e Syt . ,
22} —
9 [ .// 3 ]
s 2% [12] ).
T 18} . ,
~ [ ./
5 16- ././ :
o (
4 N N N N T
30 40 50 60 70 80 90 100 )
Vi(m/s)
8 KH ) :
Fig.8 Curvesof KH varying with cooling air speeds
GAMBIT
2 , Fluent
51 (Coupled implicit steady solver) |,
, RN G k€ ,
(Two-layer model) .
' 2.2
9 , (
, XY ) , Y ,
) 2 s . 10 (q:
5390 W/ m’ ,n=900r/ min,v=37.4m/sd =3
[11] mm) ,
Uj _ il y
8xi =0 5 , ,
_ 0P &y _
an B 8xi * an +pg| K
dupes gl Ll ITa i) E
dou) _ :
Oxi =0 o
g? OX; Tox * Oxj « U +Pg o
[ N 0 2 5’"
28 eu@eJUk +p aXi[%w RZJ 7
Ui aEX"' :l = %[K off _g:-([ + V] [T iJ ¢{| 9

Fg.9 Temperature distribution by computation

Y £ Kt



48 24
3151
—a— Computation
- ,
s0p T 13

Temperature/K
W
S

g

295

L]
ll‘..-...-..

™~

—t n

0 0.005 0.010 0.0150.020 0.025 0.030
Y/mm

10

Fg.10 Comparison between computation and

11

33
32

0
S

320

31

310

305
g

5

300
295
290

285

11

>

—
IS

—
S

KHI0}(W/m2K)

0 2 4 6 8 10 12 14 16 18 20
& /mm
o
Fig.11 Highest temperature at heated wall varying
withd
[
—m— Copper
r —eo— Steel
| \\‘\.\'
[ — )
0 2 4 6 8 1012 14 16 18 20
&/mm
12 KH 9

8
6
4
2

experiment results

12

[
r
[

Fig.12 KH varying withd

FEEENE

HEEH

(d) = 3.75 mm

13
Fig.13 Temperaturefield display inage



49

1
14
13 ,
Y
L
1
14
1 1
L
1 14 1
1
L
1 L
1
2061
296 .
—a— d=18.74 mm
294F o, —e- d=15mm
oA —~A—d=11.25mm
200} "'A ——-d=75mm
M 2 5 o d=315mm
5 . —4-d=1.875 mm
§ 290} L
& N
£ . hy
= 288r e !!.'. ¥
ERbeeg LTI L
*o0e
24 F << * 00 e
286 “ 4««444«44404«44«4.:::::
284

0" 0.005,0.010 0:015 0.020 0.025 0.030-0.040
Y/ m

14
Fig.14 Temperature distribution varying with porous
layer.thickness

1) )

2)
: [56]

[1] , . : L
01108222 [ P]. 2001.

[2] Varahasamy M, Fand R M. Heat transer by forced con-
vection in pipes packed with media whose matrices are

[3]

[4]

[5]

[6]

[71]

[8]

[9]

[10]

[11]

[12]

composed of spheres [J]. Int. Heat Mass Trander,
1996, 39(18) :3931-3847.
Hsu C T, Cheng P. Cosure scheme of the macroscopic
energy equation for convection heat transer in porous
media [J]. Int. Commu. Heat Transer ,1988,15:689-703.
OuldtAmer Y ,Chikh S,Bouhadef K ,et a. Forced convec-
tion cooling enhancement by use of porous materias [J].
Int. Heat and Fluid Flow ,1998,19(3) :251-258.
Chikh S, Boumedien A , Bouhadef K. Analytical solution
of non-darcian forced convection in an annular duct par-
tialy filled with a porous medium [J]. Int. J. Heat Mass
Trander, 1995, 38(9) :1543-1551.
Nishikawa K, Ito T. Augmentation of nucleate boiling
heat transfer by prepared surfaces, heat transer in energy
problems [ M]. Washington ,D C: Hemisphere Publishing
Corporation, 1982:111-118.
) ) . R12
[J]. ,2003,18 (4) :
498-501.
MAO Junkui ,\CHAN G Haiping, FANGLi. Experimental
investigation of flow and heat-transer about the thermal
driving of R12 in rotating small-size circular enclosures
[J]. Journal of Aerospace Power , 2003 ,18(4) : 498-501.
(in Chinese)
[3]. ,2004 ,25(2) :229-231.
MAO Junkti , CHANG Haiping, FANGLIi. Investigation
of thermally driven in centrifugal field with liquid crysta
[J]. Journa of Engineering Thermophyscs, 2004, 25
(2) :229-231. (in Chinese)
) , . H.O0 R12
[J1]. ,2004,25 (2) :
302-304.
YANG Min, CHANG Haiping, MAO Junkui. Experi-
mental investigation of thermaly driving heat trander
characteristics of H20 and R12 in a centrifugal force field
[J]. Journa of Engineering Thermophyscs, 2004, 25
(2) : 302-304. (in Chinese)
[J]. ,2006,21 (6) :
972-977.
XIA Jie, CHAN G Haiping. BEfect of different porosty on
thermally driven heat Trander in a centrifugal force field
[J]. Journa of Aerospace Power , 2006 , 21(6) :972-977.
(in Chinese)
Huent Inc. Fuent user’ s guide[M]. [S. I.]: Huent
Inc. ,1998.
WangJ H, Wang H N. A discusson of transpiration cool-
ing problems through an anaytical solution of local ther-
mal nonequilibrium model [J]. ASME Journa of Heat
Trander, 2006, 128:1093-1098.



