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Fig. 1. The refraction effect of porous media with different fluid: (a) Air; (b) water; (c) benzene methanol and ethanol.
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Fig. 2. The experimental system and its practical photo: (a) The experiment system; (b) the photo of the

experiment system.
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Fig. 4. Different Reynolds numbers of the flow field.

Kl 4

106701-4

¥ 12 ZF R Acta Phys. Sin.

[=) [ (=) o
) ) ) )
— — ~— —
=} o o =)
- < < 3
— — — 1~
o ”0 4O Jo
] Ja xQ 1a
1= A= — s
b~ ~ © : 9
g - 1o § @ g ® g <
= = © = o o =N
S E ® SE = S EF S E o
”1/ || — =~ I — I — M I
= M : = Y s Y L
1o = ~ o K = =
%3] 0 3] 53
1o 1o 1g 3
s) ) o )
Jo o o L =) AN
< ¥ - 7 < S L F Nz
TR e IR I R T i L T N D 1 SR O ST wrarar i I i TR B IR S Y rar o e T 1 T S T 1
o o =3 o o (= =) S o o 9o o
» <) o O o a S ®»® © F
i —
wur /g wru /g wu /g wu /g wur /g
=3 o = o
© © © ©
— — — —
=} =} =} =)
< < < <
Rl A 1 —
1o o o
4= ) N
N Bl
£ g % : g M g %
© H
. g . —
H4O el N o N
SE T S E ~ S EQ E 5
A=l =< =) Z
1 =< 2 Y My sl
k x © x v
o o o o]
q® o0 )
o 1o o
S 3
N = NP et ]
= =) ) 5 s T
= ~ < Lo ! 2 = SN Sant” Sanay Rt
Nl B wr e o I AN R e TR e R NS
o o o o o o o o o o9 o 9o o o o o
® © JF a a & ©®© © F & a & ®© © F A&

— — — —

/g wu /g wu /g

40


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 65, No. 10 (2016) 106701

NN R &Y. JE AL EE N 3 2R Tecplot it 3%
ST B, SR AE 4.7—1000 1 E V8 H Y
HH K B /N 8 25 A X 0] B W HUE, B — X E
PRI — VR, BEVHAEE 20 W1, T A 20 M e B
HIERERRE. (FIRIER S, R IEBGH 5 5
sa G AR,

o LU A ) 35 5 B0 IR 3 s (i 4) 5
TEAR T W BT, R 07 [ ZE LR O R Wy = 3R 7
I, 17 7E FL B A2 25 b U 22 LAY 30 52 TR 2
A A i T B (Re > 220) I, & 75 v B 8,
IR AT TA) AR 1 R A A T A

AR R, AR R i 3 2 AE
R, WARTERME IR R b F ZORAS; k&
B , E  B EE  F 7, SALE

PEITIME T RS S 0 R 48, iR 30 K B 7 1A
BETARAFTOE, YRS BT 2 U I 3
W, MAKREZL.

X ER PR 2 FLA 5 P4 350 SR AR i B i 2R (1 5)
AT F RS H: 24 Re < 130 B, BRIKZ LA
J A AL 2 U B 2 22 8] BRI, IR 2R T 1A
B FL B IR a2 BE TR R A AR Ak 4B 1R Bk T
130 < Re < 2200, ZfL47 it W IR 446 HAH T
P, WLRTE R S T IR 2 A, FR 15T R R /I
g, 4 Re > 220 I, L4k %5 45 i 50 /INid i Ak it
— 30 R R B IR, HLUEIRA Bl S AR
FIT A, ARG IRV BN A ik N i B b i 2
ER eS8

Re =444

5 A Re T E

Fig. 5. Different Reynolds numbers of streamlines.
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Abstract

Porous media are widely used in the production and living, and also in science and technology. With the develop-
ment of energy, chemical industry, metallurgy, atomic energy and also with the progress of the modern industrial and
agricultural production technology, a large number of heat and mass transfer problems in porous media gradually appear.
Further promoting the development of the discipline about the formation and development of porous media becomes
one of hot research points in the modern science and technology. It is expected that the accurate experimental picture
and data can be obtained through the experiment, and the fluid flow picture and experimental data are analyzed in
depth by using the corresponding software, so that the reliable data are obtained and the theory is supported intuitively,
making the research of porous media more perfect. The experiment combined with particle image velocimetry technology
and refractive index matching technique is conducted to test the transformation process of liquid flow in a random ball
porous medium filled bed, and to extract the data. The extracted data are processed by using Tecplot software, and
the transformation process of liquid flow mechanism is obtained. Experimental solid phase is a 25 mm-diameter crystal
glass ball stacked bed, and liquid phase is the matching liquid prepared with the mixture of the 65% benzyl alcohol and
35% anhydrous ethanol. The refractive indexes of liquid phase and solid phase are both 1.477, which can successfully
eliminate the laser light bending caused by the nismaching of refractive indexes. The flow field diagram in the pebble
bed with Reynolds number Re in a range 4.7 < Re < 1000 is obtained experimentally. The comparisons of variations
of flow field and flow lines among the different Reynolds numbers reveal that with the increase of Reynolds number,
flow lines become more and more disorder: When the Reynolds number Re exceeds 220, stable swirl flow inside the bed
changes suddenly, and manifests a random feature in location and configuration, which forebodes its entrance into stable

turbulence phase.

Keywords: particle image velocimetry, the refractive index matching, flow field measurement, porous

media
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