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Fractal pore network smulation on the drying of porous media:
. Experimental study and numerical smulation

Yuan Yuejin, Yang Binbin, Jiao Yang, Liu Xiangdong
(College of Engineering, China Agricutural University , Beijing 100083, China)

Abstract A drying experimental study o potato slices, as an example of a real porous body, was conducted and its
numerical simulation was carried out under the same environmental condition. The drying dynamic character of potato
slices was obtained by the simulations of both a fractal pore network model and a regular one. The experimental and
simulation results indicate that the drying kinetics, as well as the distributions of moisture and temperature inside the
porous body, from the fractal pore network model are more consistent with that obtained from the drying experiments
than that from the regular one. The wet patch appeared during the simulation process and this similar contour was aso
observed on the potato slices in the experiments. The throat size distribution in pore network of the porous media af-
fects the drying process dramatically during the simulations. The higher the uneven degree o the throat size distribution
was, the longer the drying time. There was no certain correlation between the pore fractal dimension and the drying
time.

Key words porous media; drying; simulation; pore network; fractal

[1] [2-8] ’

: 2006-12-22
(50676104)
, ,Email :yyjuanl @163. com; , , , ,
,Email :xdliu @cau. edu. cn



56 2007 12
L )
10
, ( ) 0.14 -
012}
50' x 50 x 10 " s 010 -+ AT
mm x50 mm > 20 mm , % o008 -~ HAH
( ) , & 0.06
*
, 4 [1] & 0.04
= 002
, 20 0
0035750 25 30 35 40 45 50 55 60 65
62 5%, 0.62 m/s; SHEFLER 1g(a/10-° m)
18.5 30.189 g )
: Fg.2 Curveof potato pore gze distribution
, 1 , 5x5
( 1, Raynger- ST6L o = E[0]d°+ E[1]d®+ + E[9]d+ E[10] (1)
o .d 100 m; E
0.0,0,0.6 , E=1[- 0.000 164, 0.005 551,
BREE
—'IL_{"{_]L i - 0.079652, 0.626 880, - 2.890000, 7.459 100,
I:[]:I - 7.370 300, - 12.582 000, 46.926 000,
O REERETENE S LEWH - 53.954 000, 22.534 00]
J ’\\
THmEs ( 2 ,
1 Dag = 2.602 x 10°°
Fig.1 Sketchof temperature and moisture m’/'s, ks =0.472 W/ (m- K) ,
distributions measuring potatoes -
C=1534.9J/ (kg- K) , c=3.02,
( Raytek ) 25
_ 1 2863 N=[4,7,7,7]
Ex5=25 , 2
2.1
1.2 2.1.1
) ( 3) )
( 1
[911]
. . ’ 1.0
Micromeritics AutoPore 9510
. 0.8
L L —_ % ﬁ
(12] 508 gﬂ'lgﬂ
X o RIER
1 ¥ 04
Tablel Main gructurd parametersof the potato dice 0.2 ““~~._~_
S E——NTEmmotaza: ale. I}
Py pJ 0 1000 2000 3000 4000 5000 6000
3 (kg/ m®) (kg/ m°) Em 2 D B {&] #min
0.5286  0.7528 1.5967 1.1451x10°°% 1.7235 3

Fg.3 Drying curves comparion of experiment
and smulation



57

4
, 2.1.2 4
2000 min , ,
, 190 min , ) 0.8
' 5 000 min ) 0.4 ,
, 60 : (62 )
70~
(2000 min ) , i I S
, & SO
- 0 -
. 5000 min 0 - — S
30r- --- A
, 20k ° ARZR
’ 1% 02 04 06 08 10
Kokt @
4
, , Fig.4 Temperature curve compari®n of smulation
and experi ment
) 5 % il il 1)
6.45 %10 ° : ; ,
L 2) 1
L b 0 L
) ) 2.1.3
0 5 6, ( [1]
i) L) 2) 1
- ) 5x5 , 7 8
- 1.0
- I
0.8
— 0.7
o :"«() 6
0.4
; 0.3
0.2
© | g 0.1
s 0
SWHK Sy @ 1.000 0 0.767 6 0.693 6 0.606 7
6 8
5 (a) (b) (c)
Fig.5 Moisturefidd comparison of smulation and experi ment
( 5): , )
, ( 6

2 © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



58 2007 12

0.91 0.59 0.38 0.19 ,

48.95

(

{

(

{
44.60 C
-Hl 25 C

{

(

{

(

{

()’ 00
“‘7 65
53.30

35.90

"ww 31.55

27.20
22.85
18.50

m_is
=

VKT @ 1.00 091 0.80 0.59

6 (a) (b) (0)
Fig.6 Temperature fiedd comparison of smulation and experi ment

|
%A

= WM20x10'Pa

I ! b ] ; s ¢ Iﬂxltll};a
b) 3 . : s Fa 1.0 x 10' Pa
' oy 1 apad| K % s S !(l\xlll’Pa
0

6200 °C
5113°C
.40"\ C
29.38 C

.l%\()(

(<)

FEK 51 @ 1.00 0.90 0.80 0.60 0.40 0.20 0

7 (@ (b) (o)
Fg.7 Moigure, vapor-pressure, and terrperatureflddsdfra:td network mode

| R
O==

W20x10'Pa
1.5x10"Pa
1.0 x10* Pa
0.5x10"Pa
0

.(,2 00 C
l'& C

4025 C
.") 38C

Wi8s50C

Rk 4 @ 1.00 0.90 0.80 0.60 0.40 0.20

8 (a (b) ()
Fg.8 Moigure, vgoor-pressute, and temperature fidds of reguar network modd

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



59

4
: ( 769 8(a)) ,
2.2 2.2.2
1.7084 1.716 7 1.780 3,
[6.6] [7.7] [8.8] 11
2 1.0
) 08}
—--=N=[6,6]
1.2 S o6 —N={77]
---N=[8,8
2.2.1 £ o4 (881
9, (d=0.7 mm) ..
( 10) , 0.2 “\ ~~~~~~~~~
NNNNNNNN 1.-?:?:?:.-‘._,“& n
0 1000 2 000 3000
0.14 - 5} 1H] t/min
olzp HSIREHL 1
" 0.10- n - ggg%ﬁﬁm Fig.11 Drying curvesof the modd with a different
K3 008 ,/_,\:‘ — TR pore fractal dimenson
£ o006
0.04 '
0.02
Cact X 11 ,
0 5 10 15 20
4% d x 10/mm ,
[6.6] [7.7]
9
Fig.9 Different throat sze distribution curves '
1.0
2.3
0.8 == F—ME 2 d=0.7 mm
----- ¥5RE )
® 06 - — B [13]
» --- NBUEBSE d
§ 04 — EERYR S ' 3
) N = [7 17 17] ’
‘ . 1.2
0 200 400 600 800 1000
B} 18] #/min 12(a) ’
10 '
Fig.10 Drying curvesof the modd with a different 12(b) ' ’
throat sze distribution ,
1 i) L 0' 5 L L)
17 ) ) )
15 0.9 57

0.5



60

2007 12

-
-~
~-
-~

ol
2000 2500

1
1500

1 000
A6 #/min

12
Fig.12

2) :

[1] : : :

. [3].
, 2007 ,12(3) :6569

Prat M. Percolation modd of drying under isothermal

oonditions in porous media[J]. Int J Mult How ,1993,

19: 691-704

Laurindo J B, Prat M. Numerica and experimenta net-

work study of evgporation in cgpillary porous media, dry-

ing rates[J]. Chem Eng Sai , 1998, 53(12) : 2257-2269

(2]

(3]

J
3 000

RE/T

[4]

(5]

(6]

(7]

(8]

(9]

80

60

40

20

[10]

[11]

[12]

[13]

(a@ (b)

Drying and temperature curves comparion of seady and unsteady state heat trander

Laurindo J B, Prat M. Numerica and experimenta net-
work study of evaporation in capillary porous media,
phase digributions[J]. Chem Eng Sdi, 1996, 51(23) :
5171-5185

Prat M. Iotherma drying of non-hygroscopic capillary-
porous materials as an invason percolation process[J].
Int J Mult Fow , 1995, 21: 875892

YiotisA G, StubosA K, Yortos Y C, et d. A pore net-
work mode for drying processes in porous media[ C] In
Proceedings of 2001 ASME, Internationa Mechanica
Engineering Congress and Expostion. New York: 2001 :
53-60

Prat M. Recent advances in pore scae moddsfor drying
of porous media[ C] In IDS2000, Proceedings of the
12th Internationd Drying Symposum. Netherlands:
2000 :366

Segural A, Toledo P G. Porellevd modding of ither-
ma drying of pore networks accounting for evgporation,
visoous flow and shrinking[J]. Int J Drying Technology ,
2005, 23: 2007-2019
Jacob B. Dynamicsof Huidsin Porous Media[M]. New
York: American Hsevier Publishing Company, INC.
1972

Schrodinger A E. [M].

, : , 1982

Pauli GJ, Sheying C, Migge A, et d. Determination
of the pore widthsof highly porous materidswith NMR

microsopy[J]. FreseniusJ Ana Chem ,1997, 357:
508-513
[D]. ,2006

Pourde F, Prat M. PRore network smulationsof drying
of capillary porous media, Influence of thermal gradients
[J]. Internationd Journa of Heat and Mass Trander,
2003, 46: 1293-1307



