Vol. 14 No.28 Oct. 2014
(© 2014 Sci. Tech. Engrg.

5 B 5 S NS T B

Science Technology and Engineering

W14 % 28 2014 4F 10
1671—1815(2014 ) 28-0044-06

AEAR

He LM BT AY 2 L4 ORIt i DA
RL I 5E

A EXM EZRH ERK FRIE FrA ALE
(PSEFTRHER S WS A8 K1 2 S 2 Gl VEURER A R T A S5 00 - A 36 [ T S R A, 3% 0140105
JEm Tk KB S RE U TR 2B, dbat 100124)

i ' ZIANPEA-—FRENERERMB AT R EFFAE ZE A, RBOEFH A E A G EH) 1% A RAR
BHARABAERNTRNE AXENET AN BEREM RAEETEZANRIAGER N L 62 HEL S RER
B RGERERS SN A RERRBARBKRAATELR S, REHF U O RERRK G E R RE R R KHATH L
HAHTTBE. BERWOHBEESERMILK -3, ATLRE0.25~0.5 i B R ZRD, TEH BRI T AW EAL N

HEREEL LN TR A
Xl ZINM HRERAH 2HER
Pk RS TKI2L SCHRbR RS A

ZALA B A ) HE A R
PR R L, T 3R B0 Ay 058 FH Y L 1 X 9
PR —EH R EEAL S DR, X
TR Z LA R s A S e ) 2 7 X
Z— el s G oL N AR A = RAEH L w2
FLA R AR B B Y R AR 22, A5 B 2k
N RN, FEPERERL R T R AR FLBR
BURL TR AN OB AR 5 , 33X 25 X It 4 B R B0 1 o
Mok TARKINME, H Al £ B 25 A R EiE K
LG 152 ) — e e 25 R

Hwang Il Chao' "' SZI BT 5% T 28 L 4 b 5 4R
BB LE I 2 FL A TE I 3 B 25 T R RS
JREFRCRN 78 43 2 e 0 5% 3 7R R 0 1) — M S B X
Polyaev' > JcH 5 1) 22 LA 5 % T ARG A4 1) DL
AP, g T NS Z LA N T
AR B, Kuwahara 265 4 S 45 1 —
XA R B B b X, A B T 2 R
WHLES TEZANRER TS, Saito 25 £ xf 24
JC RS PO AR 2 T i R T 09X I e B R 5, A
AR 8 5 42 2R (R BB SR AR A5 31, Pallare 257 18
5T & B, K Kuwahara 20503 DL 2 DL, R B 4T

2014 424 7 9 Hilg3| E X B AR E R4 (51166010) |
[ 5 E i BER A 9T R (973) 1140] (2012CB720402 ) % Bl

L (A PPSSE DI IR L 2 € - 1 1 N IR 7 6 i

AR 50 H7 . E-mail ; hourongbing@ foxmail. com,

5 SR, AR TS 2] T 55 — XA R RO
o BRI B O AR S 25 A A T
240 2 FL A1 5T N X i 4 B AR RO P A 2 g S RS
H2h T 5 B RS MRS B BR R R A2 I

AL X A8k R SRR X 2 3 e S 6 A R A
ITER B AR IR RO A —, R A %,
e PR SR T B R A A A TR R N B
WFSE , di U B8 O Ik AR MEAS 3, 3 AT S 7% U
FURIME ., P RE 5 2 A BB A9 LRI 5 05 vk
FANATLAE /N T 20 wm B RIURL I TS IR o 275
JE BN, B 25 i 1 T B MR S Bk R . 0 B
S AEHE S 22 £ O T e 30 A 205 1 B B 52 ik
A E e AR R W5 A B, 23 JE BLE FE AF 5 22
fLA BT AR L 1 B R A DE A o R K Fi it B
PE 2T AT B T - S RO T R 4 T R A
KB ST e, 515 1 — 4N 5E
T 1 2 AL BB WO Rl AN BT 4
TEBAE 2L B0 Ui BEE AR I 4 A S, FiE
S T2 U R0 i U 20 T X AL 45 R RO Iy A
FEE AR, ToiR 2 2 ik 2 i I, R A 78 23 4 i
R TR 380 1) TS X A5 A AR R U 5 R ) 2
SRNL GEME N T7 RE AR B3 D /), HLAR 22 8K, T 25
JEARTEI KR HI A F O A IE Ji W 5 o -5 4% 4 e
W7 W) A, T A 1E 5 i 1 3B 30 U AR A 4t
SRR M R A B 55 R MEROE S IR, AR 3
FeT LMY, T 5 0 2 B, R HE S 22 AL A JBOx
[EESAER VO S:w



28 1] B3, 26 - T LG R ) 22 FLAY BOHAL IR R i 75 45

1 RN FREIS R IR A

RIS AT B8 T HE A 2 LA
FLBRBCR LR EL A2 1056 2 L 557 T 2 AL R AME
BRIE ., IS N Z LA LM 5L
SN MM B , B

A\

M>A>=L7) (1)
(1), A HFLBRERE (m) 5 A S FLBREK AR
(m); N RERKT A FLBREECE D, WAMB4ERL .

HEt (1) T DS B

Dy

M<>Am)=(i@) (2)

K2, A AfLBECNERR(m) 5 NI EARRT
Ao FLBR AR, BIFLBR S

(L) X A e al EAAFE A FT A + da A AL
Bk H R

—dN(A) = DA A" (3)
K (3)BRUX(2) 15
_dN(A)

N = DA = f(0da (4

2 (4) Hr, fO0) LB A B 3 5 T pR %8, B
i A — AL 25 F

[l = a1 (=)
(5)
gﬁﬁ@ﬁhpﬁﬁ(?ﬂ‘=o;ﬁ$iﬁ

max

T H A BEALZ FLA 359 30T R A X — Ak, IR
BRKSE/NLBR AR A — BT 2 ~3 MR,
D, MEHEEAE2 ~ 3,

AN, 2 BRI TS R Z AL
SRS SR AT
L1 FLEMERSHAHEH D, 9iHE

D, =D+ Ine (6)

In[24 /172(1 - &) ]

K(6)H, e LB D MRS, =it %5 T
3, YRR 2,
1.2 FHFAE(HEHAE)ER A

Amax
Moo= [ MDA =
Amin

Di-1

R

1.3 FHIFHE 7,

I Vo1
1 \/( \/1—8) +4‘
1+?«/1—3+«/1—8 Y

_ 1
Tow = 2

(8)
1.4 FTHESFEH D, ITE
D, =14 M (9)
L,
In —
Aav
. B B 2w 1
it:(9>q:‘9L0_2R+AL_R ﬁl—s”ﬂéqﬁ]{jﬁ

TURLF- 34242, AL SRR AT AURE I 4% B3 1) e JEL I
L5 HBXILESEELEELRE r.

_R [2
Tmax = 2 1 -z (10)
1.6 HB/NFLRERSEEEEFE run
Tuin _ /2(1 = &) (11)
rma‘( d+

A, d Rk 7R AR S e/ MRLAR Z
b, — B 24 5 18,
1.7 FHKEL,

L= LAt (12)

2 ZANBEMRBEARESTENT

ERES
2.1 ZIANREMREEST

ZAERNATE TARZ Z AL BLBR AR
T ML) RO B AN AR 0 5 PR AR L AP 2
IKIJ AR LGSR AT AU 2 B A A AR v i
] PR —Fift AR 2 BT A 3 ik sl L 22
HARREZ AL A TN B S AL E 7 2% S8 L ik A 7
I FLBR ARG U2 BP9, PR 200 T FLBAY
FEARIEA R o BIr LAR AL T I, 348 25 FE 5]
FLIBE TR , o a0 7 FL AR TR o R TP 329 7K g 2
PR i FE LIRS TR - 327K T AR R 245
K, i LAAFREIREAR T B I A5 2R (HAN S AT AT 22
B0 8, TS 7. e T 50 1) 22 LAY B 94 9 8 L ) 6
RN HE AL SRS BR At R R, DAL R
AP AR ST , 1T A TS AR R A, D T R A 14t
BRUR PR, MBI B 5 465 SR 1, S 3 vl
RESE A il 22 FL A oA B LA, Lo 1 X kAT
B, AR SCAEAHE S 0 T QI S 2R A U5 S8
ARZE A B FLIGRASE TS, /D3 S0 HR 3 S8 i+ 33 e RO AR
E/ERERIIR Y (DAERT TS
2.2 EEUREV $EHT

BRI Z AL A AL Bt s ] A J0RE BE AL 23 A, (EL 4%
le] [P HLEA IR . 4 T 7R, —4> REV 4§
ARG AR (T,) W8], JARIRE (T,)
FIPPER ST [E A B AL A B AN AR S, LA
TR LI A 3, SRR ST T T A2, i



46 By A 5 TR 14 %

HTAEIE . ARIEATT A S, A ZS Y, H REV FRE
FAIE ) H A ) 2 EAR AL AL B

K1 Z4L0 i REV FHE T
Fig. 1 Representative elementary volume

of porous media

2.3 SRENTENERES

2.3.1 HHETHRAE
TS MR BR (1) -2 1T 1% AR BT LU AT
KTk A
Nu =2 + (0.4Re" +0.06Re™”) Pr*;
h:Nu-k;ReZM (13)
A Y

KA3) H, Nu R BFEIRKL Re Sy d v 8L Pr o )
Rl h R IR A BRI AR 5 b O
R IARELG v R TT 5 w Rk

[EN-E TSN
qh = h"‘TL[/\(TS - Tg) =
Nuk

TWLI)\(TS -T,) =
[2 + (0.4Re* +0.06Re> ) Pr**] -

kL (T, - T,) = {2 + [0.4(%)7 +

0.06(%)3]Pr°'4€kth(Ts—Tg) (14)

2.3.2 REV A%#H#KZ

nax
0= al-dN()] =

[ +[os (uAA)é £0.06 (l?)ﬁ]pro-z*}x
kL (T, = T,) DA A~V dA =
knl (T, = T,) DA} {2 jwm .
[O.4(;‘/)éft:)\;)\w"”)d/\ +

A

0. 06( )§j)“““/\g,\‘“’f“)d)\]Pr“} (15)
Amin

< |=

AAS)H, = dN(A) FEARTEA ~ A + dA A
BB, s (3) 1525 L Syl MR, sk
(12)35
2.3.3 HHEAR

fEBEJR B RE a4 R i e Lk 5 [ 1, i o o
BRI Z LA B B Q, JF HoR iRAAAE
Z AL IR I S A VR AR 2 i il ) B4R fLIE
TSl , AN FLIE AR/ A A2 50 TE o3, U
A LIRS A 2 fR

—>| Ly |e—

B2 fLuhsm
Fig. 2 Pore-throat model
lg 2 ':F', Dp =A jﬂfifﬁﬂzﬂgﬁff}t, LBF ﬁ‘juﬁﬂgﬁ
18, D, + Ly LAY EAS, JANTE 2 Bz FLg A T AR

s

A = 16
A1 -¢) (16)
N REV 5 i FLU
Amax /\2
A, = T —dN =
s (e0)
D. 2-Dp _ ZTD‘»
™ I)‘max</\max Amm ) (17)
4(1-¢)(2-D))

A LA B FL I ) EAR 2350

Ly +A = JA = A /4(1“j¢) (18)
Ty e

(19)
LY T AR
™ 2 _ A’
A o= Z(LBF +A)" = 16(1 —¢>) (20>
M 1 T A

Ay = Tt = TN (M'l)z (21)

DU AR A 2 - K T ARy

A=t ;Az :1?2[4(:(;)) * (4/4(1W_¢,> ‘1)2]

(22)




28 1] KRR, 45 - BT FLIGRASE TR ) 22 F LAY BN AR R B 0 T BT A 47

fisAra s B AN

301 5 ?
o= (3o mm oy

R (23) i, B WAL 4 p = Lt D

LBF
2./ (1 -¢)/m), AILIGE
u = fAP? 1 (24)

= 1/(1 -

e )|
(25)

[4(111(#)

REVV\J"ﬁ?}ﬁE%
0 = [ ql-avn)] =

f:/31 )X
(25

[4(112 b)

2

o) —$) 1) ]

gDr,\ﬁng i) =

J 2AP Ll
301 58
ol s _23‘5)

DA (A2 - )20
2 - D,
FIEZAAN R FMAEE u i Q. /A, , B

S0 AP =
T, (Lo 3ys
p2 B4 2ﬁ75

(26)

DAL (X = A awDA,, (DA
2 - D, 4(1-¢) (2-Dy)
2AP (1-¢)
BN T2
Pla " g " 2ps
I i
7 o *aa —$) 2] (27)

Fea(24) H53(27) MR AT 5
2

(it 1]

(28)

L2
u

Kalbesery

RAF(15) 1%
Q, = kmL (T, - T,) DAL, {2

Hv{m"ﬁ@ i -

Amax 1 —(Dg+1)
0.4J ATAT PN 4
Amin
2

Hy{mqjd)) +(J4:T¢>1)2] a ‘@“X

0 06fmx 2. _(ppD) 0.4
. ATA dr Pty (29)
A min

2.3.4 REAARBAKFRIA,
FHIE B0 SR IR T 3
Ql\ = hsAp(Ts - Tg) =
2-Dy _ y2-D¢
TrDI')\ma_x )\max )‘min lng(T
41-¢) 2-D, ='°°
1 (29) A1 (30) AR SF AT AAS 213 i X
TR L A,
Z(AI*DT*D" _ )\l -Dy Df)
e e (-, <y

0 4/ 2-Dp-Dy 2-Dp-Dg
()\max - )\min ) X

2u
{0{7{4011@ *(«/4<1ﬂ_¢> -

3
/\ 5> -Dr-D¢
max

vvvvv

/\ el an +

)] —¢>J2 "

- T) (30)

max

1)2}0 —¢>]2 g

5
A?valva[

3 5
+-Dp=D +-Dp-D

— 2 T=Hr _ 3 r—Hr
A2 Al

min +O. 06 max min X
3 5
S =D =D 3D D

u 3
2 X
[7{4071@ (Jaitg - 0 “”J ]}
k(2 -D, -D,) (31)
AL, Nu JEA N
Nu = 2¢, + (0.4¢, Re'"” +0.06¢, Re’*) Pr"*
(32)
B 28 A
~ A )
A" (1 =Dy = D)
(33)

A(32)H, (SN INE HES

A2 =D, - D) (A
()\ZTDT—D, _

¢, =

L2AT(2 =Dy - D))

¢, = X

/ ™ _ 2-Dp=Dy _ y 2-Dy=D;
2(1 _¢) (;b(/\max Amm )

3 3
2 -D¢ 2 -Dp
( A fmx - A l%]in )

3

(34)



48 B f A 5 TR 144
2 -1 1 000 T r
= 27472 =Dy = D)) — BT
= z X —fEH
I N jE=
2(1-4) 3T
/\%_DT‘DI _ A%_DT‘Dt' o0
PEC=Tae =T (35) = ol
R (35) A HIR(T) B 200}
2.4 JPMRA RS FENIRIEFEIE
K (32) 22 AL PO A A R B R % 1 2 ‘3' 4 5
PSR, Nz DI ) X Ao e S it BOrn fel<10°
A AR AT S B = T N FE st
I'El ?ﬂ#ﬁﬁﬁ%s’lﬂ‘ﬁ?ﬁ%jlﬁ? ﬂ://z}l.‘ﬂ F?T@ﬁﬁ&% B4 &IN5 L5k
?&%ﬂ?@iﬁf??ﬁﬁ’%&fﬁiﬂim LT AR R 1Y (%t 2
Xﬁﬁﬁﬁ;&%ﬁﬁ%ﬁ?ﬂ:ﬁ? Hﬁﬁﬁn@ 3 R Fig. 4 Comparison between correct fractal
1000 T T T T formula and traditional solution
N
——3CHR[10]
800 -~ —— LG -
A
ol 3 ik
2 wol (1) FTZALA0 BB i o3 T B RO i 4 A2
B, FEALMEBIRIERE e HE S T 2400 N o
200} TEXT AR BHEN] 5 18, it B B R 1S 8 T
1 SR GERT AR R ) 5 R A — BT R 2
% i 2 3 J 5 Nu = 1.5[2¢, + (0.4c, Re"”? +0.06¢, Re**) Pr**],

Re/>10°

B3 XA R B T 5 AL GEfi i 3 HE
Fig. 3 Comparison between fractal solution and

traditional solution of convection heat transfer coefficient

MK 3 & e G BT g, HbEE
TR RGN, 35 i 2 R K A X R 25 I A R
0. 36, BLHIAR 70 70 & SRR AL T 7800 K . itk
T HEPIRFE & R TS SR A 4 A R O iR,
HEAT A BB IE B it o AR £ 1.5 AT AR
F=0(36) .

Nu = 1.5[2¢, + (0.4¢, Re'” +0.06¢, Re””) Pr**]
(36)

WK 4 2581 F B ERENE R S5E5AETEN
95 WA B, HAHRHRE 22y 0. 012,

2.5 BESEMBHNERGCEMR

1 il BRI LB R B I 1 52
M, RAAT AR HALBARAE 0. 25 ~0. 5 HAaR 2258
/N, B8

®1 THER.ZREZW
Table 1 Influence of average diameter andporosity
FHE E/m 0.0 0.02 0.025 0.03 0.04 0.05
Z3PRHR 0.2 0.25 0.3 0.5 0.6 0. 65
FENIEDS)
W%/ %

1729  6.72 2.30 10.74 16.55 50.1

(2) 4 5 (9 0 07 R AE % U8 T A 3800 A8 IE

Ja AR T S GEMEN Oy RO — B A R . T

R 3 n] U , 22 FL A Jo P 30 30 25 107 B 43 1 4

FIAR AP A BRAR BRAEAA) SE3, It LA SM B i 50

FE R R E R T 2 LA B AR T, X ] A
30 2L BB AR R A RIS

Z £ X #t

1 Hwang G J, Chao C H. Heat transfer measurement and analysis for
sintered porous channels. ASME J. Heat Transfer, 1994; 114.
456—464

2 Polyaev V M, Mozhaev A P, Galitseysky B M, et al. A study of in-
ternal heat transfer in structures. Experimental Thermal Nonuniform
Porous and Fluid Science, 1996; 12(4) . 426—432

3 Kuwahara F, Sirota M S. A numerical study of interfacial convective
heat transfer coefficient in two-energy equation model for convection in
porous media. International Journal of Heat and Mass Transfer,
2001; 44 1153—1159

4 Saito M B, DelLemos M J S. Convective heat transfer coefficient for
turbulent flow in a porous medium formed by an array of square rods.
Latin American Journal of Solids and Structures, 2005; 2; 291—304

5 Pallares J, Grau F X. A modification of a Nusselt number correlation
for forced convection in porous media. International Communications
in Heat and Mass Transfer, 2010; 37 1187—1190

6 WS, LEE . WATEMZ AN B IR ALY . T
PRI, 2008529 (8) : 1377—1379

Xu R N, Jiang P X. Experimental investigation of convection heat



28 1] B3, 26 - T LG R ) 22 FLAY BOHAL IR R i 75 49

transfer in microporous media. Journal of Engineering Thermophysics,
2008; 29(8) : 1377—1379

7 BRACE, MEE . TR EIE R 2 AL BUR R WY . T
FHIII2EHR, 1999; 20(5) ; 608—612
Chen Y P, Shi M H. Study of thermal conductivity in porous media

i

>

fractal theory based. Journal of Engineering Thermophysics, 1999;
20(5) : 608—612

8 Yongping C, Mingheng S. Determination of effective thermal conduc-
tivity for real porous media using fractal theory. J Thermal Science,
1999; 8(2): 102—107

9 Yu B M, Tames L., Cao H Q. A fractal in-plane permeability model
for fabrics. Polymers Composites, 2002;(110) . 378—384

10 sl . BT o0 BSOS A A F AT . bt b
R, 2011
Zheng K C. Convection heat transfer research on high temperature
granular with fractal theory. Beijing: Beijing University of Science
and Technology, 2011

11 REHE. ZA0 BN KD RPRHRE,
2006 24
Wu J S. Analysis of flow resistance in porous media. Wuhan: Hua
Zhong University of Science and Technology, 2006 ;24

12 Yu B M, Cheng P. A fractal model for permeability of bi-dispersed
porous media. Int J Heat and Mass Transfer, 2002; 45 (14 ).
2983—2993

Study of Fractal Convection Heat Transfer Coefficient in Porous
Media Based on Pore and Throat Model

ZHENG Kun-can', HOU Rong-bin ', WANG Jing-fu’, REN Yan-qiu',
LI Bao-wei', JIANG Ya-ling', WU Wen-fei'

(Inner Mongolia Key Laboratory for Utilization of Bayan Obo Multi-Metallic Resources; Elected

State Key Laboratory , Inner Mongolia University of Science and Technology' , Baotou 014010, P. R. China;

College of Environment and Energy Engineering, BJUT? | Beijing 100124 ,P. R. China)

[ Abstract |

Porous media has a wide range of applications in the industrial and agricultural production as one

kind of good heat storage and exchange material. It has important research value to get an accurate and wide appli-

cation convection heat transfer coefficient of porous media. The paper introduced the fractal theory foundation of

porous media at first. Then it theoretically derived the formula of convection heat transfer coefficient based on pore

and throat model, percolation theory, fractal theory and convection theory. Finally, it compared the fractal convec-

tion heat transfer coefficient with traditional solution and corrected the fractal convection heat transfer coefficient. It

gets a corrected formula in accordance with the tradition formula well when the porosity range from 0. 25 to 0. 5 and

the form of the formula confirms that external flow accords with the nature of porous media better.
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