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Abstract ; In order to reveal the effect mechanism of rough microstructures of the inner surface of coal pores on gas
transport and accurately study the law of gas transport in rough pores,the precise mathematical expressions of effective

average height and effective radius of rough elements in micro-nano pore were derived based on fractal theory of self-
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similarity. Optical Tensiometer was used to quantitatively analyze the 3D morphology and structure of inner surface
wall. The key parameters obtained from analysis were substituted into the expression of relative roughness, and the cor-
responding value is 0. 352. Combining with the slip flow effect of fluid velocity and molecular diffusion transport mech-
anism , the modified gas slip flow transport flux equation and molecular diffusion transport flux equation of discontinu-
ous flows in rough micro-nano-pore were deduced ,and then the apparent permeability model in micro-nano-pore is de-
veloped in rough micro-channel by the principle of equivalent conversion. Considering that it is difficult to accurately
measure and characterize the nano-pore of coal ,and avoid the influence of pore connectivity on gas transport, the nano-
porous anodic alumina film with regular circular holes were selected as the carrier of gas flow channel. Based on the
experimental principle of gas pressure differential penetration, the permeability experiment of nano-film were carried
out by using PMI micro-permeability equipment, and the permeability data measured from the experimental results
were compared with the calculated values of the theoretical model in this paper. Results show that the gas transport e-
quation based on fractal characterization of rough pore is reasonable and reliable. The effect of pore roughness should
and must be considered in gas transport. The formula of relative roughness of pore expressed by fractal theory is more
accurate than the empirical formula proposed by predecessors. In the field of fractal topology,the fractal characteriza-
tion of relative roughness will provide an important theoretical support for the simulation of gas flow in self-affine rough
micro-channels.

Key words :fractal characterization ;micro-nano pore ;methane gas ;relative roughness ;apparent permeability model
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Fig. 1  Electronic scanning equipment of JSM—6390LV
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Fig. 2 Structure of microscopic rough channel in coal
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Fig. 3 Simplified model of microscopic channel structure of coal
2 FAKERUBIER SR

2.1 FLEESHHS R
YU BIRFIE R, Z LA LR L AR A 5
FUBREEF I 1L A TEARAE , FLBR A 0 A pRB R A
N(=d,)) = (d,/d,)" (1)
K d, AZAATGPOKRILI R, m;N R EHE =,
FIFLBRECE s d, M Z LA BALBR B AR 5 KAE, m; D,
SRFLBR AR A3 T AR, 78 4R = 22 [R) P A U
I3 HH 0<D,<2,0<D, <3,
R (1) P AL g RIS B — A ELL
(AT PR, W AR R d, ~ (d,+dd,) LB R
H

- dN =Ddld; """V dd, (2)
A, —dN>0 2 WL BB Bt FL B~ A i) i b
IHIRFR
X EA B AR AR A FLBR S, AR R
AN (3) AL A

|
D, :X_M (3)

In o

Koy WKL ELER, 78 4 i y =2, 78 — 4

T x =350 A ZANFIFLBUEL , % ;0 N LB
NERSERRERZIL,
2.2 FLERAERFAKET ST

X T RELRE TR ThT LA /N 3 4 3k 1 5]
KT (3)  HHBETCA B4R D B IUE N 0<D
<2, D=0 fRFEBEBLLXCH, D=2 FCFMIBETCAT I
RS Y O TORUBE TC I 538 40T, A OGS R

AN
=

D=X—7ln¢) (4)
In &

K, e LR A TOT I i B2 1Y e/ ME 5 ek
Bz, e=d,/d,..;¢ NTE—AFTREG T A
BRI S AR AR RS o S AR E

[, BN d, ~ d+dd, BORDEE TR

- dN'" = Ddy, d; """ dd, (5)

Hp d, MBSO B, m;d,, MRS GRS E
R, m; N R E R =d, BRLEE TR ; -dN’ >0
RUPHRE TR S LB AR N T I 5 & 5 D
SRRE T 43 TR 48K

— ARG A BT P I A 2P R AR AR BT LA
38 5 M S/ VLR TT B S SR RS TT Y ARG SR NS 3]

—_ inax l (i\ ’ r 1 Dd?nax _ a3-D
= Lm3“k2) W=y opd e
(6)
— I AE G BRI P T A 2 R 1 N TR R
A
—_ o (i\ ? T Ddimx _ 2D
S, = dminw\2) dN _42—D(1 e ") (7)

X ZEFIL AR S T 4, BT x =2,
B (5) AKX (7)1, w53
_lDdfnax o
=T (1) ()
P, A1 20(8) AT A — > FL B 54 B o0 B s
T ARy

S _om Dl
l_€0/_4€D/2—D(1 ) (9)

JIr LA, £ FLBR AR BRACRURE T A RO 24 i R
}?= L = gD,dmax 2 - D(l — 83—D\
St 3 3 - Dk 1 - QD, )

3 HEBILRASEERTTIE

3.1 EBEBRIFE
LB 8 i B SRS B AN [ T AR i K
SRR R A, LY BOEE LB LR S

(10)



H11 4

www.chinacaj.net

TR T AL AORUBE A K ALBR FU AR L i 7 3435

LTSRS A B R AL T [R) — B gt BU A )
T 55 A LIURE [H1 =2 ] 178 flf 93 A A Jl B, A TR0 A,
T L o ] 2 B FL R A AR e )
DI, 2B AT T LA Maxwell 431 Rl 18 #5580 26
3 735 R SR 53 TE o T8 LB v i) LS AR A O
HIEA ARy 73 1Y W48 2 2l o P R O 4H 5 1T
T BB o3 K A 18 RS I 43R o, DR 4
Gy RABER R
MBRE w, 2SR XS T BE T 9 3 B2, DU AE i 8
) A7 A 1 1) S A I o/ iz, 325 1) ) 5 3 A
dw
w, =w, +z T (11)
T30 KRG Maxwell B 458 A1 ] 151 BE K 1 4+

B w, N
w, Z%th + (1 = t)w, (12)
Bear s (1) M(12) nffs
2-1.d
wy ==z (13)

T UL, fE AL B R BR T 2015 BE T 119

i ASN, 7055 70 1 Z Al ik e 36 A TR 4 il

fi . AT BRIy, LI TR P9 75 iR B YRS

For 550 Z R RS 731 -5 B R
ZA AT A

1

1 1
=—+ = 14
Ttntal Tl TZ ( )

A, Ty B T) N 23515 41l e T FE Y I ]
T, D9 5L IS 8] A - 5 B T Al 45 99 AR A INFIRD S T
Ry A R — L R]
B 731 5 A Bl A W0 4 ARz Bl 8 RE 3 0 o, TN
I A YR T e om oy
1 v 1 v 1 v

71—7’72:5’7101& :)\Imal (15)
A A RS A R MR
B (15 RA(14) Al 15
1 _ 1 1
N A2 (16)

total

H UL, AT LAAS 3 -5 BE T A9 w4 v g o e
W L 25 ¢ N
1/ 1 2
C:/Amﬂ=2+Kn (7)
Horp Kn M5 8535, S T o F 3 A RS LB
B2, o, Kn B RR SAAE e 72 4 T 6l
T e 2

TEA (1) Rl 5 7E 3540 7 1) b B9 #% n]
RN

27
18
2 + Kn (18)

iE—2 B (18) A (13) n] 1R RS i 1
RETH 53— (1) T8 R
y _(2-0(_22 Ndw
© Ut J2+Kn)de
WNE 4 FiR  ZEBFEAR I & ~ v+da, Bl F ~ r+dr
5 ) A4 37 BB T (4 Vg A

- —21rd
T, r\,U« I Tr x) dr (20)

X u AR RE  Pa - s,

z

z=cA =

(19)

Il 1
X x+dx X

1 EE AR SIM U 2 g 1

Fig. 4 Schematic diagram of voxel flow in channel
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Table 2 Several typical apparent permeability models of gas flow in pore
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