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Study on desorption and diffusion characteristics of coalbed

methane under ultrasonic excitation

JIANG Yongdong' ,SONG Chao”, WANG Sujian® , KANG Zhipeng' , WANG Peng”, HUANG Kejun®
(1.State Key Laboratory of Coal Mine Disaster Dynamics and Conirol ,Chongqing University , Chongqing 400044, China ;
2. Shaanxi Coal and Chemical Technology Institute Co. ,Ltd. ,Xi'an 710065, China)

Abstract ; In order to reveal mechanism of high—efficiency extraction of coalbed methane by ultrasonic,a new experimental equipment was
invented for absorption/desorption research of methane on coal. The methane desorption rules of coal under different ultrasonic excitations
were experimentally studied. The results show that there is no difference in dynamic behaviors of methane desorption on coal with or with-
out acoustic wave influence,which are all in accordance with diffusion model. During the entire process of methane desorption in coal ,the
initial desorption rateis relatively large. With the increase of time,the desorption rate gradually decreases and eventually approaches 0,and
the desorption law can well follow the diffusion model; the desorption amount of methane in coal increases under the action of ultrasound,
and the larger the ultrasonic power,the increase in desorption amount increases,and the desorption amount increases by 26.1% to 65.6%.
Based on the theory of heat and mass transfer, Biot’s criterion of mass transmission decreases and diffusion coefficient increases under a-
coustic wave stimulation, indicating that ultrasonic can promote the desorption and diffusion of methane.

Key words : ultrasonic wave; coalbed methane; desorption; diffusion; diffusion model; thermal effect

o 3 = YRR AL FL bk b LG R R AR
= Bk R S5 BI3 PE Hb AR H T R A K o R e ok 1

M, F N AME B BER AU RS T ERE A, B T AL AR IR 2 SIF R
FHHAK 3 R0 ok gy E gD iR g B, AE AR RS T S ok i %R A
W KT IRR AR 37 8 5 s B R o FLIRZE R A S0 75 o K e Bt R A 7 A

s HEA:2019-11-25; R 454G, TIED
BE&WB . HE HRPAREA T IE4 Y BIIR H (51574049) ; 28 #5815 I A% Bh I H (IRT_17R112)
EERB N KA (1977—) , B, BMRRABUR B LESIN, BT, E-mail.jyd@ cqu.edu.cn

174



SRR A R A T MR R BRI AT

2020 455 3 H

REAFLA ALBRBERT K, 2 BRI, A8 TR S
Fei o SCRR[9-10 15T MR, 5848 HL i o 1 1
R S RE 7 AR, WR2 R Sk sl /> | B 30 Bz sl fin ), 484 56
TR IRy, AR BT
GRS AR e T S5 AT 2 (B A ) B 43
13, JF BE 4R v S 1R B9 BT A I S DT RIRE 0, UK
[12-13 BRI 5T T 75 O AR T 9 1 2 i@ 1
FRISENE A 1 75 T S A B0 AL B A A 200 1 0 F] 9
JRBNVEHIREMS (2 FU3YT Ao fife I R 188 42 i L2 1Y
BiEE, T EMAE ORI BCRE
PR BER AL | P AL A il T R FL R, AL
AR BRI E R R, 2K AR 5
T RGVE T BT B e (4 82 B AR b B e ) 2
TR, 75 H A A T SRR R e el SR8
RS PN RV RS O N L TS S AR L (B
FHT S B P B8] B Ui i, AR IR B e
H < A P LA A AR v 1 S B 2% 1) S
P B 55 9% 30 A0 2= A1 R ) e A S i
BORE . LR BRI Y 7R Y R  RE R I
PRIV, 52 M0 KR TRE R S B2 P e e, 36 A
BER LA T IR 5B B, RN T8, W
B T it — LI IR A RIS . B4R A B
P P Al R R/ A PR e 1 e | 1K
FEAN R AR P R R v R g 64 A 82 4 O
b — PR s DR R R R R LB,

1 AGE&S5HFE
TSI 1 E DT PHAER ANk Py B el 2 )

T

TSR A PR AR A IR 2.64 m
SRR & i 15.08 ~26.40 m’/t, BLHTE /) 2.24 ~4.87
MPa, 2815 %4 0.013 x107° wm?, HEAYK 53 2.87% |
TRAY 14.77% FER 53 12.79% | [ FE7#%69.59% ; Bl
N E) AR BT AR R R 0.50~6.75 m, -
PIRRE 4.8 m 2oy, BT IE T 99 B0 ~ AR b S
FH(1.7%) BRERERZE (2.9%) ), iR TREL 250 1)
DIJ5 AR 3 IR 53 2.82% K 5) 3.07% F%5 41
30.98% [ E Wk 63.14% , M2 FUIT & it 6.59~7.17 m'/t,
FUTE /11.21~1.80 MPa,

RIS R S A R P 5 D T A A o S
W e B0 AR 1 BT e T M I kA
i VRSSO R RO A A BT T A SRt ) 2 e 4
5 AR AR, 1228 E BRI A [R] Dy 38 AN [R] A %
Y R P R SRl T R O SR e R HR e LA BB KR
i R SH >4 800 mmx700 mmx450 mm AYK 74 #E
WA e A A B AR K U A Y SR RS, F S 3 A
(IETAS T A 5400 KT ) , B4 h 1 65
Pk pe Rl Th ARy 3 kW, MR N 9 kW, IR
AT R RN 25 ~ 40 kHz, HRAERSAOAE BT
ST DAL P e VR K OT- RN 2 B AL R 4 A
@.ﬁiﬁﬁ7ﬁ/§*§$,#ﬁn(&1¢%ﬂj’ﬂ 3¢50 mmx80 mm,
AI%E24 200 g AT, I SRR KRR 15 MPa, X5
K VAR R K e B & 90 Hh I e it 5 Ikl g oK
A AL 25 R At B it R K O B L AR
W B R B T e () R i b e A R 4 2
i, SEI T AR T8 AN [ A5 4 1 e P IR A
W2 T/ fige e PR o 10

. ALY

= = ==

1 =8 e | | JH N NN

= IR D=l S g

e 0 B

T— o H
EATATATATANAN] S o
9 U 4

A

1 H5E M 2— LT 5 3— K (E67K) 5 AT 4 28 - S— IR BE 18
O— Bt it 5 ERE 775 I 2 2 0 8— L 5 9— K VPR 3 10— R A I 5 11— L 52
B A AR R R RS

Fig.1 Experimental device of methane adsorption/desorption on coal by acoustic wave stimulation
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Fig.2 Methane desorption characteristic in

coal under different acoustic wave stimulation power
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Table 1 Methane desorption capacity in
coal under different acoustic wave stimulation power
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Table 2 Fitting parameters of diffusion model

. R/ Q.7 B/ LIEE Y
ek i
kW (mlL - g’]) min~! r
0 6.537 0.011 0.999
3 8.139 0.011 0.997
Y B P 7
WD 6 9.413 0.010 0.993
9 11.244 0.007 0.993
0 9.571 0.009 0.992
3 12.024 0.008 0.994
2 SR
v 6 13.035 0.008 0.991
9 14.151 0.007 0.994

3.2 BAIKME T &P Ry S
He 40/ N BB R B AR BRI, BRARAR T 50 1
Bed B AR T

d d%c 2 dc
de_p[Tey 20
ot or r or

bP
c=coa7 (t=0,0<r<ry)
1 +bP
dc (2)
— =0 (t >0)
dt r=0
dc

- DFE :a(c - cf) ‘r=r0



SRR A R A T MR R BRI AT

2020 455 3 H

s ¢ S B BE I TR B ke/m’ s DR TR R,
mm’/min ;r HIERERE my e, AP ke/
m’; ry AHERREAR  mya b S Langmuir #%0; P NS
IR, Pay o BERE SR THT Y ¢ -5 T8 25 HY Joe ) Jo 52
B E, m/s 5 e A BREORLIR] RLRE b i B H B vk
kg/m’

3 (2) T LR o B A8 f kR A, Ho

In(1 -Q/0,)=-At+InA (3)
A = 6 (B,cos B, — sin 131)2

B;(IB1 — sin 3,cos ,81)

g (4)
A =D,

X, B, MM HFE tan B = B/(1 - ary/D,) =
B/ (1 =B',) RIVfg—Afk, B = ar,/D, , B Ttk
JREERRIESL, A R A B BLA REL

MG 2 IR B A5 3 T FEA i
PRI P BB TR e B S A A A E,
Pl 4 P 5 R, B s 4 85 R SUA R S, ARG
FHAE 0.96 LAL, FR WIS (2) REFUTF i S B Hh
By BIPET 3R 3 R AN [F 5 i A 7S R
G TS B0 TR, 3R 3 T LI JE TR
P T PG PR B A PN R HCREL

W, R T, B OR AL D, R, 2
WA T e L

2
A

‘2? 10 e
é 8 ""/‘
S 6 o RIHER (0 kW)
@ . + REHE (9 kW)
g - B (0 kW)
2 — PEUEER (9 kW)
0 100 200 300 200
i 1] #/min

(a) R MLAT 2 SHEH

12
~10
w
S 8t
E R Sl 4 -
< 6l i ===
B ot o WRIHE 0 kW)
= 4/ * + RIGHHE (9 kW)
¥ 5 --- JTE (0 kW)
— UL (9 kW)
0 100 200 300 400
i8] #/min
(ORCEEL
B3 RBREESTHEANEH L
Fig.3  Fitting curves between experimental data and diffusion model
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Methane diffusion parameter curves in coal under different acoustic wave stimulation power( Yuyang Coal Mine)
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Fig.5 Methane diffusion parameter curves in coal under different acoustic wave stimulation power(No.2 Coal Mine)
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Table 3 Methane diffusion parameter in

coal under different acoustic wave stimulation power
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