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Abstract  Clean and efficient coal utilization becomes an important direction and new research topic under the dual-
carbon background. Recently, underground coal gasification (UCG) develops very fast and shows great potential in this

area. However, the laboratory and field experiments, which are usually used to investigate the gasification mechanisms
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and optimize the operating parameters, are quite expensive. Thus, there is a strong demand for the numerical approach
that is low-cost, easy operation, and short-cycle. Currently, the numerical approach faces challenges in terms of
mathematical modelling and numerical method for solving the nonlinear system because of the complexity of the
gasification process. To deal with that, we have done the work as follows: clarified the materials and key problems in
each space based on a detailed analysis and revealed the essence of the UCG; summarized four kinds of key mechanical
issues including fluid dynamics, thermodynamics, material mechanics, and chemical reaction kinetics; reviewed the
development history of numerical research for key mechanical problems in detail and introduced the latest results;
illustrated the status of engineering application of numerical research and pointed out the development trends. The work

in this paper has positive theoretical significance for the development of the numerical technique for UCG and guiding

the design and implementation of UCG trials in China.
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Fig. 7 Illustration of stress field in a gasification model (cross section)
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Table 1 Main chemical reaction equations!® 4]
No. Reaction Reaction formula AHyo5g/(kJ-mol )
R1 incomplete combustion C+0.50,—~CO 111
R2 complete combustion C+ 0,—CO, -393
R3 steam gasification C+H,0—-CO +H, +131
R4 boudouard reaction C+C0O,—2CO +172
R5 hydrogasification C+2H,—»CH, =75
R6 pyrolysis drycoal—char + volatiles + tar -
R7 H, combustion H, + 0.5 0,—H,0 —242
R8 CO combustion CO + 0.5 0,—CO, —283
R9 O, combustion CH,; +2 0,—CO, +2 H,0 —802
R10 water gas shift CO + H,0-CO, + H, —41
R11 inversed CO methanation CH, + H,0- CO + 3 H, +206
R12 CO, methanation CO, +4 H,CH, +2 H,0 —164
R13 inversed methane CO, reforming 2 CO +2 Hy> CH, + CO, —247
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Table 2 The classification of chemical reactions during UCG

Reaction type

No. Reaction sequence Reaction trend Reaction direction Reactant phase states
First order Second order Oxidation Reduction One-way Irreversible one-way Homogeneous Heterogeneous
reaction reaction reaction reaction reaction reaction reaction reaction

R1 v v v J
R2 N N Y
R3 v v v v
R4 v v v v
RS v v v v
R6 J - - J - -
R7 v v v v

RS v v v v

R9 v v v v

R10 v v v v

RI1l v v v v

R12 v v v v

R13 J V J v

3.4.1 A NE) ) A o it ORI EVFINA ] VN NALES

(1) R N5 F2 B BB 90 s

T M NS R B AFEAE 13 P22 O
WAE—F Ak 27 s N AR RBEAT B A BB AL, MU FE
W EORIF RN 0], B 7522 7890 5 S & P 22 N 2
[ EPAT . Se FEEROC R, 7R SEbr N, R )
AR s N B A I AR, T EE X 2 Rl Ak 2 e gk
AT, FAR 7 AL o 52 R S N FE.
PR B BT TAE S, RNV TR EZ N (1)~
X (9), BE R N (R6)S ¥AH WY (R7, RS,
R9, R10). FEHIHI K (R2, R3, R4, RS)27-37 40 50-52],

(2) SNV 3 2R 1) B BT o B

27 e I AR FR AL 2 B N BEAT IR P AR B
CEFEIRNIER), £ RN 2545, 185 R
FH BT I TR] A SN A0 58 TR sk /D> B3 A2 e R P 114 344
TR IR, M A s N THR I TR R A FE . e A
B SO TRS A N TR )%
fil A RONVPPIRES . MBRIR T WKL R,
PF S SRR K /NS B2 A2 I N A s P s )
JH b AR IR S5 S 3 256 R LA 43 Sk B AH B K I
T AR EE IR S N R L B S N JEE O e Y TR
S5 3R BB R ORI

SEI R B PR R R I NI PR AR RE L5
Richem = kf,kl_[iil lc j]n,j'k - kb,kl—lljil lc j]nﬁj’k (36)
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Langmuir-Hinselwood ## 74 3k 3% 7R 31, 56-57]

Ry = kP" (37)

Re=kCj]" (38)

X, Ry AR V2, kmol/(m?-s); &y A3 [ W
FH L, kg/(kg/m?-s-atm”) (1 atm = 101.3 kPa); P, 1%
R RN BT 4y s, atm; C; AR BUK L,
mol/m*; n ARG I 454, To i a. o, FBAR AR
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Table 3 The rate of homogeneous and heterogeneous chemical reactions during UCG

No. Reaction rate expression Ay oy E;,

R2 K [0,] 2.503 x 10'7 1.0 179.4
R3 K3[H,0]%* 8.593 0.5 231.0
R4 K4[CO,]"° 0.8593 0.5 211.0
RS Kes[H] 2337 x 107 1.0 150
R7 Ky 7[H,]"[0,]*3 2.50 x 10" -1 167.4
RS K5[CO][0,]™ 3.98 x 10" 0 167.4
R9 Ko[CH,]"[0,]* 4.40 x 101 0 125.5
R10 Ky 10[COIH,0]-Ky, 1o[CO,1[H,] 27.8 0 12,6
R11 K11 [CH,][H,0]-K, 11 [COJ[H,? 31.2 0 30.0

Note: The parameters of pyrolysis reaction vary greatly with different coal quality and are not listed in this table

342 MERNE) )R T

(1) S J7 RE IR R e fe

Wil 8 Jrow, BEA R BER MR A AR Z P
I, FR SRR RN R D1 T — RIIKE,
H B 10 2 AN R ABAET 9 . 1976 4, Sawyer
SN AR T A BB R b, 3 I B S e e
N (R2) F1 Boudouard X . (R4) $ifiids Ak Jis BE [
A TR AL FURTRE AL RIS . [ 45, Winslow!!! 7R 4L
— YRR RS IS R, BN T 28V ROV (R3)
IR (RS) JEIR Bl S Y (R6) FIZKYA AR
e [ B (R10). 2005 4, Perkins 250560 Ze A5 40l — 4 -
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5000
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M, Dry coal
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boudouard reaction
C+CO,—2C0O

complete burning reaction
C+0,—CO,

pyrolysis reaction
coal—char + volatiles + tar

water shift reaction
CO +H;0 <> CO, + H,

hydrogenation reaction
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steam gasification
C + H,0—-CO +H;

boudouard reaction
C +C0O,—2CO

complete burning reaction
C+0,—CO,

Winslow
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boudouard reaction
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complete burning reaction
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water shift reaction
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boudouard reaction
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Fig. 8 The development of the equations used to describe the chemical reaction during UCG
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Fig. 9 Validation of CAVSIM. (a) Schematic diagram of a model built
in CAVSIM; (b) The measured and predicted shape of a gasifier in a
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