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Abstract: Study of the percolation and heat transfer in fractured rock mass of geothermal reservoirs is of great

significance to the exploitation of geothermal resources in hot dry rocks. In this paper, based on a hot rock dry
geothermal project, the numerical simulation software of COMSOL Multiphysics is used to study the mechanism of
seepage and heat transfer in single fractured rock mass of geothermal reservoirs, with analysis made of the influence of
fluid injection velocity and temperature on the temperature field of rock mass and on the geothermal project of hot dry
rocks. It is found that the influence of fluid parameters on the rock mass temperature field is mainly reflected in two
aspects: influence on the disturbed region and amplitude of the rock mass temperature field, and influence on the time
needed for the rock mass temperature field to reach the steady state. Increase of the fluid injection rate will reduce the

system service life and the total outlet normal heat value during the service life. When considering the total outlet
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normal heat flux, there exists an optimal fluid injection rate, which is 0.011m/s in this study. Increase of fluid injection

temperatures will increase the service life of the system and the total normal heat flux and total heat at the system

outlet. This study provides a theoretical basis for the development and utilization of hot dry rock self-heating resources

and a reference basis for the design of engineering operation parameters.

Key words: geothermal reservoir; single fracture; seepage and heat transfer; fluid parameters; numerical simulation;

hot dry rock development

0 3l

BRI A — YA A AT A BE TR R AR R B
A {1 A5 T T SR A B R A B /) L T SR U R ok
R, 73 SR RE TR AE T T Ao Al ok R B 22 1 BR
BRI AR T A M B R T R TR S e A
NN T D IR P S B PO I g ol R 7 AL
ANFEARG A, A S b A% TSGR RE IR, A2
BT NS Z ORTE

AR T AR RE T TR 114 B I R R (P e A
ROR B I PO TR N T8 2 B 2B b S il
M B AR A A X T ROk HEA TR IR TR S
B e 1 4 PR IR R )23 A TR T SR R R
A5l TR BRI BT B0 A BRI 4 i 2= DA R
R T BRI 2 B R 2 B e R AR AR
LB T I BB PR SR o B P R R AR B
UL VAR TE R R I 2 R A R B R A AR
A, 33X ol IR A A2 1 2 5 i) LB 1A v 1) 98 A% i
T e BB BB PR D S T A A R
R0 A TR A TR R F 5 b AR A R B A A Y
B U AL PG R X AT R TR B
B

H T U AR 5 1Y) B A T R MR a2 i 2 2
i 45 15 U0 A AR O 1) A9F 58 #8 EE BOME DUJT R AT ke H P
Bt X L 1 2 BOX B AL A B4 I AR S o AL A A SC F
FEARAE I LD WL, AH Y AT Y H A I A7 98 Ak T 4R
RIERI DI T B BL . ES2 bR TR v, Vil = 2 A
Mo AT R AR R — AR, L AR AR T Gl
Vi ARAG SR LR TR TR ) S A S R e TT
DAL 45 1 S 80, DR T A AR R PRI 9 3 3L

Mo P 2 I POT R W R SRR TR R S
BAT SR KA AW B 2 6] RS S A T AR R 2
WA T 5L b P68 2 09 6 J= 45 0 R AL
TSR 7K SR (T C TN NG S DR B W (B o
i 2 B2 20 2 [ A7 75 A6 AR R 22 BE 5 5] I b 3 A 2
HPUE R B — RS B R A S e

ill}

LS5 A 38 A 0 AR ME IR B 5 TR S PR — B0y
WIS IR . A T g R A A S PRI A
AR 11 22 BE 5 B0 375 I 467 1 56 112 4R B 6% b A 4 1 b J2
e TR S B R 6 (H R AR AT ERE SRR KN 1
71 B ULFERF A0 5T b A A T A B T A AL
FORMBR X WA R FERFERES T IR e S
T 5 TR S BRAR AL A B A Y, SR BG4 1 3l
BB T R EAE R S AR A b4 S TR S i
Ma . Zhang . Huang 25" " 5% FH 4 #1400 F1 50 (E
LA &5 A (0 5 1 L il ad 3D T ERH AR S AE T R TH
14 KRS 22 18T, B 5% 1 MRS 24 4% /K A% JARR P A
WU B 7 Il Jay 3B A% I R B 4 A B L Jiang SF
Xof 724 Bt O I S C O, 2 6 i e Atk AT 1 i 8
WESE a7 T U ok AR R 2 A T B X A% B
BE (52 , 75 2 T W0 F R AL SRR . Kohl 5504
XA MG R RGN KIS, s T
Y o — BRI AR HEAT T B AR 5T A5 4L
T FHREMHZ TP E Y — B WY — N0
AL F8 = A B T IRCE R G is 1T
AP A EEM . Rutquist 454 TOUGH 2 fl
FLAC 3D WA B E B R 1F i B8 5 5 vk AT T
SRR L AL T 2 R R Bh AR ORI AR B
(THM) =35 #8 & o HrifF o5 o a7 H 8 b
o— K — ) = R A R R 2 P 6 A 5T G AL
R T 55 R 50 A N A W A i SRR RS T LE
QIR EVEUR L Y e N E i R VRSN
Mri 8 17 S4B A PR B 3 % T 3 R B T B R
WAL, Asai %51 7E 1 SE VKL EE DL T K A
FURTEE N BT T 7S [ A IR A 6 O TRl A
TEAR T5 2, T KB ] A6 B 4 ) B9 1 AN [m) 4 i A 1
A DTN F EGS fifh J2 A TF R R (W52, 38 1 AF 58 &
PR i HIOR I Sk v K O SO B 0 o Y B R R
Jiang Z5 " H N7 T EGS HU R e # et #2 1 = 4t B A B
B A28 T 2 Rl B A o A DA A 24 e G % 9 e
UL R A BT L T R T B8 I EGS



18

B R T 7%

202142 H

TR Sk i UE BT OB R A AL DL B A H
Kolditz 55 L2, fh A 4B R WF 9 X 4, g Sr 1 T 4
)2 TR Ao AR A e A R I B LA Y ok
XFHG 2.5 4EF 3 4R AL 1) BT R b AR L 34T TS R 4
JEXTTF T HCE PR BRAEW . Zeng 5 W T
VU 8\ AR 5 A T 3O b B 2 i O SR 2o
P, T IREETE 950~1350 m fiff J2 114 Ml o B 4 5 k)
HENT T AR R AR B SR R IR O E SO R
45 F Al LA 4E £ 3.23~3.48 MW Ay Hb 34 & HE 20 4F
Zeng 4 J5 W HE— A5 % G20 BE T KSR B
B R AAROR AT % B ACE I B R AROCR AL T
T IF, IF HAKE A R T AR AR .

YT Lh A AT AR SE 32 DL SO A TR
A S, TE R M G 2 R S B AL b B
BAEAIBE ST, % Fl COMSOL Multiphysics % &
B R 58 T M B At 2 B 5 A T 9 38 T AR R
AR, IR T AR AR S 5 G AR R E Rk
) R BB I AS T 1 P R 1Y 5 AL 3R K L
e b A T RE TR A T, Sk i 3888 VR B & 5 R 4
HET ISR

2 tEEEI
2.1 AR )E PR TR B DAL TS T

THA MM T RPEZ AR RZEZHA
LAY T, AR AR TR SR T A MR A R T
T ACHIEFE R ST B R A LA R

(1) Zms U TR AE 2 A R AR B h g i,
RIVIBCER T A AE 6 V2= 2B N B A8 S JZ A R TR

AEIE LA POk AL
(2) Ml B ik J2 5 A b A A B — 24 B, OF Hoix
aT aT aT
fqu F. +u, ay
Our | 0w e
Wﬂ‘f o gy BT
du, u, o
o ot 3_y =F,
du. | Ou,
dx dy

M AR R R B R R R T E L BT
F, = 05 HAE A BB B T 3 3 B 00 J=
L, 7 [RVRG P 0 A LB AT L2 B F = O [A) i

BB AT LA AT BOR R 5% | B BB 98 R
B, 2B T JC BR AE A HL 3% TG L R 98 R o /)
TRBIKE

(3) LB A IBCHRR T J57 o A 1Y TC N AR 45
WZW CE M AN AT G AR A, I 22 e A
T TR M R A o e A A AR R

(4) BUA Tt fr ok 2 my i ) A7, H R
T o J7 1) i 2l HE I R I [ ) HE S A AR A

7 Al 3 R T T b AR U T B R A R A
UL Bl ST AR BB A (UL IR 1), K 0 X IR A
Do, g 6 X3 ol LB X, F o L ROR R,
d RRRBIEIE IFH LI KT d, T, B TR
B, T AR IR A AR A R BRI T R T
IR IR T o0 WA RITT DL SRAE AP 7 R B A A
f932 i 2 AL S 1 20 A

~ EEE—

Bl1 BREFITRRERR

Fig.1 Parallel plate fracture model for a single fracture
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Table 1 Parameters for numerical simulation of seepage

heat transfer in single fractured rock mass
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Fig.2 Mesh division setting for a single fracture
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Fig.3 Mesh division of a single fracture
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Fig.5 Temperature field nephogram evolution of single fractured rock mass (T=293K, v=0.005m/s)
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the single fractured rock mass system
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Fig.14 Total normal heat flux at the outlet vs time at different fluid injection velocities
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Fig.15 Total outlet normal heat flux vs fluid injection
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Fig.16 Total outlet normal heat vs fluid injection
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Fig.21 Fluid injection temperature vs system life
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Fig.24 Total outlet heat vs fluid injection temperature

during the system service life
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