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Abstract: In conventional enhanced geothermal systems (EGS), heat is extracted from earth-deep by circulating fluid
through fractured-rock heat reservoir. This process generally consumes large amount of pump work, and has problems like
fluid loss and pipe scaling etc. Moreover, it often encounters failure due to the bad downhole connectivity of fracture
network in the reservoir. To circumvent these problems, conceptual design about mining heat from earth-deep hot dry rock
by heat pipe is presented for the first time. Hoping to have strong natural convection of COz in the reservoir to enhance the
heat transfer between rock and heat pipe, filling the reservoir with COz fluid is specially proposed. Further, numerical
modeling and theoretical analysis are performed to explore the technical feasibility of the new HDR heat extraction concept.
The numerical model considers COz of temperature- and pressure- dependent thermophysical properties. Effects of natural
convection of COz2 in the target reservoir on the heat extraction by heat pipe are studied; heat extraction rates by different
conditioned heat pipes are compared. The results indicate that lowering the working temperature of heat pipe can
significantly increase the heat extraction rate and notable increase at the heat extraction rate will be caused by the natural
convection of CO:z if the reservoir permeability is higher than 1 x 107 m?. It is found from numerical results also that an
increase of 1.5 ~ 3 times at the heat extraction rate can be achieved if the heating section of the heat pipe is arranged
horizontally compared to all vertically aligned heat pipe. Additionally, the carrying limit and steam flow resistance for
water thermosyphon are analyzed numerically under realistic geothermal conditions.
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Fig. 1 Conceptual design of mining heat from earth-deep hot
dry rock by heat pipe
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Table 1 Parameters of the viscosity and thermal conductivity

models of SCCO2

Parameter Value Parameter Value

Co 1.492 882x10! Do —1.146 067x107!
Ci 2.625411x1073 D 6.978 380x1077
(6)) 8.778 046x107° D 3.976 765x1071°
(65 —5.114 246 Ds 6.336 120x1072
Cs 4.377 109%x107! Ds -1.166 119x1072
Cs 2.114 051x1073 Ds 7.142 596x107*
Cs —4.730 357x107! Ds 6.519 333x10°6
Cr 7.366 358%1072 Dr —3.567 559x107!
Cs —3.763 399x1073 Dy 3.180 473x1072
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Fig. 2 Schematic of the heat extraction system using vertical
heat pipe and its geometrical parameters
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4000 2 650 738 93 127 3301
5 45 i

ARSCHR T A ABE A P R O X
APPSR T T AT S 96E . A LT T3 e A
L EGS R, PV RINFIRETR 22X H e At
TTEZE, HRZX AT DU e S 25 & BEE AR
FEIDCHE, 2406 T3 et , nTREIR L # A EGS
PAHTE B SR AG; H, THRAGEIAE
TFR 7 e T % EGS ZR IR M4 U RTEH T
SEPA SGEE I EARMESL, v LAGRIE TR E T Al
Ui,

N T RARRIZ IR G R INGE T, AR
{EAL T AT AR PGS AR . AEDIEE R . ik
BBERAT 1x107° m?, (IR CO 1E R #it N
FERI AR TR, H [ SR A FH 2 B J P - #A
FORMAE PR ER AR 25 AR UR SR B E R T
I BRI TR 5 PV TAEIREE 25 KT 20°CHT,
EASCR BRI RSET, RICRE AR 0.1 MW
ik,

FER B PV I TR I, V& B T
ARG R BoR, RS T R A % B
TEBAE TS R B e T A X e, A LT B A
2, AKOFARE T AT LA 7 43 s A Vg i A
SRXFUAN , BERSHEE 1.5 ~ 2.3 f IV SRR Hi

LR LI, T HREZR LB 500 m, 842 0.2 m,
KA BT, MRME2ZER 40K, IEBER
1> 107 m? B, HORIAEATIA 500 kW, [k, Af
DITUH, et — Bt b )G, SRR BAE (1 R 44
KA R MW B4,

AT T FR G I S R LA
St Bk o 5 R R, HEPREERA/NT 0.2 m,
XFF 3000 m K, MW G HRs R K T
A Y 485 A B AN K 2275 s B AR &5 i A
IEH TAE,
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