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Nowadays, people are paying increasing attention to the rational exploitation of geothermal
resources. To develop and utilize geothermal resources in a scientific way, it is important
to understand the change patterns of key geohydrological parameters such as seepage
velocity and temperature. As part of the effort, this paper analyzes and studies the
influencing mechanism of geothermal fluids on the dynamic changes of groundwater flow
and heat transfer temperature. First, a differential equation of heat conduction of
geothermal fluids and a groundwater flow-geothermal fluids thermal coupling model were

constructed to study the seepage state and the heat transfer of groundwater flow in the
energy extraction process. Then, an analytical model for the influence of groundwater
seepage on heat transfixion was established, directly showing the relevant mechanism. The
experimental results proved the effectiveness of the constructed model.

1. INTRODUCTION

Energy consumption and environmental protection are two
major issues which countries around the world have attached
great importance to and been concerned about [1-5]. The
increasing use of mineral energy has caused serious
environmental problems such as the greenhouse effect and
acid rain, so it is imperative and also of great social
significance to develop renewable energy resources such as
geothermal energy, water energy, air energy and solar energy
[6-11]. Geothermal resources have such advantages as high
thermal energy utilization efficiency, short development time
and immediate availability, so how to rationally exploit them
has received increasing attention [12-15]. To develop and
utilize geothermal resources in a scientific ways, it is important
to understand some geohydrological parameters, especially
seepage velocity and temperature.

Based on the results of regional hydrogeological survey,
llIko et al. [16] elaborated the applicable conditions and the
application case of the 3D groundwater flow numerical
simulation method, and gave the particle tracking algorithm
flow for groundwater flowline applicable for groundwater
flow pattern analysis. Fujii et al. [17] constructed an attribute
parameter system of source and sink items and aquifers in the
region and a zoning map. With the aid of the software Visual
MODFLOW, it solved the constructed 3D groundwater flow
numerical simulation model and performed optimization
inversion of the parameters. Observation holes in the area were

used to monitor the groundwater level dynamics and flow field.

Based on the Morris method, Phuoc et al. [18] numerically
simulated the permeability coefficient, water supply and
permeability of groundwater flow, and plotted the parameter
sensitivity distribution contour map for the identification of
regional groundwater sensitive and insensitive areas.
Shulyupin et al. [19] took a regional groundwater heat pump
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system project as an example and simulated and analyzed the
coupled groundwater flow-heat transfer process under specific
heat source conditions. Based on the basic principle of
groundwater heat transfer, Qiao et al. [20] analyzed the
coupling effect of aquifer flow transfixion and heat transfixion
and constructed a numerical simulation model for groundwater
flow field and temperature field, and also gave the basis for
flow transfixion of groundwater flow when the hydraulic slope
is neglected. Ovando-Chacon et al. [21] performed a case
analysis of a regional groundwater heat pump system project,
and analyzed and evaluated the simulation results of the
coupled groundwater flow-heat transfer process under
different influencing factors and the sustainable operation
schemes.

Scholars at home and abroad have conducted a lot of
research on the geothermal energy technology in recent years,
but there are still a number of problems demanding prompt
solutions, such as the thermal pollution in recharges with large
temperature  differences, the incomplete recharge of
groundwater flow and the interferences between heat outlets
[22-25]. The changes in the temperature of geothermal fluids
greatly affect the physical, chemical and biological evolution
of groundwater flow and even the water quality. Therefore,
this paper analyzes and studies the influencing mechanism of
geothermal fluids on the dynamic changes of groundwater
flow and heat transfer temperature. The paper is organized as
follows: in Section 2, a differential equation of heat
conduction of geothermal fluids is established; in Section 3, a
groundwater flow-geothermal fluids thermal coupling model
was constructed to study both the seepage state and the heat
transfer of groundwater flow in the energy extraction process;
in Section 4, an analytical model is established to directly
show the influence of groundwater seepage on heat transfixion.
The effectiveness of the constructed model is proved by the
experimental results.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijht.390337&domain=pdf

2. CONSTRUCTION OF THE DIFFERENTIAL
EQUATION OF HEAT CONDUCTION

During the exploitation of geothermal resources, the
geothermal pumping and recharging process will cause
changes in the attributes of the groundwater flow in aquifers
and its temperature, and the changes in groundwater flow
temperature will greatly affect the geothermal energy
utilization efficiency. Dynamic changes in water seepage or
excessive temperature changes can also lead to changes in the
complex geothermal environment. Therefore, it is necessary to
analyze the dynamic characteristics of groundwater flow and
the changes in heat transfer temperature.
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Figure 1. Heat absorption and release of a microelement
from geothermal fluids

Suppose the geothermal fluids and groundwater flow under

study are isotropic continuous media with internal heat sources.

Let the thermal conductivity be denoted as g, the specific heat
capacity as BR, the density as y, the heat released by a unit
volume of geothermal fluids in a unit time period df, which
characterizes the intensity of the internal heat source, as e,. Let
a micro-element with three sides parallel to the a, b and ¢ axes
split out from the geothermal fluids that generate heat during
the pumping and recharge process be du=dadbdc. Figure 1
shows a schematic diagram of the heat absorption and release
of the microelement from the geothermal fluids. Based on the
law of conservation of energy, the sum of the heat generated
by the heat source and the net heat absorbed and released by
the micro-element within the df period should be equal to the
increase in the thermodynamic energy of the micro-element.

By summation of the heat absorbed and released by the
micro-element along the axes a, b and c, the net heat absorbed
and released by the micro-element is obtained. The heat
absorbed by the micro-element along the a-axis within the dt
time is obtained by Formula (1):

d¥, =e,dbdcdt (1)

The heat released by the micro-element from the surface
a+da is obtained by Formula (2):

dy,

a+da

=e, . dbdcdt

a+da

)

where, eq+4q, can be obtained by Formula (3):
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e da

a+da (3)

oe,
=e, +
oa

The net heat absorbed and released by the micro-element
along the a-axis within the df time is:

0

d¥, —dy, . = 2= dadbdedt
oa

a+da

(4)

Similarly, the net heat absorbed and released by the micro-
element along the b-axis within the df time is:

dw, —dv,., = —%dadbdcdt )

The net heat absorbed and released by the micro-element
along the c-axis is:

c+dc (6)

d¥, -d¥?,,,. = —aidadbdcdt
oc

Combine Formulas (4), (5) and (6), and the net heat NH
absorbed and released by the micro-element is:

NH :_(6ea
oa

%, jdadbdcdt
oc

N 0ok, . e
ob

As e,, e and e, are the projections of the vector e on the a,
b and c axes, the above formula can be converted to:

0 oh 0 oh 0 oh
NH =| —| u— |+— — | |dadbdcdt
[aa(“aa]+ab(“ ]+ (“ H adboett @&

ob) oc\’ oc
The heat generated by the internal heat source in the micro-
element within the dt time is:

IH =e,dadbdcdt )

Formula (10) is the calculation formula for the increase in
the thermodynamic energy of the micro-element within the dt
time:

oh

TE=y- BREdadbdcdt (10)

For incompressible geothermal fluids and groundwater flow,
the heat capacity BR, is equal to the specific heat capacity at
constant pressure BR,, that is, BR,=BR,=BR. Combine
Formulas (8), (9) and (10), and get rid of dadbdcdt, and there
is the differential equation of heat conduction, as shown in

Formula (11):
.EgF{éﬂl —-_éz.( éﬂl:}4__£2_( éﬂl:]4__éz.( éﬂlj}.+ e 11)
7R T\ M) T M) T ac M )T

Formula (11) characterizes the energy balance state of the
heat conduction process of geothermal fluids, showing the
temporal and spatial characteristics of temperature changes in
groundwater flow based on the law of conservation of energy.



When the thermal characteristic parameters u, y and BR of
geothermal fluids and groundwater flow are all known, the
above equation can be simplified to:
oh  u (62h o°h 82hj e,
= o erl 7 e Az T RR (12)
ot y-BRloda” ob° oac y-BR

Assuming that the Laplacian operator is represented by A2,
and that the thermal diffusivity of geothermal fluids, which
characterizes the ability of the internal temperature to become
uniform when the temperature of the groundwater flow
changes, is #=u/y'BR, the above equation can be transformed
nto:

N At (13)
ot y-BR

It can be seen from the above equation that under the same
influencing conditions of the geothermal pumping and
recharging process, the greater the thermal diffusivity of
groundwater flow, the smaller the temperature differences
between different positions inside.

3. CONSTRUCTION OF THE GROUNDWATER
FLOW-GEOTHERMAL FLUIDS THERMAL
COUPLING MODEL

Soil, geothermal fluids and groundwater, which have
different thermodynamic characteristics, are in the same
volume space. The temperatures of the three can be taken as
independent variables. Based on the energy conservation law
of the two fluids and soil porous media in a unit volume, the
effects of cold and hot source and sink items in the solid-phase
and liquid-phase media and the thermal diffusion processes
should be considered comprehensively. Let the specific heat
capacity of geothermal fluids be denoted as BRy, the specific
heat capacity and density of soil porous media as BRy and yz,
the thermal conductivity of geothermal fluids and soil porous
media as Oy and Gy, the thermodynamic diffusion coefficient
tensor as Ts, the third-order unit matrix as /', the seepage
velocity of groundwater flow as u*, the temperature of the
source item in geothermal fluids as ¢*, and the density of the
source item in geothermal fluids as y*. Then the partial
differential equation of heat transfer in saturated porous media
can be obtained as follows:

o(my-BR, +(1-m)y,BR, )¢

ot
=V-(m8, +(1-m)6, )1'V4
+V-mT,V¢—V-my-BR,u"p+ey BR, ¢

(14)

Let the reference pressure be denoted as Wy, the reference
temperature as ¢o, the groundwater flow density under the
conditions of Wy and ¢o asyo, and the compression coefficient
and the thermal expansion coefficient of groundwater flow as
ow and a,. If the density of groundwater flow is a function
determined by the pressure W and the temperature ¢, there is:

7(W-¢):70+7oaw (W_WO)_yoa¢(¢_¢o) (15)
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Assuming that the pores of the soil are compressible to some
extent, and that the pore compressibility coefficient is
represented by fp, then:

om

aW_’BP (16)

Based on Formulas (15) and (16), the extended system
equation of groundwater flow can be obtained, as shown in
Formula (17):

oW

+J’ﬂpE

o¢

My, —+m70a¢%

h
0
=V-7/;(VW +yg)+ey*

oW
0 (17)

The extended system equation of the heat transfer of
geothermal fluids is given in Formula (18):

oW o oW

M7oG BRy§ =+ Mo, BRy G =+ 75, BRyd — -

o oW o

my -BR, — —7,BR.#f, — +(1-m)y,BR, —

+my -BRy, == ~7,BR.#S, ——+(1-m)7,BR, =
=V-(mg, +(1-m)6, ) I'V4+V-mT,V¢

-V-my-BR,U¢+ey BR, ¢

(18)

Based on Darcy’s law, the seepage velocity of groundwater
flow in soil porous media can be derived:

0
f=———(VW 1
u m/l( +79) (19)

Combine and solve the extended system equations of heat
transfer of groundwater flow and geothermal fluids both
containing the two independent variables - pressure and
temperature, and pressure and temperature distributions can be
obtained. The coupling of the two equations can be achieved
through the intermediate relation equation (19).

In order to further study the influence of underground
geothermal energy extraction on the temperature changes of
groundwater flow, it is necessary to simultaneously study the
seepage state and heat transfer of groundwater flow during
energy extraction. Based on the velocity field of groundwater
flow, the separately constructed two sub-models respectively
for the seepage state and the heat transfer of groundwater flow
were coupled and combined for solution. Let the pressure and
temperature of geothermal fluids be denoted as W and w, the
thermal expansion coefficient of geothermal fluids as a., the
permeability tensor of soil porous media as 6* and the
dynamic viscosity coefficient of soil as A. In addition, the
intensity of the groundwater flow source and sink items is
denoted as e. When e is above 0, water flows in, and when e is
below 0, water flows out. The time is represented by /4. The
pressure distribution along the pressure boundary i in the
known groundwater seepage area O is represented by Wi, the
groundwater flow boundary y», the groundwater flow of the
second boundary es», and the components in the @, b and ¢
directions es., es., and es... Then, there are:



o
— Ay (AW
7/1(

ow ow ow
My, 0 E +My,a, % +mp; E

+rg)+ey,(a,b,c)e0,h=0
W (a,b,c,h)|,,=W, (a,b,c),(a,b,c) €O

W(a,b,c,h)|W1:W1(a,b,c,h),(a,b,c) ey,,h>0

(20)

eSm|W2:(es_a,es_b,es_c),(a,b,c)ey/2,h20

The initial temperature of the groundwater seepage area O
is represented by wo, the temperature distribution along the
temperature boundary 3 in the known groundwater seepage
area O w1, the heat flow boundary of groundwater flow 4, the
flow along the heat flow boundary of groundwater flow ez,
and the components in the directions a, b and ¢ ep.,, es.» and
ep.¢, respectively. For the mathematical model of heat transfer,
according to the boundary conditions of the conceptual model
and the general characteristics of heat transfer, it can be
described by the determinate problem of the following
differential equation:

ow ow oW
myo%\, BRW[()E"F m]/OO!W %"r mﬂp BRWCUEJF

ow oW ow
+myBR, E"_]/H BR, 0, a_h"'(l_m)?’H BR, oh
=A-(m6, +(1-m)@, )x1'Vo+V-mT,Ve
—V‘my~ywuw+ey*BRNw*,(a,b,C) €0O,h>0
o(a,b,c,h)|, o=, (a,b,c),(ab,c)eO

w(a,b,c,h)|%:a)l(a,b,c,h),(a,b,c)e;//3,h >0

e2y)

eBm

w:(era,erb,erb),(a,b,c)ey/4,h20

In the above formula, the right side of the equation is the
superposition of 4 terms - the heat conduction term, the
thermodynamic dispersion term, the heat convection term and
the source and sink term of groundwater flow.

4. CONSTRUCTION OF THE ANALYTICAL MODEL
FOR GROUNDWATER SEEPAGE FIELD AND HEAT
TRANSFIXION
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Figure 2. Influence of the groundwater flow seepage process
on heat transfixion
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The internal heat transfer process of groundwater flow in a
natural aquifer mainly consists of convective heat transfer,
heat conduction, solid matrix heat conduction, solid matrix
heat transfer, local heat dispersion caused by differences in
flow channels, and macroscopic heat dispersion caused by
differences in geological composition.

If the particle size of the solid matrix in the aquifer and the
Reynolds number of the flow of geothermal fluids are ignored,
the heat transfer between groundwater flow, geothermal fluids
and the solid matrix in the aquifer is negligible (Figure 2).

In the process of geothermal energy extraction, heat
transfixion that affects the energy recovery efficiency often
occurs in the geothermal pumping and recharging process.
Analysis of the related influencing factors to the duration of
heat transfixion can provide some guidance on the
optimization design of geothermal energy recovery projects.

Assuming that there is a homogeneous aquifer, with a
uniform thickness of 7, that the geothermal fluids represented
by a cylindrical hot water body has an initial temperature of @
and a radius of go, that the groundwater flow around the
geothermal fluids has a temperature of ¢, and that the water
flow recovery rate is E. Let the density and specific heat of
groundwater flow be denoted as y, and a,, and the porosity of
the soil around the aquifer as m, and then, the specific heat
capacity per unit volume of the soil around the aquifer is
BRy=mW,as+(1~m)ynaq. Let the discharge per unit width of
groundwater flow be denoted as e’, and the temperature
gradients in different directions as Vp=(dop./da, dpi/db, dp./dc).
The heat transfer between the groundwater flow in the aquifer
and the surrounding soil and other aquifers is ignored, and only
the convective heat transfer between groundwater flow and
geothermal fluids is taken into account. According to the law
of conservation of energy, it can be ideally considered that the
increase in the heat of groundwater flow should be equal to the
change in the heat of geothermal fluids, and thus:

BR,, %msemwrr?: 0 (22)

Assuming that the migration velocity of the cold-front
surface of groundwater flow is represented by u, and that the
heat per unit area is e, the following equation can be
constructed based on the heat storage energy balance of the
aquifer:

V8
BR,,

u= (23)

Assuming that the thickness of the aquifer is represented by
7, the groundwater flow per unit area in a certain annular cross
section can be calculated by Formula (24):

€= £ 24
2rr-q 24)
Combine the above two equations and there is:
0 a E
= _q = _L —__ (25)
oh BR,, 277-q

After equivalent transformation:



y.o E
2qdg=—--—=—"—dh
% BR,, 7z 26)
After integration, there is:
2|q — ysasE 1
4 la BR,, 7z’ @7)

Assuming that the distance between the cold-front surface
of the groundwater flow and the heat outlet is go, that the
distance at time % is ¢, the relationship between g and ¢ is
expressed in Formula (28):

> _ 2 VsoEh
% =% BR,, 7t

(28)

When the cold-front surface of the groundwater flow meets
the heat outlet, that is, g2 is equal to 0, heat transfixion will
occur, and its duration can be calculated by Formula (29):

he 04cBR,, 77

2
7. E 29

Studies have shown that obvious natural convection only

occurs when the seepage velocity of groundwater flow is small.

As the heat exchange between groundwater flow and
geothermal fluids can only take place in the horizontal
direction, natural convection can be ignored. It is assumed that
the heat exchange process mainly consists of heat conduction
and heat convection. In this paper, a corresponding analytical
model was constructed to directly reflect the influence of
groundwater seepage on heat transfixion.

Let the thermal conductivity of the saturated rock formation
be denoted as u1, the background value of the heat flow at the
bottom boundary of the aquifer as eo; let the thickness of the
unsaturated zone in the upper part of the aquifer be denoted as
as {, and the thermal conductivity as u; let the surface
temperature be denoted as ¢s, and the heat flow density of
groundwater flow as the variable e,. And assuming that the
groundwater with an initial temperature of ¢¢ in the
groundwater flow supply area is recharged to the groundwater
seepage area, with a water flow velocity of u, the heat balance
equation of the groundwater flow seepage field can be
expressed by Formula (30):

2
T,uld—f—ru;/BRd—qj—ea +€, =
da
(30)
e, =u ¢_¢0
a 2 g
Let v= u7BR . Solve the above equations, and then there
H
is:
d? d 3
—?—l)—¢— Hy Hy ¢0+_°:0 (31)
da da wr¢  wid I

The general solution can be expressed as:
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E+£+#2Ja [3+U—2+uzla
¢=BR1C[Z (] Rl 2V ) Ly L &E (3Y)
Hy

Since pq-o is equal to @2, and e, is equal to ey, there is:

&<

2

BR =0,BR, =¢, — ¢ — (33)

Combine Formula (32) and Formula (33) together, and there

2
O A Y
4 mrg

is:

el

Hy

+, + (34)

¢=(¢2—¢0—£Jc[g

Hy

With the heat conduction of geothermal fluids in the
horizontal direction ignored, Formula (30) can be simplified
to:

dg

—-tyBR——-¢, +¢,=0
/4 da a 0 (35)
_ M 94,
e, =2—"(¢-¢)
¢ ¢
Solve the above equations, and there is:
d e
Ly to 4y Mo gy S 0 (g
da zuy-BRS ™ ruy-BRS zuy -BR

The general solution to the above equations can be
expressed as:

.

$=BRc T”"BR4a+(¢O +%j

Ho

(37

Since @.—0 1is equal to ¢, it can be obtained that

e,$ .
BR, = ¢, — ¢, ——=, and the model solution can be expressed
Hy
as:
H
€& €&
— 0 zuy-BRS 0
¢—£¢2_¢0__ c + ¢0+_ (38)
H, H,
¥+ + t + + 1 FOF F A EA W R
+ 4 + +
+ * + ® N
+ + + + + oo+ o+ + +
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Figure 3. Water level contour map of different aquifers in the
pumping and recharging process



Figure 3 shows the water level contour map at different
stages of the pumping and recharging process. It can be seen
from the figure that over time, the influence ranges of the
depression cone and inverted cone appearing near the pumping
and recharging ports will continue to expand. The seepage
field of groundwater flow in deeper aquifers is more disturbed
by the geothermal pumping and recharging process, while that
in shallower aquifers is less disturbed by this process.

5. EXPERIMENTAL RESULTS AND ANALYSIS
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Figure 4. Curve of heat transfixion duration under different
conditions

It can be seen from the Figure 4 that the greater the thickness
7 of the aquifer, the greater the distance go between the cold-
front surface of groundwater flow and the heat outlet, the
smaller the water exploitation quantity E, and the longer the
heat transfixion duration.

Table 1. Calculation table of average velocity of
groundwater flow under different exploitation quantities

Exploitation Mechanical Hydraulic Flow
quantity energy difference slope velocity
2000 2.98 0.042 1.36
3000 3.62 0.051 2.35
3500 4.18 0.063 2.72
4500 6.35 0.084 3.85
5500 7.62 0.098 4.93

Under the effects of heat conduction and convection, the
difference between the water temperature at the pumping and
recharging ports and the initial aquifer temperature will cause
heat transfixion. This paper studied the differences in the
influence range of the groundwater flow temperature field
under different exploitation quantities to reduce the occurrence
probability or duration of heat transfixion. Table 1 shows the
calculated average flow velocities of groundwater flow under
different exploitation quantities. It can be seen that the greater
the exploitation quantity of groundwater, the greater the
hydraulic slope and seepage velocity near the heat outlet.

Considering that the temperature changes with time, Figure
5 shows the curve of groundwater temperature under different
flow velocities. It can be seen that the temperature change is
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small when the groundwater flow seepage velocity is large,
and that the temperature changes at a increasingly greater
speed when the groundwater flow seepage velocity is small.
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Figure 5. Curve of groundwater temperature under different
flow velocities
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Figure 6. Curve of groundwater temperature under
convective conditions

Figure 6 shows the groundwater temperature curve with
only convection conditions taken into account. It can be seen
that as the seepage velocity of groundwater flow decreases, the
range of the temperature field affected by geothermal fluids
becomes larger. When the groundwater seepage velocity is
7.84*107, the groundwater flow temperature field is affected
by geothermal fluids by only about 0.65°C, and when the
groundwater seepage velocity is reduced to 3.17*107, the
groundwater flow temperature field is affected by geothermal
fluids by around 4°C. It can be seen that the influence range is
expanded.

Table 2 lists the calculation results of the mechanical energy
contained by the groundwater flow per unit weight in each
observation hole in a simulation cycle. Based on the calculated
mechanical energy values of groundwater flow in each
observation well obtained at different time points listed in the
table and the observation well spacing, the hydraulic slope and
groundwater level trend line can be further calculated and
obtained. It can be said that, when the hydraulic slope is
maintained at the same level, the geothermal flow field will
tend to reach a new stable state of flow transfixion.
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Table 2. Fluid energy calculation table

Observation hole number

Time 1 2 3 4 5 6 7
50h  -18235  -18.035  -17.821  -17.923  -17219  -16421  -16.159
300h  -18.634  -18.176  -17.903  -17.126  -17.153  -16532  -16.147
500h  -18.326  -18.187  -17.178  -17.657  -17.436  -16.542  -16.184
800h  -18.726  -18236  -18072  -17270  -17.301  -16377  -16.124
1000h  -18360  -18.342  -18308  -17.154  -17207  -16270  -16.257
2000h  -18.663  -18412  -18236  -17287  -17319  -16337  -16.980
3000h  -18312  -18218  -18324  -17213  -17325  -16352  -16.221
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Figure 7. Time-varying curves of measured and calculated
temperature differences

Figure 7 shows the time-varying curves of the temperature
differences measured and calculated at each observation hole
except recharge port 1 and pumping port 8. It can be seen that
as the distance from the recharge port increases, the
fluctuations of both the measured temperature difference and
the calculated temperature difference at each observation hole
gradually tend to flatten. The measured and calculated
temperature differences at Observation Holes 2 and 3 near the
recharging port fluctuated greatly, as shown in Figure 7(a) and
(b), while those at Observation Holes 3, 4 and 5 far from the
recharging port fluctuated less. The fluctuations were the
smallest at Observation Hole 5, which is the closest to the
pumping port. It can be clearly seen that the groundwater at
this observation hole is in a stable flow state and that the
temperature difference is relatively stable.



6. CONCLUSIONS

This paper analyzed and studied the influencing mechanism
of geothermal fluids on the dynamic changes of groundwater
flow and heat transfer temperature. First, a differential
equation of heat conduction of geothermal fluids and a
groundwater flow-geothermal fluids thermal coupling model
were constructed to study both the seepage state and the heat
transfer of groundwater flow in the energy extraction process.
Then, an analytical model for the influence of groundwater
seepage on heat transfixion was established, directly showing
the relevant mechanism, and a water level contour map of
different aquifers in the pumping and recharging process was
given. Based on the experimental results, the curve of heat
transfixion duration under different conditions, the curve of
groundwater temperature under different flow velocities, and
the curve of groundwater temperature under convective
conditions were drawn, and the differences in the influence
range of groundwater flow temperature field under different
exploitation quantities were analyzed. Through the analysis of
the time-varying curves of the measured and calculated
temperature differences at the observation holes, the
effectiveness of the constructed model was verified, and it was
also concluded that, with the distance from the recharging port
increasing, the fluctuations of both measured and calculated
temperature differences at the observation holes tend to flatten.
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