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Snow removal is a critical security issue for concrete roads, but geothermal methods can be an environmentally friendly and
eﬃcient alternative to traditional approaches for snow removal. In order to obtain fully the change rule of the temperature ﬁeld of
the concrete road under geothermal conditions, observe the relationship between temperature rise and time, and better apply the
geothermal buried pipe technology to road snow and ice melting, two concrete road models with the dimension of
1 m × 2 m × 0.45 m are made. The model experiments are carried out under the conditions of 0.8 m/s, 0.85 m/s, and 0.9 m/s of
pipeline ﬂow velocity, 15 cm and 25 cm of buried pipe depth, and 10 cm and 15 cm of pipe space. The inﬂuence of ﬂow velocity, the
buried pipe depth, and space on the internal and surface temperature ﬁeld of concrete road is studied. The results show that, in the
ﬂow velocity test, the temperature of the four-layer measuring points shows an upward trend under diﬀerent ﬂow velocities. With
the increase of initial ﬂow velocity, the temperature rise of the ﬁrst layer measuring points gradually increases. The temperature
rise value of the ﬁrst layer corresponding to 0.9 m/s is 11.66°C, 4.32°C, and 3.13°C higher than 0.8 m/s and 0.85 m/s, respectively; in
the buried depth test, the ﬁrst layer temperature rise at 15 cm is 1.85°C higher than that at 25 cm; in the space test, when the buried
pipe space increases from 10 cm to 15 cm, the temperature rise value of the ﬁrst layer decreases by 1.2°C. From the above three
inﬂuencing factors experiments, it can be obtained that the temperature rise stage of the ﬁrst layer measuring points can be divided
into the rapid temperature rise stage within 0–2 hours, the temperature rise one with 2 h–6 h, and stable temperature stage after
6 h. Experimental observation shows that road temperature will be higher than 8°C within 1 h–1.2 h, which can eliminate the road
icing temperature conditions to ensure that the road does not freeze. After opening the snow melting system for 6 h, the surface
temperature of the road tends to be stable, and there is no signiﬁcant change. In practical application, open the system 1.5 h in
advance so that it can prevent road snow and freezing. After opening the system for 6 h or stopping snowfall and rainfall within
6 h, close the system, and the residual temperature stored in the concrete road is used for deicing and snow melting. Ensuring that
the road surface temperature is above 0°C, the heating system is turned on intermittently to save energy. The research provides
theoretical support for preventing road snow and freezing.

1. Introduction
Ice and snow on roads in winter can cause traﬃc accidents
[1], and both governments and citizens have investigated
snow removal in detail. Traditional deicing is considered to
be “passive” snow melting [2], and common methods include manual clearing [3], mechanical clearing [4, 5], and the
use of snow-melting agents [6–8]. Although these methods
are widely used, there are many disadvantages, such as high
time consumption, high physical burden, incomplete

removal, low degrees of automation, and environmental
pollution [9–12]. Therefore, a novel “active” snow and ice
melting method that is environmentally friendly and
moderately priced and provides a high degree of automation
is likely to be popular. Common “active” snow melting
technology includes self-stress elastic pavement [13], lowfreezing-point pavement [14], and energy conversion
pavement [15]. Self-stress elastic pavement and low-freezing-point pavement degrade in deicing performance over
time [16]. Energy conversion pavement technology
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improves energy eﬃciency and protects the environment.
Currently, energy conversion snow and ice melting pavement [17] can be divided into electrothermal and geothermal
systems. The electric heating method uses external electric
energy to increase the pavement temperature by converting
electric energy into heat energy to melt surface snow and ice.
This method can be divided into cable-heated pavement
[18], conductive concrete pavement [19–21], carbon ﬁbreheated pavement [22, 23], and so forth. Cable-heated
pavement has a low power conversion rate, is easily damaged, and consumes considerable energy. The content of
conductive concrete pavement is diﬃcult to control, and the
stability of the concrete’s strength and long-term use are
diﬃcult to guarantee. Carbon ﬁbre-heated pavement has
good electrical conductivity, high strength, and good thermal stability but requires considerable energy, which is
diﬃcult to implement in mountainous areas and other areas
with insuﬃcient power supply. Therefore, a novel “active”
snow and ice melting method must be developed, which has
low energy consumption and is suitable for areas with insuﬃcient power. Melting snow and ice with shallow geothermal energy can solve these problems. Gedik [24]
compared the heat transfer eﬃciency of ammonia water and
geothermal water in geothermal pipes by numerical simulations. Mahdavi et al. [25] found that a change in the
temperature ﬁeld has no marked eﬀect on the eﬀect of buried
pipe angles on the temperature ﬁeld of concrete roads.
Mauro and Grossman [26] established a long-term dynamic
simulation model to study the temperature distribution of
the model, and their results showed that when the external
air temperature is higher than −4°C, the surface temperature
of the road can remain above zero throughout the winter. In
recent years, universities in China have begun to study and
explore the technology of geothermal snow and ice melting
on roads. However, due to a long experimental research
cycle and high investment costs, these results were relatively
weak. Xu et al. [27, 28] built the ﬁrst snow melting test
section of solar-soil thermal-energy-coupled pavement in
China and investigated the feasibility of using ﬂuid heated
pavement in cold regions of China. Wang and Zhao [29]
established a small model outdoors and used geothermal
energy to conduct snow melting experiments on natural
snow, artiﬁcial snow, broken ice, and real ice. They concluded that a reasonable melting time and increasing the
heating temperature of the ﬂuid can eﬀectively shorten the
time to melt the snow and ice. Cui et al. [30] established a
wall-soil-snow coupling model, and the mechanism of the
heat melting system was analysed. The temperature ﬁeld and
the phase interface moving rule in the process of melting
snow were obtained. The selection of system parameters
(ambient conditions, diameter, burial depth, and pipeline
pitch) was studied, as well. These results have important
reference value for the design and optimization of heat
source snow melting systems. Wang et al. [31] concluded via
numerical analyses that the deicing performance of pavement increased with increasing thermal conductivity of
buried pipelines, but the inﬂuence was small when the
thermal conductivity was greater than 1.6. Zheng et al. [32]
used a ﬁnite element method to simulate the temperature
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ﬁeld of hot water pipelines in roads in alpine regions and
concluded that the space and burial depth had a strong
inﬂuence on the temperature ﬁeld, while the pipe diameter
had little eﬀect. Zhang et al. [33] used shallow geothermal
methods to melt snow on airport runways and created fullscale ﬁeld test systems in Beijing and Harbin to perform
long-term thermal stability tests. They showed that a hotpipe airport runway system is an eﬃcient and sustainable
method to melt snow and ice, has good practical applications, and can be used in central China and other countries.
Numerical simulations and ﬁeld tests on concrete road
deicing and snow melting using geothermal energy have
been widely performed. To comprehensively determine the
distribution of the temperature ﬁeld inside and on the
surface of concrete roads, this study investigates the inﬂuence of three factors: ﬂuid velocity, pipe burial depth, and
pipe space.
The past research mainly focuses on the opening of snow
melting system or the continuous opening of snow melting
system after snowfall. The former will increase the time of
snow melting, and the latter will waste more electrical energy. Therefore, it is necessary to study the change law of
temperature inside the road under the action of geothermal
and obtain the relationship between temperature rise and
time, so that it guides us to open the system in advance
combined with the meteorological system. By this way, the
temperature conditions needed for road icing have been
eliminated during snowfall, and the road will not freeze.

2. Design and Production of Test Models
2.1. Model Design. Based on an actual road structure, two
full-scale models, A and B, of concrete roads were constructed at an outdoor site. The sizes of the models were
1 m × 2 m×0.45 m. Two layers of buried pipes were arranged
at depths of 15 and 25 cm in each model, as shown in
Figure 1. To describe changes in the internal and surface
temperature ﬁelds of the models, four layers of temperature
sensors were arranged on the surface of the model and at
depths of 15, 25, and 45 cm; 26 measurement points were set
up in each layer. The space of the buried pipes and the
arrangement of temperature measurement points in models
A and B are shown in Figure 2. The detailed design parameters of models A and B are shown in Table 1.

3. Model Design
The buried pipes were ﬁxed to a wire mesh of 1 m × 2 m, and
the mesh size was 10 cm × 10 cm. In addition to ﬁxing the
geothermal pipe, the wire mesh also played the role of
separating the distance, which was convenient for laying the
temperature measurement line. A PERT pipe with excellent
toughness was used as the buried pipe, and a U-shaped
layout was used to ﬁx it on the upper portion of the primary
reinforcement of the wire mesh, which was ﬁxed by a nylon
tie. Two 1 m × 2 m × 0.85 m trenches were excavated in the
test site, and a 20 cm soil layer was ﬁlled in the base. Then,
20 cm of gravel was paved, compacted, and put into the
mould. The insulation layer was laid for the fourth layer and
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around the mould, and a support frame was set up at the top
to prevent the mould from being squeezed. An XPS extruded
insulation board was used. The concrete was poured using
the layered-pouring technique, and two layers of buried
pipes were laid in sequence. The surface of the concrete was
plastered, left to cure for 28 days, and covered with preservative ﬁlm to prevent water loss. The construction process
is shown in Figure 3.

4. Test Materials and Devices
K-type thermocouples were used and had a working temperature range between −20 and 100°C. A JK9200 power
waveform recorder was used to measure temperatures and
had a working temperature range between −10 and 50°C.
The test process for the snow and ice melting systems
using the geothermal method is shown in Figure 4 and was
primarily divided into four steps. First, during ﬂuid heating,
the ﬂuid in the heat-exchanger tube went deep into the
ground and exchanged heat with the ﬂuid in the pipeline to
increase the ﬂuid temperature. Second, during system operation, the collector’s valve switch was opened, the generating set was started, and the heated ﬂuid ﬂowed into the
model. Third, during heat exchange, the temperature difference between the model and the ﬂuid led to rapid heat
exchange as the ﬂuid ﬂowed through the model. Then, the
temperature inside and on the surface of the model increased. Last, during ﬂuid return, the ﬂuid temperature that
had undergone heat exchange decreased, ﬂowed out of the
model, and returned to the geothermal exchange tube. The
entire process then was repeated as a cycle.

5. Experimental Design
The model experiments are carried out under the conditions
of 0.8 m/s, 0.85 m/s, and 0.9 m/s of pipeline ﬂow velocity,
15 cm and 25 cm of buried pipe depth, and 10 cm and 15 cm
of pipe space. Temperatures were recorded every half hour.
Changes in the temperature ﬁelds inside and on the surface
of the model within 10 h were measured and recorded, the
temperature rise laws of the internal and surface temperature ﬁelds of the model under various working conditions
were analysed, and the relationship between the temperature
rise and time was summarized. A ﬂow velocity test was
performed on the ﬁrst layer of model A, and the design of the
ﬂow velocity test conditions is shown in Table 2. The ﬁrst and
second layers of model A were connected, the initial ﬂow
velocity was set to 0.9 m/s, and the burial depth test was
performed. The design of the burial depth test conditions is
shown in Table 3. The ﬁrst layer of model A and the ﬁrst layer
of model B were connected, the initial ﬂow velocity was set to
0.9 m/s, and the space test was performed. The design of the
space test conditions is shown in Table 4.

6. Test Results and Discussion
6.1. Temperature Variation and Discussion under Three Different Flow Velocities. The ﬂow velocity determines the total
amount of heat exchange per unit time of the concrete road.
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The greater the ﬂow velocity is, the greater the amount of
heat exchange is. After making the concrete road model, the
pressure test of the whole system was carried out. It was
found that the ultimate value of the compressive stress was
3.1 kPa, and the ﬂow velocity at this time was 1 km/h. In
order to prevent the system from being always in the limit
operation state, the initial circulating ﬂow velocity was reduced slightly, and the temperature change was not obvious
when the ﬂow velocity was set too low. Therefore, the initial
ﬂow velocity was set as 0.9 km/h, 0.85 km/h, and 0.8 km/h,
respectively, in this paper.
Figure 5 shows the average temperature of each layer of
measurement points under diﬀerent upward ﬂow trends
under diﬀerent ﬂow velocities. The temperature change
trend of the ﬁrst three layers can be divided into a rapid
heating stage (before 2 h), a heating stage (2–6 h), and a
temperature stability stage (after 6 h), and the temperature
change trend of the fourth layer can be divided into a
temperature rise stage (before 2 h) and a stable temperature
stage (after 2 h). The initial temperature of the four measurement layers decreases in the following order: the fourth
layer, the third layer, the second layer, and the ﬁrst layer.
Under the conditions of 0.8 km/h and 0.85 km/h, the temperature of the measurement layers decreases in the following order: the second layer, the third layer, the ﬁrst layer,
and the fourth layer. This is because, during the velocity test,
the second temperature measurement layer is the heating
layer, in which the temperature rise change is the most
obvious, and the third temperature measurement layer is
10 cm from the second layer, while the ﬁrst layer is 15 cm
from the second layer. Since this distance is far and the ﬁrst
layer is in direct contact with the external environment, the
overall temperature of the third layer is higher than that of
the ﬁrst layer. Regarding the fourth layer, although the initial
temperature value is the highest, it is close to the soil, and the
temperature is relatively constant. Therefore, even in the
temperature rise stage, the temperature rise is only about
2°C, and thus, after heating, the temperature is lower than
those of the other three layers. However, under the condition
of 0.9 km/h, the temperature of the measurement layers after
heating for 6 h decreases in the following order: the second
layer, the third layer, the ﬁrst layer, and the fourth layer. This
shows that, under this ﬂow velocity condition, the temperature diﬀerence between the ﬁrst temperature measurement layer and the external environment temperature
increases, and thus more heat energy is transferred to the
surface layer, making the temperature of the ﬁrst layer
exceed that of the third layer after 3.5 h.
Figure 6 shows the temperature variation of each
measurement point under diﬀerent ﬂow velocities.
Figure 6(a) shows that the average initial surface temperatures are 4.23, 4.29, and 4.31°C under the conditions of 0.8,
0.85, and 0.9 m/s before heating, respectively. Under the
condition of 0.8 m/s, the temperature is 9.76°C for 2 h and is
stable at about 11.57°C after 6 h, and, throughout the
temperature rise test, the temperature value increased by
7.34°C. Under the condition of 0.85 m/s, the temperature is
10.57°C for 2 h and is stable at about 12.82°C after 6 h, and,
throughout the temperature rise test, the temperature value
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Figure 1: Concrete road model and buried depth design of geothermal pipes.
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Figure 2: Geothermal pipe space and measurement points layout.

increased by 8.53°C. Under the condition of 0.9 m/s, the
temperature is 11.97°C for 2 h and is stable at about 15.97°C
after 6 h, and, throughout the temperature rise test, the
temperature value increased by 11.66°C.

These results, combined with those in Table 5, suggest
that, after heating for 2 h, the temperature rise at 0.9 m/s,
11.97°C, is the highest, 2.21°C higher than that at 0.8 m/s and
1.4°C higher than that at 0.85 m/s. After heating for 6 h, the
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Table 1: Detailed model design parameters.

Model number Model scale (m) Buried pipe space (cm) Pipe buried depth (cm) Depth of the temperature measurement line (cm)
The ﬁrst layer (0)
A
10
The second layer (15 cm)
1 × 2 × 0.45
15 and 25
The third layer (25 cm)
B
15
The fourth layer (45 cm)

(a)

(b)

(c)

(d)

Figure 3: Construction ﬂow chart. (a) Macadam laying. (b) Support mould. (c) Geothermal pipe laying. (d) Concrete curing.
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Figure 4: Flow chart of the model test.
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Table 2: Design of ﬂow velocity working conditions.

Initial circulating water ﬂow velocity (m/s)
0.8
0.85
0.9

Pipe buried depth (cm)

Buried pipe space (cm)

15

10

Table 3: Design of buried depth working conditions.
Pipe burial depth (cm)
15
25

Initial circulating water ﬂow velocity (m/s)

Buried pipe space (cm)

0.9

10

Table 4: Design of space working conditions.
Initial circulating water ﬂow velocity (m/s)

Pipe burial depth (cm)

0.9

15

20
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16
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Figure 5: Temperature change curves of the measuring points of four layers under diﬀerent ﬂow velocities: (a) 0.8 m/s; (b) 0.85 m/s;
(c) 0.9 m/s.
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temperature rise at 0.9 m/s is 4.4°C higher than that at 0.8 m/
s and 3.15°C higher than that at 0.85 m/s. Upon comprehensive analysis of the temperature rise from the initial value
to the stable stage, the temperature rise is 11.66°C at 0.9 m/s,
which is 4.32°C and 3.13°C higher than those at 0.8 m/s and
0.85 m/s, respectively. Clearly, increasing the initial velocity
value can improve the ﬁrst layer temperature rise when the
burial depth of the geothermal pipe is 15 cm and the buried
pipe space is 10 cm.
According to the existing research [34], when the
pavement temperature is 0–4°C, the ice-water mixture on the
road easily freezes. To ensure that road icing does not occur,
road icing temperature conditions must be eliminated. The
above conditions can be satisﬁed when the test temperature
is higher than 8°C. Figure 6(a) shows that the road temperature can exceed 8°C after about 1 h.
Table 6 shows the temperature rise test results of the
second layer, third layer, and fourth layer under three ﬂow
velocity conditions. Combined with Figure 6(b), the temperature change law of the second layer of the ﬂow velocity
test shows that, before heating, the average initial temperatures at 0.8, 0.85, and 0.9 m/s are 6.67, 7.43, and 6.49°C,
respectively. After heating for 2 h, the temperatures are
13.51°C, 14.76°C, and 14.67°C. After heating for 6 h, the
temperatures are 15.55°C, 17.23°C, and 18.03°C. Compared
with the initial temperature, the temperature increases after
temperature stabilization are 8.88°C, 9.8°C, and 11.54°C. The
temperature rise at 0.9 m/s is 2.66°C and 1.74°C higher than
those at 0.8 m/s and 0.85 m/s, respectively. Figure 6(c) shows
the temperature variation of the third layer of the ﬂow
velocity test. Before heating, the average initial temperatures
at 0.8, 0.85, and 0.9 m/s are 7.84, 8.39, and 7.76°C, respectively. After heating for 2 h, the temperatures are 10.58°C,
11.47°C, and 12.12°C. After heating for 6 h, the temperatures
are 13.93°C, 14.89°C, and 14.79°C. Compared with the initial
temperature, the temperature increases after temperature
stabilization are 6.09°C, 6.5°C, and 7.03°C. The temperature
rise of 0.9 m/s is 0.94°C and 0.53°C higher than those of
0.8 m/s and 0.85 m/s, respectively. Figure 6(d) shows the
temperature variation of the fourth layer during the velocity
test. Before heating, the average initial temperatures of
0.8 m/s, 0.85 m/s, and 0.9 m/s are 8.78°C, 9.45°C, and 9.05°C,
respectively. After heating for 2 h, the temperatures are
10.48°C, 10.83°C, and 11.45°C. According to the previous
analysis, after heating for 2 h, the temperature of the fourth
layer tends to be stable. Compared with the initial temperature, the temperature increases after temperature stabilization are 1.7°C, 1.38°C, and 2.4°C. There is no obvious
law between the temperature rises under the three conditions, which may be because the fourth temperature measurement layer is relatively stable in the soil environment,
and the road temperature has little eﬀect on it.
6.2. Temperature Variation and Discussion under Diﬀerent
Buried Depth Conditions. The pipeline depth is the vertical
distance between the top of the pipeline and the pavement
surface, which determines the heat loss of concrete roads.
For the same concrete road, a shallow pipe yields less heat
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loss, and thus more heat is stored within the pavement
surface. We set a ﬂow velocity of 0.9 m/s and pipe spaces of
10, 15, and 25 cm at two diﬀerent burial depths to investigate
how the temperatures vary. Figure 7 shows the temperature
variation of the four measurement layers under diﬀerent
buried depths.
Figure 7 shows that the average temperature of each layer
of measurement points under diﬀerent burial depths shows
an overall upward trend. The temperature variation of the
four measurement layers under the condition of 15 cm is
shown in Figure 7(a). The initial temperature of the four
measurement layers decreases in the following order: the
fourth layer, the third layer, the second layer, and the ﬁrst
layer. After heating for 6 h, the temperature of the four
measurement layers is sorted as follows: the second layer, the
ﬁrst layer, the third layer, and the fourth layer. The temperature variation of the four measurement layers under the
condition of 25 cm is shown in Figure 7(b). The initial
temperature of the four measurement layers decreases in the
following order: the fourth layer, the third layer, the second
layer, and the ﬁrst layer. After heating for 6 h, the temperature of the four measurement layers decreases in the
following order: the third layer, the second layer, the ﬁrst
layer, and the fourth layer. The test results show that, with
the increase in the burial depth, the temperature rise of the
ﬁrst layer and the second layer decreases, and the temperature rise of the third layer and the fourth layer increases.
Therefore, reducing the burial depth of the geothermal pipe
can increase the temperature rise of the ﬁrst layer. According
to Table 7, before heating, the average initial temperatures of
the ﬁrst layer at 15 cm and 25 cm are 4.31°C and 4.32°C,
respectively. After heating for 2 h, the temperatures of the
two conditions are 11.97°C and 10.14°C. After heating for
6 h, the temperatures are 15.97°C and 14.13°C, respectively.
Compared with the initial temperature, the increased
temperatures are 11.66°C and 9.81°C, respectively. The ﬁrst
layer temperature at 15 cm is 1.85°C higher than that at
25 cm. When the initial ﬂow velocity is set to 0.9 m/s and the
buried pipe space is set to 10 cm, reducing the burial depth of
the pipe can improve the temperature rise of the ﬁrst layer.
Analysis of the relationship between the ﬁrst layer temperature rise and time in Figure 7 shows that, after about
1.2 h, the pavement temperature exceeds 8°C.
The second layer temperature variation in the burial
depth test can be analysed with Table 8. Before heating, the
average initial temperatures with pipes at 15 and 25 cm are
6.49 and 6.47°C, respectively. After heating for 2 h, the
temperatures of the two conditions are 14.67°C and 13.72°C.
After heating for 6 h, the temperatures are 18.03°C and
17.11°C, respectively. Compared with the initial temperature, the temperature rises are 11.54°C and 10.64°C, respectively. The second layer temperature at 15 cm is 0.9°C
higher than that at 25 cm. Table 8 is used to analyse the
temperature variation in the third layer of the burial depth
test. Before heating, the average initial temperatures with
pipes at 15 and 25 cm are 7.76 and 7.81°C, respectively.
Figure 7 shows that the fourth layer temperatures in the
burial depth test with pipes at 15 and 25 cm are 9.05 and
9.15°C initially, respectively. After heating for 2 h, the
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Figure 6: Temperature change curves of the measuring points of each layer: (a) the ﬁrst layer; (b) the second layer; (c) the third layer; (d) the
fourth layer.
Table 5: Temperature rise value of the ﬁrst layer under ﬂow velocity conditions.
Flow velocity
(m/s)
0.8
0.85
0.9

Initial temperature
(°C)
5.23°C
6.19°C
4.31°C

Temperature after
2 h (°C)
9.76
10.57
11.97

Temperature after
6 h (°C)
11.57
12.82
15.97

temperatures are 12.12°C and 14.33°C. After heating for 6 h,
the temperatures are 14.79°C and 17.73°C, respectively.
Compared with the initial temperature, the temperature
rises are 7.03°C and 9.52°C, respectively. The ﬁrst layer
temperature rise under the 15 cm condition is 2.49°C lower
than that under the 25 cm condition. In the burial depth test,
because the heating layer changes from 15 cm to 25 cm and
the third layer is closer to the heating layer under 25 cm

The temperature rise value between initial temperature
and temperature after 6 h (°C)
6.34
6.63
11.66

conditions, the temperature rise of the third layer is higher
than that of the second layer under 25 cm conditions. At
15 cm and 25 cm, the initial temperatures of the fourth layer
are 9.05°C and 9.15°C, respectively. After heating for 2 h, the
temperatures are 11.45 and 12.28°C. The temperature rises
are 2.4°C and 3.13°C, respectively. With increasing burial
depth, the temperature rise of the fourth layer will increase
slightly.
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Table 6: Temperature rise value of the second, third, and fourth layers under three ﬂow conditions.
Flow velocity
Initial
(m/s)
temperature (°C)
0.8
6.67
0.85
7.43
0.9
6.49
0.8
7.84
0.85
8.39
0.9
7.76
0.8
8.78
0.85
9.45
0.9
9.05

Position
The second
layer
The third
layer

Temperature after
6 h (°C)
15.55
17.23
18.03
13.93
14.89
14.79

20

20

18

18

16

16
Temperature (°C)

Temperature (°C)

The fourth
layer

Temperature after
2 h (°C)
13.51
14.76
14.67
10.58
11.47
12.12
10.48
10.83
11.45

14
12
10

14
12
10

8

8

6

6

4

0

1

2

3

4

7
5
6
Time (hours)

First layer
Second layer

8

9

10

11

Third layer
Fourth layer
(a)

The temperature rise value between initial
temperature and temperature after 6 h (°C)
6.09
6.5
7.03
6.09
6.5
7.03

4

0

1

2

3

4

7
5
6
Time (hours)

First layer
Second layer

8

9

10

11

Third layer
Fourth layer
(b)

Figure 7: Temperature change curves of the measuring points of four layers under diﬀerent buried depths: (a) 15 cm; (b) 25 cm.

Table 7: Temperature rise value of the ﬁrst layer under two buried depths.
Depth
(cm)
15
25

Initial temperature Temperature after 2 h Temperature after 6 h The temperature rise value between initial temperature
(°C)
(°C)
(°C)
and temperature after 6 h (°C)
11.97
15.97
11.66
4.31
10.14
14.13
9.81

6.3. Temperature Variation and Discussion under Diﬀerent
Space Conditions. Pipeline space is the horizontal distance
between two adjacent pipelines, which determines the heat
transfer area of the concrete roads. For the same concrete
road, a smaller pipeline space indicates more pipes and a
larger heat transfer area. With a ﬂow velocity of 0.9 m/s and a
buried pipe depth of 15 cm, tests under two diﬀerent space
conditions of 10 and 15 cm were performed.
Figure 8 shows that the average temperature of each
measurement point under diﬀerent space conditions shows
an overall upward trend. The ﬁrst layer temperature variation is shown in Figure 8(a). Before heating, the average
initial temperatures of the ﬁrst layer with pipe spaces of 10
and 15 cm are 4.31 and 4.18°C, respectively. After 6 h, the
temperature values are stable at 15.97°C and 14.46°C. In the

entire temperature rise test, the temperature rises under the
two conditions are 11.66°C and 10.46°C. According to Table 9, when the buried pipe space increases from 10 cm to
15 cm, the temperature rise decreases by 1.2°C. Therefore,
when the initial velocity is set to 0.9 km/h and the geothermal pipe burial depth is set to 15 cm, reducing the buried
pipe space could improve the temperature rise of the ﬁrst
layer. After about 1 h, the road temperature is over 8°C.
Table 10 shows the temperature rise test results of the
second, third, and fourth layers under two diﬀerent space
conditions. Figure 8(b) shows the temperature variation of
the second layer during the space test. Before heating, the
average initial temperatures with pipe spaces of 10 and 15 cm
are 6.49°C and 6.58°C, respectively. After heating for 2 h, the
temperatures are 14.67°C and 13.19°C, respectively. After
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Table 8: Temperature rise value of the second, third, and fourth layers under two burial depths.
Depth
(cm)
15
25
15
25
15
25

Position

Temperature after
2 h (°C)
14.67
13.72
12.12
14.33
11.45
12.28

Temperature after
6 h (°C)
18.03
17.11
14.79
17.73

20

20

18

18

16

16
Temperature (°C)

Temperature (°C)

The second
layer
The third
layer
The fourth
layer

Initial
temperature (°C)
6.49
6.47
7.76
7.81
9.05
9.15

14
12
10
8
6
4

The temperature rise value between initial
temperature and temperature after 6 h (°C)
11.54
10.64
7.03
9.52

14
12
10
8
6

0

1

2

3

4

7
5
6
Time (hours)

8

9

10

4

11

0

Buried pipe space 15cm
Buried pipe space 10cm

1

2

3

4

9

10

11

8

9

10

11

(b)

20

20

18

18

16

16
Temperature (°C)

Temperature (°C)

8

Buried pipe space 15 cm
Buried pipe space 10cm

(a)

14
12
10
8

14
12
10
8
6

6
4

5
6
7
Time (hours)

0

1

2

3

4

5
6
7
Time (hours)

8

9

10

11

Buried pipe space 15cm
Buried pipe space 10cm
(c)

4

0

1

2

3

4

5
6
7
Time (hours)

Buried pipe space 15 cm
Buried pipe space 10 cm
(d)

Figure 8: Temperature change curves of the measuring points of each layer under diﬀerent space conditions: (a) the ﬁrst layer; (b) the
second layer; (c) the third layer; (d) the fourth layer.

heating for 6 h, the temperatures are 18.03°C and 16.09°C,
respectively. Compared with the initial temperature, the
temperature increases after temperature stabilization are
11.54°C and 9.51°C, respectively. The temperature rise at
10 cm is 2.03°C higher than that at 15 cm. Figure 8(c) shows

the temperature variation of the third layer during the space
test. Before heating, the average initial temperatures of the
third layer with pipe spaces of 10 and 15 cm are 7.7 and
7.94°C, respectively. After heating for 2 h, the temperatures
are 12.12°C and 9.2°C, respectively. After heating for 6 h, the
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Table 9: Temperature rise value of the ﬁrst layer under two space conditions.
Space
(cm)
10
15

Initial temperature Temperature after 2 h Temperature after 6 h The temperature rise value between initial temperature and
(°C)
(°C)
temperature after 6 h (°C)
(°C)
4.31
11.97
15.97
11.66
4.18
10.64
14.46
10.46

Table 10: Temperature rise value of the second, thirds and fourth layers under two diﬀerent space conditions.
Position
The second
layer
The third
layer
The fourth
layer

Space
(cm)
10
15
10
15
10
15

Initial
temperature (°C)
6.49
6.58
7.76
7.94
9.05
8.93

Temperature after
2 h (°C)
14.67
13.19
12.12
9.2
11.45
11.05

temperatures are 14.79°C and 13.18°C, respectively. Compared with the initial temperature, the temperature increases
after temperature stabilization are 7.03°C and 5.24°C, respectively. The temperature rise at 10 cm is 1.79°C higher
than that at 15 cm. Figure 8(d) shows the temperature
variation of the fourth layer during the space test. Before
heating, the average initial temperatures of the fourth layer
are 9.05 and 8.93°C with pipe spaces of 10 cm and 15 cm,
respectively. After heating for 2 h, the temperatures are
11.45°C and 11.05°C. Compared with the initial temperature,
the temperature increases after temperature stabilization are
2.4°C and 2.12°C, respectively.

7. Conclusion
Two concrete road models with dimensions of
1 m × 2 m × 0.45 m were made to study the change rule of
road temperature ﬁeld and observe the relationship between
temperature rise and time. The conclusions are given in the
following:
(1) Under the set working conditions and according to
the measured data, the internal and surface temperatures of the concrete roads model increase,
which proves the rationality of the proposed heating
method for concrete roads using shallow geothermal
energy.
(2) When the buried depth of geothermal pipe is 15 cm
and pipe space is 10 cm, the ﬂow velocity experiments under diﬀerent working conditions of 0.8 m/s,
0.85 m/s, and 0.9 m/s show that the temperature rise
value at 0.9 m/s is 11.66°C, which is 4.32°C and 3.13°C
higher than that at 0.8 m/s and 0.85 m/s, respectively.
Therefore, increasing the initial velocity can improve
the temperature rise value of the ﬁrst layer of the
concrete roads.
(3) When the initial velocity is 0.9 m/s and the buried
pipe space is 10 cm, the buried depth experiments
under diﬀerent working conditions of 15 cm and
25 cm show that the ﬁrst layer temperature rise value

Temperature after
6 h (°C)
18.03
16.09
14.79
13.18

The temperature rise value between initial
temperature and temperature after 6 h (°C)
11.54
9.51
7.03
5.24

at 25 cm is 9.81°C, which is 1.85°C less than that at
15 cm. Therefore, decreasing the burial depth of the
pipes can improve the temperature rise value of the
ﬁrst layer of the concrete roads.
(4) When the initial velocity is 0.9 m/s and the buried
depth is 15 cm, the buried pipe space experiments
under diﬀerent working conditions of 10 cm and
15 cm show that the ﬁrst layer temperature rise value
at 15 cm is 10.46°C, which is 1.2°C less than that at
10 cm. Therefore, decreasing the burial space of the
pipes can improve the temperature rise value of the
ﬁrst layer of the concrete roads.
(5) During the heating process, the temperature of the
ﬁrst layer of the concrete road model can exceed 8°C
under each working condition within 1.2 h and
become stable after 6 h. Therefore, in practical application, open system 1.5 h in advance so that it can
prevent road snow and freezing. After opening
system for 6 h, or stopping snowfall within 6 h, close
the system, and the residual temperature stored in
the concrete road is used for deicing and snow
melting. Under the condition of ensuring that the
road surface temperature is above 0°C, the heating
system is turned on intermittently to save energy.
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