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The abundantly available renewable geothermal energy resources play an import-
ant role in people’s life in the applications of hot water supply, greenhouse heating, 
air conditioning, electricity generating, breeding, incubating, drying, irrigating, 
refrigeration, and so on. This study investigated the characteristics of geothermal 
energy obtained from a 100 m deep well in Harbin, the coldest provincial capital 
of China. The effects of air temperature, wind scale, and fluid velocity were also 
studied. When the air temperature varied in the range of –21.76 ~ –15.27 oC and 
the wind scale was in the range of 2-5, the tube and soil temperatures varied in the 
ranges of –1.3 ~ 1.8, 3.9 ~ 4.6, 6.6 ~ 7.7, 7.7-8.7, 8.9 ~ 9.8, 10.4 ~ 11.3, 11.9 ~ 13.1, 
and 13.4 ~ 14.8 oC for the well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, re-
spectively. Ambient conditions had significant effect on the soil temperature above 
1 m whereas nearly no effect on the soil temperature under 5 m. When the fluid ve-
locities were between 0.09 m/s and 0.18 m/s, the tube temperatures reached stable 
within one hour, and the fluid velocity had slight effect on the tube temperatures. 
The results obtained from this study offer precious geothermal energy information 
for the cold regions of China and also the whole world.
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Introduction

According to the global geothermal energy scenario by 2040 [1], the global geother-
mal energy consumption would be 184.03, 331.60, and 491.32 Mtoe (million tonnes oil equiv-
alent) for the years of 2020, 2030, and 2040, respectively. The average annual increase in these 
global geothermal energy resources would be 15.32% for the next three decades (based on the 
global geothermal energy consumption of 86.81 Mtoe in 2010), being much higher than the 
average annual increase rate of 1.27% in world population (6.52-7.35 billion persons) for the 
past ten years of 2006-2015 [2].

Geothermal energy is now considered as one of the most promising energy source 
among the alternative energy sources due to the advantages of reliable, clean, and safe over the 
fossil fuels [3, 4], these abundantly available renewable geothermal energy resources would 
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definitely play more and more im-
portant role in people’s life in the 
applications of hot water supply, 
greenhouse heating, air conditioning, 
electricity generating, breeding, incu-
bating, drying, irrigating, refrigera-
tion, and so on [5-9].

There are totally four geother-
mal zones in the world: Circum Pa-
cific Ocean, Mediterranean-Hima-
laya, Mid-Atlantic Ridge, and Red 
Sea-Aden-East-African Rift Valley 
[10]. Among these four geothermal 
zones, two geothermal zones (Cir-
cum Pacific Ocean and Mediterra-
nean-Himalaya) extend across Chi-
na [5], and China is the top country 

with the largest utilization of geothermal energy [1]. Figure 1 shows the national territory of 
China where Harbin locates in the northeast with a longitude between 125° 42′ and 130° 10′ 
and a latitude between 44 °04′ and 46 °40′, and it has the lowest winter temperature of –38.1 
oC among all the provincial capitals in China [11]. The geothermal energy in Harbin can 
therefore enrich the geothermal energy information for the cold regions of China and also of 
the whole world.

The main objective of this study was to investigate the characteristics of geothermal 
energy obtained from a deep well in Harbin, the coldest provincial capital of China. The three 
specific objectives were: to present the characteristics of geothermal energy obtained from a 
deep well in the coldest region of China by demonstrating the tube /soil temperatures at differ-
ent depths of a 100 m deep well located in Harbin, to determine if the ambient conditions e. g. 
air temperature and wind scale have effects on the characteristics of geothermal energy, and to 
study the effect of fluid velocity on the tube/soil temperatures.

Experimental

Well drilling

After a careful detection of the soil ground with a 2 m Luoyang spoon to make sure 
that there were no electric wires or gas pipes, a water well driller machine was then used to 
drill wells. The water well driller machine is composed of a motor, a controlling switch (push 
driller or pull driller), a driller, a water pump, and some pipes. When the machine was started 
and the driller entered the ground, a water stream was connected to the well for: cooling the 
driller, preventing the soil around the drilled well from collapsing to bury the drilled well, and 
drawing out the soil in the ground through a discharge pipe thereby improving the drilling. The 
driller was connected to a steel pipe in 2 m length and the steel pipe was led by the driller to 
enter the ground soil. When the steel pipe entered, the up side was connected to another steel 
pipe. Totally, fifty steel pipes were drawn by the driller to reach a depth of 100 m.

Thermocouple placement and tube drop

The U-type tube was used as heat exchanger in this study. The U-type tube is made 
of polyethylene, and the inner diameter and out diameter are 28 mm and 32 mm, respectively. 
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Figure 1. National territory of China
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Two 100 m deep polyethylene tubes were connected by a U-type polyethylene tube which is 
usually called U-type head.

Figure 2 shows the schematic diagram of U-type tube and thermocouple placement. 
Eight thermocouples were located at the points labeled as shown in fig. 2. For each thermocou-
ple, there was an extra five meters for the thermocouple extension cable. For the well depths 
of 1, 5, 10, 20, 40, 60, 80, and 100 m, the thermocouple extension cables are 6, 10, 15, 25, 45, 
65, 85, and 105 m in length, respectively. The thermocouples and the thermocouple extension 
cables were tied around one of the U-type tube with scotch tape, this could reduce the frictions 
and consequently help the tube drop. The U-type tube was filled with water to make the tube 
heavier. On the other hand, a 2 m silk bag filled with heavy stones was tied along the U-type 
tube from the U-type head to make 
sure the U-type tube will be heavy 
enough to overcome the buoyancy of 
water in the well. Based on the prin-
ciple of inertia of energy, the U-type 
tube with eight thermocouples and 
one stone bag was then dropped in the 
well as fast as possible to make sure 
that the drop was easier.

When the U-type tube was dropped in the 100 m deep well, sand was piled around the 
U-type tube and water was poured around. A long bamboo was used to stir in the well, making 
the sand fill the well easily.

Data acquisition

When the tubes over the ground were connected, a water pump (CMF4-40T-A-W-
G-BABE, Guangdong Lingxiao Pump Industry Co., Ltd, Yangchun, China) was used to circu-
late the water in the tube, and a valve was used to control the fluid velocity in the cycle. The 
eight thermocouple extension cables were connected to a data collecting and recording system 
located in the room and another thermocouple extension cable was also connected to the sys-
tem for measuring the ambient temperature. The data collecting and recording system (RS485, 
Heilongjiang ARCO Technology Co., Ltd, Harbin, China) can record and store the transient 
temperatures the thermocouples send back. An anemometer (NK-5500, Guangzhou GORDY 
Electronic Technology Co., Ltd, Guangzhou, China) was used to measure the wind scale. A liq-
uid turbine flowmeter (SDLWGY-40C05SSEN, Beijing Shidatongchuang Test & Control Co., 
Ltd, Beijing, China) was used to measure the fluid velocity.

Experimental procedure

On the experiment days, the data collecting and recording system was turned on to 
record the ambient and tube temperatures. The anemometer was turned on to measure the wind 
scale. When the water pump and liquid turbine flowmeter were turned on, the valve was adjust-
ed to reach the required fluid velocity.

Results and discussion

Ambient conditions

Figure 3 shows the ambient conditions of air temperatures and wind scales of a typ-
ical experimental day. The air temperature varied in the range of –21.76 ~ –15.27 oC with the 
lowest temperature of  –21.76 oC at 7 a. m. in the early morning and the highest temperature of 
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Figure 2. Schematic diagram of U-type tube and 
thermocouple placement
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–15.27 oC at 2 p. m. in the early afternoon. The 
wind scale of the typical experimental day was 
in the range of 2-5. Wind scales of 2, 3, 4, and 
5 indicate light breeze, gentle breeze, moderate 
breeze, and fresh breeze, respectively. 

The air temperatures obtained from this 
study (–21.76 ~ –15.27 oC) are much lower than 
the values of 5.2-26.9 oC reported by Bakos [12] 
for those in Greece and the values of 17.0-40.9 
oC reported by Ahmad and Rashid [3] for the 
ones in Pakistan. These may lead to the results 
that the tube/soil temperatures obtained from 
this study (–1.3 ~ 14.8 oC, will be detailed in the 
next section) are lower than the values of 40 ~ 

82 oC reported by Bakos [12] for those in Greece and the values of 25.0 ~ 83.0 oC reported by 
Ahmad and Rashid [3] for the ones in Pakistan.	

Tube/soil temperatures at  
different well depths

Figure 4 shows the tube temperatures at 
different well depths when the fluid in the tube 
was stagnant. The tube temperatures varied in 
the ranges of –1.3 ~ 1.8, 3.9 ~ 4.6, 6.6 ~ 7.7, 
7.7-8.7, 8.9 ~ 9.8, 10.4 ~ 11.3, 11.9 ~ 13.1, 
and 13.4 ~ 14.8 oC for the well depths of 
1, 5, 10, 20, 40, 60, 80, and 100 m, respec-
tively. The well depth of 100 m had the 
highest tube temperatures (13.4 ~ 14.8 oC), 
followed by 80 m (11.9 ~ 13.1 oC), 60 m  
(10.4 ~ 11.3 oC), 40 m (8.9 ~ 9.8 oC), 20 m 
(7.7-8.7 oC), 10 m (6.6 ~ 7.7 oC), 5 m  
(3.9 ~ 4.6 oC), and 1 m (–1.3 ~ 1.8 oC). This 
was due to the fact that the tube temperature 

also indicates the soil temperature, and the deeper the location the higher the temperature.
It was also observed that the temperature differences were 3.1, 0.7, 1.1, 1.0, 0.9, 0.9, 

1.2, and 1.4 oC for well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, respectively. The 1 m well 
depth had higher temperature difference (3.1 oC) than the other well depths (0.7 ~ 1.4 oC), indi-
cating that the soil temperatures above 1 m was affected significantly by the ambient conditions 
whereas those at lower depths (under 5 m) would not be significantly affected.

The tube/soil temperatures obtained from this study (–1.3 ~ 14.8 oC) are lower than 
the value of 501 oC reported by Uchida et al. [13] for the soil temperature in Japan, the value of 
329.8 oC reported by Huang and Zhi [5] for that in China, the values of 193-240 oC reported by 
Cerci [14] and Ozturk et al. [15] for those in Turkey, the values of 90 ~ 93 oC reported by Oz-
gener and Kocer [7] for the ones in Turkey, and the values of 40 ~ 82 oC reported by Bakos [12] 
for those in Greece. These were mainly determined by the well depths. The well depth reported 
by Uchida et al. [13] was 3500 m, the well depth reported by Huang and Zhi [5] was 2006 m, 
the well depths reported by Cerci [14] and Ozturk et al. [15] were 510-2261 m, the well depths 
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Figure 3. Ambient conditions at different hours 
for a typical experimental day
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reported by Ozgener and Kocer [7] were 153-
200 m, and the well depths reported by Bakos 
[12] were 150-1000 m whereas the well depth 
of the study was 100 m.

However, the tube/soil temperatures 
obtained from this study (–1.3 ~ 14.8 oC) are 
lower than the value of 145 oC (at a well depth 
of 13 m) reported by Huang and Zhi [5]. This 
is due to the fact that the well location report-
ed by Huang and Zhi [5] is in the southwest of 
China whereas the well location of this study 
is in the northeast of China. This indicates that 
geothermal energy is significantly dependent 
on the well location, the results obtained from 
this study therefore can enrich the geothermal 
energy information for the cold regions of Chi-
na and also the whole world.

Effect of fluid velocity

Figure 5 shows the tube temperatures at 
different well depths when the fluid flowed in 
the tube. In fig. 5(a), when the fluid velocity 
was 0.09 m/s, the tube temperatures were in 
the ranges of 1.3 ~ 3.2, 2.3 ~ 4.5, 2.6 ~ 6.6, 
4.4 ~ 7.7, 5.0 ~ 9.4, 4.8 ~ 10.4, 5.1 ~ 11.9, and  
5.1 ~ 13.4 oC for the well depths of 1, 5, 10, 
20, 40, 60, 80, and 100 m, respectively. The 
tube temperatures varied by 0.3, 1.4, 3.4, 3.0, 
4.3, 5.0, 6.2, and 7.6 oC within the first one 
hour whereas varied by 1.6, 1.5, 2.4, 1.3, 0.8, 
1.0, 1.0, and 0.9 oC for the next eight hours 
for the well depths of 1, 5, 10, 20, 40, 60, 80, 
and 100 m, respectively. It was observed that 
the tube temperatures varied slightly during 
the eight hours for all the well depths, and 
the average tube temperatures were 2.5, 2.8, 
3.6, 4.9, 5.3, 5.3, 5.6, and 5.5 oC for the well 
depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, 
respectively.

In fig. 5(b), when the fluid velocity was 
0.135 m/s, the tube temperatures were in the 
ranges of 0 ~ 2.4, 0.6 ~ 4.2, 1.0 ~ 6.1, 2.7 ~ 7.1, 3.2 ~ 8.4, 3.4 ~ 9.4, 3.8 ~ 10.9, and 4.1 ~ 12.4 oC  
for the well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, respectively. It was also observed 
that the tube temperatures varied significantly within the first one hour whereas varied slightly 
during the next eight hours for all the well depths, and the average tube temperatures during the 
eight hours were 0.7, 1.0, 1.4, 3.1, 3.4, 3.8, 4.1, and 4.5 oC for the well depths of 1, 5, 10, 20, 
40, 60, 80, and 100 m, respectively.

Figure 5. Pipe temperatures at different  
depths for different fluid velocities; (a) fluid 
velocity = 0.09 m/s, (b) fluid velocity = 0.135 m/s,  
(c) fluid velocity = 0.18 m/s
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In fig. 5(c), when the fluid velocity was 0.18 m/s, the tube temperatures were in the 
ranges of –0.5 ~ 1.4, 0.5 ~ 4.4, 3.7 ~ 6.9, 4.7 ~ 7.8, 4.9 ~ 9.0, 5.1 ~ 9.9, 5.2 ~ 11.5, and 5.4 ~ 12.9 oC  
for the well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, respectively. It was also observed 
that the tube temperatures varied significantly within the first one hour whereas varied slightly 
during the next eight hours for all the well depths, and the average tube temperatures during the 
eight hours were 0.7, 1.0, 4.1, 5.1, 5.3, 5.4, 5.6, and 6.0 oC for the well depths of 1, 5, 10, 20, 
40, 60, 80, and 100 m, respectively.

After one operation hour, the fluid reached heat balance with the soil and the tube 
temperature nearly reached a constant. When the fluid velocity was 0.09 m/s, the tube tempera-
tures during the last eight hours were in the ranges of 1.6 ~ 3.2, 2.3 ~ 3.8, 2.6 ~ 5.0, 4.4 ~ 5.7,  
5.0 ~ 5.8, 4.8 ~ 5.8, 5.1 ~ 6.1, and 5.1 ~ 6.0 oC for the well depths of 1, 5, 10, 20, 40, 60, 80, and 
100 m, respectively. When the fluid velocity was 0.135 m/s, the tube temperatures during the 
last eight hours were in the ranges of 1.0 ~ 2.4, 0.6 ~ 1.5, 1.0 ~ 2.3, 2.7 ~ 4.3, 3.2 ~ 4.0, 3.4 ~ 
4.3, 3.8 ~ 4.5, and 4.1 ~ 5.7 oC for the well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, respec-
tively. When the fluid velocity was 0.18 m/s, the tube temperatures during the last eight hours 
were in the ranges of –0.5 ~ 1.4, 0.5 ~ 1.6, 3.7 ~ 4.4, 4.7 ~ 5.6, 4.9 ~ 5.6, 5.1 ~ 5.6, 5.2 ~ 6.0,  
and 5.4 ~ 6.6 oC for the well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, respectively. It was 
observed that the fluid velocity didn’t have significant effect on the tube temperatures. Similar 
results were also reported by others [3, 9, 14-17].

Conclusions

The characteristics of geothermal energy obtained from a 100 m deep well in the 
coldest provincial capital of China was investigated in this study, the following conclusions 
were obtained.

The air temperature varied in the range of  –21.76 ~ –15.27 oC for a typical experimen-
tal day, and the wind scale was in the range of 2-5.

When the fluid was stagnant, the tube/soil temperatures varied in the ranges of  
–1.3 ~ 1.8, 3.9 ~ 4.6, 6.6 ~ 7.7, 7.7-8.7, 8.9 ~ 9.8, 10.4 ~ 11.3, 11.9 ~ 13.1, and 13.4 ~ 14.8 oC 
for the well depths of 1, 5, 10, 20, 40, 60, 80, and 100 m, respectively. The soil temperature 
above 1 m was affected significantly by the ambient conditions whereas those under 5 m would 
not be significantly affected.

The tube temperatures reached constants within one hour, and the fluid velocity had 
slight effect on the tube/soil temperatures.
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