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According to the figures of the all-year hourly air condition load per unit area, the year is divided 
into the winter heating period and the summer cooling period and the transition season on the basis 
of the load more than or less than 50W/m2lasting for 5h. Then the appropriate base load is assumed, 
and the base load should lie on the middle of the hourly load point as possibly.qd1 is assumed the 
winter base load and qx1 is the summer base load. The total heating loadQd1 is equal to the sum of 
the winter load smaller thanqd1. The total cooling loadQx1 is equal to the sum of the summer load 
smaller than qx1. 

The relation of the total winter load in the buried pipe side and the user side can be shown as 
equation (1). 
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whereQd2 is the buried pipe side total heating load and COPd is the coefficient of performance for 
heating. 

The relation of the total summer load in the buried pipe side and the user side can be shownas 
equation (2). 
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whereQx2is the buried pipe side total cooling load and COPx is the coefficient of performance for 
cooling. 

The relation of the length of the pipe for winter and the base heating load can be shown as 
equation (3). 
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whereLdis the length of the pipe for winter andSis the total construction area. 
The relation of the length of the pipe for summer and the base cooling load can be shown as 

equation (4). 
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whereLx is the length of the pipe for summer. 
The larger one ofLdand Lxis the length of buried pipe. And it is used to determine the numbers of 

the borehole because the long pipes are put into the boreholes in the double-U style.  
The relation between the capacity of the cooling tower and the remaining summer peak load can 

be shown as equation (5). 

2l xq S  (5) 

whereΦlis the capacity of the cooling tower and qx2 is the remaining summer peak load. 
The relation between the capacity of the solar collector and the remaining winter peak load can 

be shown as equation (6). 

2t dq S  (6) 

whereΦtis the capacity of the solar collector and qd2 is the remaining winter peak load. 
In transition seasons, we need cooling towers to compensate for cold or solar collectors to 

compensate for heat in order to eliminate the thermalimbalance inthe ground. 
When the cooling tower compensates, the relation among the capacity of the cooling tower, the 

total construction area and the compensating days can be shown as equation (7). 
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whereΦ’
lis the capacity of the cooling tower,Q1 is the difference between the total winter load 

Qd2and the total summer load Qx2in the buried pipe side, dis the compensating days. 
When the solar collector compensates, the relation among the capacity of the solar collector, the 

total construction area and the compensating days can be shown as equation (8).  
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whereΦ’
tis the capacity of the solar collector. 

Thelarger one ofΦlandΦ’
lis the capacity of the cooling tower. Likely, the larger one ofΦtandΦ’

t is 
used as the capacity of the solar collector. Based on the data, the cooling tower and the solar 
collector can be chosen. Then, the heat pump unit, the circulating pumps, and the control valves can 
also be chosen. 

Operating Strategies 

The system can operate in the following modes. 
The Ground-source Heat Pump and the Underground Pipe CoolingOnly.This mode is 

suitable for the areas that the soil temperature field is in balance all year. The system provides the 
cooling load for the users. Under this condition, the valves V1, V2, V3, V4, V5, V6, the circulating 

① ②pump p ,p  are open, while the valves V7, V8, V9,V10, V11, V12, V13, V14, V5' are closed.  
The Ground-source Heat Pump, the Underground Pipe and the Closed Cooling Tower 

Cooling Together. This mode is suitable for the areas that the heat stacks occur. In the system, the 
underground pipe and the cooling tower release the heat to the ground and the air. The system 
provides the cooling load for the users.In this mode, the valves V1, V2, V3, V4, V5, V6, V8, V9, 

① ②V13and the circulating pump p , p  are open, while the valves V7, V10, V11, V12, V14, V5' are 
closed. 

The Closed Cooling Tower and the Underground Pipe Working Together. This mode is 
used in transient season. If the soil temperature rises up, the closed cooling tower cools down the 
water and sends it to the ground to balance the soil temperature deviation. In this mode, the valves 

②V5', V6, V8, V9, V13and the circulating pump p  are open, and the valves V1, V2, V3, V4, V5, 
V7, V10, V11, V12, V14 are closed. 

The Heat Pump and the Solar Collector Supplying HeatOnly.This mode is suitable for the 
situation that the heating load is relatively small, and the temperature of water from the tank is not 
high enough for users at the preliminary heating time and the end heating time. Under this condition, 
the valves ① ② ③V1, V2, V3, V4, V11, V12, V13 and the circulating water pump p ,p , p  are open, 
and the valves V5, V6, V7, V8, V9, V10, V14, V5' are closed. 

The Ground-source Heat Pump, the Underground Pipe and the Solar Collector 
SupplyingHeatTogether.This mode is suitable for most of the heating term. In this mode, the 
valves ① ②V1, V2, V3, V4, V5, V6, V11, V12, V13 and the circulating pump p , p  are open, while 
the valves V7, V8, V9, V10, V14, V5' are closed. 

The Underground Pipe and the Solar Collector Working Together. Similarly to section 1.3, 
if the soil temperature decreases, the solar collector heats the water and sends it to the ground to 
balance the soil temperature deviation. In this mode, the valves V5', V6, V11, V12, V13and the 

② ③circulating pump p , p  are open, and the valves V1, V2, V3, V4, V5, V7, V8, V9, V10, V14 are 
closed. 

Case Study 

Fig. 2 shows the annual loads of Beijing, Shanghai, Harbin, and Guangzhou, respectively. 
According to the load distribution in different areas, the summer cooling time, the winter heating 
time and the transition seasons are determined. At different stages, the system operates in different 
modes to supply heating or cooling for users, or to compensate the thermal imbalance. 

Fig. 2(a) shows that the summer cooling load is equal to the winter heating load in Beijing 
roughly. The winter heating period is regarded from November 5 to March 25, the summer cooling 
period is from June 15 to September 1, and the other time is the transition period. The winter base 
load is 60W/mଶ, and the summer base load is 100W/mଶ. Fig. 2(b) shows that the summer cooling 
load is equal to the winter heating load in Shanghai roughly. The winter heating period is regarded 
from December 6 to March 22, while the summer cooling period is fromMay 31 to September 
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For Shanghai, the cooling tower is also used to compensate for soil, as the cooling load is more 
than the heating load.Theunderground pipe and the cooling tower cooperate fromMay 31 to 
September 26 as the summer cooling period. At this period,the underground pipe run entirely with a 
constant capacity and the capacity of the cooling tower is adjustable according to the remaining 
peak load on the user side. The period fromSeptember 27 to December 5 is the compensating time 
of the transition season. The capacity of the underground pipe is adjustable according to the load on 
the user side and the capacity of the cooling tower is constant by 26kW to compensate for the soil 
temperature. The winter heating period is from December 6 to March 25, and the underground pipe 
and the solar collector cooperate. The underground pipe runs partly with a constant capacity and the 
capacity of the solar collector is adjustable according to the remaining peak load on the user side.  

As for Harbin, the annual heating load in winter is significantly greater than the cooling load 
insummer;the solar collector is used to compensate for the soil thermal imbalance.Theunderground 
pipe and the cooling tower cooperate from July 7 to August 16 as the summer cooling period. The 
underground pipe run entirely with a constant capacity and the capacity of the cooling tower is 
adjustable according to the remaining peak load on the user side. The underground pipe and the 
solar collector cooperate from October 15 to April 3 as the winter heating period the underground 
pipe runs partly with a constant capacity and the capacity of the solar collector is adjustable 
according to the remaining peak load on the user side. During the period of April 4 to July 6 and 
August 17 to October 14, the capacity of the underground pipe is adjustable according to the load 
on the user side and the capacity of the solar collector is constant by 27kW to compensate for soil 
thermal balance. 

For Guangzhou, the cooling loads in summer is greatly more than the heat loads in winter, 
thecooling tower is needed to compensate for the soil thermal imbalance.The underground pipe and 
the cooling tower cooperate fromApril 29 to October 19 as the summer cooling period. Atthis 
period, the underground pipe runs entirely with a constant capacity and the capacity of the cooling 
tower is adjustable according to the remaining peak load on the user side. During the winter heating 
period fromNovember 30 to February 5, the underground pipe and the solar collector cooperate. 
The underground pipe run partly with a constant capacity and the capacity of the solar collector is 
adjustable according to the remaining peak load on the user side. 

Summary 

According to the different load conditions of the cities, the ground-source heat pump system with 
compensation functions is put forward. The system can operate in different control strategies. It can 
not only ensure the needs of the users, but also solve the problems of the soil thermal imbalance 
effectively. This is benefit to the ground-source heat pump wider application. 
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