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In order to solve the problems of thermal fatigue, high temperature gasification 
and low temperature solidification of the heat receiver, a numerical calculation 
model for the heat transfer function of the tower type solar thermal power gener-
ation high temperature receiver is proposed. A perfect analysis method is used for 
the simulation, and a thermal simulation program for predicting the heat gain of 
the solar thermal energy tower is compiled. In this paper, considering the various 
field connection characteristics, numerical value and distribution of convective 
heat transfer coefficient of the heat absorption medium, the temperature of the 
outer wall of the heat pipe absorption, and the thermal image conversion work in a 
non-uniform heat flow boundary area of a model of heat receiver was studied. The 
experiments show that when the flow rate of molten salt in the tube increases from 
1 m/s to 2 m/s, the heat collection efficiency of the heat collection increases rapid-
ly, while the flow time is more 3 m/s, the heat collection efficiency increases more 
gradually. The efficiency of heat absorption of the heat receiver is in the middle 
of the heat receiver, which can achieve 88 of the thermal image conversion. In the 
same large enough value, the heat collected at the inlet and outlet of the heat sink 
is about 82. It is clear that the numerical simulation provides a reliable basis for 
the design engineering, and provide guidance for the design of a full control model 
of tower solar photovoltaic power generation.
Key words: solar photovoltaic power generation, tower heat absorber,  

analog calculation

Introduction

Solar photovoltaic power generation is also known as concentrated solar power 
(CSP), which reflects/refracts and collects solar rays by using parabolic or hyperbolic focusing, 
the working medium with high temperature and pressure is provided by the heat exchanger, 
and then the power is generated in a conventional way. Solar photovoltaic power generation 
technology is a clean and efficient way of power generation. Compared with traditional fossil 
fuel power stations, the use of solar energy to produce steam has replaced the traditional way 
of burning fuel in power stations to avoid secondary pollution [1]. At the same time, compared 
with the silicon crystal materials which are expensive in the solar photovoltaic power generation 
technology and produce a lot of pollution in the manufacturing process, the solar photovoltaic 
power generation technology only needs relatively simple equipment to achieve power gener-
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ation, which greatly reduces the power generation cost. In addition, solar photovoltaic power 
generation also has the incomparable advantage of solar photovoltaic power generation, that is, 
the capacity obtained for solar thermal conversion can be stored in a cheap and simple way. In 
this way, continuous power generation can be realized even at night or in the case of insufficient 
sunlight such as climate fusion, which can better reverse the disadvantage that solar energy 

is not stable and sustainable enough, making 
large-scale utilization of solar energy possible 
[2]. A typical CSP power station consists of five 
subsystems, namely, the concentrating and heat 
collecting subsystem, the heat storage subsys-
tem, the auxiliary energy subsystem, the moni-
toring subsystem, and the thermal power gener-
ation system, the main components include the 
mirror field (lens), the heat absorber, the heat 
transfer medium, the heat exchanger, the heat 
storage equipment, the control equipment, and 
the generator, fig. 1 [3].

Literature review

At the beginning of the research on the heat receiver, domestic and foreign researchers 
mainly focus on the investigation of the heat transfer process of the heat receiver and analyze its 
performance thermal work. Analyzing the heat transfer process of heat sinks can help research-
ers design heat sinks with better efficiency and more heat, thus improving performance. of all 
solar photovoltaic power generation [4]. With the support of CSP technology, the collection of 
heat in solar photovoltaic power generation can increase the ratio to more than 3000, or even 
higher. There are many types of heat absorption, and their installation characteristics, perfor-
mance characteristics and applications are different [5]. 

The heat transfer process in the heat receiver is the heat transfer process, which in-
volves the connection between heat, flow field and stress area. The solution the problems of 
heating of the receiver, high temperature vaporization of molten salt and low temperature so-
lidification is based on understanding the law of heat transfer of the receiver. It is necessary to 
understand the convection heat transfer coefficient of the heat absorption medium in the heat re-
ceiver, the temperature of the outer wall of the heat receiver, the distribution law of convection 
heat change coefficient and other related details. The tower type heat receiver is a new technol-
ogy, and there are few reports published abroad. At the same time, the domestic market policy is 
not mature, the related research is not deep, there is no demonstration of the molten salt put into 
operation, and there is not much knowledge to learn. In view of this, it is important to study the 
heat transfer characteristics of the heat receiver in the non-uniformity of the heat flow boundary 
[6]. In this paper, the theoretical model is developed to calculate the convection heat transfer 
coefficient, external temperature distribution and photo-thermal conversion function of molten 
salt receiving heat. The findings will support the engineering design of the building’s electrical 
equipment and improve the overall control strategy of the tower solar thermal power plant.

Research methods

Structural form and calculation model

The solar thermal power tower usually uses molten salt as the heat carrier, and the heat 
receiver is a polygon with many patterns. In order to balance the heat gain of each branch, the 

Figure 1. Structure diagram of solar 
photovoltaic power generation system
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structure is often combined in rows and parallel. In the northern hemisphere, the energy avail-
able to the Sun is large, and the molten salt in the receiver heats up from the north to the south 
[7]. In a typical model of tower solar photovoltaic power generation heat receiver, a model of 
heat receiver is made of several diameter small thin-walled stainless steel pipes in parallel, and 
the diameter of the heat absorption pipe in a model of the heat receiver is ⌀ 21 mm × 1.2 mm, 
and the effectiveness of the heat absorption height of the heat pipe is 5 m [8]. 

The tower type solar heat receiver involves complex multi physical field coupling 
processes such as flow, radiation, convection, conduction, stress and strain. The numerical sim-
ulation of multi physical field coupling is a complex subject, which involves the direct and 
indirect coupling mode of various physical equations, the discrete method of equations, the 
solution strategy and algorithm of discrete equations, and various schemes to ensure the con-
vergence of the algorithm to stability [9]. In the process of building the model, the flow and 
heat transfer control equations and thermal stress control equations are mainly used, the thermal 
stress control equation applies the Hooke’s law of thermodynamics, displacement equation and 
compatibility equation in thermoelasticity, the main modelling formulas are: 
 – The continuity equation:
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 – The relationship between h defined by Newton’s cooling theorem on the solid wall and the 
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( )
0

w i
y

th t t
y

λ
=

 ∂
− = −  ∂ 

(5)

The definitions and units of the aforementioned symbols adopt international stan-
dards [10]. 

Boundary conditions

In a domestic demonstration project, the range of spot heat flux from the solar mirror 
field to the single module of the heat receiver is 301-649 kW/m2. The distribution of light spot 
in the vertical direction is approximately parabola, and the inlet temperature of binary molten 
salt (NaNO3 : KNO3 = 60% : 40%) in the module is 315 ℃. The viscosity of molten salt at  
300 ℃ is approximately twice that of water at 0 ℃. The viscosity of molten salt above 400 ℃ 
is similar to that of water at 0-20 ℃ [11]. The viscosity curve of molten salt is shown in fig. 2. 
The distribution of molten salt on each branch pipe in a heat exchanger is determined based on 
the test results, as shown in fig. 3. The air temperature is 10 ℃, the wind speed is 15 m/s, and 
the emissivity of the outer surface of the heat absorber layer is 8 [12]. 
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Figure 2. Viscosity comparison between  
molten salt and water

Figure 3. Molten salt flow rate distribution

Thermal strain of heat receiver

When the solar collector is actually working, the collector tube receives the highly 
concentrated solar energy reflected by the condenser mirror and is expanded by heat, as time 
goes on, it will gradually recover to the thermal equilibrium state, and then it will shrink due 
to the influence of the low temperature at night [13]. This cycle of expansion and contraction 
will cause thermal fatigue damage to the heat absorption tube. However, such thermal fatigue 
damage must be limited to a maximum allowable range within the service life of 30 years. 
Therefore, the heat pipe fatigue damage caused by the thermal strain borne by the heat pipe is 
an important factor affecting the reliability and service life of the pipe [14]. For the heat absorb-
ing tube wall material, its circumferential thermal strain can be expressed:

( )
oc ic oc ic

ave2 1 2
T T T T

T
v

ε α
  − +  = + −   −      

(6)

where Toc and Tic are the outer and inner wall temperatures of the heat absorbing tube, respec-
tively, and Tave is the average circumferential temperature of the heat absorbing tube wall, and 
the calculation formula:
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π
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The purpose of the author’s research on the material stress of the solar heat receiver 
is to determine whether the bearing capacity of the heat receiver structure meets the safety re-
quirements. The definition of bearing capacity is completed by uniaxial failure test of universal 
compressor. The stress obtained from ANSYS calculation is compared with the results obtained 
from uniaxial failure test [15]. However, in the research of 3-D solid structure, the stress distri-
bution is more complex than 2-D, and cannot accurately represent the stress value here by using 
the stress in a single direction only [16].
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Result analysis

Optimization of flow rate of molten salt in pipe

The relationship between the flow rate of molten salt in the pipe and the heat collect-
ed is shown in fig. 4. The flow rate of molten salt directly affects the Reynolds number and is 
related to heat transfer effect. From the calculation results, when the flow rate of molten salt in 
the tube increases from 1 m/s to 2 m/s, the heat collection function of the heat absorption tube 
increases faster, when it is more than 3 m/s, the heat collected has increased more slowly [17]. 
At the same time, assume that the flow rate increases, the system resistance increases, and the 
system’s circulating energy increases. Considering the important factors of business operation 
and temperature change, it is said that the flow rate of molten salt in the heating tube should be 
controlled at 2-3 m/s [18].

It can be seen from fig. 5 that the heat capacity of the outlet of the heat sink decreases 
with the increase of the flow rate of the molten salt inlet of the heat sink. It can be seen that the 
average thermal strain at the exit of the endothermic tube can be reduced by choosing a larger 
molten salt inlet velocity [19].

Figure 4. Relation between molten salt flow  
rate and heat collection efficiency well F1 
(recharge well)

Figure 5. Relation between thermal  
strain of outlet section and inlet velocity  
of molten salt

Temperature distribution  
on the outer wall of the heat receiver

The solar energy is converted and arranged 
on the outside of the heat receiver by the mirror 
field, and the outside of the heat receiver is coat-
ed with a layer with high absorption convert the 
solar energy into hot energy. The temperature 
on the outside of the heat pipe directly affects 
the selection of pipe materials and the safety of 
the heat transfer medium in the pipe. The differ-
ence between the temperature of the outer wall 
of the heat sink and the temperature of the mol-
ten salt is shown in fig. 6 [20]. Because of the 
characteristics of light, the energy flow speed 

Figure 6. Temperature difference between  
the external wall surface of the heat  
absorber and the molten salt
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distribution, the light heat flow speed in the middle of the heat sink is large, and when the dif-
ference of convection heat transfer coefficients in the tube is small, the heat transfer difference 
should increase. From the test results, because of the characteristics of the light distribution, 
the temperature of the outer wall of the heat pipe absorption characteristics of the first rise 
and then fall. The outer wall of the tube has a maximum temperature of approximately 3.5 m  
in the vertical direction [21]. After that, although the temperature of the medium carrier has 
increased, the temperature of the outer wall of the tube has decreased, that is, the temperature 
change temperature is different from the side outside the wall of the tube and the heating medi-
um is reduced. The inlet molten salt temperature of the first tube of a sample is 315 ℃, and the 
maximum temperature of the outside of the tube is about 355 ℃ [22].

Distribution of collector efficiency

The heat collection efficiency of the heat 
is an important parameter of the heat exchang-
er, which has a positive impact on the overall 
performance of the solar thermal power plant. 
The heat collection efficiency of the heat col-
lection is directly affected by the outer wall 
temperature of the heat collector, which has im-
portant guidelines for the design of solar panels 
and design of the efficiency of heat absorption 
of the heat exchanger. Figure 7 shows the dis-
tribution of the heat produced by a tube and a 
model of the heat receiver. It can be seen from  
fig. 7 that the heat absorption efficiency of the 

heat receiver is in the middle of the heat receiver, which can achieve 88 of photo-thermal con-
version. In the same large enough value, the heat collected at the inlet and outlet of the heat 
sink is about 82. In view of this, it is said that when the mirror field and the heat receiver is built 
together, the lighting should be in the center of the heat receiver as far as possible in the event 
that the equipment is safe [23].

Calculation of heat transfer coefficient of heat absorption tube

The convection heat transfer coefficient in the tube of molten salt heat receiver is 
related to the physical strength of molten salt, the flow rate, the heat flow speed, the emission 
coefficient of the outer wall of the tube and so on thing. At the same time, the heat receiver is 
heated on the half wall, which has some influence on the distribution of all the flow areas in 
the tube. The total convection heat transfer coefficient of one heat receiving module is about  
6 kW/m2/℃ in the area such that the velocity of molten salt in the tube is 2-3 m/s and the aver-
age wind speed is 15 m/s [24].

Comparative analysis

Solar two is a tower type solar thermal power station that has been put into operation 
before. The station uses molten salt as a heat carrier. The diameter of the heat sink is 5.1 m, the 
height of the heat sink is 6.2 m, and the number of heat sinks is 768 ⌀ 21 mm × 1.2 mm S304L 
stainless steel is made of Black Pyromark Pain coating technology. The heat absorption area of 
the heat receiver is 99.3 m2, and the heat gain of the heat receiver is 42699 kW.

Figure 7. Distribution of collector efficiency
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According to the previous tests, the total heat transfer coefficient is 6 kW/m2/℃, the 
total heat transfer temperature is 55 ℃, and the thermal conversion figure of the air receiver 
temperature is 0.82. The heat absorption area of the heat receiver is 106 m2, which is similar to 
the results published by Sun Two [25].

Conclusions

 y In this paper, the theoretical calculation model of tower type molten salt heat receiver is 
developed by using the perfect analysis method, considering the thermal field, flow field, 
stress field, and other things.

 y In the distribution of the solar energy flow speed prepared by the solar mirror field in China, 
through experimental calculation, it was obtained that the control flow rate of molten salt 
in in molten salt heat receiver is 2-3 m/s, convection heat transfer coefficient of molten salt 
in the heat receiver is 6 kJ/m2/℃, and the average heat transfer temperature difference is  
50-60 ℃ .

 y By comparing the calculation results with the existing data, the research results are reliable. 
The research results provide a reliable basis for the engineering design of the tower type 
molten salt heat receiver and use for the design of the overall control structure of the tower 
type solar thermal energy generation.
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