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Eff ect of Surface Temperature Measurement Method on   
Heat Transfer Characteristics of Spray Cooling Surface
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Abstract:  Spray cooling is an eff ective method for the cooling of electronic equipment. At present, the application of spray 
cooling technology in the heat dissipation of electronic devices has received more and more attention, especially in the heat 
dissipation of high-power electronic devices. Spray cooling technology atomizes the cooling working medium (water or air) into 
small droplets by spraying, forming and maintaining a very high temperature (usually 40 ° C ~70 ° C) under a certain pressure, so 
that the temperature of the working medium rises sharply to achieve heat dissipation [1]. At present, the research on the heat transfer 
characteristics of spray cooling surface mainly focuses on the analysis of its fl ow characteristics and heat transfer characteristics. 
Among them, surface temperature is an important parameter to characterize heat transfer performance, so it is very necessary and 
meaningful to study the infl uence of surface temperature on heat transfer characteristics of spray cooling [2]. Therefore, in this 
paper, two diff erent measurement methods are used to study the changes of surface temperature and heat transfer system with spray 
pressure of combined surface under diff erent power to obtain accurate and reliable surface temperature data.
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 Introduction
Spray cooling is a heat dissipation method that uses liquid working medium to atomize droplets, and makes liquid fi lm evaporate 

and vaporize to form boiling heat transfer by increasing contact area and contact time. The spray cooling system can be divided into 
two parts, that is, the working medium supply system and the cooling system. In the working medium supply system, the cooling 
medium is transported to the position of the spray gun through the pipeline, and water droplets are formed under the atomization of the 
spray gun, and the water droplets are evaporated and heat is taken away after contact with the working medium. In the cooling system, 
the spray fl ow is achieved by controlling the degree of atomization of the liquid in the nozzle. At present, the researches on spray 
cooling mainly focus on heat transfer characteristics, fl ow characteristics and phase transition characteristics, while the researches on 
surface heat transfer characteristics of spray cooling are relatively few [3]. According to the diff erent properties of the liquid, the surface 
temperature can be divided into heat fl ux method (TDS), heat fl ux - convective heat transfer coeffi  cient method (FTIR), convective 
heat transfer coeffi  cient method (HFT), radiation heat transfer coeffi  cient method (RGT) and other methods. Diff erent measurement 
methods have their own characteristics [4].

1.  Experimental equipment
The experimental device is shown in Figure 1. The experimental system is mainly composed of spray cooling device, temperature 

measuring device, data acquisition system and auxiliary heating system. Among them, the spray cooling device adopts pressure 
control of spray fl ow, the temperature measurement adopts thermocouple temperature measurement, the data acquisition system 
adopts digital signal acquisition card to collect temperature signals, and the auxiliary heating system provides heat source for the 
high-pressure steam generator [5]. Among them, the spray cooling system includes two spray tanks, each spray tank atomization 
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chamber diameter of 12 mm, the working pressure of 10 MPa; The temperature measuring device includes a thermocouple sensor 
and a thermal resistance sensor. The experimental device is 
mainly used to study the heat transfer characteristics of spray 
cooling surface at different ambient temperatures (20℃~50℃), 
and its working pressure is 10 MPa. The auxiliary heating 
system is mainly to heat the two spray holes of the spray can to 
increase its temperature by adjusting the steam pressure of the 
steam generator. In order to compare the influence of different 
measurement methods on the heat transfer characteristics of 
spray cooled surface, two different measurement methods 
(pressure type and thermocouple temperature measurement) 
were used to measure the heat transfer characteristics of spray 
cooled surface under different flow rates and pressures at the 
same ambient temperature [6].

2.  The surface temperature of the combined surface changes with the spray pressure 
under different power

Combined surface refers to the combination of different forms of surface to obtain a better cooling effect. The experimental results 
of these surfaces under different spray pressures are shown in Figure 2. It can be seen from Figure 2 that under different pressures, 
the surface temperature of the combined surface decreases with the increase of the spray pressure. This is because the contact area 
between droplets increases with the increase of pressure, and the 
heat absorption by evaporation becomes less. Under the condition 
of constant temperature, more heat can be used to maintain the 
surface temperature. Therefore, as the pressure increases, the 
combined surface has a better cooling effect at the same power. 
Under different pressures, the combined surface temperature 
decreases with the increase of spray flow. This is because when the 
spray pressure is small, the spray flow rate has little influence on the 
combined surface temperature [7]. When the spray flow rate increases 
gradually, the influence of spray pressure on the combined surface 
temperature increases gradually. Under different spray pressure, the 
combined surface has different heat transfer coefficient under the 
same power. This is because as the pressure increases, the contact 
area between the droplets increases.

3.  The heat transfer coefficient of the 
combined surface varies with the spray 
pressure under different power

The heat transfer coefficients of different surface types are 
measured separately under the same measurement pressure. Because 
the spray pressure will have different changes under different power, 
so under the same power, the change curve of the heat transfer 
coefficient of the spray cooling surface with different power can 
be calculated. It can be seen from Figure 3 that the effect of spray 
pressure on the heat transfer coefficient of the combined surface is 
the same as that of the single-phase flow surface. When the spray 
pressure is constant, the combined surface heat transfer coefficient 
first increases and then decreases with the increase of spray flow [8]. 
This is because as the spray pressure increases, the droplets formed 
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FIG. 2 Surface temperature curve of combined surface with spray pressure 

under different power

FIG. 3 The heat transfer coefficient of the combined surface varies with the 
spray pressure under different power

Figure 1. Spray cooling system
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by liquid atomization become smaller. As the size of the droplets decreases, the liquid film thickness increases, and the contact area 
between the liquid film and the working medium becomes smaller, so that the average contact thermal resistance of the working 
medium per unit time increases. This is because as the spray pressure increases, the average thermal resistance of the combined 
surface gradually decreases. This is because heat absorption by liquid evaporation and heat absorption by liquid evaporation through 
capillary action will increase as the power increases. In the process of evaporation and absorption, more heat needs to be consumed 
to overcome the imbalance between the heat absorbed by evaporation and the heat released by evaporation [9]. As can be seen from 
the figure, when the spray pressure is constant, the combined surface heat transfer coefficient will increase with the increase of power. 
When the flow rate is constant, the combined surface heat transfer coefficient will decrease with the increase of power.

4.  Results and analysis
In these two measurement methods, the surface temperature has a linear relationship with the spray flow rate, pressure and ambient 

temperature. For the same spray flow and pressure, the surface temperature obtained by direct measurement is lower than that obtained 
by indirect measurement. Under the same spray flow and pressure, the surface temperature obtained by direct measurement method 
is higher than that obtained by indirect measurement method. Under the same ambient temperature, the surface temperature obtained 
by direct measurement method is lower than that obtained by indirect measurement method. The linear equation can be obtained that 
the surface temperature obtained by the direct measurement method has a linear relationship with the spray flow and pressure, while 
the surface temperature obtained by the indirect measurement method has a nonlinear relationship with the spray flow and pressure. 
Therefore, in practical applications, in order to better understand the changes in flow field and heat transfer characteristics during 
spray cooling, appropriate measurement methods should be reasonably selected according to specific conditions. For example, under 
the condition of low heat flux, the surface temperature obtained by indirect measurement method can be used to measure the change 
of flow field and heat transfer characteristics during spray cooling. Under the condition of high heat flux, the surface temperature 
obtained by direct measurement can be used to reflect the changes of flow field and heat transfer characteristics.
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