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Abstract. Heat pipe may be affected by the high temperature heat source during operation, resulting in 
unsteady oscillation heating. In this paper, the influence of alternating power and period on the start-up and 
heat transfer performance of mercury heat pipe is studied by using the method of equivalent thermal resistance 
of heat pipe. The results are as follows:1) The start-up time of alternating power heating and steady-state 
power heating is basically equal; 2) For the alternating power heating, the steady-state temperature of heat 
pipe changes periodically, increasing the alternating period or the amplitude of alternating power will lead to 
the increase of the fluctuation amplitude of heat pipe temperature, and the influence of alternating period is 
greater than that of changing the amplitude of alternating power. 3) Under the condition of alternating power 
heating, the steady-state thermal resistance of heat pipe changes periodically. The fluctuation amplitude of 
steady-state thermal resistance of heat pipe increases with the increase of alternating period and alternating 
power amplitude, and the influence of alternating power amplitude is greater than that of alternating period. 

1 Introduction 

Heat pipe has been widely used in electronic industry [1], 
energy industry [2] and aerospace[3-4], because of its good 
isothermal property, high reliability and no need to 
provide additional power. In recent years, there are many 
researches on the performance of heat pipe. Enke et al. 
Studied the transient response behavior of the axially-
grooved aluminum-ammonia heat pipe with the presence 
of non-condensable gas, and found that the presence of 
non-condensable gas will lead to the gradual deterioration 
of the heat pipe performance[5].Wang et al. explored the 
influence of inclination angle and input power on the start-
up performance of high temperature potassium heat pipe, 
and discovered that the start-up performance is mainly 
affected by capillary heat transfer limit and viscous heat 
transfer limit under the condition of uniform and constant 
heat flow[6]. Teng et al. indicated that the swing conditions 
has little effect on the start-up performance of the sodium 
heat pipe, but it will cause a small range of periodic 
temperature fluctuations[7]. Miao et al experimentally 
analyzed the heat transfer performance for a Bent Copper-
Water Heat Pipe. It was demonstrated that the critical heat 
flux increases with increasing cooling temperature and the 
length of evaporator and condenser[8]. 

The above research mainly focuses on the steady-state 
heat source heating, but the heat pipe during opearation 
may encounter heat source instability, which will lead to 
unsteady oscillatory heating. Xu et al. pointed out that the 
solar radiation intensity has a great influence on the 

operation of high temperature heat pipe receiver[9]. Shen et 
al. experimentally studied the heat transfer performance of 
triangle high temperature heat pipe with variable heat flux. 
The results showed that the alternating power has an 
important influence on the heat transfer of heat pipe[10]. 

In a word, there are few reports about heat pipe under 
unstable heat source, especially for mercury heat pipe. In 
this paper, The start-up and heat transfer performance of a 
mercury heat pipe under periodic heat source was studied 
by using the equivalent thermal resistance method, which 
provides some theoretical guidance for understanding the 
operation of mercury heat pipe under unstable heat source. 

2 Theoretical models and verification [11] 

2.1 Establishment of theoretical model 

The equivalent thermal resistance method is used to study 
the characteristics of mercury heat pipe, and the schematic 
diagram is shown in Figure. 1. Among of these, Figure a) 
shows the complete equivalent thermal resistance model. 
Where R8 represents the axial thermal resistance of the 
heat pipe wick and R9 represents the axial thermal 
resistance of the heat pipe wall. Due to these two thermal 
resistances are in parallel with other thermal resistances, 
and their values are much larger than other thermal 
resistances. In order to simplify the calculation, their 
influence is ignored in this paper. Figure b) shows a 
simplified equivalent thermal resistance diagram. 

E3S Web of Conferences 248, 01004 (2021)
CAES 2021

https://doi.org/10.1051/e3sconf/202124801004

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



 

a） Complete model 

 

b） Simplified model 

Component Descriptions  

Q1 Evaporator heat input 
R1 Evaporator wall in radial direction 
R2 Evaporator wick in radial direction 
R3 
R4 

Evaporation 
Axial flow of steam 

R5 Condensation 
R6 
R7 

Condenser wick in radial direction 
Condenser wall in radial direction 

R8 Adiabatic wick in axial direction 
R9 Adiabatic wall in axial direction 
R10 
Q2 

Convective cooling condition 
Condenser heat output 

Figure. 1 Equivalent thermal resistance system for the mercury 
heat pipe operation 

R1-R2 are shown in Eqs. (1-7) respectively: 
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The coefficients L in Eqs. (4) is given by Eqs. (8). 
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Where
, ,v i od d d

 represent the diameter of steam 
cavity, inner diameter and outer diameter of tube wall, 

respectively [m]. 
, , ,e a cL L L L

 represents the length of 

evaporation section, adiabatic section, condensing section 
and effective length of heat pipe, respectively [m]. 

,wa wi 
 represent the thermal conductivity of the wall 

and wick of the heat pipe, respectively W/(m·K). R  

represents the vapor gas constant, J / (mol · K). 
,v vT p

represent the saturated temperature K and pressure of 
steam Pa, respectively. 

2.2 Structural parameters of mercury heat pipe 

The parameters of mercury heat pipe in this paper are 
shown in Table 1. 

Table 1 Structural parameters of mercury heat pipe 

Parameter Value 

Material of heat pipe wall 316L  
Material of wick structure 316L  
Thickness of wick (mm) 0.5 
Thickness of heat pipe wall (mm) 2 
Outer diameter of heat pipe (mm) 20 
Porosity of the wick structure 0.7 
Length of the evaporator (mm) 500 
Length of the insulation section  (mm) 200 
Length of the condenser (mm) 300 

2.3 Verification of mercury heat pipe model 

In order to verify the effectiveness of the model, the model 
is used to calculate the mercury heat pipe in reference [13], 
and the results are compared with the reference 
experimental data. Table 2 and 3 shows the comparison of 
evaporator and condenser temperature between 
experimental data and calculated data for different power 
respectively. It can be seen from the table below that the 
calculated data are in good agreement with the 
experimental data, and the maximum relative error is 3.3%, 
which proves the effectiveness of the model in this paper. 

Table 2 Comparison of evaporator temperature between 
experimental data and calculated data 

Power Calculation 
data 

Experimental 
data   

Relative 
error 

700 627.82 629.83 0.32% 

1350 758.08 758.89 0.1% 

2080 861.05 864.48 0.4% 

2380 911.91 911.37 0.1% 

Table 3 Comparison of condenser temperature between 
experimental data and calculated data 

Power Calculation 
data 

Experimental 
data   

Relative 
error 

700 625.58 605.11 3.3% 

1350 753.77 728.73 3.3% 

2080 854.4 839.00 1.8% 

2380 904.3 886.83 1.9% 
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3 Results and discussion 

In this study, the performance of mercury heat pipe was 
studied by using alternating power, and the influence of 
amplitude and period of alternating power were 
investigated respectively. The constant power is 1000W, 
the alternating power are 750W / 1250W, 500W / 1500W, 
250W / 1750W respectively, and the time period are 1min, 
2min, 5min and 10min respectively.  

3.1 Start up performance of mercury heat pipe 
during alternating power 

Figure. 2 shows the change of the temperature of the 
mercury heat pipe with time when the heat pipe starts up 
at constant power of 1000W. It can be clearly seen that 
when the heat pipe is heated, the evaporator temperature 
and condenser temperature basically rise synchronously. 
This is mainly because mercury heat pipe can establish 
continuous flow at room temperature. With increasing 
heating time, the temperature difference between 
evaporator and condenser increases and finally stabilizes. 
From the speed of temperature rise, in the early stage of 
heating, due to the low temperature difference between the 
heat pipe condenser and the heat sink, Most heat flux is 
used for its own storage of the heat pipe. Therefore, the 
temperature rise basically presents a linear function. With 
the increase of time, the temperature difference between 
the heat pipe condenser and the heat sink increases, and 
the heat storage speed of the heat pipe itself decreases, so 
the speed of temperature rise increases gradually slowed 
down,which shows a parabolic rise, and tends to be stable 
finally. 

 

Figure. 2 Temperature change of heat pipe with time under 
constant power  

 
Figure. 3 shows the change of heat pipe temperature 

with time under the condition of 500W / 1500W 
alternating power and 1min time period. It can be clearly 
seen that the evaporator temperature and condenser 
temperature rise almost synchronously, which shows that 
the alternating power does not affect the normal start-up 
of the heat pipe. In the early stage, the temperature of both 
evaporator and condenser fluctuates ,but the fluctuation is 
relatively small. With the increase of heating time, the 
fluctuation intensifies. And when the heat pipe reached 
a stable situation, the amplitude of the fluctuation reaches 
the maximum. From the start-up time, the time under 

alternating power is basically the same as that under 
constant power. 

 

Figure. 3 Temperature of the heat pipe changes with time under 
500W / 1500W and 1min period 

 
Figure. 4 shows the temperature change of the heat 

pipe evaporator with time under alternating power and its 
corresponding limit power. From the temperature start-up 
curve, the start-up rate, start-up time and stable 
temperature of heat pipe under alternating power are 
between under the upper and lower limit power.  

 

Figure. 4 Temperature change of the heat pipe evaporator with 
time under alternating power and its corresponding limit power 

3.2 Steady performance of mercury heat pipe 
during alternating power 

3.2.1 Influence of alternating power on temperature 

Figure. 5 shows the temperature variation of the heat pipe 
evaporator for different alternating period under 500W / 
1500W alternating power. From each alternating period, 
the temperature of the heat pipe evaporator fluctuates with 
time, and the maximum and minimum values are far less 
than the corresponding limiting power.This is because the 
alternating period is short and the heat pipe has not reached 
the stable temperature value. From different alternating 
periods, the symmetrical value of temperature fluctuation 
of heat pipe evaporator under alternating power is 
basically the same and equal to the stable temperature 
value of 1000W. The fluctuation of evaporator temperature 
increases with the increase of alternating period. 
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Figure. 5 Temperature variation of the heat pipe evaporator for 
different alternating period under 500W / 1500W 

 
Figure. 6 shows the variation of evaporator maximum 

temperature for different alternating period under 500W / 
1500W. With increasing alternating period, the maximum 
temperature of evaporator increases.When the alternating 
period is 1 min, the maximum temperature of the heat pipe 
evaporator increases by 18 K relative to the constant 
power. And when the alternating period increases to 10 
min, the maximum temperature increases to 140 K. This 
is mainly becasue the increase of the operation time of the 
heat pipe at a certain heating power and the heat pipe can 
reach a higher temperature when the alternating period 
increases. 

 

Figure. 6 Variation of evaporator maximum temperature for 
different alternating period under 500W / 1500W 

 
Figure. 7 shows the proportion of maximum 

temperature increment of heat pipe evaporator to limit 
increment for different alternating period under 500W / 
1500W. When the alternating period is 1 min, the 
proportion is around 5%; when the alternating period is 10 
min, the proportion increases to 42%. 

 

 

Figure. 7 The proportion of maximum temperature increment 
of heat pipe evaporator to limit increment for different 

alternating period under 500W / 1500W 
 

Figure. 8 shows the temperature of heat pipe 
evaporator for different amplitude of the alternating power 
at 1min period. From different alternating amplitudes, 
with increasing alternating power amplitude, the 
fluctuation of heat pipe evaporator increases, and the 
period of fluctuation consistent with that of alternating 
power. 

 

a) 750W/1250W 

 
b) 500W/1500W 
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c) 250W/1750W 

Figure. 8 Temperature of heat pipe evaporator for different 
amplitude of the alternating power 

 
Figure. 9 shows the influence of different alternating 

power amplitude on maximum temperature increment of 
evaporator.When the amplitude is 250W, the maximum 
temperature increase is 8K, and when the amplitude is 750, 
the temperature increase reaches 24K. 

Figure. 10 shows the percentage of the maximum 
temperature increase of evaporator in the limit increase for 
different amplitude. It can be seen that different 
alternating power amplitudes have little effect on its 
percentage. 

 

Figure. 9 Maximum temperature increment of evaporator for 
different amplitude 

 

 

Figure. 10 Percentage of the maximum temperature increase of 
evaporator in the limit increase for different amplitude 

3.2.2 Influence of alternating power on thermal 
resistance 

Figure. 11 shows the thermal resistance of the heat pipe for 
different amplitudes. From each alternating amplitude, the 
thermal resistance changes periodically. From different 
amplitudes, with increasing amplitude, the amplitude of 
thermal resistance increases. The minimum thermal 
resistance decreases slightly, while the maximum 
increases greatly.When the amplitude is 500W, the 
maximum thermal resistance is around 1.5 times that of 
constant power. And when the amplitude increases to 
1500W, the maximum thermal resistance increases to 4 
times. From the average value of thermal resistance, the 
average value increases with the increase of the amplitude. 
When the amplitude is 500W, the average value of thermal 
resistance is almost the same as that of constant heating 
power. However, When the amplitude is 1500W, the 
average value is about twice of constant heating power. 

 
Figure. 11 Thermal resistance of the heat pipe for different 

amplitudes 
 

Figure. 12 shows the thermal resistance of the heat pipe 
for different alternating period. From different alternating 
power periods, with the increasing alternating power 
period, the alternating period of thermal resistance 
increases and the maximum and average values of thermal 
resistance increase slightly. 

 
Figure. 12 Thermal resistance of the heat pipe for different 

alternating period     

4 Conclusion 

In this paper, the effect of alternating power heating on the 
start-up and heat transfer performance of mercury heat 
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pipe is studied.The results are as follows. 
1) Compared with the constant power heating, the 

temperature of the mercury heat pipe fluctuates 
during the start-up process of alternating power 
heating, but the start-up time changes little. 

2) The temperature of the mercury heat pipe during 
the steady-state of alternating power heating 
fluctuates around that during the constant heating 
power, and the average fluctuation temperature is 
basically consistent with the constant power. 
With the increase of the alternating period, the 
fluctuation amplitude increases. When the period 
increases to 10 min, the maximum temperature of 
the heat pipe evaporator increases by 140 K 
relative to that of constant power. With the 
increase of amplitudes, the fluctuation amplitude 
of heat pipe temperature increases. When the 
amplitude increases to 1500W, the maximum 
temperature of the evaporator increases 24K 
relative to the constant power.  

3) The maximum thermal resistance is about 4 times 
that of the constant power, and the average value 
of the maximum alternating thermal resistance is 
2 times that of the constant power. Increasing the 
alternating period will increase the fluctuation 
amplitude of the alternating thermal resistance 
slightly. 
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