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1. Introduction

 

 



 

 

 



2. Experimental apparatus and conditions

The experimental system is illustrated in Fig. 1. The test rig mainly consists of an 

acceleration simulation system, a fixture system (including test pieces), a heating system, a 

cooling system, and a data acquisition system. During the experiment, the rotational velocity of 

the system can be manually adjusted. The heat load is regulated by varying the output current, 

the heat sink temperature is controlled by setting the temperature of a thermostatic water bath, 

and the temperature of the outer sidewall of the heat pipe is measured using a data acquisition 

instrument (Agilent 34970A).

The acceleration simulation is conducted using the constant acceleration simulation 

centrifuge, as shown in Fig. 2. This centrifuge can be controlled either by a dedicated desktop 

computer program or manually. For this experiment, manual control was chosen to achieve 

precise control of low rotational velocities during the test. The centrifuge is equipped with a 

junction box that transmits electrical signals and temperature sensor signals during rotation.
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To closely simulate practical application scenarios, the fixture was arranged near the 

rotational axis, as shown in Fig. 3. First, the fixture board was secured to the support column, 

and the heat pipe was fixed to the positioning/insulation block with pre-set threaded holes using 

bolts and clamps. To eliminate the influence of gravity, the levelness of the heat pipe was 

measured during both installation and experimentation, ensuring it remained horizontal. A DC 

power supply was used to heat the 40-ohm resistive heating film attached to the upper surface 

of the evaporator section. The power supply featured a current measurement accuracy of 0.5% 

and a voltage measurement accuracy of 0.1%. The heat was then transferred through the AGHP 

and cooled at the condenser end by circulating low-temperature water. The cold plate used in 

this experiment is shown in Fig. 3. It contains microchannels to enhance heat transfer. Thermal 

grease was applied between the cold plates and the condenser end of the AGHP to reduce 

contact thermal resistance. The temperatures recorded during the experiment were measured 

using calibrated PT100 platinum resistance thermometers, with an accuracy of ±0.3°C. 

Temperature measurement points were positioned on the outer sidewall of the heat pipe 

according to GB/T 14812-2008 standards. Following installation, insulation material was 

wrapped around the experimental setup to minimize heat exchange with the environment. 
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In this study, two sets of aluminum-ammonia AGHPs were fabricated, with specific 

parameters detailed in Table 1. Fig. 4 presents the external designs of the two heat pipes. The 

-shaped grooves, with a total of 14 grooves. During the experiment, heating 

and cooling were applied to the top surface of the heat pipes, with temperature sensors attached 

to the side walls. 

The straight grooved heat pipe (AGHP1#) has a total length of 420 mm, with an evaporator 

section measuring 140 mm. The condenser section has two experimental configurations: 70 mm 

and 140 mm, corresponding to adiabatic sections of 210 mm and 140 mm, respectively. The 

external shape is shown in Fig. 4(a). 

The curved grooved heat pipe (AGHP2#) features an optimized design with variable 

curvature. It starts with a straight section of 300 mm from the evaporator end and a straight 

section of 75 mm from the condenser end, with a curved section in between for the transition. 

The radius of curvature gradually decreases from 180 mm to 160 mm (from the evaporator end 

to the condenser end). It has a total length of approximately 700 mm, with both the evaporator 

and condenser sections measuring 280 mm, and the adiabatic section approximately 140 mm. 

The external shape is illustrated in Fig. 4(b). 
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Components Material Parameter Dimensions 

AGHP1# Aluminum 

Length/width/height (mm) 420/30/15 

Filling quality (g) 25(100%) 

Evaporation section length (mm) 140 

Insulation section length (mm) 210/140 

Condensation section length (mm) 70/140 

AGHP2# Aluminum 

Length/width/height (mm) 700/30/15 

Filling quality (g) 42(100%) 

Evaporation section length (mm) 280 

Insulation section length (mm) 140 

Condensation section length (mm) 280 

Working fluid Ammonia   

 

 

 

 



The experimental conditions for this study are detailed in Table 2, including the static state 

and four different rotational angular velocities, along with two different shapes (straight and 

curved). The temperature distribution under load and the maximum heat transfer capacity are 

crucial indicators for evaluating heat pipe performance. Therefore, the study focused on testing 

the operating temperature and heat transfer limits of the grooved heat pipes. The heat transfer 

limit was defined as the power level where the temperature difference between the highest point 

of the evaporator section and the lowest temperature of the condenser section reached 5°C. 

Temperature distribution data were analyzed to calculate the thermal resistance of the heat pipes. 

Finally, the experimental data of different shapes were compared to analyze the impact of shape 

structure on the steady-state operating performance of the heat pipes. Fig. 5 shows the 

relationship between the heat pipes and the rotational center under experimental conditions, 

including the specific positions of measurement points arranged on the outer sidewall. 
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Condenser Length 
70 mm and 140 mm AGHP1#  

140 mm AGHP2#  

 

The temperature distribution was tested after achieving thermal equilibrium and then 

applying various rotational angular velocities until stability was achieved. In addition to the 

static state, rotational angular velocities of 6 rpm, 8 rpm, 12 rpm, and 20 rpm were selected.  

The heat load levels of the AGHP1# were set at 30 W, 50 W, 70 W, 90 W, 110 W, 130 W, 

and 150 W. The condenser length was tested in two configurations: 70 mm and 140 mm. 

The heat load levels of the AGHP2# were set at 30 W, 50 W, 70 W, 90 W, 110 W, 130 W, 

150 W, 170 W, 190 W, 210 W, 230 W, 250 W, 275 W, and 300 W. To account for potential 

steady-state operational differences due to different loading methods [52], two different loading 

methods (named A and B) were employed. In method A, heat load was applied first until 

thermal equilibrium was reached, followed by the application of rotational angular velocity. In 

method B, rotational angular velocity was applied first until the temperature distribution 

stabilized, followed by the application of heat load. 

 

For a given physical quantity y, which is a function of independent variables (x1, x2 xn), 

the uncertainty in y can be calculated using the Eq. (1) [53]. 
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In this study, thermal resistance R is a crucial parameter representing the operational 

performance of the AGHPs and can be calculated by Eq. (2). 
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3. Results and discussion 
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(a) 30 W 

0 70 140 210 280 350 420
18

20

22

24

26

28

Axial distance from evaporator end(mm)

 0 rpm  8 rpm  12 rpm  20 rpm  

Straight - Heat Load 30W

Evaporator                   Adiabatic zone         Condenser



 

(b) 110 W 
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(a) 6 rpm 
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(b) 20 rpm 
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(a) 8 rpm 

 

(b) 20 rpm 
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(a) 50 W 

 

(b) 210 W 
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(a) 0 rpm 

 
(b) 12 rpm 
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(c) 20 rpm 
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(a) 30 W 

 

(b) 90 W 
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(a) 30 W 

 

(b) 150 W 
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(a) Heat Transfer Limit 

 

(b) Thermal Resistance 
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4. Conclusions 
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