
Бюллетень науки и практики / Bulletin of Science and Practice 

https://www.bulletennauki.com 

Т. 7. №5. 2021 

https://doi.org/10.33619/2414-2948/66 

 

 Тип лицензии CC: Attribution 4.0 International (CC BY 4.0) 292 

 

 

UDC 581.5; 631.4 https://doi.org/10.33619/2414-2948/66/28 

 

STUDY ON HEAT TRANSFER PERFORMANCE OF NON-INTEGRAL  

CAPILLARY CORE SINTERED UNIFORM PLATE 
 

©Jiang Weiyu, ORCID: 0000-0003-0604-6184, Ogarev Mordovia State University, Saransk, 

Russia, Jiangsu University of Science and Technology, Zhenjiang, China, 1324947307@qq.com 

©Sun Lili, ORCID: 0000-0002-9392-8937, Ogarev Mordovia State University, Saransk, Russia,  

Jiangsu University of Science and Technology, Zhenjiang, China, 1640880760@qq.com 

©Mao Jijin, ORCID: 0000-0002-5216-4168, Ogarev Mordovia State University, Saransk, Russia,  

Jiangsu University of Science and Technology, Zhenjiang, China, 554436558@qq.com 

©Zhang Donghui, ORCID: 0000-0002-9503-5809, Ogarev Mordovia State University, Saransk, 

Russia, Jiangsu University of Science and Technology, Zhenjiang, China, 2554304973@qq.com 

©Levtsev A., SPIN-code: 7896-7312, Dr. habil., Ogarev Mordovia State University, Saransk, 

Russia, levtzevap@mail.ru 

 

ИССЛЕДОВАНИЕ ТЕПЛОВЫХ СВОЙСТВ ИЗОТЕРМИЧЕСКИХ ПЛИТ  

ПРИ СПЕКАНИИ КАПИЛЛЯРНОГО СЕРДЕЧНИКА 

 

©Цзян Вэйюй, ORCID: 0000-0003-0604-6184, Национальный исследовательский Мордовский 

государственный университет им. Н. П. Огарева, г. Саранск, Россия, Цзянсуский 

университет науки и техники, г. Чжэньцзян, Китай, 1324947307@qq.com  

©Сунь Лили, ORCID: 0000-0002-9392-8937, Национальный исследовательский Мордовский 

государственный университет им. Н. П. Огарева, г. Саранск, Россия, Цзянсуский 

университет науки и техники, г. Чжэньцзян, Китай, 1640880760@qq.com  

©Мао Цзицзинь, ORCID: 0000-0002-5216-4168, Национальный исследовательский 

Мордовский государственный университет им. Н. П. Огарева, г. Саранск, Россия, 

Цзянсуский университет науки и техники, г. Чжэньцзян, Китай, 554436558@qq.com  

©Чжан Дунхуэй, ORCID: 0000-0002-9503-5809, Национальный исследовательский 

Мордовский государственный университет им. Н. П. Огарева, г. Саранск, Россия, 

Цзянсуский университет науки и техники, г. Чжэньцзян, Китай, 2554304973@qq.com  

©Левцев А. П., SPIN-код: 7896-7312, д-р техн. наук, Национальный исследовательский 

Мордовский государственный университет им. Н. П. Огарева,  

г. Саранск, Россия, levtzevap@mail.ru 

 

Abstract. This paper mainly introduces the sintering process of the monolithic capillary wick 

and analyzes the influence of different copper powder particle size, filling rate, copper powder 

shape and heat source size on the heat transfer performance of the isothermal plate. The 

experimental results show that: (1) For the isothermal plate sintered with spherical copper powder, 

the capillary force of large particle size copper powder is small, but the flow resistance is also 

small, and the performance of the isothermal plate sintered with large particle size copper powder is 

better. (2) In the case of low filling rate, the isothermal plate is dried due to insufficient return fluid. 

In the case of high filling rate, on the one hand, the thickness of the liquid film at the evaporation 

end of the isothermal plate is large, resulting in additional thermal resistance. On the other hand, the 

thin film evaporation mode will be transformed into pool boiling mode, which will reduce the heat 

transfer performance. (3) Spherical copper powder sintered plate with regular shape has the best 

performance, while dendritic copper powder sintered plate has relatively high thermal resistance. 

(4) The heat source area has a great influence on the thermal resistance of the plate. Under the same 

heating power, the thermal resistance of the small area heat source is much higher than that of the 
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large area heat source; The thermal resistance of sintered copper plate is lower than that of pure 

copper plate under two heat source areas. 

 

Аннотация. В данной статье описывается процесс агломерации неровных капиллярных 

сердечников, изучается влияние различных размеров медного порошка, наполнения 

жидкости, формы медного порошка, а также размер источника тепла на теплопередающие 

свойства изотермической пластины. Анализ результатов эксперимента показал: 1) для 

термостатных пластин спекания шаровой медной пыли, крупные частицы медного порошка, 

капиллярность мелкозернистой, но, соответственно, сопротивление текучести является 

небольшим, при этом большое количество медного порошка спекания имеет хорошую 

характеристику термостата; 2) толщина слоя дает дополнительное тепловое сопротивление, с 

другой стороны, тонкие мембраны испарения будут преобразованы в модель кипения 

бассейна, что снижает теплопередающие свойства; 3) форма более правильная шарообразная 

медная мука спекания средних температур пластины лучше, ветки медного порошка 

спекания относительно высокая тепловая блокировка; 4) площадь источника тепла оказывает 

большое влияние на термосопротивление изотермической пластины, то же самое нагревание  

при мощности тепловое сопротивление малой площади источника тепла значительно выше 

теплового сопротивления крупного источника, а по площади двух источников тепла 

спеченная медная плита из медного порошка ниже теплового сопротивления, чем чисто 

медная плита. 
 

Keywords: uniform plate, non-holonomic capillary core, copper powder sintering and heat 

transfer performance. 
 

Ключевые слова: изотермическая плита, неголономная капиллярная сердцевина, медная 

мука спекания, теплопередающая способность. 
 

Introduction 

Since the 21st century, with the continuous development of modern electronic technology, 

electronic components show the trend of miniaturization and high performance. Because electronic 

components have the characteristics of high calorific value, it will increase the temperature and 

reduce its performance. Generally, the heat power of the chip in each area of the electronic 

equipment is different, so the thermal stress on the surface of the chip is different, which is easy to 

reduce or even damage the performance of the electronic equipment, and the local high temperature 

hot spots are easy to burn the electronic device. Compared with the traditional heat pipe, from the 

analysis of the heat transfer path, the heat transfer of the heat pipe is in the one-dimensional 

direction. The uniform temperature plate realizes the heat transfer in the two-dimensional plane, 

which can effectively solve the ‘hot spot’ problem of electronic devices. 

Tang Yong et al. [1] prepared a new type of sintered copper mesh core by weaving, chemical 

deposition and sintering. Alkali-assisted surface oxidation process [2] was used to treat the wick 

structure. The experimental results show that the sintering process is conducive to enhancing the 

adhesion strength of the surface structure. The capillary force of the deposited capillary core 

structure is greater than that of the normal capillary core. Through the deposition time of about 

15 min and the sintering temperature of about 500 °C, the deposited liquid wick can achieve the 

best heat transfer performance. Lewis et al. [3] used polyimide film as coating material and 

lithography technology to manufacture the wick structure. The thickness of the wick was only 0.3 

mm, and TiO2 was deposited on the surface of the wick by ALD process, which played a 

hydrophilic role. Under the condition that 0.15 ml water was filled in the ultra-thin hot pipe, the 
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heater area was 20 mm×10 mm, and the minimum thermal resistance measured in the experiment 

was 11.92 °C/W, and the effective thermal conductivity was as high as 541 W/(mK). 

Li et al. [4–5] prepared a new type of wick structure, which is sintered from 50μm to 100μm 

mixed copper powder with thickness less than 1mm, and the total thickness of the copper-water flat 

heat pipe is 2mm. The effects of different heating power, inclination angle and cooling water 

temperature on the heat transfer performance of flat heat pipe were experimentally studied. The 

experimental results show that the maximum input power of the flat heat pipe in the horizontal 

direction is 120 W, and the minimum thermal resistance is only 0.196 ℃/W. Weibel et al. [6] made 

an ultra-thin nanostructured temperature plate. The liquid wick adopts a 200 μm thick copper 

powder sintering structure, and the carbon nanotubes (CNTs) shape is made into a mosaic array 

structure to enhance the ability of filling liquid in the cavity to infiltrate the liquid wick. The 

thickness of the isothermal plate is only lmm. 

 

Test System for Heat Transfer Performance of Nonholonomic Capillary Core Isothermal Plate 

The heat transfer performance test system mainly includes four parts: heating system, water 

cooling system, temperature plate, data acquisition system. In the isothermal plate performance test 

device, the clamping device is composed of two aluminum plates with a thickness of 30 mm, and 

the corners are fixed and tightened by M16 bolts, so that the middle part can be closely contacted. 

Wood insulation materials are arranged at the bottom of the plate and the top of the cooling water 

jacket to reduce heat loss. The temperature is set in the low-temperature tank. After the water is 

cooled, the circulating pump is opened to produce the cooling water. The flow rate is determined by 

adjusting the rotor flowmeter, and then enters into the cooling water jacket cavity, and the heat on 

the surface of the homogenizer is taken away. The temperature measuring device adopts armored 

thermocouple, connected with intelligent temperature inspector, and finally reads data on the 

computer, so as to complete the whole temperature measurement process. 
 

 

 

Figure 1. Experimental system schematic 1. Low 

temperature water tank 2. Experimental test section 

3. Armored thermocouple 4. Temperature inspection 

instrument 5. Voltage regulator 6. Power supply 7. Rotor 

flowmeter 8. Computer 

Figure 2. Vapor chamber testing system 

1. Aluminum plate fixtures 2. Hard insulation materials 

3. Cooling water jacket 4. Uniform plate 5. Heated 

copper block 6. Fastener bolts 

 

Sintering process of non-integrated capillary core isothermal plate 

The main process of sintering process is as follows: the sintered copper powder liquid suction 

core is closely bonded to the off-duty, and the foamed copper is closely bonded to the upper plate. 

They are respectively tightened with fixtures and placed horizontally in the vacuum sintering 

furnace. Then the furnace door is closed for the next washing, and the vacuum is pumped to 0.05 

Pa. After that, nitrogen is passed, vacuum is pumped again, and nitrogen is passed again, and 

hydrogen is passed. After setting the program, the switch is opened to start sintering. The sintering 

temperature is 950 °C, and the holding time is set to last for 3 hours. After sintering, the furnace 

door can be opened and the sample can be taken out under the condition of vacuum cooling in the 

sintering furnace, as shown in Figure 3. 

The sintered wick was placed in the shell plate, and then the solder was placed between the 
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upper and lower shell plates. The whole device was fixed with a fixture and placed horizontally in a 

vacuum sintering furnace. The sintering process was the same as before, but the maximum 

temperature set during sintering was 780 °C. When the temperature rose to 780 °C, it immediately 

entered the natural cooling stage. 
 

  
( a ) Evaporation end ( b ) condensation end 

 

Figure 3. Capillary core combined with outer shell 
 

Taking the sintered copper powder structure as the lower wick and the foam copper structure 

as the upper wick, the influence of different wick structure and filling rate on the heat transfer 

performance of the isothermal plate was studied. The effects of different copper powder shapes on 

the heat transfer performance of the isothermal plate were studied. The heat transfer performance of 

the plate under different heating power was studied. 
 

Experimental study on heat transfer performance of non-holonomic wicked plate 

Experimental research content 

The experimental research in this section is mainly divided into four parts: 

Particle size parameter experiment of sintered copper powder 

A total of 14 thermostats were prepared in this study. The particle sizes of spherical copper 

powder were 30 μm, 50 μm, 30 μm, 30 μm+90 μm, and the particle sizes of dendritic copper 

powder were 30 μm and 50 μm, respectively. The experimental data of the thermostats with the best 

performance were recorded after the test of each thermostat. 

Filling rate parameter experiments 

In this experiment, there are four isothermal plates sintered with spherical copper powder. The 

porosity of 30μm, 50μm, 90μm and 30μm + 90μm isothermal plates are 48.5%, 52.6%, 40.6% and 

54.2%, respectively. The dendritic copper powder sintered temperature plate has two pieces, the 

porosity of 30μm and 50 μm is 74% and 71.1% respectively. The charging amount of uneven 

copper powder sintering temperature plate is shown in Table 1, and the charging amount of 

dendritic copper powder sintering temperature plate is shown in Table 2. 
 

Table 1.  

FILLING RATIO OF SPHERICAL COPPER POWDER SINTERED VAPOR CHAMBERS 
 

 70% 90% 120% 

30μm (g) 2.91 3.75 5.00 

50μm (g) 2.92 3.76 5.00 

90μm (g) 2.47 3.18 4.24 

30μm+90μm (g) 3.25 4.18 5.58 

 

Experiment of copper powder shape parameters 

The research object of this experiment is the sintered copper powder type isothermal plate. In 

this experiment, four isothermal plates were produced. The shape of copper powder of the sintered 
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isothermal plate was spherical and dendritic, and the particle sizes were 30 μm and 50 μm, 

respectively. The heat transfer performance of the four isothermal plates was compared and 

analyzed under the conditions of three filling rates of 70 %, 90 % and 120 %. 

 

Table 2.  

FILLING RATIO OF DENDRITIC COPPER POWDER SINTERED VAPOR CHAMBERS 
 

 70% 90% 120% 

30μm (g) 3.17 4.07 5.43 

50μm (g) 2.71 3.48 4.64 

 

Experiment of heat source size parameters 

In this experiment, the copper plate sintered by spherical copper powder was selected, and the 

particle sizes were 30 μm and 50 μm, respectively. Two different sizes of heated copper blocks were 

designed: 15 mm×15 mm and 30 mm×30 mm, respectively. The heat transfer performance of the 

isothermal plate under different heat flux was compared and compared with the pure copper plate. 

 

Experimental results and analysis 

Effect of Sintered Copper Powder Particle Size on Experimental Performance of Uniform 

Temperature Plate 

The thermal resistance of the plate made of four spherical copper powders varies with heating 

power as shown in Figure 4 (a–c). The heat source area is 30 mm×30 mm and the filling rates are 

70%, 90% and 120%, respectively. The experimental results show that with the increase of heat 

flux, the thermal resistance values of the isothermal plates with different particle sizes under 

different filling rates change linearly. From the trend of curve, the performance of the larger particle 

size plate is relatively good. From the experimental results, it can be seen that the performance of 

the homogenized plate sintered with large particle size spherical copper powder is better, which 

indicates that the liquid return resistance has a greater influence on the thermal resistance 

performance of the homogenized plate made of spherical copper powder and plays a leading role. 
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(a) 70% filling rate (b) Filling rate 90% 
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(c) Filling rate : 120% 

Figure 4. Thermal resistance of spherical copper powder sintered vapor chamber with heating power 

under different charging rates 
 

Effect of filling rate on heat transfer performance of isothermal plate 

Sintered copper powder is spherical. Figure 5 shows the thermal resistance changes of 30μm, 

50μm, 90μm and 30μm + 90μm isothermal plates, respectively. Three different filling rates are 

compared. It can be seen from the figure that with the increase of heat flux, the thermal resistance 

values of isothermal plates with different particle sizes change linearly under different filling rates. 

For the 30 μm isothermal plate, the thermal resistance is slightly smaller when the filling rate 

is 120% and the heating power is low. With the increase of heating power, the thermal resistance 

almost remains unchanged, and the filling rate has little effect on the thermal resistance. For 50 μm 

and 90 μm isothermal plates, the thermal resistance value of the isothermal plate is relatively low 

under the condition of low filling rate. Because the particle size of copper powder increases, the 

capillary force decreases, the flow resistance is small, and the filling rate is too high. The liquid will 

be immersed in the suction core, and the liquid film will be thickened, which will bring additional 

thermal resistance. Moreover, the viscosity of the liquid is much higher than that of the gas, so the 

steam movement will be resisted, resulting in the phenomenon of carrying, and the reflux is 

blocked. The 30 μm+90 μm plate is made of mixed particle size, which can balance the capillary 

force and flow resistance. When the filling rate is 90%, the lowest thermal resistance of the plate is 

0.13 °C/W. 

It is found that when the heating power is 50W, the thermal resistance of 30 μm, 50 μm 

and90μm plates is relatively flat. It may be because only when the heating power reaches a certain 

condition, the working fluid inside the wick of the evaporation end will completely absorb heat and 

vaporize, and the thermal resistance is also slowly reduced in the process of normal heat transfer. 

However, when the heating power is about90 W, this phenomenon occurs in the 30 μm + 90 μm 

plate. Because the 30 μm+90 μm plate has a relatively large amount of filling under the condition of 

the same filling rate, it needs to improve the heating power to provide the heat needed for the 

normal operation of the plate, so it will appear gentle phenomenon under the condition of large 

power. 
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(c) 90μm plate (d) 30μm + 90μm plate 

Figure 5. Thermal resistance of spherical copper powder sintered vapor chamber at different charging 
 

Effect of copper powder shape on heat transfer performance of isothermal plate 

Figure 6 (a–c) shows the effect of copper powder shape on the performance of the isothermal 

plate under different filling rates. It can be seen from the figure (a) that the thermal resistance of the 

spherical 50 μm plate is smaller, the thermal resistance of the spherical and dendritic 30 μm plate is 

similar, and the thermal resistance of the dendritic 50 μm plate is poor. Figure (b) shows that the 

thermal resistance of the spherical 50 μm plate is the smallest, the performance of the dendritic 

50 μm plate is the worst, and the others are similar. Figure (c) shows that the thermal resistance of 

spherical and dendritic 30 μm plate is relatively small. On the whole, the thermal resistance of the 

thermostat made of spherical copper powder is smaller than that of the thermostat made of dendritic 

copper powder at three filling rates, which may be due to the fact that the wick made of dendritic 

copper powder has more blind pores ( that is, the pores are not interconnected), thus the number of 

flow channels of the liquid working medium is reduced, the flow is blocked and the heat transfer 

performance of the thermostat is affected. 
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(c) Thermal resistance comparison of 120% isothermal plate 

 

Figure 6. Comparison of the thermal resistance of vapor chamber under different charging rates 
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Effect of heat source size on heat transfer performance of isothermal plate 

Figure 7 is the comparison of heat transfer performance between the uniform temperature 

plate and the pure copper plate made of copper powder with spherical shape, particle size of 30 μm 

and 50 μm under the conditions of two heat source sizes of 30×30 mm and 15 mm × 15 mm and 

filling rate of 70%. 

It can be seen from the above figures that the failure power of the plate can reach 170 W 

under the condition of large heat source area, and the measured thermal resistance is smaller than 

that under the condition of small heat source area, because under the condition of the same heating 

power, the heat flux of the plate measured by large heat source area is relatively small, so the 

working fluid in the evaporation area is not easy to dry, and the liquid film is thin, so the thermal 

resistance value is low; The temperature uniformity of the plate is better than that of the pure copper 

plate, and the maximum temperature difference at the condensation end is small. The main reason is 

that the plate is sintered by copper powder, and the copper powder column (25 diameter is 3 mm) 

sintered by the wick at the evaporation end is connected with the rectangular convex ring of copper 

powder with a width of 2 mm around, so that there are more capillary channels and less reflux 

resistance, which greatly enhances the heat transfer ability, so the heat resistance value is small, 

which indicates that the process of the plate is effective. 
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Figure 7. Heat transfer performance of vapor chamber under different heat sources 

 

Summary 

This chapter has carried on the experimental analysis to the heat transfer performance of the 

plate, from the copper powder particle size, filling rate, copper powder shape and heat source size 

four aspects to do the comparative analysis, the following conclusions: 
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(1) In this paper, the upper and lower wicks are sintered with the shell plate respectively, and 

then the shell plate is welded. It can ensure the complete contact between the wick and the shell 

plate and reduce the contact thermal resistance. At the same time, the upper and lower wicks are 

also closely contacted, which reduces the reflux path. In the test process, when the maximum 

heating power reaches 170 W, the uniform temperature plate will not fail, so it can be considered as 

the preferred method of uniform temperature plate production. 

(2) For the uniform plate sintered with spherical copper powder, the uniform plate sintered 

with large particle size of copper powder has good performance, and the capillary force of large 

particle size of copper powder is small, but the flow resistance is also relatively small, indicating 

that the liquid return resistance has a greater impact on the thermal resistance performance of the 

uniform plate made of spherical copper powder, which plays a leading role. For the uniform 

temperature plate sintered with dendritic copper powder, the performance of the uniform 

temperature plate sintered with small particle size copper powder is better, and the capillary force of 

the small particle size copper powder is larger, but the flow resistance is also large, indicating that 

the capillary suction has a greater influence on the thermal resistance of the uniform temperature 

plate made of dendritic copper powder and plays a leading role. 

(3) When the filling rate is appropriate, the heat transfer performance of the isothermal plate 

is relatively excellent. When the filling rate is low, the isothermal plate will be dried due to 

insufficient return fluid. When the filling rate is high, on the one hand, the thickness of the liquid 

film at the evaporation end of the isothermal plate is large, resulting in additional thermal 

resistance. On the other hand, the evaporation mode of the thin liquid film will be transformed into 

the pool boiling mode, which will reduce the heat transfer performance. Therefore, the high or low 

filling rate will affect the heat dissipation performance of the isothermal plate. 

(4) Spherical copper powder sintered plate with regular shape has the best performance, while 

dendritic copper powder sintered plate has relatively high thermal resistance. 

(5) The heat source area has a great influence on the thermal resistance of the plate. Under the 

same heating power, the thermal resistance of the small area heat source is much higher than that of 

the large area heat source; Moreover, the thermal resistance of copper powder sintered copper plate 

is lower than that of pure copper plate under the two heat sources. 
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