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 Microchannel has been widely used in the cooling, heat exchange, and thermal control 

modules of automation devices due to its many merits such as high efficiency of heat 

exchange, energy-saving, and can make full use of the sensible and latent heat. However, 

the integrity of the overall-optimized heat dissipation enhancement design of automation 

systems based on microchannel units is very limited, and few existing studies have 

concerned about the simulation of the heat flow and transfer features of microchannel heat 

sinks. For this reason, this paper aims to study a design scheme of the heat dissipation 

enhancement of automation systems from an overall optimization scale based on the 

microchannel heat exchange units and evaluate its heat dissipation performance. At first, 

this paper built a Microchannel Heat Sink (MHS) model and gave the steps of the proposed 

design scheme. Then, the temperature field of heat dissipation process of the internal 

components of automation equipment was simulated and analyzed, and the scientificity 

and effectiveness of the proposed design scheme were verified via experiment. At last, the 

relationship between the pressure drop of microchannel units and the temperature of fluid 

was discussed, the heat dissipation performance was compared, and the evaluation results 

were given. 
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1. INTRODUCTION 

 

The advancement of analog and digital electronic 

technologies has greatly reduced the size and weight of 

automation devices [1-6]. Compared with the conventional 

regular-sized channel heat sinks, microchannel heat sinks have 

been more widely used in the cooling, heat exchange, and 

thermal control modules of automation devices [7-12] due to 

their many merits such as high efficiency of heat exchange, 

energy-saving, and can make full use of the sensible and latent 

heat. Compared with air-cooled heat exchangers whose heat 

dissipation performance is greatly limited by the thermal and 

physical properties of the air, microchannel heat sinks have 

better heat transfer and isothermal performance [13-24]. To 

achieve higher efficiency of heat dissipation, the design of heat 

dissipation enhancement of automation systems from an 

overall optimization scale based on microchannel units has 

received more attention in both academic circle and the 

industry, and it is of great research value to explore the laws 

of enhanced heat dissipation in the microchannel units of 

automation systems.  

The cooling process is very important for the thermal 

management of lithium-ion batteries. Jahanbakhshi et al. [25] 

took silver-water/ethylene glycol nanofluid as a biologically 

synthesized working fluid in their study to investigate the 

effect of nanoparticle volume fraction, Reynolds number, and 

inlet and outlet arrangement on thermal performance and 

battery temperature changes; their research results 

demonstrated that, under all kinds of conditions, using heat 

sinks can lower the surface temperature of batteries, and the 

nanofluid running in this cooling system can keep the 

temperature within a safe operating range. Ayatollahi et al. 

[26] introduced a microchannel heat sink with a novel 

geometry entitled as flattened, which could be used to 

dissipate heat flux form high heat flux generation devices, and 

evaluated its hydrothermal performance; moreover, they 

employed a finite volume method to solve the 3D conjugate 

heat transfer problem numerically under the assumptions of 

laminar and steady-state fluid flow. Jin et al. [27] built a 

lumped model for cooling systems integrated with 

microchannel heat sinks, and proposed feedforward and 

feedback control strategies. They compared the different 

control strategies via numerical simulation and experiment, 

and the results verified the robustness and accuracy of the 

proposed physical model; besides, they also designed a 

reliable and effective control method which could achieve 

high operating efficiency and give fast response. Alkasmoul et 

al. [28] conducted a numerical study on the thermal and 

hydraulic properties of different nanofluids with varied 

nanoparticle concentrations in microchannel heat sinks for 

laminar flow; the evaluation was conducted based on different 

Reynolds numbers, flow rates, pumping powers, and 

maximum temperature values of the microchannel heat sink, 

and the results revealed that presenting the thermal 

performance of nanofluid in relation to the Reynolds number 

is misleading since the Reynolds number is dependent on 

nanofluid properties. To optimize the actual operating 

conditions of solid-state laser, Pan et al. [29] built a geometric 

model of a two-chip three-channel cooling system, in which 

the positive direction of the x-axis was taken as the flow 
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direction of two channels; then the heat-fluid-solid coupling 

method was combined with the optical path difference 

calculation model to simulate the impact of the Reynolds 

number and thermal load on the optical path difference, and 

the results indicated that the transition Reynolds number of the 

cooling system was 2600. 

After reviewing relevant literatures of world field scholars, 

it’s found that there’re many experiments on the heat exchange 

performance of microchannel heat sinks, however the 

simulation of their flow and heat transfer features is 

insufficient, and the integrity of the overall-optimized heat 

dissipation enhancement design of automation systems based 

on microchannel units is very limited, thus, this paper aims to 

develop a design scheme of heat dissipation enhancement for 

automation systems from an overall optimization scale based 

on microchannel units and evaluate its heat dissipation 

performance. The main content of this paper contains these 

aspects: the second chapter built the MHS model; the third 

chapter gave the steps of the said design scheme; the fourth 

chapter simulated and analyzed the temperature field of heat 

dissipation process of the internal components of automation 

equipment, and verified the scientificity and effectiveness of 

the proposed design scheme via experiment; the fifth chapter 

discussed the relationship between the pressure drop of 

microchannel units and the temperature of fluid; in the last part, 

the heat dissipation performance was compared, and the 

evaluation results were given.  

 

 

2. MODELLING OF MHS 

 

For the different MHS models established based on 

microchannel units, their governing equations are different as 

well. For the simulation and calculation of fluid dynamics 

involved in the said design scheme, suitable governing 

equations should be established based on the boundary 

conditions of the physical models of automation systems. 

Problems about fluids in the microchannel units are usually 

solved based on three conservation laws, before constructing 

the governing equation, this paper made these assumptions: 1) 

The physical parameters of fluid in microchannel units are of 

variable physical properties and steady flow; 2) The fluid in 

microchannel units has the properties of viscous fluid, and 

their viscous dissipation should be taken into consideration; 3) 

The fluid in microchannel units is incompressible, and its mass 

force does not need to be taken into consideration. Based on 

the three assumptions, the governing equation could be 

constructed, and Formula 1 below gives the expression of the 

continuity equation of the model: 
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Formulas 2-4 give the momentum equations of the model: 
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Assuming: γ represents the fluid density of microchannel 

units; λ represents the viscosity coefficient of the fluid; BRγ 

represents the constant pressure specific heat capacity of the 

fluid; lg represents the thermal conductivity of the fluid; lr 

represents the thermal conductivity of the solid; w represents 

the heat flux density vector, then Formula 11 gives the energy 

equation of the model: 
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Figure 1. Structure of a microchannel unit 

 

This paper evaluated the heat transfer performance of heat 

sink based on the heat transfer property parameters of 

microchannel units, Figure 1 gives the structure of a 

microchannel unit. The heat transfer performance and flow 

performance of the heat sink of microchannel units are usually 

characterized by the Nusselt number Nu and the Darcy 

resistance coefficient g, respectively. Assuming: w represents 

the heat flux density of fluid in microchannel units; e 

represents the equivalent width of the channels; ψq represents 

the wall surface temperature of the microchannel; ψref 

represents the reference temperature; L represents the average 

temperature of fluid in microchannel units; μg represents the 

thermal conductivity of the fluid; ΔT represents the pressure 

drop of the inlet and outlet of the microchannel units; K 

represents the length of the pipe section; γ represents the fluid 

density; V represents the average velocity of the flow channel 

section; the two parameters Nu and g are defined by Formula 

12 and Formula 13, respectively: 
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3. THE OVERALL-OPTIMIZED HEAT DISSIPATION 

ENHANCEMENT DESIGN SCHEME FOR 

AUTOMATION SYSTEM 

 

 
 

Figure 2. Heat dissipation method of the automation system 

 

Figure 2 shows the heat dissipation method of the 

automation system adopted in this paper. To verify the heat 

dissipation performance of the automation system after 

applying the proposed design scheme, this paper conducted a 

preliminary check and calculation. Because the outer wall of 

microchannel units is curved, it couldn’t fully fit with the 

surface of the internal components of the automation 

equipment, so the design scheme fills heat-conducting glue 

into the space between the outer wall of microchannel units 

and the surface of internal components of the automation 

equipment to attain a heat exchange area as large as possible. 

In the initial design, the fluid in microchannel units is water 

with a flow rate of 0.6m/s and a temperature of 20℃, and the 

Reynolds number in the microchannel units is: 

 
3

3
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240

10

ve
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−

−

  
= = =  (14) 

 

Based on the Reynolds number attained from above formula, 

it’s inferred that the flow state of fluid in microchannel units 

is laminar flow, to get more accurate calculation results of the 

heat transfer coefficient of fluid in microchannel units, the 

length of the laminar flow inlet section of the fluid in 

microchannel units is determined as follows: 

 

0.05 0.05 240 6.98 83.76
k

RePr
e
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If the fluid in microchannel units is uniform heat flux, and 

the development section of laminar flow of the fluid in 

microchannel units is long enough, then it can be 

approximately considered that the entire channel section of 

microchannel units is a fully developed section, and the 

Nusselt number within the channel section at this time is 3.85, 

which is irrelevant to the Reynolds number. The convective 

heat transfer coefficient could be calculated as: 
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According to above formula, when the Nusselt number is 

fixed, f decreases with the increase of the characteristic length 

e; the smaller the pipe width of the microchannel units, the 

greater the increment of f; then the convective heat transfer 

coefficient in the microchannel unit is given by the following 

formula: 

 

( )2 1

3

3.85 0.604
5813.5

0.4 10

Nu
f W m K

e

 − −

−

 
= = =  


 (17) 

 

Formula 18 calculates the thermal resistance of convective 

heat transfer: 
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Formula 19 calculates the thermal resistance of the heat 

transfer of copper pipe: 
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The outlet temperature of fluid in microchannel units can be 

calculated based on the heat exchange amount of the fluid: 
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The impact of radiation heat leakage of the heat sink of the 

automation equipment is ignored, let oLI=(o''+o')/2, ST=Si+S*, 

then Formula 22 give the formula for calculating the overall 

heat exchange amount of the automation system: 
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The average temperature of the internal components of the 

automation equipment can be further calculated by the 

following formula: 
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4. TEMPERATURE FIELD AND PIPELINE PRESSURE 

OF INTERNAL COMPONENTS OF THE 

AUTOMATION EQUIPMENT 

 

In order to verify the scientificity and effectiveness of the 

proposed design scheme, this paper simulated the temperature 

field of heat dissipation process of the internal components of 

automation equipment, and introduced the thermal 

conductivity of the internal components of automation 

equipment into the analysis. If the consistency between the 

transient simulation results and the experimental values is at a 

low degree, there’re two possible reasons: one reason is that 

factory staff wrapped the internal components of automation 
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equipment with insulating paper when the equipment has just 

left the factory, which might increase the internal thermal 

resistance; the other reason is that the incomplete fit between 

the outer wall surface of microchannel units and the surface of 

the internal components of automation equipment has led to 

the generation of contact thermal resistance. These two 

thermal resistances can be calculated based on the bias 

between the experimental values and simulated values of 

parameters such as the temperature of internal components of 

the automation equipment and the temperature of fluid in the 

microchannel units.  

Assuming: So represents the contact thermal resistance; STCA 

represents the thermal resistance of the heat-conducting glue 

filled in the space between the outer wall surface of the 

microchannel units and the surface of the internal components 

of automation equipment, then Formula 22 can be converted 

as follows: 
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The value of STCA can be calculated using the following 

formula: 
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Assuming: U represents the volume of fluid in 

microchannel units, then the average temperature of fluid in 

microchannel units can be calculated based on the following 

formula: 
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The outlet temperature of fluid in microchannel units can be 

calculated using the following formula: 
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Assuming: oEQ represents the average temperature of the 

internal components of automation equipment, then the 

contact thermal resistance could be calculated by the following 

formula: 
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EQ LI

o i TCA

o o
S S S S K W

W


−

= − − − =  (30) 

 

Due to the simplification made during the simulation and 

analysis of the temperature field of heat dissipation process of 

the internal components of automation equipment, it’s 

assumed that the pressure drop of microchannel units won’t 

change with the change of fluid temperature, but the actual 

situation is that the change of pressure drop has a near linear 

relationship with the fluid temperature change.   

Assuming: K represents the pipe length of microchannel 

units; γ represents the fluid density; E represents the pipe width; 

v represents the fluid velocity; let friction coefficient β=64/Re, 

then the calculation formula of the pressure drop of 

microchannel units is given by Formula 31: 
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After sorted out the formula, we can get: 
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32 Lu
e
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According to above formula, the pressure drop of 

microchannel units increases with the decrease of the cross-

sectional area of the microchannel pipe. Since the pipe of 

microchannel units selected in the design scheme proposed in 

this paper has a small cross-sectional area, the flow resistance 

of the fluid in the pipe is relatively large, which has resulted in 

a great pressure drop in the pipe.  

 

 

5. EXPERIMENTAL RESULTS AND ANALYSIS 

 

Figure 3 gives the convective heat transfer coefficient under 

the conditions of different pipe widths. When the Nusselt 

number is fixed, the convective heat transfer coefficient 

decreases with the increase of the characteristic length e. The 

larger the pipe width of the microchannel units, the greater the 

decrement of the convective heat transfer coefficient. 

Figure 4 compares the heat dissipation enhancement under 

the conditions of different fluid densities. The orange, blue, 

and green bars in the figure represent different fluid densities. 

The green bars representing the highest fluid density 

correspond to microchannel units with the best heat dissipation 

enhancement performance; while the orange bars representing 

the lowest fluid density correspond to microchannel units with 

the worst heat dissipation enhancement performance. These 

indicate that when other parameters are fixed, there’s a 

significant correlation between fluid density and the heat 

dissipation enhancement performance, and the difference in 

the performance under different reflow methods is not much. 

 

 
 

Figure 3. The convective heat transfer coefficient under 

different pipe widths 
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Figure 4. Comparison of heat dissipation enhancement under 

different fluid densities 

 

 
 

1) 

 
2) 

 

Figure 5. Simulation value and experiment value under 

different fluid flow velocities 

 
 

Figure 6. Variation of average temperature of microchannel 

units with the Reynolds number under different reflow 

methods 

 

 
 

Figure 7. Variation of temperature change rate of 

microchannel units with the Reynolds number under different 

reflow methods 

 

 
 

Figure 8. Variation of average temperature of microchannel 

units with Reynolds number under different heat flux 

densities 
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Figure 9. Variation of temperature change rate of 

microchannel units with Reynolds number under different 

heat flux densities 

 

According to Figure 5-1, when the flow velocity of fluid at 

the laminar inlet of microchannel units varies within the range 

of [1.5, 6], the value of heat transfer coefficient of 

microchannel units attained from simulation is highly 

consistent with the experiment value. According to Figure 5-

2, the error range of the heat transfer coefficient of 

microchannel units is [-8%, 8%], and the heat dissipation 

enhancement effect of the proposed design scheme is 

satisfactory. 

Figures 6 and 7 give the variations of the average 

temperature and temperature change rate of microchannel 

units with the Reynolds number under different reflow 

methods. According to the figures, as the Reynolds number 

increases, the average temperature decreases gradually, and 

the corresponding temperature change rate increases slowly. 

Under a same Reynolds number, for the different reflow 

methods, the average temperature of microchannel units 

decreases gradually, and the corresponding temperature 

change rate increases gradually. Within the range of the 

simulated laminar flow, the average temperature of layer B, 

layer C, and layer D is lower than that of layer A; and the 

temperature change rate of layer B, layer C, and layer D is 

higher than that of layer A. This is because with the increase 

of the Reynolds number, the volume of fluid flowing in the 

microchannel units gradually increases, more heat is absorbed, 

the temperature change rate is higher, and the heat dissipation 

effect is better. 

Figures 8 and 9 give the variations of the average 

temperature and the temperature change rate of microchannel 

units with the Reynolds number under different heat flux 

densities. According to the figure, as the Reynolds number 

increases, the average temperature of microchannel units 

decreases gradually, and the corresponding temperature 

change rate increases slowly. Under a same Reynolds number, 

as the heat flux density increases from 2×105 W/m2 to 8×105 

W/m2, the average temperature of microchannel units 

decreases gradually, and the corresponding temperature 

change rate increases gradually. Within the range of the 

simulated laminar flow, the average temperature of 

microchannel units with a heat flux density between 4×105 

W/m2 and 8×105 W/m2 is lower than that with a heat flux 

density of 2×105 W/m2; the temperature change rate of 

microchannel units with a heat flux density between 4×105 

W/m2 and 8×105 W/m2 is higher than that with a heat flux 

density of 2×105 W/m2. 

6. CONCLUSION 

 

This paper designed a scheme of overall-optimized heat 

dissipation enhancement for automation systems based on 

microchannel units and evaluated its heat dissipation 

performance. At first, a mathematical model of microchannel 

units was built and the design steps of the scheme were given. 

Then, the temperature field of heat dissipation process of the 

internal components of automation equipment was simulated 

and analyzed, and the scientificity and effectiveness of the 

proposed design scheme were verified. After that, this paper 

investigated the relationship between the pressure drop of 

microchannel units and the fluid temperature, and the variation 

of convective heat transfer coefficient under different pipe 

widths was given in the experiment. Moreover, the experiment 

examined the heat dissipation enhancement performance 

under different fluid densities, and compared the simulation 

value and experiment value under different fluid flow 

velocities, and the results proved that the heat dissipation 

effect of the proposed design scheme is satisfactory. Also, this 

paper plotted the curves of average temperature and 

temperature change rate of microchannel units with the change 

of the Reynolds number under different reflow methods and 

different heat flux densities, and analyzed the attained results. 
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