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ABSTRACT 
The miniaturization of electronic devices generates 

high heat flux, so evaporators that combine 
miniaturization and heat transfer capabilities are needed 
to meet the heat transfer requirements. In this paper, 
the inner flow and heat transfer characteristics of a 
microchannel coil evaporator were investigated using 
numerical analysis. The effects of evaporating pressure, 
and heat flux on the heat transfer coefficient, outlet 
temperature, and outlet vapor volume fraction were 
analyzed. In addition, a comparison was made with a 
rectangular evaporator designed with an equivalent 
diameter of 0.4 mm. The results indicate that the 
microchannel coil evaporator can reach the maximum 
outlet temperature of 53.75 °C, and the heat transfer 
coefficient is 1835.6 W/m2. Compared to it, the area of 
the microchannel rectangular evaporator is reduced by 
69% and the outlet temperature of the evaporator is 
decreased by 5.4% for the same amount of heat change. 
Meanwhile, the heat transfer coefficient has improved 
by 11.2%. 
 
Keywords: numerical analysis, evaporating pressure, 
heat flux, microchannel coil evaporator, heat transfer 
coefficient 

1. INTRODUCTION 
The development of electronic devices tends to be 

highly integrated and miniaturization; this has led to a 
continuous increase in their heat flow density and an 
increase in their temperature [1]. It has been reported 
that a 10-20°C increase in the temperature of an 
electronic device doubles the probability of failure. If the 
temperature of an electronic device is lowered by 1°C, 
the failure rate is reduced by 4% [2]. Therefore, it is 
particularly important to reduce the temperature of 
electronic devices to keep them within a reasonable 
temperature range. At present, some heat dissipation 
methods (traditional air cooling, heat pipes, etc.) cannot 
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meet the demand for efficient cooling of electronic 
devices, while microchannel gas-liquid two-phase heat 
transfer has the characteristics of compact size and high 
heat transfer capacity [3], which has been studied by 
many experts and scholars. 

Luo et al [4] investigated the flow boiling heat 
transfer characteristics of R245fa in a horizontal smooth 
circular tube with an inner diameter of 10 mm and 
showed that the heat transfer coefficient decreases 
monotonically with the increase of vapor mass when the 
evaporation temperature reaches 105 °C. Chen et al [5] 
experimentally investigated the heat transfer 
mechanism, capacity, and flow characteristics of the 
boiling process in a pump-driven two-phase flow system 
commonly used in data center cooling, testing different 
coolants (R134a and R410a) and tube configurations 
(threaded and smooth). The heat transfer coefficients 
remained constant during saturated flow boiling due to 
the large variation in the mass flow rate of the coolant. 
Thiangtham et al [6] experimentally investigated the 
heat transfer characteristics of R134a in a microchannel 
heat sink. The heat transfer coefficients at heat flow 
densities of 40-120 kW/m2, at high saturation 
temperatures (23 °C) were higher than those at low 
saturation temperatures (13 °C). Ricardo [7] investigated 
the flow boiling heat transfer of R134a in a smooth 
horizontal copper tube with an inner diameter of 13.84 
mm and concluded that the heat transfer coefficients 
increased with the increase in mass velocity and heat 
flow densities at low gas volume fractions. Yan et al [8] 
conducted an experimental study of evaporative heat 
transfer for flow in a small horizontal circular pipe with 
an inner diameter of 2.0 mm. The heat transfer 
coefficients of the pipes proposed in this paper were 30-
80% higher in most cases compared to the data reported 
in the literature for larger pipes (D>8.0 mm). Meng et al 
[9] investigated boiling two-phase flow within a vertically 
upward coiled U-bend with an inner diameter of 6 mm, 
where the phase transition in the U-bend transferred 
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more heat. The results showed that the performance of 
the U-tube heat exchanger with an elliptical cross-
section was better than that of the heat exchanger with 
a circular cross-section. Dai et al [10] on the pipe 
diameter of 4, 6 mm smooth copper pipe for boiling heat 
transfer experimental study, the results show that the 
smaller the pipe diameter, the higher the saturation 
temperature, and the greater the boiling heat transfer 
coefficient. 

In summary, most of the above studies conducted 
experimental or simulation studies on a single straight 
tube, and very few modeling studies were conducted on 
the whole coil. Therefore, in this paper, ANSYS FLUENT 
was used to model the whole microchannel coil channel 
with a three-dimensional gas-liquid two-phase 
evaporation process using a MIXTURE model in 
combination with the compiled evaporation 
condensation model UDF. Firstly, the flow heat transfer 
characteristics in the coil were analyzed, and secondly, 
the effects of inlet flow rate and evaporation pressure on 
its outlet, wall, and overall heat transfer characteristics 
were investigated. Since the microchannel coil 
evaporator is still large relative to the electronics, it is 
necessary to find an evaporator with a smaller size and 
larger heat transfer coefficient to meet the heat transfer 
demand. Considering the large pressure drop of the coil 
evaporator after size reduction, a final comparison with 
the rectangular microchannel evaporator was made to 
inform the next system design work. 

2. MODEL BUILDING  

2.1 Model building 

Fig. 1 Miniature coil evaporator model 
The model is shown in Fig. 1, using a miniature coil 

evaporator model with an inner diameter of 6 mm and 
an outer diameter of 8 mm, with overall dimensions of 
198 mm × 148 mm × 8 mm. 

2.2 Modeling calculation 

A UDF-compiled evaporation model was used to 
numerically simulate the flow and heat transfer in a 
microchannel coil evaporator.  

The following assumptions were made for the 
model:  

(1) the flow mass is an incompressible, continuous 
fluid;  

(2) the radiative heat transfer in the evaporator is 
neglected;  

(3) the sides and the top of the evaporator are 
adiabatic walls;  

(4) the flow process is steady state. Considering the 
strong interphase interactions, a MIXTURE model is used 
to simulate the multiphase flow, which solves the 
equations of conservation of mass, momentum, and 
energy by the control volume method [11]. 
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Phase transition equation： 
The heat and mass transfer process occurs at the 

phase interface due to the absorption of heat by latent 
heat and transfer from the liquid phase to the gas phase. 
Using the Lee model and using self-written UDF, the 
liquid phase, gas phase mass transfer, and heat transfer 
source terms are added to the energy and continuity 
equations.  

Importing them into the fluent model, the specific 

equations for the phase transition are as follows： 
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Source terms of the energy equation： 
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2.3 Boundary conditions and solutions 

 
 
 
 

Fig. 1 Small diagram 
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To simulate the process of heating and evaporation, 
a uniform heat source is applied to the bottom half-wall 
surface of the evaporator, defining a constant heat flow 
density. The corresponding heat transfer coefficient is 
calculated as follows: 

2 ( )
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The inlet is liquid and the velocity inlet is chosen as 
the boundary condition, the determination of which 
needs to be based on the Reynolds number Re, 
calculated as: 

Re
L


=

 

In the paper, the k-epsilon model is chosen for 
simulation and its turbulence intensity is calculated as 
follows: 

1 80.16(Re)I −=  

The model treats R134a as a working fluid with a 100 
percent fill rate of the evaporator section. In addition to 
liquid phase density and surface tension, the physical 
properties of the working fluid are assumed to be 
temperature-dependent to limit calculation time. These 
properties were obtained using the NIST REFPROP 
program [20] at (0.504-0.904 MPa). The evaporation 
process is imported using a compiled UDF, and the 
enhanced wall function is used to take the inlet flow rate 
(0.2-0.4 m/s), and the inlet temperature (294-304 K), 
which are by the operating conditions of a real miniature 
vapor compression refrigeration system. Considering 
that the outlet pressure and temperature are unknown, 
it is a free outflow. 

In addition, a variety of pressure-velocity calculation 
methods are provided in Fluent, to reduce the 
calculation time and avoid convergence difficulties, the 
SIMPLEC algorithm is used, the second-order windward 
format is used for both momentum and energy; the 
residuals of both the continuity equation energy 
equation and momentum equation are less than 10-3, the 
outlet temperature and the gas volume fraction of the 
gas are monitored, and convergence is considered to 
have been reached after all three have reached 
equilibrium. 

2.4 Grid independence test 

Divide the computational zone of the pipe into a 
finite control volume dominated by hexahedra. A 
boundary layer is used between the solid and fluid 

domains. To ensure the accuracy of the data, mesh-
independent validation was performed for the model. In 
the same geometrical model, the temperature and gas 
volume fractions were compared for 100,300, 258,700, 
592,800, 1,002,000, and 1,443,900 mesh numbers and 
the results are shown in Figure 2. As the number of grids 
increases, the change in temperature and gas volume 
fraction is less and hence the number of grids is chosen 
to be 592,800.  

 
Fig.2 Effect of the number of grids on outlet 

temperature, wall temperature, and volume fraction of 
gas at the outlet of the evaporator 

3. MODEL VALIDATION 
To validate the numerical model of the evaporator, a 

vapor compression refrigeration system was built. Under 
the condition that the evaporator model is completely 
consistent, experiments and model validation are carried 
out.  

The system includes a microchannel coil evaporator, 
a finned air-cooled condenser, an electronic expansion 
valve, and a micro DC compressor. The microchannel coil 
evaporator uses embedded electric heating with three 
heating tubes embedded in the bottom of the 
evaporator as the heat source of the evaporator; the 
condenser side is air-cooled. In this study, R134a is used 
as the refrigerant, and the vapor compression 
refrigeration system consists of four thermodynamic 
processes: evaporation and heat absorption into low-
pressure and low-temperature gaseous vapor in the 
evaporator; adiabatic compression into superheated 
vapor in the compressor, followed by entering the 
condenser, cooling to saturated liquid at constant 
pressure, and then entering the evaporator cycle.  

The parameters measured in the experiment include 
temperature, pressure, radiation intensity, and input 
power. The temperatures of the inlet and outlet of the 
evaporator and the wall temperature were measured at 
different compressor speeds and verified against the 
micro-coil evaporator model, and the results of the 
verification are shown in Fig. 3. 
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Fig.3 The validation of temperature 

4. RESULTS AND DISCUSSION 

4.1 Flow heat transfer characteristic 

Temperature distribution, velocity distribution and 
gas volume distribution in a micro-coil evaporator all 
affect its flow heat transfer characteristics. The 
evaporation process of R134a in a microchannel coil 
evaporator was investigated under the working 
conditions of saturation pressure of P = 0.904 MPa, heat 
flow density q = 15000 W/m2, and inlet flow rate of 0.3 
m/s. Eight cross sections (L=0.16 m, L=0.32 m, L=0.64 m, 
L=0.80 m, L=1.12 m, L=1.28 m, L=1.60 m, L=1.76 m) with 
different positions from the pipe inlet were selected to 
investigate the temperature distribution, velocity 
distribution, and gas volume distribution. 

Figure 4 shows the temperature distribution at 
different cross-sections. The overall average 
temperature shows an increasing trend with increasing 
tube length, while the temperature near the tube wall is 
higher concerning the whole fluid cross-section. This is 
because a constant heat flow density is applied to the 
lower half of the tube wall, the wall temperature 
increases, the fluid absorbs heat from the inlet, the heat 
gradually accumulates, and the temperature increases. 

 
Fig.4 Temperature distribution of microchannel coil 

evaporator cross-section at different lengths from an 
inlet 

 

Figure 5 represents the distribution of gas volume 
fraction at different cross sections. At the same cross-
section, the gas volume is maximum around the pipe 
wall. As the distance from the inlet increases, the gas 
volume fraction is larger and the gas volume fraction is 
higher. Heating the pipe wall, the fluid R134a absorbs 
heat, reaches the evaporation temperature, and 
evaporates into a gas, at which time the density of the 
gas decreases, and at the same time is affected by the 
buoyancy force in the pipe cross-section against the 
upper position. Along the direction of the pipe length, 
the heat gradually accumulates, the liquid evaporation 
rate increases, and the gas volume fraction increases. 

 
Fig.5 Volume fraction of vapor distribution of 

microchannel coil evaporator cross-section at different 
lengths from inlet 

The distribution of the average velocity of the gas-
liquid two-phase in the cross-section at different 
positions is shown in Fig. 6. From the figure, it can be 
observed that the average velocity of the gas-liquid two-
phase is gradually increasing along the length of the pipe. 
The average velocity is larger above the cross-section of 
the pipe. This is because the gas is mainly distributed 
above; at a certain inlet flow rate (inlet is liquid), the gas 
density is less compared to the liquid density, so the 
velocity is greater. Along the direction of the pipe, the 
gas volume fraction increases, so the average velocity 
distribution of the gas and liquid phases increases. 

 
Fig.6 Average velocity distribution of microchannel coil 
evaporator cross-section at different lengths from the 

inlet 
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4.2 Inlet flow rate effects 

Fig. 7 illustrates the variation of outlet temperature 
and wall temperature at saturation pressure of 0.904 
MPa, inlet temperature of 294 K, and inlet flow rate of, 
0.25, 0.3, 0.35, 0.4 m/s for different heat flow densities 
(15000, 12000, 9000 W/m2). 

As can be seen in Fig. 4, with the increase in inlet flow 
rate, the outlet temperature and wall temperature show 
an increasing trend. At a heat flow density of 15000 
W/m2, when the inlet flow rate increases from 0.2 m/s to 
0.4 m/s, the outlet temperature decreases from 53.75 to 
39.85 °C, a decrease of 25.9%; and the wall temperature 
decreases by 42.7%. At the same inlet flow rate, the 
higher the heat flow density, the higher the evaporator 
outlet temperature and wall temperature. However, as 
the inlet flow rate increases, the increase of the 
evaporator outlet temperature and wall temperature 
decreases. When the heat flow density decreases from 
15,000 W/m2to 9,000 W/m2with an inlet flow rate of 
0.2m/s, the outlet temperature decreases by 24.3% and 
the wall temperature decreases by 40.4%, while when 
the inlet flow rate is 0.4 m/s, the outlet temperature 
decreases by 6.0% and the wall temperature decreases 
by 21.1%.  

The effect of the inlet flow rate on the wall 
temperature is greater than that of the outlet 
temperature. This is because the outlet temperature is 
more affected by the latent heat of gasification, and the 
increase in the heat transfer coefficient leads to a 
significant decrease in the wall temperature. Whereas, 
the higher velocity accelerates the flow and promotes 
the scouring of the liquid film, and the increase in the 
heat transfer coefficient leads to a smaller change in the 
outlet temperature. 

 
Fig.7 Impact of inlet velocity on outlet temperature and 

wall temperature of the evaporator 
Fig. 8 represents the effect of the evaporator inlet 

flow rate on the outlet gas volume fraction. The greater 
the inlet velocity, the lower the gas volume fraction. This 
is because when the inlet velocity increases, the effect of 

gravity is weakened, which leads to the annular flow 
being more likely to occur when the overall heat transfer 
coefficient increases; the fluid flow is too fast, it is not 
easy to form a gasification core, which inhibits the 
nucleation of the boiling, so the gas volume fraction at 
the exit decreases, but the exit does not reach saturation 
due to the tube length is too short. In the heat flow 
density of 15000 W/m2, the gas volume fraction 
decreases from 0.958 to 0.873 when the velocity 
increases from 0.2 m/s to 0.4 m/s. As the heat flow 
density increases, the gas volume fraction shows an 
increasing trend. When the velocity is certain, the gas 
volume fraction increases as the heat flow density 
increases. When the heat flow density increases from 
9000 W/m2 to 15000 W/m2, the gas volume fraction 
increases from 0.776 to 0.873 This is because the 
increase in heat flow density leads to a larger 
temperature difference between the fluid and the wall, 
which strengthens the nucleation boiling and facilitates 
the formation of the gasification core. 

 
Fig.8 Impact of inlet velocity on volume fraction of vapor 

Fig. 9 represents the effect of the evaporator inlet 
flow rate on the heat transfer coefficient. As the inlet 
flow rate increases, the heat transfer coefficient 
increases. When the heat flow density is 9000 W/m2, the 
inlet velocity increases from 0.2 m/s to 0.4 m/s, and the 
growth rate of the heat transfer coefficient is 27.2%, 
while the growth rate is 20.8% when the heat flow 
density is 15000 W/m2.This is due to the evaporator inlet 
flow rate being larger, the higher the heat flow density, 
the higher the frequency of bubble departure, and the 
ring flow is more likely to form, so by strengthening the 
nuclear state boiling, the heat transfer coefficient 
increases. 

0.20 0.25 0.30 0.35 0.40
30

40

50

60

70

80

90 outlet temperature

           

           

            

inlet flow rate(m/s)

ou
tl

et
 t

em
pe

ra
tu

re
 (
℃

)

wall temperature

 q=15000 W/m2 

 q=12000 W/m2

 q=9000 W/m2

15

30

45

60

75

90

105

w
al

l t
em

pe
ra

tu
re

 (
℃

)

0.20 0.25 0.30 0.35 0.40
0.76

0.78

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

ga
si

fi
ca

ti
on

 r
at

e

inlet flow rate(m/s)

 q=15000 W/m2

 q=12000 W/m2

 q=9000 W/m2



6 

 
Fig.9 Impact of inlet velocity on the volume fraction of 

heat transfer coefficient 

5. CONCLUSIONS 
In this paper, a three-dimensional microchannel coil 

evaporator was built by combining the MIXTURE, velocity 
slip model, and finite element method to simulate the 
evaporation process of its gas-liquid two-phase. In 
addition, the effect of the inlet flow rate is analyzed and 
some conclusions are drawn as follows: 

1. For the same cross-section, the temperature, gas 
volume, and velocity have larger values around the pipe 
wall. The further away from the inlet position, the 
greater the average cross-section temperature, gas 
volume fraction, and velocity.  

2. As the inlet flow rate increases, the heat transfer 
coefficient increases; while the evaporator outlet 
temperature and gas volume fraction of the gas 
decrease. Heat flow density of 15000 W/m2, inlet flow 
rate from 0.2 m/s increased to 0.4 m/s, the heat transfer 
coefficient from 1835.6 W/m2 to 3333.6 W/m2; outlet 
temperature from 53.75 °C to 39.85°C; gas volume 
fraction from 0.958 to 0.873. 
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