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Micro Channel Heat Exchanger (MCHE) is one of the micro-scale equipment designed 
for higher efficiency in heat transfer. Among many factors, heat transfer rate and 
pressure drop are the most important considerations for performance of MCHE. 
Geometry of microchannel has significant impact to the heat transfer performance of 
refrigerant. In practice, rectangular and circular microchannel are most commonly 
used in the industry. To accurately and efficiently analyze the effect of microchannel 
geometry, heat transfer between refrigerant flow and air flow in segmental MCHE was 
modeled using Computational Fluid Dynamics (CFD) simulation. The data input for this 
study was obtained from the previous work which studied on the header part of 
automotive R134a microchannel condenser. This study was carried out to continue the 
previous simulation which focus on MCHE distributor. The overall performance that 
include both thermal and hydraulic were analyzed and compared between rectangular 
and circular MCHE. Parametric study to optimize the performance of MCHE was carried 
out to analyze effect of refrigerant velocity to the overall performance of MCHE. 
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1. Introduction 
 

Nowadays, the application of MCHE has been increased in the Heating, Ventilation, Air-
Conditioning & Refrigeration (HVAC&R) industry due to their high material usage and enhanced heat 
transfer characteristic. They are mostly used in the industries like microelectronics, aerospace, 
biomedical, robotics, telecommunications and automotive. The MCHE is a type of heat exchanger in 
which fluid flow in lateral confinements with typical dimension below 1mm which called as micro 
channel [1]. As surface area to volume ratio increasing, the effects of the force associated with the 
area (surface force, viscous forces, etc.) in micro channel will be strengthened, and this enhances the 
impact of axial heat conduction of micro channel wall [2]. However, there are still some challenges 
and limitation in improving MCHE’s performance which are the uneven flow distribution, pressure 
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drop and heat transfer rate. By reducing the channel dimensions to micro-scaled it will result in 
increment in pressure drop. Also, the heat transfer rate was limited by the heat transfer coefficient 
of the fluid used [3]. The performance of heat transfer and pressure drop between microchannel and 
minichannel has been compared by Dang et al., [4] through simulation and experiment where result 
showed that microchannel heat exchanger is better with higher heat transfer rate. Herman et al., [5] 
found that an increase in fluid velocity can improve heat transfer performance but at the same time 
causing increase in the pressure drop. Design for enhanced tube with fin structure on its outer surface 
and helical pattern of grooves (rifling structure) on the inner bore of the tub can has higher heat 
transfer coefficient than conventional design [6]. Offset strip-fin is an optimal air-side arrangement 
for compact heat exchangers in terms of heat transfer, friction power, and compactness or size of 
heat exchanger [7]. Microchannel heat exchanger with fan-shaped cavities has higher heat transfer 
performance and the smaller pressure drop. The performance also depends on the deviation degree, 
coincidence degree and distribution of fan-shaped cavities [8]. Square-shaped microchannel heat 
sink has better pressure drop and heat transfer consistency than rectangular-shaped heat sink [9]. 

Computational fluid dynamics (CFD) is a science that can provide predictions that usually will  
be conducted under those conditions that defined in terms of flow geometry, physical properties of 
a fluid, the boundary and initial conditions of a flow field [10]. It also acts as a simulation tool in 
analyzing the fluid flows in accordance with its physical properties such as velocity, pressure, 
temperature, density and viscosity are conducted [11]. For instance, the Navier-Stokes equations are 
specified as the mathematical model of the physical case [12]. Besides, CFD also acts as a 
mathematical model of the physical case and a numerical method in analyzing the fluid flows. The 
mathematical model varies in accordance with the content of the problem such as heat transfer, 
mass transfer, phase change and chemical reaction [13]. 

Channel geometry has significant impact to MCHE. Heat exchangers with two different layouts of 
micro column arrays (aligned and staggered) are fabricated and their performances are compared 
with respect to their heat transfer capabilities at a fixed mass flow. The staggered array of micro 
columns maximized heat transfer in a fixed active volume and at the mean time it was more preferred 
due to its minimized pressure drop across the heat exchanger [14]. Study from Hasan et al., which 
conducted with several Reynolds number condition showed that at lower Reynolds number, Re, 
circular shaped channel has the highest effectiveness while at higher Re the triangular channels 
become the best followed by trapezoidal and then the circular. This is due to the effect of entrance 
region since the entrance length is longer in triangle and trapezoid than the circular channel. 
Relationship has made where the effect of entrance region increases with increase in Reynolds 
numbers. In general, the effectiveness decreases with increasing Re due to increase of flow velocity 
and at the same time decreasing the residence time inside the micro channel [15]. 

The objectives of this research focus on modeling the segmental microchannel heat exchanger 
and simulation of refrigerant and air flow to provide accurate prediction of heat transfer between 
these two streams. The modeling studies focus on the distributor of MCHE which consist of a set of 
fins and a microchannel tube bundle. The effects of heat transfer rate and pressure drop were 
investigated for both rectangular and circular microchannel with the same working fluids and 
boundary conditions. Finally, parametric study on effect of refrigerant velocity to overall 
performance was conducted in segmental MCHE. 
 
2. Methodology of CFD of Evaluating Performance Micro Channel Design 
 

Figure 1 shows overall flow chart of methodology. The CFD simulation of MCHE started with 
preliminary study where step of data collection for the data input of the MCHE modelling.  
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Fig. 1. Overall Methodology Flow Chart 

 
2.1 Preliminary Study 
 

Due to the difficulty of MCHE fabrication with limited availability of technology equipment, no 
experimental analysis has been done for this study. Therefore, the data input for this study was 
obtained from the research work by Huang et al., [16] on the maldistribution of R134a stream in the 
header of MCHE. Table 1 shows the specification of the R134a automotive micro channel condenser 
and boundary conditions of working fluid. 
 

Table 1 
Specification of the R134a automotive micro channel 
condenser and boundary conditions of working fluid 

Parameter Value 

Number of tubes  35 
Tube length (mm) 660 
Tube height (mm) 2 
Tube width (mm) 17 
Port height (mm) 0.77 
Port width (mm) 1.24 
Ports per tube (mm) 10 
Vertical Spacing (mm) 10.89 
Fin type Louver 
Fin Thickness (mm) 0.08 
Fins per inch  17 
Inlet header height (mm) 142.35 
Inlet header width (mm) 20 
Inlet header depth (mm) 12 
Inlet connecting tube diameter (mm) 10.35 
R134a inlet pressure (kPa) 980-1867 
R134a inlet temperature (k) 338- 367 
R134a inlet mass flow rate (g/s) 19.2- 29.7 
Air volume flow rate (m3/s) 0.35- 0.71 
Air inlet temperature (K) 297.5- 318.4 
Air inlet RH (%) 20- 50 
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The CFD simulation of refrigerant (R134a) flows in the header of MCHE was performed by Huang 
et al., [16] and the velocity contour plot obtained as illustrated in Figure 2. From the velocity contour 
plot, it can be concluded that the velocity of R134a was approximately constant at 6.5 m/s. 
 

 
Fig. 2. Velocity contour 
plot of refrigerant flow 
in header of MCHE [16] 

 
2.2 Geometry Design and Meshing 
 

Segmental MCHE which includes three domains (microchannels, tube and fins) was developed 
according to the specifications listed in Table 1. The hydraulic diameter was calculated and the same 
hydraulic diameter was used for circular microchannel geometry design so that both of the 
geometries are studied under same Reynolds number, Re condition. The hydraulic diameter for both 
rectangular and circular microchannel are 0.95mm and same Re which is 1893. The Re for this study 
must be in laminar condition which Re<2300.  
 

𝐷ℎ =
2( 𝑤 ×ℎ)

( 𝑤+ℎ )
              (1) 

 

𝑅𝑒 =
𝜌 𝑣 𝐷ℎ

µ
              (2) 

 
Both geometries were developed by using SpaceClaim as shown in Figure 3. Then, meshing was 

done for both rectangular and circular microchannel domain with total of 479,043 cells in rectangular 
and 503,073 cells in circular microchannel. Quality of mesh shown in mesh metric of skewness which 
were 0.39 and 0.29 for rectangular and circular microchannel respectively. A simplified schematic of 
MCHE domain with mesh was shown in Figure 4 (a) rectangular (b) circular. 
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2.3 Model Setup and Solutions 
 

The segmental MCHE was simulated using ANSYS Fluent. In Fluent, the governing conservation 
equations for the mass, momentum and energy are solved using the finite volume method and non-
staggered grid discretization. The pressure-velocity coupled steady-state incompressible Navier-
Stokes equations are solved using the SIMPLEC scheme and laminar model for both air and R134a 
flow. The boundary condition for R134a at microchannel inlet is at velocity of 6.5 m/s and 
temperature of 350K while the boundary condition of air at fin inlet is at velocity of 3 m/s and 300K. 
Assumption was made for outlet of microchannels and fins at atmospheric pressure condition. The 
solution was initialized with the patch of inlet velocity of 3m/s at fins inlet and 6.3 m/s at 
microchannels inlet. Patch function is to initially fill up the inlet surfaces evenly with specific velocity 
before the numerical solution. The energy and viscous model were used in iterating the solutions to 
convergence where rectangular and circular microchannel used 174 iterations and 168 iterations 
respectively to converged. 
 

 
Fig. 3. Geometry of MCHE computational domain 

 

 
(a)                                                                                        (b) 

Fig. 4. A simplified schematic of MCHE domain with mesh (a) mesh of Rectangular Microchannel 
domain, and (b) mesh of Circular Microchannel domain 
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2.4 Post-Processing 
 

The results from Fluent including temperature difference, mass flow rate and pressure drop were 
then used for the performance analysis for both rectangular and circular microchannel. The 
performance analysis takes in consideration of thermal and hydraulic performance. Both geometries 
were lastly compared in term of the overall performance index, Ƞ. Thermal performance was 
analyzed in term of the effectiveness of heat exchanger, ɛ in transferring the heat to other medium. 
The effectiveness, ɛ is the ratio of actual heat transfer rate, Q over maximum possible heat transfer 
rate, Qmax. 

 
𝑄 = 𝑚 𝐶𝑝ℎ (𝑇ℎ𝑖 − 𝑇ℎ𝑜) = 𝑚 𝐶𝑝𝑐 (𝑇𝑐𝑜 − 𝑇𝑐𝑖)         (3) 

 
𝑄𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛 (𝑇ℎ𝑖 − 𝑇𝑐𝑖)            (4) 

 

ɛ =  
𝑄

𝑄𝑚𝑎𝑥
              (5) 

 
Hydraulic performance was analyzed in term of pressure drop where the pressure at inlet and 

outlet can be straight obtained from the results in simulation. The pressure drops in both fins and 
microchannels are the pressure difference between inlet and outlet. 
 
ΔP = Pinlet − P outlet            (6) 
 

Overall performance of MCHE were analyzed in terms of both effectiveness and pressure drop. 
Where the term used for overall performance is the performance index, Ƞ. Performance index is the 
ratio of effectiveness over pressure drop. 
 

ƞ =
ɛ

ΔP
               (7) 

 
3. Results 
 

The analysis of the results of this simulation can be observed through the contour plot created in 
CFD-Post which includes velocity contour, pressure contour and temperature contour. In this study, 
the significant changes in temperature is observed between two streams which indicates the 
occurrence heat exchange. Figure 5(a) shows temperature contour at YZ plane of microchannel & fin 
domains and Figure 5(b) shows temperature contour at XZ plane of microchannel domain. From 
these two figures, the heat transfer trend can be observed clearly and precisely. 

The changes in temperature of refrigerant, R134a along microchannel was shown in Figure 6(a) 
and (b) for rectangular microchannel and circular microchannel respectively. Figure 6(a) shows the 
temperature of R134a decreased constantly as it moved from the inlet to the end of the 
microchannel. Starting from the inlet 20mm, the temperature does not have any changes due to the 
heat just started to dissipate from R134a to the air. Overall the temperature dropped from 350K to 
the end(240mm) at temperature of 327.96K. Figure 6(b) shows from distance at inlet until 40mm the 
heat was transfer slowly from 350K to 345K and from distance of 40mm until 190mm the 
temperature decreased gradually from 345k to 325K and lastly the heat transferred slow down again 
from distance of 190 to end(240mm) with temperature change from 325K to 321.28K. 
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(a) (b) 

Fig. 5. Temperature contour at (a) YZ plane of microchannel & fin domains, and (b) XZ plane of 
microchannel domain 

 

 
(a) 

 
(b) 

Fig. 6. Graph of temperature vs distance across microchannel (a) 
Rectangular Microchannel, and (b) Circular Microchannel 
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Figure 7 shows the velocity profile of laminar flow in a smooth pipe whereby the velocity is highest 
at the middle of the flow and slowly decrease with the distance away from middle of the fluid flow 
until it touches the wall. Figure 8 is the velocity contour created in the microchannel in this study 
which exhibits the same velocity profile of laminar flow. 
 

 
Fig. 7. Velocity profile of a laminar flow in a smooth pipe 

 

 
Fig. 8. Velocity contour of R134a flow in microchannel 

 
To analyze and compare the performance of rectangular and circular microchannel heat 

exchanger, results were obtained, calculated and tabulated in Table 2. From Table 2, the performance 
of both rectangular and circular MCHE can be compared in terms of effectiveness, pressure drop and 
performance index. Circular microchannel has higher heat exchanger effectiveness (0.6284) but 
higher pressure drops (885.72 Pa). Compare to rectangular microchannel it has lower pressure drop 
(805.51 Pa) but lower heat exchanger effectiveness (0.5494). Therefore, the performance index was 
used as overall performance evaluation for both geometries where circular microchannel has higher 
performance index of 0.000709 m2/N than rectangular microchannel with 0.000682 m2/N. It was 
concluded that circular channel is a better geometry for MCHE.  
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Table 2 
Performance of Rectangular & Circular microchannel heat exchanger 
MCHE Geometry Design Rectangular Circular 

Fluid R134a Inlet R134a Outlet R134a Inlet R134a Outlet 
T (K) 350 322.5 350 318.6 
P (Pa) 805.51 0 885.72 0 
∆T (K) 27.5 31.4 
Cp (J/kg.K) 1000.05 1000.05 
Q (J/s) 7.23 5.97 
∆Tmax(K) 50 50 
Qmax (J/s) 13.15 9.5 
Effectiveness, ɛ 0.5494 0.6284 
∆P (Pa) 805.51 885.72 
Performance Index, n 0.000682 0.000709 

 
Next, parametric study on effect of refrigerant velocity to the performance index was conducted 

within laminar flow regime with refrigerant velocity of 3.5, 4.5, 5.5, 6.5 and 7.5 m/s in circular micro 
channel. The flow condition for each refrigerant velocity was tabulated in Table 3. The result of 
parametric study was plotted into graph in Figure 9.  
 

Table 3 
Flow condition of R134a in Circular microchannel 
Velocity of R134a 
(m/s) 

Density, ρ 
(kg/m3) 

Hydraulic Diameter, 
Dh (m) 

Viscosity, µ (Pa.s) 
Reynold's 
Number 

3.5 4.25 9.50E-04 1.39E-05 1019.57 
4.5 4.25 9.50E-04 1.39E-05 1310.88 
5.5 4.25 9.50E-04 1.39E-05 1602.18 
6.5 4.25 9.50E-04 1.39E-05 1893.49 
7.5 4.25 9.50E-04 1.39E-05 2184.79 

 
From the graph, it shows the relationship of performance index is decreasing gradually with 

velocity of R134a. This can be explained with lower R134a velocity, longer residence time for R134a 
to dissipate the heat to the air steam and therefore the higher the heat transfer rate. 
 

 
Fig. 9. Graph of performance index vs velocity of R134a 
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4. Conclusions 
 

Overall, four objectives listed for this study which including 
i. To develop the computational domain of Micro Channel Heat Exchanger (MCHE) with 

various micro channel geometry. 
ii. To simulate the refrigerant flow for heat transfer in MCHE using ANSYS Fluent. 

iii. To compare the results simulated in ANSYS Fluent for both geometries in terms of thermal 
and hydraulic performance. 

iv. To conduct parametric study on the effect of refrigerant velocity to the heat transfer 
performance. 

were successfully achieved with quality results which brought another useful research in micro 
channel heat exchanger (MCHE). This study has brought contribution specifically in geometry of 
MCHE which can help to increase the performance in real working industry like pharmaceutical, air 
conditioning system and automotive.  

The modeling of MCHE with different geometry was completed using SpaceClaim and this 
brought the ease in study the geometry effect.  

Next, the simulation of refrigerant and air flow for heat transfer was also successfully conducted 
using ANSYS Fluent. The contour plots showed in CFD-Post enhance the understanding of the heat 
transfer pattern and trend from refrigerant to air flow.  

Lastly, all the CFD results help to identify the better geometry design of MCHE through the 
comparison of their overall performance. Circular micro channel has proven to be the better 
geometry due to its higher overall performance index. Parametric study on effect of R134a velocity 
also help in optimizing the performance of MCHE whereby lower R134a velocity has higher 
preference.  

The case study presented in this paper focus on modeling and simulation of microchannel 
condenser where this method can be applied to microchannel evaporator. Also, this study focuses 
on the geometry of microchannel in affecting the performance of MCHE and future study can be 
extended to study effect of fins angle and fins configuration. The proposed geometry can be used as 
reference in designing better microchannels and improve overall performance of MCHE.  
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