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ARTICLE INFO ABSTRACT 

Received:  10/04/2025 Heat transfer behaviors of a finned flat-tube microchannel heat exchanger  

have been numerically simulated. The microchannel device model was 

computed, designed, and simulated in this work. Water serves as the 

thermal working fluid for the design model; it has a temperature range from 

40, 45, 50, 55 to 60 degrees Celsius and a fixed mass flow rate of 0.028 

kg/s within the heat exchanger. The fluid that absorbs heat is air, which 

flows perpendicular to the heat exchanger’s exterior. The study using 

COMSOL Multiphysics 6.2 software evaluated the effects of inlet 

parameters, including the feedwater temperature and mass flow rate, on the 

heat transfer characteristics of the sample. Numerical simulation results of 

the heat transfer characteristics of a finned flat-tube microchannel heat 

exchanger were validated by experimental data. The results demonstrated 

high cooling effectiveness, a characteristic velocity profile, and vortex 

formation in the first pass. The simulation model showed good agreement 

with experimental trends (with an approximately 8% deviation), proving 

useful for design and optimization while clarifying the operating 

mechanism and the role of numerical simulation. Key contributions include 

demonstrating significant cooling effectiveness, with water temperature 

reducing from 60 °C to below 38.6 °C after six passes. The simulations 

also revealed a flow velocity distribution consistent with fluid dynamics 

theory, observed vortex formation at the microchannel inlet and outlet, and 

noted a non-uniform temperature distribution across the fins. 
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1. Introduction 

Current developments in technology have propelled the need for miniaturized, space-efficient 

products, leading to the rapid development of micro-cooling systems. Microchannel heat exchangers, 

particularly the finned flat-tube variant, have emerged as a leading solution due to their enhanced heat 

transfer efficiency and compact design, achieved through a large surface contact area between fluids. 

These systems are now widely utilized in industries like aerospace, biomedicine, and electronics for 

their superior thermal performance and operational efficiency. 

About finned flat-tube microchannel heat exchanger’s pressure loss and heat transfer properties, 

Glazar et al. [1] used the response surface approach to optimize a finned flat-tube micro heat exchanger. 

The response surface method, as illustrated in Figure 1, was used to investigate the effects of four 

geometrical parameters on the heat capacity per volume and mass, pressure loss on the air and water 

surfaces, heat transfer efficiency, and compactness: fin pitch, microtube pitch, number of microchannels, 

and baffle wall thickness. A finned flat-tube microchannel heat exchanger was the subject of an 

experimental investigation by Dasgupta et al. [2], using a 50:50 ethylene glycol mixture at 74 °C as the 

hot fluid and air at varying temperatures (23 °C, 33 °C, 43 °C) as the cold fluid. They varied the air 

velocity to achieve air-side Reynolds numbers (Re) ranging from 750 to 3165, while keeping the 

Reynolds number (Re) on the liquid side at 200. The findings demonstrated a relationship between the 

air-side Reynolds number and the air-side Nusselt number (𝑁𝑢𝑎), which is represented as 𝑁𝑢𝑎 =
0.861𝑅𝑒𝑎

0.269. The obtained Nusselt numbers were higher compared to other studies, possibly due to 
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the flat surfaces of the heat exchanger allowing for longer air residence times, ensuring uniform 

temperature distribution. 

 

Figure 1. A finned flat-tube microchannel heat exchanger model according to research [1]. 

Oh et al. [3] found that flat-type microchannel heat exchangers have the maximum heat transfer 

efficiency after comparing several types of microchannel heat exchangers (MHEs), while U-shaped 

MHEs are suitable for high heat capacity. Efficiency increases with air flow rate but decreases slightly 

with inlet temperature. With a focus on finned flat-tube microchannel heat exchangers, an innovative 

technology that improves heat transfer efficiency and minimizes system space, Kumar et al. [4] 

examined the impact of liquid phase properties on flow and heat transfer in microchannel heat 

exchangers. The study examined heat transfer properties and pressure drop by modifying the water flow 

rate and take temperature. The findings demonstrated that while water temperature impacts the 

performance index and pressure drop, water flow rate has a major impact on heat efficiency. 

The heat transfer properties and pressure loss of microchannel heat exchangers for various fluids are 

discussed. A rough-surfaced microplate heat exchanger's single-phase water flow was experimentally 

examined by Nilpueng and Wongwises [5], varying Reynolds numbers (1,300 - 3,200) and surface 

roughness (0.936 - 3.312 μm). Their findings revealed that increasing surface roughness enhanced both 

the heat transfer coefficient (4.46% to 17.95%) and pressure loss (3.90% to 19.24%) compared to 

smooth surfaces, illustrating the trade-off between improved heat transmission and higher pressure drop. 

A rectangular microchannel with a hydraulic diameter of 0.68 mm was used to experimentally study the 

pressure loss properties of R134a refrigerant boiling flow by Keepaiboon et al. [6]. They found that 

frictional pressure loss significantly influenced total pressure loss, with density increases raising the 

frictional loss gradient and saturation temperature increases lowering it. Heat flux had minimal impact. 

In order to improve the design of microchannel heat exchangers, they suggested a novel correlation. The 

case of manifold microchannel heat exchangers is examined.  Andhare et al. [7] explored a micro-

grooved/microchannel plate heat exchanger using single-phase water, detailing its design, experimental 

setup, and numerical simulation. At a low mass flow rate (20 g/s), experiments showed a high overall 

heat transfer coefficient (almost 20,000 W/(m²K)), validating its counter-flow performance against ε-

NTU correlations. The study highlights the effectiveness of micro-grooves/microchannels in improving 

plate heat exchanger performance for industrial applications like refrigeration and electronics. Wang et 

al. [8] investigated unsteady boiling flow in a parallel microchannel with three inlet/outlet configurations 

(manifold, unrestricted, and restricted). They found that the restricted inlet (Type C) achieved the highest 

heat flux but also resulted in the highest-pressure loss within channels that are 30 mm long and have a 

hydraulic diameter of 186 μm.  

Concerning the impact of size and geometric shape on the properties of heat transfer and pressure 

loss in microchannel heat exchangers. Huang et al. [9] studied microchannel heat exchangers with 

cavities of different shapes. They carried out studies to examine how the geometries of the collecting 

cavity and the open cavity affected the flow and heat transfer properties. The findings demonstrated that 

adding cavities to the microchannel can both increase its capacity for heat transfer and decrease pressure 

loss when compared to a straight channel. In order to model the flow characteristics and optimize the 

shape for a two-phase flow cooler, Ariyo and Bello-Ochende [10] ran a numerical simulation with an 

intake temperature of 25°C, they employed aluminum as the heat sink material and deionized water as 

the coolant. Heat flux (between 100 and 1,200 W/cm²) and velocities (between 0.1 and 4.5 m/s) were 

employed in the ANSYS modeling and optimization. Two-phase flow outperforms single-phase flow in 

rectangular microchannels at low Reynolds numbers and high heat flux, according to comparisons 
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between the two types of flow. The thermal resistance falls with a rise in the optimal Reynolds number. 

It was discovered that the pressure loss determined the microchannels aspect ratio, optimum diameter, 

and axial length. Increased channel dimensions have a considerable influence on velocity profiles, 

according to a combined computational and experimental investigation on microchannel heat 

exchangers by Zhou et al. [11], while the hydraulic inlet length remains independent of channel size. 

They found that the average Nusselt number improves with wider and shallower channels, and friction 

coefficients decrease with wider spacing and reduced channel dimensions. Based on Nusselt number, 

friction, and thermal performance metrics, they determined that microchannels with heights of 1.0 - 1.5 

mm, widths of 0.4 - 0.6 mm, and spacings of 0.6 - 0.8 mm offer optimal heat exchange performance. 

Boyea et al. [12] investigated a 4,000 W microchannel condenser with manifolds using R134a and 

R245fa, finding condenser efficiency dependent on manifold shape, achieving a convective heat transfer 

coefficient of 60,000 W/(m²K) and a 7 kPa pressure drop with R134a. Arie et al. [13] optimized single-

phase flow in manifold microchannels without considering pressure drop and later extended this work 

[14], [15] to develop the optimal geometry of a flat-tube microchannel heat exchanger. Through 

numerical simulation and testing, the effects of fin shape (straight vs. V-shaped) on the heat transfer and 

heat dissipation time of a CO2 air conditioning microchannel evaporator were investigated by Nguyen 

and Dang [16]. They found that fin shape had very little influence on the heat transfer process when the 

air-side heat transfer coefficient and heat transfer area remained constant. However, V-shaped fins 

significantly reduced computational time and memory requirements compared to straight fins. A typical 

heat flux of approximately 1,550 W/m² was observed at an evaporation temperature of 10 °C. The fin 

shape is described as in Figure 2. 

 

Figure 2. Shape of straight heat sink (a) and V-shaped heat sink (b) according to [12]. 

Existing studies focusing on heat transfer characteristics, pressure loss, and flow regimes, primarily 

on single or multiple channels within a tube, have predominantly relied on experimental methods and 

numerical simulations of two-phase flow. However, there's a lack of in-depth numerical simulations of 

single-phase flow to accurately assess local losses and related heat transfer characteristics. Numerical 

simulation and experimental studies that determine heat transfer characteristics and pressure loss within 

the specified temperature range not only clarify the operational mechanisms of microchannel heat 

exchangers but also provide a crucial scientific foundation for optimizing their design and operation. 

The advancement of numerical simulation tools, particularly COMSOL software, has opened up 

opportunities for more detailed research compared to traditional experimental approaches.  

2. Materials and Methods 

In this study, based on the study of reputable scientific works, this research identifies the problems 

that have and have not been solved to propose potential research directions. COMSOL Multiphysics 6.2 

is used to construct and simulate a mathematical model of heat transfer and flow in a finned flat-tube 

microchannel heat exchanger. An experiment previously studied is used to validate the simulation results 

and evaluate the actual performance. Data from the simulation and experiment are processed and 

analyzed to draw conclusions. 

2.1. Thermophysical properties of microchannel heat exchangers 

The thermal capacity, or the amount of heat transferred via the heat exchanger, is determined using 

the following formula for both the water and air sides: 

The rate of heat transfer via the water side 𝑄𝑤 is calculated as follows  
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𝑄𝑤 = 𝑚𝑤𝑐𝑝,𝑤(𝑡𝑤,𝑖 − 𝑡𝑤,𝑜) (1) 

The air-side 𝑄𝑎 heat transfer rate is calculated as follows  

𝑄𝑎 = 𝑚𝑎𝑐𝑝,𝑎(𝑡𝑎,𝑜 − 𝑡𝑎,𝑖) (2) 

The heat exchanger's actual heat transfer efficiency is determined by  

𝜀𝑎 =
𝑄𝑎

𝑄𝑤
 (3) 

It is computed what the heat exchanger's heat flux is  

𝑞 =
𝑄𝑎

𝐴
 (4) 

The heat exchanger's air-side heat exchanger area is identified as follows  

𝐴 =
𝑄𝑎

𝑘 ∙ ∆𝑡𝑙𝑚
 (5) 

The following formula is used to get the overall heat transfer coefficient  

𝑘 =
1

1
𝛼𝑎

+
𝛿
λ

+
1

𝛼𝑤

 
(6) 

Logarithmic mean temperature difference  

∆𝑡𝑙𝑚 =
∆𝑡𝑚𝑎𝑥 −  ∆𝑡𝑚𝑖𝑛

𝑙𝑛
∆𝑡𝑚𝑎𝑥
∆𝑡𝑚𝑖𝑛

 
(7) 

The Reynolds number was determined using the following equation  

𝑅𝑒 =
𝜌𝑤𝐷ℎ

𝜇
 (8) 

Where: Q is the heat transfer rate (kW);  m is the mass flow rate (kg/s); 𝑐𝑝 is the specific heat capacity 

(kJ/(kg∙K)); t are temperatures (The water temperatures at the inlet and outflow are denoted by 𝑡𝑤,𝑖,

𝑡𝑤,𝑜, respectively; 𝑡𝑎,𝑜, 𝑡𝑎,𝑖 are the outlet and inlet air temperature, respectively); q is heat flux (W/m2); 

A is the heat exchanger's air-side heat exchanger area (m2); k is overall heat transfer coefficient 

(W/(m2∙K)); 𝛼 is the coefficient of convective heat transfer (W/(m2 ∙K)); 𝛿 is the heat exchanger plate’s 

thickness (m); 𝜆 is the coefficient of heat conductivity (W/(m∙K)); ∆𝑡𝑙𝑚 is the difference in logarithmic 

mean (℃); 𝜌 is the density (kg/m3); w is the fluid’s velocity (m/s); 𝐷ℎ is the hydraulic diameter (m); 𝜇 

is the dynamic viscosity (Pa∙s);  

Theoretical studies show that, with a heat capacity of 2.6 kW and a water mass flow rate of 0.028 

kg/s, the water outlet temperature from the coil is 33.8°C, with the water input temperature to the heat 

exchanger set at 60°C. 30°C is the fixed temperature for the room air, which is also the heat exchanger's 

entrance temperature. Based on the experimental studies of Glazar et al. [1], which investigated different 

microchannel geometries with heat exchange efficiencies ranging from 60% to 95%, we choose an initial 

heat exchange efficiency of 87% for our heat exchanger, which translates to a 2.27 kW heat output on 

the air side. We determine the air outlet temperature from the coil to be 40.4°C with a 0.217 kg/s air 

mass flow rate through the coil, which is based on typical manufacturer requirements for the 

aforementioned power output, k = 108 W/(m2 ∙K) is the total heat transfer coefficient, and the 

logarithmic mean difference is  ∆𝑡𝑙𝑚 = 9.6 °C. The following characteristics were used to construct a 

microchannel heat exchanger with channel diameters less than 1 mm, starting with a heat transfer area 

of A = 2.5 m². The heat exchanger's total dimensions (W x H x D) are 330x285x16 mm. Fins that were 
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V-shaped and had dimensions of 1.1 mm for pitch, 0.1 mm for thickness, and 8.1 mm for height were 

chosen. The heat exchanger has six passes and 29 flat tubes in total. For the first, second, third, fourth, 

fifth, and sixth passes, there are 5, 6, 6, 5, 4, and 3 flat tubes, respectively. These passes are stacked on 

top of each other. Ten rectangular microchannels, each measuring 1.2 mm by 0.6 mm, are present in 

each flat tube. The material used to manufacture the heat exchanger is aluminum with a thermal 

conductivity coefficient λ = 202.5 W/(m∙K). There is a 300 µm thickness between the microchannels. 

This heat exchanger has an intake for this heat exchanger unit. The intake headers of this heat exchanger 

have an inner diameter of 17 mm and an outer diameter of 20 mm. This heat exchanger unit's layout is 

seen in Figure 3. 

 

 

(a) (b) 

Figure 3.  Image of model design: (a) on SolidWorks software; (b) Actual image of model. 

2.2. Mathematical Model 

The governing equations used in numerical simulations include [17]: 

The continuity equation  

𝛻 ∙ (𝜌𝒖) = 0  (9) 

The momentum equation  

𝜌(𝒖 ∙ ∇)𝒖 = ∇ ∙ [−𝑝𝑰 + 𝑲] + 𝑭 (10) 

And heat transfer equations  

𝒒 = −𝑘∇𝑇 (11) 

Where: the absolute temperature is denoted by T (K), pressure is denoted by 𝑝 (Pa), the fluid velocity is 

denoted by u (m/s), the turbulence viscosity is denoted by 𝜇𝑇 (Pa∙s), the fluid's external forces are 

denoted by F (N m3⁄ ), the density is denoted by ρ (kg m3⁄ ), the symbol for the specific heat capacity 

at constant pressure is 𝑐𝑝 (J/(kg∙K)), the viscous stress tensor (Pa) is denoted by K,  the identity matrix 

by I, and the heat flux is denoted by q (W m2⁄ ). 

Furthermore, for the turbulent flow in the current simulation, a universal 𝑘 − 𝜀 model was used with 

the Conjugate Heat Transfer. The 𝑘 − 𝜀 model’s equations are shown below. 

The model for the turbulent viscosity is as follows  

𝜇𝑇 = 𝜌𝐶𝜇

𝑘𝑇
2

𝜀
 (12) 

For k, the transport equation is as follows  

𝜌(𝒖 ∙ ∇)𝑘 = ∇ ∙ [(𝜇 +
𝜇𝑇

𝜎𝑘
) ∇𝑘] + 𝑝𝑘 − 𝜌𝜀, (13) 
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where 𝑝𝑘 is the production term  

𝑝𝑘 = 𝜇𝑇 [∇𝒖: (∇𝒖 + (∇𝒖)𝑇 −
2

3
(∇ ∙ 𝒖)2)] −

2

3
𝜌𝑘∇ ∙ 𝒖 (14) 

The following is the transport equation for 𝜀  

𝜌(𝒖 ∙ ∇)𝜀 = ∇ ∙ [(𝜇 +
𝜇𝑇

𝜎𝜀
) ∇𝜀] + 𝐶𝜀1

𝜀

𝑘𝑇
𝑝𝑘 − 𝐶𝜀2

𝜀2

𝑘𝑇
, (15) 

where 𝑘𝑇 is the turbulent viscosity.  

2.3. Numerical Simulation 

COMSOL Multiphysics is a software program used in engineering that simulates flow and 

thermodynamics. It enables users to model and examine issues pertaining to thermodynamic sensors and 

fluid flow. COMSOL Multiphysics's flow simulation and thermodynamic analysis are essential 

elements. Due to its tiny fins and microchannels, the microchannel heat exchanger is very complicated 

and challenging to mimic at the same time. Assuming that all tubes within each pass have similar flow 

and thermal characteristics, selecting a representative flat tube helps reduce complexity in simulation 

and computation. And for this problem, the middle flat tube of each pass is chosen for simulation. Six 

passes of a finned flat-tube microchannel heat exchanger, therefore equate to six simulation periods. 

This method is employed to lower the amount of computational power. The input condition parameters 

for the first run are listed in Table 1. The first pass's numerical simulation findings serve as the input 

conditions for the second pass, and so on, until all six passes have been numerically simulated. Table 1 

lists a few parameters for the inlet and outflow. There are certain starting values included in the inlet 

parameters.  

Table 1. Measured parameters and inlet parameters. 

Pass Number The parameter of the inlet The outlet parameter 

1 (5 flat tubes) T1,i=X ℃; Ta=30℃; va=3.5 m/s; mw,1=
𝑌

5
 (kg/s) 𝑇1,𝑜 (℃) 

2 (6 flat tubes) T2,i=T1,o; Ta=30℃; va=3.5 m/s; mw,2=
𝑌

6
 (kg/s) T2,o(℃) 

3 (6 flat tubes) T3,i=T2,o; Ta=30℃; va=3.5 m/s; mw,3=
𝑌

6
 (kg/s) T3,o(℃) 

4 (5 flat tubes) T4,i=T3,o; Ta=30℃; va=3.5 m/s; mw,4=
𝑌

5
 (kg/s) T4,o(℃) 

5 (4 flat tubes) T5,i=T4,o; Ta=30℃’; va=3.5 m/s; mw,5=
𝑌

4
 (kg/s) T5,o(℃) 

6 (3 flat tubes) T6,i=T5,o; Ta=30℃; va=3.5 m/s; mw,6=
𝑌

3
 (kg/s) T6,o(℃) 

 

 

 
(a) (b) 

Figure 4.  Model: (a) A finned flat-tube with a straight fin; (b) A finned flat-tube microchannel model. 
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The entrance and output of a finned flat-tube microchannel heat exchanger are indicated by the 

subscripts i and o, respectively. 𝑇𝑎 is the room temperature of the air, and mw is the average water mass 

flow rate in a pass. The water temperature input is denoted by “X”, which is 40, 45, 50, 55, and 60 

degrees Celsius, respectively. The heat exchanger's incoming water flow rate is constant at 0.028 kg/s, 

denoted as “Y”. 

The microchannel heat exchanger's flat-tube form is seen in Figure 4. Through convective heat 

transmission, the air is outside while the water runs within the flat tube. 

As seen in Figure 5, the next stage is to evaluate the mesh quality and mesh convergence after putting 

the geometry construction into practice and establishing the input conditions. 

 

 

   (a)                 (b) 

Figure 5.  Mesh quality of model: (a) Mesh Model; (b) Mesh Solution Convergence. 
 

Mesh quality is critical for accurate COMSOL 6.2 simulations. COMSOL offers flexible meshing 

options. This model used boundary conditions and tetrahedral meshing. The required mesh quality is an 

average index of 0.5-0.6 and a minimum index below 0.1. Table 2 details the mesh quality. 

Table 2. Summarizes the mesh quality. 

 Coarse Normal Fine Finer 

Number of elements 1200590 2812681 4950975 13449078 

Minimum element quality  0.01032 0.006431 0.011 0.01896 

Average element quality  0.4986 0.4883 0.5637 0.6625 

Water outlet temperature at pass 1  55.9 (oC) 55.7 (oC) 55.2 (oC) 54.8 (oC) 

The “Fine” mesh satisfied the requirements for numerical analysis, comprising 4,950,975 elements 

with an average quality of 0.5637 and a minimum quality of 0.011. The robustness of the simulation's 

convergence is demonstrated in Figure 5, where the temperature, turbulence, pressure, and velocity 

variables all converged within a 0.001 error range using the Generalized Minimal Residual Method 

(GMRES) solver. This approach takes a finite number of steps before producing an approximate solution 

to the linear problem. 

3. Results and Discussion 

Sequential numerical simulations were run, with the results of one pass feeding into the next. The 

simulation results of a finned flat-tube microchannel heat exchanger are presented and analyzed in this 

work. A water mass flow rate of 0.028 kg/s and inlet temperatures of 40, 45, 50, 55, and 60 degrees 

Celsius were used in six simulations. Heat transfer characteristics at the maximum investigated intake 

temperature are highlighted by a detailed analysis of the case with an air velocity of 3.5 m/s, an ambient 

temperature of 30 °C, and an inlet water temperature of 60 °C shown in Table 3 and Figure 6. 
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Table 3. Numerical simulation results for 6 passes. 

Passing Number The inlet temperature (℃) The outlet temperature (℃) 

1 (5 flat tubes) T1,i = 60 𝑇1,𝑜 = 55.2 

2 (6 flat tubes) T2,i =  T1,o = 55.2 T2,o = 51.4 

3 (6 flat tubes) T3,i = T2,o = 51.4 T3,o = 46.1 

4 (5 flat tubes) T4,i = T3,o = 46.1 T4,o = 43.2 

5 (4 flat tubes) T5,i = T4,o = 43.2 T5,o = 40.2 

6 (3 flat tubes) T6,i = T5,o = 40.2 T6,o = 38.6 

Figure 6 shows the numerical simulation results of a finned flat-tube microchannel heat exchanger 

for 6 passes of the water temperature field in COMSOL software. 

 

Figure 6.  Simulated water temperature results at 6 passes. 

To assess the overall heat exchange efficiency over the six passes, we will specifically examine the 

heat transfer properties of the flat tube in the first pass (pass 1), where the most important heat exchange 

takes place, and the outlet water temperature in the last pass (pass 6). 

After 6 simulations of 6 passes in a finned flat-tube microchannel heat exchanger. In the case of pass 

6, the simulated output of pass 5 is the inlet temperature. The analysis of pass 1 (Figure 7 - inlet) and 

pass 6 (Figure 8 - outlet) shows a significant decrease in water temperature. In pass 1, the water enters 

at 60°C and exits at 55.2°C. By pass 6, the outlet water temperature has decreased to below 38.6°C, 

indicating the cooling effectiveness of the heat exchanger. 

 
 

Figure 7. Temperature distribution of the inlet water 

region at pass 1. 

Figure 8. Temperature distribution of the outlet 

water region at pass 6. 
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Figures 9 and 10 present the simulation results of flow velocity in a finned flat-tube microchannel in 

pass 1. Figures 9 and 10 depict the flow velocity within a flat tube. Figure 9 shows a longitudinal cross-

section of the tube, where lower velocities (blue) are observed near the walls and the highest velocities 

(red) are concentrated at the center, clearly illustrating the boundary layer effect. Figure 10 provides the 

velocity profile across the tube's cross-section, revealing that the maximum velocity is located in the 

central elliptical or rounded-rectangular region, decreasing towards the walls. This velocity distribution, 

with the highest velocity at the center and the lowest at the tube walls, is characteristic of flow in a flat 

tube and aligns with fluid dynamics theory regarding the influence of wall friction. 

  

Figure 9. Flow velocity in flat tube cross-section xy-

planes at pass 1. 

Figure 10. Flow velocity profile in the flat tube 

cross-section yz-planes at pass 1. 

Figure 11 focuses on the velocity field of the water flow, illustrating the formation of complex vortex 

regions at the inlet caused by the channel structure. As the flow develops along the straight channel, the 

streamlines become more ordered, indicating a more stable flow. The colors on the streamlines would 

quantify the magnitude of the velocity at different locations. Conversely, Figure 12 depicts the 

temperature distribution across the microchannel heat sink fins. The region with the highest temperature 

is likely near the heat source, and the temperature gradually decreases along the length of the heat sink 

fins due to the heat conduction process. The heat sink fin structure, with its large surface area, helps to 

enhance heat exchange with the water flow. 

  

Figure 11. Velocity distribution of the water flow in the 

microchannel at pass 1. 

Figure 12. Thermal distribution across 

microchannel heat sink fins at pass 1. 

In this study, the simulation results of a finned flat-tube microchannel heat exchanger have compared 

with the experimental results in [18]. Simulation and experimental data demonstrate that the exit water 

temperature and heating capacity increase as the intake water temperature rises, with a constant inlet 

water flow rate of 0.028 kg/s and input temperatures between 40 and 60 °C. In contrast to the experiment, 
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the simulation forecasts outlet temperatures (Figure 13) and heating capacity (Figure 14) to be about 8% 

higher. This disparity may result from different conditions, measurement mistakes, or flaws in the 

model. Notwithstanding these variations, the simulation shows strong predictive power, particularly 

when considering the general trend. When comparing simulation and experimental results, measurement 

uncertainty should be taken into account, as indicated by error bars in the experimental data. Simulating 

six passes reduces computational costs and simplifies management compared to simulating the entire 

finned flat-tube microchannel heat exchanger. However, this simplification might overlook complex 

flow patterns (recirculation, velocity variations) in real multi-pass heat exchangers, potentially causing 

inaccuracies in predicting heat transfer performance. 

  

Figure 13. The simulation and experiment's output water 

temperatures are compared using different intake water 

temperatures. 

Figure 14. Comparison of the simulation and 

experimental heating capacities for different inlet 

water temperatures. 

4. Conclusions 

This study successfully simulated the heat transfer characteristics of a finned flat-tube microchannel 

heat exchanger using numerical methods with COMSOL Multiphysics 6.2 software, focusing on the 

influence of water inlet temperature and mass flow rate. The simulation results demonstrated a 

significant cooling effectiveness of the heat exchanger, with water temperature decreasing from 60°C 

to below 38.6°C after six passes. Flow analysis in the first pass showed a velocity distribution consistent 

with fluid dynamics theory, and vortices were observed at the microchannel inlet and outlet. Non-

uniform temperature distribution on the fins was also noted. 

The research indicated that increasing both inlet temperature and mass flow rate led to higher heating 

capacity and heat flux. Temperature simulations confirmed efficient heat exchange, while flow 

simulations revealed non-uniform velocity distribution due to channel configuration and friction. 

Despite minor discrepancies (simulations predicted approximately 8% higher outlet temperature and 

power compared to experimental results, possibly due to model imperfections, measurement errors, or 

differing conditions), the simulations generally showed good agreement with experimental trends. This 

research clarifies the operating mechanisms of microchannel heat exchangers, providing a scientific 

basis for their design and optimization. The advancement of numerical simulation tools like COMSOL 

opens avenues for more detailed studies than traditional experimental methods. Future work will 

investigate other scenarios with varying mass flow rates (0.016, 0.020, 0.024, 0.032 kg/s) and inlet 

temperatures (40, 45, 50, 55°C). 
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