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Abstract— Microchannels are being used in many fields 

like heating, ventilation, air conditioning and refrigeration, 

automobiles, biomedical mechanical applications etc. 

When there are various shapes of microchannels like 

rectangle, straight channel, segmented, cylindrical, 

triangle, square are available, most of the manufacturers 

desire to use rectangle shape as they are simple in design 

and easy to manufacture. In this study we are comparing 

the rectangular shape to triangular shape and see which is 

beneficial for a manufacturer by analyzing their 

performance characteristics using some parameters like 

heat flux ranging from 100-500kw/m2, temperature 

ranging from 100-500K and Reynolds number ranging 

from 100-500. The work is done using ANSYS software 

which delivers product modeling solutions with unmatched 

scalability. 
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I. INTRODUCTION 

A Microchannel Heat Exchanger is a sort of cooling 

arrangement that has been proposed to improve heat 

dissemination from electric gadgets. As difficulties have been 

raised to expel the impressive warmth from a restricted space, 
these miniaturized scale channels came into picture. This 

microchannel heat sink was initially introduced by Tuckerman 

and Pease in 1981. 

 

Microchannel Heat Exchanger 

These are heat exchangers where liquid streams in even 

controls with normal estimations underneath 1 mm. These can 

be made using metal, stoneware. 

 

 
Figure No. 01: Microchannel Heat Exchanger. 

 

A microchannel is a kind of cooling course of action that has 

been proposed to improve heat dispersal from electronic 
contraptions. As challenges have been raised to remove the 

amazing warmth from a confined space, these scaled down 

scale channels came into the image. This scaled down scale 

redirects are organized in various shapes like square shape, 

tube-molded, separated, straight channel, round, considering 

the need and the space open.  

 

II. METHODOLOGY 

 SPECIFICATIONS  

The work is done using the PC with specifications as below: 

Processor : Intel i3-9100F – 3.60GHz 

RAM  : 4GB 
OS  :Windows 10 x64 

          ANSYS Version : 2020 R1 

Here, we designed a microchannel heat exchanger with 

triangular fins and compared it with the microchannel heat 

exchanger with rectangular fins. 
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GEOMETRY 
A microchannel heat exchanger with triangular fins is 
considered for our experiment whose dimensions are, 

Length: 1.5 mm  

Height: 1.1 mm  

Angle of triangle: 63.068(Degrees) 

 

 

Figure No.02: Micro-channel Heat Exchanger with triangular 

fins. 
 

 
   Figure No.03: Isometric view of Micro-channel Heat 

Exchanger with triangular fins. 

 

MESHING 

Grid independence test has been done for three values of mesh 

to get the optimum size. The three sizes are 0.0005m, 

0.0003m, 0.0001m and we considered the maximum size of 

0.0001 m as it gives 237071 number of elements and 126442 

number of nodes. 

 

 

FigureNo.04: Meshing. 

 

BOUNDARY CONDITIONS 

For the process the boundary conditions considered are 

uniform heat flux at bottom wall(100-500kw/m2), inlet 

temperature as 303K and Reynolds numbers ranging 

between100-500. For conducting experiment, the material we 
choose should be lighter in weight and have good thermal 

conductivity. We have chosen copper.  

Once the setup is done and solution is initialized, and we 

attained the result as shown below, we can observe different 

colours depending on temperature range. 

 
Figure No.05: Temperature contour of the microchannel Heat 

Exchanger. 
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FigureNo.06: Isometric view of Temperature Contour. 

 
The above figures (5,6) show us how the model has its 

temperature contour in different views. We observe different 

colours that looks like rainbow colours based on the different 

ranges of temperatures. Two main colours which show us the 

difference in temperature range are blue and red where blue 

shows the lowest temperature and red shows the highest 

temperature. Here, we obtained the minimum temperature at 

300k and maximum temperature at 360k. 

 

               Figure No. 07: Isometric view of Pressure contour. 

This is the isometric view of the model that shows us how the 

pressure is varying through the domain of the microchannel 
heat exchanger in different colours. Blue colour shows us the 

minimum pressure and red colour shows us the maximum 

pressure. 

 

Figure No. 08: Top view of Streamlines. 

 

We can observe the streamlines through the microchannel heat 

exchanger from the above figure. A streamline is a path which 

is traced out by a massless particle as it moves with the flow 
and it can be defined as an imaginary line in the flow field. 

These streamlines are useful for us in analysing flow. 

 

 

 

Figure No.09: Velocity. 

 

We can see the velocity variation through the domain of the 

microchannel heat exchanger. To define the flow velocity, we 
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use different velocity inlet boundary conditions. In our 

experiment we used the velocities of 
0.05,0.10,0.17,0.21,0.26m/s. 

 
Figure No.10: Variation of Nusselt number and Reynolds 

number of triangular fins at three heat flux values of 100, 300, 

500kw/m2 respectively. 

 

Simulations were performed for the triangular fins and the 

graphs are generated for five values of Reynolds numbers i.e., 

100, 200, 300, 400, 500 and five values of Nusselt numbers of 

present results at Heat flux 100, 300 and 500kw/m2 
respectively. 

The above are the results for the triangular fins whose angle is 

63.068 degrees. Now, we will consider the two more triangles 

whose angles are 60 and 65 degrees. 

At 60 degrees angle: 

 
Figure No.11: Temperature contour of triangular fins whose 

angle is 60 degrees. 

 
Figure No.12: Variation of Nusselt number and Reynolds 

number of triangular fins at three heat flux values of 100, 300 

and 500 kw/m2 respectively. 

 

Simulations were performed for the triangular fins and the 

graphs are generated for five values of Reynolds numbers i.e., 

100, 200, 300, 400, 500 and five values of Nusselt numbers of 

present results of angle 60 degrees at Heat flux 100, 300 and 

500kw/m2 respectively. 
 

At 65 degrees angle: 

 
Figure No.13: Temperature contour at 65 degrees angle of 

triangle. 
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Figure No.14: Variation of Nusselt number and Reynolds 

number of triangular fins at three heat flux values of 100, 300 

and 500 kw/m2 respectively. 

 

Simulations were performed for the triangular fins and the 

graphs are generated for five values of Reynolds numbers i.e., 

100, 200, 300, 400, 500 and five values of Nusselt numbers of 
present results of angle 65 degrees at Heat flux 100, 300 and 

500kw/m2 respectively. 

 

Validation of the model 

For the purpose of validation, Results from Yogesh K 

Prajapati are reproduced using the same way of approach. 

Geometry has been considered which consists of a 

microchannel with rectangular fins with dimensions of Length: 

3.7mm, Height: 1.1 mm, Fin Height: 0.6mm, Fin Width: 

0.5mm. 

 

 

Figure No.15: Micro-channel Heat Exchanger with rectangular 

fins. 

 

Figure No. 16: Isometric view of a Micro-channel Heat 

Exchanger with rectangular fins. 

 

The boundary conditions considered are uniform heat flux at 

the bottom wall and all other walls remain adiabatic whereas 

inlet temperature is 303k and Reynolds number is between 

100-500. 

 
Figure No.17: Result from Mr. Yogesh K Prajapati’s paper. 
 

We have now replaced these rectangular fins with the above 

triangular fins and the results are compared between 

rectangular fins and triangular fins to see the difference 

between them. 
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Figure No.18: Comparison between the bottom wall 

temperature and heat flux at Reynold number 200 for 

rectangular and triangular fins. 

 

Simulations were performed for the rectangular fins and 
triangular fins and the graphs are generated for five values of 

Heat fluxes i.e., 100, 200, 300, 400, 500 and five values of 

Bottom wall temperatures at et al. (Yogesh K Prajapati) and 

triangular fins at Reynolds number 200. 

 
Figure No.19: Comparison between the bottom wall 

temperature and heat flux at Reynold number 300 for 

rectangular and triangular fins. 
 

Simulations were performed for the rectangular fins and 

triangular fins and the graphs are generated for five values of 

Heat fluxes i.e., 100, 200, 300, 400, 500 and five values of 

Bottom wall temperatures at et al. (Yogesh K Prajapati) and 

triangular fins at Reynolds number 300. 

 

 
Figure No.20: Comparison between bottom wall temperature 

and Reynolds number at heat flux 300kw/m2 for rectangular 

and triangular fins. 

 

Simulations were performed for the rectangular fins and 

triangular fins and the graphs are generated for five values of 

Reynolds numbers i.e., 100, 200, 300, 400, 500 and five 

values of Bottom wall temperatures at et al. (Yogesh K 

Prajapati) and triangular fins at Heat flux 300kw/m2. 

 

 
Figure No.21: Comparison between bottom wall temperature 

and Reynolds number at heat flux 500kw/m2 for rectangular 

and triangular fins. 

 

Simulations were performed for the rectangular fins and 

triangular fins and the graphs are generated for five values of 

Reynolds numbers i.e., 100, 200, 300, 400, 500 and five 

values of Bottom wall temperatures at et al. (Yogesh K 

Prajapati) and triangular fins at Heat flux 500kw/m2. 
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Figure No.22: Comparison between Nusselt number and 

Reynolds number at heat flux 500kw/m2 for rectangular and 

triangular fins. 

 
Simulations were performed for the rectangular fins and 

triangular fins and the graphs are generated for five values of 

Reynolds numbers i.e., 100, 200, 300, 400, 500 and five 

values of Nusselt numbers at et al. (Yogesh K Prajapati) and 

triangular fins at Heat flux 500kw/m2. 

We observed that the results of triangular fins are 

comparatively higher than rectangular fins. Thus, we can 

make use of triangular fins also for a microchannel heat 

exchanger. 

III. OPTIMIZATION 

For the optimization of our model, we have performed a 
optimization technique i.e., Taguchi Method for which we 

have considered nine set of experiments to check which 

experiment is optimum. 

For this process, we consider three controllable factors like 

Reynolds number, Heat flux(kw/m2), Angle of 

triangle(degrees) and two uncontrollable factors like Nusselt 

number and Temperature(k) from our experiment. 

 

Table No. 01: Factors taken for optimization. 

 
We will take a set of nine experiments for performing 

optimization and obtain a single set of values that are optimum 

for our experiment. 

 

 

 

 

 

 

Table No. 02: Design of experiments generated using Taguchi 
Method. 

 
We will consider the temperature to be less and Nusselt 

number to be high for S/N ratios in our optimization process 

as per the instructions and we will generate signal to noise 

ratio plots. Signal to noise ratio(S/N) is defined as ratio of the 

level of a desired signal to the level of background noise.  

The generated S/N ratio plots are as shown below. 

 
Figure No.23: Signal to Noise Ratio plot for temperature. 
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Figure No.24: Signal to Noise Ratio plot for Nusselt Number. 

 
From the above generated graphs, we see that the maximum 

values of Nusselt number arrived at heat flux of 300kw/m2, 

Reynolds number of 300 and angle of triangle of 65 degrees 

and this is the fifth experiment in our set of nine experiments 

considered. Hence, these are our optimum values. 

IV. CONCLUSION 

Micro-channel Heat Exchangers are allowing for the event of 

a full new class of economical and low impact product for air 

conditioning units, refrigeration systems, transport cooling and 

alternative cooling applications. By employing a Micro-

channel device, a cooling system needs less refrigerant, less 

weight, less area and fewer energy. Heat transfer gets reduced 
if any air gaps are within the device but once a Micro-channel 

device is employed it improves the warmth transfer as all the 

elements of it are brazed along leading to no air gaps. Fins are 

the extended surfaces that are helpful in increasing heat 

transfer rate as they are having sensible importance in ensuing 

most heat flow per unit mass with simple producing. As we 

know that both rectangular fins and triangular fins are straight 

fins. Triangular fins are attractive for their shape and also, we 

observed that performance values are high for a triangular fin 

when compared to rectangular fin from our experiment. So, 

we can replace the rectangular fins with triangular fins for our 
equipment as triangular fins are engaging as for identical 

quantity of warmth transfer, it needs abundant lesser volume 

than the oblong fins and this will also result in reduced usage 

of raw material, less transport cost, less storage space. Hence, 

we can say that using triangular fins can be beneficial for a 

manufacturer. 
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