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Abstract - This paper presents the thermal performance enhancement of microchannel using cylindrical pin fins insertion 
with water as coolant for the characteristics of heat transfer and fluid flow. The MCHS made of copper with 3 parallel 
channels having dimensions 500(width) x 1500(depth) µm for different heat fluxes(65 w/cm2-200w/cm2) with Reynolds 
number ranging from 750-1650 is experimentally tested. The overall performance is analysed by using non dimensional 
parameters such as nusselt number and friction factor. The microchannel with cylindrical pin fins has higher heat transfer 
coefficient and nusselt number with some penalty of pressure drop. As compared to pressure drop there is more increase in 
heat transfer coefficient. 
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I. INTRODUCTION 
 
To make  a device thermally stable the heat generated 
by it should be given out to the surrounding. By 
considering the growth of electronic appliances and 
highly compact devices focus is made for method to 
cool this devices using microchannels.There is need 
of more compact microelectronic devices.There 
applications in micro turbines,micro reactors, 
electronic circuits, and microbiological systems have 
more importance to the researchers during the past 
decades. The rapid development in electronic 
industry and the economic market demand for faster 
clock speeds in a smaller physical space has resulted 
in generation of higher heat flux in the electronic 
devices. Tuckerman and Pease [1] gives first idea of 
micro channels to the world in 1981.They 
experimentally investigated the silicon microchannel 
having feasibility for high heat flux up to 790 W/cm² 
with rise in temperature upto 71 °C between substrate 
and inlet water. Lee et al.[2] uses the oblique fins 
instead of straight continuous fins to guide the flow in 
microchannel. The oblique fins results in thermal 
boundary reinitialization at the edge of oblique fin 
and greatly reduces the thickness of boundary 
layer.There is increase in average Nusselt number 
from 11.3 to 22.9 and reduction in maximum 
temperature rise is by 12.6 °C. Ali mohammadi et al. 
[3] gives idea about rectangular shaped MCHS with 
different micro pin fin arrangement. Reynolds 
numbers (Re) with value from 20 to 160 is considered 
for different inline arrangements. As Reynolds 
number (Re) increases, wake regions are generated 
behind micropin fins which causes increase pressure 
drop and Nusselt number. Liang Gong et.al [4] 
studied micro square pin-fin heat sink arrangement, 
by changing pin-fin porosity. By Numerical resultsthe 
paramount factor for better performance micro square 

fin pins is porosity of pin-fin and location are 
important. Anil Gorasiya et al. [5] used water as a 
cooling medium for cylindrical as well as 
parallelepiped microfinned channel in this paper. 
Cylindrical finswith smaller diameter has better 
performance than the staright channel, when we 
compare the performance of both against heat transfer 
and pressure drop in microchannels. V. Saravanan et 
al.[6] compared theheat transfer characteristics and 
fluid flow in this paper for micro pin fin heat sink and 
micro channel pin fin heat sink againstunfinned 
MCHS. The microchannel heat sink which is 
enhanced with square shaped pin fin performs better 
than circular shaped pin fin. Moreover, recent 
research on micro channels involved use of different 
microchannel patterns. The microchannel with use of 
pin fins will enhance the heat transfer compared to 
conventional micro channels without much increase 
in the pressure drop. 
 
II. MICROCHANNEL GEOMETRY 
CONSIDERATION 
 
The current MCHS is employed with cylindrical pin 
fins. Fig. shows the view of heat sink with fin pins. 
Many of the investigations were done for rectangular 
microchannel heat sink. To enhance further the 
capacity of microchannel an alternative approach has 
been included and investigated is the pin fin 
arrangement. Straightparallel microchannel heat sinks 
shows increased heat transfer rate. In this 
configuration, pin-fins will be introduced into the 
microchannel with the help of the top acrylic cover. 
The total number of pins inserted are 12. There are 
four pin fins in each channel as shown in figure 1. 
The Pin Fins are introduced to disrupt the thermal 
boundary development and to redevelop the flow. 
The temperature profile presents a non-uniform 
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behaviour in case of the conventional channel .In case 
of the plain microchannel there is low temperature at 
inlet and it is increasing along the channel length 
until reaching a higher temperature at the outlet of the 
channel which results in hot spot. As per literature 
review, the configuration with the pin fins 
arrangement has better performance as compared 
with the plain microchannel. 
 

Channel Characteristic                          Value 
Footprint, length x Width(mm)            25 x 3.5 
Depth (µm)    1500 
Pin Height (µm)    1500 
Pin Diameter (µm)   300 
Aspect Ratio (α)      3 
Hydraulic Diameter Dh (µm)  750 
No. of pin fins per row4 
Acrylic Cover length x width(mm)               25 x 25 
Acrylic Cover, Thickness (mm)                     4 

Table 1 
Geometrical Characteristics 

 

 
Figure 1: Microchannel top view with pin fins 

 
III. EXPERIMENTAL PROCEDURE 
 
Copper based microchannel heat sink is used for the 
experimentation with dimensions channel width of 
500 µm and height of channel 1500 µm. The 
dimensions of microchannel are provided in the 
table1. The flow loop is shown in figure 2 given 
below.This subsection deals with how the 
experiments were conducted. It depicts the entire 
scenario or whole process from beginning till end. 
Moreover, the procedure remains same for each set. 
After establishing the flow and electric circuit 
properly the first step is to start the pump before 
starting the heater. 
The flow rates are maintained through peristaltic 
pump and the values are 100,125,150,175,200 
ml/min. Please note that starting of the heater before 
the starting of pump can damage the electric circuit 
and even catches fire at high heat input due to high 
rise in surface temperature of microchannel. So It is 
necessary to start the pump first and keep it running 
for few minutes until you set the desired flow rates 
through flow measuring device. Deionised water 
from inlet tank is pumped with the help of peristaltic 
pump to inlet of micro-channel. Use of peristaltic 
pump helps in eliminating the contamination of D.I 
water as the pumping action is done by squeezing 
action on tube. Though, the flow coming from the 

peristaltic pump is pulsating in nature, it is made 
continuous by using a damper at outlet of the pump. 
The pumped water passes through pressure gauge 
into the microchannel heat sink. After absorbing heat 
from MCHS, the water is collected in outlet tank 
which is again directed back to the inlet tank. 
Dimmer stat is used to control the power supply to 
the heaters. Two cartridge heaters of dimensions 
length and diameter 50mm & 15mm respectively 
with power rating 350W each are used. The values of 
heat fluxes are 65 W/cm2,100W/cm2,150W/cm2,200 
W/cm2respectively. The test section consist of copper 
block, inlet & outlet piping arrangement, 
thermocouples for temperature measurement. Three 
K-Type thermocouples are used for temperature 
measurement of inlet & fluid at outlet in streamwise 
direction with one thermocouple at inlet and two for 
outlet fluid. For surface temperature measurement 
four K-Type thermocouples are used separately. 
Glass wool insulation cover is used to prevent the 
heat loss and top surface is sealed with acrylic cover 
with holes for insertion of pin fins and 
thermocouples. Temperature readings were recorded 
through DEWESOFT data acquisition system for 
temperature to get the inlet Tfi,  outlet fluid 
temperature (Tfo) and four surface temperatures (Tsi 

and Tso) near inlet and outlet respectively. Pressure 
readings were collected after each five minutes till 
steady state reached. 
 

 
Figure 2: Schematic of Setup 

 
IV. DATA REDUCTION 
 
Sensible heat gain by the fluid 
q = ṁCpΔT 
Where, ṁ=ρQ 
The Fluid properties are evaluated by the following 
formulae taken from Lee et al.[1] 
 
Density (ρ) 

2 3 4 5
0 1 2 3 4 5( )

1

a a T a T a T a T a T
T

b T
     




Where, constant coefficients are presented in the table 
below and in this equation T is in (oC). 
 

Coefficients  Values 
a0   999.84 
a1   18.22 
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a2   -7.92 x 10-3 
a3   -5.54 x 10-3 
a4   1.49 x 10-10 
a5   -3.93 x 10-10 
b   - 1.81 x 10-2 
 

Table 2 
Constant Coefficients 

 
Specific heat (Cp) 

  2 3 38958.9 – 40.535 0.112343 – 1.0138 10  pC T T T T  

      (1) 
Thermal conductivity (K) 

  3 6 20.58166 6.3555 10 – 7.9643 10K T T T     
      (2) 
Dynamic viscosity (µ) 

5

2 4 7 .8

1 4 0( ) 2 .4 1 4 1 0 1 0 TT      (3) 

Note that in the above eqn1, 2, 3 T is in kelvin. 
 
Friction factor (f) 

22
ch h
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P D
f
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Reynolds number (Re) 
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Hydraulic diameter (Dh) 
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Pumping Power (Pp) 

PP P Q    

 
Convective heat transfer coefficient (h), 

h

Nu K
h

D


  

Also, 

( )s s bq hA T T   

 
V. UNCERTAINTIES IN THE MEASURED 
PARAMETERS 
 

Parameters     Instrument used            Uncertainty 
Wattage (W)      Wattmeter  ±1 
Temperature       Thermocouple  ±0.1 
Flow Rate          Peristaltic Pump              ±0.01 

Table 2 
Uncertainties Measured 

 
VI. RESULTS AND DISCUSSION 
 
This chapter deals with the discussion of data 
obtained from experimental observations. For 
experimental observations various graphs and plot are 
include to understand the variation of one parameters 
with others like Nusselt number (Nu) and Reynolds 

number ( Re). Variation of heat transfer coefficient 
with flow rate and pressure drop characteristics are 
discussed. 
Nusselt Number variation with flow rate : 

 
Figure 3: Nusselt Number variation with flow rate 

 
Nu is an important parameter when it comes to the 
performance analysis of microchannels. Nu is directly 
dependent on the heat transfer coefficient ‘h’ and 
hydraulic diameter ‘Dh’. As Dh is fixed, which is 
0.75 mm, it is all the effect of increase in heat transfer 
coefficient. The graphs above shows that there is 
considerable increase in Nu for the channel which is 
enhanced with pin fins. This increase is the effect of 
increase in heat transfer coefficient, which is nearly 
1.3 times that of conventional channel. Also we can 
conclude that as the flow rate increases, the Nusselt 
number also increases linearly in most of the cases. 
Thermo-physical properties like density, dynamic 
coefficient of viscosity(µ), specific heat capacity and 
thermal conductivity(K) of fluid varies with 
temperature, to take this into account, correlations are 
used for each from literature Lee et al[2] 
Variation of pressure drop with flow rate : 
When considering the performance enhancement, 
along with the positive parameters, negative ones are 
of prime importance as it can nullify the positive 
effects too. One of them is the pressure drop which is 
the effect of various head losses discussed below. 
 
The losses occurring are: 

 Head losses in pipe 
 Entrance losses at inlet 
 Bends in the channel section 
 Surface Roughness 

 
Figure 4:Pressure drop Vs flow rate 
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The graph showing pressure drop for both the 
channels with pins and without pins is plotted against 
flow rate. We observe that with increase in flow rate 
the pressure drop goes on increasing linearly. 
 
VII. CONCLUSION 
 
The method with Pin Fins insertion is proposed for 
the heat transfer enhancement of the microchannel. 
The insertion of pin fins obstruct the flow and 
redevelops the thermal boundary layer near the pin 
fin locations which causes improved heat transfer 
rate. 
 
Through the experimentation some conclusions are 
made which are as follows: 
 
1. The flow is repeatedly disturbed at various pin fins 
locations. The heat flux and flow rate plays major 
role. As shown in graph the nusselt number varies 
with the flow rate and it is maximum for 200 W/cm2  
case with value of nusselt number about 9.87 about 
1.3 times higher than the nusselt number of plain 
microchannel without pin fins. The graph shows the 
variation of nusselt number with different heat fluxes 
for different flow rate for both the cases. 
2. The microchannel with pin fins are suitable for 
cooling of electronic appliances having a heat flux of 
200 W/cm2. 
3. The theoretical correlations are hold good 
experimentally for the surface temperature because 
the surface temperature decreases with the increase in 
flow rate which results in decrease in the outlet fluid 
temperature. 
4. The pin fin insertion gives better mixing of fluid 
which reduces the possibility of hot spot due to non-
uniform behaviour of temperature profile. So, the 
friction factor gets decreased with the increase in 
flow rate. 
5. The effect of pin fins to enhance the heat transfer 
performance of the microchannel has some penalty of 
rise in pressure drop. 

6. The value of heat transfer coefficient for channel 
with pin fins is about 8476.68 W/cm2 which in much 
higher than the plain microchannel without pin fins. 
 
NOMENCLATURE 
L = Total channel length, m 
T = Temperature, K 
V = Mean velocity, m/s 
m = Mass flow rate, kg/s 
Q = Flow rate, m3/s 
q”= Heat flux W/m2 
f= Friction factor 
A = Area 
∆P = Pressure drop, Pa 
Acronyms 
MCHS = Microchannel heat sink 
Subscripts 
b = Bulk water 
f = Pure water 
i = inlet 
o = outlet 
m = mean 
b = bulk 
s = surface 
w = Wall 
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