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Abstract 
Heat sinks are used in various applications for enhancing the 

rate of heat transfer from the components. For improving the 

performance of heat sink, circular dimples are made on the 

surface of plate fins in plate-pin heat sink along the direction 

of fluid flow. In the present work, the impact of plate fins that 

have dimples on it is placed in-between the pin fins are 

investigated under forced convection. From the experiment, 

friction factor (f) and Nusselt number (Nu) are obtained by 

changing the depth of dimples at different pin pitch ratio and 

plate pitch ratio. The Reynolds number is varied from 6500-

15000 and the whole experiment is carried out at constant heat 

flux. it has been observed from the results that flow 

performance and heat transfer of heat sink is increased 

significantly as the depth of dimple is increased. The 

maximum heat transfer is obtained at pin pitch ratio (S/Df) 

and plate pitch ratio (P/H) 3 and 0.375 respectively.  
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Introduction 
Generation of heat within the system is one of the most 

common phenomenons. This heat should be dissipated 

quickly in the surrounding, failing to which, raise the 

temperature of system adversely affect the reliability of the 

components. Hence, overheating of the components should be 

well accounted in the system via an efficient way for heat 

transfer. This in turn increases the life of the system 

components. To avoid accumulation and overheating of 

components, a device is used known as heat sink. In forced 

convection cooling, extended surfaces (fins) provides a 

reliable and cheap method for dissipating waste heat. The best  

design of fin assists in making heat sink more economic and 

portable which is capable of dissipating utmost energy. Yang 

et al. [1] have been reported about the air side implementation 

of eight heat sinks with umpteen fin pattern. Outcome 

indicated that vortex formation was more covenant than that 

of in plain fin . Sparrow and Kadle [2] explained the results of 

the uniformly straight fin array heat transfer to the bypass 

height. When the bypass height varied from10 to 30% of the 

fin height, the convective coefficients were 85 %, 74% and 

64% to those of the full shroud fin array respectively. Ahmed 

et al. [3] numerically examined an ingenious design of heat 

sink in which he inserted the ribs in midst of rectangular path 

of different geometries, numbers and directions. The result 

exhibited that by using ribbed plate-fin heat sink (RPFHS) 

there is an enhancement of 1.55 times in heat transfer as 

compared to PFHS. Kim and Kim [4] conducted an 

experiment with fabricated heat sink that has one or more 

cross-cuts. This process was conducted to understand the 

behaviour of cross-cut heat sinks through parallel flow 

condition. The result explained that the length of cross-cut is 
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the most dominant factor that influences the overall 

performance of heat sinks. Yu et al. [5] suggested a different 

design of plate-pin fin, where pin fins are grouped in random 

manner in the centre of plate fins to disturb the flow of fluid.  

Conclusions were made analytically that approximately 30% 

higher heat transfer rate is obtained through plate-pin heat 

sink  than that of plate fins. P.A. Deshmukh and R.M. 

Warkhedkar [6] have been conducted the experimental 

investigation to understand the effective design parameters of 

pin fins under mixed convection. They made a fully wrapped 

elliptical pin fin heat sinks and  observed that on increasing 

the fin gap along the length and transverse directions, the fin 

bundle void fraction was also increased. Rao et al. [7] 

explored the heat transfer properties of air turbulent flow in 

rectangular passage with the range of pin fin and -dimpled pin 

fin. differences in pin fin  and dimpled pin passage about the 

variety of  local heat transfer properties on the end wall which 

is present under the leading flow and the wake flow region 

have been noted. Kapur et al. [8] numerically explored the 

advantages of making number of perforations of different 

shapes such as circular, elliptical and square for compact 

designs.  The numerical solutions suggested that the elliptical 

perforations are considerable as they minimize pressure drop 

while circular perforations showed good results heat transfer 

rate. Patil et al. [9] investigated the performance heat transfer 

on dimpled plate fin heat sink. they concluded that heat rate 

goes up on increasing the depth of fin. they also suggested 

that energy  rate expands further as the numbers of dimples 

were increased.   

 

Experimental Setup 
An experimental set up is fabricated to analyse the heat 

transfer and fluid flow characteristics of plate-pin fin sink 

(Fig. 1) in a long rectangular duct in which  air is employed as 

a working fluid. The duct is having channel made of plywood 

of 12 mm thickness with a blower on the other side to suck the 

air through the rectangular passage. The area of the duct is 

rectangular and uniform throughout its length.  The total 

length of the channel is 2300 mm while the cross-section of 

the test section is 180 mm×80 mm. the dimensions of the plate 

heater is same as that of the base plate of the plate-pin fin 

which is kept under constant heat flux The plate heater which 

is used for the experiment has power rating of 200 W and the 

amount of the heat supplied to the test section is controlled by 

means of variac. A heat sink compound is utilized to diminish 

the contact resistance to heat flow between the base plate and 

the plate fins. The rear and side walls of the heater are 

insulated with the insulating material such as wooden cover 

and glass wool, in order to reduce the heat losses. 

Temperatures at the various section namely inlet, outlet and at 

the base plate of heat sink are measured by T- type 

thermocouples. The average temperature of air at the base and 

at the exit is achieved by calculating the mean of the nine 

temperature readings and similarly the average surface 

temperature is reported by taking the mean of the temperature 

readings. 

 
 

Figure.1: diagram of experimental setup. (1) Flow 

Straightener, (2) Anemometer, (3) Inlet Thermocouple, (4) 

Micro-manometer, (5) Outlet Thermocouple, (6) Plate Heater, 

(7) Test Section, (8) Blower, (9) Flow control valve. 

 

An anemometer is employed to measure the average air 

velocity and the pressure drop during the test is calculated by 

using a micro-manometer, connected to the two pressure 

tappings installed across the test section through the hose 

pipe. A steady state condition directly depends upon the 

experimental conditions. The experiment begins with the 

consideration of heat transfer and flow behavior on smooth 

plate, thereafter investigation continues on base plate having 

fins on its surface. In this work, three different depths of 

dimples at two pin pitch ratio and plate pitch ratio are 

considered. Figure 2.shows the geometries of plat-pin heat 

sinks.  

 

 
 

(a) 
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(b) 

Figure.2: Geometries of plate-pin heat sink with and without 

dimples 

The range of plate fin heat sink and flow parameters are 

shown in table.  

Table 1 The range of heat sink and flow parameters. 

S.No. Parameter Value range 

1. Inter-fin plate pitch ratio, P/H 0.2 - 0.4 

2. Pin Pitch ratio, (S/Df) 3 - 4 

3. Dimple depth ratio, d/D 0.2 - 0.50 

4. Reynolds number, Re 6500 - 15000 

 

Data Reduction 

 In this research work, the values of friction factor, Nusselt 

number and Reynolds number are calculated to describe heat 

transfer and fluid flow characteristics of plate-pin fin heat 

sink. In order to inspect the effect of dimples on the fin 

surfaces, the following data are studied during the 

experiments- 

The base plate temperature is the average of all temperatures 

recorded on the base plate of plate fin heat sink. 

9
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The average air temperature (Tf) is arithmetic mean of the 

inlet and outlet temperature readings. 

Thus  
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           Total heat supply (Pw) to the duct is expressed as  

             Pw = V.I                                                                  (3) 

             where V = voltage (volts), I = current (amperes).            

The mass flow rate, ( m ) of air is expression of density of air, 

cross-section of duct (A) and velocity of air (V) flowing 

through the channel. It can be written as:- 

m =  .A.V                                                         (4) 

The hydraulic diameter, (Dh) of the rectangular section of the 

duct is expressed as, 

P

A
Dh

.4
                                                              (5)                 

Where  

A = cross-sectional area  

 P = perimeter 

The friction factor (f) is calculated with the help of pressure 

loss (ΔP)d across length, (Lp) using Darcy equation as, 
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                                                        (6)                    

 where,      hP 81.9                                    (7)          

Convective heat rate, q can be expressed as  

Q= h.Ap.( Tb - Tf )                                                 (8) 

Where  

Ap = projected area of base plate. 

The heat exchange through convection (Q) can also be defined 

as: 

Q=  ioP TTCm ..                                                  (9)   

The mean convective heat transfer coefficient (h) is calculated 

by using equation 8 and 9. This is given below: 

 
 fbp

ioP

TTA

TTCm
h






.

..                                                (10)        

Total area= Projected area + Total surface area of plate fins   

Atotal = (Wf × Lf ) + Lf . n.( 2H + tf)  

Nusselt number depends on the convective coefficient, 

thermal conductivity of fluid and hydraulic diameter. the 

average Nusselt number (Nu)  can be written as: 

k

hD
Nu h                                                            (11) 

Reynolds number is the ratio of inertial forces to the viscous 

forces and is obtained as:- 
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                                                        (12) 

Where µ is the dynamic viscosity of air. 

 

Validation of Experimental Setup 

In order to validate the present study, experiments are 

conducted on smooth plate to certify Nusselt number (Nu) for 

umpteen values of the Reynolds number. These outcomes are 

then analyzed to the correlations predicted by Sahin and 

Demir [10] given below:- 

Nus = 0.077.Re0.716 Pr0.33                                          (13) 

Figure 3 indicates the deviation of Nu as a function of 

Reynolds number to determine Nu achieved from the present 

study to that data reported from correlation proposed by Sahin 

and Demir [10]. It has been reported that the mean absolute 

deviation for the Nu is 8.51%. Hence, it is clear that the data 

obtained from experiments have close similarity with the 

standard data. 

 

Figure 3: Nusselt number (Nu) versus Reynolds number for 

smooth plate 

Nomenclature 

A Area (m2) d Dimple  depth  (m) 

Cp Specific heat 

capacity (KJ/kgK) 

h Convective heat 

transfer coefficient 

(W/m2K) 

Dh Hydraulic diameter 

(m) 

k Thermal conductivity 

(W/mK) 

f Friction factor Q Convective heat 

transfer rate (W) 

H Height of duct and 

fins (m) 

PW Total heat supply (W) 

W Width of duct (m) m  Mass flow rate (kg/s) 

L Length of duct (m) Nu Nusselt number 

Lt Length of test 

section (m) 

Re Reynolds number 

Lp Distance between 

two pressure 

tappings (m) 

P  Pressure drop (Pa) 

Lb Length of plate fin 

(m) 

V Air velocity (m/s) 

tf Thickness of fin 

(m) 

S Pin fin spacing (m) 

P Plate Fin spacing 

(m) 

T Average  temperature 

(K) 

Df Diameter of pin fin 

(m) 

Nus Smooth plate Nusselt 

number 

D Diameter of dimple 

(m) 

Tf Mean film 

temperature (K) 

Greek symbols 

  Density (kg/m3) µ Dynamic viscosity 

(kg/m.s) 

Subscripts 

o outlet f fin 

i inlet b Base plate 

s Smooth plate   

 

Results  
The experimental data is related to the heat transfer and fluid 

flow behaviour of dimpled plate-pin fin heat sink. The 

arrangement of dimple is such that it lies in between the two 

pin fins. The experiments are conducted at umpteen values of 

Reynolds number for different plate-pin fin geometries. The 

outcomes of Nu and f plots are analysed with the variation of 

Re.   
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Heat Transfer 

Figure 4 shows that Nu is directly related to Re for different 

geometries, and numbers are proportional to each other. The 

hike in Nusselt number (Nu) occurs very slowly when the 

plate is smooth and at a very fast rate when the smooth plate 

has both plate and pin fins. The results are caused due to the 

increase in the heat rate with the surface area; as the air or 

fluid comes in contact with large surface area, it can carry 

more heat with it which causes more heat dissipation. This can 

also be seen from the figure that Nusselt number is more when 

pin pitch (S/Df) is 3 and plate pitch (P/H) is 0.375. 

 

Figure 4: Nusselt number (Nu) versus Reynolds number (Re) 

without dimples 

Figure 5 depicts different values of Reynolds number at 

different pin pitch (S/Df) and plate pitch (P/H) for the Nusselt 

number (Nu). It also shows the effect of dimple depth ratio 

(d/D) on the Nusselt number. The plot clearly shows the effect 

of dimpled plate-pin heat sink on heat transfer. It is received 

that there is an increase in Nu as the deepness of dimple 

increases, while keeping pin pitch (S/Df) and plate pitch (P/H) 

ratio constant. The Nusselt number is least for smooth plate 

and highest for maximum depth of dimple This is because 

maximum depth of dimple causes maximum disturbance in 

fluid flow which creates turbulence. Due to the turbulence 

there is a delay in boundary layer separation and also there is 

decrease in the size of wake region, thereby promotes the heat 

transfer rate.  

Friction Factor 

The pressure drop plays a very important role in calculating 

the friction factor. During the experimentation, the pressure 

drop for smooth plate is so small that its values can be 

neglected.  It may be due to the reason that length of the test 

section is small. While for the surface having fins pressure 

drop readings are measurable, therefore friction factor can be 

calculated. 

 

 

Figure 5: Nusselt number (Nu) versus Reynolds number (Re) 

with dimples 

The variation of f for the array of fins, with and without 

dimples, against the Re is listed in figure 6. The graph 

indicates that as the Re increases the value of f decreases.  

 

 

Figure 6: Friction factor (f) versus Reynolds number (Re) 

Friction factor for plate-pin heat sink is more than that of pin 

fin only and its value gains profoundness with boost in the 

dimple depth and reaches to utmost value when the dimple 

depth ratio is 0.5. This may be due to the reason that when 

there are dimples on the plate fin surfaces, there is turbulence 

in flow due to vorticity, which promotes flow resistance, 

thereby increases pressure drop. This vortex generation 

intensified as the depth of the dimple increases which causes 

maximum friction. Also it is more when pin pitch ratio (S/Df) 

is 3 and plate pitch ratio (P/H) is 0.375 because numbers of 

fins are more in this case. 
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Figure 7: Nu/Nus versus Reynolds number (Re) 

Heat Transfer Enhancement 

The effect of the of plate- pin and dimpled plat-pin fin heat 

sinks on heat transfer increment can be  understood by the 

formalisation of Nu of all configurations with and without 

dimples with the Nu of smooth plate (Nus). Figure 7 shows 

(Nu/Nus) ratio as a function of Re for pin pitch ratio (S/Df) 3 

and 4 while plate pitch ratio (P/H) 0.5 and 0.375. The heat 

transfer enhancement (Nu/Nus) is inversely proportional to 

Reynolds number for both different pin pitch ratio and plate 

pitch ratio. But the enhancement factor is more for S/Df equal 

to 3 and P/H ratio is equal to o.375. This shows that as the 

number of fins increases there is a sudden change in heat 

transfer enhancement. It may be due to the fact that there is 

increase in surface area and the presence of pin fins in-

between the plate fins also creates the disturbance for the fluid 

flow. It is also observed that Nu/Nus is directly related to 

dimple depth ratio (d/D) which means greater heat transfer 

enhancement is obtained when there is more turbulence and 

disturbance.  

 

Conclusions 

In order to investigate the heat transfer properties of dimpled 

plate-pin heat sink, experiments have been performed with 

different pin pitch, plate pitch and dimple depth under 

constant heat input conditions. On the basis of this 

experimental study, it can be deduced that the presence of 

dimples over the surface of plate fin in plate-pin heat sink 

shows considerable enhancement in heat transfer. The 

maximum heat transfer takes place at maximum dimple depth 

i.e at d/D equal to 0.5. Heat transfer characteristics such as 

Nu, f and heat transfer enhancement is more for pin pitch ratio 

(S/Df) equal to 3 and plate pitch ratio (P/H) equal to 0.375. 

The heat transfer behaviour of plate-pin fin heat sink with 

dimples is much better than without dimples and is 

significantly higher than that of smooth plate. 
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