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ABSTRACT 

An experimental and numerical investigation of the effect of using two types of nanofluids with 

suspending of (Al2O3 and CuO) nanoparticles in deionized water with a volume fraction of (0.1% 

vol.), in addition to use three types of fin plate configurations of (smooth, perforated, and dimple 

plate) to study the heat transfer enhancement characteristics of commercial fin plate heat sink for 

cooling computer processing unit. All experimental tests under simulated conditions by using 

heat flux heater element with input power range of (5, 16, 35, 70, and 100 W). The experimental 

parameters calculated are such as water and nanofluid as coolant with Reynolds number of (7000, 

8000, 9400 and 11300); the air is blown in the inlet duct across the heat sink with Reynolds 

number of (10500, 12300, 14200 and 16000). The distance fin-to-fin is kept constant at (2.00 

mm), and the channel employed in this work has a square cross-section of (7 cm) inside. It was 

observed that the average effectiveness and Nusselt number of the nanofluids are higher 

compared with those of using conventional liquid cooling systems. However, the perforated fin 

plate showed higher air heat dissipation than the other configuration plate fin employed in this 

study. The experimental results were supported by numerical results which gave a good 

indication to heat transfer enhancement in studied ranges.  
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 السوائل النانويت في ساحب حراري بزعانف صفيحيت هثقبتتأثير استخذام دراست عوليت وعذديت ل
 في تبريذ الالكترونياث  

 
 د. كاظن عودة جحف

 قسى انًكائٍ ٔانًعذاخ

 تغذاد, انجايعح انرقُٛح انٕسطٗ -نٕجٛإركُانيعٓذ 
 

 الخلاصت
نذساسح ذاثٛشاسرخذاو َٕعٍٛ يٍ انًٕائع انُإَٚح يع عٕانق يٍ انذقائق اسرخذاو الاسرقصاء انعًهٙ ٔانُظش٘ فٙ انثحث انحانٙ ذى 

ذثشٚذ, تالاضافح انٗ اخرثاس   فٙ ياء يقطش ٚسرخذو كٕسٛط% (  1.1يع َسثح حجًٛح ثاترح عُذ ) (Al2O3 ٔ CuO انُإَٚح )
انًثقثح ٔانًحثثح( نذساسح خصائص ذحسٍٛ اَرقال انحشاسج فٙ ساحة حشاسج انضعُفح انصفٛحٛح ْٙ ) انًهساء ٔ ثلاثح اشكال يٍ

رٔ صعاَف صفٛحٛح يسرخذو ذجاسٚا نرثشٚذ ٔحذاخ انعًهٛاخ انحاسٕتٛح. ٔقذ اجشٚد انرجاسب ذحد ظشٔف ذشغهٛح يًُزجح 
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, 35, 16, 5)قٛى انطاقح انذاخهح ٍ انٕحذج انحاسٕتٛح ٔانز٘ ٚعطٙ صش يسخٍ حشاس٘ نًحاكاج انفٛض انحاصم يتاسرخذاو عُ
ْٕ ق كرهٙ نهًثشد ٔانرجاسب ذرضًٍ انحذٔد انرانٛح حٛث ذى اسرخذاو يعذل ذذف كهٙنٕضعٛرٙ انلاحًم ٔانحًم ان (ٔاخ 111, 71

ْٕ يٍ تعذد سُٕٚنذص ٔ يعذل ذذفق كرهٙ نهٕٓاء   (11311ٔ  9411ٔ  8111ٔ  7111يٍ انًاء ٔانًائع انُإَ٘ تعذد سُٕٚنذص )
انًسرخذو فٙ  , ٔكاٌ انًجشٖ انٕٓائٙ (يهى 2.11), ٔذثثٛد انًسافح تٍٛ انضعاَف  (16111ٔ  14211ٔ  12311ٔ  11511)

فعانٛح ٔعذد َسهد عُذ  يعذل انرحسٍ فٙاٌ  انعًهٛح . ٔقذ نٕحع يٍ انُرائج(سى 7)يشتع تطٕل ضهع انرجاسب ْٕ عهٗ شكم 
هٛذٚح. ٔعهٗ اٚح حال فاٌ اسرخذاو انضعُفح خذاو اَظًح انرثشٚذ انسٕائم انرقح كاٌ اعهٗ يًا عهّٛ فٙ اسراسرخذنى انًٕائع انُإَٚ

ى ذعضٚض لاخشٖ انًسرخذيح فٙ ْزِ انذساسح. ٔقذ ذٕٓاء يقاسَح يع الاشكال اانصفٛحٛح انًثقثح قذ صاد يٍ ذشرٛد انحشاسج تان
    شاسج ضًٍ انًذٚاخ انًذسٔسح.ششا جٛذا نعًهٛح ذحسٍٛ اَرقال انحٔانرٙ اعطد يؤ نُرائج انعًهٛح تُرائج َظشٚحا

 سحة انحشاسج.انًٕائع انُإَٚح, صعاَف صفٛحٛح, : ئيسيترالكلواث ال
 

1. INTRODUCTION 

In the recent years, the development and compacting of electronics components are required to 

provide more and more powerful processing than ever before. The heat sinks applications include 

cooling purposes in industrial (e.g., solar applications) as well as consumer (e.g., LED) products, 

Yang, et al., 2016. The manufacturing methods of the plate fin heat sinks (PFHS) include 

(stamping, extrusion and bonding manufacturing), the type of cooling fluids (air or liquid), 

manufacturing material (aluminum, copper, alloys, polymeric or composite materials), Lee, 1995. 

Therefore, various optimization techniques have been presented in this field. Saini, et al., 2006, 

presented an analytical method to identify the best geometries of plate-fin and plate-pin-fin heat 

sinks. Moreover, Kang, et al., 2007, described the design of cooling system enhancement that 

can cool single or multiple heat sources within the computer system.  The simulation of the heat 

sink by computational fluid dynamics was firstly presented by Park, 2006. Also, Mohan and 

Govindarajan, 2010, used a computational fluid dynamics using commercial software packages 

to study them using a heat sink for forced air cooling process of the CPU for a personal computer, 

for a maximum CPU power of 80 W.  Karjun, 2014, used a computational fluid dynamics for the 

forced air cooling of the CPU desktop computer systems. He used geometry of cylindrical fin and 

a power of 80 W CPU and with a base plate made from the copper. The increase in the interesting 

development and manufacturing high-performance liquid cooling generally where water is 

utilized as a coolant in these systems, Naphon, and Wongwises, 2009. Nanofluids are well 

known for their ability to enhance the thermal conductivity of the base fluid, Wang, et al., 2012. 

Using nanofluids as a coolant instead of water in cooling systems of electronic heat sink have 

been proposed in recent years, due to the high heat transfer performance coolants. In recent 

decades, many different experimental, analytical, and numerical studies showed that the 

nanofluids provide well when used for cooling of devices, Khaleduzzaman, et al., 2014. 

Mateusz, et al., 2013, studied a heat sink for cooling a PC processor. They used water and 

copper oxide nanofluids with (0.0086 and 0.0225 %) volume concentrations. They investigated a 

maximal power dissipated of 115 W, and liquids flow rate in range of (0.009 to 0.05 kg/s) and the 

range of the inlet temperature was of 300 to 305 K. Naphon and Wongwises, 2011, studied the 

heat transfer enhancement by using jet impingement of the TiO2 particles nanofluids in mini-

channel heat sink. Finally, Surve and Hatte, 2016, studied a mini-square heat sink with different 

geometries fabricated from copper and aluminum with the cube size is 50 mm. This paper 



Journal  of  Engineering    Volume    24      August    2018 Number  8 
 

 

3 

 

presents an experimental and numerical investigation to study the effects of using (Al2O3 and 

CuO) nanofluids in the cooling of smooth, perforated and dimple plate fin heat sink. 

 

2. EXPERIMENTAL APPARATUS AND PROCEDURES 

2.1 Test Section 

The experimental rig implemented in the experimental work is shown in Plate 1. It includes glass 

duct with a dimension of (8×8 cm) with inlet and outlet sections of 30 cm long.  Using two glass 

tanks; the first for the coolants (de-ionized water DIW and nanofluids) and the second for the 

cooling coil. The operating conditions of the CPU are simulated by using a heat flux generated by 

a heater element applied on the aluminum base plate. The square electrical heater with a 

dimension of 2×2 cm is fixed under the aluminum base plate of the heat sink section in order to 

get the required input power. The heater power is controlled by a voltage regulator (variac) of 8 

Amp power supply with range power of (5, 16, 35, 70 and 100). The current and voltage are 

measured by multi-meter, and the velocity of the air supplied to the heat sink is measured by a 

fan anemometer, the pressure drop across the heat sink test section is measured by U-tube 

manometer, using six thermocouple calibrated Type-T to measure the air and coolant inlet-outlet 

temperatures and the wall temperatures for the heater and copper pipe of the heat sink. The 

temperatures are recorded and collected by LapJak U6 data acquisition by a personal computer. 

The flow is measured using water flow sensor model YF-S201 range of 1-30 L/min connected 

with the Arduino board. Four values of (1.5, 1.7, 2 and 2.4) LPM were used for the flow rate of 

the coolant in the system, and the air flow rate is ranged (0.01, 0.013, 0.015, and 0.017)m
3
/sec. 

The experimental setup employed in this study is shown in Fig. 2. Coolant side consists of two 

copper pipes with (5 mm) inner diameter. Two types of nanofluids (Al2O3 and CuO-DIW) flow 

under turbulent condition flow with Reynolds number of (5000, 5500, 6500 and 8000) as a 

coolant was used in this study. The air is sucked by a plastic fan for application personal 

computer CPU heat dissipation by a fan with size (8×8×2.5 cm) with a rotation speed of (2000 

RPM), and a fan power supply of (12V, 0.11A, and 1.32W) and compatibility for all Intel 

versions. The heat sink heat exchanger material consists of two pipes of copper and 45 aluminum 

sheet, dimensions of (13.0 cm×8.5 cm×6.1 cm). The distance fin-to-fins keep constant at 2.00 

mm, the channel employed in this work has a square inside cross-section of 7 cm. The 

dimensions of the three types of fin plate (smooth, perforated and dimple plate) showed in Fig.3. 

The experimental test is started by pumping the water or nanofluid into the copper two pipes. It 

enters the heat sink and begins to absorb the heat generated by the heater applied on the 

aluminum base plate. Then when it leaves the heater section, it cools by passing through the fin 

plate section of the copper pipe by conduction and convection heat transfer. The temperatures of 

the water or nanofluid were measured at the inlet and outlet of the copper tubes by two T-Type 

thermocouples.  
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Plate 1. Experimental model used in this work. 

 

 
Figure 2. Schematic diagram of experimental apparatus. 
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a) Smooth plate fin model 

 
a) Perforated plate fin model 

 
a) Dimple plate fin model 

Figure 3. Scheme of investigated plate fin heat sink models. 

 

2.2 Preparation of Nanofluid 

To obtain a homogeneous well-mixed nanofluid, using the Two-steps method, Karamallah and 

Jehhef, 2017, is used for the preparation of nanofluid. It includes firstly dissolving a weighed 

powder of (Al2O3, CuO) nanoparticles into a (200 milliliters) of the deionized water (DIW) with 

a volume concentration of (0.1 vol. %). Secondly, this mixture was mixed slowly in the sonicator 

that can be timed for a maximum of (15-20 minutes) to break up any particle aggregates, until 

suspensions, that had an ink-like appearance, and then is stored at ambient temperature and 

checked periodically for visual changes as shown in Fig.4. 

 

 
Figure 4. Samples of (CuO, Al2O3-DIW) at ɸ=0.1%. 
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2.3 Data Reduction  

According to the heat balance equations as follows:                                       (1) 

In general heat loss from the hot water in the vessel to the cold water flowing in the coil is 

calculated from:    ̇                             (2) 

The amount of heat in the heat sink from the coolant side is determined from the energy equation 

as the following:      ̇                        (3) 

The amount of heat in the heat sink from the air side is determined from the energy equation as 

the following:       ̇                                       (4) 

By using the balance principle of the heat rate, and assuming that all heat rate transferred from 

the hot air to the coolant (water or nanofluid) as the following:  ̇                                       (5) 

The tube-side heat transfer area is the total surface area of the tubes, and is determined from:                               

Knowing the rate of heat transfer and the surface area, the overall heat transfer coefficient can be 

calculated from:  ̇                              (6)     ̇                             

ΔTLMTD is calculated by Kays, and London, 1984:        (         ) (          )  (         )(          )                   (7) 

Note that the overall heat transfer coefficient on the air side will be much lower because of the 

large surface area involved on that side. The base temperature is determined by Naphon and 

Wongwises, 2011:     ̅       (       )                   (8) 

The method is based on a dimensional parameter called the heat transfer effectiveness ε is 

defined as, Kays, and London, 1984: 

    ̇    ̇                      (9) 

The actual amount of heat in the heat sink is found from an equation balance as the following:  ̇                                 (10) 

and the maximum heat amount in the heat sink is found by Kays, and London, 1984:  ̇                          

The number of transfer units NTU and is calculated as, Kays, and London, 1984: 
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                  ̇                         (11) 

Finally, the thermal resistance of the heat sink is determined, Naphon and Wongwises, 2011:                                                  (12) 

 

3. NUMERICAL MODELING  

3.1 Statement of the Problem 

The computational domain of fin plate heat sink sections of top and bottom sections, the top 

section is plate fin and pipe part of the heat sink in which cold-water is pumped into it with 

constant flow rate of four values of (0.025 to 0.04 kg/sec) at about 16°C; the bottom section is the 

heated part of the heat sink by a heater that gives a power of (5, 16, 35, 70 and 100 W). The duct 

is straight and forms open looped. Cold air is blown in the inlet duct across tube bundle and the 

plate fin within the range of (0.013 to 0.021 kg/sec). The nanofluids thermophysical properties 

are obtained by the equations listed in Table.1. The three-dimensional Navier-Stocks equations 

for turbulent flow of an arbitrary spatial control volume V, bound by a closed surface S, can be 

expressed in the following general forms: 

 

3.2 Conservation Equations 

The following equations form presented the conservative fluid flow calculations with mesh 

adaptation in time. The finite-volume discretization process of the governing equations is applied 

in this numerical study, Hassan, et al., 2010. The continuity equation is given by:                                                                (13) 

and the momentum equation:                                       (      ́   ́̅̅ ̅̅ ̅)      [    (                         )]    (14) 

And the energy equation formed as:                 (          )      (         )                                                      (15) 

where keff and φ are the effective conductivity and the dissipated energy of the nanofluid, 

respectively. Reynolds stresses are given by:       ́   ́̅̅ ̅̅ ̅    (             )                                                                   (16) 

The turbulent viscosity, μt, can be computed by combining the turbulent kinetic energy, k, and its 

dissipation rate, ε, as follows:                           (17) 

The effective viscosity and conductivity are:                        (18)                              (19) 
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The following modeled transport equations, Wilcox, 2002, are solved to obtain k and ω, Menter, 

1994:                        (     ́   ́̅̅ ̅̅ ̅)            [                     ]              (20) 

And                      (     ́   ́̅̅ ̅̅ ̅)            [                    ]    (21) 

where σ  = 0.5, β  = 0.072, σ = 0.5, α1 = 1.0 and β = 0.072. 

Eq. (20) and (21) describe the standard k-ω model. The low-Re correction factor is applied to the 

eddy-viscosity, seemed like the most important modification:            

which affects the entire closure as it appears in the momentum and turbulence equations. The 

low-Re correction factor is obtained from:       (                  ) 

where Ret = ρnfk/μnfω, Rk = 6,    = βi/3, βi = 0.072 and α  
=     = 1. The coefficient on the 

dissipation term in the k equation takes the form:       (     (      )   (      ) ) 

where Rβ = 8 and     = 0.09. The production coefficient in the ω equation becomes:        (                     ) 

where Rw = 2.95, α∞ = 0.52 and α0 = 1/9. 

The k-ω model presented in the near wall regions of the flow. For each time step convergence is 

achieved to within an RMS residual of 1x10
-4

, Hassan, et al., 2010. For the inlet boundary 

condition for the k-ω models, inlet turbulence intensity of 3.8%, 1.5%, 1.0% and 0.7% are found 
to give acceptable results for Re values respectively 

 

Table 2. Supplementary information of nanofluids components in room temperatures. 

Materials Thermal 

conductivity, k 

Density 

ρ 

Specific heat 

cp 

Viscosity 

μ 

color Size 

nm 

D-W 0.614 995.8 4179 0.00086 -  

Al2O3 40 3970   White 10 

CuO 69 6390   Black 40 

 

Reynolds number, local and average Nusselt number through the heat sink are calculated as 

follows:                       (22) 
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                     ̅           (23) 

And the average Nusselt number given by:     ̅                           (24) 

 

3.3 Boundary conditions  

The boundary conditions employed in the present numerical work are shown in Fig.5. 

The inlet air velocity and the temperature are given by:                          
The inlet coolant (water and nanofluid) velocity and the temperature are given by:                          
The fin plate wall velocity no-slip condition and wall temperature are given by:                        
The exit air velocity and temperature conditions are given by:                                 

The exit coolant (water and nanofluid) velocity and temperature conditions are given by:                                 

 

 
Figure 5. Present computational boundary conditions. 

 

3.4 Computational Grids and Numerical Method  

In order to determine the appropriate heat transfer parameters at the surface of the heat sink, 

computational finite-volume grids need to be generated for each desired geometrical 

configuration. In an effort to simplify the construction of each of this geometry and mesh files, 

the Auto CAD and Gambit 2.3.16 software are employed. The airspace is modeled using a 
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tetrahedral mesh by 598768 nodes. Fig.6 displays an example of this pre-processing geometry. 

The material of plate fins is aluminum with (0.4 mm) thickness and the material of tubes is 

copper with (0.5mm thickness) and diameter is (5 mm). The numerical simulation consists of 

modeling and meshing the studied domain of fin plate, tube heat sink, and air duct using the CFD 

package Gambit 2.4. Then, the boundary condition will be set before being simulated in Fluent 

6.3 based on the experimental parameters.  

   
a) side view                     b) isometric view 

Figure 6. Computational domain for present numerical work. 

 

This 3D computational domain exported to the FLUENT, using the SIMPLE algorithm is 

employed to couple the inlet and outlet pressure boundary conditions. For each simulation 

evaluated over the course of this investigation, the model is terminated when the mass, 

momentum, and energy residuals drop below 10
-9

. In order to improve the convergence rate of 

the models, under-relaxation factors for the pressure and momentum calculations were altered to 

a 0.70 and 0.30, respectively, while the remaining density and energy relaxation factors were left 

at the default values of unity.  

 

4. RESULTS AND DISCUSSION 

The power input to the CPU was simulated as an electrical heater put under the base plate and 

obtained a range of input power of (5, 16, 35, 70 and 100 W) adjusted by setting the regulator 

voltage. The experimental data were collected and plotted for selective cases. Fig.7 shows an 

effect of the air flow rate on the effectiveness of the heat sink which shows that it increases with 

decreasing the air flow rate for all input power studied. This is due to the increase in heat 

transferred to the coolant. Increasing the coolant flow rate will increase the effectiveness at the 

same conditions as shown in Fig. 8 for mw = 0.025 kg/sec due to the cooling effect increase of the 

coolant. The air mass flow rate effect on NTU heat sink shows an identical trend with the effects 

on the effectiveness as illustrated in Figs. 9 and 10. Using different plate configuration on the 

effectiveness and NTU was presented in Figs. 11 and 12. For all experiments, it is shown that the 

perforated gives the highest value to them as compared with smooth and dimple models.  The air 
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heat dissipation drawn versus heater temperature in Figs. 13 and 14, shows that the air heat 

dissipation increased with increasing the heater temperature and with decreasing the air flow rate, 

but when increasing the water flow rate from mw = 0.013 to 0.025 kg/sec it shows that the heat 

dissipation increased too. To study the heat transfer enhancement of the studied plate fin heat 

sink, the Nusselt number is introduced in relation to the water and air flow rate in Figs. 15 and 

16, where it is seen that generally the Nusselt number increases with input power and increases 

with decreasing the water flow rate but increases with increasing the air flow rate at the same 

input power employed in this study. As a result from the present experimental work, it can be 

concluded that using the model of perforated fin plate heat sink will give a a maximum with 

increasing Nusselt number about 57% at water mass flow rate mw=0.025 kg/sec as compared with 

53% for the dimple model as shown in Fig. 17.  

The effect of air and water mass flow rate on the Rth of the heat sinks given in Eq. 12 are plotted 

in Fig. 18 and 19. The results showed that the heat sink thermal resistance increases with 

increasing the input power dramatically, and with increasing the air flow rate as presented in Fig. 

20, due to a decrease in water temperature as compared with base temperature as presented in Eq. 

12. Moreover, the Rth decreases with increased water mass flow rate as shown in Fig. 21, due to 

increasing of nanofluid temperatures as compared with the base temperature. Fig. 20 shows that 

the Rth given via the dimple fin technique is lower than those from the perforated fin 

configuration. 

Effect of coolant types used in this study on the variation of the effectiveness, Nusselt number, 

and thermal resistance respectively was plotted in Figs. 21 to 24. The figures show that using 

nanofluid in the process of cooling of the heat sink instead of the conventional cooling techniques 

DIW as pointed in this study. The use of Al2O3 nanofluid gives a percent of increasing 

effectiveness about (10%) compared with DIW and about 6% for CuO nanofluid at full load 

operating condition (qin=100 W) as shown Fig. 21. The Nusselt number is increased by 20% for 

Al2O3 nanofluid and 8% for using CuO nanofluid as compared with the water Nusselt number as 

presented in Fig. 22, because of the increase in nanofluids thermal conductivity compared with 

DIW base fluid. The effect of using nanofluid on the Nusselt number as a function to the mass 

flow rates of the nanofluid at (ma=0.013 kg/sec) is plotted in Fig. 23. Finally, the effect of using 

nanofluid on the thermal resistance os plotted in Fig. 24. It shows that the Al2O3 nanofluid gives 

a decrease in the thermal resistance of about (20%), but for CuO nanofluid, it gave a decrease in 

thermal resistance of about 11%.  In order to take a good focus on the results, the CFD modeling 

results illustrated were only from one fin plate and the two pipes of the heat sink, due to the 

complexity of the employed domain. The numerical results of this study include the simulation of 

the plate fin heat sink for the smooth and perforated fin plate only. To validate the experimental 

results selective numerical results were presented in Figs. 25 to 27 which show that under the 

same experimental conditions, approximate values for the temperatures near the plate fin were 

obtained. However, using perforated plate fin gave a flat velocity profile as compared with the 

parabolic profile as in the smooth one. The numerical results include the velocity and temperature 

contour for the plate fin, two pipes and the air film surrounding the plate fin from the top and 
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bottom for these models were presented in Figs. 28 to 33. These results show that the perforated 

model increase the turbulence of the air film nearby the plate fin and show more velocity 

disturbance near the fin plate and this gave a rapid cooling heat transfer that can cause increase 

the heat transfer by air turbulent flow over the fin plate. 

 

5. CONCLUSIONS 

The effect of using two types of nanofluids with suspending of (Al2O3 and CuO) nanoparticles in 

deionized water with a volume fraction of (0.1% vol.) and using three models of the fin 

geometries include smooth, dimple, and perforated on the heat sink effectiveness, Nusselt 

number, and thermal resistance for CPU cooling system of the personal PC have been 

investigated experimentally and numerically in this study. The experiments are tested under the 

simulated personal computer heat sink operating conditions: range power of (5, 16, 35, 70 and 

100 W), and at constant coolant and air flow rates, the distance between aluminum fin to fin 

plates is 2.00 mm, with (0.4 mm) thickness, the air duct of the heat sink was (70 mm) square 

cross-section. The experimental results show that using the perforated plate and using the 

nanofluids instead of the water will increase the effectiveness and the Nusselt number and 

decrease the thermal resistance compared to the other models. 
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NOMENCLATURES 

 
Ai pipe inner area, m

2
 

ΔT  temperature differences, K  

Δp  pressure drop, pa  

D  outer diameter of the copper pipe 

d diameter of perforated and dimple hole 

h height of dimple  

Re  Reynolds number. 

uin inlet velocity of water 

Lc length of channel 

V  average velocity 

Pr Prandtl number 

f friction factor 

Q heat flow rate, W 

m  mass flow rate, kg/sec. 

T temperature, K 

Uapp approach velocity of the fluid, m/s 

cp specific heat 

Di copper tube inner diameter, m 

L copper tube length, m 

F correction factor  

ΔTLMTD  log mean temperature difference 

hi inner pipe heat coefficient, W/m
2
K 

As total heat transfer surface area, m
2 

Ui inner pipe heat coefficient, W/m
2
K 

Tb  temperature of the heat sink, 
o
C 

Theater  temperature of the heater, 
o
C 

qin  heat flux by heater, W/m
2
 

L base thickness of the heat sink 

khs thermal conductivity of the heat sink. 

n number of copper tubes 

Rth thermal resistance, 
o
C/W 

uj and uifluid velocity components 

xj and xiCartesian spatial coordinates 

P fluid pressure  

k  thermal conductivity, W/mK 

Nu Nusselt number  

Greek Symbols 

ε effectiveness, % 

μ dynamic viscosity, Pa.s 

ν kinematic viscosity of fluid, m2
/s 

ρ fluid density, kg/m3
 

Fin Geometry Symbols 

NTU number of transfer units 
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PFHS Plate fin heat sinks 

 

 
Figure 7. Experimental variation of the heat 

sink effectiveness versus input power for 

different air mass flow rate for smooth fin 

plate mw=0.025 kg/sec. 

 
Figure 8. Experimental variation of the heat 

sink effectiveness versus input power for 

different air mass flow rate for perforated fin 

plate mw=0.025 kg/sec. 

 

 

 
Figure 9. Experimental variation of the heat 

sink NTU versus input power for different air 

mass flow rate for smooth fin plate mw=0.025 

kg/sec. 

 
Figure 10. Experimental variation of the heat 

sink NTU versus input power for different air 

mass flow rate for perforated fin plate 

mw=0.025 kg/sec. 

 
Figure 11. Experimental variation of the heat sink 

effectiveness versus input power for different fin 

configuration ma=0.013 kg/sec and mw=0.025 

kg/sec. 

 
Figure 12. Experimental variation of the heat sink 

NTU versus applied heat flux for different fin 

configuration ma=0.013 kg/sec and mw=0.025 

kg/sec. 
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Figure 13. Experimental variation of the air 

heat dissipation versus heater temperature for 

different water mass flow rate for smooth fin 

plate ma=0.013 kg/sec. 

 
Figure 14. Experimental variation of the air 

heat dissipation versus heater temperature for 

different air mass flow rate for smooth fin 

plate mw=0.025 kg/sec. 

 
Figure 15. Experimental variation of Nusselt 

number versus applied heat flux for different 

water mass flow rate for smooth fin plate 

ma=0.013 kg/sec. 

 
Figure 16. Experimental variation of Nusselt 

number versus applied heat flux for different 

water mass flow rate for smooth fin plate 

mw=0.025 kg/sec. 

 
Figure 17. Experimental variation of the 

Nusselt number versus water mass flow rate 

for different fin configuration ma=0.013 

kg/sec and mw=0.025 kg/sec. 

 
Figure 18. Experimental variation of the 

thermal resistance versus input power for 

different air mass flow rate for smooth fin 

plate mw=0.025 kg/sec. 
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Figure 19. Experimental variation of the 

thermal resistance versus input power for 

different water mass flow rate for smooth fin 

plate ma=0.013 kg/sec. 

 
Figure 20. Experimental variation of the 

thermal resistance versus water mass flow rate 

for different fin configuration ma=0.013 

kg/sec. 

 
Figure 21. Experimental variation of the heat 

sink effectiveness versus input power for 

different coolant fluid for smooth fin plate 

ma=0.013 kg/sec and mw=0.025 kg/sec. 

 
Figure 22. Experimental variation of the 

Nusselt number versus input power for 

different coolant fluid for smooth fin plate 

ma=0.013 kg/sec and mw=0.025 kg/sec. 

 
Figure 23. Experimental variation of the 

Nusselt number versus water mass flow rate 

for different coolant fluid for smooth fin plate 

ma=0.013 kg/sec. 

 
Figure 24. Experimental variation of the 

thermal resistance versus input power for 

different coolant fluid for smooth fin plate 

ma=0.013 kg/sec. 
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Figure 25. Numerical variation of the air film 

temperature just near the fin plate wall for 

different heater heat flux for smooth fin plate. 
 

 
Figure 26. Numerical variation of the air film 

velocity just near the fin plate wall q=100 

W/m
2
. 

 
Figure 27. Numerical variation of the air film 

velocity just near the fin plate wall. 
 

 
Figure 28. Numerical velocity distribution 

around smooth fin plate for ma=0.016 kg/sec. 

 
Figure 29. Numerical velocity distribution 

around dimple fin plate for ma=0.013 kg/sec. 

 
Figure 30. Numerical velocity distribution 

around perforated fin plate for ma=0.016 kg/sec. 
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Figure 31. Numerical temperature distribution 

around smooth fin plate for q=100 w/m2.  
 

 
Figure 32. Numerical temperatures distribution 

around dimple fin plate for q=100 w/m
2
. 

 
Figure 33. Numerical temperatures distribution 

around perforated fin plate for q=100 w/m
2
.

 


