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Abstract: In his research article, several models of heatsink were optimally designed 
in fin length, width and height along with pin placement which consists of 4 pin fin 
heatsink models heatsink (including square with different pin angles, circular, 
truncated cone, and cone pin heatsinks and one model of the plate-fin heatsink (PFHS)) 
in order to achieve better thermal performance as well as less energy consumption and 
were numerically investigated under high air velocity and heat fluxes. Different 
parameters such as peak temperature, Nusselt number, heat resistance, pressure drop, 
and energy consumption were compared. The results show that the square PPFHS with 
the pin angle of 45 degrees has the highest thermal performance compared to the rest 
of the models while also having the highest pressure drop and energy consumption 
between the models consuming more than 255 and 358 percent more energy in order 
to have the same air velocity in the pathway, while the truncated and the fully formed 
cone model despite having 25% and 30% less thermal performance, have the least 
pressure drop between the pin models of the heatsinks and therefore consume the least 
energy out of the PPFHS. 
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1 INTRODUCTION 

Heat transfer is one of the most important concepts 

which is used in chemical engineering and mechanical 

engineering and other fields [1-2]. This includes wide 

applications such as electronic systems, robotics, 

MEMS, and housing temperature regulation. There are 

various methods of cooling available which include heat 

exchangers, heat pipes, water cooling, and more [3-5]. 

One of the most important pieces of cooling equipment 

used today is the heats sink. The most important feature 

of a heatsink is heat dissipation and cooling. A heatsink 

is a piece of metal with a high thermal conductivity that 

is mounted on electrical or electronic components and 

captures the heat and heat generated by the part, then 

through heat exchange with the surrounding 

environment and cooling with air (in some models 

Water) reduces heat [6-9]. This part is even used in 

various voltage converters or car inverters and audio and 

video. There are two methods of cooling solution and 

heat generation management for heatsinks which are 

active cooling and passive cooling. In passive type 

heatsink, the temperature control operation is performed 

by convection process, which is one of the concepts of 

heat transfer science [10]. In this way, the passive 

heatsink absorbs heat from the desired part and 

distributes the heat in that fluid by maximizing the 

contact surface with the surrounding fluid through the 

fins (blades). The absence of moving parts has increased 

the reliability of this type of heatsink. Of course, it is 

important to realize the fact that in order to transfer heat 

in passive heatsinks, a constant flow of air must be 

constantly passing through the fans [11-14]. One of the 

most important aspects of the heat sink that must be 

considered in its design is a simpler structure, high heat 

transfer rate, and low-pressure drop.  

Liquid cooling methods can dissipate more heat at 

smaller footprints. However, they have the disadvantage 

of complexity of design, expense, and require 

maintenance regularly [15]. In active cooling, a fan or 

blower is usually used as the heat transfer element. This 

type of heatsink has very high efficiency. Of course, due 

to the higher price, it is less used than the passive type 

[16]. Extended surfaces used in cooling systems, which 

are commonly named fins, are utilized across all 

electronic application as arrays or heat sinks name. 

Generated heat transfers to the heat sinks by conduction 

heat transfer, and the transported heat dissipates through 

the environment around it via convection heat transfer 

[17]. Kim et al. [18] compared and evaluated the thermal 

characteristics of plate-fin and plate pin-fin heat sinks 

experimentally. Both of these models were subjected to 

a parallel airflow. They have discovered that there is a 

correlation between Nusselt number and the friction 

coefficient factor for both models of heat sinks. They 

also discovered that pumping power and length of the 

heat sink are important factors that affects heatsinks 

thermal performance. Ambreen & Kim [19] numerically 

experimented on and investigated the thermal 

characteristics of a square cylinder under a laminar flow. 

Scholten et al. [20] developed an empirical model in 

order to study the heat flow and heat transfer rate of a 

cylinder. This model also allowed them to study the 

velocity and velocity profile under a transverse flow. A. 

Bhattacharyya et al. [21] have performed numerical 

studies in order to predict the thermal behaviour of 

hexagonal cylinder under a cross-flow. They have 

discovered that both Nusselt number as well as Reynolds 

number have a significant effect on the intensity of the 

turbulence flow as well as the pressure coefficient in the 

flow regime. Benim et al. [22] investigated fluid passing 

around a circular cylinder. In this experiments they 

proposed several turbulence modelling strategy in order 

to simulate an incompressible turbulent fluid passing 

around the circular cylinder. Kitti et al [23] discovered 

that in plate pin heat sinks, pin fin configuration is an 

important parameter and has significant effects on 

thermal performance and airflow characteristic. They 

also discovered that changing fin characteristics such as 

fin shape, pin fin orientation, and the ratio of the distance 

between pin and plate-fin centre to pin fin size affects 

thermal performance, heat transfer coefficient and 

pressure drop.  

Nilpueng & Wongwises [24] investigated the twist ratio 

and perforation diameter and its influence on a model of 

PFHS with twisted tape. The results show that lowering 

the twist ration with the same perforation diameter has a 

positive effect on the enhancement ratio. Ahmet et al. 

[25] experimentally discovered that pin geometry such 

as height and other factors such as pin spacing and 

orientation is vital for better thermal performance in 

natural convection heat transfer. This experiment was 

performed with inline pin fin and plate heat sinks. They 

also discovered that the upward-facing orientation of 0° 

orientation angle has the highest heat transfer, while the 

lowest heat transfer rate was for the heat sink with the 

downward-facing 180° orientation angle. Emad et al. 

[26] experimented the thermo-hydraulic performance by 

changing the twist angle on a heat sink with square and 

hexagonal pin fin array under forced convection heat 

transfer. They discovered that by twisting the fins the 

thermal resistance decreases when compared to the non-

twisted pins. They have also concluded that increasing 

the twisting angle lowers the friction factor and pressure 

drop while also lowering the efficiency when compared 

to no twisted fins. Singh et al. [27] investigated the heat 

transfer and thermal-hydraulic performance of a heat 

sink with square micro pin fins under forced convection 

heat transfer. The results show that by increasing the fin 

height, thermal resistance decreases while pressure drop 

increases. Thermal performance and heat coefficient 

increase with the increase of fin height and Reynolds 
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number but it decreases with increasing fin spacing. The 

percentage of improvement in efficiency was observed 

to be about 2 to 9% due to the presence of fins on the 

impingement surface, flow mixing, disruption of the 

boundary layers, and augmentation of turbulent 

transport. Dnyaneshwar & Vithoba [28] investigated pin 

fin arrangement effectiveness on heat sink heat transfer 

characteristics. Davoudi et al. [29] numerically 

investigated the effects of using nanofluid on heat 

transfer in a conical spiral heat exchanger. The 

nanofluids used in this numerical simulation were 

aluminum oxide/water (Al2O3/water) and copper 

oxide/water (CuO/water). They have discovered from 

the results that enhancing the concentration of the 

nanofluid causes the pressure drop to increase and heat 

transfer rate is slightly increased by adding nanoparticles 

to the base water fluid in very low concentration. They 

also discovered that vortices formed at the top and 

bottom of the tube slightly increases by enhancing the 

concentration of nanofluids and this flow produces more 

power. 

While there are many different forms of heatsinks with 

different fin and pin arrangements, most models used are 

usually plate fin based heatsink or have circular pin fin 

arrangement. Rarely heatsink uses square shape, 

truncated cone or cone shaped pin in their designs. In 

this research, several new models of heatsinks are 

designed with the focus on different fin geometry and 

arrangement. These pin-fin based heatsink models 

consist of a plate fin heatsink and several other models 

of pin fin based heatsinks which were optimized in 

length, width, height and fin arrangement in order to 

produce optimized results and achieve better thermal 

performance and as well as to reach lover energy 

consumption. Most studies on heatsinks also tend focus 

on lower Reynolds numbers. In this research higher 

Reynolds number and therefore higher air velocity are 

considered for this study in order to study the effects of 

such high air velocity on thermal performance, pressure 

drop, energy consumption and Nusselt numbers. The 

purpose of this research is to numerically investigate 

these heatsink models in order to find out with models is 

suited for higher air velocity as well as compare thermal 

performance and energy consumption in height and 

relatively low Reynolds number. 

2 MODEL DESIGN 

The shape and geometric parameters of this model are 

based on the model of Yu et al. [30]. The types of 

heatsinks are shown in “Figs. 1 to 8” and the properties 

are shown in Table 1. These models were numerically 

tested. The distance between the pins and the fin is 

measured to be at least 1D and the distance between the 

pins is 10D. These models include the PFHS model, and 

PPFHS models with a circle, truncated, cone, and square 

pins. The Square PPFHS pins have three arrangements 

with the angles of 0,22.5, and 45 degrees which are 

shown in “Figs. 4, 7, and 8”. The computer model in this 

experiment is based on the model of Yu et al. [30], which 

is shown in “Fig 9”. 
 

Fig. 1 Heatsink model dimensions: (a): plate pin fin 

heatsink, and (b): circular pin fin heatsink. 

 
Fig. 2 Schematic diagram of circular PPFHS. 

 
Fig. 3 Schematic diagrams of PFHS. 
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Fig. 4 Schematic diagram of square PPFHS. 

 
Fig. 5 Schematic diagram of truncated cone PPFHS. 

 
Fig. 6 Schematic diagram of cone PPFHS. 

 
Fig. 7 Schematic diagram of square PPFHS with pin angle 

of 22.5 degrees. 

 
Fig. 8 Schematic diagram of square PPFHS with pin angle 

of 45 degrees. 

 
Fig. 9 Computer model of square PPFHS 

 
Table 1 Types of heatsink under numerical experiment 

Type of 

Heat sink 
Type of Pin 

Base 

Diameter (D) 

End 

Diameter 

Fin 

spacing 

Fin Height 

(H) 

Fin Thickness 

( ) 

Angle of 

pin 

PFHS N/A N/A N/A 5mm 10mm 1.5mm N/A 

PPFHS Circular 2mm 2mm 5mm 10mm 1.5mm N/A 

PPFHS Square 2mm 2mm 5mm 10mm 1.5mm 0 

PPFHS Truncated Cone 2mm 1mm 5mm 10mm 1.5mm N/A 

PPFHS Cone 2mm 0.1mm 5mm 10mm 1.5mm N/A 

PPFHS Square  2mm 2mm 5mm 10mm 1.5mm 22.5 

PPFHS Square 2mm 2mm 5mm 10mm 1.5mm 45 
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3 MATHEMATICAL EQUATION OF HEAT SINK  

MODEL AND NUMERICAL SIMULATION 

As shown in the geometric model, both region of the 

heat sink model (fluid and solid) participates in the 

numerical simulation of heat sink models. For this 

numerical simulation, the k-epsilon turbulent model is 

used to simulate the turbulent fluid flow in the heat sink 

passage. The mathematical Equation governing this are 

as follows: 

The dimensionless continuity, momentum, and energy 

Equation can be written as: 
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For the solid part of the thermal heatsink, the energy 

Equation is as follows: 
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The dimensionless parameters in the previous Equations 

can be found as: 
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The pressure difference is obtained from the following 

relation: 

 

in outp p p                                                                           (7) 

 

Heat sink heat resistance can be defined as follows [31]: 

 

 

 

th

T
R

Q


                                                                                    (8) 

T  is the temperature difference between the fin base 

and ambient air temperature, while Q shows the thermal 

power pumped to base of the heatsink fin. This Equation 

is used to measure the thermal performance of the heat 

sink models. In order to find the power needed to support 

the heat flux, the heat sink can be found via Sparrow and 

Ramsey [32] Equation: 

 

in pE U A p                                                                            (9) 

 

( 1)pA H N                                                                             (10) 

 

Reynold's number can be calculated using this Equation: 

 

Re HVD


                                                                           (11) 

 

And the Nusselt number can be calculated from: 

 

hhD
Nu

k
                                                                   (12) 

The downstream boundary is located at a distance L 

from the edge of the fin in the x direction to prevent 

backflow. In this simulation, the input and output 

boundary conditions of the pressure are assumed to be 

uniform. The two side walls are symmetrically adjusted 

using the periodic structure assumption. It is assumed 

that all enclosed walls, except the heating zone, have 

non-slip condition and are adiabatic. Furthermore, to 

simulate the heat transfer between the fin and base 

surfaces, the fluid is characterized as a wall-coupled 

condition, through which the process is performed 

automatically without external interference. The output 

of the model is pressure outlet and can be seen in “Fig. 

9”. The air current inlet is uniform with the velocity of 

6,8,10, and 12 m/s with constant flux conditions of 

0.5,1.5, and 2.5 watts per square centimetre. The 

ambient temperature is 294 kelvins.  

General computational fluid dynamics software has 

been selected for the heat sink model simulation. It is an 

advanced CFD software which offers many different 

turbulence models. The software uses a semi-implicit 

method for the pressure-related Equation algorithm 

(SIMPLE) based on a volume control program using a 

pressure-based solver. The Equation used to solve the 

turbulent flow of the k-epsilon method and the 

remainder for the continuity, momentum, energy, and k 

and epsilon Equations are less than 10-3, 10-5, 10-6, 10-3, 

10-3. 
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4 VALIDATION AND REVIEW OF RESULTS 

In order to validate the model, the laboratory and 

numerical model of Yu et al. [33] has been used, which 

can be seen in “Fig. 10 and Fig. 11”. Examination of 

these two shows that the result obtained is an acceptable 

value. For the Grid independence test for each of these 

models, the minimum of 234990 nodes was used in 

creating a triangular mesh model and the results showed 

that the properties change was less than 1 percent for the 

thermal performance when we increased the mesh from 

that number. 

 

 
Fig. 10 Results of experimental and numerical experiment 

of PFHS models. 

 

 
Fig. 11 Comparison of circular PPFHS between numerical 

and reference model. 

5 RESULTS AND DISCUSSION 

In this experiment, 7 models of heatsinks were compared 

under different velocity inputs and different heat fluxes. 

The peak temperatures of these different models are 

shown in “Figs. 12, 13, and 14” for each heat flux 

respectively. These figures show that the heat sink with 

angled square pins has the lowest peak temperature 

when compared to the rest of the models. The circular 

pin and square pin heatsink with 0 degrees' deflection 

angle has nearly the same peak temperature with the 

highest difference of fewer than 2 degrees Kelvin. The 

truncated cone pin heat sink is the next coldest heat sink, 

Because of its geometry and having less cross-area with 

air compared to the circular and square pin heatsink. 

This is the same for the cone pin heatsink.  

 

 
Fig. 12 Comparison of peak temperature between different 

models of heatsink with thermal heat flux of 0.5 W/cm2. 

 

 
Fig. 13 Comparison of peak temperature between different 

models of heatsink with thermal heat flux of 1.5 W/cm2. 
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Fig. 14 Comparison of peak temperature between different 

models of heatsink with thermal heat flux of 2.5 W/cm2. 

 

The plate-fin heat sink has the highest max temperature 

out of all of these models, having its highest temperature 

reaction near 400 Kelvin in one of the experiments. This 

result shows that even having a simple 3 pin per layer 

decreases the peak temperature by over 30 degrees in 

higher heat fluxes. Figures 15, 16 and 17 show the 

pressure drop between the inlet and outlet of the 

numerical model. The figures show that the square pin 

heatsinks have the most pressure drop when compared 

to the other heatsink models due to their shape and 

geometry. 

 

 
Fig. 15 Comparison of pressure drop between different 

models of heatsink with thermal heat flux of 0.5 W/cm2. 

 
Fig. 16 Comparison of pressure drop between different 

models of heatsink with thermal heat flux of 1.5 W/cm2. 

 

 
Fig. 17 Comparison of pressure drop between different 

models of heatsink with thermal heat flux of 2.5 W/cm2. 

 

It also shows that by tilting the pin in the square model 
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increase by at least 34 percent and 66 percent, 
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model changes between 30% up to 45% with the 

increase of inlet speed. It can be concluded that despite 

having nearly the same peak temperature, the amount of 

energy required for cooling the square pin fin heat sin is 

about 30 to 45 percent more than the circular pin fin heat 

sink. The other models are also shown here have less 

pressure drop due to their shape and geometry not 

obscuring the airflow between the fins compared to the 

circular and square shape models of pin fin heatsink. The 

truncated cone despite having a higher peak temperature 

consumes up to 27 percent less energy compared to the 

circular pin model. The cone-shaped pin fin heat sink has 

the least pressure drop when compared to the other pin-

based model heat skinks even though it has a higher peak 

temperature. The PFHT heatsink has the least pleasure 

drop due to having no obstruction for the airflow, 

therefore, uses the least energy comparatively but when 

comparing the peak temperature, it has the highest of all 

of the heatsink models. 

Figures 18, 19 and 20 show the Nusselt number of each 

of the models for different Reynolds number with 

different heat fluxes. Comparing the Nusselt number of 

these models shows that the Nusselt number of the 

truncated cone pin fin heat sink is only about 5 percent 

less than the circular pin fin heat skink while the Nusselt 

number of the cone-shaped pin heat sink is 10 to 11 

percent less than the circular model.  

 

 
Fig. 18 Comparison of Nusselt number between different 

models of heatsink with thermal heat flux of 0.5 W/cm2. 

 
Fig. 19 Comparison of Nusselt number between different 

models of heatsink with thermal heat flux of 1.5 W/cm2. 

 

 
Fig. 20 Comparison of Nusselt number between different 

models of heatsink with thermal heat flux of 2.5 W/cm2. 
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pressure figures, it can also be interpreted that the square 

shape and the circular shape pin fin heat sink work better 

in slower air currents. The highest Nusselt number 

belongs to the square pinned hit sin with a 45-degree 

deflection angle. This is due to the change of the angle 

in the square pin and how air contacts more surface area 

compared to the square pin with no deflection angle 

which would increase thermal performance. When 

compared to the circular and the square pin model with 

no deflection angle, by changing the deflection angle by 

22.5 and 45 degrees, the Nusselt number would increase 

by 7.6 and 11 percent for lower fluxes. In higher fluxes, 

the difference is increased to 10.3 and 14.2 percent, 

respectively. Truncated cone pin heat sink when 

compared to the circle pin heat sink has 2.6 percent up 

to 5.1 percent less Nusselt number.  

 

 
Fig. 21 Comparison of thermal resistance between different 

models of heatsink with thermal heat flux of 0.5 W/cm2. 

 
Figures 21, 22 and 23 show the thermal resistance of the 

models for different Reynolds number and different heat 

fluxes. The same explanation for the Nusselt number can 

also be attributed to the thermal resistance of each 

model. The square pin heat sink model comes on top 

with having the least thermal heat resistance out of all 

the heatsink models while the truncated cone and cone 

pin heatsink models have higher heat resistance due to 

having higher temperature compared to the models 

mentioned above. 

The thermal performance of the square model heat sink 

with 22.5- and 45-degrees deflection angle is increased 

by 9.6 and 12 percent when compared to the circular pin 

model heat sink. 

 

 
Fig. 22 Comparison of thermal resistance between different 

models of heatsink with thermal heat flux of 1.5 W/cm2. 

 

 
Fig. 23 Comparison of thermal resistance between different 

models of heatsink with thermal heat flux of 2.5 W/cm2. 
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Figures 24, 25, and 26 show the energy consumption for 

each of these heatsink models. The square-shaped pin 

heatsink model uses the most energy and the PFHS uses 

the least amount of energy.  

 

 
Fig. 24 Energy consumption comparison between different 

models of heatsink with thermal heat flux of 0.5 W/cm2. 

 

 
Fig. 25 Energy consumption comparison between different 

models of heatsink with thermal heat flux of 1.5 W/cm2. 

 
Fig. 26 Energy consumption comparison between different 

models of heatsink with thermal heat flux of 2.5 W/cm2. 

 

The geometry and the shape of the pin between the fin 

in the heatsink have a profound effect on pressure drop 

that even changing the angle of attack will increase the 

pressure drop considerably. This correlates to the 

amount of energy used for cooling these models of heat 

sinks. Figures 27 to 32 show the thermal contours of the 

different models of heat sink under the same velocity 

and heat flux of 8 m/s and 1.5 watts per centimeter 

square. The air passing through between the fins gets 

heated up by the fins and the pins. It also shows how are 

the transfers between the fin and pins and the air by 

convection. When comparing the circle-shaped pin, the 

size of the area decreases for the truncated cone and the 

cone pin model heatsink thereby increasing maximum 

temperature but reducing pressure drop compared to the 

regular circle-shaped pin heat sink model. it also shows 

that by turning the pin in square model heatsinks, it can 

reduce maximum temperature while increasing pressure 

drop.  

 
Fig. 27 Temperature contour of Circle Pin Heatsink model 

with the velocity of 8 m/s with thermal heat flux of 1.5 W/cm. 
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Fig. 28 Temperature contour of truncated cone pin heatsink 

model with the velocity of 8 m/s with thermal heat flux of 1.5 

W/cm2. 

 
Fig. 29 Temperature contour of cone Pin Heatsink model 

with the velocity of 8 m/s with thermal heat flux of 1.5 

W/cm2. 

 
Fig. 30 Temperature contour of 45-degree angle square Pin 

Heatsink model with the velocity of 8 m/s with thermal heat 

flux of 1.5 W/cm2. 

 
Fig. 31 Temperature contour of 22.5-degree angle square 

Pin model with the velocity of 8 m/s with thermal heat flux of 

1.5 W/cm2. 

 
Fig. 32 Temperature contour of square pin heatsink model 

with the velocity of 8 m/s with thermal heat flux of 1.5 

W/cm2. 

Figures 33 to 38 show the velocity of the heat sin models 

with the velocity of 8m/s. It shows how the air interacts 

with the pin between the fin in these heatsinks models. 

Also shows us how the air current moves around the 

pins. The circle model air current counter is similar to 

that of a cylinder with the difference that the diameter 

changes with height change. The square models show 

how the air staggers when approaching the square pin. 

This staggering increases by changing the angle of the 

square pin. 

 

 
Fig. 33 Velocity contour of 45-degree angle square Pin 

Heatsink model with the velocity of 8 m/s with thermal heat 

flux of 1.5 W/cm2. 

 
Fig. 34 Velocity contour of 22.5-degree angle square Pin 

model with the velocity of 8 m/s with thermal heat flux of 1.5 

W/cm2. 

 
Fig. 35 Velocity contour of square pin heatsink model with 

the velocity of 8 m/s with thermal heat flux of 1.5 W/cm2. 

 
Fig. 36 Velocity contour of truncated cone pin heatsink 

model with the velocity of 8 m/s with thermal heat flux of 1.5 

W/cm2. 
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Fig. 37 Velocity contour of cone Pin Heatsink model with 

the velocity of 8 m/s with thermal heat flux of 1.5 W/cm2. 

 
Fig. 38 Velocity contour of Circle Pin Heatsink model with 

the velocity of 8 m/s with thermal heat flux of 1.5 W/cm2. 

6 CONCLUSIONS 

In this Numerical experiment, several models of 

heatsinks with different pin models (except for the 

PFHS) were compared in different factors such as peak 

temperature, heat resistance, thermal performance, and 

energy consumption. The results are as follows: 

1- With the increase of Reynolds, number increases flow 

resistance and therefore it will increase the pressure drop 

in each model of the heatsink. The square pin has the 

most pressure drop out of all of these models due to its 

geometry therefore it consumes the most energy when 

compared to the other models. 

2- By changing the angle of attack, the pressure drop for 

the square pin heatsink increased due to more air hitting 

the pins. This increase for 22.5 and 45 angles of 

deflection is measured to be at least more than 34 and 66 

percent compared to the square pin heatsink model with 

zero angles of deflection. 

3- The cone-shaped pin fin heat sink model has less 

Nusselt number compared to the rest of the models but 

consumes the least amount of energy for cooling. 

Therefore, it is far more economical to use these models 

at higher velocity compared to the other models of 

heatsinks. 

4- The PFHS has the least pressure drop due to having 

no pin in front of the air current making it ideal for 

certain heat sink designs. It has the highest thermal 

resistance and the lowest Nusselt number compared to 

the rest of the models. It also shows that adding a simple 

3 pins for each layer of the heatsink thermal performance 

by at least 28 percent. 

5- The truncated cone and cone model show us that 

changing the model’s geometry can help us reduce 

pressure drop with the sacrifice of little thermal 

performance. 

6- Changing the angle of deflection for the square by 

22.5 and 45 degrees increases the thermal performance 

of the square pin heat sink by at least 9.6 and 12 percent 

respectively compared to the regular square pin heat sink 

model.  

7 APPENDIX OR NOMENCLATURE 

Nomenclature Greek symbols 
Latin Symbols P     Dimensionless 

pressure 

A       Areas [m2]   Constant In the 

turbulent model 

C   Constant in turbulent 

model 
     Fin spacing [mm] 

H       Height [m]      Differential 

L     Distance from base In 

x-direction [m] 


    Viscosity [

2. /N s m
] 

N            Fin number [-] 
     Density [

3.kg m
] 

p             Pressure [Pa]  Dimensionless 

temperature 

E        Pumping power [W] Subscripts 

Q         Heating power [W] i, j Repeated-subscript 

indices 

R        Resistance [
1.K W 
] in       Inlet 

Re       Reynolds number [-] t         Turbulent Flow 

T         Temperature [K] out      Outlet 

x, y, z Cartesian coordinates th       Thermal 

X, Y, Z Dimensionless 

Cartesian Coordinates 

p        Flow passage 

U, V, W Dimensionless 

velocity 

s         Solid 

HD     Hydraulic diameter w        Wall 

Nu       Nusselt Number f          Fluid 
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