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Figure 53: Bar graph showing heatsink and their corresponding thermal resistances.  

 

 
Figure 54: Bar graph showing heatsink and their corresponding pressure drops. 
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4.4. Result Discussion 

 Data results from Figure 61 collected from the numerical simulation 

run was analyzed using bar graphs. For better heatsink performance, a low 

thermal resistance and pressure drop value is desired. The heatsinks simulated 

were compared to the traditional rectangular plate heat sink widely used in 

electronic cooling. Based on the thermal resistance performance parameter of 

heatsinks, the square zig-zag plate heat sink shown in Figure 29 performed the 

best. Meaning this heatsink model in comparison to the other heatsinks simulated 

in this study possessed the least resistance to the transfer of thermal energy 

between the heatsink (conduction from heat source) to the working fluid(air). The 

separated short plate heat sink according to the simulation run on the other hand 

possessed the lowest pressure drop. Meaning, for the heatsink models generated, 

the separated short plate heatsink requires the smallest (usually cheaper) fan size 

for operation at the simulation parameters set. This factor is mostly important 

when the cost of operation in using a heatsink is considered since a bigger fan 

would usually cost more. 
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CHAPTER 5: CONCLUSION 

The overall goal of this research project was to generate a numerical 

method of testing different heatsink geometries using CFD software and also 

generate simple and exotic heatsink fin designs that improve the thermal 

performance of the heatsink studied in this project. Some proposed models by 

other researchers in this field were tested for verification. The traditional 

rectangular plate fin heat sink widely used by thermal engineers for electronic 

cooling was set as the base of performance comparison since most researchers 

believe this model heatsink to be efficient both in performance and ease of 

manufacturability.  

The two performance evaluating parameters were thermal resistance and 

pressure drop. The thermal resistance and pressure drop values for the base case 

rectangular plate heatsink were 0.45 K/W and 33.27 Pa respectively.  Thirteen 

models were simulated and compared to the rectangular plate fin heatsink. 

Considering the thermal resistance performance parameter four out of the thirteen 

models generated performed better. These models and their thermal resistance 

values are the separated short plates (0.40 K/W), Airfoil plate (0.40 K/W), Airfoil 

pin (0.37 K/W), and square zig-zag plate (0.25 K/W). For the pressure drop 

evaluating parameter, eight of the heatsinks tested were found to require a lower 

pressure drop. These models are the radial plate heatsink (27.44 Pa), cross pin 

heatsink (24.83 Pa), hexagonal pin heatsink (29.76 Pa), mixed shapes plate 

heatsink (25.89 Pa), pin-plate heatsink (32.41 Pa), separated short plates heatsink 

(11.94 Pa), airfoil plate heatsink (22.28 Pa), and airfoil pin heatsink (22.47 Pa).  
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From the results obtained, it can be concluded that numerical simulation 

methods/tools including CFD software (STARCCM+) proves to be a cheaper, 

safer and viable way of testing heatsink performance. Also, with improved 

manufacturing methods like 3D/ additive printing techniques, complex and exotic 

heatsink fin models that improve cooling of electronic devices can be 

manufactured. 
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CHAPTER 6: FUTURE WORK 

 
Future works include optimizing heat sink performance by running 

simulations on exotic or more complex heat sink designs using knowledge from 

heat transfer, fluid mechanics, and additive manufacturing/ 3D manufacturing 

capabilities. Other suggestions for future work include: 

• Conduct study by running simulation using different working fluid. 

• Determine the optimal number of fins for both plate and pin fin heat sinks 

geometries for maximum performance. 

• Run CFD simulation with the flow in the Turbulent regime and analyzed 

the difference in result between laminar regime.  

• 3D print and conduct experimental test on heat sink models generated. 

• Conduct flow analysis to better understand flow mechanism through the 

fins of heat sinks. 
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CHAPTER 7: APPENDIX 

 

 7.1. Reynolds-Average Navier-Stokes Equation  
            

  The Reynolds-Average Navier Stokes equation represents a method of 

depicting fluid flow within a system. This equation is derived from the Navier-

stokes equation and is capable of predicting the flow velocity without averaging 

it across a time-step. A combination of the RANS, conservation of mass, and 

energy equations formulate the basic equations used in modeling practical fluid 

flows in CFD software tools. With right turbulence models selected this solver or 

method can be adopted for future work on simulating heatsink models with 

turbulent flow in STARCCM+.  

7.2. Procedure for running heatsink CFD simulation in STARCCM+:  

• Generate CAD model in Solidworks or Preferred CAD software.   

o Save file as .x_t or .x_b file. (Parasolid format) 

• Import or Load Heatsink file into STARCCM+.   

o Right-click on 3D-CAD Model 

§ Import 

§ CAD model  

• Create Fluid domain around heatsink(solid).   

o Create rectangular sketch around the heatsink. 

§ Right-click yz plane  

§ Create a sketch to the preferred dimension. 

o Extrude sketch. 

§ Right-click on sketch 1 

§  Create Extrude 
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§ Make sure body intersection is “None” for conjugate heat 
sink method. 

• Extract External Volume.  

o Right-Click on Body 2 

§ Extract external volume 

§ Click OK 

• Rename Body parts. 

o Body 1: Solid 

o Delete Body 2  

o Body 3: Fluid  

•  Name Boundaries.  

o Flow Inlet       

o Flow Outlet 

o Right 

o Left   

o Top 

o Bottom (Fluid region bottom surface) 

o Solid_bottom (Representing heatsink bottom where heat source is 
applied) 

• Load Simulation  

o Close 3D CAD  

o Right click on 3D CAD model  

§ New Geometry Part  

§ OK 

• Assign Parts to Region  

o Right click on Parts under Bodies 

o Fluid  

§ Assign Parts to Region 
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§ Make sure to select both fluid and solid 

§ Click on Create a region for each part and Create boundary 
for each part surface 

• Select Meshing Models  

o Click on Continua  

§ Mesh 1 

§ Models 

§ Select the following meshing Models 

• Surface remesher  

• Polyhedral mesher  

• Generalized cylinder  

• Extruder 

• Embedded thin mesher 

§ Click on continua 

• Reference value 

o Base size  

§ Select appropriate base size 
(0.001m) 

• Select Physics Models  

o Click on Continua > Select Physics twice for Physics 1(Fluid) and 
Physics 2 (Solid)  

o Select the following models for Physics 1 (Fluid): 

§ Three Dimensional 

§ Steady  

§ Gas 

§ Segregated Flow 

§ Gradients  

§ Laminar 

§ Ideal Gas  
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§ Segregated Fluid Temperature 

§ Gravity 

o Select the following models for Physics 2 (Solid): 

§ Constant Density 

§ Gradients  

§ Segregated Solid Energy  

§ Solid  

§ Steady 

§ Three Dimensional  

• Set Physics Continuum for Solid and Fluid region 

o Click on Solid under Regions Tab 

§ Change Physics continuum to (Physics 2) 

§ Keep Physics continuum of Fluid as (Physics 1) 

 

• Set Boundary Conditions  

o Set Fluid boundary conditions as: 

§ Bottom (Wall) 

§ Default (Wall) 

§ Flow Inlet (Velocity inlet) 

§ Left (Symmetry plane) 

§ Outlet (Flow-Split Outlet) 

§ Right (Symmetry Plane) 

§ Top (Symmetry Plane) 

o Set Solid boundary conditions as: 

§ Solid_bottom (Thermal Specification > Heat source) 

§ Heat Source (100W) 

• Run Mesh 

o Click on Cube next to green flag to generate mesh  
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• Setup Results Display (Scalar Scene)  

o Click on Derived parts>New Part>Section>Plane  

• Initialize Solution 

o Click on initialized solution 

o Click run 

 
7.3. Additional validation case heat sink results. 

 
                Figure 55: Validation case heatsink numerical and experimental data results. 
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7.4. Preliminary Results for simple geometry heatsinks simulations run. 

 
             Figure 56: Semi-Circle pin heatsink temperature result. 

 

 
              Figure 57: Trapezoidal plate heatsink temperature result. 
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               Figure 58: Mesh sensitivity test rectangular plate heatsink temperature result. 

 

 

 

 
              Figure 59: Sample Shark-fin heatsink test simulation results. 
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              Figure 60: Sample Shark-fin heatsink Test2 simulation temperature result. 

 

 

 

 

 
                    Figure 61: Data results from STARCCM+ heatsink simulations. 
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GLOSSARY 
 

This section of the thesis provides definitions and descriptions of the 

primary engineering related terms used. 

 

• Additive Manufacturing/3-D Printing: process used to create a three-

dimensional object by using layers of materials under computational 

control.  

• Aspect Ratio: the ratio of width to height. 

• Computational Fluid Dynamics (CFD): is a branch of fluid mechanics 

that uses numerical analysis and data structures to solve and analyze 

problems that involve fluid flows. 

• Computer Processing Unit: an electronic component within a computer 

that carries out instructions that is input into it. 

• Conjugate Heat transfer: Method of heat transfer modeling that allows 

simulating of both solid and fluid interaction simultaneously to provide 

accurate results. 

• Heat Flux: Amount of heat transfer per unit area to or from a surface. 

• Heat Source: Object that can heat up another object or space. 

• Kinetic Energy: energy possessed by an object or body due to its motion. 

• Laminar Flow: occurs when fluid flows in parallel layers with no 

disruption between the layers.  

• Mean Absolute Percent error: Measure of comparing accuracy of 

results in a study. 
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• Nanofluid: a fluid containing nanometer-sized particles typically made of 

metals, carbides, oxides, or carbon nanotubes. 

• Nusselt Number: the ratio of convective to conductive heat transfer 

across a boundary. 

• Pressure Drop: difference in pressure between two points within a fluid 

carrying medium or object. (inlet and outlet). 

• Reynolds Number: dimensionless quantity used to predict flow patterns 

in different fluid flow situations. 

• Simulation: imitation of a situation or process. 

• Thermal Resistance: the ability of a material or device to resist the flow 

of thermal energy (heat).  

• Topology: Study of geometric and space properties that are preserved 

under continuous deformation.  
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NOMENCLATURE 
 

 A       = heat transfer surface area 

 b        = Width of the heat sink gap (m) 

CAD   = Computer Aided Design 

CFD   = Computational fluid dynamics 

CHT   = Conjugate Heat Transfer  

CPU   = Central Processing Unit 

  D      = Diameter 

 Dh      = Hydraulic diameter (m) 

 H       = Height of fin (m) 

  ƒ       = Fully developed laminar flow friction factor  

 ƒapp      = Apparent friction 

 Kc      = Coefficient of contraction 

 Ke      = Coefficient of expansion 

 KH     = Kinetic energy 

  L      = Total length of fin (m) 

MAPE = Mean Absolute Percent Error (%) 

  N      = Number of fins 

  ⊝     = Thermal impedance  

Pin      = Inlet Pressure (Pa) 

Pout     = Outlet Pressure (Pa) 

ΔP      = Pressure Drop (Pa)   

ρ        = Density (kg/m3) 

Q        = Power supply (W) 

Re      = Reynolds Number 

T base   = base temperature (K) 
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T amb   = ambient temperature (K) 

 µ        = dynamic velocity 

 V       = Velocity (m/s) 

Vch      = Heat sink channel velocity (m/s) 

 ∇       = Gradient operator 

 

 

 

 

   

 	


