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A two-phase computational study extending the analytical framework of Dr. Abbas (2024) on
longitudinal rectangular fins, using SolidWorks Simulation and Flow Simulation on a custom
6-fin chord-array heat sink geometry.

Important values/dimensions: Circular copper base plate: 120 mm outer diameter, 20 mm

height

Hub outer diameter: 60 mm

Number of fins: 6, parallel chord arrangement

Fin height: 80 mm (vertical)

Fin taper: 5.84 mm thickness at root, 4.22 mm at tip, 5 degree taper angle
Chord lengths: 51.99 mm (outermost pair), 98.94 mm (middle pair), 117.38 mm
(innermost pair)

Fin separation: 15.60 mm uniform

Total fin volume: 215.99 cm?

Perforation diameter: 3 mm circular, staggered dual-row

Perforation row heights: 20 mm and 50 mm from hub top face
Perforations per fin: 4 (outermost), 10 (middle), 12 (innermost) [52 total]
Material removed by perforations: 1.85 cm?® (0.86% of total fin volume)
Heat input: 100 W surface source at copper base bottom face

Convection coefficient: 15 W/m?2K uniform, all exposed surfaces

CFD inlet velocity: 3 m/s

CFD fluid: air at 300 K, 101325 Pa

Phase 1 established baseline thermal performance using FEA - temperature distribution,
heat flux, and fin efficiency under 100W heat input with natural convection.

Phase 2 introduced four targeted investigations the source paper omits entirely. Perforation
geometry study: staggered dual-row circular perforations reduced thermal resistance by
4.3% while removing only 0.86% of fin volume.
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Conjugate (partial) CFD: Flow Simulation at 3 m/s revealed actual convection
coefficient of 25.04 W/m?K against the classically assumed 15 W/m3K - a 67%
underestimation by uniform-h theory.

Thermo-structural coupling: thermal gradient generates 22 MPa fin root stress (FOS
= 12.5 for Al 6061). Neither Abbas et al nor any of its 48 references computes
structural consequences of thermal gradient.

Material selection map: Magnesium AZ31, recommended by the paper as thermally
optimal, carries 27% lower structural safety margin than Al 6061 under identical
loading - a trade-off invisible to purely thermal analysis.

A thermal-structural merit index Q/(Volume x sigma_max) ranks perforated geometry
above plain across all metrics.

Tools: SolidWorks Simulation (thermal FEA, static structural), SolidWorks Flow Simulation.
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non perforated heat sink (phase 1): only temperature distribution
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non perforated heat sink (phase 1, but tapered), res. temp gradient
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perforated heat sink (phase 2), von mises stress
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perforated heat sink (phase 2), displacements
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£5 Results Summary

Model:  heat sink for simulation assy. SLDASM
Project Directory:  C:\Userst\ARNAY KUMAR\OneDrive\Documents1

Project Mame:

File Type
lteration 71
Physical ime
CPUtime 302 s
Total cells
Fluid cells
Solid cells

Trimmed Cells

Fluid cells contacting solids

rev a-3mps

Configuration: Default
Results File: ChUsers\ARNAV KUMAR\OneDrive\Documents\141.fid
Version: Flow Simulation 2024 [ 6234

FLD

Os

76675
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Maximum refinement level 4

X min
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X size
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-0.048 m
0117 m
-0.080 m
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High Mach number flow Mo

Time-dependent

Mo

Heat Conduction in Solids Yes

Radiation Mo

Porous Media Mo

Internal Mo

Gravity Mo

Basic Mesh Dimensions Mx =8, Ny=38 Nz=10
Pressure [102227.20 Pa; 102804.39 Pa]

WVelocity [0m/s; 19.024 m/s]

Temperature [293.08 K; 349.00 K]

Density (Fluid) [1.03 kg/m™3; 1.22 kg/m™3]
Reference pressure 10132500 Pa
Calculation warnings:

Conflict boundary conditions  Single flow condition in the closed subdomain

Save As
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results summary of cfd

meshing parameters: globall-3

locall,2: 4,3

kept low for computer rendering
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