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In heat transfer problems, when a surface temperature, Tsurface,
and an ambient temperature, Tsurrounding, are fixed by design
considerations, a practical alternative to increase the rate of convection is
to attach to the hot surface, extended surfaces, called "fins" made of
highly conductive materials such as aluminum. Finned surfaces are
manufactured by extruding, welding, or wrapping a thin metal sheet on a
surface. Fins enhance heat transfer from a surface by several fold by
exposing a larger surface area to convection and radiation.
A practical example of a finned surfaces are heat sink used in
electronic cooling components used in most desktop computers.
This project analyzes the rate of heat transfer from the surface of
rectangular surfaces with five fins (Heat Sink) by using two different
fluids, air and water, in forced convection inside a channel. Also a
discussion of the effectiveness of fins in fluids with low convection heat
transfer coefficient like air and fluids with high convection heat transfer
coefficient like water is presented. Even though, some theoretical
approaches have been formulated for the analysis of fin problems, the
heat transfer coefficient has to be defined or estimated. This coefficient
has to be obtained from experimental studies or numerical ones. CFD
analysis is used here to solve this conjugate heat transfer problem by
solving the fluid flow and the conduction problem in the solid fin domain,
and then, heat transfer rate is calculated as a post-processing by
integrating the heat flux over the area of the fins. The project presents a
classical heat transfer problem and shows the convenience of performing
CFD analysis to compute the heat transfer rate, but at the same time,
present the conservation equations involved in the analysis and describe
the CFD methodology for engineering analysis, using STAR CCM+.

Figure 4: Temperature field and velocity vector plot using Air as a cooling fluid

Results for a System using Water as a cooling Fluid
The rate of heat transfer from the surface plate and from
the fins to the Water is 810.29 W.

STAR CCM+ is used to solve the problem numerically. The flow is
assumed steady, incompressible and turbulent. K-Epsilon Turbulence
model, Segregated Flow, Segregated Fluid Temperature is used. For the
Fin domain, Segregated solid energy is used. The mesh used to solve the
problem consisted of 182258 polyhedral cells for the Channel domain and
102035 polyhedral cells for the Fin domain, after performing a grid
independent test.

Figure 5: Rate of Heat Transfer in the system using Water as a cooling fluid..

When comparing Figure 4 with Figure 6 there is a remarkable
difference in the temperature field. When the fluid is air the
temperature in the fins are nearly uniform with approximately 5°C
difference between the top and bottom temperatures. For the
water case as a cooling fluid, the temperature difference is
approximately 70°C. When the fluid is water the temperature
drops along the fin significantly and reaches the fluid
temperature approximately at mid-length of the fins. Part of the
fin beyond this length does not contribute to heat transfer since it
is at the temperature of the fluid. Therefore, if water is used
instead of air for a similar design of heat sink, the length of fins
should be reduced since it results in material waste, excessive
weight, in fact, such a long fin will hurt performance since it will
suppress fluid motion and thus will reduce the convection heat
transfer coefficient.
From theoretical calculations of a flow over a flat plate, the
heat transfer for the case of a flat plate is 1.1 W for air and 265
W for water. The rate of heat transfer in the fin system with air as
the working fluid increases to 14.12 W, 12.8 more times; The
rate of heat transfer in the fin system with water as the working
fluid increases to 810.29 W, 3 more times. These results leads
to the conclusion and confirms that water, in contrast to air, has
a higher capacity to absorb energy and provide a higher
convection heat transfer. However, the use of fins in water is not
justified since the fins do not contribute effectively to the
convection heat transfer. This conclusion is also addressed from
theoretical consideration in classical heat transfer courses.
With the obtained results, it is clear that the use of fins is
more effective in applications involving a low convection heat
transfer coefficient like in air. Thus, the use of fins is more easily
justified when the medium is a gas instead of a liquid.

In this project, the commercial software, STAR CCM+ has
been used to demonstrate how CFD analysis of a typical
conjugate heat transfer problem is employed as a design tool as
well as a numerical laboratory to complement theoretical
concepts taught in heat transfer courses.

Two regions are defined. One region for the fluid domain, the
Chanel region, and another region for the fins domain, the Fin region.
Two different Physics are set. For the Channel region, Navier-Stokes
equations and energy equations are solved. For the Fin region, only the
energy equation is solved, that for this case reduces to the Laplace
equation.
Figure 1: Fin Dimensions

Figure 2: Mesh

Figure 6: Temperature field and velocity vector plot with Water as a cooling fluid.

Results for a System using Air as a cooling Fluid

In recent years, it has become important to introduce the
fundamentals concepts of CFD in undergraduate fluid mechanics
and thermal sciences courses due to the changing requirements
of the job market for graduating engineers. Many of the
graduating engineers will use CFD in their jobs, whether they
know anything about CFD or not!.

The rate of heat transfer from the surface plate and from the fins
to the air is 14.12 W.

Figure 7: Fin Surface Temperature
using Air as a cooling fluid.

Figure 3: Rate of Heat Transfer in the system using Air as a cooling fluid.

Students are exposed to the CFD methodology of generating
the geometry, meshing the domain, defining the appropriate
physics of the different regions under consideration, defining and
implementing the corresponding boundary conditions, solving the
problem iteratively and performing post-processing for analysis of
results.

Figure 8: Fin Surface Temperature
using Water as a cooling fluid.
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