WHITE PAPER

The Role of CFD in Real Life Designs

Inspiration

SUMMARY

This paper relates two heat sinks, a medical suction device, a house-
hold oven, and an industrial control valve as examples that illustrate
how SolidWorks® Flow Simulation can help design engineers create
the best possible product designs when dealing with heat transfer and
fluid flow problems. SolidWorks Flow Simulation is an intelligent, easy-
to-use computational fluid dynamics (CFD) program that will facilitate
the work of design engineers who use SolidWorks for design creation.

SolidWorks



Very often, CFD programs are very
complex and difficult to use, espe-
cially by design engineers who have
not had a great deal of advanced
education in the physics of fluid
flows. SolidWorks Flow Simulation
offers intelligent, easy-to-use

CFD to design engineers who use
SolidWorks for design creation.

THE ROLE OF CFD IN REAL LIFE DESIGNS

The SolidWorks Flow Simulation Approach

Heat transfer problems always crop up when design engineers work on elec-
tronic products that can be damaged easily by overheating. Heat sinks solve
the overheating problem—but what's the best heat sink design and placement
for a given electronic device? And how can a design engineer choose the best,
most cost-effective heat sink for his purpose without building and breaking
many costly prototypes?

Completely different kinds of problems occur when designing a medical suc-
tion device for an application that needs the highest possible flow rate for

a given pressure drop (suction), with limited recirculation within the device,
and the most uniform velocity profile possible at the suction head. Again, the
question arises of how to choose the best design in the most cost- and time-
effective way.

And the same principles hold true for consumer products, such as baking
ovens, and for industrial equipment that includes control valves.

The examples mentioned above are problems that design engineers may face
in their day-to-day work, and are also highly representative of the everyday
problems encountered by designers of many different products.

Computational fluid dynamics (CFD) is a simulation tool that can be of great
assistance in solving such problems. Very often, however, CFD programs are
very complex and difficult to use, especially by design engineers who have
not had a great deal of advanced education in the physics of fluid flows.
SolidWorks Flow Simulation offers intelligent, easy-to-use CFD to design
engineers who use SolidWorks for design creation.

Design 1: Heat sink for external electronic device

The first heat sink is meant for a piece of electronic equipment—say a sur-
veillance camera—that will be used on the exterior of buildings. To protect
it from the elements, the device has to be well sealed—but with no venting,
most of the heat transfer will take place through one side of the enclosure
only. The heat sink in this case has to aid in removing the heat. The manu-
facturer of the device has decided on an off-the-shelf heat sink, and its
design can't be changed.

How can the design engineer find cost-effective ways to increase the cooling
within such circumscribed parameters?

Starting with a SolidWorks model of the commercial heat sink (Figure 1), the
designer can see that, as the force of gravity acts downwards, the heat from
the enclosure will be conducted to the heat sink’s fins, and removed by lighter
air rising—that is, natural convection. To test a “shield” design, the designer
places a cover over the heat sink and then needs to determine whether that
will generate a chimney effect—creating more air flow, and thus cooling the
electronic product more effectively.



With SolidWorks Flow Simulation,
the design engineer uses the pro-
gram'’s Project Wizard to set up the
flow analysis.
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FIGURE 1: MANDATED HEAT SINK

With SolidWorks Flow Simulation, the design engineer uses the program’s
Project Wizard to set up the flow analysis. The Project Wizard lets the designer:
define the unit system to be used, the fluid as air, and the type of analysis as
an external conjugate heat transfer problem; apply gravity to drive the flow for
the free convection; input the ambient temperature and pressure conditions;
and select the desired result resolution automatic meshing level—all within a
single, easy-to-use interface.

The next step takes the engineer to the SolidWorks Flow Simulation analysis
tree, where he can apply the heat power load on the heat sink with a simple
right-click menu option that also walks him through setting the location for the
load and power input.

Finally, the design engineer defines the overall design objectives of the analy-
sis, maximum heat sink temperature, and maximum air velocity as goals, mak-
ing it possible for him to monitor those values during the calculation and create
a table of the computed values when the analysis has been completed.

FIGURE 2: HEAT SINK WITHOUT SHIELD HEAT SINK WITH SHIELD

TO DETERMINE WHETHER THE HEAT SINK WILL PERFORM BETTER WITH OR
WITHOUT THE SHIELD, THE DESIGN ENGINEER RUNS A SOLIDWORKS FLOW
SIMULATION CFD ANALYSIS
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Parameter Without Shield With Shield

Temperature | (°C) 62.0 55.9

TABLE 1: COMPUTED AVERAGE TEMPERATURE FOR EACH VERSION OF THE DESIGN

Without Shield . With Shield
FIGURE 3: ANALYSIS RESULTS, SHOWING VELOCITY CUTS. WARMER COLORS
INDICATE HIGHER VERTICAL VELOCITY. THE DESIGN WITH THE SHIELD HAS
GREATER VELOCITY AROUND THE HEAT SINK FINS.

Without Shield With Shield

FIGURE 4: VELOCITY CUTS THROUGH A VERTICAL SECTION. RESULTS SHOW
THAT THE VERSION WITH THE SHIELD DEMONSTRATES FAR GREATER VELOCITY

WITHIN THE MODEL.

Without Shield With Shield

FIGURE 5: TEMPERATURE CUTS THROUGH A CROSS-SECTION. THIS RESULT
PROVES THAT THE MODEL WITH THE SHIELD TRANSFERS MORE HEAT TO THE AIR.



To define the fan in this forced flow
analysis, the designer can choose
the appropriate fan profile from

a list available in the Engineering
Database built into SolidWorks
Flow Simulation.
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‘Without Shield With Shield

FIGURE 6: SOLID TEMPERATURE CUTS THROUGH A CROSS-SECTION. THESE
RESULTS SHOW THAT THE MODEL WITH THE SHIELD IS DRAMATICALLY COOLER,
WITH TEMPERATURES IN A RANGE FROM 55°C TO 57°C. THE HEAT SINK WITHOUT
THE SHIELD HAS TEMPERATURES ENTIRELY ABOVE THE 55°C TO 57°C RANGE.

The SolidWorks Flow Simulation studies show that the addition of a shield
to a vertically mounted heat sink produces a significant increase in cool-
ing—with a 10.9 percent decrease in average temperature when the two
designs are compared.

Design 2: Heat sink for the main chip in an electronic enclosure

The second heat sink needs to protect the main chip, installed with other elec-
tronic components, in an electronic enclosure. In this case, the design engineer
needs to identify and select the best heat sink shape for the purpose.

Fig 1. Elecironic enclosure

FIGURE 7: ELECTRONIC ENCLOSURE MODEL

The design shown in Figure 7 is a SolidWorks assembly model of the elec-
tronic enclosure, including the main heat sink. An installed fan blows air into
the enclosure, through the heat sink, and out through the outlet slots to cool
the heated electronic components by forced convection. Which of two differ-
ently shaped commercially available heat sinks results in the lowest main chip
temperature?

The design engineer can determine this with SolidWorks Flow Simulation in a
very straightforward way. As in the previous analysis, the design engineer uses
the Project Wizard to set up the internal conjugate heat transfer problem. To
define the fan in this forced flow analysis, the designer can choose the appro-
priate fan profile from a list available in the Engineering Database built into
SolidWorks Flow Simulation.
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Next, the designer uses volumetric heat sources to represent the components
heated during use and sets goals of maximum and average temperatures

of both the main chip and heat sink. When the analysis has been completed,
he can view the resulting temperatures both as surface plots on the electri-
cal components, and as cut plots through the fluid and solids. The design
engineer can also create velocity vectors that make it easier to visualize flow
patterns through which the fan blows air over the heat sink and around the
entire enclosure.

No2

NO. 1 AND NO. 2: COMPETING SHAPES OF THE HEAT SINK SOLIDWORKS
FLOW SIMULATION HELPS ENGINEERS COMPUTE THE TEMPERATURE OF
THE ELECTRONIC ENCLOSURE.

Parameter Heat sink No.1 Heat sink No.2
Main | ... °F 94.6 80.9
chip [ o 94.2 80.6
Heat | .., °F 94.5 80.8
sink [ op 94.1 80.4

TABLE 2: COMPUTED MAXIMUM AND AVERAGE TEMPERATURES OF THE MAIN
CHIP WITH EACH OF THE TWO HEAT SINKS

FIGURE 8: ANALYSIS RESULTS IN A TEMPERATURE CUT PLOT, SHOWING THE
FRONT VIEW, AS OBTAINED FOR HEAT SINK NO. 1. THE 30-COLOR PALETTE
SHOWS TEMPERATURES IN THE 50°F TO 100°F RANGE.

FIGURE 9: TEMPERATURE CUT PLOT, SHOWING THE TOPVIEW, AS OBTAINED FOR
HEAT SINK NO. 1
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FIGURE 10: TEMPERATURE CUT PLOT, SHOWING THE SIDE VIEW, AS OBTAINED
FOR HEAT SINK NO. 1
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FIGURE 11: THE VELOCITY VECTORS, SHOWING A SIDE VIEW, AS OBTAINED FOR
HEAT SINK NO. 1

FIGURE 12: ANALYSIS RESULTS IN A TEMPERATURE CUT PLOT, SHOWING THE
FRONT VIEW, AS OBTAINED FOR HEAT SINK NO. 2

FIGURE 13: TEMPERATURE CUT PLOT, SHOWING THE TOP VIEW, AS OBTAINED
FOR HEAT SINK NO. 2



The goal of the SolidWorks Flow
Simulation analysis is to determine
the flow rate at a given pressure
drop for each of two screen designs.
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FIGURE 14: TEMPERATURE CUT PLOT, SHOWING THE SIDE VIEW, AS OBTAINED
FOR HEAT SINK NO. 2. AS THE PURPOSE OF THE SOLIDWORKS FLOW SIMULATION
ANALYSIS WAS TO ENABLE THE CHOICE OF THE BETTER HEAT SINK SHAPE FOR

A MAIN CHIP INSTALLED WITH OTHER ELECTRONIC COMPONENTS IN AN ELEC-
TRONIC ENCLOSURE, AND THE RESULTS SHOW 17.5 PERCENT REDUCTION IN
SOLID TEMPERATURES IN HEAT SINK NO. 2, THAT SHAPE PROVED TO BE BETTER.

Design 3: Medical suction device screen

In this design, the design engineer needs to identify the best screen shape for
a medical suction device, to allow the highest flow rate for a given suction, limit
recirculation within the device, and also create the most uniform velocity profile
at the suction head.

Figure 15 shows the SolidWorks assembly model of the device, including

a screen with triangular cuts. Flow enters the device through a conical head,
flows through the screen, and down the tube. The designer sets up the inter-
nal flow in the Project Wizard, and defines the inlet and outlet pressure con-
ditions. The goal of the SolidWorks Flow Simulation analysis is to determine
the flow rate at a given pressure drop for each of two screen designs—one
with triangular cuts as shown in the model, and one with circular cuts—when
installed in the suction device. Here, in addition to the computed volume flow
rate, the engineer uses flow trajectories to show the paths taken by repre-
sentative air molecules through the device. He can also create an animation
of the flow trajectories to produce a better visualization of flow patterns and
areas of recirculation.

T Flow Direction

FIGURE 15



No.1 No.2

NO. 1 AND NO. 2: THE TWO SCREEN SHAPES UNDER STUDY

Parameter Triangular Cuts Circular Cuts
Volume Flow cm’/ min 574.5 619.8

TABLE 3: COMPUTED VOLUMETRIC FLOW RATES OF EACH SCREEN SHAPE

Q E

Triangular Cuts Circular Cuts

FIGURE 16: PRESSURE CUT PLOTS FOR EACH DESIGN. BOTH DESIGNS HAVE
SIMILAR PRESSURE PROFILES.

Triangular Cuts Circular Cuts

FIGURE 17: VELOCITY CUT PLOTS WITH VELOCITY VECTORS FOR EACH DESIGN.
BOTH DESIGNS HAVE SIMILAR VELOCITY PROFILES AT THE SUCTION HEAD.

FIGURE 18: TRAJECTORY PLOTS SHOWING RECIRCULATION ZONE
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The objective of the SolidWorks
Flow Simulation analysis is to learn
which tray design will provide the
optimal flow of heated air by study-
ing the natural convection within
the oven.
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Triangular Cuts Circular Cuts

FIGURE 19: TRAJECTORY PLOTS IN A RECIRCULATION ZONE FOR EACH DESIGN.
WHILE BOTH DESIGNS HAVE SOME RECIRCULATION, THE ZONE FOR THE TRIAN-
GULAR DESIGN IS LARGER.

As stated above, the purpose of this analysis was to select the best perform-
ing screen head for the medical suction device. The results show a 7.8 percent
higher flow rate when using the screen with circular cuts, and both designs
have reasonably equal velocity profiles at the suction head. The circular cut
design, however, has a smaller recirculation zone—making it clear that the
circular cut design will provide superior performance, based upon the original
design criteria.

Design 4: Household Oven

In this design of a household baking oven, the design engineer can use
SolidWorks Flow Simulation to study the air flow pattern and temperature
distribution, and optimize the design to achieve the uniform hot air circulation
required for uniform baking. The CFD program enables study of heat transfer
by conduction, convection, and radiation within the oven.

Figure 20 shows the SolidWorks model of the oven, with three baking trays
and cakes on each. The objective of the SolidWorks Flow Simulation analysis is
to optimize the flow of heated air, by studying the natural convection within the
oven and checking the final surface temperature of the object being baked. To
do this, the designer introduces hot air at 120°C into the oven chamber, raising
the heat from an initial temperature of 20°C.

FIGURE 20: SOLIDWORKS MODEL OF OVEN WITH THREE BAKING TRAYS
AND CAKES



Because hot air is lighter than
cooler air, the hot air rises to the
top, and the temperature decreases
at lower heights.

SolidWorks Flow Simulation can also
determine whether the performance
of the oven will be more efficient if

the designer adds air flow deflectors.
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FIGURE 21: TEMPERATURE AT THE SURFACE OF THE CAKES FOR DESIGN 1

Figure 21 shows the surface temperature results, with uneven heating of the
object placed on the stack of trays. Because hot air is lighter than cooler air,
the hot air rises to the top, and the temperature decreases at lower heights.

The design engineer uses the wizard to set up a simulation of internal flow

by entering the initial oven temperature. He defines the velocity of the hot air
along with its temperature at the six inlets, as well as the pressure condition at
the outlet. To visualize the results, the engineer can plot the temperature distri-
bution around the baking object, and for better visualization of air flow distribu-
tion, he can plot flow trajectories and velocity contour plots at multiple sections.

SolidWorks Flow Simulation can also determine whether the performance of
the oven will be more efficient if the designer adds air flow deflectors. And to
optimize the design, the engineer can study both the ideal location and number
of inlets that introduce hot air into the oven.

03
I . oz
L0z
Loz
018
s
o2
oo
nos
oo3
(]
alacity s
Wcter Plot Veloe iy [mis]

FIGURE 22: AIR VELOCITY AND DISTRIBUTION AT THE TOP TRAY AROUND THE
CAKE WITH DESIGN 2
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FIGURE 23: AIR VELOCITY AND DISTRIBUTION AT THE BOTTOM TRAY AROUND
THE CAKE WITH THE SECOND DESIGN



SolidWorks Flow Simulation makes
it easy to calculate the pressures at
the openings and through the entire
model—a level of comprehensive
information that cannot easily be
obtained through physical testing.
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FIGURE 24: FLOW TRAJECTORIES IN THE OVEN FOR THE FIVE-CUTOUT TRAY,
WITH TEMPERATURES

Design 5: Control valve

In this design, the engineer needs to optimize the design of a control valve for
minimum pressure loss, and also to predict possible cavitation problems.

The engineer uses CFD to perform an internal air flow simulation through the
valve. CFD results give the engineer a detailed understanding of the flow pat-
tern in such a valve by means of analysis results showing flow velocity, pres-
sure, and particle trajectories. SolidWorks Flow Simulation makes it easy to
calculate the pressures at the openings and through the entire model—a level
of comprehensive information that cannot easily be obtained through physical
testing because of the difficulty in placing instrumentation to provide sufficient
information about what's happening inside the valve.

Figure 27 shows the 3D SolidWorks model of the valve. The design engineer
sets up the simulation with the help of the SolidWorks Flow Simulation Wizard.
He defines the velocity at which air enters the valve at the inlet, and applies
static pressure equivalent to the atmosphere at the outlet.

FIGURE 25: SOLIDWORKS 3D VALVE MODEL



FIGURE 26: VELOCITY DISTRIBUTION WITH GRADIENT VECTORS SHOWN
In addition to plots, SolidWorks Flow THROUGHOUT THE MODEL

Simulation can also produce a table

showing the flow values at any point,
surface, or volume within the model.

FIGURE 27: VELOCITY TRAJECTORIES HELP IN THE STUDY OF THE FLOW PATTERN.

FIGURE 28: PRESSURE DISTRIBUTION PLOT WITH ISOBARS SHOWS THE POSSI-
BILITY OF CAVITATION-WHICH PROVES NOT TO BE A PROBLEM IN THE CASE OF
THIS CONTROL VALVE.

The pressure result plot shows minimum loss of pressure for this valve design.
The pressure at the region where cavitation could occur became negative,
indicating that the valve would not experience cavitation. In addition to plots,
SolidWorks Flow Simulation can also produce a table showing the flow values
at any point, surface, or volume within the model.
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Conclusion

Whether designing heat sinks for electronic products, medical suction
devices, consumer products, or industrial control valves, design engineers
need to know which design is best, while avoiding the extra costs and time
involved in building too many prototypes in order to achieve their goals.
Computational fluid dynamics simulation tools can help meet this challenge.
SolidWorks Flow Simulation is an intelligent, easy-to-use tool that allows
you to test multiple designs and scenarios to study heat transfer and fluid
flow problems so you can optimize your design without spending excess
time and money in the process.
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