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ABSTRACT

Processor powers of 30-60W are becoming very
common in electronic industry. With constraints such
as available heat sink space and the cost of the thermal
solution, heat sink optimization has become one of the
major concernsin the final design process. In this work
two (new) strategies are proposed along with the
traditional heat sink optimization process (i.e. fin/base
thickness and fin spacing optimization). First, heat
pipes are embedded into the aluminum base extruded
heat sink to reduce spreading resistance. The resulting
heat sink is more efficient and even cheaper when
compared to the bounded-fin technology on a copper
base. Second, the angled base modification is
introduced to reduce the spreading resistance in the
flow direction. It is observed that up to 5 degrees angle
in the base can reduce the thermal resistance of an
active heat sink by 8-10%.

INTRODUCTION

The processor board in modern 1U servers employs
high-speed CPU chips that dissipate between 30 to 60
W each. Also, a dual processor board, 60 to 120 W, is
very common for their intended use. Thermal issues
arise when CPU junction temperature needs to be kept
under certain limit. Because of system's height
restriction, (44 mm tall), neither large system fans nor
tall heat sinks may be used inside of the system. This,
of course, limits the system mass flow rate as well as
heat sink thermal resistance, which in turn restrict the
air-cooling effectiveness. In this situation, we propose
different ways to optimize both airflow and the heat
sink efficiency. In terms of airflow management,
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blowers with proper form factors are proposed that
provide high speed/high pressure air over the processor
board. In terms of heat sink design, a high aspect ratio
extruded type, with embedded heat pipe into the heat
sink base, is designed to reduce junction temperatures
below their limit. To come up with an optimized
thermal solution, a CFD tool (lcepak, (1)) is used to
build a server model as well as to iterate the existing
model to achieve a better thermal solution. This CFD
model include inlet/exhaust vents, hard drives,
blower/fans, power supply, boards and components,
heat sink and PCI cards.

INITIAL SYSTEM AND MODEL VERIFICATION

Figure 1 illustrates the CFD model for a typical 1U
server that contains a dual processor board. We are to
come up with the thermal solution to reduce junction
temperatures of both 40 W CPUs to below 85 °C at 40
°C ambient conditions. A low form factor, but, high
pressure blower is placed in front of the processor
board to provide adequate airflow through the heat
sink. Due to high power density, a fin-dense heat sink
needs to be used that causes large pressure drop across
it.

The blower is a SUNON type and is modeled using
simplified blower model as proposed by Roknaldin et
a. (2) that accounts for fan curve correction due to 90°
flow turn inside blowers. Corrected blower curve is
shown in Figure 2. Figure 3 shows a zoom in view of
the active heat sink thermal solution. Both processors
are observed below the common heat sink. Processors
are modeled as two blocks with different conductivities
that resemble two resistant models. Upper block is
smaller in size and acts as a heat spreader. Processor
power is assigned to the lower surface of this block.
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Block conductivities are found to match the given
junction to case and junction to air resistances. Thereis
also a contact resistance of 0.2 °C/W that is assigned to
the upper side of the upper block to account for the
type of interface material used. The heat sink itself has
already been optimized for the given height and length
constraints in terms of the base/fin thickness and fin Processors
spacing. High velocity air blows into the center portion 1.3 mm fin spacing

of the heat sink as shown in Figure 4. Due to the
internal nature of the blower, plenty of re-circulating
air enters the blower at higher temperature than
ambient condition of 40 °C. However, less pressure
drop is seen across the blower due to the re-circulating
air shown in Figure 5. Therefore, higher velocities are
entering into the heat sink that causes higher heat
transfer coefficient. It is interesting to note that this
higher heat transfer overcomes the adverse affect of
pre-heated/re-circulating air through the heat sink.
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Figure 3 Initially proposed fin dense heat sink.
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Figure 1 CFD model for the 1U server.
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Figure 2 Corrected blower curve.
Page 2 of 6 Copyright © 2003 ASME



Figure 5 A plane cut underneath the blower
entrance showing re-circulating air into the blower.

RESULTS
Heat sink design and optimization

As mentioned earlier, simulation passes were
conducted to come up with the proper base thickness,
fin thickness and fin spacing to maximize the heat
transfer while the critical pressure drop across the heat
sink does not exceed the specified limits. For this
process, base width and base length are arbitrarily
confined to 135 mm and 110 mm, respectively, while
the heat sink overall length is confined to 23mm due to
the height restriction. For these values used, the
optimum fin spacing is found to be 1.3 mm with base
thickness of 4-mm. Optimum fin spacing depends on
the blower curve; hence, different values may apply if
different blower is used.

Table 1 indicates the junction temperatures of two
processors underneath the heat sink. It is noted that one
of the processors is running cooler, about 4 °C, since it
is located dightly closer to the blower jet flow (see
Figure 4). This may very well happen in practice since
it is hard to track the jet path before prototyping and
the actual testing of the system.

Table 1 Junction temperatures of both
processors at 40 °C ambient with proposed
aluminum extruded heat sink.

First CPU Second CPU
(°C) (°C)
Aluminum 92 96

extruded heat sink
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The difference in junction temperatures of the two
processors suggests a significant spreading resistance
inside the heat sink base. This can be seen in Figure 6
that illustrates temperature contour plot cutting through
the heat sink base. One can easily observe the heat
concentration in various regions of the heat sink base.
At the entrance of the heat sink, there is a cold plume
due to jet flow followed by processor’s hot spots with
their heat plumes. Two different modifications are
proposed to reduce the base spreading resistance
leading to more uniform base temperature. First a
copper base heat sink is considered. However, the
bounded fin technology needs to be used to
manufacture this kind of heat sink. An unconventional
but more economical solution isto embed one or more
heat pipes inside the heat sink base. Orientation of heat
pipes may vary depending on the specific problem in
hand. Here, two connected heat pipes, each above one
processor, are considered as shown in Figure 7.

Figure 6 Temperature distributions inside
heat sink base.

Figure 7 Two heat pipes are embedded
into the aluminum base.
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These heat pipes are 6 mm in diameter and are
flattened to fit into the base. This technology is feasible
and cheaper than bounded fin technology according to
AAVID Thermal Technology. The heat pipe diameter
is chosen to be 6 mm to ensure good boiling and
condensation performance for 60 W range of heat flow
rate. Heat pipes are modeled in a simplified fashion of
two solid blocks having very large conductivity along
the heat pipe direction. The potential embedding
contact resistance between the heat pipe and the base
was ignored. Simulated junction temperatures are
shown in Table 2. One can see the substantial reduction
in  spreading resistance; hence, the junction
temperatures.

Table 2 Junction temperatures of both
processors at 40 °C ambient.

First CPU Second CPU

6 )
Aluminum extruded 92 96
heat sink
Copper base, 87 88
aluminum bounded
fin
Aluminum extruded 86 86.5
with embedded heat
pipes

Due to high power dissipation (40 W CPU), any
small reduction in heat sink thermal resistance will
cause substantial reduction in CPU junction
temperatures. As can be seen in Table 2, junction
temperature of the hottest CPU dropped by almost 10
°C that is very promising. Figure 8 shows the
temperature contours inside the heat sink base when
heat pipes are used. For comparison with Figure 6,
same temperature scale is used. One observes that
wider area of the heat sink base is used for heat transfer
purpose resulting in more uniform temperature
distribution.
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Figure 8 Temperature distributions inside
the heat sink base with embedded heat pipes.

Further Optimization

A novel idea is being introduced here that is to
explore an active angled base heat sink (Figure 9) due
to following intuitive considerations:

1) To sharpen the boundary layer velocity
gradient from the base; hence, to increase the
heat transfer coefficient from the base.

2) To reduce the stream-wise spreading
resistance inside the heat sink base behind the
processor.

Figure 9 A typical straight and angled
base heat sink configurations.
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Above ideas are illustrated (see Figure 10) in two
simulations inside the numerical wind tunnel with
small power source underneath each heat sinks and the
same blower in front. Figure 10 illustrates the
isotherms in a straight plane cutting through middle of
the heat sink base. As can be seen, isotherms are
stretched toward down stream in a straight base heat
sink whereas they are more rounded in angled base
heat sink. The overall thermal resistance of the heat
sink was reduced by about 8-10%. Finding the
optimum angle depends on the base spreading
resistance, size of the heat source and the pressure drop
through the heat sink or the fan curve. In this study the
optimum angle is found to be 5 degrees. Higher angles
cause two much pressure drop; therefore, reduce the
airflow through the heat sink.

Figure 10 Temperature distribution in a plane cut
through middle of heat sink base: (a) straight
base, (b) 5 degrees angled base.

With above results in mind several iterations are made
to find the best base angle for previously optimized
heat sink. The angle is found to be 2 degrees. Table 3
shows the summary of the results. As can be seen,
junction temperatures are dropped by 4 °C when
compared to the straight base. Figure 11 shows the
temperature contour plots that can be compared with
Figure 6. As can be seen in Figure 11, stream wise
temperature contours are spread and diffused in both
stream-wise directions of the processor’s hot spots. In
other words, the heat sink base has been more utilized.
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As the final design optimization, heat pipes are
embedded into the two degrees angled base. The results
are tabulated in Table 4 and the contours are plotted in
Figure 12. One can see the temperature distribution is
more uniform, i.e, most of the area in the base is
utilized for heat transfer to the fins. The junction
temperature drop in this caseisonly 2 °C. It is believed
that introducing the heat-pipe has aready reduced the
spreading resistance in the base; therefore, the full
advantage of angled base is not seen.

Table 3 Junction temperatures of both
processors at 40 °C ambient.

First CPU Second CPU
(°C) (°C)
Aluminum extruded 92 96
Added 2° angled 88 92
base

Figure 11 Temperature distributions inside the
two degrees angled base heat sink.
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Table 4 Junction temperatures of both
processors in 40 °C ambient.

First CPU Second CPU
6 6
Aluminum extruded 86 86.5
with embedded heat
pipes
Added 2° angled 84 84
base

Figure 12 Temperature distributions
inside the 2 degrees angled base heat sink with
embedded heat pipes.

It is worthwhile to mention few words at this stage
regarding the accuracy of the CFD solution. Finite
volume discretization is used with second order-
centered scheme for diffusion terms and second order
up-winding scheme for the convection terms. Algebraic
turbulence model is used for the entire flow, however
due to small magnitude of Reynolds number between
two fins, the real flow inside the heat sink is laminar.
This is accounted automatically, by Icepak, via
ignoring the turbulent viscosity effect between the fins.
In terms of mesh resolution, there are two solid cells
within the thickness of each fin and three fluid cellsin
between two fins. This is the minimum requirement to
capture boundary layer between two fins. Due to large
number of fins, the potential mesh count generated
would be large. To be able to simulate the whole
system within a reasonable amount of time, a non-
conformal mesh strategy is used. This strategy easily
meets the requirement for refined mesh cell distribution
inside the heat sink without increasing the overall cell
count in the domain. This non-conformal mesh-based
simulation can be viewed in Figure 4 by looking at the
density of velocity vectors inside and outside of the
heat sink regions. In this case, very good local accuracy
was obtained within a reasonable amount of
computational time.
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CONCLUSION

Computational Fluid Dynamics (CFD) is used to come
up with feasible thermal solution to cool the processor
board in a dua processor 1U server. The main
challenge was to design and optimize a proper active
heat sink that is able to maintain the junction
temperatures of two small processors (40W each)
below 85 °C at 40 °C ambient. The proposed thermal
solution consists of an active heat sink with a blower
providing 4 m/s of air velocity. First, several CFD
passes were examined to optimize the geometry of an
aluminum extruded heat sink in terms of base/fin
thickness and fin spacing. Extrusion technology is
preferred since it is more economical. The resulting
heat sink has the extrusion ratio of 15/1. Next, in order
to minimize the spreading resistance inside the base,
two ideas are explored. First, two heat pipes are
embedded into the heat sink base to reduce cross flow
spreading resistance. Second, a 2 degrees angled base
modification is proposed which reduced the stream-
wise spreading resistance inside the heat sink base.
Combining theses two ideas has reduced the maximum
processor junction temperature by a significant 12 °C
at 40 °C ambient.
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