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Executive Summary

The design proposed in this report senassa main cooling mechanism for the Intel QX9650 microprocessor.
The microprocessor is used in an integrated-demical detection system on a RATLER, and maintaining its
optimal working temperature is crucial in its performance.

Our group considered seral designs, which are discussed at some length in Appendix A. After a thorough
analysis, we have accepted a U shaped copper and aluminum heat sink with fans as our final design solution
Heat sinks are easy and cheap to produce, and fans are avaifalie shelf at an affordable price. The
mechanism allows the heat sink to use the fan to create active convection to dissipate heat. The simplicity of
our design allows the projected price d3&7Q requiring only2 hoursand 20 minutes of manufacturingand
assemby time.

The assembly is made out of solid copper, surrounded by 13 U shaped aluminum fins, which creates an inlet
and outlet at the opening of the cooling compartment. A small, high velocity fan at the inlet and outlet push
and pull air, respectivelyhtough the heat sink. The processor is connected to the heat sink by a copper heat
conduit. According to the COSMOS analysis, the maximum temperatures for the cooling device is 65.5°C for
45°C ambient temperature with 65W heat dissipation, and 32.0°€1@3C ambient temperature with 130 W

heat dissipation. Our system meets all operating parameters and will be able to function efficiently.



Detailed Design

Our design is based on a classical conduction and convection heat sink. eA lseapcore makes contact
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fan, flows into one side of the U, through the turn, and is expelled by an exhaust fan. Around the fins is a
sheath that helps avoid turbulence and stagnation in the air by keeping it within the path of the fins.

The entire heat sink assembly is shaded by @tamh shield made out of gold coatédylar film. TheMylar

film is kept in the correct shape to minimize flow resistance by two thin strips of plastic attached at either end
The shield is suspended between two arms that can be raised when the rabatgsration, or folded into

the assembly when it is noFor manufacturing drawings of parts, please see Appendix C.

Figure 1: Detail View of Complete Assembly



Part Number | Part Number
Required
1 Radiation Shield Supports 2
1 2 Mylar Radiation Shidl 1
3 Stainless Steel Screws 8
T’ 4 Radiation Shield Arms 2
5 CoolJag Everflow R124020BU R 2
. 6 Heat Core 1
7 ArcticSilver 5 Thermal Paste 1
8 Intel QX9650 Processor 1
Micro Motors (for shield) 2
Fin Pin 1
Fins 14

Fin Sheath 1

Figure 2: Exploded View of Assembly
with Part Information



Detailed Analysis

To calculate the total heat transfer analytically, we used the following equations and assumptions:

Equations for Calculating hcony Value
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Assumptions for Calculating hconv Value

1. The properties of air are constant across the temperatures it will experience in our heat sink. Even in
our worst case scenarios, the air in the heiakswill change temperatures less than 20,

2. The velocity change through our heat sink is negligible. Air acts as an uncompressible fluid.

3. The heat transfer can be modeled relatively accurately as fluid flow through-ginanar tube with
constantheat transfer from the wall.

4. There is no minor head loss, as there is no dilation or contraction of the tube.

5. The static pressure of the fan was determined using Table 1.
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Figure 1: Relation of Fan Pressure to Airflow

Note: Use the line labeled X/ for the line pertaining to our fan.
Fromhttp://www.sunon.com.tw/products/pdf/maglev.pdf



http://www.sunon.com.tw/products/pdf/maglev.pdf

Results for Calculating hconv Value
The Reynolds number of the flow is 2391.6. This makes thddlowmar, which makes calculation easi€ur
f value is 0.027, meaning the head loss is 4.80 meters. This amounts to a pressure drop in tube of only 55 F
or 0.055 kPa, which is negligible compared to the atmospheric pressure of 101 kPa.

Our Ny worked out to be 19.74, meaning that our h value is 72(1—‘95 This value shoulde relatively

constant throughout the heat sink. We verified this using the heat sink modeling tools available at
http://www.frigprim.com/online/parallel_plates coeff.html From their applet we found h values for the
three sections of heatsink.

Table 1: Applet Calculated h Values

1 92
2 52
3 92
Average 78.7
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Figure2: Correspondingireas on Heat Sink

It is clear that our calculations and those from the web applet agree closely. For the sake of caution, we will
use our h value in our future equations, as it is a lower and more consex\egtimate.


http://www.frigprim.com/online/parallel_plates_coeff.html

Based on our h values, we used Microsoft Excel to calculate the heat transfer rates for a large number of
different environmental and processor thermal conditions. The following equations and assumptions were
used in this analysis:

Equations for Analytical Solution
%=0+§
Og = Qg
126= 11+ Og
Mo = ~G:00m YMie Yeiicoeo
n=agyy
W .. 0 1 .
U= 10 + E: 39 + 52 39.50 a
Ogq = 00g5= 39.50 G2
Therectangularsections dthe fins have an efficiency of 72% by FigwELan Holman.
ir5=11+ 0= 10+ 395 = 4954 &
04 = 0lipg ip = 1495 10 = 39544
The circular section of fin has an efficiency of 45% by Figii@ Holman.

Assumptions for Analytical Solution

Properties of materials constant.

Steady State and Steady Flow

Fin efficiencies derived from Figurel2 and 212 in Holman.

Heatcore is not a lump sum system, even though its Bi <Dréated as conduction through a solid
block.

HwnpE



Results for Analytical Solution
Table 2: Heat Transfer (in Watts) from Heat Sink in a Variety of Environmental Conditions

Processor Temperature (Celsius)
42.5 45 47.5 50 52.5 55 57.5 60 62.5 64.5
-10 270.9806 284.4429 297.9051 311.3674 324.8296 338.2918 351.7541 365.2163 378.6786 389.4484
-7.5 257.5184 270.9806 284.4429 297.9051 311.3674 324.8296 338.2918 351.7541 365.2163 375.9861
-5 244.0561 257.5184 270.9806 284.4429 297.9051 311.3674 324.8296 338.2918 351.7541 362.5239
-2.5 230.5939 244.0561 2575184 270.9806 284.4429 297.9051 311.3674 324.8296 338.2918 349.0616
0 217.1317 230.5939 244.0561 257.5184 270.9806 284.4429 297.9051 311.3674 324.8296 335.5994
2.5 203.6694 217.1317 230.5939 244.0561 257.5184 270.9806 284.4429 297.9051 311.3674 322.1F1
5 190.2072 203.6694 217.1317 230.5939 244.0561 257.5184 270.9806 284.4429 297.9051 308.6749
7.5 176.7449 190.2072 203.6694 217.1317 230.5939 244.0561 257.5184 270.9806 284.4429 295.2127
10 163.2827 176.7449 190.2072 203.6694 217.1317 230.5939 2440561 257.5184 270.9806 281.7504
12.5 149.8204 163.2827 176.7449 190.2072 203.6694 217.1317 230.5939 244.0561 257.5184 268.2882
15 136.3582 149.8204 163.2827 176.7449 190.2072 203.6694 217.1317 230.5939 244.0561 254.8259
17.5 122.8959 136.3582 149.82G+ 163.2827 176.7449 190.2072 203.6694 217.1317 230.5939 241.3637
20 109.4337 122.8959 136.3582 149.8204 163.2827 176.7449 190.2072 203.6694 217.1317 227.9014
225 95.97146 109.4337 122.8959 136.3582 149.8204 163.2827 176.7449 190.2072 203.6694 214.4392
25 82.50922 95.97146 109.4337 122.8959 136.3582 149.8204 163.2827 176.7449 190.2072 200.977
27.5 69.04698 82.50922 95.97146 109.4337 122.8959 136.3582 149.8204 163.2827 176.7449 187.5147
30 | 55.58473 69.04698 82.50922 95.97146 109.4337 122.8959 136.3%82 149.8204 163.2827 174.0525
32.5 | 42.12249 5558473 69.04698 82.50922 95.97146 109.4337 122.8959 136.3582 149.8204 160.5902
35 28.66025 42.12249 55.58473 69.04698 82.50922 95.97146 109.4337 122.8959 136.3582 147.128
37.5| 15198 28.66025 42.12249 5558473 69.04698 82.50922 95.97146 109.4337 122.8959 133.6657
40 | 1.735761 15.198 28.66025 42.12249 55.58473 69.04698 82.50922 95.97146 109.4337 120.2035
425 -11.7265 1.735761 15.198 28.66025 42.12249 55.58473 69.04698 82.50922 95.97146 106.7413
45 -25.1887 -11.7265 1.735761 15.198 28.66025 42.12249 55.58473 69.04698 82.50922 93.27901

Surrounding Temperature (Celsius)

Key: What it Means

Heatsink Dissipates at least 130W Processor can run at full speed indefinitely

Processor can ruat full speed for short periodsy at a moderately throttled
Heatsink Dissipates between 91W and 130\ (70%MaxTDP speed continuously.

Processor can run at full speed for short periods, or at a throttled (@@%er OP)
Heatsink Dissipates between 65 and 91W  speed continuously.

Heatsink Dissipates ledsan 65W Processor cannot run for long periods of time.

The Excel spreadsheet used to get this table is quite large, and for that reason it is not included. If you wish 1
see the spreadsheet, pleasengail Jeremy afdo@andrew.cmu.edu
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COSMOS Analysis

To verify our analytical results, we used the commercial CAE package COSMOSWorks. All the figures show
COSMOS temperature plots using a 2mm mesh, at one of the following conditions:

a .
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130W Processor Heat Outpu
-10°C External Temperature,

65W Processor Heat Outpu
45°C External Temperature

We assumed zero contact resistance between the parts of our assembly. This is reasonable because the me
heat transfer parts will be soldered tether. We assumed adiabatic conditions on all parts of the system
except the air channels. This is a worst case scenario, as in real life there will be some heat exchange throus
conduction, convection and radiation off of other surfaces in small amourtie overall convection

‘;’20. We derived this value in the detailed analysis section above, and

coefficient is assumed to b3 P
confirmed it using the parallel plates tools available at

http://www.frigprim.com/online/parallel plates coeff.html

We used meshes of 8mm, 6mm, 4mm, and 2mm to test for convergence in both situations. Table 5 shows tt
convergence.
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Finding the Hottest Point on the Assembly
The only significant source of heat in the assembly is the Intel QX9650 processor. Therefore, the heat is like
be concentrated in the component directly in contact with the processor. In our design, this is the heat cor
Since theheat core is a relatively straigfarward conductor, the hottest point on it will be the surface on
which it contacts the processor. Since the processor has dual dies, there are actually two hot spots, one
corresponding with each die.

Theefore, the best place for a temperature sensor is the interface between the processor and heat sink. This
is also an easy place to put a sensor, as it is external to the heat sink. The QX9650 comes with internal
temperature sensors which could also beed.

The heat core is made of copper. Structurally, the heat core is the backbone of the assembly, the anchor pol
for almost every other component. Thermodynamically, the heat core serves to conduct heat from the
processor, through the sealed walltbe cooling compartment, and to the fins to be dissipated. For boundary
conditions, we chose to model the Intel processor, with dual dies, each putting out 65W for a total of 130

2 Gda 3A2Ay3 Ayid2 GKS LINROSaa2 N feadgriThEheat toneds lattachédN.P2

to the fins and sheath, which are made out of aluminum. The exposed surfaces of the fins and sheath are
®
2z

given a boundary condition G13 PEITE All other surfaces are under adiabatic conditions. The figur&isho
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Figure 4. Thermal Plot of Heat Core and Hottest Point on the Assembly
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Figure 5: Thermal Analysis of the Entire Assembly from Various Views
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