EPAC Software COLDPLATE Example

Copper Plate Example Model

Here’s a demonstration of modeling a plate that is cooled by conduction to sink on one side,
but without active fluid cooling through fins or a cooling tube. Assume the design parameters
listed below:

* Length L is 6 inches

*  Width W is 6 inches

* Base plate is .25 inches thick

* The plate is attached to a 20C boundary along its top edge as shown below

* The thermal resistance from the plate edge to the sink is .10 C/W

* The plate is made of copper

* Assume a 10 node by 10 node model with the power dissipation as shown
below with .80 Watt on each blue node and 10 Watts on each red node for a
total power of 190.4 Watts.
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EPAC Software COLDPLATE Example

The trick to setting up this type of model is to assume that it is a tube flow cold plate but with the
fluid flow turned off. In the non-isothermal part of the analysis we will tell the program that
there is no flow. Of course in doing this we need to make sure that we have connected the cold
plate to some type of boundary or run a transient analysis. The plate geometry is defined as
shown below. We have specified a tube diameter of .1 inch, its value doesn’t matter since it
won’t be used, and we just have to be sure to input a value.

{{ii’ Tube/Channel Cold Plate

Length [in.]
Width [ir.]

Baze Thickness [in.]

Chooge Type of Cooling Tube/Channel Crozs Section

Diarneter [in.]
& H g hidth (i)
] Wy

Hierghit [ir.]

* Circular 7 RBeclangular

W ariable

—Tube/Channel to Ease Plate Resiztance

5 O 5 E E Thermal Besistance from Tube to Base [C-inda] I 0

& % Percent Convection/Tube in Contact with Baze 100

Miodel Dezcription | X Cancel | Saveds | I save | ? Help

Copyright ©EPAC-INC.COM FOR MORE INFORMATION, VISIT OUR WEB SITE: EPAC-INC.COM Tel: (603) 533-9011
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COLDPLATE Example

Select copper as the base plate material on the Material tab sheet.

i’ TubefChannel Cold Plate

.Geumetr_l,l Material | Fluid Properties | Power Dissipation Pressure Crop | Extenal Heat Transfer | Generate Plots

Set/Fezet Properties to Aluminum

—Baze

M aterial Copper No. 110
Themmal Cond [ fin.-C]
Specific Heat [w-zec. /b-C)

Denzity [Ibdin. ™3]

389

I 174.66
I 0.322

[

kd aterial

Base Plate

—Inzulation [if used]

Thermal Cand [ fin.-C]
Specific Heat ['w-zec. /lb-C)

Ciensity (1B, ™3]

Insulation

INUHE

kodel Dezcription

X Cancel |

Save.-’-‘-.s | ESave |
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EPAC Software

COLDPLATE Example

On the Fluid Properties tab sheet we again assume that this is a fluid cooled model, its values
other than its temperature are ignored. The temperature will be the conduction boundary
temperature that the plate is connected to. The fluid inlet node is always node 5001; this will be
used later when connecting the plate to it.

(iii" TubefChannel Cold Plate

.Geumetr_l,ll Material  Fluid Properties | Pawer Dissipation | Pressure Drop | Extemal Heat Transferl Gererate F'Iu:utsl

— Fluid Temperature, Pregsure or Altitude
[nlet Fluid Temperature [C]

e NS L3 RIS AR T S ity

Inlet Fluid Prezsure [IbAin™z2]

Exit Fluid Preszure [lbAn"2)
Inlet Fluid Altitude [ft]

Eit Fluid Altitude [ft)

Wﬂl id

d

CCcooLANOL2S
[T EG_HZO_30/70
[T EG_HZO_40/60
[CEG_H20_50/50
[T EG_HZO_G0/40
[T EMGINE OIL
[CFC75

[ GALDEM-HT110

" ariable

Yolurme Flow B ate [gal/min]

Fhacthf Ahaee Saia FAs St
Cold Plate Temperature [C)] of

Fluid E xit Temperature [C] of

Preszure Drop [in.-H20] of

— Fluid Flaws B ate
S e v AR
b azs Flow Rate [Ib/min) 1 W ariable |

— Time Y arying

Inlet Fluid Temperature [C] |

W ariable |

b azz Flow Rate [lb/min] |

— Mil-5td-210 Envvironment Snd
R am Air Coaling

Farm Flow |

todel Description
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EPAC Software COLDPLATE Example

On the Nonisothermal Analysis form, select the “Steady state analysis without fluid flow” radio button to
tell the program there is no fluid flow.

{iii’ Monisothermal Analysis

Ainalysis | MHodes I Fowaer I Conductors | Arrays | Commentz

 Type of Analysi
" Steady state analysiz with fuid flow

" Steady state analysiz with fuid low followed by ransient analysis without uid flow
£ Steady state analysiz with fuid fow follawed by ransient analysiz with different fuid fow
" Tranzient analyzis with fluid flow

% Steady state analysis without fuid flow

= Transient analysis without fuid flow

—Steady State Analysis Control

b airnum number of iteration to zolution =000

b axirmum allmwable change in temperature at any node between successive iterations [C] 0.0001

1

Dramping walue to optimize solution convergence

0K Savehs | H save | ? Help
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EPAC Software COLDPLATE Example

On the Nodes tab, input 10 nodes along the width and 10 nodes along the long. (The model is not
restricted to these values.) Then select the “Connect Coolant Tube/Channel to Base” button and change
one of the Node Row Numbers from No to Yes. It doesn’t matter which one, just as long as at least one of
them is connect, the connection will not be used in the analysis.

i’ Nonisothermal Analysis =]
- Analysis MNodes | Fowmer I Conductars I Arrays I Comments I
Cold Plate Modes
: Length
i @) et ey el Exarmple: D.Flo\trgr 4 8 12 16 20| Mode Lagout Scheme |
recton -
Mumber of nodes along length G CA SR R SRS
o St S FRERECAETRCTR
Connect Coolant Tub{a.’l:hannel to Baze e 10 |98 |{w
— List of Extra NDI%
Maode  |Intial perature [C]|  Thermal Mazs Camment -
Mumber [w-sec./C) Mumber Themal Mass:
BN | D = Densiy
2 Tube fChannel Connection and Design x|
3 . . .
i \\’ Select Tube/Channel Design —Define Tube Connection:
{+ Eutended Serpenting Design
] F ’ MNode Row | Connected? [Ves
g o Murnber oMo
— Groups of Extra Modes E——— ‘ 1
Mumber of Starting Mode It Z No z
MHodes Humber ) a Hao
1 : e
> " Urextended Serpenting Design 5 Ma
3 L E Ma
4 I 7 Mo
5 a Mo
E I q Mo
10 Mo
" Parallel Tubes Design
\/ J — Example - Tube Connection Scheme

| I

£ Custorn Lapout Design i
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EPAC Software COLDPLATE Example

The power is input by selecting the Power tab sheet then the “Power Layout” button. On the power
assignment table first select the “Uniformly” radio button, input 80 Watts (.8 Watts per node) then select
the “Update Table” to uniform apply the 80 Watts. Next, select the “Discretely” radio button and then
apply 10 Watts each to nodes 27,28,37,38,47,48,57,58,67,68,77,78. That takes care of the power
assignment.

{fii Nonisothermal Analysis

. Analyziz I Madez Fawer Conductars I Arrays | Eammentsl

% _Unifarmly Iriform Power [ atts] I 80

" Dizcretely Ipdate T able

 Usze "Unifarm" power % Conztant power [Lists or Lapout]

— Uniform Power

—

—Conzstant Power Layout

IF'-:uwer La_l,u:-ut/ —
Fowl Row? Bow3 Fowd Bow5 Bowb Row? Fowd Bow3 Row 1C
B o EE \r;& NG | M6 | N7 | NB | Na | NiO
B Pewer 0.8000 | 0.8000 | 05000 | 05000 | DNy000 | 08000/ 0.5000| 0.5000| 0.8000{ 0.8000
NIT | W12 | N13 | N1 | NN NIB | W17 | 18 | N19 | NZO
B Power [.000 | 05000 | 05000 | 0.6000 | 080008000 | 0.8000| 0.8000 0.6000| 05000
Heater B Nzt | N2z | wea | wes | owes | was | mez | wes | wes | wan
— Power 0.8000|0.8000|0.2000 | 0.8000| 0.2000 | 0.2000P 10 | 10 | 0.8000|0.8000
Giroups of Pawers N3t | W32 | N33 | N34 | W35 | N3E | W3F | N3S | N39 | N4D

: r M
=f Dlizcretely, if Dezired)

F\Discretel_u Total Power iz 190,40

— Heater/Cooler

Nqumlaer of SrElart.:ilng Power 0.2000)0.2000(0.2000| 0.8000| 0.8000 | 08000 10 10 | 0.8000 02000
odes ode
Humbe MAT | W42 | M43 | N44 | H45 | M4E | MN47 | H45 | M43 | NEO

Power 0.2000)0.2000(0.2000| 0.8000| 0.8000 | 08000 10 10 | 0.8000 02000
MET | W52 | W53 | NS4 | M55 | MBE | NS | M58 | W53 | NGO
Power 0.2000)0.2000(0.2000| 0.8000| 0.8000 | 08000 10 10 | 0.8000 02000
MET | ME2 | ME3 | ME4 | MBS | MBEE | MEF | MBS | MBI | W70
Power 0.2000)0.2000(0.2000| 0.8000| 0.8000 | 08000 10 10 | 0.8000 02000
MAT | WF2 | MWY3 | NP4 | HVS | MYE | NVF | N7S | WNY3 | WE0
Power 0.2000)0.2000(0.2000| 0.8000| 0.8000 | 08000 10 10 | 0.8000 02000
MET | ME2 | WE3 | N34 | M85 | MBE | MNEF | MB5 | W33 | W30
Power 0.2000)0.2000|0.2000 | 0.8000| 0.2000 | 09000 0.20001{ 0.2000 | 0.8000| 0.2000
MIT | W32 | W83 [ N34 | M35 | MIE | MNIF | M35 | W33 | K100
Power 0.2000)0.2000|0.2000 | 0.8000| 0.2000 | 09000 0.20001{ 0.2000 | 0.8000| 0.2000

f x Cancel | ? Help |

Lo T e I T3 I O 0 T o T
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EPAC Software COLDPLATE Example

All that is left now is to tie the plate to boundary node number 5001 (the fluid inlet). As stated in the
model input parameters, the total thermal resistance is .10 C/Watt. Since there are 10 nodes along the top,
the resistance form each node to the boundary node is 1.0 C/Watt. But conductor values are the
reciprocal of resistance, so the conductance is 1.0 Watt/C. The 10 conductors are input on a single line

of input as shown below. For reference, the node numbering scheme used by COLDPLATE is shown

on the Nodes tab sheet.

(i Nonisotherinai Analysis x|
 Analysis Power  Conductars | Arays I En:nmmentsl
{* Constant conductance {~ Conductance wersus time {~ Conductance wersus temperature

— List of Extra Conductars

Conductor Types:

"From" "Ta" Conztant Time Array | Temperature | Cond. Comment - C ducti
Mode Mode Conductance Mo, Arran Mo, Type MHurmber i cqn uctian
F - fluid Flows
[ C R - radiation
2 C Conductor nits:
3 C C.F-'Watt/C
4 C R -wiatt/ ™4
5 L Duplicate Conductors
Z C % Dverwite
7 C _
= C ;I = Add in parallel
——— [Groups of Extra Conductors
Mo, of Starting Increment Starting |ricrement Conzgtant Time Temp. Cond. Comment -
Con- "From" Walue "To" Mode W alue Conductance | &may Mo, | &rap Mo, | Type MHurmber
duich Mode
|| ductors
T C
3 C
4 C
5 C
B C
7 C
3 C d
W 0K Savehs | H save | ? Help |
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EPAC Software

The results are shown below. Note that we also could have added both convection and radiation to the

model by inputting the ambient and/or wall temperatures on the “External Heat Transfer” tab sheet and
then specifying the external convection (node 5002) and radiation (node 5003) parameters on the same
sheet.

| 37.0

I (== )

| 0.80wW
| N 1
| 43.4

I (- )

| 0.80wW
| N 11
| 49.2

I (- )

| 0.80wW
| N 21
| 54.3

| (== )

| 0.80wW
| N 31
| 58.7

| (== )

| 0.80wW
| N 41
| 62.4

I (= )

| 0.80wW
| N 51
| 65.4

I (- )

| 0.80wW
| N 61
| 67.5

I (- )

| 0.80wW
| N 71
| 68.9

I (== )

| 0.80wW
| N 81
| 69.7

I (== )

| 0.80wW
| N 91
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37.2
————— )
0.80wW
N 2
43.6
————— )
0.80wW
N 12
49.5
————— )
0.80wW
N 22
54.7
————— )
0.80wW
N 32
59.2
————— )
0.80wW
N 42
62.9
————— )
0.80wW
N 52
65.8
————— )
0.80wW
N 62
67.9
————— )
0.80wW
N 72
69.3
————— )
0.80wW
N 82
70.0
————— )
0.80wW
N 92

37.6
————— )
0.80wW
N 3
44.2
————— )
0.80wW
N 13
50.2
————— )
0.80wW
N 23
55.5
————— )
0.80wW
N 33
60.0
————— )
0.80wW
N 43
63.8
————— )
0.80wW
N 53
66.7
————— )
0.80wW
N 63
68.8
————— )
0.80wW
N 73
70.1
————— )
0.80wW
N 83
70.8
————— )
0.80wW
N 93

38.1
————— )
0.80wW
N 4
44.9
————— )
0.80wW
N 14
51.2
————— )
0.80wW
N 24
56.7
————— )
0.80wW
N 34
61.4
————— )
0.80wW
N 44
65.2
————— )
0.80wW
N 54
68.0
————— )
0.80wW
N 64
70.0
————— )
0.80wW
N 74
71.3
————— )
0.80wW
N 84
71.9
————— )
0.80wW
N 94

38.8
————— )
0.80wW
N 5
46.0
————— )
0.80wW
N 15
52.6
————— )
0.80wW
N 25
58.5
————— )
0.80wW
N 35
63.3
————— )
0.80wW
N 45
67.1
————— )
0.80wW
N 55
69.9
————— )
0.80wW
N 65
71.8
————— )
0.80wW
N 75
72.8
————— )
0.80wW
N 85
73.2
————— )
0.80wW
N 95

39.6
————— )
0.80wW
N 6
47.3
————— )
0.80wW
N 16
54.6
————— )
0.80wW
N 26
60.8
————— )
0.80wW
N 36
65.9
————— )
0.80W
N 46
69.8
————— )
0.80wW
N 56
72.5
————— )
0.80wW
N 66
74.0
————— )
0.80wW
N 76
74.5
————— )
0.80wW
N 86
74.7
————— )
0.80wW
N 96

| 40.3

I (== )

| 0.80wW
| N 7
| 48.6

I (- )

| 0.80wW
| N 17
| 57.3

I (= )

| 10.00wW
| N 27
| 64.1

I (== )

| 10.00W
| N 37
| 69.4

I (== )

| 10.00W
| N 47
| 73.3

I (= )

| 10.00wW
| N 57
| 75.9

I (= )

| 10.00W
| N 67
| 77.0

I (= )

| 10.00W
| N 77
| 76.2

I (== )

| 0.80wW
| N 87
| 76.0

| (== )

| 0.80wW
| N 97

40.7
————— )
0.80wW
N 8
49.0
————— )
0.80wW
N 18
57.9
————— )
10.00w
N 28
64.8
————— )
10.00wW
N 38
70.2
————— )
10.00wW
N 48
74.1
————— )
10.00w
N 58
76.7
————— )
10.00w
N 68
77.8
————— )
10.00w
N 78
77.0
————— )
0.80wW
N 88
76.8
————— )
0.80wW
N 98

40.6
————— )
0.80wW
N 9
48.7
————— )
0.80wW
N 19
56.5
————— )
0.80wW
N 29
63.0
————— )
0.80wW
N 39
68.3
————— )
0.80wW
N 49
72.3
————— )
0.80wW
N 59
75.0
————— )
0.80wW
N 69
76.5
————— )
0.80wW
N 79
76.9
————— )
0.80wW
N 89
77.0
————— )
0.80wW
N 99

40.6
————— )
0.80wW
N 10
48.5
————— )
0.80wW
N 20
55.8
————— )
0.80wW
N 30
62.2
————— )
0.80wW
N 40
67.4
————— )
0.80wW
N 50
71.4
————— )
0.80wW
N 60
74.2
————— )
0.80wW
N 70
75.9
————— )
0.80wW
N 80
76.7
————— )
0.80wW
N 90
77.0
————— )
0.80wW
N 100

COLDPLATE Example

77.8
76.0
740
72.0
70.0
680
660
64.0
62.0
60.0
56.0
56.0
54.0
52.0
50.0
48.0
48.0
44.0
42.0
40.0
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