EPAC Software COLDPLATE Example

Non-isothermal Analysis Example with a Bracket - Extra Nodes and Conductors

This example builds on the non-isothermal examples with uniform power and non-uniform
power. This example will locally thicken the base plate, add a bracket and add 20 Watts on it.

Extra nodes 3001 thru 3009 have to be added to the model. Distribute the 20 Watts on 3 of the
nodes on the bracket as shown. Note that there is already 250 Watts that was added from the
non-isothermal example with non-uniform power.

The conductances are added to the "Conductors" tab of the non-isothermal form. Note that the
"Duplicate Conductors" radio button needs to be set to "Over-write" so that in the thickened area

of the base plate the internally calculated conductors will be over-written.

Calculations of the extra conductors are shown on the next pages.
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EPAC Software COLDPLATE Example

Non-isothermal Analysis Example with Extra Nodes and Conductors Calculations
The conductances for the thickened base plate, bracket and between the base plate and bracket
are calculated below.

The calculations for the conductance in the thickened area of the base plate follow.

Nodal hookups: 13-18, 14-19, 33-38, 34-39.

lrﬂa
|
|
Node' 12 . Node 19
|
|
B

The thermal conductivity of aluminum is 3.92 W/(IN-C)
The resistance from node 13 to A-A is:

L 1.0/2

R, = = =15C/W

KA (3.92)(.062)(1.52)

The resistance from A-A to node 18 is:
L 1.0/2 6C/W

ng = = =.
KA  (3.92)(.25)(1.52)
The resistance from node 13 to 18 etc. 1s :

R, =R, +R, =135+33=1686C/W

The conductance from node 13 to 18 etc. is:

Goo=— = —50W/C
R, 1686
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EPAC Software COLDPLATE Example

Nodal hookups 17-18, 22-23, 27-28, 32-33, 19-20, 24-25, 29-30, 34-35

| B

|
Node 17 * Node 18

|
I
A
L 1.52/2

R, = = =3.13C /W
KA (3.92)(1.0)(.062)

1.52/2

= = =776C/ W
(3.92)(1.0)(.25)

R, =313+776 =3906C/ W
Gy = —— =256W/ C
3906

Nodal hookups: 18-19, 23-24, 28-29, 33-34

_KA _ (3.92)(.25)(1.0)

Gropy == o =MW/ C

Nodal hookups: 18-23, 23-28, 28-33, 19-24, 4-29, 29-34

_ KA _ (3.92)(.25)(1.52)

Gy == = =1.49W /C
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EPAC Software COLDPLATE Example

Calculate the conductance along the bracket.
Nodal hookups: 3001-3002, 3009-3008.

KA (3.92)(.062)(1.52)
G030 = L = 10 =369W / C

Nodal hookups: 3002-3003, 3007-3008.

KA  (3.92)(.062)(1.52)
G3002—3003: L = 10 6

2 2
Nodal hookups: 3003-3004, 3004-3005, 3005-3006, 3006-3007.

=46W / C

_KAa_ 3.92)(.062)(1.52)

G03-3004 = L 6 =616W/C

Calculate the conductance between the bracket and the cold plate.
Nodal hookups: 20-3009, 40-3001.
Kcomact:.ZO INAZ—C/W

A, (1.52)(1.0)
G20—3009 = K_ =5

C

=76W/C
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Nodes which represent the bracket are added on the "Nodes” tab

Nonisothermal Analysis 2] x|

Analysis MNodes | Fowmer I Conductars I Arrays I Enmmentsl

Cold Plate Modes
Mumber of nodes along width I g Length
Exarnple: Floowr 4 & 12 16 20| Mode Layout Scheme
Direction 3 T 11 15 19| =
Mumber of nodes along length I 8 & Modes along Length » T
faled=sialonopalidin 2l GW MEIRCOKER ¢ Coalant Fass Scheme |
Mumber of coolant pazzes I 1 1.5 |9 |13 |17

— List of Extra Modez

Mode  |Inhal Temperature [C]]  Themmal Mass Comment ﬂ

Murnber ['4/-sec./C] Murnber Thermal Mazs:

[ = Dienzity

W =Volume per Mode

Cp = Specific Heat

;I Thermal Mazz =D =W x Cp

Y
o &= | =

Il

— Groups of Extra Modes

Mumber of Starting Mode Increment Yalue | Intial Temperature Themmal Mass Comment | =
MHodes Humber [C) [\f-zec./C) Murber

30M 1 100 1

|

Y
[0y B T I S I

[

X Cancel | Savess | H save | ? Help |
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The power on the bracket is added below.

Nonisothermal Analysis 2 x|
Analysis I Modes Poweer | Conductors I Arrays I Eummentsl
= Use "lsathermal’ power % Constant power = Power wersuz time " Power versus temperature
— Ligt of Powers — Heater/Cooler ——
Mode Fm\ Tirme &rray Temperature Array Comment -
/ Mumber [t attz] \Numher MHurnber Humber
N e |
2 | 3005 B.BE7 )
3| 3006 B.657 / Heater |
3
B
! A
4] | 2
— Groups of Powerz
MHumber of Starting Ihcrement Fower Time Array | Temperature Armray Comment -
Modez Mode Walle [t atts) MHurnber MHurnber MHurmber =
Humber [—
2 3 2 a] n
3 3 3 ] 10
4 4 1a 5 15
A 3 4 a] 1n
5 4 14 5 15
! |
| o)

X Cancel | Savess | H save | ? Help
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The conductances which were calculated on previous page and represent the brackets are added
to the “Conductor” tab

Nonisothermal Analysis 2] x|

Analyzis I MHodes I Poer Conductors I Arrays I Eommentsl

{+ Constant conductance " Conductance versus time {~ Conductance versus bemperature

— List of Extra Conductors

Conductar T 3
"Fram" | Fo | Conztant Time Array m% Comment ;I Dnl:ucczrndﬂ?jizn
& Mode Conductance Mo, Lray Mo, Type umber )
b F - luid flow
1 18 ) C 1 F - radiatian
2 14 19 .59 C 1 Conductar Urits:
3 33 38 ) C 1 C.F -wfatt/C
4 3 23 53 C 1 Aot
5 3001 3002 363 L 2 uplicate Conductors
B anns 300a 3R9 C 2 & Dyarwite
7~3002 | 3003 4B C L —7 |qf
£ Add in parallel /
KN i

——— Groups of Extra Conductors

Mo of | Stasmg | Increment Starting Increment Congtant Time [Temp | Cond. Comment | =
/l:en-/ "From' Yalue "To" Node Walue Conductance | Amay Mo, | Aray Mo [ Tppe|  Number j
/ ductars Mode
Bl : G 5 18 5 256 C 1
2 4 13 ] 20 5 .256 C 1
3 4 18 ) 13 5 644 C 1
4 3 18 ] 23 5 1.49 C 1
3 3 15 ) 24 5 1.49 C 1
Y 4 3003 1 3004 1 E16 C 2
7 2 20 3009 -8 7B C 3 ;I
T !
XK Cancel | Savess | H save | 7 Help |
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EPAC Software

COLDPLATE Example

Isothermal results used for input to the non-isothermal predictions are shown below.

A R A A A R A

HEATING ON ONE SIDE ONLY

FrkIkkkkkkhkhkrxxxxkkkkkhkkrkxxx*x YARTABLE INPUTS AhkAKRkhkAd Ak A d A A I A A I A A I A A XA AKX K

THE TYPE OF FINS SPECIFIED ARE: RECTANGULAR
FIN HEIGHT, INCHES 0.500
BASE THICKNESS, INCHES 0.062
FIN THICKNESS, INCHES 0.0060
FIN DENSITY, FINS PER INCH 8.0
STATIC INLET FLUID TEMPERATURE, DEG C 55.0
INLET PRESSURE, LBS/IN2 14.70
VOLUME FLOWRATE, FT3/MIN 50.00
THE POWER APPLIED TO ONE SIDE ONLY, WATTS 270.00
THE COOLING FLUID IS: AIR

KXk kXK * KKk xkkxk% INTERMEDIATE CALCULATED PARAMETERS *%* %% %%k % &k x4 k%%

FREE FLOW CROSS SECTIONAL AREA, IN2 3.
HYDRAULIC DIAMETER, INCHES 0.
COLDPLATE WEIGHT, LBS 0.
TOTAL MASS FLOWRATE, LBS/MIN 3
COLD PLATE MASS FLOWRATE, LBS/MIN 3
COLDPLATE VOL FLOWRATE, [GAL/MIN] FT3/MIN [ 374.0] 50.
COLDPLATE VELOCITY, FT/SEC 33.
REYNOLDS NUMBER 2639.
EQUIVALENT FRICTION LOSS COEFFICIENT, KEFRICTION 1.
INLET LOSS COEFFICIENT, KINLET 0.
EXIT LOSS COEFFICIENT, KEXIT -0.
FILM COEFFICIENT, [BTU/(HR-FT2-F)] W/ (IN2-C) [ 8.21] 0.
THE FIN EFFICIENCY WITH HEAT ON ONE SIDE ONLY IS 0.

62
192
75

.31
.31

00
17

67
82
73
0301
796

LRI R I b S b S b I S b I Sh b I S 2b I S 2h S PRESSURE KA KAKAKIAKAKAIAKAAAA AR XA A AR AKX AR A KK,k Kk

INLET PRESSURE, [LB/IN2] INCHES-H20 [ 14.700] 407.
INLET PRESSURE DROP, INCHES-H20 0.
ACCELERATION PRESSURE DROP, INCHES-H20 0.
FRICTIONAL PRESSURE DROP, INCHES-H20 0
EXIT PRESSURE DROP, INCHES-H20 -0.
TOTAL PRESSURE DROP, INCHES-H20 0
EXIT PRESSURE, [LB/IN2] INCHES-H20 [ 14.686] 406.
DENSITY RATIO TIME PRESSURE DROP, INCHES-H20 0

077
196
014

.363

182

.391

686

.3376

kAR KhkkkhkAk Kk kA Kk kA khk kA khhkkk*x* THERMAIL RESISTANCE R I R S b S b e S b S 2 I Sh b I S b 4

THERMAL RESISTANCE FROM INLET FLUID TO COLDPLATE,
THERMAL RESISTANCE FROM LOCAL FLUID TO COLDPLATE,

C/W
C/W

0.
0.

090
068

LR I e S b S b S b I S b S b I S b I S 2 TEMPERATURES ER I S b e b b e S b S b S b I S b I S b S 4

STATIC INLET FLUID TEMPERATURE, DEG C 55.
STAGNATION FLUID TEMP RISE ALONG COLDPLATE, DEG C 10.
TOTAL STAGNATION FLUID TEMP RISE, DEG C 10.
STATIC EXIT FLUID TEMPERATURE, DEG C 65.
ISOTHERMAL COLDPLATE TEMPERATURE, DEG C 79.
MAXIMUM COLDPLATE TEMPERATURE, DEG C 84.
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EPAC Software COLDPLATE Example

The predicted cold plate and fluid temperatures as well as the power at each node are shown
below

INLET FLUID TEMPERATURE= 55.0 C

,,,,,,,,,,,, V

| CP TEMP | v

| FLD TEMP | |

| POWER | |

| NODE NO. | |

____________ V
| 74.7 | 81.2 | 82.9 | 79.9 | 67.0 |
| ( 56.3) | ( 56.8) | ( 56.9) | (56.7) | ( 55.8) |
| 5.00W | 10.00W | 10.00W | 10.00W | 0.00W |
| N 1 | N 2 | N 3 | N 4 | N 5 |
| 75.0 | 81.3 | 84.0 | 81.3 | 68.4 |
| ( 57.6) | ( 58.5) | ( 58.7) | ( 58.4) | ( 56.7) |
| 5.00W | 10.00W | 10.00W | 10.00W | 0.00W |
| N 6 | N 7 ] N 8 | N 9 | N 10 |
| 75.1 | 80.5 | 85.9 | 84.1 | 71.7 |
| ( 58.8) | ( 60.0) | ( 60.6) | ( 60.1) | ( 57.7) |
| 5.00W | 10.00W | 10.00W | 10.00W | 0.00W |
| N 11 | N 12 | N 13 | N 14 | N 15 |
| 74.8 | 76.0 | 90.0 | 89.8 | 78.1 |
| (59.9) | ( 61.0) | ( 62.6) | ( 62.2) | ( 59.1) |
| 5.00W | 0.00W | 15.00W | 15.00W | 0.00W |
| N 16 | N 17 | N 18 | N 19 | N 20 |
| 74.8 | 74.7 | 90.7 | 90.7 | 75.4 |
| ( 60.9) | ( 62.0) | ( 64.5) | ( 64.1) | ( 60.2) |
| 5.00W | 0.00W | 15.00W | 15.00W | 0.00W |
| N 21 | N 22 | N 23 | N 24 | N 25 |
| 75.0 | 74.4 | 90.6 | 90.8 | 75.3 |
| ( 61.9) | ( 62.8) | ( 66.3) | ( 65.9) | ( 61.2) |
| 5.00W | 0.00W | 15.00W | 15.00W | 0.00W |
| N 26 | N 27 | N 28 | N 29 | N 30 |
| 75.2 | 73.9 | 89.2 | 89.7 | 76.8 |
| ( 62.8) | ( 63.6) | ( 67.9) | ( 67.5) | ( 62.3) |
| 5.00W | 0.00W | 15.00W | 15.00W | 0.00W |
| N 31 | N 32 | N 33 | N 34 | N 35 |
| 75.3 | 72.7 | 79.9 | 81.2 | 81.5 |
| ( 63.6) | ( 64.2) | ( 68.7) | ( 68.5) | ( 63.6) |
| 5.00W | 0.00W | 0.00W | 0.00W | 0.00W |
| N 36 | N 37 | N 38 | N 39 | N 40 |

FLUID TEMPERATURE OUT= 65.7

EXTRA NODES POWER= 20.00

AVERAGE COLDPLATE TEMP.= 79.7

POWER DIRECTLY ON CP= 250.00

NO. OF ITERATIONS REQUIRED= 79

ALLOW. NO. OF ITERATIONS= 1000
TEMP. RELAXATION CRITERIA=.00100
PERCENT ENGERY BALANCE= 0.0010

<———————<<
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The bracket temperatures, conductors and power are shown below.

KA A A AR AR A AR A AR A A A A A A A A A A A AR A AR A A A A A A AR A AR A A A A AR A AR AR A A AR A AR AR A AR A A * K,k K

NONISOTHERMAL EXTRA NODES AND CONDUCTORS OUTPUT DATA

KA R A AR AR A AR A AR A A A A A A A AR A A AR A A A A A A A A A A A A AR A A A A AR A AR AR A A AR A AR A AR A AR A ARk, kK

T3001= 82.79 T3002= 109.34 T3003= 130.64 T3004= 146.54 T3005= 151.63
T3006= 145.89 T3007= 129.32 T3008= 107.14 T3009= 79.49

G( 13, 8)= 0.590 G( 18, 3)= 0.590 G( 14, 19)= 0.590 G( 19, 4)= 0.590
G( 33, 8)= 0.590 G( 38, 3)= 0.590 G( 34, 39)= 0.590 G( 39, 4)= 0.590

G(3001, 3002): 0.369 G(3002, 3001): 0.369 G(3009,3008)= 0.369 G(3008, 3009): 0.369

G (3002, 3003): 0.460 G(3003, 3002): 0.460 G(3007,3008)= 0.460 G(3008, 3007): 0.460
G( 17, 8)= 0.256 G( 18, 7)= 0.256 G( 22, 23)= 0.256 G( 23, 2)= 0.256
G( 27, 8)= 0.256 G( 28, 7)= 0.256 G( 32, 33)= 0.256 G( 33, 2)= 0.256
G( 19, 0)= 0.256 G( 20, 9)= 0.256 G( 24, 25)= 0.256 G( 25, 4)= 0.256
G( 29, 0)= 0.256 G( 30, 9)= 0.256 G( 34, 35)= 0.256 G( 35, 4)= 0.256
G( 18, 9)= 0.644 G( 19, 8)= 0.644 G( 23, 24)= 0.644 G( 24, 3)= 0.644
G( 28, 9)= 0.644 G( 29, 8)= 0.644 G( 33, 34)= 0.644 G( 34, 3)= 0.644
G( 18, 3)=1.490 G( 23, 8)= 1.490 G( 23, 28)= 1.490 G( 28, 3)= 1.490
G( 28, 3)= 1.490 G( 33, 8)= 1.490 G( 19, 24)= 1.490 G( 24, 9)= 1.490
G( 24, 9)= 1.490 G( 29, 4)= 1.490 G( 29, 34)= 1.490 G( 34, 9)= 1.490
G (3003, 3004)= 0.616 G(3004, 3003)= 0.616 G(3004,3005)= 0.616 G(3005, 3004)= 0.616
G(3005,3006)= 0.616 G(3006, 3005)= 0.616 G(3006,3007)= 0.616 G(3007, 3006)= 0.616
G( 20,3009)= 7.600 G(3009, 0)= 7.600 G( 40,3001)= 7.600 G(3001, 0)= 7.600

Q3004= 6.667 Q3005= 6.667 Q3006= 6.667
**xx* THE TOTAL EXTRA NODES POWER APPLIED IS= 20.00 *xx*x

*x%*x THE SUM OF THE COLDPLATE POWER AND THE EXTRA NODES POWER IS= 270.00 WATTS *****
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A color contour plot of the cold plate temperatures is shown below.

Non-isothermal example with non-uniform pcwer, thickened base plate and bracket

i Temp., C
Plate Fluid
a90.8
&8.0
86.0
840
B82.0_
800
780 _
78.0
740
720
700
68.0
658.0
640
62.0
60.0
580
553
Steady-State Case Number 1 of 1 lModel Results, Min and Max Temp.= 55.8, 90.3 4120/2012 25737 PM
Cohillsedfileé TomWebsiteExamples\Non-iso Temp Example with Bracketini-extra-nodes-conds.csv COLDFLATE by ERAC
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