ip)

EPAC Software COLDPLATE Example

Kraus and Bar-Cohen Sample Problem 15.7 Comparison

Compare the results of sample problem 15.7 of Allan Kraus and Avram Bar-Cohen book
“Thermal Analysis and Control of Electronic Equipment” to COLDPLATE results.

Below is a list of input parameters for their sample problem.

Length L is 8 inches

Width W is 4 inches

Fin height H is .25 inches

Fins are to be .006 inches thick

Fin type is rectangular 11.1

The fin density is 11.1 fins/inch

Cover plate is .01 inches

Base plate is .01 inches thick

The inlet fluid temperature is 71C

The inlet fluid pressure is 14.7 PSI

Cooling fluid is air

Mass flow rate is 1.35 Ib/min

400 Watts, 200 Watts on both sides, uniformly distributed
Base, fins and cover are made of aluminum, K = 5.14 W/(in-C)

BASE PLATE
FIMNS
4 COVERPLATE

DIRECTION OF FLUID FLOWY

4in ‘
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EPAC Software

Input the geometry on this tab sheet.

COLDPLATE Example

(i’ Finned Cold Plate or Heat Sink

Geometry | Materiall Fluid F'rn:npertiesl Power Dissipation | Fressure Drn:npl External Heat Transferl Geterate F"In:ntsl

Fins
T Cover

Fin D enzity [finz/in.]

11.1

W ariable

—For Ping Fins Only

telcdo Q"‘Q*@i

W_OODDRDOO-.IF

okl 221,

Lateral Spacing [in.]

Transverse Spacing [in.]

Fir Ciameter [in.]

Lo

" ariable

Yariable

Yariable

flEE e o

—Geometny —Tuwpe of Fin
Length [in.] | 8 10,277 -]
- 11443280
e Width [im.] I 4 [711.5-3/80
/ B aze Thicknessz [in. 0.01 W aniable E 13;38231';8‘;; J
g I E~ " Ingulation Thickneszs (in.] I W aniable [T1PF4
i Cower
Insulation DF’FE
Cover Thiskness (i) 001 7 E R
Fity Height [it.] 025 " ariable Yiew fin descrption |
—For Plate Fing Only —For Bypass Flow Only—————————
2 ; Base Fir Thickneszsz [in.] 0006 Wariable

H
C

LU |

f o 1

Duct Wwidth [ir.]

I " ariable |

Cover Clearance [in.]

I W ariable |

M odel Dezcription

Saveds

=

E Save |

7t |
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COLDPLATE Example

Input the base plate, cover and fin conductivity on this tab sheet.

& Finned Cold Plate or Heat Sink

. Geometyy  Material | Fluid F'ru:upertiesl Poweer Dizzipation | Prezsure Dru:upl Esternal Heat Transferl [Generate F'Iu:utsl

Set/Fezet Properties to Aluminum |

—Baze

—Fin

b aterial

Thermal Cond [t fin.-C]
Specific Heat [w-zec. /b-C]

Denzity [Ibdin. ™3]

LUser Defined Properies

514

I 4242000
I 0.094

hd aterial

[

Lzer Defined Properies

514

I 424 20001
I 0.03a

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

Censity [IbAn. ™3]

[

—Cover

—Inzulation [if uzed]

b aterial
Thermal Cond [ fin.-C]
Specific Heat [w-zec. /b-C]

Denzity (Ibdn. 3]

ser Defined Properties

514

I 424.200M
I 0.033

j b aternial
Thermal Cond [ fin.-C]
Specific Heat ['w-zec. /lb-C)

Denzity (b, "3

[

kodel Dezcription |

Savehs |

X Cancel |
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COLDPLATE Example

Input the temperature, pressure, flow rate and air as the fluid on this tab

sheet.
@& Finned Cold Plate or Heat Sink x|
| Geometry | Material  Fluid Properties | Power Diszipation | Frezsure Drop I External Heat Transfer I Generate F'Iu:utsl
— Fluid Temperature, Pressure or Altitude — Type of Cooling Fluid
[nlet Fluid Temperature [C) I 71
F: i sEeA e ey [ cooLANOL20
PRNA O L ARV AN NRT SR 2 K= M COOLANOL2S
[CEG_H20_30/70
Inlet Fluid Prezsure (Ibdin"2) I 147 [MEG H20 40/80
|— Variable MEG_H20_50/50
Exit Fluid Preszure [lbdin™2] MEG_H20_60/40
Inlet Fluid Altitude [f) I [T EMGINE QIL
[CIFC75
Exit Fluid Altitude [ft] I M GALDEN-HT440 LI
— Fluid Flow B ate — Time Warying
AT S e s
Mazs Flow Fate [Ib/min] m \ariable | Inlet Fluid Temperature [C]
Yaolurne Flow B ate [gal/min) I "ariable | M asz Flow Rate [Ibmin]
Fhadir Aiws Sane Fhse Rocte i
Caold Plate Temperature [I:] of I — Mil-5td-210 Environment And
R arm &ir Cooling
Fluid Exit Temperature [C] of I
Farn Fl
Frezsure Drop (in.-H20] of I am e |
todel D ezcription x Cancel | Saveds | E Save | ? Help |
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Input the power

COLDPLATE Example

dissipation on this tab sheet.

(Note that we are inputting power on both “One Side Only”’ and ‘““Both Sides” which will

result in 2 runs to

& Finned Cold Plate or Heat Sink

show the difference in results)

.Geu:umetr_l,ll Materiall Fluid Properties  Power Dissipation | Pressure Dru:upl E:-:ternalHeatTransferI Generate F'Iu:utsl

—LCold Plate Power Dizzipation

One Side NIV Base
Oy
Cover
Baze Flate Power [\ attz] 400

P44 o4k

—Fan/Fump Power Dizzipation

{* Maone " Inlet Fan " Exit Fan

A

—- [ 1 ColdFlate [ |—=

Far [rlet Pawer [#iatts] I

Base
Both Sides — [T Cold Flate [ ] —=
[
& 7 1 F 7 el
Baze Flate Power [\ attz] 200 Fan Exit Power [Fattz] I
Cover Plate Power [ atts] 200
Model D escription | X Cancel | Saveds | H save | ? Help
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COLDPLATE Example

Here are the results with power on both sides

khkAkKkkhk Ak Ak Ak A A h Ak hh*k

THE TYPE OF FINS S

**x*k*k*k** VARTARLE INPUTS AhkAKhk Ak AR Ak A d A A I A A I A A I A A XA, * K

PECIFIED ARE: PLANE FIN 11.1

FIN HEIGHT, INCHES 0.250
BASE THICKNESS, INCHES 0.010
FIN THICKNESS, INCHES 0.0060
FIN DENSITY, FINS PER INCH 11.1
STATIC INLET FLUID TEMPERATURE, DEG C 71.0
INLET PRESSURE, LBS/IN2 14.70
MASS FLOWRATE, LBS/MIN 1.35
THE POWER APPLIED TO BOTH SIDES, WATTS TOP 200.00
BOTTOM 200.00
THE COOLING FLUID IS: AIR

khkkKhkkkhkkAkkhkkkKkk k% T

NTERMEDIATE CALCULATED PARAMETERS *****x*x*xxxxxxxxxx

FREE FLOW CROSS SECTIONAL AREA, IN2 0.933
HYDRAULIC DIAMETER, INCHES 0.126
COLDPLATE WEIGHT, LBS 0.12
TOTAL VOL FLOWRATE, [GAL/MIN] FT3/MIN [ 166.39] 22.243
COLDPLATE VOL FLOWRATE, [GAL/MIN] FT3/MIN [ 166.39] 22.243
COLDPLATE VELOCITY, FT/SEC 57.19
AVERAGE DENSITY, LB/FT3 0.061
AVERAGE CONDUCTIVITY, W/ (IN-C) 0.00079
AVERAGE SPECIFIC HEAT, W-MIN/(LB-C) 7.640
AVERAGE DYNAMIC VISCOSITY, LB/ (MIN-IN) 0.000072
PRANDTL NUMBER 0.694
REYNOLDS NUMBER 2543,
EQUIVALENT FRICTION LOSS COEFFICIENT, KFRICTION .01
INLET LOSS COEFFICIENT, KINLET 0.26
EXIT LOSS COEFFICIENT, KEXIT -0.12
FILM COEFFICIENT, [BTU/(HR-FT2-F)] W/ (IN2-C) [ 16.28] 0.0596

khkkKhkkkhkhAkkhkkkhkkkKk*kx*k

INLET PRESSURE, [L

INLET PRESSURE DROP,

ACCELERATION PRESS

FRICTIONAL PRESSURE DROP,

EXIT PRESSURE DROP

TOTAL PRESSURE DROP,

EXIT PRESSURE, [LB
DENSITY RATIO TIME

khkkKhkkkhkkkhkkkhkkkKk*k*k

THERMAL RESISTANCE

THERMAL RESISTANCE

khkAkKkkhk Ak Ak Ak A A hk Ak hh*k

STATIC INLET FLUID
STAGNATION FLUID T
TOTAL STAGNATION F
STATIC EXIT FLUID

ISOTHERMAL COLDPLATE TEMPERATURE,

MAXIMUM COLDPLATE

Copyright ©EPAC-INC.COM

*kk kK Kk kKK PRESSURE KA KA KAKAAKAAIAKAA AR AR A A AKX A AR R AR R KK,k Kk

B/IN2] INCHES-H20 [ 14.700] 407.077
INCHES-H20 0.289
URE DROP, INCHES-H20 0.132
INCHES-H20 1.785

, INCHES-H20 -0.232
INCHES-H20 1.974
/IN2] INCHES-H20 [ 14.629] 405.103
S PRESSURE DROP, INCHES-H20 1.5660

* Kk k kKK THERMAIL RESISTANCE Ak KkKhAk Kk kA k kA kdkhkrAkk kA kK kk*x%

FROM INLET FLUID TO COLDPLATE, C/W
TOP 0.261
BOTTOM 0.261

FROM LOCAL FLUID TO COLDPLATE, C/W
TOP 0.142
BOTTOM 0.142

Kk kA Kkkk kK TEMPERATURES AhkAKI Ak Ad A A I A A I A A d A A I A A I A A XA KK

TEMPERATURE, DEG C 71.0
EMP RISE ALONG COLDPLATE, DEG C 38.8
LUID TEMP RISE, DEG C 38.8
TEMPERATURE, DEG C 109.7

DEG C TOP 123.1

BOTTOM 123.1

TEMPERATURE, DEG C TOP 138.2
BOTTOM 138.2
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Here are the results with power on the base plate only

FINNED MODEL WITH HEATING ON ONE SIDE ONLY

FrkIkkkkkkhkhkrxxxxkkkkkkkrkxxx*x YARTABLE INPUTS khkAKkkhkAd Ak A h A Ak I A A I A A I A A XA KX K* K

THE TYPE OF FINS SPECIFIED ARE: PLANE FIN 11.1
FIN HEIGHT, INCHES 0.250
BASE THICKNESS, INCHES 0.010
FIN THICKNESS, INCHES 0.0060
FIN DENSITY, FINS PER INCH 11.1
STATIC INLET FLUID TEMPERATURE, DEG C 71.0
INLET PRESSURE, LBS/IN2 14.70
MASS FLOWRATE, LBS/MIN 1.35

THE POWER APPLIED TO ONE SIDE ONLY, WATTS 400.00

THE COOLING FLUID IS: AIR

kKA Kk khkkhkrxhkkhkkkhkkxkx*k INTERMEDIATE CALCULATED PARAMETERS khkkhkkhkhkrkkkhkhkhkkxkx*k

FREE FLOW CROSS SECTIONAL AREA, IN2 0.933
HYDRAULIC DIAMETER, INCHES 0.126
COLDPLATE WEIGHT, LBS 0.12
TOTAL VOL FLOWRATE, [GAL/MIN] FT3/MIN [ 166.39] 22.243
COLDPLATE VOL FLOWRATE, [GAL/MIN] FT3/MIN [ 166.39] 22.243
COLDPLATE VELOCITY, FT/SEC 57.19
AVERAGE DENSITY, LB/FT3 0.061
AVERAGE CONDUCTIVITY, W/ (IN-C) 0.00079
AVERAGE SPECIFIC HEAT, W-MIN/ (LB-C) 7.640
AVERAGE DYNAMIC VISCOSITY, LB/ (MIN-IN) 0.000072
PRANDTL NUMBER 0.694
REYNOLDS NUMBER 2543,
EQUIVALENT FRICTION LOSS COEFFICIENT, KFRICTION .01
INLET LOSS COEFFICIENT, KINLET 0.26
EXIT LOSS COEFFICIENT, KEXIT -0.12
FILM COEFFICIENT, [BTU/(HR-FT2-F)] W/ (IN2-C) [ 16.28] 0.0596
THE FIN EFFICIENCY WITH HEAT ON ONE SIDE ONLY IS 0.901

KAhkAI Ak AR A A I A A I A A I A AR A A XA A KKK PRESSURE KAk AIAA XA AR A A I AR I AXA A AR A A XA A XA AKX K

INLET PRESSURE, [LB/IN2] INCHES-H20 [ 14.700] 407.077
INLET PRESSURE DROP, INCHES-H20 0.289
ACCELERATION PRESSURE DROP, INCHES-H20 0.132
FRICTIONAL PRESSURE DROP, INCHES-H20 1.785
EXIT PRESSURE DROP, INCHES-H20 -0.232
TOTAL PRESSURE DROP, INCHES-H20 1.974
EXIT PRESSURE, [LB/IN2] INCHES-H20 [ 14.629] 405.103
DENSITY RATIO TIMES PRESSURE DROP, INCHES-H20 1.5660

FrkKkkkkkhkhkrrxxxkkkkkkkrxxxx*x THERMAL RESISTANCE LR e A b i b B S b I S b B b b B b b

THERMAL RESISTANCE FROM INLET FLUID TO COLDPLATE, C/W 0.136
THERMAL RESISTANCE FROM LOCAL FLUID TO COLDPLATE, C/W 0.078

B e i I b B dh b I S R A b b A b b I i b TEMPERATURES AhkAR Ak AR A A I A A I A A I A A XA A XA A XA KK

STATIC INLET FLUID TEMPERATURE, DEG C 71.0
STAGNATION FLUID TEMP RISE ALONG COLDPLATE, DEG C 38.8
TOTAL STAGNATION FLUID TEMP RISE, DEG C 38.8
STATIC EXIT FLUID TEMPERATURE, DEG C 109.7
ISOTHERMAL COLDPLATE TEMPERATURE, DEG C 125.5
MAXIMUM COLDPLATE TEMPERATURE, DEG C 140.9
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COLDPLATE Example

Comparison of results between Kraus and Bar-Cohen, and COLDPLATE:

Kraus and Bar-Cohen

COLDPLATE: Both

COLDPLATE: Single

Side Heating Side Heating
Isothermal Temp 122.8 123.1 125.5
C
Pressure Drop 2.09* 1.97 1.97
in H20

* Note that Kraus and Bar-Cohen used their Entrance and exit loss coefficient Figure 10.8 which
is for triangular fins rather than the correct Figure 10.9 which is for rectangular fins. This
accounts for the difference in their results versus COLDPLATE.
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