EPAC Software COLDPLATE Example

Fan Cooled Example

This example will demonstrate modeling a box with 2 cold plates cooled by a single fan. The
resulting flow rate and temperature for the two conditions listed will be determined..

e Operation is required at sea level l 5 | e & —
and 40,000 feet (2.72 PSI), 55C -— = ===
and 30C inlet air, respectively.

e The fins are: .01 inches thick, 12
fins/inch, .5 inches high,
rectangular, aluminum.
e The 6061-T6 base is .062 thick and
the cover is.04 thick. I O S S
e The fan manufacturer’s data (curve
below) was measured at standard
conditions of 14.7PSI and 15C.
* Total box power is 200 Watts, nearly uniform on both sides while the fan power is 38
Watts.
* Assume a “System Inlet Section” loss parameter of 1.0 inches high by 5.0 inches wide
with a loss coefficient of 1.0
e Assume an “Inlet Section” loss parameter of .5 inches high by 5.0 inches wide with a
loss coefficient of 1.0

* Since the altitude condition is above 30KFT, use the Sigma Delta P versus Mass Flow
Rate plot to determine fan operations conditions.

* Under the Fan Configuration tab be sure to select the 2 cold plates per fan option.

e Use a mass flow rate range of .05 to 5 Ibs/min.

* Since the plot to be generated is log-log, use near 0.0 values at the limits of fan curve
1nput.

* Since there are 2 cold plates, the power per cold plate is 200/2 = 100 Watts.

* The total fan power of 38 Watts is input, the program will account for the proper power
to use in heating up the air prior to the cold plates.
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EPAC Software

Flow Thru Cooling 1

COLDPLATE Example

Input the geometry parameters on this tab.

Geametry | Materiall Fluid F'ru:upertiesl Fower Dissipatiu:unl Fressune Dn:upl External Heat Transferl Generate F'Iu:utsl
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EPAC Software

COLDPLATE Example

Select Default Aluminum Properties on this tab

Flow Thru Cooling :

Geometry  Matenal | Fluid F'ru:upertiesl Power Dissipaliu:unl Fressure Dr|:||:|| Euternal Heat Transferl Generate F'Iu:utsl

Fins .
Cover

Set/Reset Properties to Aluminum

~Baze

b aterial Default Alurminurn Properties

Thermal Cond [ fin.-C]
Specific Heat [w-min. /1b-C]

Denszity [IbAn."3)

3.9

w07

I 0.03s

S

~Fin

b atenial Default Alurminuem Properies

Thermal Cond [ fn.-C]
Specific Heat [-min. /1b-C]

Drensity [IbAin. ™3]

]

—Cover

K aterial Default Aluminum Properties
Thermal Cond [wdin.-C]
Specific Heat [ -min. /b-C)

Density [IbAin. ™3]

332

707

I 0.033

2]

Inzulation (if uzed]

b aterial
Thermal Cond [Wwdin.-C]
Specific Heat [w-min. /b-C)

Density [IbAin. 3]

kaodel Dezcription |

v |

Saveds |

E Save |
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EPAC Software COLDPLATE Example

Input the Inlet fluid temperature, pressure, mass flow rate and select “Air “ as the
cooling fluid. The flow rate is varied from .05 to 5 Ib/min with 10 different values.

Flow Thru Cooling 2]

Geu:umetr_l,ll baterial Fluid Properties |F'|:uwer Dissipatiu:unl Frezsure DerI Esternal HeatTransferl Generate F'IDtsI

— Fluid Temperature. Pressure or Altitude — Type of Cooling Fluid
Inlet Fluid Termperature [C) I 55 [
. . ClCooLAMDL20
SO NS R AT s ey S M CoOLANOLZS
[CIEG_H20_30i70
Inlet Fluid Pressure [IbAn"2] 147 [MEG_H20_40/60

Wariable [CIEG_H20_50/40
MEG HO F04N

Exit Fluid Pressure [Ibdn™2]

Inlst Fluid Altitude (ft Min, Max and Number ¢ es KT
Esit Fluid Altitude (1t
~ Fluid Flaw Rate Minimum value 0.05
By st s v

b aximurm value I ]
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b azz Flow Fate [Ibmin)

1R

Wolume Flow Fate [ 37 "ariable | Murmber of values I 10
Fhaced Flwe Sane Thse Sasate i L
Cold Plate Temperature [C] of T
o OK
Fluid Exit Termperature [C] of
Pressure Drop [in-H20] of
todel Description | W O x Cancel | Saveds | E Save | ? Help
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EPAC Software

COLDPLATE Example

Input V2 the box power (power per cold plate) and the total inlet fan power.

Flow Thru Cooling

Geu:umetr_l,ll Materiall Fluid Properties  Pawer Dizsipation |F'ressure DerI E sternal HeatTranaferl Generate PlDtSI

—Cold Plate Power Dizsipation

!
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Baze Plate Power [wWathz)
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Both Sides

Baze Flate Power [\ atts)

Covver Plate Power W atts)

Base

Cover

—
—
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E Save |
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EPAC Software COLDPLATE Example

The “System Inlet Section” button is selected to specify the duct dimensions at the fan.
In addition, the “Inlet Section” button is selected to specify the dimension just prior to
the cold plate.

Flow Thru Cooling 2] %]

Geu:umetryl Materiall Fluid F'ru:upertiesl Power Dizsipation  Pressure Drop I Esternal Heat Transferl Generate F'Intsl

— Chooze One Type OFf Flow Conditon From Each Column [Section] Then Define Prezzure Drop Parameters

Syztem Inlet Section Inlet Section Cold Plate Section Exit Section Syztem Exit Section
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Model Description | n ¢EIK X Cancel | Save.-‘-‘-.s | ESave | ? Help
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EPAC Software

COLDPLATE Example

The “System Inlet Section” geometry at the fan is here.

System Inlet Section - Splitting Flow

21X
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The “Inlet Section” geometry just prior to the cold plate is input here.

Inlet Section

21X
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EPAC Software COLDPLATE Example

The Fan Curve Data is input on the next 3 forms. The first selects that the Sigma Delta
P versus Mass Flow Rate curve will be generated.

Flow Thru Cooling 2] %]

Geometr_l,.ll Materiall Fluid Propertiesl PowerDissipationI Pressune Dropl External Heat Transfer  Generats Plots |

|zathermal 1 | |zathermal 2 lsothermal 3 | Maon-lsothermal |
Constant Fin Ht#1, Fin Density #1 Fin Ht#1, Fin Density #1
- Cold Plate Temp Fin Ht#1, Fin Density #2 Fin Ht#1, Fin Density #2
o Fin Height Fin Ht#2, Fin Density #1 Fin Ht#2, Fin Density #1
= Fin Density Fin Ht#2 Fin Density #2 O | FinHt#2, Fin Density #2
a v Altitude g
L = 5 D
> o =2 O
e it} = s}
] g' =L £
[l ]
o - @
'_
Mass Flow Rate Inlet Temperature Mass Flow Rate
Fin Ht#1, Fin Density #1
Fin Ht#1, Fin Density #2
Fin Ht #2 Fin Density #1
o |Fin Ht#2 Fin Density #2
B |Fan Curves
L | at Allitude
(]
18}
=
o
L))
Mass Flow Rate
Model Description | ¢DK x Cancel | Savehs | E Save | ? Help |

This form is to specify the fan curve.
Fan Definition and/or Standard Conditions 2%l

Fan Defintions and/or Standard Conditions | Far Canfiguration |

— Fan Curve Defirition r— Standard Conditions
o {*  HMiltary Standard
g COMSTANMT SPEED FAR
o ' Commerical Standard
w
£ = Fan Standard
a Custorn ' alues
i
g Standard Temperature [C] 15.0
FLUID FLOW v Standard Preszure (bin™2) 14.7
Flow Bate Frezsure Drop (in-H20] | =
[ft"34min)
r— Altitude Conditions
EN o [IEE
2 10 24 Temperature  [C] Pressure  (Ib/in"2)
3 20 21
4 30 25 1 55 147
5 40 2 2 30 272
E 45 15 3
7 55 25 4
g g7 1] o> | 5

¢ (1]4 x Cancel | ? Help |
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EPAC Software

COLDPLATE Example

This form is to select the 2 cold plates per fan configuration.

Fan Definition and/or Standard Conditions

Fan Defintions and.or Standard Conditions
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EPAC Software COLDPLATE Example

Now that the flow rate at sea level and 40KFT has been determined, the temperature can be
determined by looking at each cold plate by itself using Y2 half the box mass flow rate. A new
model with the same geometry was created for each condition (sea level and 40KFT) but now
with the correct flow at each altitude is used.

The sea level conditions are modeled here.

Flow Thru Cooling 2] %]

Geu:umetr_l,ll Material ~ Fluid Properties | Power Dissipatinnl Pressure Dru:upl External Heat Transferl Generate Plats

— Fluid Temperature, Preszure or Altitude — Tupe of Cooling Fluid

Irlet Fluid Temperature [C]

CoooLAMoL20
CcooLAMOL2S
[CEG_H2o_30i70
[CEG_H20_ 406D
[CEG_H20_50i50
[CEG_H20_BOr40

SN NS U RN AN A

Inlet Fluid Pressure [Ib/in™2)

Exit Fluid Pressure [Ib4AR"2)

Inlet Fluid Altitude [ft] [CEMGIMNE QIL
CFC7s
E it Fluid Altitude [ft] [CGALDEM-HT110 LI
— Fluid Flow R ate — Time W arying
Sepiat owens v s

M asz Flow B ate [b/rmin)] % ariahle | Inlet Fluid Temperature [C] |

Yolumne Flow B ate [ft™3min] W ariable | Mass Flowe Fate (Ib/min] |

Fhadhef Aoy Sata Fihad Savete b
Cold Plate Temperature [C) of I — Mil-5td-210 Erwvircnment And
Fam Air Coolifg
Fluid Exit Temperature [C] of I
Ram Fl
Pressure Drop [in.-H20] of I am Tow |
todel Dezcription | E Save | ¢ Help |
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EPAC Software

COLDPLATE Example

With the new model, fan curve is not include, just the flow rate at each condition. In this case
and model, V2 the fan power is input.

Flow Thru Cooling

Geumetryl Materiall Fluid Froperties  Power Diszipation | Pressure Dru:upl E=ternal Heat Transferl Generate F'Iu:utsl

—Cold Plate Power Dizsipation

One Side SRV Base
Oy
Cover
B aze Plate Power [\ attz] 100
N A D
Both Sides

T T T I S W et

Baze Plate Power [\ atts] I
Cover Plate Power [wattz] I

2 x|

—Fan Power Dissipation

" Maone {* |nlet

A

Fan £ Exit Fan

—- [ 1

Cold Flate [ |—=

Far Inlet Power [watts]

o

— [ [ Cold Flate

Fam Exit Fawer [Wwiatis]

—

Model Description | W 0K |

Saveds |

E Save |
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EPAC Software

COLDPLATE Example

Results with flow rates determined from first part of the analysis — Sea Level

Fan Cooled Box at Sea Level, 3.4 1b/min Total, 1.7 lb/min per cold

plate

Frhkkkkkkkhkhkrxxxxkkkkkhkkrkrxxx*x YARTABLE INPUTS AhkAKkhkAd Ak A d A A I A A I A A I A A XA, h K

THE TYPE OF FINS SPECIFIED ARE:

FIN HEIGHT, INCHES

BASE THICKNESS, INCHES

FIN THICKNESS, INCHES

FIN DENSITY, FINS PER INCH

STATIC INLET FLUID TEMPERATURE, DEG C
INLET PRESSURE, LBS/IN2

MASS FLOWRATE, LBS/MIN

THE POWER APPLIED TO ONE SIDE ONLY, WATTS

THE COOLING FLUID IS: ATR

RECTANGULAR
0.
0.
0.

12.

55.

14.
1.

100.

500
062
0100
0

0

70
70
00

KXk kXK x KKk xkkx%k% INTERMEDIATE CALCULATED PARAMETERS *%* %% %%k % &k x4 k%%

FREE FLOW CROSS SECTIONAL AREA, IN2
HYDRAULIC DIAMETER, INCHES

COLDPLATE WEIGHT, LBS

TOTAL VOL FLOWRATE, [GAL/MIN] FT3/MIN [
COLDPLATE VOL FLOWRATE, [GAL/MIN] FT3/MIN [
COLDPLATE VELOCITY, FT/SEC

REYNOLDS NUMBER

EQUIVALENT FRICTION LOSS COEFFICIENT, KEFRICTION
INLET LOSS COEFFICIENT, KINLET

EXIT LOSS COEFFICIENT, KEXIT

FILM COEFFICIENT, [BTU/(HR-FT2-F)] W/ (IN2-C) [
THE FIN EFFICIENCY WITH HEAT ON ONE SIDE ONLY IS

192.1]
192.1]

10.13]

2.
0.
0.
25.
25.
28.
1487.
2.
0.
-0.
0.
0.

20
128
40
67
67
01

50
87
66
0371
848

Copyright ©EPAC-INC.COM

KAk AR Ak AR A A I A A I A A I A A I A A XA A KKK PRESSURE KA AIAAIAA I A A KA XK AXA A AR A AR A AR A AKX K

INLET PRESSURE, [LB/IN2] INCHES-H20 [ 14.700] 407.077
INLET PRESSURE DROP, INCHES-H20 0.167
ACCELERATION PRESSURE DROP, INCHES-H20 0.009
FRICTIONAL PRESSURE DROP, INCHES-H20 0.388
EXIT PRESSURE DROP, INCHES-H20 -0.139
FLOWLOSS SYSTEM INLET PRESSURE DROPS, INCHES-H20 0.119
FLOWLOSS INLET PRESSURE DROPS, INCHES-H20 0.119
TOTAL PRESSURE DROP, INCHES-H20 0.662
EXIT PRESSURE, [LB/IN2] INCHES-H20 [ 14.676] 406.415
DENSITY RATIO TIME PRESSURE DROP, INCHES-H20 0.5731

kAR KhkhAkkhkAkk kA kA khkhAkkAkhhkkk*x% THERMAIL RESISTANCE R I R S b S b I S b S b I Sh b I S b 4

THERMAL RESISTANCE FROM INLET FLUID TO COLDPLATE, C/W 0.136
THERMAL RESISTANCE FROM LOCAL FLUID TO COLDPLATE, C/W 0.091

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

STATIC INLET FLUID TEMPERATURE, DEG C 55.0
STAGNATION FLUID TEMP RISE ACROSS INLET FAN, DEG C 1.5
STAGNATION FLUID TEMP RISE ALONG COLDPLATE, DEG C 7.7
TOTAL STAGNATION FLUID TEMP RISE, DEG C 9.2
STATIC EXIT FLUID TEMPERATURE, DEG C 64.2
ISOTHERMAL COLDPLATE TEMPERATURE, DEG C 70.0
MAXIMUM COLDPLATE TEMPERATURE, DEG C 73.3
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EPAC Software COLDPLATE Example

The model was run again but with an inlet temperature of 30C, 2.72 Ib/in”2 and .28 lbs/min.
Results are shown below for the 40 KFT condition.

Fan Cooled Box at 40KFT, .56 1lb/min Total, .28 lb/min per cold

plate
kAhkkhkkhkhk Ak hkkhk Ak hkkhkdkrhkkhhrkhk,xkk*x* VARIABLE INPUTS khkAkhkkhkkhk A hkkhk A hkhkhkrhkhkhAhkhkrxkk*x*x*
THE TYPE OF FINS SPECIFIED ARE: RECTANGULAR
FIN HEIGHT, INCHES 0.500
BASE THICKNESS, INCHES 0.062
FIN THICKNESS, INCHES 0.0100
FIN DENSITY, FINS PER INCH 12.0
STATIC INLET FLUID TEMPERATURE, DEG C 30.0
INLET PRESSURE, LBS/IN2 2.72
MASS FLOWRATE, LBS/MIN 0.28
THE POWER APPLIED TO ONE SIDE ONLY, WATTS 100.00
THE COOLING FLUID IS: AIR

kXK KKK KA Kk xKkx k%% INTERMEDIATE CALCULATED PARAMETERS * %% %% %k % k& ko %k % &

FREE FLOW CROSS SECTIONAL AREA, IN2 2.20
HYDRAULIC DIAMETER, INCHES 0.128
COLDPLATE WEIGHT, LBS 0.40
TOTAL VOL FLOWRATE, [GAL/MIN] FT3/MIN | 169.1] 22.60
COLDPLATE VOL FLOWRATE, [GAL/MIN] FT3/MIN [ 169.1] 22.60
COLDPLATE VELOCITY, FT/SEC 24.66
REYNOLDS NUMBER 246.
EQUIVALENT FRICTION LOSS COEFFICIENT, KEFRICTION 12.61
INLET LOSS COEFFICIENT, KINLET 0.87
EXIT LOSS COEFFICIENT, KEXIT -0.66
FILM COEFFICIENT, [BTU/(HR-FT2-F)] W/ (IN2-C) [ 8.361 0.0306
THE FIN EFFICIENCY WITH HEAT ON ONE SIDE ONLY IS 0.871

KAhkAR Ak AR A A I A A I A A I A A XA A XA A KKK PRESSURE AAAI KA I A A I AA I AR I AXA A AR A XA A XA A * K

INLET PRESSURE, [LB/IN2] INCHES-H20 [ 2.720] 75.323
INLET PRESSURE DROP, INCHES-H20 0.023
ACCELERATION PRESSURE DROP, INCHES-H20 0.008
FRICTIONAL PRESSURE DROP, INCHES-H20 0.284
EXIT PRESSURE DROP, INCHES-H20 -0.022
FLOWLOSS SYSTEM INLET PRESSURE DROPS, INCHES-H20 0.016
FLOWLOSS INLET PRESSURE DROPS, INCHES-H20 0.016
TOTAL PRESSURE DROP, INCHES-H20 0.325
EXIT PRESSURE, [LB/IN2] INCHES-H20 [ 2.708] 74.998
DENSITY RATIO TIME PRESSURE DROP, INCHES-H20 0.0526

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

THERMAL RESISTANCE FROM INLET FLUID TO COLDPLATE, C/W 0.475
THERMAL RESISTANCE FROM LOCAL FLUID TO COLDPLATE, C/W 0.108

kAhkAKRk Ak Ad A A h A A I A A I A A I A A I AKX K* K TEMPERATURES AhkAKRhAkAI A A I A A I A A I A A I A A XA A XA KK

STATIC INLET FLUID TEMPERATURE, DEG C 30.0
STAGNATION FLUID TEMP RISE ACROSS INLET FAN, DEG C 8.9
STAGNATION FLUID TEMP RISE ALONG COLDPLATE, DEG C 46.9
TOTAL STAGNATION FLUID TEMP RISE, DEG C 55.8
STATIC EXIT FLUID TEMPERATURE, DEG C 85.7
ISOTHERMAL COLDPLATE TEMPERATURE, DEG C 86.4
MAXIMUM COLDPLATE TEMPERATURE, DEG C 96.6
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