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2.3 Swt  ary

In the current study, the liquid-cooled cold plate is investigated. Although two-

phase cold plates have higher heat transfer coefficients, single-phase liquid cold plates
have some advantages over two-phase cold plates, such as, lower pressure drop and

smaller size. The two-phase studies are included for reference ¢~ The studies of
li ~*coo 1, described in section 2.2.1, are limited in ope and the

mechanism of heat transfer and pressure drop dependence on fluid properties has not
been fully developed. The current research is aimed at filling that gap by analyzing

tt Prandtl number effect on offset fin cold plate perfor— ice.
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data regression results with the original data (Curr et al., 1972). The x*; range of
Curr’s results is from 0.001 to 0.1. The current model uses a linear ipolation of
the low X" region data to extend the x*, range down to 0.00001.

Because there are no boundary interruptions on the top and bottom surfaces,
the friction factor of these surfaces is assumed to be the s 2 as the friction factor of
fully developed flow in a rectangular duct. The current model ut™ s - : friction
factor results from Shah and London (1978) for a rectangular duct, which take the

form

Je R f7 0 4.19)

A regression of their data in the form of Equa mn 4.19 is listed in Table D-2.
Form drag is caused by fluid flowing over { te-thickness fins. Tl

coefficient was studied by Joshi and Webb (1987), who performed pressure drop tests
 offset fin arrays with water. They used a burr-free fin geometry with aspect ratio
from 0.112 to 0.246. From their expe *  tal results, they found that a ¢« “ant drag
coefficient Cp, of 0.8 fit the data. In the current study, the constant drag coefficient
of 1.0 is used to fit our experimental data. ( = reason that the C;, used in the present
work is larger than that of Joshi -1 Webb (1987) is that there are burrs existing on
the f - in our cold plates due to the manufacturing process. The model presented in
this work has been validated against seven actual cold plates includi: the effects of
burrs. By Equations 4.16 to 4.19, the average friction factor in a unit « "1 ¢ ~ be

found. When e Reynolds number is low, the pressure drop is essentially ¢~ :d by
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perspective has a relatively small effect on overall heat transfer (bottom curve). In

0 T 's a with la=== Rey1 *" and I [ numl s which
is affected by thermal development from both the array and fin perspectives (top
curve). e 1’ - ristics are = "zgrated into the surface contribution model to

-edict the overall heat tran

















































































































































































at high Reynolds number. For Reynolds number above 2300, turbulence was found
in the free stream after 4 rows of fins by Moc' * 1ki et al. (1988). The current model

is based on laminar flow, which does not model tl fects of = ' o,
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The Colburn factor can be expressed in the form

i=l A= |
a1,)lpc, 04

From Equations B.1 to B.4, the relative uncertainty of Colburn factor can be

(B.6)

calculated with
8j (B.7)

7 oNvay

|\ a1, ) \ U
which yields the relative uncertainty of Colburn factor as +6.25%. From Equation

6.10, the relative uncerta of fric ©~ factor can be calculated with

P 4 ) 1

which gives the relative uncertainty of friction factor as 4+3.67%. The results give the

-8

uncertainty values for experimental parameters for Run P3-10-2 with Re=245. The
ple, for

uncertainty estimation for other test runs follows the same method. - Jr €3

Run P3-10-6 with Re=92, the relative uncertainty for Colburn factor and friction
factor are +7.2% and +6.52%. For Run P3-10-15 with Re=12, the r " tive
uncertainty for Colburn factor and friction factor are +25.8% and +23.6%. It can

be found that tests with low Reynolds number have higher uncertainty of Colburn

factor and friction factor due to the higher uncertainty of flow ri
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Specific heat (J/kg-°C):
c =..J5 €9

C.2 Water Properties

The property data for water wt  obt and Dewitt (1990).

D- " °C, " datar ession formula of phy: " 1l properties

are listed as following.

Thermal Conductivity (W/m-°C):

k ¢ '304+2.359><1o-3Tf+1.3><10“5Tf2 (C.5)
Density (kg/m®):
p = 999.62—0.02161Tf—4.17><1o-3Tf2 (C.6)
—yna ¢ viscosity (kg/m-s):
b 1.498x1073-2.9x107T+2x107'T? (C.7)
Specific heat (J/kg-°C):
c, = 4178 (C.8)

C.3 PAO Properties

The property ta for PAO were obtained from the manufacturer (Chevron
Chemical Company). In the tempera e range 0 - 80 °C, the data regressii  form
of physical properties are listed as following.

Thermal _ >nductivity (W/m-°C):

k = 0.145+9.786x10(T+10) (C.9)
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Density (kg/m?):

p = 805 - 0.66667 T, (C.10)
Dynamic viscosity (kg/m-s):
log,on = 1.2037x107%-1.995x10" _ -1 <« T 77 (C.D
Specific heat (1/kg-°C):
¢, = 2090+3.463(7,+10) (C.12)
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Table D-5. Empirical Correlations of Developing Heat Transfer
in Parallel Plates (Shah and London, 1978)

I x™* < 0.001 Nu® = 1233 xP*°P 4 04

x>0 . Nu® = 7.541 + 6.874(107 xPe) 0488, 245 5"
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APPENDIX _

SUMMARY OF EXI' ™ UL..NTAL 77517 TS

The experiments on se'  pla I 1°° 1fluid
1 ; I~ are reported according to the fluid type and

fluid temperature as follow

—-
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an No. F. id Aver. Pra
Type Fluid Nu
amp .
(eC)

W -60- ) 2 iR 6 .4

Rey:
Nur

930

is

~

(W/cm?)

2.

Heat
Flux

46

]

(°C)

2.

1

Colburn Pressure

Factor

0.00472

Drop
Pa)

6.

Friction
actor

0.127
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R 1 No. Fluid Aver. Prandtl Reynolds Heat Ly Colburn Pres: re Friction

Type Fluid Number umber Flux Factor Dr«¢ Factor
Temp.
(°C) (W/cm?) (°C)

W3-60-10 WATER 62.3 3 1330 2.93 3.2 0.00439 1.9 0.0454
}-60-11 WATER 62.9 3 901 2.95 3.4 00626 .2 0.0622
3-60-12 WATER 63.0 3 903 3.01 3. 0.00621 1. 0.0601
3-60- 3 WA R 62.8 3 1092 2.92 3.2 0.00547 1.6 0.0562

W3-60-14 WATER 64.3 3 550 3.05 3.7 0.00933 0.5 0.0773

W3-60-15 WA R 64.5 3 545 3.07 3. ‘0.00915 0.5 0.0799

W3-60-16 W2 IR 63.8 3 6" 3.02 3.6 0.00801 0.7 0.0668

W3-60-17 WATER 67.1 3 285 3.04 4.2 0.0152 0.2 0.133
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Run . Fluid Aver. Prandtl Reynol 3 Heat LM

>

Colburn Pressure Friction
ype Fluid Number ber Flux Factor TOop Factor
Temp.
(eC) (W/cm?) (oC P
W4-60-7 \TER 62.8 3 630 3.20 2.8 0.0106 .7 0.0882
W4a-60-8 ATER 63.0 3 634 3.24 2.8 0.0109 0.8 0.0973
4-60-9 WATER 66.8 3 183 3.01 3.4 0.0243 0.2 0.307
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Run No.

P5-10-1
P5-10-2
P5-10-3
P5-10-4
P5-10-5
P5-10-6
P5-10-7
P5-10-8
P5-10-9
5-10-10
P5-10-11
P5-:
P5-7 -2

P5-20-3

Table E.5 xperimental

Fluid Aver. Prandtl Reynolds' Heat
ype

PAO
PAO
PAO
AO
PAO
PAO
PAO
PAO
PAO
PRAO
PAO
PAO
PAO

PAOC

Fluid

Number Number Flux
Temp.

(°C) (W/cm?)
12.6 143 157 7.11
11.2 150 120 6.90
15.3 130 57 6.71
17.8 120 477 6.87
12.8 142 39 2.98
10.3 155 65 2.82
12.3 145 42 3.27
15.2 130 27 3.12
22.9 102 16 2.97
14.9 132 12 1.12
12.3 145 17 1.10
24.5 97 242 7.53
24 .9 96 255 7.53
24 .5 97 207 7.22

ata for

LMTD

(°C)

i

15.
19.
21.

10.

11.

15.

.9

ate 5

Colburn
Factor

0.0153
0.017
0.0296
0.0345
0.0354
0.0235
0.0364
0.0471
0.0601
0.0679
0.0545
0.0127
0.0121

0.0136

Prec

{

D1

Pa)

66.9
17.5
11.7
12.7
26.6

15.5

61.7
64.1

52.0

re Fricti

Factor

0.196
0.248
0.389
0.460
0.511
0.319
0.500

0.647

0.142
0.136

0.163
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