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5/5/2012 Figure 5.5 Magnitudes of heat transfer coefficients for various
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Laminar and turbulent flow
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TABLE 6.3 Nomenclature

Symbal Units Description

A m? Arca

c, Wikgk Specific heat

D m Diameter

3 m/s Gravitational acceleration

h Win'K Heat transfer coefficient

H m Characteristic length (length or
width)

k W/mK Thermal conductivity

L m Characteristic length (length or
width or diameter)

m kg Mass

Nu Nusselt rumber = (hL/k)

Pr Prandtl number = (uC,/k)

e w Heat flow

R “CIW or KIW Thermal resistance

Ra Rayleigh number

Re Reynolds number (pVL )

t ] Time

T CTorK Temperature

AT Cor K Temperature difference

v mis Velocity

W m Characteristic length (length or
width or diameter)

x m Length or distance

Greek symbols

B K Volumetne expansion coeliicient

& m Thickness or gap width

& Emissivity

P kg/m' Density

I N sim? Diynamic viscosity

Subscripts

amb Ambient

I3 Contact region

f Fluid
Open space
Radiation

5/5/2012 Surface 8
w Wall
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FREE CONVECTION VS FORCED CONVECTION

(vertical surface) (horizontal surface)
LAMINAR FLOW VS TURBULENT FLOW
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1. Free Convection / Vertical Surface

(a) Laminar Flow
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1. Free Convection / Vertical Surface
(b) Turbulent Flow
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2. Forced Convection / Horizontal Surface
(a) Laminar Flow

b Thyxa5-28"+8" alee S(xy)=4
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2. Forced Convection / Horizontal Surface

v - (@) Turbulent Flow
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TABLE 6.7 Simplified equations for convective heat transfer coefficients for air at 50°C.

Mode of Convection

Correlation

Natural convection from an isothermal
vertical surface

Natural convection from a vertical
isoflux surface

Natural convection on an isothermal
horizontal surface

Forced convection on an isothermal
flat plate

Forced convection on an isoflux flat
plate

Laminar forced convection in a
circular tube

Turbulent forced convection in a
circular tube

AT\
h =151 (L)

h = 1.338 [¢"H*'"*

AT\
h = 1.381 (L)

==

05
h= 3.886( ) for laminar flow

v

h = 0.099 (I) for wrbulent flow
v\

h = 2.651 (E) for laminar flow
v

h = 0.103 T) for turbulent flow

1563 (EP:)
1 L
h= > 0.131 +

1+ 3250 (T)

e

0z
h = 0.00071 (—) for heating

D
4

W 02
h = 0.000736 (3) for cooling
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TABLE 6.6 Cormelation for convective heat transfer coefficients [11,15)
Mode of Convection Correlation
LAY
Matural convection from an isothermal a-th-c(&)(“’&fr“”)
vertical surface L kg
C=05%n=1/dfor | <Ka< 0"
€ =010, n=1/3 for 10° < Ra < 10"
erere LEE
Natural convection from a vertical ,-m.(ﬁ)[&‘f&]
isoflux surface L ki
Ma
Natural convection on an isothermal n=qmr=c('—’) (m—-—-—f'n”)
horizontal surface L Bk
€ =054, n=1/4for 10" = Ra, = 107
€ =015, 5 = 1/3 for 10" = Ra, = 10"
; i &\ (pMLY (1, G\
Forced convection on an isothermal h=CRey PV = | =) |=—] | ==
flat plate L\ ) Uk
Laminar: € = 0.664, n = 1/2
Turbulent: C = 0.0296, n = 4/5
" "y
Forced convection on an isoflux flar h = C(Rey (Pr)'"* = C (ﬂ) (p’—w') (ﬁ)
plate LI kg
Laminar: C = 0,453, n = 1/2
Turbulent: € = 0.0308, n = 4/5
k
Laminar forced convection in a k:—‘(lﬁa+M)
circular tube D 1 + 0.04[(D/L) Re,, Prf*"
VD C,
Rep = (&——) Pr= (‘L‘) for Rep < 2000
by ky
Turbulent forced convection in a Nu = 0.023 Re}® Pr" (Re,, > 2000)
circular tube
5/5/2012 n = 04 for heating 18

a = 0.3 for cooling
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External thermal resistance vs. flow in
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Nussfelt Number and PWB Spacing
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Relative heat transfer downstream from a

finned heatsink in row 6
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Evaporator Adiabatic Section Condenser
Section | > Section
Vapor Flow
— — — —
— —
— —
Wick
Liquid Flow Copper Tube
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Radiation Heat Transfer
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Examples

1. A6mm x 6mm chip (kg,,=150W/m.K) is 4mm thick and placed
horizontally on a small 25mm x 25mm board that is 5mm thick with
thermal conductivity of 1W/m.K. There is a contact conductance of
10“W/m2.K between the chip and the board. The top of the chip is
cooled by air at 20°C with h=500W/m?2.K. The bottom is also cooled
by air at 20°C, but the heat transfer coefficient is only 200W/mZ2.K. If
the chip operates at a heat flux of 20W/cm?2, what will be the
temperature of the chip circuits if (a) the circuits are on the top, or (b)
on the bottom?

2. Two 10cm x 40cm boards are mounted 2.5cm apart with the 40cm
edges vertical. Natural convection causes air at 20°C to provide
cooling by flowing vertically through the passage formed by the
boards. The chips on the boards produce a heat flux of 0.5W/cm?2
from each board. (a) What is the surface temperature of the chips at
the top of the boards? (b) What is the temperature if a fan is added
that creates an upward velocity of 1m/s?

5/5/2012 ECE414/514 Electronics 34
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Examples (cont’d)

3. A 10mm x 10mm silicon chip is cooled with water circulated through 50
parallel etched microchannels of width W=50um and height H=200 um
on the back of the chip. The heat flux produced by the chip maintains
the surface of the microchannels at 350K. All heat generated by the

circuits is transferred to the water. What are the water exit

temperature and heat flux if water enters the channels at 300K at a

rate of 10*kg/s?
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Thermophysical Properties for Heat Transfer
Calculations
Thermal Conductivities of Select Materials
Matorial kIW/m C)
Alumsinum
126
2004 T4 121
6061 T6 156
078 Té 121
Beryllium copper 827
Brass 10 Cu-30 Zn 100
Copper
Pure 381
Drawn wire 287
Gold 206
Iran wrought 558
: 156
Lead 21
Magnesium 157
Silicon 153
Steel 1020 554
Tin 621
Titaniam 156
102
Aluming
G5% pure 94
% 121
Beryllia
99.5% 242
95% 156
Glass
Soft 05%
Pyrex 126
Mica 059
Epoxy
Unfilled 02
Filled 216
Fiberglass 026
Mylar [NE]
Nylon 024
Phenolic paper 0%
Plexighass 019
Polyvinyl chlonde 06
Rubber
Butyl 02
Silicone 019
Silicone grease 021
Teflon 019
5/5/2012 st 36
Warter 0658
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Water at Saturation Pressure
Coefficient
Temperature Density of Thermal Thermal Thermal Absolute Kinematic 96
Expansion Specific Heat Conductivity Diffusivity Viscosity Viscosity Prandtl x107*
T » B 10* € k axl wox 10? v 10° Number
K ‘c (kg/m®) (1K) (Jkg-K) W/m-K) (m¥s) (N-sfm?) (m?/s) Pr (1K-m?)
7 0 999.3 =07 4226 0.558 0.131 1794 1.789 13.7
293 20 982 21 4182 0.597 0.143 993 1.006 7.0 2,035
33 40 9922 i9 4175 0.633 0.151 658 0.658 43 B.833
3 60 9832 53 4181 0.658 0.159 an 0478 300 2275
353 B0 971.8 6.3 4194 0.673 0.165 352 0.364 .25 46.68
373 100 958.4 7.5 4211 0.682 0169 78 0.294 1.75 85.09
473 200 BB 13.5 4501 0.665 o170 139 0.160 0.95 517.2
573 300 7125 295 5604 0.564 0.132 923 0.128 0.98 1766.
Source: K. Raznjevic, Handbook of Th i) ic Tables and Charts, McGraw-Hill Book Company, New York, 1976.
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Dry Air at Atmospheric Pressure
Coefficient
Temperature Density of Thermal Thermal Thermal Absolute Kinematic B
Expansion Specific Heat Conductivil iffusivi Vi i Vi ity Prandtl % «10°®
T p Bx 10" & k o x 108 w10t v = 10° Number
K T (kg/m?} (1K) kg K Wim-K) im?/s) (N-s/m®} (m?/s) Pr (1K-m*)
27 0 1.252 1.66 1o 0.0237 19.2 17.456 139 0.71 1.85
293 20 1164 341 1012 0.0251 20 18.240 15.7 0.7l 1.36
33 40 1092 319 1014 0.0265 48 19.123 176 0.71 101
333 60 1.025 3.00 o7 0.0279 6 19.907 19.4 0.71 0.782
353 80 0.968 283 1019 0.0293 0.6 20.790 215 0.71 0.600
m 100 0.916 2.68 1022 0.0307 136 21.673 236 0.71 0.472
473 200 0.723 21 1035 0.0370 49.7 25.693 355 0.71 0164
573 300 0.596 1.75 1047 0.0429 68.9 19322 49.2 0.7 0.0709
673 400 0.508 1.49 1059 0.0485 9.4 32754 64.6 0.72 0.0350
773 500 0.442 1.29 1076 0.0540 113.2 35794 310 0.72 0.0193
1273 1000 0.268 0.79 139 0.0762 240 48.445 181 0.74 0.00236
Source: K. Raznjevic, Handbook of Thermodynamic Tables and Charts, McGraw-Hill Book Company, New York, 1976,
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TABLE 9.2
Properties of dry air at atmospheric pressure
r P < i v k B gt/ u? gbe’ /1
°C  °F (g/in?) (J/g°C) (107%g/ins) (in2/s) (107*W/m°C) Pr (1073 /°C) (10%/in>) (10° /in? °C)
- 18 0 00227 1.000 4.195 0.0187 5.803 0.73 3.916 1.12 438
0 32 00212 1.003 4.403 0.0209 6.168 0.72 3.661 0.899 3.29
19 50 0.0204 1.004 4.519 0.0220 6.374 0.72 3.528 0.812 2.90
38 100 0.0186 1.004 4.856 0.0259 6.945 0.72 3.216 0.569 1.83
66 150 0.0171 1.008 5.150 0.0301 7473 0.72 2.952 0.446 1.36
93 200 0.0158 1.008 5.442 0.0344 8.000 0.72 2729 0.324 0.885
121 250 0.0147 1.012 5.780 0.0392 8.440 0.71 2.538 0.260 0.674
149 300 0.0137 1.012 6.085 0.0441 8.968 0.71 2370 0.195 0.462
177 350 0.0129 1.016 6.305 0.0491 9.495 0.70 2214 0.161 0.366
204 400 0.0121 1.024 6.614 0.0544 9.979 0.69 2.094 0.128 0.269
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TABLE 9.1
Emissivity € of different materials T = 100°C
Material Condition
Alleghany metal No. 4 polish A3
Alleghany alloy No. 66 Polished A1
Aluminum Commercial sheet 09
Aluminum Polished 095
Aluminum Rough polish 18
Brass Polished 059
Carbon Rough plate 7
Carbon, graphitized Rough plate 76
Chromium Polished 075
Copper Polished 052
Copper-nickel Polished 059
Iron Dark gray surface 31
Tron Roughly polished 27
Lampblack Rough deposit .84
Molybdenum Polished oM
Nickel Polished 072
Nickel-silver Polished A35
Paint, white Clean .79
Paint, cream Clean a7
Paint, black Clean B4
Paint, hronze Clean .51
Silver Polished 052
Stainless steel Polished 074
Steel Polished 066
Tin Polished 069
Tin Commercial coat 084
Tungsten Polished coat 066
Zine Commercial coat 21
Fuzed quartz 1.96 mm thick 75
Covex D (glass) 3.40 mm thick 83
5/5/2012 Nonex (glass) 1.57 mm thick 835 40
Aluminum paint .29
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FIGURE 9.4
Shape factor for equal size opposing rectangles [1].
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