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¥ A 2 good electrical conductor(or insulator) — good heat conductor(or insulator)

Figure 1-4 | Thermal conductivities of some typical gases
[1W/m-°C =0.5779 Btu/h - ft -°F].
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“Figure 1-5 | Thermal conductivities of some typical liquids. Figure 1-6 | Thermal conductivities of some typical solids.
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- Steady-state one-dimensional conduction without heat sources
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- Steady-state one-dimensional conduction without heat sources

in cylindrical coordinates
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- Steady-state one—dimensional conduction with heat sources
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- Steady-state two—dimensional conduction without heat sources
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Table 1-3 | Approximate values of convection heat-transfer coefficients.

Mo = - - . ‘]Wlm"fy’-":’d‘f'  Btu/h-ft2.°F

Free convection, AT = 30°C
Vertical plate 0.3 m [1 ft] high in air 45 0.79
Horizontal cylinder, 5-cm diameter, in air 6.5 1.14
Horizontal cylinder, 2-cm diameter,
in water 890 157
Heat transfer across 1.5-cm vertical air ‘
gap with AT = 60°C 2.64 0.46
Fine wire in air, d = 0.02 mm, AT =55°C 490 86
Forced convection
Airflow at 2 m/s over 0.2-m square plate 12 2.1
Airflow at 35 m/s over 0.75-m square plate 78 182
Airflow at Mach number = 3, p = 1/20 atm,
Too = —40°C, across 0.2-m square plate 56 9.9
Air at 2 atm flowing in 2.5-cm-diameter
tube at 10 m/s 65 1.4
Water at 0.5 kg/s flowing in 2.5-cm-diameter
tube 3500 616
Airflow across 5-cm-diameter cylinder
with velocity of 50 m/s 180 32
Liquid bismuth at 4.5 kg/s and 420°C 3410 600
in 5.0-cm-diameter tube
Airflow at 50 m/s across fine wire,
d = 0.04 mm 3850 678
Boiling water
In a pool or container 2500-35,000 440-6200
Flowing in a tube 5000-100,000 880-17,600
Condensation of water vapor, 1 atm
Vertical surfaces 4000-11,300 700-2000
Outside horizontal tubes 9500-25,000 1700-4400
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o FolZ FEFA gFAHZ (Convection Energy Balance on a Pipe Flow)

The heated wall at Ty loses heat to the cooler fluid, which consequently rises in

temperature as it flows from the inlet at T; to the exit at Te.

Figure 1-8 1 Convection in a channel.
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The energy balance on the fluid is

= q=mli,—i;) =mc(T,—T,) = hA,(T ~ Tid.ang)

w,avg
where m is the fluid mass flow rate (kg/s). i, and i; are the fluid enthalpy at the exit

and inlet, respectively. A, is the surface area of the flow channel in contact with the

fluid and h is the convective heat transfer coefficient(W/m?-°C). The fluid temperatures

T,,T;,and Ty, are called bulk or energy average temperatures.

The mass flow rate in a flow channel is determined from
= m = p uangc

where Aczwd2/ 4 1s the cross—sectional area. On the other hand, the surface area for

the convection in this case would be A, =wdL
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(Equivalent Wind Chill Temperature)

It feels
like -10°C
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3. Radiation Heat Transfer
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