
Heat Transfer

H    Heat Transfer rate
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My Old Cat
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Conduction

€ 

H =
kAΔT
l

A
Tc

TH

l

kgold = 315 W/mK

3Thursday, March 22, 12



My Great-Great Grandfather
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Convection€ 

H = hAΔTA

TcTH

h = 600 W / m2 K 
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All the rest

Conduction

Convection

Radiation
Conduction

Convection

Radiation
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Radiation
• R  =  eσT

4  

• R  int e n s i t y  W /m 2  

• R  =  H / A

• e  emi s s iv i t y

• σ  =  5 . 6 7  x 1 0 - 8  W /m 2  K 4
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Practice Problem

A) How many Joules conduct through the 

metal every minute?

B) What is the heat flow rate from 

convection from the top of the plate?

C)  What is the heat flow rate from radiation 

from the top of the plate? (ignore the energy 

the metal absorbs from the surroundings)

A piece of metal rests on a hot plate with a temperature of 

140 °C.  The room temperature is maintained at 20 °C.  A 

temperature sensor at the top of the metal reads 110 °C. The 

metal measures 2 x 10 x 15 cm.

8Thursday, March 22, 12



SPECIFIC HEAT OF SOLID......

SPECIFIC HEAT OF LIQUID......

SPECIFIC HEAT OF GAS......

DENSITY AT 300K

LATENT HEAT OF FUSION...

LATENT HEAT OF VAPORIZATION

COEFFICIENT OF LINEAR EXPANSION

COEFFICIENT OF VOLUMETRIC EXPANSION

COEFFICIENT OF CONDUCTION

EMISSIVITY

COEFFICIENT OF CONVECTION 

FLAT TOP SURFACE

MELTING POINT

BOILING POINT

200 J/kg ℃
500 J/kg ℃
300 J/kg ℃
6000 kg/m3

100,000 J/kg

400,000 J/kg

3.3 x 10-4 /℃
9.9 x 10-4 /℃
880 J/ m s ℃

0.35

7400 J/ s m2 ℃

450 ℃
600 ℃

Constants

9Thursday, March 22, 12



A) How many Joules conduct through the metal every minute?

COEFFICIENT OF CONDUCTION 880 J/ m s °C

€ 

H =
kAΔT
l

A piece of metal rests on a hot plate with a temperature of 140 °C.  The 

room temperature is maintained at 20 °C.  A temperature sensor at the top 

of the metal reads 110 °C. The metal measures 2 x 10 x 15 cm.
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€ 

H = hAΔT

B) What is the heat flow rate from convection from the top of the plate?

COEFFICIENT OF CONVECTION 

FLAT TOP SURFACE
7400 J/ s m2 °C

A piece of metal rests on a hot plate with a temperature of 140 °C.  The 

room temperature is maintained at 20 °C.  A temperature sensor at the top 

of the metal reads 110 °C. The metal measures 2 x 10 x 15 cm.
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• R  =  e σ T
4

•R  =  H / A

•H  =  e A σ T
4

C)  What is the heat flow rate from radiation from the top of the plate? 
(ignore the energy the metal absorbs from the surroundings)

EMISSIVITY

σ = 5.67 x10-8 W/m2 K4

0.35

A piece of metal rests on a hot plate with a temperature of 140 °C.  The 

room temperature is maintained at 20 °C.  A temperature sensor at the 

top of the metal reads 110 °C. The metal measures 2 x 10 x 15 cm.
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Thermal Expansion
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Linear Expansion

ΔL    change of length  
Lo original length
ΔT change of temperature 
α coefficient of linear expansion

ΔL  = Lo α ΔT

ΔLLo
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COEFFICIENT OF LINEAR EXPANSION

MELTING POINT

3.3 x 10-4 / °C

450 °C

A bar of metal has a length of 70 cm at 22 °C .  What is the final 

length of the bar when it is heated to 220 °C ?

ΔL  = Lo α ΔT
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Expansion

•Expansion Joints

•An oven thermometer

•A bimetallic strip
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Take a guess

•Area Expansion

•ΔA  = Ao (2α) ΔT
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classic 
thermometer

•expansion of Hg
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Volumetric Expansion
• ΔV  = Vo β ΔT

β = 3α
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With the Volumetric Constants
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 FLUID COEFFICIENT OF VOLUMETRIC EXPANSION

GLASS COEFFICIENT OF VOLUMETRIC EXPANSION

30 x 10-5 /℃
9 x 10-6 /℃

A beaker contains 300ml of fluid at 10 °C.  What does the beaker 

read when they are heated to 90 °C?

ΔV  = VoβΔT

ΔV = (300) (80) (30 x10-5)
ΔV = 7.2 mL of fluid
Vf  = 307.2 mL total
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 FLUID COEFFICIENT OF VOLUMETRIC EXPANSION

GLASS COEFFICIENT OF VOLUMETRIC EXPANSION

30 x 10-5 /℃
9 x 10-6 /℃

What part of the beaker expands up to hold the 307.2 mL of fluid?

307.2 = Vo (1+ (9 x10-6)(80)) 
307.2 = Vo (1+ 0.00072)
307.2 = Vo (1.00072)
306.9 = Vo

ΔV  = VoβΔT

V f =Vo + ΔV

V f = Vo (1+ βΔT)
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Linear Expansion Lab
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Linear Expansion Lab

ΔL  = Lo α ΔT
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Linear Expansion Lab

ΔL  = Lo α ΔT

Steam Generator
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Meter Stick

ΔL  = Lo α ΔT

Linear Expansion Lab
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Micrometer

ΔL  = Lo α ΔT

Linear Expansion Lab
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Thermistor

ΔL  = Lo α ΔT

Linear Expansion Lab
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Digital Multimeter
DMM

ΔL  = Lo α ΔT

Linear Expansion Lab
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Digital Multimeter   DMM

ΔL  = Lo α ΔT

Linear Expansion Lab
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Conversion

• 118.8 kΩ

• 45.0 kΩ
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Material? L unknown R 1 R 2 Δ L

1

2

3

4

5

6

The Tables

T1 T2 Δ T
α

unknown

α
accepted

%
Error

1
2
3
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