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Practice Problem

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.

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]
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Constants

SPECIFIC HEAT OF SOLID.... 200 J/kg °C
SPECIFIC HEAT OF LIQUID.... 500 J/kg °C
SPECIFIC HEAT OF GAS.... 300 J/kg °C

JENSITY AT 300K 6000 kg/m?3
LATENT HEAT OF FUSION.. 100,000 J/kg
LATENT HEAT OF VAPORIZATION 400,000 J/kg
COEFFICIENT OF LINEAR EXPANSION 3.3 x 104 /°C
COEFFICIENT OF VOLUMETRIC EXPANSION 9.9 x 104 /°C
COEFFICIENT OF CONDUCTION 880 J/ m s °C
EMISSIVITY 0.35
COEFFICIENT OF CONVECTION. /.

FLAT TOP SURFACE
MELTING POINT 450 °C

BOILING POINT 600 °C
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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.

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

COEFFICIENT OF CONDUCTION 880 J/ms °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.

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

COEFFICIENT OF CONVECTION
2 (0]
FLAT TOP SURFACE D0 JF's m? 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.

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

B -eol EMISSIVITY 0,35
R = H/A o = 367 x108 W/me K?

_ 1

H=—¢cAol




Thermal Expansion
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change of length

original length

change of temperature

« coeificient of linear expansion




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 ?

AL = Lo o AT

COEFFICIENT OF LINEAR EXPANSION 3.3 x 104/ °C
MELTING POINT 450 °C

|




Expansion Joints

e An oven thermometer

e )\ bimetallic strip
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* Area Lxpansion
e AA = Do [2ax] AT
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Volumetric Expansion
o AV = Vo B AT
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With the Volumetric Constants

—

Coefficient of Linear Coefficient of Vo_lflblme
Material Expansion, « (Co)~! Expansion, 8 (Co)~1

Solids
Aluminum 25 X 107° 75 5 T
Brass 19 X 107° 56l
Copper 7 s e S0P G108
Gold 14 x 107° 408108
Iron or steel 12 X 107° 35 X 107°
Lead 20 E10R° ST 108"
Glass (Pyrex®) S a0t 9 X 107°
Glass (ordinary) 9 x 107° 271 X 1
Quartz DA ST 1058
Concrete and brick ~12 X 107 ~36 X 107°
Marble LA ElE e Tl A0 5 T

Liquids
Gasoline 950 X 107°
Mercury 180 X 107°
Ethyl alcohol 1100 x 107°
Glycerin 500 x 107°
Water 2l < e

Gases

Air (and most other gases
at atmospheric pressure) 10p:

Copyright © 2005 Pearson Prentice Hall, Inc.
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A beaker contains 300ml of fluid at 10 °C. What does the beaker
read when they are heated to 30 °C?

AV = VoBAT

FLUID COEFFICIENT OF VOLUMETRIC EXPANSION 30 x 105 /°C
GLASS COEFFICIENT OF VOLUMETRIC EXPANSION 9 x 106 /°C

W AV = (300) (80) (30 x105)
s AV =7.2 mL of fluid
B V; = 307.2 mL total

-

|




What part of the beaker expands up to hold the 3072 mL of fluid?
AV - VoBAT
Vi =Vlo + AV

- Vo [l BAT]

307.2 = Vo (1+ 0.00072)
307.2 = Vo (1.00072)

- ~FLUID'CUEFFICIENT OF VOLUMETRIC EXPANSION 30 x 105 /°C
GLASS COEFFICIENT OF VOLUMETRIC EXPANSION 9 x 106 /°C




Linear Expansion Lab
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Linear Expansion Lab

AL =Lo o Al
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Steam
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Linear Expansion Lab
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Linear Expansion Lab
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R(T)R(25C) 7

AL =LQO(AT
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Linear Expansion Lab
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Linear Expansion Lab
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VOLTS/OHMS

DIGITAL MULTIMETER
MODEL 50200A

&

\J

FUNCTION

DCV DCA ACV ACA OHMS onms I %000

ALL TERMINALS 1kV MA/—j_

Digital Multimeter DMM

AN =LQO(AT
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Conversion

THERMISTOR CONVERSION TABLE:

Temperature versus Resistance

Temp. Res. Temp. Res. Temp. Res. Temp.
(°C) (£2) (°C) (£2) (°C) (€2) (°C)
52

351,020
332,640
315,320
298,090
283,600
269,080
255,380
242 460
230,260
218,730
207,850
197,560
187,840
178,650
169,950
161,730
153,950
146,580
139,610
133,000
126,740
120,810
115,190
109,850
104,800
100,000

e 118.8 kO

0
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4
5
6
7
8
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e 45.0 kQ
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