Materials Science and Engineering Lecturer: Shahad Falih

Republic of Iraq
Ministry of Higher Education
and Scientific Research

Al-Mustagbal University College

Chemical Engineering and Petroleum Industries Department

Subject: Materials Science and Engineering

2™ Class

Lecture three




Materials Science and Engineering Lecturer: Shahad Falih

Thermal Properties
Introduction:

By ‘‘thermal property’’ is meant the response of a material to the application
of heat. As a solid absorbs energy in the form of heat, its temperature rises and
its dimensions increase. The energy may be transported to cooler regions of the
specimen if temperature gradients exist, and ultimately, the specimen may
melt.
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» Heat Capacity & Specific Heat

Heat capacity (Cp,Cy): The quantity of heat required to produce a unit
temperature rise per mole of material.
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Or:

Itis a property that is indicative of a material’s ability to absorb heatfrom the
external surroundings.

In mathematical terms, the heat capacity Cis expressed as follows:
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Where dQ is the energy required to produce a dT temperature change.
Ordinarily, heat capacity is specified per mole of material (e.g., J/mol-K, or
cal/mol-K).
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There are really two ways in which this property may be measured:

1- the heat capacity while maintaining the specimen volume constant, Cy
2- 1s for constant external pressure, which is denoted Cp.

The magnitude of Cypis always greater than C, .

Specific heat (often denoted by a lowercase ¢ :cp, Cv) is sometimes used; this
represents the heat capacity per unit mass and has various units (J/kg-K, cal/g-
K, Btu/lbm-°F).
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Specific heat :The energy required to raise the temperature of one gram of a
material by one degree.
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» Thermal Expansion

Most solid materials expand upon heating and contract when cooled. The
change in length with temperature for a solid material may be expressed as
follows:
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Where lo and It represent, respectively, initial and final lengths with the
temperature change from To to Tr. The parameter oy is called the linear
coefficient of thermal expansion; it is a material property that is indicative of
the extent to which a material expands upon heating, and has units of reciprocal
temperature [(°C)* or (°F)1].

Linear coefficient of thermal expansion - Describes the amount by which each
unit length of a material changes when the temperature of the material changes
by one degree.

Or: The fractional change in length divided by the change in temperature.

Of course, heating or cooling affects all the dimensions of a body, with a
resultant change in volume. Volume changes with temperature may be
computed from

Aadaall cansy TF (N TO Ge 80 ad) A 5o s ae il 5 A0 W) I ska) ¢ sl e ¢ If 510 Jiad G
S Lgilas g9 ¢ cpaaill die Balall pw 5 (s (e J3 Apale dpald oo ¢ g ) all aaaill hadll Jalaall g
[F) -1+) 51 C) -1+)] s,loall Aa s o
SALA\E)\);‘\.;JJJ@LAL\QoALAﬂdjLEA;jJS‘L\).Q&LLfﬂ\J\M\M-@J\)ﬂ\dm&ﬂ\&u\
Baalgda )y )l

,s,\ﬁ\@)ag,g\g;uwdg\géﬂ\ﬁ\;j

Gl Sy aaall (8 5ad Ge lld o i i e g ¢ gl aladl aaes e il 5l sl Jig ¢ alally
U‘BJ\)Q“\';JJC“?;AM(;S‘—“)?—‘M

AV
—=a, AT

0

Where AV and Vo are the volume change and the original volume, respectively,
and avsymbolizes the volume coefficient of thermal expansion.
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» Thermal conductivity (K):
For steady-state heat flow, the proportionality constant between the heat flux
and the temperature gradient.
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Where :q denotes the heat flux, or heat flow, per unit time per unit area (area
being taken as that perpendicular to the flow direction)

W/m?,
K is the thermal conductivity , W/m-K

dT/dx is the temperature gradient through the conducting medium.
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Thermal conduction

Is the phenomenon by which heat is transported from high to low-temperature
regions of a substance.

For solid materials, heat is transported by free electrons and by vibrational
lattice waves, or phonons. The high thermal conductivities for relatively pure
metals are due to the large numbers of free electrons, and also the efficiency
with which these electrons transport thermal energy. By way of contrast,
ceramics and polymers are poor thermal conductors because free-electron
concentrations are low and phonon conduction predominates.

Phonon : A single quantum of vibrational or elastic energy.

Lorentz constant : The constant that relates electrical and thermal conductivity.
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» Thermal stresses:

A residual stress introduced within a body resulting from a change in
temperature.
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Or: Stresses introduced into a material due to differences in the amount of
expansion or contraction that occur because of a temperature change.

Thermal stresses, may lead to fracture or undesirable plastic deformation.
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The two prime sources of thermal stresses are:
1- Restrained thermal expansion (or contraction):

The magnitude of the stress 0 resulting from a temperature change  from Ty
to Tsis :
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2- Temperature gradients established during heating or cooling, which are

frequently caused by rapid heating or cooling, in that the outside changes
temperature more rapidly than the interior.

¢ 2l ) il Cang Bale Gaaad il g ¢ a5l sl udidll S U 5 1 el da o il i o L) Sy
Jalall e ST de o 3l pall Ay o Al o dus

Example:

A brass rod is to be used in an application requiring its ends to be held rigid.
If the rod is stress free at room temperature [20°C (68°F)], what is the
maximum temperature to which the rod may be heated without exceeding a
compressive stress of 172 MPa (25,000 psi)? Assume a modulus of elasticity of
100 GPa for brass , and the linear coefficient of thermal expansion 20x 10
(°C) -1.Solution:

—172 MPa
(100 X 10° MPa)[20 X 10° (°C) ]

= 20°C + 86°C = 106°C (223°F)

=20° -
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» Thermal shock :The fracture of a brittle material as a result of stresses
that are introduced by a rapid temperature change.

Because ceramic materials are brittle, they are especially susceptible to this
type of failure.

The resistance of many materials to this type of failure may be approximated
by a thermal shock resistance parameter TSR:
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Homework

1. Metals are typically better thermal conductors than ceramic materials?
2. What is the difference between the Heat Capacity & Specific Heat?
3.What does it mean of the steady-state?

4. Define the Phonon and Lorentz constant.

5. What is Thermal stresses and what are its sources?

6. What is the thermal shock and what are the materials most exposed to it?




