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Heat Transfer Mechanisms
 Heat is the form of energy that can be transferred from one system 

to another as a result of temperature difference. p
 A thermodynamic analysis is concerned with the amount of heat 

transfer as a system undergoes a process from one equilibrium 
state to anotherstate to another. 

 The science that deals with the determination of the rates of such 
energy transfers is the heat transfer.

 The transfer of energy as heat is always from the higher-
temperature medium to the lower-temperature one, and heat 
transfer stops when the two mediums reach the same temperaturetransfer stops when the two mediums reach the same temperature.

 Heat can be transferred in three basic modes: 
 conduction
 Convection  / Phase Change 
 radiation
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 All modes of heat transfer require the existence of a temperature 

difference.



The 1st Law of Thermodynamics
 The first law of thermodynamics (the conservation of energy principle)

provides a sound basis for studying the relationships among the various forms 
of energy and energy interactions. 

 The first law states that energy can be neither created nor destroyed during 
a process; it can only change forms.

 The change in the total energy during an adiabatic process must be equal to the 
net work done.  

Energy cannotEnergy cannot 
be created or 
destroyed; it can 
only changeonly change 
forms.
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Energy Balance
The net change (increase or decrease) in the total energy of the system 
during a process is equal to the difference between the total energy entering 
and the total energy leaving the system during that process.and the total energy leaving the system during that process.



Mass and Energy Balances for a Steady-Flow Process

A water 
Mass balance

heater in 
steady 

operation.

Energy 
balance



Energy Change of a System

Internal, kinetic, and 
potential energy changes
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Mechanism of Energy Transfer

(kJ)



Introduction to Second Law

Transferring 
heat to aheat to a 
paddle wheel 
will not cause 
it to rotate

A cup of hot coffee does not 
get hotter in a cooler room.

it to rotate.

Transferring 
heat to a wire

These processes 
cannot occur 
even though theyheat to a wire 

will not 
generate 
l t i it

even though they 
are not in violation 
of the first law.electricity.



Isolated System 

The entropy change of an isolated 
system is the sum of the entropy 
h f i d i

A system and its surroundings 
form an isolated system.

changes of its components, and is 
never less than zero.

The increaseThe increase 
of entropy 
principle



Physical Insight to Internal Energy

Sensible energy: The 
portion of the internal energy 
of a system associated withof a system associated with 
the kinetic energies of the 
molecules.

Latent energy: The internal 
energy associated with the 
phase of a system.

The various forms of 
microscopic

Thermal = Sensible + Latent

microscopic 
energies that make 
up sensible energy.



Specific Heats

Specific heat at constant pressure, cp: 
Th i d i hThe energy required to raise the 
temperature of the unit mass of a 
substance by one degree as the 
pressure is maintained constant.

constant-uwq  constant
pressure specific 

heats cp
(values are for

dhPdvduq 

(values are for 
helium gas).
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Specific Heats

• cp is always greater than cv.p v

• cv and cp are properties.
• cv is related to the changes in internal 

energy and c to the changes inenergy and cp to the changes in 
enthalpy.

• A common unit for specific heats is 
kJ/k °C kJ/k K A th it

Formal definitions of cv and cp.kJ/kg·°C or kJ/kg·K. Are these units 
identical?



Surface Energy Balance

A surface contains no volume or 
mass, and thus no energy. Therefore,mass, and thus no energy. Therefore, 
a surface
can be viewed as a fictitious system 
whose energy content remainswhose energy content remains
constant during a process.

This relation is valid for both steady 
and transient conditions, and the 
surface energy balance does notsurface energy balance does not 
involve heat generation since a 
surface does not have a volume.
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CONDUCTION
Conduction: The transfer of energy from the 
more energetic particles of a substance to the 
adjacent less energetic ones as a result of j g
interactions between the particles.
In gases and liquids, conduction is due to the 

lli i d diff i f th l l d icollisions and diffusion of the molecules during 
their random motion. 
In solids, it is due to the combination of ,
vibrations of the molecules in a lattice and the 
energy transport by free electrons. 
The rate of heat cond ction thro gh a plane

Heat conduction 

The rate of heat conduction through a plane 
layer is proportional to the temperature 
difference across the layer and the heat transfer 

through a large 
plane wall of 

thickness x and

area, but is inversely proportional to the 
thickness of the layer.
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thickness x and 
area A.



Fourier’s law of heat conduction

Th l d ti it k A f th bilit fThermal conductivity, k: A measure of the ability of a 
material to conduct heat. 
Temperature gradient dT/dx: The slope of the 
temperature curve on a T-x diagram.
Heat is conducted in the direction of decreasing 
temperature, and the temperature gradient becomes 
negative when temperature decreases with 
increasing x. The negative sign in the equation 
ensures that heat transfer in the positive x direction 
is a positive quantity.

In heat conduction

The rate of heat conduction 
through a solid is directly 

In heat conduction 
analysis, A represents 
the area normal to the

direction of heat 
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g y
proportional to its thermal 
conductivity.

transfer.



Thermal 
ConductivityConductivity
Thermal conductivity:
The rate of heat transfer 
through a unit thicknessthrough a unit thickness 
of the material per unit 
area per unit
temperature difference.p
The thermal conductivity 
of a material is a 
measure of the ability ofmeasure of the ability of 
the material to conduct 
heat.
A high value for thermalA high value for thermal 
conductivity indicates 
that the material is a 
good heat conductor

A simple experimental 
t t d t i thgood heat conductor, 

and a low value indicates 
that the material is a 
poor heat conductor or

setup to determine the 
thermal conductivity of a 
material.
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poor heat conductor or 
insulator.



The range of 
thermal 
conductivity ofconductivity of
various 
materials at 
roomroom 
temperature.
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The thermal conductivities of gases 
such as air vary by a factor of 104such as air vary by a factor of 10
from those of pure metals such as 
copper. 
P t l d t l h thPure crystals and metals have the 
highest thermal conductivities, and 
gases and insulating materials the 
lowest.

The mechanisms of heat 
d ti i diff t
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conduction in different 
phases of a substance.



The variation ofThe variation of 
the thermal
conductivity of 

i lidvarious solids,
liquids, and 
gases with 
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temperature.



Thermal Diffusivity

cp Specific heat, J/kg · °C: Heat capacity 
per unit mass

c Heat capacity J/m3 °C: Heatcp Heat capacity, J/m3· C: Heat 
capacity per unit volume

 Thermal diffusivity, m2/s: Represents 
h f t h t diff th hhow fast heat diffuses through a 
material

A material that has a high thermal 
conductivity or a low heat capacity will 
obviously have a large thermal diffusivity. 
The larger the thermal diffusivity, the faster g y,
the propagation of heat into the medium.
A small value of thermal diffusivity means 
that heat is mostly absorbed by thethat heat is mostly absorbed by the 
material and a small amount of heat is 
conducted further.


