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Lecture # 04 

Energy, Energy Transfer, and General Energy Analysis 
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University of Anbar 

Objectives of Lecture Note 
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• Define the concept of heat, work the terminology associated with energy 

transfer by heat and work. 
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Energy Transfer By Heat 
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Energy can cross the boundaries 

of a closed system in the form of 

heat and work. 

Temperature difference is the driving force 

for heat transfer. The larger the  

temperature difference, the higher is the 

rate of heat transfer. 

Heat: The form of energy that is 

transferred between two systems 

(or a system and its surroundings) 

by virtue of a temperature 

difference. 
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Energy is recognized as heat transfer 

only as it crosses the system boundary. 

During an adiabatic process, a system 

exchanges no heat with its surroundings. 

Heat transfer per unit mass 

Amount of heat transfer 

when heat transfer rate 

changes with time 

Amount of heat transfer 

when heat transfer rate is 

constant 
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Historical Background on Heat 

• Kinetic theory: Treats molecules as 
tiny balls that are in motion and thus 
possess kinetic energy.  

• Heat: The energy associated with the 
random motion of atoms and 
molecules. 

Heat Transfer Mechanisms:  

• Conduction: The transfer of energy 
from the more energetic particles of a 
substance to the adjacent less 
energetic ones as a result of 
interaction between particles.  

• Convection: The transfer of energy 
between a solid surface and the 
adjacent fluid that is in motion, and it 
involves the combined effects of 
conduction and fluid motion.  

• Radiation: The transfer of energy due 
to the emission of electromagnetic 
waves (or photons). 

In the early nineteenth century, heat was thought to 

be an invisible fluid called the caloric that flowed 

from warmer bodies to the cooler ones. 

Heat transfer by three mechanisms 
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Energy Transfer By Work 

• Work: The energy transfer associated with a force acting through a distance.  

– A rising piston, a rotating shaft, and an electric wire crossing the system 
boundaries are all associated with work interactions 

• Formal sign convention: Heat transfer to a system and work done by a system 
are positive; heat transfer from a system and work done on a system are 
negative. 

• Alternative to sign convention is to use the subscripts in and out to indicate 
direction. This is the primary approach in this text. 

Specifying the directions 

of heat and work. 

Work done per unit mass 

Power is 

the work 

done per 

unit time 

(kW) 
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Heat vs. Work 
1. Both are recognized at the boundaries 

of a system as they cross the 
boundaries. That is, both heat and work 
are boundary phenomena. 

2. Systems possess energy, but not heat or 
work. 

3. Both are associated with a process, not 
a state. Unlike properties, heat or work 
has no meaning at a state. 

4. Both are path functions (i.e., their 
magnitudes depend on the path 
followed during a process as well as the 
end states). Properties are point functions; but 

heat and work are path functions 

(their magnitudes depend on the 

path followed). Properties are point functions have 

exact differentials (d ). 

Path functions 

have inexact 

differentials (δδδδ ) 
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