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Heat
Heat is defined as the form of energy that is transferred between two

systems (or a system and its surroundings) by virtue of a temperature

difference.

 The direction of energy transfer is always from the higher temperature

body to the lower temperature one. Once the temperature equality is

established, energy transfer stops.

 Heat is energy in transition. It is recognized only as it crosses the

boundary of a system.

 Consider the hot baked potato.The potato

contains energy, but this energy is heat

transfer only as it passes through the skin of

the potato (the system boundary) to reach the

air, as shown in Fig. 1

 Once in the surroundings, the transferred heat becomes part of the

internal energy of the surroundings. Thus, in thermodynamics, the term

heat simply means heat transfer.



Work
Work, like heat, is an energy interaction between a system and its 

surroundings.  “An energy interaction between a system and its 

surroundings during a process can be considered as work transfer, if its 

sole effect on everything external to the system could have been to 

raise a weight.”.

 It is also a form of energy in transit like heat. Energy can cross the

boundary of a closed system in the form of heat or work. Therefore, if

the energy crossing the boundary of a closed system is not heat, it must be

work. For example: A rising piston, a rotating shaft, and an electric wire

crossing the system boundaries.

 Specifically, work is the energy transfer associated with a force acting through 

a distance.

 Heat and work are directional quantities.The formal 

sign convention for heat and work interactions :

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.



Heat and Work
Similarities:

 Both are recognized at the boundaries of a system as they

cross the boundaries. That is, both heat and work are boundary

phenomena.

 Systems possess energy, but not heat or work.

 Both are associated with a process, not a state. Unlike properties,

heat or work has no meaning at a state.

 Both are path functions (i.e., their magnitudes depend on the path

followed during a process as well as the end states).

Dissimilarities:

 In heat transfer temperature difference is required.

 In a stable system there cannot be work transfer, however,

there is no restriction for the transfer of heat.

 The sole effect external to the system could be reduced to rise

of a weight but in the case of a heat transfer other effects are

also observed.
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Path and point function
 Path functions have inexact differentials designated by symbol δ.

 Therefore, a differential amount of heat or work is represented 

by δQ or δW, respectively, instead of dQ or dW. 

 Properties, however, are point functions (i.e., they depend on the 

state only, and not on how a system reaches that state), and 

they have exact differentials designated by the symbol d. 

 For example: A small change in volume, is represented by dV, and 

the total volume change during a process

between states 1 and 2 is ΔV, regardless

of the path followed.

 The total work done during process 1–2, 

however, is:
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Question to think:

(a) A well-insulated electric oven is being

heated through its heating element. If the

entire oven, including the heating element,

is taken to be the system, determine

whether this is a heat or work

interaction.

(b) in the above problem, if the system is

taken as only the air in the oven without

the heating element.
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Types of work

1. Electrical work 2. Mechanical work

3. Moving boundary work 4. Flow work

5. Gravitational work 6. Acceleration work

7. Shaft work 8. Spring work

Electrical Work

In an electric field, electrons in a 

wire move under the effect of

electromotive forces, doing work.
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Mechanical Forms of work
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•In mechanics work done by a system is expressed as a product of 

force (𝐹) and displacement (𝑠):
𝑊 = 𝐹 × 𝑠

• If the force is not constant, the work done is obtained by adding 

the differential amounts of work,   

•The pressure difference is the driving force for mechanical 

work.

• Two Requirements for a work interaction between a system and its 

surroundings to exist: 

(1) there must be a force acting on the boundary,

(2) the boundary must move. 

•Therefore, the presence of forces on the boundary without any displacement 

of the boundary does not constitute a work interaction. 

•Likewise, the displacement of the boundary without any force to oppose 

or drive this motion (such as the expansion of a gas into an evacuated 

space) is not a work interaction since no energy is transferred.



Moving Boundary Work / 

Displacement Work / 𝒑𝒅𝑽 - Work
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Consider the gas enclosed in a
frictionless piston cylinder
arrangement as shown in Figure.
Let the initial gas pressure 𝑝1 and
volume 𝑉1. The piston is the only
boundary which moves due to gas
pressure. Let the piston moves out
to a new final position 2, specified
by pressure 𝑝2and volume 𝑉2.
At any intermediate point in the
travel of the piston, let the pressure
be 𝑝, volume 𝑉 and piston cross
sectional area is 𝐴.

In many thermodynamic problems, mechanical work is the form of moving boundary
work. The moving boundary work is associated with real engines and compressors.

Fig.1



Contd.
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When the piston moves through and infinitesimal distance 𝑑𝑠 in 

a quasi equilibrium manner, the force applied on piston is,

𝐹 = 𝑝 × 𝐴
Then differential work transfer through a displacement of 𝑑𝑠
during this process,

𝛿𝑊 = 𝐹 × 𝑑𝑠 = 𝑝 × 𝐴 × 𝑑𝑠 = 𝑝 × 𝑑𝑉
When piston moves out from initial state 1 to final state 2 with 

volume changing from 𝑉1 to 𝑉2, The total boundary work done 

by the system will be,

This work transfer during a process is equal to the area under 

the curve on a 𝑝 − 𝑉 diagram as shown in Fig.1.



pdV work in various Quasi-static process

 Constant volume process (Isochoric): V=C

W1-2=pdV=0

 Constant pressure process (Isobaric): p=C

 Constant temperature Process (isothermal): PV=C
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Contd.  Polytropic Process (Isochoric): pVn=C; where n is a constant 

if n=γ, i.e. pVγ=C: the process is called Adiabatic process

Dr. M. Asif, MED



Flow Work
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•Consider a fluid element of volume
𝑉, entering the control volume
through a cross sectional area A as
shown in Fig. 2.
•If 𝑝 is the fluid pressure acting
uniformly at the imaginary piston at
the entrance of the control volume,
the force applied on the fluid
element by imaginary piston is:

𝐹 = 𝑝 × 𝐴

Flow energy or flow work refers to work required to push a certain mass of fluid into
and out of the control volume. It is necessary for maintaining continuous flow through
a control volume.

Fig.2

•If the fluid is pushed by a distance L, then the flow work will be:
𝑊𝑓 = 𝑝 × 𝐴 × 𝐿 = 𝑝 × 𝑉

Flow work at the entrance, 𝑊𝑓1 = 𝑝1𝑉1

Flow work at the exit, 𝑊𝑓2 = 𝑝2𝑉2



Shaft Work
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•A force F acting through a
moment arm r generates a torque
T as:

T = F × r
The power transmitted through the
shaft is the shaft work done per
unit
time, which can be expressed as:

𝑊sh = 2πnT kW
where n is the number of
revolutions per unit time.

Energy transmission with a rotating shaft is very common in
engineering practice. Often the torque T applied to the shaft is
constant, which means that the force F applied is also constant.
For a specified constant torque, the work done during n
revolutions is determined as follows:

Fig.3



Paddle Work/Stirring work
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As the weight is lowered and the paddle wheel turns, there is work transfer
into the fluid system which gets stirred. Since the volume of the system

remains constant, ∫pdV=0

Fig.4


