
ENG 3165 LECTURE 7
THERMODYNAMICS COMPONENT



Ideal Gas 
Power Cycles –

The Carnot 
Cycle



Introduction

❑This lecture provides an introduction to thermodynamic

cycles as a linked sequence of thermodynamic

processes that involve the transfer of heat and work

into and out of the system.

❑The Carnot Engine as the ideal thermodynamic cycle

is explained.

CHITALU 2022 8/25/2022 3



THE HEAT ENGINE
◼ A heat engine is a device that takes in energy by heat and,

operating in a cyclic process, expels a fraction of that energy by

means of work

◼ It produces work, which can be mechanical, electrical, chemical,

etc., in nature

◼ A heat engine carries some working substance through a cyclical

process

◼ Most heat engines use either a vapor or a gas as the internal energy

transfer medium

◼ We call the device that actually produces the heat engine’s output

work the prime mover. A prime mover can be a reciprocating piston-

cylinder steam engine, a steam turbine, an internal combustion

engine, and so forth.CHITALU 2022 8/25/2022 4



◼ The working substance absorbs

energy by heat from a high

temperature energy reservoir (QH)

◼ Work is done by the engine (Wout)

◼ Energy is expelled as heat to a lower

(colder) temperature reservoir (QL)

◼ Since it is a cyclical process, ΔEint = 0

V

THE HEAT ENGINE

V

out

8/25/2022CHITALU 2022 5



◼ ΔEint = 0

◼ Qnet =Wout

◼ The work done by the  engine 
equals the net  energy absorbed 
by the  engine

◼ Qc can be thought of the  heat 
loss to the  environment, that is 
Qh is  not transformed 100% to  
work

Qh

Qc

THE HEAT ENGINE

out
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TYPICAL HEAT ENGINE CHARCTERISTICS
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HEAT AND WORK TRANSFER DURING A CYCLE 
OF A HEAT ENGINE
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HEAT AND WORK TRANSFER DURING A CYCLE OF A 
HEAT ENGINE

Theoretical and Actual Thermal Efficiency
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HEAT AND WORK TRANSFER DURING A CYCLE OF A 
HEAT ENGINE

Theoretical and Actual Thermal Efficiency
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HEAT AND WORK TRANSFER DURING A CYCLE OF A 
HEAT ENGINE

Relative Efficiency and Work Ratio
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HEAT AND WORK TRANSFER DURING A CYCLE OF A 
HEAT ENGINE

Relative Efficiency and Work Ratio
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HEAT AND WORK TRANSFER DURING A CYCLE OF A 
HEAT ENGINE

Specific Fuel Consumption
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HEAT AND WORK TRANSFER DURING A CYCLE OF A 
HEAT ENGINE

Specific Work Output



THE CARNOT ENGINE

◼ A theoretical engine developed by Sadi Carnot

◼ A heat engine operating in an ideal, reversible

cycle (now called a Carnot cycle) between two

reservoirs is the most efficient engine possible

◼ This sets an upper limit on the efficiencies of all

other engines

◼ No real heat engine operating between two energy

reservoirs can be more efficient than a Carnot

engine operating between the same two reservoirs

◼ All real engines are less efficient than a Carnot

engine because they do not operate through a

reversible cycle

Sadi Carnot
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THE CARNOT CYCLE
ΔEint = 0 for the entire cycle

Wout=|Qh| – |Qc|

out
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th

in
Q

=
Wnet


HT

th, Carnot = 1−
TL

❑ Upon derivation the performance of the real cycle is often measured in terms

of its thermal efficiency.:

❑ The Carnot cycle was introduced as the most efficient heat engine that operate

between two fixed temperatures TH and TL.

❑ Carnot showed that the efficiency of the engine depends only on the temperatures

of the reservoirs

❑ The thermal efficiency of Carnot cycle is given by

1
7

THE CARNOT CYCLE
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◼ Temperatures must be in Kelvins

◼ All Carnot engines operating between the same two
temperatures will have the same efficiency

◼ Efficiency is 0 if TH = TL

◼ Efficiency is 100% only if TL = 0

◼ Such reservoirs are not available, as the absolute

zero temperature cannot be reached

◼ Efficiency is always less than 100%

THE CARNOT CYCLE
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◼ The efficiency increases as TL is lowered and as TH is raised

◼ In most practical cases, TL is near room temperature, 300 K

◼ So generally TH is raised to increase efficiency

◼ Theoretically, a Carnot-cycle heat engine can run in reverse

◼ This would constitute the most effective heat pump

available. This would determine the maximum possible

COPs for a given combination of hot and cold reservoirs

THE CARNOT CYCLE
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THE CARNOT CYCLE
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Cycle made with reversible isothermal and adiabatic  processes.

1

2

3

4



THE CARNOT CYCLE
• Where in the cycle is heat absorbed?
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3

A. At point 1

B. Between 1 and 2

C. Between 4 and 1

❑ To absorb heat, we need a 
process between two points

❑ No heat transfer between  4 
and 1 (adiabatic)

❑ Between 1 and 2,  
temperature is alwaysTH

U1→2 =0

Q1→2 =W1→2 0

2

1



THE CARNOT CYCLE
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THE CARNOT CYCLE

Process 1-2
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THE CARNOT CYCLE

Process 2-3
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THE CARNOT CYCLE

Process 3-4
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THE CARNOT CYCLE

Process 4-1
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THE CARNOT CYCLE

Work Done
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THE CARNOT CYCLE

Work Done



THE CARNOT CYCLE
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THE CARNOT CYCLE
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THE CARNOT CYCLE
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THE CARNOT CYCLE
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THE CARNOT CYCLE
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EXAMPLE
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EXAMPLE
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“The Second Law of  
Thermodynamics: If 
you think things are in 
a mess, just wait! ”

Jim Warner
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Thank You

Eng. Flora Chitalu

The University of Zambia

School of Engineering

Department of Mechanical Engineering

flora.chitalu@unza.zm
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