
Real Internal-Combustion Heat Engines

Characteristics of internal-combustion engines:
 Fuel is burned within the engine itself, and the combustion products serve as the 

working medium, acting, e.g., on a piston in a cylinder.
 High temperatures are internal, and do not involve heat-transfer surfaces.
 Exact Thermodynamic Analysis is complicated:

There is no working medium that undergoes a cyclic process!
(fuel + air flow steadily in, combustion products flow steadily out.)

 Simple Thermodynamic Analysis can be approximated by assuming air as the 
working fluid undergoing a cyclic process:
The combustion step is replaced by the equivalent heating of air.

Characteristics of a steam power plant (external-combustion engine):
 Steam is an inert medium to which heat is transferred from a burning fuel or from a 

nuclear reactor.
 Therefore, contains large heat-transfer surfaces:

1. for the absorption of heat by the steam at a high temperature in the boiler;
2. for the rejection of heat from the steam at a relatively low temperature in the 
condenser.

 Disadvantage: When heat must be transferred through walls (as through the metal 
walls of boiler tubes) the ability of the walls to withstand high temperatures and 
pressures imposes a limit on the temperature of heat absorption. 
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Otto Engine:
Oracle ThinkQuest Education Foundation: http://library.thinkquest.org/C006011/english/sites/ottomotor.php3?v=2

Institute of Technical Chemistry (ITC), University of Leipzig, Germany
http://library.thinkquest.org/C006011/english/sites/link.php3?link=http%3A%2F%2Ftechni.tachemie.uni-leipzig.de%2Fotto%2F [Java]
Sherman Visual Lab, Dr. X.M. Wang, China: http://www.shermanlab.com/science/physics/thermo/engines/OttoG.php [Java]

How Stuff Works: http://auto.howstuffworks.com/engine3.htm

Wikipedia – the Free Encyclopedia: http://en.wikipedia.org/wiki/Otto_cycle

Fantastic Engine Simulations
Note:
 Some of these animations are “applets” and require the following free downloadable Java software, 

J2SE v 1.4.2_07 JRE (or newer version), from Sun Microsystems: http://java.sun.com/j2se/1.4.2/download.html

 Others are Flash and require the Macromedia Flash Player (free download):

Other sites:
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/otto.html#c1 , http://scienceworld.wolfram.com/physics/OttoCycle.html 

http://www.qrg.northwestern.edu/thermo/design-library/otto/otto.html

http://www.physics.carleton.ca/~hardy/75342/Lect_12/Lect_12.html ,  http://ca.encarta.msn.com/encyclopedia_761553622/Internal-Combustion_Engine.html

Diesel Engine:
Oracle ThinkQuest Education Foundation http://library.thinkquest.org/C006011/english/sites/diesel.php3?v=2

Sherman Visual Lab, Dr. Dr. X.M. Wang, China: http://www.shermanlab.com/science/physics/thermo/engines/DieselG.php

How Stuff Works: http://auto.howstuffworks.com/diesel1.htm

San Diego State U., Prof. S. Bhattacharjee :
http://eng.sdsu.edu/profs/Bhattacharjee/sooby/classes/s99/me696s99/diesel/cycle.htm

Carnegie Mellon U., the Irydium Project: http://ir.chem.cmu.edu/irproject/applets/engine/

Other sites:
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/diesel.html#c1 , http://scienceworld.wolfram.com/physics/DieselCycle.html

http://www.taftan.com/thermodynamics/DIESEL.HTM , http://www.answers.com/topic/diesel-cycle

http://webber.physik.uni-freiburg.de/~breuer/viror/Aufgaben-SP/frameset59.htm , http://succ.shirazu.ac.ir/~motor/engin/desl.htm

http://www.answers.com/main/ntquery?method=4&dsid=2222&dekey=Diesel+engine&gwp=8&curtab=2222_1

http://en.wikipedia.org/wiki/Diesel_cycle2 © Prof. Zvi C. Koren 20.07.2010



Otto Engine
(typical gasoline engine)

http://www.marshall.edu/

ati/dfv/teacher/timeline.ht

mlx

http://www.scienceandsociety.c

o.uk/results.asp?image=103025

49&wwwflag=2&imagepos=1

Nikolaus August Otto
1832 (Holzhausen, Germany) - 1891 (Cologne)

As a young man he developed an interest in mechanical engineering 

and began experimenting with making gas engines. In 1867 he 

developed his first atmospheric engine. Then, in 1876, together with 

Eugen Langen (1833-1895), he pioneered the four-stroke internal 

combustion engine. However, Otto's patent was invalidated in 1886 

when it was discovered that another inventor, the Frenchman 

Alphonse Beau de Rochas (1815-1845), had described the four-

stroke cycle principle in an earlier published paper.
http://www.scienceandsociety.co.uk/results.asp?image=10302549&wwwflag=2&imagepos=1

http://www.marshall.edu/ati/dfv/teacher/timeline.htmlx

1876 Nikolaus August Otto invents the first four-stroke internal-combustion engine, 

the first practical alternative to the steam engine.

A1-intake valve B1-spark plug 
A2-piston B2-compressed mixture 
A3-fuel/air mixture     C1-mixture ignites 
A4-cylinder   D1-exhaust valve 

D2-burned gases 

http://www.cybersteering.com/trimain/history/ecars.html#6
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Main Parts of a Simple Four-Stroke Oto Cycle Engine 

Intake Valve (IV)
Exhaust Valve (EV)

Piston (P)
Piston Rings (PR), the 

Combustion Chamber (CC)
Connection Rod (CR)

Crank Shaft (CS)
Spark Plug (SP). 

http://library.thinkquest.org/C006011/english/sites/link.php3?link=http%3A%2F%2Ftechni.tachemie.uni-leipzig.de%2Fotto%2F

A 4-stroke cycle engine carries out four piston strokes during one combustion cycle –
Intake Stroke, Compression Stroke, Power Stroke, and Exhaust Stroke. 

Intake stroke: The intake valve (IV) is opened and the piston moves down, which 
creates a negative pressure in the combustion chamber and sucks the air/fuel mixture into 
the chamber. When the Bottom Dead Center (BDC) is reached the IV is closed and …
Compression Stroke: ... the piston moves upwards. The air/fuel mixture is compressed 
quickly (and  approximately adiabatically.) A short period before the Top Dead 
Center (TDC) is reached the spark plug ignites the air/fuel mixture. Temperature and 
pressure in the combustion chamber increase rapidly at nearly constant Volume. 
Power Stroke: The high-temperature and high-pressure combustion products expand 
quickly (  adiabatically), which drives the piston downward producing work. At the 
end of the power stroke - at the BDC …
Exhaust Stroke: … the exhaust valve is opened, lowering P. The piston moves upward
and the gases in the combustion chamber are pushed through the exhaust valve. 

(continued)
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1. Intake Stroke

4,1

2. Compression Stroke

C=Combustion

C

3. Power Stroke

3,4

4. Exhaust Stroke

http://library.thinkquest.org/C006011/english/sites/link.php3?link=http%3A%2F%2Ftechni.tachemie.uni-leipzig.de%2Fotto%2F

1,2

2,3
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Otto Engine & Cycle
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/otto.html#c1

1. Intake Stroke 2. Compression Stroke

3. Power Stroke 4. Exhaust Stroke
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4,1

C

3,4
1,2

2,3

P

V
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3’ ad exp

3’’

1. Intake Stroke

2. Compression Stroke

3. Power Stroke

4. Exhaust Stroke

P

V

2’’ isochoric
heating

isochoric
cooling

1 isobaric intake

4 isobaric exhaustion

2’ ad comp

OTTO P

V

Air-Standard

Otto Cycle
(assumes air as

the working fluid)
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qin,DA,V = U = nCV(TA – TD) 

qout,BC,V = U = nCV(TB – TC) 
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OTTOη

Define the compression ratio, r, as the ratio of the volumes at 

the beginning and end of the compression stroke:  r  VC/VD.

Assuming air as an ideal gas, and V as molar volume:
TB = PBVB/R = PBVC/R,         TC = PCVC/R 

TA = PAVA/R = PAVD/R,         TD = PDVD/R 

DA

CB
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If the 2 adiabatic steps are assumed to be 

reversible, then from before,  PV


= constant:
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In general, as r ,  

At low r’s, as r ,  ; at high r’s, as r ,  

Air at room T: 
CV,exp’l  2.5R
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Diesel Engine

http://ca.encarta.msn.com/media_81577969_76155

5654_-1_1/Rudolf_Christian_Karl_Diesel.html

German engineer Rudolf Diesel invented 

the diesel engine. Diesel engines are more 

efficient than gasoline-powered engines 

and do not require spark plugs. 

Rudolf Christian Karl Diesel
(1858-1913)

http://ca.encarta.msn.com/encyclopedia

_761555654/Diesel_Rudolf_Christian_

Karl.html

German engineer, who 
invented the diesel 

engine. After studying 
in England, he attended 
the Polytechnic School 
in Munich, where he 

settled in 1893. In 1892 
he patented the internal 

combustion engine 
named for him, which 
employed autoignition 

of fuel.  While 
associated with the 

Krupp firm in Essen, he 
built the first successful 
diesel engine, utilizing 
low-cost fuel.  In 1913, 

while on a voyage to 
England, Diesel 

drowned in the English 
Channel. 

Politically 
EnvironmentalEngine?

http://www.dieselveg.com/rudolf_diesel.htm

Rudolf Diesel’s first engine ran on 
peanut oil at the World Exhibition 

in Paris in 1900 much to the 
astonishment of scientists and 

engineers. Even then he could see 
the advantages in agriculture and 
for the environment. But he died 
before his vision of vegetable oil 

powered engines became a reality. 
While on a boat trip to England in 
1913 to discuss the possibility of 
converting our submarine fleet to 
diesel he disappeared. A few days 
later, his body was found floating 

in the English Channel. The 
English papers were full of stories 

of his assassination by French 
operatives who obviously didn’t 
want the British submarine fleet 
converted. The French fleet had 

already converted by 1905.
The petroleum industry was quick 

to capitalize and offer a cheap 
alternative by labelling one of its 
by-products as “ diesel fuel”. And 

so that's how dirty, stinking, 
polluting diesel fuel became the 
fuel for the Diesel engine and 

vegetable oil as greener cleaner 
less toxic fuel supply was 

forgotten.
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Diesel

http://www.answers.com/main/ntquery?method=4&dsid=2222&dekey=Diesel+eng

ine&gwp=8&curtab=2222_1

Higher compression ratio in Diesel than in Otto:

 higher P leads to higher T and spontaneous 

combustion, auto-ignition, of the fuel, 

without the need of a spark plug.   
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3’ ad exp

3’’

1. Intake Stroke

2. Compression Stroke

3. Power Stroke

4. Exhaust Stroke

P
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isochoric
cooling
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Air-Standard

Diesel Cycle
(assumes air as

the working fluid)

Fuel is 
added 
slowly

12 © Prof. Zvi C. Koren 20.07.2010



P
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Diesel Cycle
(assumes air as

the working fluid)

P
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(assumes air as

the working fluid)

OTTO DIESEL
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Assuming [CV,CP] for air:

qin,DA,P = H = nCP(TA – TD) 

qout,BC,V = U = nCV(TB – TC) 
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DIESELη

compression ratio  r  VC/VD. expansion ratio  re  VB/VA.

PA=PD, VC=VB, and air, as above, as an ideal gas:

PDVD=RTD and PAVA=RTA 

If the 2 adiabatic steps are assumed to be reversible and air 

as an ideal gas:
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For same r, Otto > Diesel.  However, pre-ignition limits the r obtainable by Otto.
Diesel operates at higher r’s,  at higher ’s.14 © Prof. Zvi C. Koren 20.07.2010


