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Otto Cycle
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Introduction

The Carnot cycle is impractical due to high pres-
sure and volume ratios with low mean effective
pressure.

Nicolaus Otto (1876) introduced a constant-
volume heat addition cycle, forming the basis for
modern spark-ignition engines.

The cycle is depicted in p-V and T-s diagrams.
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Introductions - cont.

At full throttle:
Processes 0→1 and 1→0 are suction and ex-
haust.
Process 1→2 is isentropic compression.
Process 2→3 represents constant volume heat
addition (spark-ignition).
Processes 3→4 is isentropic expansion.
Processes 4→1 represents constant volume
heat rejection (Exhaust).
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Isentropic Processes

Isentropic Processes:

T2

T1
=
(

V1

V2

)γ−1 T3

T4
=
(

V4

V3

)γ−1

T2 = T1

(
V1

V2

)γ−1

T3 = T4

(
V4

V3

)γ−1

Since V1
V2

= V4
V3

= r :

T3 = T4 · rγ−1, T2 = T1 · rγ−1

Dr. Hammam Daraghma (PTUK) Lecture 11 August 12, 2024 4 / 24



Constant volume heat addition and rejection

Heat Supplied and Rejected:

QS = mCv(T3 − T2)

QR = mCv(T4 − T1)
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Thermodynamic Efficiency Analysis

Thermal Efficiency Formula:

ηOtto = QS − QR

QS

ηOtto = mCv(T3 − T2) − mCv(T4 − T1)
mCv(T3 − T2)

Simplified Expression:

ηOtto = 1 − T4 − T1

T3 − T2
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Otto Cycle Efficiency

Substituting for T3 and T2 in terms of T4 and
T1:

T3 = T4 · rγ−1, T2 = T1 · rγ−1

ηOtto = 1 − T4 − T1

T4 · rγ−1 − T1 · rγ−1

ηOtto = 1 − T4 − T1

(rγ−1) · (T4 − T1)
= 1 − 1

rγ−1

ηOtto = 1 − 1
rγ−1
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Effect of γ and r

Efficiency increases with higher compression ratio r .
Efficiency is independent of heat supplied and pressure ratio.
Higher γ values improve efficiency.
The effect of γ and r on efficiency, shown in the following figure:
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Net Work Output

Net Work Output for Otto Cycle:

W = p3V3 − p4V4

γ − 1 − p2V2 − p1V1

γ − 1

Pressure Ratios:

p2

p1
= p3

p4
= rγ

p3

p2
= p4

p1
= rp

Volume Relations:

V1 = rV2 and V4 = rV3
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Work Output Simplification

Substituting in Work Output Formula:

W = p1V1

γ − 1

(
p3V3

p1V1
− p4V4

p1V1
− p2V2

p1V1
+ 1

)

= p1V1

γ − 1

( rprγ

r − rp − rγ

r + 1
)

= p1V1

γ − 1 (rp − 1)
(
r (γ−1) − 1

)
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Mean Effective Pressure

Mean Effective Pressure Formula:

MEP = Work output
Swept volume

Swept volume = V1 − V2 = V2(r − 1)

MEP = 1
γ − 1

p1V1(rp − 1)(r (γ−1) − 1)
V2(r − 1)

MEP = p1r(rp − 1)(r (γ−1) − 1)
(γ − 1)(r − 1)

Dr. Hammam Daraghma (PTUK) Lecture 11 August 12, 2024 11 / 24



Implications of Pressure Ratio

Work Output Proportional to Pressure Ratio:

Work output ∝ pr

Effect of Compression Ratio:

As the compression ratio increases, both the
mean effective pressure and thermal efficiency in-
crease.

The efficiency is independent of the heat supplied
and pressure ratio.
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Example 1
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Example 2
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Example 3
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Example 3 - cont.
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Example 3 - cont.
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Example 4
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Example 4 - cont.
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Example 4 - cont.
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Example 4 - cont.
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Example 4 - cont.
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Example 4 - cont.
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End of Lecture 11

End of Lecture 11
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