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Introduction to Diesel Cycle

In spark-ignition engines, the compression ratio is con-
strained by the fuel’s self-ignition temperature.

This constraint is overcome in engines that compress air
and fuel separately, mixing them just before combustion.

In these engines, fuel is injected into hot compressed
air, where its temperature exceeds the self-ignition point,
leading to auto-ignition.

These engines, which use heavy liquid fuels, do not need
an ignition system.
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Diesel Cycle Overview

These engines are known as compression-ignition engines,
operating on the ideal Diesel cycle.

The main difference between the Otto and Diesel cycles
lies in how heat is added.

In the Otto cycle, heat is added at a constant volume.

In the Diesel cycle, heat addition occurs at a constant
pressure.

This constant-pressure heat addition is why the Diesel
cycle is sometimes called the constant-pressure cycle,
though this can be confused with the Joule cycle.
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Diesel Cycle Analysis

The Diesel cycle is represented on p-V and T-s diagrams.

Similar to the Otto cycle, the analysis of the Diesel cy-
cle excludes the suction and exhaust strokes (0→1 and
1→0).

The volume ratio V1
V2

is known as the compression ratio,
denoted by r .

The volume ratio V3
V2

is termed the cut-off ratio, repre-
sented by rc .
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Diesel Cycle Efficiency

The thermal efficiency of the Diesel cycle is given by:

ηDiesel = QS − QR

QS

ηDiesel = mCp(T3 − T2) − mCv(T4 − T1)
mCp(T3 − T2)

ηDiesel = 1 − Cv(T4 − T1)
Cp(T3 − T2)

ηDiesel = 1 − 1
γ

T4 − T1

T3 − T2
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Efficiency Expression

Considering the process 1→2:

T2 = T1

(
V1

V2

)γ−1

= T1r (γ−1)

Considering the constant pressure process 2→3:

V2

T2
= V3

T3
⇒ T3

T2
= V3

V2
= rc

T3 = T2rc = T1r (γ−1)rc
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Efficiency Expression - cont.

Considering process 3→4:

T4 = T3

(
V3

V4

)γ−1

T4 = T3

(
V2

V4

)γ−1

= T3

(
V3

V2
× V2

V4

)γ−1

= T3

( rc

r

)γ−1

T4 = T1r (γ−1)rc

( rc

r

)γ−1
= T1rγ

c
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Efficiency Expression - cont.

Efficiency:

ηDiesel = 1 − 1
γ

[
T1(rγ

c − 1)
T1(r (γ−1)rc − r (γ−1))

]

ηDiesel = 1 − 1
γ

[
(rγ

c − 1)
r (γ−1)rc − r (γ−1)

]

ηDiesel = 1 − 1
r (γ−1)

[
(rγ

c − 1)
γ(rc − 1)

]
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Comparison and Practical Implications

The efficiency of the Diesel cycle differs from the Otto cycle mainly in the bracketed
factor.

This factor is always greater than unity, making the Otto cycle more efficient for a
given compression ratio.

Diesel engines have higher compression ratios (16 to 20) compared to spark-ignition
engines (6 to 10).

Despite the higher efficiency of the Otto cycle, the practical efficiency of diesel
engines is higher due to their higher compression ratios.
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Net Work Output

The net work output for a Diesel cycle is given by:

W = p2(V3 − V2) + p3V3 − p4V4
γ − 1 − p2V2 − p1V1

γ − 1

W = p2V2(rc − 1) + p3rcV2 − p4rV2
γ − 1 − p2V2 − p1rV2

γ − 1

W = V2

[
p2(rc − 1)(γ − 1) + p3(rc − p4

p3
r) − p2(1 − p1

p2
r)

γ − 1

]
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Net Work Output

The net work output for a Diesel cycle is given by:

W = p2V2

[
(rc − 1)(γ − 1) + (rc − rγ

c r (1−γ)) − (1 − r (1−γ))
γ − 1

]

W =
p1V1r (γ−1) [γ(rc − 1) − r (1−γ)(rγ

c − 1)
]

γ − 1
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Mean Effective Pressure

The mean effective pressure is given by:

MEP = W
Swept Volume

MEP =
p1V1

[
r (γ−1)γ(rc − 1) − (rγ

c − 1)
]

(γ − 1)V1
(

r−1
r

)
MEP = p1 [rγγ(rc − 1) − r(rγ

c − 1)]
(γ − 1)(r − 1)
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Example 1
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Example 1 - cont.
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Example 2
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Example 2 - cont.
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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 3 - cont.
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End of Lecture 12

End of Lecture 12
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