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The Dual Cycle - Introduction

In the Otto cycle, combustion is assumed at constant vol-
ume, while in the Diesel cycle, combustion is at constant
pressure. However, in reality, neither cycle perfectly rep-
resents the actual combustion process.

The Dual cycle, also known as the mixed cycle or limited
pressure cycle, is a compromise between the Otto and
Diesel cycles.

In a Dual cycle, a portion of the heat is supplied at con-
stant volume, and the remaining part at constant pres-
sure.

The Dual cycle on p-V and T-s diagrams.
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Thermal Efficiency of the Dual Cycle

The efficiency of the cycle can be written as:

ηDual = QS − QR

QS

ηDual = mCv(T3 − T2) + mCp(T4 − T3) − mCv(T5 − T1)
mCv(T3 − T2) + mCp(T4 − T3)

ηDual = 1 − T5 − T1

(T3 − T2) + γ(T4 − T3)
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Thermal Efficiency of the Dual Cycle

Temperature Relations:

T2 = T1

(
V1

V2

)(γ−1)

= T1r (γ−1)

T3 = T2

(
p3

p2

)
= T1rpr (γ−1)

where rp = p3

p2
is Pressure ratio
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Thermal Efficiency of the Dual Cycle

Temperature Relations:

T4 = T3

(
V4

V3

)
= T1rc

T4 = T1rprcr (γ−1)

where rc = V4

V3
is Cut-off ratio
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Thermal Efficiency of the Dual Cycle

Temperature Relations:

T5 = T4

(
V4

V5

)(γ−1)

T5 = T1rprcr (γ−1)
(

V4

V5

)(γ−1)

Volume Relations:

V4

V5
= V4

V1
= V4

V3
× V3

V1
= V4

V3
× V2

V1
= rc

r
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Thermal Efficiency of the Dual Cycle

Temperature Relations:

T5 = T1rprcr (γ−1)
( rc

r

)(γ−1)

T5 = T1rprγ
c

Substituting the temperature equations, we ob-
tain:

η = 1 − 1
r (γ−1)

[
rprγ

c − 1
(rp − 1) + rpγ(rc − 1)

]

A value of rp > 1 results in an increased effi-
ciency for a given value of rc and γ.
The efficiency of the Dual cycle lies between
that of the Otto cycle and the Diesel cycle for
the same compression ratio.
With rc = 1, the Dual cycle becomes an Otto
cycle.
With rp = 1, the Dual cycle becomes a Diesel
cycle.
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Work Output of the Dual Cycle

W = p3(V4 − V3) + p4V4 − p5V5

γ − 1 − p2V2 − p1V1

γ − 1

W = p1V1

γ − 1

[
(1 − γ)

(
p4V4

p1V1
− p3V3

p1V1

)
+ p4V4

p1V1
− p5V5

p1V1
− p2V2

p1V1
+ 1

]

W = p1V1

γ − 1
[
(1 − γ)

(
rcrpr (γ−1) − rpr (γ−1)

)
+ rcrpr (γ−1) − rprγ

c − r (γ−1) + 1
]

W = p1V1

γ − 1
[
γrcrpr (γ−1) − γrpr (γ−1) + rpr (γ−1) − rprγ

c − r (γ−1) + 1
]

W = p1V1

γ − 1
[
γrpr (γ−1)(rc − 1) + r (γ−1)(rp − 1) − (rprγ

c − 1)
]
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Mean Effective Pressure of the Dual Cycle

pm = Work Output
Swept Volume = W

Vs

pm = 1
V1 − V2

p1V1

γ − 1
[
γrprγ−1(rc − 1) + rγ−1(rp − 1) − (rprγ

c − 1)
]

pm = 1
1 − V2

V1

p1

γ − 1
[
γrprγ−1(rc − 1) + rγ−1(rp − 1) − (rprγ

c − 1)
]

pm = p1
[γrprγ(rc − 1) + rγ(rp − 1) − r(rprγ

c − 1)]
(γ − 1)(r − 1)

This equation indicates the engine’s efficiency and performance, relating the work
output to the swept volume.
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Example 1
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Example 1 - cont.
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Example 1 - cont.
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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 2 - cont.
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Example 2 - cont.
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Example 2 - cont.
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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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Example 3 - cont.
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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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Example 3 - cont.
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End of Lecture 13

End of Lecture 13
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