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Comparison of cycles
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Summary and Comparison with Otto and Diesel Cycles

@ The Dual cycle combines features of both the Otto and Diesel cycles, with heat

addition at both constant volume and constant pressure.

@ The efficiency of the Dual cycle lies between that of the Otto and Diesel cycles for

a given compression ratio.

@ For r. =1, the cycle reduces to an Otto cycle, and for r, = 1, it becomes a Diesel

cycle.

@ The work output and mean effective pressure are critical parameters for understand-

ing engine performance in this mixed cycle.
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Same Compression Ratio and Heat Addition

@ The Ottocyclel -2 -3 —4 — 1.

@ The Diesel cycle 1 -2 — 3 — 4 —
1.
p
@ The Dual cycle 1 - 2 — 2" — 3" —
4" — 1.
@ Cycles are shown inp—V and T —s
diagrams.
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Same Compression Ratio and Heat Addition

@ From the T — s diagram:
o Area 5236 = Area’523'6’ =
Area 522'3"6", representing the same

Isentropic expansion
"

heat input for all cycles.

@ All cycles have the same compression

— sae

Isentropic compression

ratio and heat input.

@ All cycles start from the same initial v
state (point 1), and air is compressed

from state 1 to 2.

Dr. Hammam Daraghma (PTUK) Lecture 14

Constant pressure

Constant volume

August 18, 2024

6 6"6'

4/23



Same Compression Ratio and Heat Addition

@ For the same heat input:
o Heat rejection in the Otto cycle (area

5146) is minimum.

o Heat rejection in the Diesel cycle

(area 514'6') is maximum.
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Same Compression Ratio and Heat Addition

@ Therefore:

e The Otto cycle has the highest work

output and efficiency.

Constant pressure 3

Isentropic expansion
"

o The Diesel cycle has the least effi-

ciency.

— s

) T h e D ua I Cyc I e h as eﬂ:| Cie n Cy betwee n Isentropic compression Constant volume

the Otto and Diesel cycles.

@ For the same compression ratio and heat

addition, 7Motto > 7Dual > "Diesel -
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Same Compression Ratio and Heat Addition

@ An important observation:

e The Otto cycle allows the working
medium to expand more compared to
the Diesel cycle.

o In the Otto cycle, heat is added be-
fore expansion, allowing a longer ex-
pansion phase.

o In the Diesel cycle, the last portion
of heat supplied has a relatively short

expansion.
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Same Compression Ratio and Heat Rejection

@ The p— V and T — s diagrams.
e Efficiency of the Otto cycle:

Q ;
nOtto:]-_i £

Qs

W
1 Constant o

where Qs is the heat supplied in the

Otto cycle, equal to the area under the v *

curve 2 — 3 on the T — s diagram.
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Same Compression Ratio and Heat Rejection

o Efficiency of the Diesel cycle:

Qr
TIDiesel = 1—- Qifg

P

where Q5 is the heat supplied in the

R
1 Constant ot

Diesel cycle, equal to the area under the ”

A

curve 2 — 3’ on the T — s diagram.
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Same Compression Ratio and Heat Rejection

@ From the T —s diagram, it is clear that
Qs > Qs.

@ This means the heat supplied in the
Otto cycle is more than that in the

P
Diesel cycle.

&
ant o™

@ Hence, the efficiency of the Otto cycle is

1 1 Const:

greater than the efficiency of the Diesel v s
cycle for a given compression ratio and

heat rejection.
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Same Compression Ratio and Heat Rejection

@ For the same compression ratio and heat

rejection: #

W
1 Constant ol

Totto > TIDual > TIDiesel
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Same Peak Pressure, Peak Temperature, and Heat Rejection

@ The Otto cycle 1 - 2 —+ 3 — 4 and
Diesel cycle 1 — 2" — 3 — 4 are shown
on p— V and T — s diagrams.

@ The cycles have the same peak pressure,

0
Constant oW

peak temperature, and heat rejection. v 5 6
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Same Peak Pressure, Peak Temperature, and Heat Rejection

o Efficiency of the Otto cycle:

Notte = 1 — @

where (s is the area under the curve
2 — 3.
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Same Peak Pressure, Peak Temperature, and Heat Rejection

o Efficiency of the Diesel cycle:

Qr
TIDiesel = 1—- @ F

where Qs is the area under the curve
2" — 3.
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Same Peak Pressure, Peak Temperature, and Heat Rejection

e From the figures, it is clear that Qs >
Qs.
@ This implies the Diesel cycle efficiency

is greater than the Otto cycle efficiency

when both engines are designed to han-

dle the same thermal and mechanical

stresses.

Dr. Hammam Daraghma (PTUK) Lecture 14 August 18, 2024 15/23



Same Peak Pressure, Peak Temperature, and Heat Rejection

@ For the same peak pressure, peak tem-

perature, and heat rejection:

1 o
Notto = MDual = "IDiesel Constant
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Same Maximum Pressure and Heat Input

@ The Otto cycle (1 -2 — 3 — 4 —
1) and Diesel cycle (1 — 2" — 3’ —
4 — 1) areshownonp—Vand T —s 7

diagrams.

@ Both cycles have the same maximum

pressure and heat input.
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Same Maximum Pressure and Heat Input

@ It is evident that the heat rejection for
the Otto cycle (area 1564 on T — s di-
agram) is more than that in the Diesel
cycle (area 156'4").

@ Hence, the Diesel cycle is more efficient

than the Otto cycle for the same maxi-

mum pressure and heat input.
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Same Maximum Pressure and Heat Input

@ The Diesel cycle has a higher compres-

. . V- V5
sion ratio y2 than the Otto cycle 7;,

@ The cycle with higher efficiency allows

maximum expansion.

@ The efficiency order for these condi-

. Constant il | ‘
tions: |
|4 5 s 6' 6

Tlotto > TIDual > TIDiesel
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Same Maximum Pressure and Work Output

@ The efficiency 17 can be expressed as:

~ Work done Work done
 Heat supplied  Work done + Heat rejected

n

@ For the same work output, the area 1234 (work output

of Otto cycle) and area 12’3’4’ (work output of Diesel

cycle) are the same.
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Same Maximum Pressure and Work Output

@ To achieve this, the entropy at 3 should
be greater than the entropy at 3'.

@ It is clear that the heat rejection for
the Otto cycle is more than that of the 7
Diesel cycle.

@ Hence, under these conditions, the

Diesel cycle is more efficient than the

Otto cycle.
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Same Maximum Pressure and Work Output

@ The efficiency of the Dual cycle lies be-

tween the two cycles.

@ Therefore, for the same maximum pres-

sure and work output:

Totto > TIDual > TIDiesel
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End of Lecture 14

End of Lecture 14
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