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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- 5

resents the actual combustion process.

@ The Dual cycle, also known as the mixed cycle or limited

. . Vv
pressure cycle, is a compromise between the Otto and
. Constant volume
Dlesel CyC|eS Constant pressure
4
@ In a Dual cycle, a portion of the heat is supplied at con- T,

stant volume, and the remaining part at constant pres-

o™
I Constant o

sure.

]

@ The Dual cycle on p-V and T-s diagrams.



Thermal Efficiency of the Dual Cycle

@ The efficiency of the cycle can be written as:

_ Qs —Qr
TIDual QS

mCV(T3 — Tg) + me(T4 — T3) — mCV(T5 —

T]. ) Constant volume

Constant pressure

1oual = mC(Ts — To) + mGy(Ta — Ts)
L 5T
P (T ) (T = )
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Thermal Efficiency of the Dual Cycle

@ Temperature Relations:

Vl (v-1) (v-1)
=T (< — Tyr0-
2 1 V2 1
T3 = T2 & = Tlrpr(“’_l)
P2

P3 . .
where r, = — is Pressure ratio
P2
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Thermal Efficiency of the Dual Cycle

@ Temperature Relations:

P
Va
Ty =T;s Ve = Tirc
3
4
-1 Constant volume
T4 - Tl rprCr(’y ) Constant pressure
4
T
2
Vs s
where r. = V. s Cut-off ratio P
3

s
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Thermal Efficiency of the Dual Cycle

@ Temperature Relations:

(v-1)
Vs
To=Ta| 2
(v-1)
V.
T5 = T]_rprcr(’y_l) <4>
Vs

@ Volume Relations:
V4 V2 re

Vo _Va_Va Vs Ve Vo
V5_V1_V3 Vl_\/3 Vl_r
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Thermal Efficiency of the Dual Cycle

@ Temperature Relations:

-1
Ts = Tir, rcr(”_l) <rc>(7 )
P r

_ ¥
Ts = Tirpr,

@ Substituting the temperature equations, we ob-

tain: ”

_1 1 rpr] — 1
T (1) (- 1)

Constant volume
| Constant pressure
P2
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Work Output of the Dual Cycle

paVa — psVs _ p2Vo — p1 V4
v—1 v—1

W — p1 V1 [(1_ )<P4V4_P3V3> P4V4_P5V5_P2V2
v—1 ptVi  pVh ptVi ptVi piA

W = ps(Vs — V3) +

8

V;
W — 51_11 {(1 —4) (rcr,,r”_l) _ rpr('y—l)) N S I R IS 1}
p1V1 (7—1) (v-1) (1) v _ (1)
W = 1 [Vrcrpr — el +1pr T lplfe T +1}

V;
W= 51_11 hrpr(w_l)(rc — 1)+ 0 = 1) = (2 - 1)}
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Mean Effective Pressure of the Dual Cycle

Work Output w

Pm = Swept Volume - vV,
1 %
Po =y g (1 e = ) = 1) = (1)
1 p _ _
Pn=1"7 _11 [y re = 1)+ P77 (r, = 1) = (rpr) = 1)
v, |

brrar(re = 1)+ (1 = 1) — r(rpr2 — 1)]
(-1 - 1)

This equation indicates the engine's efficiency and performance, relating the work

Pm = p1

output to the swept volume.
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Example 1

An air-standard Dual cycle has a compression ratio of 10. The pressure and
temperature at the beginning of compression are 1 bar and 27 °C. The max-
imum pressure reached is 42 bar and the maximum temperature is 1500 °C.
Determine (i) the temperature at the end of constant volume heat addition
(i) cut-off ratio (iii) work done per kg of air and (iv) the cycle efficiency.
Assume C, = 1.004 kJ/kg K and C, = 0.717 kJ/kg K for air.

Ve 1=9 3 4
Eiia o= r— =
Ve
Va — 9Vr
P 2
C, 1.004
= B 4 5
L c, oy
Consider the process 1 — 2 1
L A= = 10%2 D519 v
T
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Example 1 - cont.

TQ —

)
1

P2 =

Consider the process 3 — 4
T3
i)

T =

Te =

Dr. Hammam Daraghma (PTUK)

2.512 x 300 = 753.6 K

rT =104 = 25.12

25.12 x 10° N/m?

P3 42 .
== =1.672
P2 25.12 e
1.672 x 753.6 = 1260 K = 987° C 4ns
E _ 1773 1407 Ans
T3 1260
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Example 1 - cont.

Work done/kg = Heat supplied - Heat rejected

Heat supplied/kg = Cy(T3 —T)+Cp (Ty — T3)

0.717 x (1260 — 753.6) +

1.004 x (1773 — 1260) = 878.1 kJ =t
Consider the process 4 — 5

T Ve (v=1) G a1 1 0.4
2 = i o () —aam
Ts Vi e 1.407

T ns
(A 1 _809.2K Ans

2.191
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Example 1 - cont.

Heat rejected/kg

Work output/kg

NDual
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Co (T5 - Th)

0.717 x (809.2 — 300) = 365.1 kJ

878.1 — 365.1 = 513 kJ Bni
Work output 513
Heat added ~ 878.1
0.5842 = 58.42% s
Lecture 13 August 18, 2024

13/29



Example 2

For an engine working on the ideal Dual cycle, the compression ratio is 10
and the maximum pressure is limited to 70 bar. If the heat supplied is 1680
kJ/kg, find the pressures and temperatures at the various salient points of
the cycle and the cycle efficiency. The pressure and temperature of air at the
commencement of compression are 1 bar and 100 °C respectively. Assume C,
= 1.004 kJ/kg K and C,, = 0.717 kJ/kg K for air.
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Example 2 - cont.

Vs
ki = —1=9
V. T 3 4
o C, 1.004 b
AR PR 1T T A ol -
3
Consider the process 1 — 2
= r7 =104 = 25.12 1
P
p2 =  2512x10° N/m® ¥
= 2512bar 2=
T
f = -0 = 1004 = 2512
T = 2.512 x 373 =936.9 K = 663.9°C Am
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Example 2 - cont.

Consider the process 2 — 3 and 3 — 4

T3
T

K

2.787 x 936.9 — 2611.1 K — 2338° C 22

Heat added during constant volume combustion

Total heat added

Dr. Hammam Daraghma (PTUK)

C, (Ts — T3) = 0.717 x (2611.1 — 936.9)
1200.4 kJ /kg

1680 kJ /kg
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Example 2 - cont.

Hence, heat added during constant pressure combustion

Ty— T3

Ty
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1680 — 1200.4 = 479.6 kJ /kg

Cp (14 —1T3)
479.6
m =477.7TK

477.7+ 2611.1

3088.8 K = 2815.8° C A
V 1Y é :
Va _ T . f 3088.8 — 1.183
% T 26ild
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Example 2 - cont.

Consider the process 4 — 5

Ty

P1
Ps
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e (v-1)
(—) = 8.453%4 =2.35
T

T 30888 14144 K — 1041.4° C A
235  2.35

N
(L) =19.85
=

pa 70 x 10
19.85  19.85

9 E« . 2 Ans
3.53 x 10° N/m” = 3.53 bar P
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Example 2 - cont.

Heat rejected . Cu(T5 —Ty)
= 0.717 x (1314.4 — 373) = 674.98 kJ /kg

1680 — 674.98 Ans
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Example 3

An oil engine works on the Dual cycle, the heat liberated at constant pressure
being twice that liberated at constant volume. The compression ratio of the
engine is 8 and the expansion ratio is 5.3. But the compression and expansion
processes follow the law pV!?® = C. The pressure and temperature at the
beginning of compression are 1 bar and 27 °C respectively. Assuming C), =
1.004 kJ /kg K and C,, = 0.717 kJ /kg K for air, find the air-standard efficiency
and the mean effective pressure.
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Example 3 - cont.

c, 1.004
= e PP e 4
4 C, 07 3 4
Vs 1=7
it — T‘ — —_
Ve 74 2
5
v, = TV
r :
Te = : = 55 l
8 %
sy o N
o 5.3
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Example 3 - cont.

mep

Area 12345

Dr. Hammam Daraghma (PTUK)

_ Area 12345
B Vs

Area under 3 — 4+
Area under 4 — 5 — Area under 2 -1

Vi —psVs
p3 (Vs — Vi) + e -

n—1
p2Vo —piVi
n—1
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Example 3 - cont.

Va = Vz=V.

Vi = Vs =1V, =8V,

Vi = rVz3=1500V,

i ;

;Tj = =R -1866

T, = 1866 x300=559.82 K

P2 _ n_gl3_ 1493

P1

p2 =  14.93 x p; = 14.93 x 10° N/m?
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Example 3 - cont.

Heat released during constant pressure combustion

= 2 x Heat released during constant volume combustion

Cp (Ty — T3) = 2C, (T3 — T3)
1004% [(Th—T3) =  'ZX07IT% (G-
T4 — TE; = 1.428 x (T{ — Tg)
1> . A
T_} = I/r3 = Te 1.509
Ty = 1.509 T3
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Example 3 - cont.

1.509 T3 —

Dr. Hammam Daraghma (PTUK)

T3
15
T,

Ps
P2

1.428 x (T3 — 559.82)
869.88 K

1312.65 K

Ty 869.88
E cEgm
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Example 3 - cont.

Dr. Hammam Daraghma (PTUK)

T,
T5

Pa
Ps

1.554 x 14.93 x 10°

23.20 x 10° N/m” = p,

r&*~1 =5.30% = 1.649

1312.65

r* = 5313 — 8.741

pa_ 232x10°
8741 8741

2.654 x 10° N/m?
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Example 3 - cont.

Area 12345

Ve
Area 12345

Pm
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23.2 x 1.509V, — 2.654 x 8V,
0.3 x

23.2 x (1.509V, — V) —

15
03 x 10

34.63 x V, x 10° N/m*

W

8

P X Vs =pm XTx WV

% = 4.95 x 10° N/m’

4.95 bar Qns
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Example 3 - cont.

w
s
mRT; 1 x 287 x 300 3
= — . ]_ n k
= AT 0.861 m” /kg

0.861

34.63 x 10° x % — 34.63 x 10° x

3.727 x 10° J/kg = 372.7 kJ /kg
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End of Lecture 13

End of Lecture 13
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