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Assumption Made
Following assumptions were made to derive the expression for the air standard efficiency of the
diesel cycle-

1. Airisassumed to be working fluid in the engine cylinder.

2. The working fluid (air) is assumed to be a perfect gas and follows the relationship
pV=mRT orp= PRT.

3. The compression and the expansion of the working fluid are adiabatic.

4. The adiabatic compression and expansion process are frictionless.

5. Heatis supplied to the working fluid at constant pressure, by bringing a hot body in contact with
the end of the cylinder.

6. The heat is rejected at constant volume by bringing the cold body in contact with the cylinder
end.

_Itis assumed that there are no heat losses from the system to the surrounding.
The cylinder walls are made of non-conducting material.

. The working fluid has constant specific heats throughout the cycle.

10. Take some physical constants.

¢, =1.005K]/Kgk

¢, =0.717kJ/Kgk

y =14

M =29Kg/kmol.
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9.12 DUAL COMBUSTION CYCLE

Dual combustion cycle is a combination of Otto and Diesel cycle. This is why, it is called mixed cycle.
The high speed diesel engines work on this cycle. In high speed diesel engine, when the speed of the
engine is more than 350 rpm (say), then it is necessary to start the injection of fuel before the
temperature of the compressed air is sufficient to ignite it.

Thep-Vand T-s diagram of the dual cycle is shown in the Fig. 20 below.
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9.32 BASICS OF MECHANICAL ENGINEERING

For the simplicity, air is assumed to be the working fluid. 'I.'o start with let us assume that the engine
cylinder is full of air. The condition of the air at this point 1is p;, V; and T;. Let this air be compresseq
adiabatically to point 2. The air occupies the volume equial to the clearance volume. Let p,, V, and T,
be the corresponding conditions of the compressed air point 2.

Now, the hot body is brought in contact with the end of cylinder. Heat is supplied to the working
fluid, firstly at constant volume process 2 -3 and then at constant pressure 3 -4.

At point 4 the hot body is removed from the end of the cylinder. This point is known as the point of
cut-off.

Letps, V3, Tyand py, Vy, T, be the conditions of air at point 3 and point 4 respectively. When the hot
body is removed at point 4, the air is allowed to expand adiabatically to point 5. Let ps, Vsland Tsbe
the conditions of air at point 5 i.e. at the end of expansion. Now the cold body is brought in contact

with the end of the cylinder at point 5. Heat is rejected at constant volume process 5 — 1. This
completes the cycles.

Let ¢, = Specific heat of air at constant volume

¢, = Specific heat of air at constant pressure.
Let us assume 1 kg of air in the cylinder.

Total Heat supplied = Heat supplied during 2 - 3 + Heat supplied during 3 - 4.
(T3 -T,) + ¢, (Ty - T;)
Heat rejected = Heat rejected during 5-1.
=¢, (T5 - Ty)
Work done = Heat supplied — Heat rejected
=[e @ -T)+e, @, - T)]- ¢, (15 - T,

Workdone

Effici , =
S Heat supplied

E [Cv (T3 - T) tc, (T, - T3):| =€x (e =1}
e, (T3 - T,) + ¢, (Ty — T3)]

- Cy (TS _Tl)
¢ (T3 ~T,) +¢, (T, - Ty)

T (Ts - T,) a1
(T3_T2)+'Y(T4‘T3) : —v=rj
T: - T,
or n=1- ( 5 1) .
(TS _T2)+Y(T4-T3)
In order to get the ef ficiency of Dual cycle in terms of compressi i .
ratio, let us proceed as below: pression ratio, cut-off ratio and pressure
Let r =Compression ratio
2
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r.= cut-off ratio

r Pressure ratio

o - |
P2
We know that,
Expansion ratio = _zi = .“;i (- V,=Vs)
4 4
hW .V i
=72x74 [Multiplyam:ldmdebsz]
v, V.
="&’1“va ['.' V2=V3]
2 Vi
Vi,
. " b% r V;
Expansion ratio- = —> = — Vi
V4 T 5 =~k
Vs

Considering the adiabatic compression process 1 - 2,
-1
L_(h)
L \V
For Ref.

We know that Adiabatic process,
AR \Z

P _ (_V_] @
1 Va

[+ pVY =C] (Adiabatic process)

ny .. (i)
pn TV,
Equating Equations (i) and (ii), we get

LV, (v
TVe ANy

wl , y~-1
L_(W)(% (1@)(&] [ZL]
Tl - V2 Vl V2 V2 Vz



9.34 BASICS OF MECHANICAL ENGINEERING
.E. —_ rY—l s & .
T Y.
T =Tr'" -« (i)
Considering the constant volume process 2~ 3.
P2V _ PaVa
L T
Pr_Ps i
Tz T3 ( . V2 = V3)
L_p
L p
L P3 .
-_—r;=rp [ ;2-=rppressu1eraho
Ty = Tyr, .. (i)
Putting the value of T, from Eq. (ii) in Eq. (iii)m we get
Ty = Tlr"'lrp ... (vi)
Considering the constant pressure process 3 — 4.
PaVs _ PaVa
I I
For Ref

We know that Adiabatic process,
paVs' = psVs'

298 (Y;]’
Ps Vy
Gas law,
- PsVs _ PsVa
’ T, Ts
Py _TLVs
ps TsV,
: Vs || _ TuVs
Equating A and B ( v, ) = _T5V4

()
(AN 5
()8
\ Vl V4
T4 (Zs_ y~1 =(L)r—1
i‘;z \VlJ Je

-.-(A)
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i_ Y%
T, T, (- h=h) -
L_Y%
T, Vi
L_, V.
o -+ =4 = ¢ Cut-off ratio
3 B,
T‘ = T3rc (V)
putting the value of T; from Eq. (iv) in Eq. (v), we get.
T, =Tyir" ', ... (vi)

Considering the adiabatic expansion Process 4 - 5.
T, (%"
T V,
B it o
T5 T

y-1
i)

Putting the value of the T from Eq. (vii) in Eq. (vii), we get
r-1
T =Ty, (%)

Ts = Tyr, 7.’

... (viii)

Putting the values of T,, T3, T, and T5 from Equations (ii), (iv), (vi) and (viii) in Equation (i), we get

Tlrp rCY T Tl
T, L) +y (G =T Ry

Tl(rp TCY - 1) )
T [ - DY (- D]

Y _
Ty Te 1 _

Y1 [(f )Y (r - 1)]

=1~

Assumption Made ,
Following assumptions are made to derive the expression
combustion cycle,

1. Air is assumed to be working fluid in the engine cylinder.

2. The working fluid (air) is assumed to be a perfect gas and follows

pV =mRT or p=pRT

the relationship

for the air standard efficiency of the dual



9.36 BASICS OF MECHANICAL ENGINEERING
The compression and the expansion o f the working fluid are adiabatic.

The adiabatic compression and expansion process are frictionless.
Heat is supplied to the working fluid partly at constant volume, by bring a hot body in contact

with the end of the cylinder and remaining at constant pressure.
The heat is rejected at constant volume by bringing the cold body in contact with the cylinder

o W

o

end.
It is assumed that there are no heat losses from the system to the surrounding.

The cylinder walls are made of non-conducting material.
The working fluid has constant specific heats throughout the cycle.
Take some physical constants.
¢p = 1.005 kJ/Kg k
¢, = 0717 kJ/Kg k
y=14
M = 29 Kg/k mol.
9.13 COMPARISON OF OTTO, DIESEL AND DUAL COMBUSTION CYCLES

The important variable factors which are used as the basis for comparison of the cycles are:
3. Heataddition

1. Compression ratio 2. Peak pressure

4. Heat rejection, and 5. The Network
In order to compare the performance of the Otto, Diesel and dual combustion cycles some of the

S v ®» N

variable factors must be fixed.

Comparison of these three cycles is made for the:

1. Same compression ratio and heat addition.

2. Same compression ratio and Heat rejection.

3. Same peak pressure, peak temperature and heat rejection.
4. Same maximum pressure and heat input.

5. Same maximum pressure and work output.
This analysis will show which cycle is more efficient for a given set of operating conditions.

9.13.1 Same compression ratio and heat addition
For the comparison of Otto, Diesel and Dual combustion cycles, these cycles are drawn on a single

p-Vand T-s diagram, as shown in Fig. 21(a) and 21(b) respectively for the same compression ratio

and heat input. Here,
1-2-3-4-1represents the otto cycle

1-2-2'-3'-4’-1represents the dual combustion cycles.
%
1-2-3"-4"-1represents the diesel cycle '{,';' is the compression ratio for all the three cycles.
36 = Area 5223’6’ = Area 523"6". These ared

From the T - s diagram, it can be seen that Area 52
les. Area 5146, Area 514’6’ and Area 514" 6"

represent heat input which is the same for the three cyc
represent heat rejection in Otto cycle, Dual combustion cycle and Diesel cycle respectively.
Asthe Area 5146 < Area 514'6" < Area 514”6",
and,  Efficiency, n = 1 -~ 1decked

Heat supplied
therefore, N of the Otto cycle > 1 of the Dual combustion cycle > N of the Diesel cycle.

Flono >"Tm.1 Z Npiesel




