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> An CI power cycle useful in many forms of

automotive transportation, railroad engines, and
ship power plants

* Replace (the spark plug + carburetor) in Sl by fuel
Injector in Cl engines
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A. Diesel cycle : The ideal cycle for Cl engines LSy S
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Temperature rise
Inlet valve open and

about the auto-
fresh air is drawn Ignition temperature
Into the cylinder

2/ of the fuel.

i
A

T Diesel fuel is
. sprayed into the
compression Z
(3) combustion chamber.

;_)
/

Evaporation, mixing,
Ignition and
combustion of diesel
fuel.

(4)

Burned gases is
pushed out to the
exhaust valve

Squish

In the later stages,
expansion process Combustion Exhaust

OCCUTr.
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Processes:
1-2 Compression
(s = Const)
2-3 Combustion
(P = Const.)
3-4 Expansion
(s = Const)
4-1 EXxhaust
(V = Const)

(a) P-v diagram (b) T-s diagram

Eliminates of the fuel-air mixture when
compression ratio is high.

The combustion process in CI engines takes place over a
and is approximated as constant-

pressure heat addition process.
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Energy balance for closed system:
Oin = Whout = Au3_2
qin :q23 :W23+(u3_u2) N_(mj1~. o

=P, (V3 _Vz) + (U3 _uz)
— (h3 - hz) = Cp(Ts _Tz)

—Oout =gy =W+ Au41
qout - (U4 o ul)

" Qo = (U, —Uy) =C, (T, —T))

Ner iocel = Whet —1— Jout —1— T4 _Tl —1— Tl(T4 /Tl _1)
t, |ese
g G, K(T,-T,) KT,(T, /T, -1)

In
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Define a new quantity

r. = cutoff ratio —
\ |

cylinder after combustion

\VLs
N = = — = "
\VLz

C
\VLcyIinder before combustion V2
|
)
1 rk -1 v,
Nih. diesel =1- K1 K - 1 wherer = —
r (rc - ) V2
k
r -1

k(rc _1) > 1 — Tlth,otto > nth,DieseI
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M h, Diesel

0.7
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Typical
compression
ratios for diesel
engines

| I I | 1 | ] | | g

] | -
4 6 8 1012141618 2022 24

Compression ratio, r

Dr.R.Sudhakaran/Applied

As the cut off ratio decreases,

reases
77th sel engines operate at

much higher r and usually more
efficient than spark-ignition
engines.

The diesel engines also burn the
fuel more completely since they
usually operate at lower rpm than

SI engines.

CI engines operate on lower fuel

COsSts.



At r, =1, the Diesel and Otto cycles have the
same efficiency.

Physical implication for the Diesel cycle: No change in
volume when heat is supplied.

A high value of k compensates for this.

Forr, > 1, the Diesel cycle is less efficient than
the Otto cycle.

Dr.R.Sudhakaran/Applied Thermodynamics
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Example

An air standard Diesel cycle has a compression ratio of 16
and cut off ratio of 2. At beginning of the compression
process, air is at 95kPa and 27°C. Accounting for the
variation of specific heat with temperature, determine

a) Temperature after the heat additional process.
b) Thermal efficiency

c) The mean effective pressure

Solution :

Dr.R.Sudhakaran/Applied Thermodynamics



’ Solution :
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Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are

negligible. 3 Air 1s an 1deal gas with vanable specific heats.

Properties The gas constant of air 1s R = 0287 kllkg K.
The properties of air are given i Table A-17.

Analysis (a) Process 1-2: 1sentropic compression.

iy =214.07klkg

Ty =300K — v, =621.2
T, =8624K
o =22, =1, _Llie12)=38825 2
vy - or b 16 hy, =890.9 kl'kg

Process 2—3: P = constant heat addition.

P P, hy, =1910.6 kl/ke
%3 _ 2% T =37, =0T, =(2)(8624K)=17248 K —— _
T T v, -7 v, =4.546
3 2 2 r3

L
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(b) g, =h, —h, =1910.6—890.9 =1019.7kJ/kg

Process 3—4: 1sentropic expansion.

v =24, %, _T, =%{4-5%]=36-3?Hn4=659.?k1.-“]::g

r ¥z
{-"3 2[-"'2 : 2 g

Process 4—1: v= constant heat rejection.
ot —Hy —U) = 630721407 =445 63 kjkg
G out 563 klkg

Mg, =1— =1
fes G 1019.7 kl/kg

56.3%

(©) Wostout = @i —Gong =1019.7 445,63 = 574.07 k/kg
RT, (0287 kPa-m®/ke KJ300 K)

v =7 =" - =0.906 m" kg = v,
A 05 kPa :
umax
Viin =Va2 =
-
MEP = Woet out _ What out _ 537407 kjkg |

30
t KPa m |=ﬁ?5.9kPa
vi—vy v (1-1/7) (0906 m®kegf1-1/16) kI

LY
Rt
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Dual cycle: A more realistic ideal cycle model
for modern, high-speed compression ignition
engine.

P-v diagram of an ideal dual cycle.

Dr.R.Sudhakaran/Applied Thermodynamics
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The dual cycle Is designed to
capture some of the
advantages of both the Otto
and' Diesel cycles.

It 1t IS a better approximation
to the actual operation of the
compression: ignition engine.

Dr.R.Sudhakaran/Applied Thermodynamics
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s = Constant

0.
::> ‘i .)N!J,r

A 4
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~__Example - s

The compression cycle of an ideal dual cycle is 14. Air is at
100kPa and 300K at beginning of the compression process
and at 2,200K at the end of heat addition process. Heat
transfer process to air is take place partly at constant
volume and partly at constant pressure and its amount to
1,520.4 kJ/kg. Assume variable specific heat for air,
determine the thermal efficiency of the cycle.

P
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Assumprions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are

negligible. 3 Air 1s an 1deal gas with vanable specific heats.

Properties The properties of air are given in Table A-17.
Analysis (a) Process 1-2: 1sentropic compression.

wy =214.07 kl/kg
T, =300K ——

v, =621
T, =823 1K
v, =2y :lu,.] _ L (6212)=4437 — 7 1o
Y1 f)r.R.SudhaA}(aran/Apphed Thermodynan{fl%s_ - RS
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Process 2—x. x—3: heat addition,

hy =2503.2 kl/kg
I =2200K— ~ _, .,

Gin = Gx_2in + @3 gin =ty —1t3 )+ (i3 =11, )
15204 = (u, —611.2)+(2503.2— 1. )

By trial and error, we get 7, = 1300 K and A, = 139597 4, = 102282 kJ kg

Thus.
Gyori =1y —ty =1022.82-611.2 = 411.62 kl/ke
and
 grem 411621k |
mtm::-:fjl s = =27.1%
g. 15204 Kl/ke
Pi“ﬂz‘quI hujoszgzﬂﬂﬁzlﬁ.g’}:r
T, T. v, T, 1300K ¢
o =, oY, T, o1 (0012)=16648 — u, =886 3 kTke
* Ty P 16%u, 7 1692 7 1692

Dr.R.Sudhakaran/Applied Thermodynamics
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Process 4-1: v= constant heat rejection.

G =y —u; =8863-21407=672.23kl'kg

67223 KJ/k
By =1-2owt _1_ g _ 55.8%
7. 1520 4 Kl ke
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Example: An ideal Diesel englne has a diameter of 15 cm and stroke 20 cm. The clearance Volume is1
e air standard efficiently of engi e cut off takes

Solution: Given that:

Swept volume V, = /4 d>. L = /4 (15)> X 20

= 3540 cm3

Clearance volume V_ = 0.1V, = 354 cm3

V>

Total volume V, = V_+ V, = (354 + 3540) cm3 4
=V, =3894 cm3
Compression ratio, r=V,/V,=V,/V_.=3894 /354 =1 Vc
el 1
e Vs — 2

Cut off ratio; =V, /V,=V, +(V,-V,) / V,
=354 + 3540 X 0.06 / 354 =1.6
Air standard efficiency of the cycle:

Maieser = 1 — 1/ [BI1 / TT(B-1)] = 1-1/(11)0.4 [(1.6)1.4 -1/ 1.4 (1.6 -1)]

= 0.5753 (or 57.53 percent)
Dr.R.Sudhakaran/Applied Thermodynamics



Example: A diesel engine receivesairat Pa and 300° K'in the beginning of COHIPW
Wio is 16. Heat added per kg of air is 1506 kJ/kg. Determine fuel cut off ratio and cycle thermal

efficiency.

Assume C,=1.0k] / kg K, R=0.286k]/kg K

Solution:  For process (1-2) T, /T,=rl"

[1=C,/C,=10/0714=14 (C,=C,-R=10-0.286 = 0.714 k] /kg K)

T, = T,.(16)*4" = 300 (16)4 = 909.43 K

For Process (2-3) T,/ T,=v,/v,=1] | 9 T ; o 0/ Y,
Heat added =C_(T,-T,) ! \ % \/ =% A | Q// 4
1500 =1 (T, - 909.43) . ] I P4
N ! ?. ‘ IH ’,/

=T, =2409.43K 1 l ]
=T, /T, = 2409.43 / 909.43 = 2.65 pes. -

\/~» a B S ——
Fuel cut off ratio, [[ =T, / T, = 2.65 o=

* Tleyae =11/t [T/ TT (TT-1)] =1 -1/ 16°4 (2.65"4 - 1/ 1.4(2.65 - 1))
=1- 0.32987 (1.26117) = 0.5839 = 58.39%

Dr.R.Sudhakaran/Applied Thermodynamics



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

