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To learn the concepts and laws of thermodynamics to predict the operation of thermodynamic cycles and
performance of Internal Combustion(IC) engines and Gas Turbines.

To analysing the performance of steam nozzle, calculate critical pressure ratio

To Evaluating the performance of steam turbines through velocity triangles, understand the need for governing
and compounding of turbines

To analysing the working of IC engines and various auxiliary systems present in 1C engines

To evaluating the various performance parameters of IC engines

UNIT | THERMODYNAMIC CYCLES
Air Standard Cycles — Carnot, Otto, Diesel, Dual, and Brayton — Cycle Analysis, Performance and
Comparison, Basic Rankine Cycle, modified, reheat and regenerative cycles

UNIT IISTEAM NOZZLE AND INJECTOR
Types and Shapes of nozzles, Flow of steam through nozzles, Critical pressure ratio, Variation of mass
flow rate with pressure ratio. Effect of friction. Metastable flow.

UNIT 111 STEAM AND GAS TURBINES 12

Types, Impulse and reaction principles, Velocity diagrams, Work done and efficiency — optimal operating
conditions. Multi-staging, compounding and governing. Gas turbine cycle analysis — open and closed cycle.
Performance and its improvement - Regenerative, Intercooled, Reheated cycles and their combination.

UNIT IV INTERNAL COMBUSTION ENGINES - FEATURES AND COMBUSTION

IC engine — Classification, working, components and their functions. Ideal and actual : Valve and port timing
diagrams, p-v diagrams- two stroke & four stroke, and SI & CI engines — comparison. Geometric, operating,
and performance comparison of Sl and CI engines. Desirable properties and qualities of fuels. Air-fuel ratio
calculation — lean and rich mixtures. Combustion in SI & CI Engines — Knocking — phenomena and control.

UNIT V INTERNAL COMBUSTION ENGINE PERFORMANCE AND AUXILIARY SYSTEMS
Performance and Emission Testing, Performance parameters and calculations. Morse and Heat Balance tests.
Multipoint Fuel Injection system and Common rail direct injection systems. Ignition systems — Magneto,
Battery and Electronic. Lubrication and Cooling systems. Concepts of Supercharging and Turbocharging —
Emission Norms

TOTAL: 60 PERIODS
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COURSE OUTCOMES (COs)

CO 1 [(Apply thermodynamic concepts to different air standard cycles and solve problems.

CO 2 [Tosolve problems in steam nozzle and calculate critical pressure ratio.

CO 3 [Explain the flow in steam turbines, draw velocity diagrams, flow in Gas turbines and solve
problems

CO 4 |[Explain the functioning and features of IC engine, components and auxiliaries.

CO 5 [Calculate the various performance parameters of IC engines

MAPPING BETWEEN COs, POs AND PSOs

cOs PROGRAMME OUTCOMES (POs) PSOs
PO1 | PO2| PO3| PO4| PO5| PO6| PO7| PO8| PO9 |PO10|PO11|PO12|PSO1|PSO2|PSO3

co1 3 | 211 1] 211

CO?2 2 [ 2121 1] 211

CO3 2 | 2] 211 1] 211

CO 4 2 [ 2111 1] 2] 1

CO5 2 | 2] 1]1 1] 211

Low (1); Medium (2); High (3)
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UNIT | THERMODYNAMIC CYCLES

PART-A
1. What are the assumptions made in air standard cycle? (May 2019)
The working fluid is a perfect gas. It follows the law of Pv=mRT
the compression and expansion process are reversible adiabatic
the working fluid should not undergo any chemical change throughout the cycle
Kinetic and potential energies of the working fluid are neglected
No heat loss between the system and surroundings

2. Define mean effective pressure and comment its application in internal combustion

Engines? (Apr/May 2019)

Mean effective pressure is defined as the constant pressure acting in the piston during working stroke. It
is also defined as the ratio of work done to the stroke volume or piston

Displacement volume. Mean effective pressure (MEP)

pm= work done/ stroke volume or piston displacement volume

3. What are the factors influencing the ideal Brayton cycle efficiency? (April/May 2019)
The following factors influencing the ideal Brayton cycle efficiency

e The network output of the cycle

e Heat supplied

4. Define air standard cycle efficiency? (Nov/Dec 2018)

Air standard efficiency is the ratio of work done during the process to the heat supplied
During the process.

Air standard efficiency = work done / heat supplied

Air standard efficiency | taken as the ideal efficiency of an internal combustion engine. In
This case we imagine air is used instead of petrol or fuel oil mixed with air to form a gas.

5. Define cut-off ratio. (Nov/Dec 2018)
It is defined as the ratio of volume after the expansion to the volume before the expansion.
6. Write any four differences between Otto and Diesel cycle?

Otto cycle Diesel cycle

It consists of two isentropic and two It consists of two adiabatic, one constant

constant volume processes volume and one constant pressure
processes

Heat addition takes place in constant Heat addition takes place in constant

volume process pressure process

Efficiency is high Efficiency is less

Compression ratio is equal to expansion Compression ratio is greater than

ratio expansion ratio

7. Define mean effective pressure as applied to gas power cycles.
Mean effective pressure is defined as the constant pressure acting on the piston during the
Working stroke. It is also defined as the ratio of work done to the stroke volume of the Piston
displacement volume.
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8. What is thermodynamic cycle?
Thermodynamic cycle is defined as the series of processes performed on the system, such
that the system attains its original state.
9. What is an air standard cycle/ why such cycles are used?
Air standard cycle is a thermodynamic cycle, which used air, as the working fluid is known as air
standard cycle. To carry out the analysis of heat engines, the concept of air Standard cycles are
used.
10. Define air standard efficiency.
Air standard efficiency is an ideal efficiency. It is defined as the ratio of work done by the heat
supplied. Actual efficiency of an engine will always less than the ideal or air standard Efficiency.
11. What are the various types of gas power cycles?
e Otto cycle
e Diesel cycle
e Brayton cycle
e Carnot cycle
e Dual combustion cycle
12. Define compression ratio.
It is defined as the ratio of total cylinder volume to the clearance volume.
13. Define mean effective pressure. (April/May 2019)
It the constant (or) average pressure acting on the piston during the working stroke. It is defined as
the ratio of work done to the swept (or) stroke volume.
14. What is the effect of compression ratio on air standard efficiency of an ideal Otto
Cycle?
The efficiency of Otto cycle increases with the increase in compression ratio.
15. What is meant by steam (or) vapour power cycles?
The cycle used to convert heat into work are called the power cycle. If the working fluid
in the cycle is vapour, it is called as vapour power cycle.
16. Define heat rate.
It is defined as the rate of heat input required to produce unit work output (1 kW)
Heat rate = Heat input in kJ /s x 3600 s/ h
Net power output in KW
17. Define the term relative efficiency (or) efficiency ratio.
It is defined as the ratio of the actual thermal efficiency of steam power plant to the Rankine
efficiency.
Relative efficiency = actual thermal efficiency / Rankine efficiency
18. Mention the processes involved in Diesel cycle.

1—-2 : isentropic compression of the fluid (blue) 2—3 : constant pressure heating (red) 3—4 :
isentropic expansion (yellow)
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19. What is mean effective pressure of an engine? (**) and comment the application in internal

combustion engine.

2023-2024

The mean effective pressure (MEP) is defined as the average pressure required to act on the piston
as it moves one displacement to give the work W.
Mean Effective Pressure is a valuable parameter in internal combustion engines, providing insights
into the overall performance and efficiency of the engine. It plays a crucial role in design,

optimization, and evaluation processes in the automotive and engineering industries.

20. What constitute an engine?

An engine is a machine that burns fuel and converts it into mechanical power. Most modern
vehicles use internal combustion engines (ICE), which ignite fuel and use the reaction to move

mechanical parts.

21. What is a two stroke engine?

A two-stroke engine is a type of internal combustion engine that completes a power cycle in only
two strokes of the piston, as opposed to the more common four-stroke engines that require four
strokes (intake, compression, power, and exhaust) for each cycle. The two-stroke engine is known
for its simplicity and high power-to-weight ratio but is also associated with certain drawbacks,
such as higher emissions and less fuel efficiency.

22. Define Coefficient of nozzle.

The ratio of the actual discharge to the ideal discharge

23. Draw the PV diagram of Diesel, Otto cycle and mark the various processes. (*)

1-2: Isentropic compression
2-3: Constant pressure heat addition
3-4: Isentropic expansion

Qin 4-1: Constant volume heat rejection

2 & 3

anicalbooster.com S ———

P-V and T-S Diagram of Diesel Cycle
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1-2: lsentropic compression 'y
4 2-3: constant volume heat addition
3-4: Isentropic Expansion
3 4-1: Constant volume heat rejection
W
Q!u Al
pl| 2! T
P TN f;n
; ll""'ri'rl t = 11
Vi=V; Vi=V, g 5] = 5 53 = 54 &
V — 5 —>

©z2o17mechanicalbooster.com

P-V and T-S Diagram of Otto Cycle

24. Write down the air standard efficiency equation of Diesel cycle. (*)

Processes in compression engine (diesel cycle) are:

1
2
3
4

. Process 1-2: Reversible adiabatic compression
. Process 2-3: Constant pressure heat addition

. Process 3-4: Reversible adiabatic expansion

. Process 4-1: Constant volume of heat rejection

Cut-off ratio:

¢ The cut-off ratio is the ratio of the volume after combustion to the volume before

combustion. _

Cut off ratio: p = :—:
Compression ratio: r = %

z

The efficiency of the diesel cycle is given by

pT—1
n=1- |57

From the above equation, it is observed that the thermal efficiency of the diesel engine

can be decreased by increasing the cut-off ratio (p).

# Important Points

_ 1
MNotto = 1-— 1

1 apT—1

Mdwal = 1-— (r) T p—1)at(a—1)

25. State the function of flywheel, connecting rod, piston and crankshaft.
Not only rotates the engine, the function of the flywheel is to store mechanical energy to balance
the engine so that it continues to have good performance. Mechanical power is the energy created
when the engine is running. The flywheel works to balance the mechanical power by storing it.
The up-down motion of each piston is transferred to the crankshaft via connecting rods. A flywheel
is often attached to one end of the crankshaft, in order to smoothen the power delivery and reduce

vibration.
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26. Draw an actual valve timing diagram of a four stroke diesel engine.

2023-2024

4 Stroke
C.l

FVO

vo |5

Exhaust Power
Stroke Compression Suction Stroke
Diesel Engi
30 =
IvVC B.D.C B

27. Write any four major difference between Otto cycle and diesel cycle.
The major difference between these two is how energy is created. In diesel engines, the air is
compressed before the fuel is injected. In petrol engines, gas and air are mixed, and then
compressed and ignited. Another difference is, of course, in the type of fuel used.
PART-B

1. Inacompression ignition engine, working on a dual combustion cycle, pressure and temperature at
the start of compression are 1 bar and 300 K respectively. At the end of compression, pressure reaches
a value of 25 bar. The heat is supplied at 420 kJ per kg of air during constant volume heating and
pressure becomes 2.8 bar at the end of isentropic expansion. Estimate the ideal cycle efficiency. Take
Cp = 1005 J/(kg K) and Cv = 712 J/(kg K).

Hence. n 5626

hope it helps you..

1 &

Expansion Ratio: r. — - — 4 = 8
Compression Ratio:
re = 4+ = (B) 7 = (32.42) 77 — 11.999 =~ 12
Cut off ratio:
L va 3 > QU smpression rat 12
s A = A = S e — o a — L.
1 i |
=4 ‘-(m::—lu)
= 1 g G B o |
L 13‘»(1;-1:, i))
n=59.6%
7
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To estimate the ideal cycle efficiency of the compression ignition engine working on a

dual combustion cycle, we can use the air standard efficiency for dual combustion

cycles. The efficiency (17) can be calculated using the following formula:

.r;—l—ﬁx (:—f)_

&
where:

* 17 is the volume at the start of compression,

* 15 is the volume at the end of compression,

* V4 is the volume at the end of isentropic expansion,

* v is the ratio of specific heats {%},

* 1 is the polytropic index, which i§1 for constant volume and 1.3 for constant pressure

processes.

First, we need to find the values of V] and V5 using the given information. The

relationship between pressure and volume during an isentropic process is given by:

P,-V) =PV, :
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where:

* P isthe pressure at the start of compression,

* Psisthe pressure at the end of compression.

Rearranging the equation to solve for V7, we have:

Given:
P; — 1bar — 100 kPa
T, — 300K

Py = 25 bar — 2500 kPa
Assuming air is an ideal gas, we can use the ideal gas law:
P,V /Ty = Py - Vo /Ty

Rearranging for V7, we get:

s _ BV
Vi PT;

MNow, we know that during constant volume . ting, T is given by:
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(:1;)(.'1‘ = (11 ’ [TE - Tl}

Given (., — 420kJ /kg, C, = 712.J/ (kg cdotpK),and T = 300 K, we can

solve for Th:

420 % 10%J /kg = 712 x (Ty — 300)
Solving for Th:

T, — 2010 4 300

Once we have Ty, we can substitute it back into the equation for V] to find V7. With V)

and V5, we can then calculate the efficiency using the first formula provided.

Let's go through the calculations:

1. Calculate V7:

s _ BV
Vi P Ty

Given values:

P, = 100 kPa

T, — 300K 3
Py = 2500 kPa

SANCET
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Calculate T from the constant volume heating process:

T, — 420<10° | 3

= 712

. Substitute T into the equation for V] to find 7.

2. Mow that you have V] and V5, you can calculate the efficiency using the formula:

n—=1-— {:_-1]_, * ( _)_

.—-l.—-

Where V5 is not explicitly given. Assuming that the process 3-4 is isentropic, you can

= P4 . -[J:,: and -P-l = .P'_.

use the fact that for an isentropic process, P - V,

So, V3 can be found as:

Substitute V3 back into the efficiency formula and calculate the efficiency.

2. A certain quantity of air at a pressure of 1 bar and temperature of 70°C is compressed adiabatically
until the pressure is 7 bar in Otto cycle engine. 465 kJ of heat per kg of air is now added at constant
volume. Determine: (i) Compression ratio of the engine. (ii) Temperature at the end of
compression. (iii) Temperature at the end of heat addition. Take for air cp = 1.0 kd/kg K, cv =0.706
kJ/kg K.

Initial pressure, p1 =1 bar Initial temperature,

T, =70+ 273 = 343 K Pressure after adiabatic compression,
p2 = 7 bar Heat addition at constant volume,

Qs = 465 kJ/kg of air Specific heat at constant pressure,
Cp=1.0klkg K

Specific heat at constant volume, Cv = 0.706 ki/kg K

V=, T 0708 T

11
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(I) Compresslon ratio of englne, r:
According to adiabatic compression 1-2
p1Vi¥ =paVyY

p (bar)

Heat addition at
constant volume

TLo_. Adiabatic
COMPression
| PR 1
)
p-Vdiagram B
TiK)
&
12623
603.7
343
s{kJikg K)
T-s diagram
¥
[ﬁ] - P2
Va 5
(r )T = Pz
M

= 1
D" I [E]l.ﬂ
o2t 1
= (7)%79 = 3.97
Hence compression ratio of the engine = 3.97.

(if) Temperature at the end of compression, T :
In case of adiabatic compression 1-2,

12
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T, v, ) !

- [—1] = (3.97)141-1= 1.76

VE

T,=1.76 T, = 1.76 x 343

= 603.7 K or 330.7°C
Hence temperature at the end of compression = 330.7°C.
(iii) Temperature at the end of heat addition, Ts:
According to constant volume heating operation 2-3
Q. =c, (T,—T,) =465
0.706 (T, — 603.7) = 465

37777 0.706
465
Ty= Grog * 6037

= 1262.3 K or 989.3°C
Hence temperature at the end of heat addition = 989.3°C.

2023-2024

3. The mean effective pressure of an ideal diesel cycle is 8 bar. If the initial pressure is 1.03
bar and the compression ratio is 12, determine the cutoff ratio and the air standard

efficiency. Assume ratio of specific heat for air to be 1.4

The mean effective pressure (MEF) for an ideal diesel cycle can be expressed interms

of the compression ratio (r), the cut-off ratio (V3/V2), and the ratio of specific heat (y)

for air. The formula for MEP in an ideal diesel cycle is given by:

MEP =L -R-T1-[1- (=5)]
where:

* MEP isthe mean effective pressure,

* ~vis the ratio of specific heat for air (1.4),

* R is the specific gas constant for air (287 J/(kg-K)),
* T'1 isthe initial absolute temperature,

* ris the compression ratio.

The cut-off ratio {H} is related to the compression ratio (r) as follows:

Vi 1

Fr -

s

d

IHow, let's solve for the cut-off ratio and the air standard efficiency. Given that the initial

pressure (P1)is1.03 bar and the compress 3 ratio () is 12, we can find the initial

absolute temperature (1'1) using the ideal gas law:

SANCET
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HNow, let's solve for the cut-off ratio and the air standard efficiency. Given that the initial
pressure (1) is 1.03 bar and the compression ratio () is 12, we can find the initial
absolute temperature (I'1) using the ideal gas law:

_ Fl1-V1
T1 ]

where 171 is the initial volume. Since V1 is not given, we can use the fact that 171 is

relatedtor by V1 — %

Let's proceed with the calculations:

L. Find T'1:
V1= ¥2
=
_ P1LV1
T1 ]
>, Find 3:
va _ 1
Va2 =T

i. Substitute values into the MEF equation:
Iy E— _:_' - - a —_— —l
M EP —— | R-T1 []_ {r..__, ]]
L The air standard efficiency (77) is given by:
1
n—1— ()

Given:

* P — 1.03 bar
r =12
v =14

1. Initial absolute temperature (I ):
1.03- 2107
T == —Zz;s-:ﬁ—
2. Cut-off ratio {%%):
Vi o _ 1
I‘é_‘ lil'l.-—l
2. Mean effective pressure (M E P):

- 14 17
MEFP == 57 -287 -1 - [1 — {gia=t |
4. Air standard efficiency (7

1
191.4—1

o~ 1—
Let's calculate these values numerically:
After performing the calculations, | found the following numerical results:

1. Initial absolute temperature (17 )
Ty = 694 34 K

2. Cut-off ratio [% m

oA 0.0917

3. M_ean effective pressure (M E PY):
MEFP = 949.71 kPa

4. Air standard efficiency ()

n == 0.564

14
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4. A gas engine operating on the ideal cycle Otto cycle has a compression ratio of 6. The pressure and
pressure and temperature at commencement of compression are 1 bar 27°C. Heat added during the
constant volume combustion process is 1170kj/kg. Determine: the peak pressure and Temperature,
work output per kg of air and air standard efficiency assume Take for air Cv = 0.717 kJ/kg K and y

=1.4 for air.
4 4
R 4 3
3 e,
| X, 2
o) @ &
| e — O\\.\
C = N
= Qg L 225,
= 29 @
7 A) 4 C/O\_/
H Z\ Y. e i
o . ——4 o 2
o \\J = ‘ /1
\5
L——V o™
0 1 1 Consta®
> >
Volume Entropy
Given data:

* Compression ratio,r — 6

* Initial conditions at the beginning of compression: P} — 1 barand T} — 27°C
* Heat added during constant volume combustion, () — 1170 kJ/kg

* Specific heat at constant volume for air, ', — 0.717 kJ/kg K

* Ratio of specific heats for air, v — 1.4
Let's start by finding the intermediate state points in the Otto cycle:

1. State 1(Beginning of Compression):
* P — lbar
* T = 27°C (convert to Kelvin: 273 + 27 — 300 K)
2. State 2 (End of Compression, Start of Constant Volume Combustion):

* Adiabatic compression process (PV"7 — constant):
1

Y _ ( ﬂ) G
Vi P
* Calculate T% using the ideal gas law: P1 V] /T1 — PaoVa /T
3. State 3 (End of Constant Volume Combustion):
* Qcov — Cy(T5 — T3 ) (constant volume process)

* Calculate Ty ¢

15
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4. State 4 (End of Expansion, Start of Constant Volume Heat Rejection):
* Adiabatic expansion process (PV7 — constant)

* Calculate T3 using the same process as for 15
Mow, let's calculate the required values:

1. Peak Pressure and Temperature (State 3):
* Use the adiabatic process equation Py / T; — P T_} to find P
* Calculate T using PsV3 /T5 — PaVa /Ts
2. Work Output per kg of Air:
* Work done during compression: Weomp = Cu(T2 — Tl)
* Work done during expansion: We, = Cy(T3 — T)
* Met work output per kg: Whet = Qcv — (Weomp + Wexp)
=. Air Standard Efficiency:

- o F?_l
n=1-5(%)

INow, let's go ahead and perform the calculations:

16
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1. Intermediate State Points:

1
i (A1)
Vi P

TQ = % ) 4 T]_
Qev = Cu(Ty — Tb)
Ty = ﬂ” —I— T,

vi (B
2 =)
Ty = % X Tk
. Peak Pressure and Temperature (State 3):

P=P (%)

:F:.;_%/T:-

Work Output per kg of Air:

Weomp = Cyp(Ty — 1)

Wexp = Co(Ts — T4)

Wiet = Qev — (Weomp + Wesp)

4. Air Standard Efficiency:
¥-1

113 (8)

5. Air is used as the working fluid in a simple ideal Brayton cycle that has a pressure ratio of
12, a compressor inlet temperature of 300K, and a turbine temperature of 1000K. Determine
the required mass flow rate of air for a net power output of 70MW, assuming both the
compressor and the turbine have an isentropic efficiency of 85%.

o=

9

Write the expression for the compressor's power input.
We = mnC, (T — T1)
Write the expression for the turbine’s power output.
W = 1, (Ts — Ts)
The total work done can be expressed as,
W = Wy — W

Substitute the obtained expression and rearrange the variables to deduce an expression for mass
flow rate.

W = {5nC, (Ts — Ty)} — {ranC, (To — T1)}
o W
T S G- T) (1)

17
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For the compressor, the pressure and temperature for the inlet state is known but the exit state
temperature is unknown.

Therefore, use the fact that the compressor is isentropic to determine the temperature for exit

7)
iy
-]"‘2 (1.4)—1
- = = (12) a4
{ (300 K) } (12)
Ty = 610.159 K

state.

Likewise for the turbine, the pressure and temperature for the inlet state is known but the exit state
temperature is unknown.

Therefore, use the fact that the turbine is isentropic to determine the temperature for exit state.

3 -@)

Ty = 491.88 K

Substitute the required value in equation (1) to determine the mass flow rate for the efficiency 1005

(90 MW) (5% )

T (1) (1.005 kJ /kg K) (1000 K — 491.88 K — 610.159 K + 300 K)
= 452.37 kg/s

6. The swept volume of a diesel engine working on dual cycle is 0.0053m3 and clearance
volume is 0.00035m3. The maximum pressure is 65bar. Fuel injection ends at 5 percent of
the stroke. The temperature and pressure at the start of the compression are 80°C and 0.9
bar determine the air standard efficiency of the cycle. Take for air = 1.4

65 f=m

0.8 -

_‘lﬁ'l'— V3=0.1}05§m3—>|

Ve = ¥, = V, = 0.00035 m

T e

18
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Swept volume, V. = 0.0053 m?

Clearance volume, V. = V3 =V, = 0.00035 m?
Maximum pressure, p; = pg = 65 bar

Initial temperature, T, =80 + 273 =353 K
Initial pressure, p, = 0.9 bar

Ndual =?

The efficiency of a dual combustion cycle is given by

_1- L B.p'-1 (i)
Mawal = 4~ (-1 | (B-D+Byp-D|

Compression ratio,

Vi, _V,+V, _ 00053+ 0.00085

= = = 16.14
TV, v 0.00035 ’
[ V; =V, =Clearance volume]
5 V. +V
) Ve _q00 7 %005V, +V, o
Cut-off ratio, p = v, v, = v o Vo=V3=V,)
0.05 x 0.0053 + 0.00035 1.757 176
- 0.00035 TR

Also during the compression operation 1-2,
V"= p,Vy!
y
Vi
P2 _ [—‘] = (16.14)4 = 49.14
Py Vs
Py =p; % 49.14 = 0.9 x 49.14 = 44.22 bar

Pressure or explosion ratio

_ps_ 65 _
B_pz T 44.22 =147

Putting the value of r, p and B in egn. (i), we get

1 1 147 x (1.76)" -1
Nuat = (161441 | (147-1) +147x 1.4 (176 - 1)
3.243-1 19
=7-0328 | ———— | = 0.6383 or 63.83%.
SANCET [0.4? " 1.554} or !
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7. Inagas turbine plant working on the Brayton cycle the air at the inlet is at 27°C, 0.1 MPa.
The pressure ratio is 6.25 and the maximum temperature is 800°C, the turbine and
compressor efficiencies are each 80% Find
)] The compressor work per kg of air
i) The turbine work per kg of air
iii)  The heat supplied per kg of air
iv) The cycle efficiency and
V) The turbine exhaust temperature

Maximum Temperature

T, =800°C=1073 K

p3 =100 kPa
T3=300K
rp=6.25

% = 6.25

P

20
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p, = 625 kPa

P = Py
p, =100 kPa
P> = Ps
'.VH=WEI£==UBGI
pH-

p, =625 kPa

L 08= el
Tl o T:+
Ts=300 K

. Ty =T, X (3.70243)0-
Ve = 0.2325

Ty =506.4 K

L o_ [“J . [&] " = 1.68808
T,, P P,
T:=558 K T> =723 K
n= L =T =350

T, — T,

ST =T —350=723 K

(a) Compressor work (W¢) = (hy —hs3) = Cp(T, —T3) = 2593 kl/kg
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(b) Turbine work (W) = (hy —hy) = C5(T1 - Tp) = 351.75 kJ/kg

(c) Heat supplied (Q4) =Cp(T-T4) =517.6 kJ/kg

= ¥ We _17.86%

(d) Cycle efficiency (n) )

(e) Turbine exhaust temperature (T;) =723 K

8. 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 pV1.3 =C. the
pressure and temperature at beginning of compression are 1 bar and 27°C respectively.
Assuming Cp =1.004 kd/kg K and Cv =0.717 kJ/kg K for air, find the air standard efficiency
and the mean effective pressure.

To solve this problem, we will use the dual cycle equations. The dual cycle combines
elements of both the Otto and Diesel cycles, incorporating constant volume (isochoric)

and constant pressure (isobaric) processes.
Given data:

* Compressionratior — 8

* Expansion ratio p — :— = 5.3

Initial conditions at the beginning of compression: P} — 1l barand T} — 27°C

Specific heat at constant volume for air, C', — 0.717 kJ/kg K

Specific heat at constant pressure for air, C}, — 1.004 kJ/kg K

Given the compression and expansion processes follow the law PV ¥ — (', we can
use this information to determine the state points for the compression and expansion

processes.
Let's start by finding the intermediate state points in the dual cycle:

1. State 1(Beginning of Compression):
* P; — lbar
* T = 27°C (convert to Kelvin: 273 + "'I’ — 300 K)
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2. State 2 (End of Compression, Start of Constant Volume Combustion):
. Pﬂff_,l"'{ _ P-_lf"’-_l"'{
* Use the compression ratio r to find V5
* Calculate T5 using the ideal gas law: P,V /T] — Py Vs /T
3. State 3 (End of Constant Volume Combustion):
* Giventhat the heat liberated at constant pressure is twice that liberated at
constant volume, we have () -y and G cp.
* Qev = 5C,(Ty — Td)
* Qcp = 2C,(Ts — Tn)
* Solve for Ty
4. State 4 (End of Expansion, Start of Constant Volume Heat Rejection):
. PV — P
* Use the expansion ratio p to find Vy

* Calculate Ty using P3Vy /Ty = PyVy /Ty

MNow, let's calculate the required values:

1. Air Standard Efficiency:
. 1 1T,
n=1- (1;:—1;)

2. Mean Effective Pressure (MEP):
- A'W«IEP — '[,’_E'[l |:f?f ','—._-..)(',Ir:- + _Pl{.-[-',,-_] o 'EJ-?]."J'I

r—

9. In a gas turbine plant working on the Brayton cycle. The inlet is at 25°C and 1 bar. The
maximum pressure and temperature 3bar and 650°C, determine the following
i) The cycle efficiency and
i) The heat supplied and heat rejected per kg of air
iii) Work output
iv) Exhaust temperature.
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Given data:

* Inlet conditions: 17 — 250 °C (convert to Kelvin: 250 + 273 — 523 K), P, — 1 bar
* Maximum conditions: Py — 3 bar, T3 — 650 °C (convert to Kelvin: 650 + 273 —
923 K)

We can follow the steps of the Brayton cycle to calculate the requested parameters.

1. Isentropic Compression (Process 1-2):

Use the isentropic relation for compression: T5 — 17 = (%)

* The specific heat ratio ~v for air is typically 1.4.
2. Isobaric Combustion (Process 2-3):

* The heat added per unit mass is given by Qi, = Cp x (T3 — T3)
2. Isentropic Expansion (Process 3-4):

Use the isentropic relation for expansion: Ty — T4 = (?—{) N
* Pjisthe pressure at the end of the expansion process, and it corresponds to the
back pressure.
4. lsobaric Heat Rejection (Process 4-1):
* The heat rejected per unit mass is giver‘"llwﬁjmt = Cp x (Ty — T1)

MNow, let's calculate the requested parameters:

i) Cycle Efficiency (1))

, 1
n—1— —
COIMPIEss10I TALLD

ii) Heat Supplied (();,) and Heat Rejected (() .1 ) per kg of air:
ﬁv)in - (-:p X (Ti - T‘..}}
c1,)U|1|1: - Cfp x (T-l - Tl}

iii) Work Output (1V,,,,;) per kg of air:
Wout = C}J X I[FJ'—“.E - T-il]

iv) Exhaust Temperature (1.}, )t

* The exhaust temperature is the temperature at the end of the expansion process

(Process 4-1).
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10. Brief the working of Otto cycle with the help of p-V diagram, T-s diagram and derive the
air standard efficiency of the cycle.

T
3
AV=0 :
2 4
1 AV=0
t S
A B

Efficiency of the Otto Cycle

In general, whenever we study the efficiency, we talk about its thermal efficiency. For any heat engine
operating on this cycle, the thermal efficiency is the ratio of work done to the input heat Qg at the
working temperature.

Mathematically, mip = Ql
H

Mow, the energy of the system must be equal according to the first law of thermodynamics. Hence, we
should consider the waste heat ¢, which is the heat dissipated to the environment by the system.

Mow, the Otto cycle efficiency can be analysed as

_ QyQ —1— Qc

- W _ — ~c
th = Qy Qu @y (a)

The heat added and rejected can be inferred from the above equation with temperatures of the
respective states as

Qe =m.Cy(Tz — ) and Q¢ = m. Cy(Ty — Th).
Here, m = mass flow rate of the mixture in or out of the system and Cy = Constant Volume.

Thus, the otto cycle thermal efficiency is given by equation (a).
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UNIT-11 STEAM NOZZLE AND INJECTOR
PART-A
1. What is steam nozzle?
A steam nozzle is defined as a passage of varying cross section, through which heat
energy of steam is converted to kinetic energy. Its major function is to produce steam jet
with high velocity to drive steam turbines.
2. Write about the function of nozzle
The major function of nozzle is to produce jet of steam or gas of high velocity to
produce thrust for the propulsion of rocket motors and jet engines and drive steam or
gas turbines.
3. List the types of nozzle.
1. Convergent Nozzle, 2. Divergent Nozzle, 3. Convergent-Divergent Nozzle
4. Define Convergent nozzle.
In a convergent nozzle, the cross sectional area decreases 1
continuously from its entrance to exit. It is used in a case where the
back pressure is equal to or greater than the -
critical pressure ratio * | Convergent,
5. Define divergent nozzle.
The cross sectional area of divergent nozzle increases 4
continuously from its entrance to exit. It is used in a case, where [,’:?’;’j

the back pressure is less than the critical pressure

PR A )

——

ratio Divergent
6. Define Convergent-Divergent nozzle.
In this case, the cross sectional area first decreases from its entrance 1+ 3 2

. o
to throat, and then increases from throat to exit.it is widely used in E:zi
many type of steam turbines

Convergent-divesgent

7. Draw the shape of supersonic nozzle. [May 2016]

High Low
Pressure Pressure
Low ) High
Velocity Velocity
Gases

Gases

3 Subsonic supersonic ﬁ

ﬁ\

Convergent Section Divergent Section

8. Define critical pressure ratio. Give its expression. [Nov 2017,Nov 2018,Jul 2021] The
critical pressure ratio is the pressure ratio which will accelerate the flow to a velocity equal
to the local velocity of sound in the fluid. The maximum gas flow through a nozzle is
determined by the critical pressure. The pressure at which the area is minimum and
discharge per unit area is maximum is called critical pressure ratio.

9. Define nozzle efficiency or coefficient of nozzle [Dec 2013, Nov 2018]
The nozzle efficiency is therefore defined as the ratio of the actual enthalpy dropto the

isentropic enthalpy drop between the same pressures. Nozzle efficiency = (actual enthalpy
drop) / (isentropic enthalpy drop)
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10.

11.

12.

13.

14.

15.

16.

17.
18.

List the effects of friction in nozzle. [May 2014, Dec 2015, May 2018]
In practice, there is friction produced between the steam and the sides of the nozzle; this
friction causes a resistance to the flow which is converted into heat. The heat formed
tends drying the steam. i) The expansion is no more isentropicand enthalpy drop is
reduced ii) The final dryness fraction of steam is increased as the Kkinetic energy gets
converted in to heat due to friction and is absorbed by steam. iii) The specific volume of
steam is increased as the steam becomes more dry due to this frictional reheating.

List the factors which influence nozzle efficiency.

When the steam flows through a nozzle the final velocity of steam for givenpressure
drop is reduced due to the following reasons

i) The friction between the nozzle surface and steam

ii) The internal friction of steam itself

iii) The shock losses.

Define degree of undercooling and degree of super saturation. [Jul 2021]
The difference of supersaturated temperature and saturation temperature at that pressure is
known as degree of under cooling.

The ratio of super saturation pressures corresponding to the temperature between super
saturated region is known as the degree of super saturation.

Define coefficient of velocity in nozzle. [Dec 2014]
The ratio of the actual velocity of gas emerging from a nozzle to the velocity

calculated under ideal conditions; it is less than 1 because of friction losses.

Define coefficient of Discharge.

The ratio of the actual discharge to maximum discharge is known as coefficient of
discharge.

What is meant by carry over loss?

The velocity of steam at exit is sufficiently high thereby resulting in a kinetic
energy loss called Carry over loss or Leading velocity loss.

If the enthalpy drop in a stem nozzle of efficiency 92% is 100 kJ/kg determine
the exit velocity of steam. [May2017]
C2 = \q(Ah) = C; =0.92 x 100~ C2=9.59m/s
Write the equation of maximum discharge through a nozzle.
Mention the values of maximum discharge for various steam.
Types of Steam Index number Maximum Critical
Discharge Pressure ratio
o P2 _
Dry saturated n=1.135 Mmax = 0.637 A\/VlQl i_ 0.577
1
- 2| 2= 0546
Superheated n=1.3 Mmax = 0.666 A\/V Miahe
1
DL P2 _
Gas n=1.4 Muec = 0.685 AV, | = 0.582
1
Wet steam n=
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19. What is meant by metastable flow?

Equilibrium between the liquid and vapour phase is delayed and the steam Continues to

expand in a dry state. The steam in such a set of conditions is said tobe supersaturated

or in metastable state as its temperature at any pressure is less than the saturation

temperature corresponding to the pressure. The flow of supersaturated steam, through the

nozzle is called supersaturated flow or metastable flow.

20. What are the effects of super saturation or supersaturated flow? [Nov 2016]

» There is an increase in the entropy and specific volume of steam

» The heat drop is reduced below that for thermal equilibrium as anconsequence the
exit velocity is reduced.

» The density of supersaturated steam will be more than for the equilibrium
conditions which gives the increase in the mass of steam discharged.

» The dryness fraction of steam is improved.

21. Differentiate supersaturated flow and isentropic flow.

S.No | Supersaturated flow Isentropic flow

1 Entropy is not constant Entropy remains constant

Super saturation reduces the heat drop

therefore exit velocity is reduced

3 Mollier diagram cannot be used Mollier diagram can be used.

22. What is meant by steam injector?
A steam injector is a device employed to force water in to the boiler under pressure.

23. List the applications of steam nozzle
i) To rotate steam turbine

ii) Thermal power plant

iii) To produce a very fine jet spray

iv) Itis also used for cleaning purpose.

2 No reduction in enthalpy drop.

24. What is the effect friction in steam nozzle? (*)

The kinetic energy of the steam increases at the expense of its pressure energy in a steam nozzle. Some
Kinetic energy gets lost to overcome the friction in the nozzle. Therefore, the exit velocity of steam
decreases due to nozzle friction

25. What is the effect of supersaturation in the nozzles?

Thus the effect of supersaturation is to reduce the enthalpy drop slightly during the expansion and
consequently a corresponding reduction in final velocity. The final dryness fraction and entropy are also
increased and the measured discharge is greater than that theoretically calculated.

PART -B

1. Derive the condition for maximum flow rate in steam nozzle. [May 2018]
2. Define critical pressure ratio of a nozzle and discuss why attainment of sonic

velocity. Also determines the maximum discharge through steam nozzle.
3. Derive the equation for critical pressure ratio in steam nozzle. [Nov 2017]
4. Derive the following expression for nozzle flow: 44 = ! dzi[EM_z]z_vvhere the
A yp M

Symbols are having usual meanings. [Jul 2021]
5. In asteam nozzle, the steam expands from 4 bar to 1 bar. The initial velocity is 60m/s
SANCET
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10.
11.

12.

and initial temperature is 200°C. Determine the exit velocity if nozzle efficiency is
92%. [Nov/Dec 2018]
Steam expands isentropic ally in a nozzle from 1 MPa, 250° C to 10 Kpa. The flow
rate of the steam is 1 kg/s. Find the following when the inlet velocity is neglected, (i)
Quality of steam, (ii) Velocity of steam at the exit of the nozzle, (iii) Exit area of the
nozzle. [Dec 2013]
The flow rate through steam nozzle with isentropic flow from pressure of 13 bar

Was found 60 kg/min. steam is initially saturated. Determine the throat area. If the flow
IS super saturated, determine the increase in flow rate. [May 2014]
Dry saturated steam at a pressure of 11 bar enters a convergent-divergent nozzle and
leaving at a pressure of 2 bar. If the flow is adiabatic and frictionless, determine i) the
exit velocity of a steam, ii) Ratio of cross section of exit and that at throat. Assume
the index of adiabatic expansion to be 1.135 [May2015,Jul2021]

Steam at a pressure of 10.5 bar and 0.95 dry is expanded through a CD nozzle.
The pressure of steam leaving the nozzle is 0.85 bar. Find the velocity of steam at throat
for maximum discharge. Take n=1.35. Also find the area at the exit and steam discharge
if the throat area is 1.2square cm. Assume the flow is isentropicand there are no friction
losses. [Dec 2014]
(a) What are the effects of friction in a nozzle? Explain

(b) A convergent-divergent nozzle is required to discharge 2 kg/s of steam. The
nozzle is supplied with steam at 7 bar and 180°C and discharge takes place against
a back pressure of 1 bar. The expansion up to the throat is isentropic and the
frictional resistance between the throat and the exit is equivalent to 63 kJ/kg of
steam. Taking approach velocity of 75m/s and throat pressure of 4 bar estimate
suitable areas for throat and exit and overall of the nozzle based on the enthalpy
drop between the actual inlet pressure and temperature and the exit pressure.
[May 2013,Nov 16]

In a test on a steam nozzle, the issuing steam jet impinges on a stationary flat
Plate which is perpendicular to the direction of flow and the force on the plate is
measured. With convergent-divergent nozzle supplied with steam at 10 bar dry
saturated and discharging at 1 bar; the force is experimentally measured to be 600N.
The area of the nozzle at throat measures 5 cm2and that exit area is such that complete
expansion is achieved under these conditions. Determine: (i) flow
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13.

14.

15.

16.

17.
18.

rate of the steam, and (ii) the efficiency of the nozzle assuming that all losses occur after
the throat. Assume n = 1.135 for isentropic expansion. [May 2017]
The dry and saturated steam at a pressure of 10.5 bar is expanded isentropicallyin a
nozzle to a pressure of 0.7 bar. Determine the final velocity of the steam issuing from
the nozzle, when (a) friction is neglected, and (h) 10% of the heat drop is lost in friction.
The initial velocity of steam may be neglected.
Gases expand in a convergent divergent nozzle from 3.6 bar and 425°C to aback
pressure of | bar, at the rate of 18kg/s. If the nozzle efficiency is 0.92, calculate the
required throat and exit areas of the nozzle. Neglect inlet velocity and friction in the
convergent part. For the gases, take Cp = 1.113 kJ/kg K and y=1.33
Dry saturated steam at 2.8bar is expanded through a convergent nozzle to 1.7 bar.
The exit area is 3cm3. Calculate the exit velocity and mass flow rate for, (i) Isentropic
expansion, (ii) Super saturated flow. [Nov/Dec 2018]
Explain the supersaturated or metastable flow of steam through nozzle and the
Significance of Wilson’s line. [May 2016]
What are the effects of super saturation on discharge and heat drop?
The dry saturated steam is expanded in a nozzle from pressure of 10 bar to apressure of 5
bar if she expansion is supersaturated, find: 1. the degree of undercooling and 2. The degree
of supersaturation.
PART -C

Dry saturated steam at a pressure of 8bar enters a convergent divergent nozzle and leaves
it at a pressure of 1.5bar. If the flow is isentropic and if the corresponding expansion
index is 1.133, find the ratio of cross-sectional area atexit and throat for maximum
discharge. [AU Nov/Dec 2015]
Steam turbine develops 185 kW with a consumption of 16.5 kg/kW/h. The
Pressure and temperature of the steam entering the nozzle are 12 bar and 220° C. The steam
leaves the nozzle at 1.2 bar. The diameter of the nozzle at throat is 7mm, Find the number
of nozzles. If 8% of the total enthalpy drop is lost in friction in the diverging part of
the nozzle, determine the diameter at the exit ofthe nozzle and the exit velocity of the
leaving steam. Sketch the skeleton Mollier diagram and show on it the values of pressure,
temperature or dryness fraction, enthalpy and specific volume at inlet, throat and exit.

[Nov/Dec 2018]
Calculate the throat and exit diameters of a convergent divergent nozzle which
will discharge 820kg of steam per hour from a pressure of 8bar superheated to
220°C into a  chamber having a pressure of 1.5bar. The
friction loss in the divergent part of the nozzle maybe taken as 0.15 of the total enthalpy
drop.
State the relation between the velocity of steam and heat during any part of a steam
nozzle.
Find the percentage increase in discharge from a convergent-divergent nozzle
expanding steam from 8.75 bar dry to 2 bar. When; 1. The expansion is taking place
under thermal equilibrium, and 2. The steam is in metastable state during pan of its
expansion. Take area of nozzle as 2500 mm?2
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1. Dry saturated steam at a pressure of 11 bar enters a steam nozzle and leaves at a pressure of 2

bar. If the flow is adiabatic and frictionless, determine: (i) the exit velocity of steam (ii) ratio of cross-
section at exit and that at throat. Assume the index of adiabatic expansion to be 1.135

https://www.youtube.com/watch?v=g9aD9Yk8-jk

Example 188, Dry scturated steam of o pressure of 11 bar enters a convergent-divergent
nozsle and leaves at a pressure of 2 bar. If the flow is adiabatic and frictionless, determine :

(i) The exit velocity of steam.

(ii) Ratio of cross-section af exit and that af throat.

Assume the index of adiabatic expansion to be 1.135.

Solution. Refer Fig. 18.11.

& h(klkg)
3
'

q"

[ I—
=00
% > s (kikgK)
Fig 1811
P, = 11 bar ; py = 2 bar ; p, = Throat pressure ; n = 1.135
-
B (2 p
Now, P [n+l
" I 1135
L1a8-1 2 |ouss
'[1.135+1) ’[2.135] =0
ar Pe=0058 x p, =058 = 11 = .38 bar.

e From Mollier chart (Fig. 18.11) point 1 is located on the dry saturation line correspond-
ing to 11 bar pressure.

e From ‘1’ vertical line 1-3 is drawn cutting the pressure line 2 bar.
e Point ‘2’ corresponding to throat pressure 6.38 bar is located on the vertical line.
Adiabatic heat drop between inlet and throat,

hy=h,—hy

= 2780 - 2679 = 101 kJ/kg
x, = 0.96
U, = 0.297 mkg

Throat velocity, C,=44.72 Jhy =44.72 101 = 449.4 m/s

2. Derive the following expression for nozzle flow: 22 = 29211 _m2/m2 where, the symbols having usual
meanings.
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To derive the given expression for nozzle flow, let's start with the continuity equation

and the isentropic flow relations. The continuity equation for a fluid flow is given by:
AV = AV,

where:

* A, and As are the cross-sectional areas at the inlet and outlet of the nozzle,

respectively.
* V] and V5 are the velocities at the inlet and outlet of the nozzle, respectively.

Mow, applying the isentropic flow relations, we have:

A _ W _ 1
A Va M
where:

* M is the Mach number of the flow.

Mow, let's express the velocities in terms of the pressure and density using the

iIsentropic flow relations for a perfect gas:
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w_ ¥V _ 1
i s M
where:

* 11 and a- are the local speed of sound at the inlet and outlet of the nozzle,

respectively.

The speed of sound a is given by a — /yRT', where:

* ~visthe ratio of specific heats.
* R is the specific gas constant.

* T isthe temperature.

Mow, let's express a and a9 in terms of pressure using the ideal gas law PV — RT:

a; = +/yRTy
J——

A L
A M
A 1
A i’ T
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A 1
Ay M

4 11
A, VR T,

Simplifying, we get:

A1 ]
Ay M nr

Mow, expressing T in terms of P using the ideal gaslaw, P, V], — RT),wegetT] —

P
p e

Substituting this into the expression for jll_: we get:

Ay v T — fim
_"-1] I]R r__h.R PJ

MNow, rearranging the terms, we get:

p_ B (4)°
2 v 4

Mow, expressing % in terms of Mach number M, we know p2 = p1/ M?2, so:

2o 2
o

Equating the expressions for J-':j—;, we get:

M2 — B (%-)2'

Finally, rearranging terms, we get the expression:
& = EA

MNow, differentiate both sides with respect to pressure () to get the desired

{2 ar—1
%ﬂf

expression:

dlAa /Ay
d P

Lal—
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3. Describe the flow of steam through nozzles and hence deduce the expression for a critical pressure

ratio. (8)

P

od

Critical pressure ratio is the ratio of pressure at which the system gives maximum mass flow rate
and it cannot be increased further by adjusting the system pressure.

The critical pressure ratio of any fluid depends on the polytropic index (n) of that fluid. This
maximum mass flow rate condition is reached when the match number at minimum cross-section
becomes equal to 1.

Critical pressure ratio = Pc/Po

Where Pc = Pressure at the minimum cross-section
Po = Inlet pressure

Critical pressure ratio = Pc/Po= (2/n+1)"!

Where n = polytropic index of the fluid

The significance of the critical pressure ratio is given below

The critical pressure ratio helps to attain maximum mass flow rate through the nozzle.
It also helps us to avoid choking of nozzle.

Critical pressure ratio for air:

For air, the value of the polytropic index is given by,
n=141

By using the formula of critical pressure ratio,

Pc/Po=(2/n+1)n—1==(2/(1.41+1))*41"1= 0.526

Hence for air, the critical pressure ratio is 0.526
Critical pressure ratio for steam:

For saturated steam, the value of the polytropic index is given by,
n=1135

By using the formula of critical pressure ratio,
Pc/Po=(2n+1)"'=(2/1.135+1).!%1= 0.577

For steam, the critical pressure ratio is 0.577

35
SANCET



ME3451-Thermal Engineering Department of Mechanical Engineering 2023-2024

4. Explain the supersaturated flow in nozzles and their effects. (5)

Supersaturated flow in a nozzle occurs when the flow of a liquid is at a temperature and pressure
such that it is on the verge of vaporization, but has not yet vaporized. This can occur when the

liquid is under high pressure and then passes through a constriction, such as a nozzle, causing a
rapid drop in pressure.

5. A convergent-divergent nozzle is required to discharge 350 kg of steam per hour. The nozzle is

supplied with steam at 8.5 bar and 90% dry and discharges against a back pressure of 0.4 bar.
Neglecting the effect of friction, find the throat and exit diameters. (8)
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To find the throat and exit diameters of a convergent-divergent nozzle, we can use the

critical flow equation for steam:

- 2 \i5
T = ()"

where:

= A, isthe exit area,

* A, isthe throat area,
k is the specific heat ratio (ratio of specific heat at constant pressure to specific heat

at constant volume).
The mass flow rate (171) through the nozzle can be expressed as:
m — pAV

where:

* pisthe density of steam,

* A is the cross-sectional area of the nozzle,

* V is the velocity of steam.
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Assuming steady, adiabatic flow, we can use the following relations:

F
P = ®T
V =+ERT
where:

* P isthe pressure of the steam,
* R is the specific gas constant for steam,

* T is the absolute temperature of the steam.

The critical pressure (P*) can be determined using the following relation:

A.

* __ 2 \FI
P =P ()"
MNow, let's calculate the values step by step:

1. Calculate the specific gas constant for steam () using steam tables.

2. Calculate the critical pressure (P™).

3. Determine the throat area (4;) using the critical flow equation.
WD?
T
5. Determine the exit area (4.) using the back pressure ().
rD?*
T

4. Calculate the throat diameter (D) using 4; —

6. Calculate the exit diameter (IJ,.) using 4, —

Let's assume k — 1.3 for steam.
Given data:

* Inlet pressure (P): 8.5 bar
* Qutlet pressure (P;): 0.4 bar
* Steam flow rate (12): 350 kg/h

* Steam dryness fraction (ir): 20%
INow let's proceed with the calculations.

1. Calculate the specific gas constant (&) for steam using steam tables:

R — 461.52J/(kg " cdotK)
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1. Calculate the critical pressure (P™):

ke
k-1

P* =P (33)

1.3

P* = 8.5 bar (1.:;3—1)?

P7 = 4.327 bar

1. Determine the throat area (A;) using the critical flow equation:

&= ()"
= ()™
i—’r ~ 1.703
1. Calculate the throat diameter (D) using 4; — ﬁ‘?’2:

Dy = 4/ 44
D; = 0.46Tm J

1. Determine the exit area (A,) using the back pressure (P):

*4-14: - -

(#)*

A, - A
()7

J—L: =z 1.281A¢

1. Calculate the exit diameter (D) using A, — %

D, = 0.638m

So, the throat diameter (I);) is approximately 0.467 m, and the exit diameter (D.) is
approximately 0.638 m.
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6. Derive the condition for maximum discharge and expression for maximum discharge in steam
nozzle. Determine the throat area, exit area and exit velocity for a steam nozzle to pass a mass flow
of 0.2 kg/s when inlet conditions are 10 bar and 250°C and the final pressure is 2 bar. Assume
expansion is isentropic and that the inlet velocity is negligible. Use pVV1.3 = Constant. Do not calculate

from h-s chart.
Let
1 and pa= Pressure at inlet and exit respectively,
7 and 9= Velocity at inlet and exit respectively;
A; and As= Area at inlet and exit respectively;

n = adiabatic index;

m = mass flow rate or discharge

3 n+1
mo_ Q(L)ﬂ (a)F _ (E)T
As \ n—1 J L M
On substituting the condition of maximum discharge,

()= (%)
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Given data:

* Inlet pressure (P)): 10 bar

* Inlet temperature (11): 250°C
* Mass flow rate (rn): 0.2 kg/s

* Final pressure (F5): 2 bar

We will use the following relations:

1. The isentropic relation for steam: pV' ! — Constant
2. The mass flow rate equation: v — p AV
3. Theideal gas law for steam: PV — mRT
4

5

. The specific volume relation: V' — i

i3
" The isentropic relation for velocity: Vo5 — V) (%)

Let's calculate step by step:

1. Calculate the specific volume at the inlet (v, ):

Ry-T,
vy — PJJ
2. Calculate the density at the inlet (o ):
1
P1 = & ¥
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3. Calculate the throat area (A4,):

4, — T

Il".i'_ + li- I-I

4. Calculate the exit velocity (17.):

- (#nnf- ()7

5. Calculate the exit area (4.):

Let's substitute the values and calculate these parameters:

1. Calculate vy:
Ry-T)
UL = =g '

2. Calculate py:

f—*l_!.i

Calculate A;:

*’h T

Il".i'_ B li- I-|

48

4. Calculate V.:

v (emen - () 7))

5. Calculate A,

4. — T
A,

pz- V.

7. Steam at a pressure of 10.5 bar and 0.95 dry is expanded convergent divergent nozzle. The pressure
of steam leaving nozzle is 0.85 bar. Find the velocity of steam at the throat for maximum discharge
taken = 1.135. Also find the area at the exit and steam discharge if the throat area is 1.2 cm® Assume
flow is isentropic and there are no friction losses.
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To find the velocity of steam at the throat (V}), the area at the exit (4,), and the steam
discharge (1), we can use the isentropic flow relations and the given conditions. The
isentropic relation for steam is pV'"™" — Constant, and we can use it to relate the inlet

and exit conditions.

Given data:

* Inlet pressure (P)):10.5 bar

* Steam dryness fraction (i): 0.95
* Exit pressure (FPs): 0.85 bar

* Throat area (4;): 1.2 cm?

* Discharge coefficient (C;): 1135

We will use the following relations:

. The isentropic relation for steam: pV'" — Constant
. The mass flow rate equation: . — p AV

. The ideal gas law for steam: PV — mRT

. The specific volume relation: v = ¥

m

. The velocity relation at the throat: V; — 4/ 2, where h] is the enthalpy at the inlet.
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1. Calculate the specific volume at theinlet (v,):
vy =z -vg+ (1 —x)-vf
where v, and vy are the specific volumes of steam in the gaseous and liquid states,
respectively.
2. Calculate the enthalpy at the inlet (f,):
hy=z-hg+ (1 —x)-hy
where hg and h-f are the enthalpies of steam in the gaseous and liquid states,
respectively.
3. Calculate the velocity at the threat (1/):
Vi = v2h
4. Calculate the density at the throat (p;):
Pt = %
5. Calculate the mass flow rate (111):
m = py- Ay - Vi
6. Calculate the velocity at the exit (17.):
V. = Cq- /2R
I

. Calculate the density at the exit (p..):

_ 1
Pe o

where 1. is the specific volume at the exit.

5. Calculate the area at the exit (4.):

Tt
‘4'* a1

Let's substitute the values and calculate these parameters. For steam, you'll need to
use steam tables to find the specific volumes {'ug, 'L-'f]l, enthalpies (h.g, h.f}, and other

relevant properties at the given pressures and dryness fraction.

8. The inlet conditions to a steam nozzle are 10bar and 250°C. the exit pressure is 2 bar. Assuming
isentropic expansion and negligible velocity determine i) the throat area
ii) The exit velocity iii) the exit area of the nozzle.
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Given data:

* Inlet conditions: P, — 10 barand T} — 250 °C (convert to Kelvin: 250 + 273 — 523
K)

* Exit pressure: Po» — 2 bar

Assuming isentropic expansion and negligible velocity, we can use the isentropic

relations for the nozzle. The specific heat ratio -y for steam is typically around 1.3.

1. Throat Area (A7)

The throat area is related to the inlet conditions by the mass flow rate equation:
l' v

e _ 1,/RL (27
A F'ﬂ.V ¥ ("}—1)

where 1t is the mass flow rate, H is the specific gas constant, and -y is the specific

heat ratio.
The mass flow rate (111) can be expressed as:
m—p A"V~ J

where pj is the density at the inlet and V'™ is the throat velocity.
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We can substitute this expression for 17 into the equation for A and solve for A*.
2. Exit Velocity (V2):

The exit velocity can be calculated using the isentropic relation:

where C'p Is the specific heat at constant pressure.
3. Exit Area (A.):
The exit area is related to the exit velocity by the mass flow rate equation:

4_2 __ i

pa-Va

where g9 is the density at the exit.
Mow, let's perform the calculations:

i) Throat Area (A™):

I P |

. 1 RT, 2 Y\ 71
A m,l,_\/ : (,_r_l)

i) Exit Velocity (15):

iii) Exit Area (A4-):
ANV
Az Vo J’
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UNIT-111 STEAM AND GAS TURBINES

PART-A

1. Define Steam turbine.
A steam turbine is a prime mover inliich rotary motion is obtained by thegradual
change of momentum of the steam. The force exerted on the blades is due to the
velocity of steam. This is due to the fact that the curved blades by changing the
direction of steam receive a force or impulse.

2. Advantage of steam turbine over reciprocating steam engines.

>

>
>
>

>

>

>
>

Steam turbine may develop higher speeds and a greater steam range is
possible.

The efficiency of a steam turbine is higher.

The steam consumption is less.

Since all the moving pails are enclosed in a casing, the steam turbine is
comparatively safe.

A steam turbine requires less space and lighter foundations, as there arelittle
vibrations.

There is less frictional loss due to fewer sliding parts.

The applied torque is more uniform to the driven shaft.

A steam turbine requires less attention during running. Moreover, the
repair Costs are generally less.

3. Classify steam turbine according to the classification of flow.
i) Impulse turbine ii) Reaction turbine iii) combination of impulse and reaction
4. Classification of steam Turbine
The steam turbines may be classified into the following types:
According to the mode of steam action: (i) Impulse turbine, and (ii) Reaction turbine.
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According to the direction of steam flow: (i) Axial flow turbine, and (ii) Radial
flow turbine.
According to the exhaust condition of steam: (i) Condensing turbine, and (ii)Non-
condensing turbine.
According to the pressure of steam: (i) High pressure turbine, (ii) Mediumpressure
turbine, and (iii) Low pressure turbine.
According to the number of stages: (i) Single stage turbine, and (ii) Multi-stageturbine.
5. Define Impulse turbine.
An *impulse turbine, as the name indicates, is a turbine which runs by the impulse of
steam jet In this turbine, the steam is first made to flow through a nozzle. Then the steam
jet impinges on the turbine blades (which are curved like buckets) and are mounted on the
circumference of the wheel. The steam jet after impinging glides over the concave surface
of the blades and finally leaves the turbine. This is also known as De-Level Impulse.
6. How impulse turbine is classified?
Impulse turbines are a type of hydraulic turbine that extracts energy from the kinetic energy of a

fluid (usually water) in motion. These turbines are classified based on various factors, including
the direction of the water flow, the number of jets or nozzles, and the specific design features.

7. Define two stages Impulse turbine.

The steam after leaving the moving blade is made to flow through a fixed blade ring
(in order to make the steam to flow at a designed angle and again impinges on second
moving blade. This type of turbine is called two-stage impulse turbine.

8. Define Reaction turbine. [Jul 2021]
In a reaction turbine, the steam enters the wheel under pressure and flows over the
blades. The steam while gliding propels the blades and makes them to move. As a
matter of fact, the turbine runner is rotated by the reactive forces of steam jets. The
backward motion of the blades is similar to the recoil of a gun. This is also known as
Parson's Reaction Turbine

9. Differentiate impulse turbine and reaction turbine. [MAY 2018]
S.No | Particulars Impulse Turbine Reaction Turbine
Only in nozzles and not | In fixed blades (nozzles) as
1 Pressure drop . . . .
in moving blades. well as in moving blades.
2 Area of blade Constant Varyin
channels ying
3 Blades Profile type Aerofoil type.
Admission  of
4 Not all round All round or complete
steam
Fixed blades similar to moving
5 Nozzles Diaphragm contains the | plades attached to the casing
nozzle serve as nozzles and
guide the steam.
Not much power can be | Much power can be
6 Power
developed. developed.
7 Efficiency Low High
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Define blade efficiency or diagram efficiency.

It is the ratio of work done on the blade per second to the energy entering theblade
per second.

Define stage efficiency.

The stage efficiency covers all the losses in the nozzles, blades, diaphragms and
discs that associated with that stage.

Network done on shaft per kg of steam flowing

il
stage Adiabatic heat dropper stage

Define blade velocity coefficient or coefficient of velocity or Friction factor.
[Jul 2021]

The blade velocity coefficient is defined as the ratio of relative velocity of steamas is
passes over the blades without frictional resistance to relative velocity of steam with
friction resistance.

C . . ..
K I " where K is blade velocity coefficient
C I

Define blade speed ratio
Blade speed ratio is defined as the ratio of blade speed to steam speed %"
Define degree of reaction. [May/June 2014] [Nov/Dec 2014]

Degree of reaction or reaction ratio (R) is defined as the ratio of static pressuredrop
in the rotor to the static pressure drop in the stage or as the ratio of static enthalpy drop in
the rotor to the static enthalpy drop in the stage.

Define coefficient of velocity in nozzle? [Nov/Dec 2014]
The ratio of the actual velocity of gas emerging from a nozzle to the velocity calculated
under ideal conditions; it is less than 1 because of friction losses.

What is meant by carry over loss?

The velocity of steam at exit is sufficiently high thereby resulting in a kinetic energy
loss called Carry over loss or Leading velocity loss.

What are the methods adopted to prevent erosion in steam turbines?

i) By raising the temperature of steam at inlet, so that at exit of turbine the wetness does
not exceed 10%

ii) By adopting reheat cycle; so that wetness at exit remains in limit.

iii) Drainage belts are provided on the turbine, so that the water droplets are on outer
periphery, due to centrifugal force are drained. The drained amount is about 25 percent
of total water particles present.

What do you mean by bleeding in steam turbine?

Bleeding is the process of draining steam from the turbine at certain points during its
expansion and using this steam for heating the feed water supplied to the boiler.
What is meant by stage in turbine?

In an impulse turbine, stage means set of nozzles outside the turbine + moving blades
on the rotor. In a reaction turbine, stage means one set of fixed blades + one set of
moving blades.
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20. What are the losses in steam turbine?

21.

22,

23.

24.

25.

26.

27.

28.

Residual velocity losses, Loss due to friction, Radiation losses, Loss due to moisture.
What are the possible causes of excessive vibration or noise in steam turbine?
Misalignment, worn bearings, unbalanced wheel, unbalanced coupling, bent shaft,
piping strain.

Define compounding of turbine and classify it. [NOV 2017]
The steam is expanded from the boiler pressure to condenser pressure in one stage the
speed of the rotor becomes tremendously high which crops up practicalcomplicacies.
There are several methods of reducing this speed to lower value allthese methods utilize
a multiple system of rotor in series keyed on a common shaft and the steam pressure
or jet velocity is absorbed in stages as the steam flows over the blades. This is known
as compounding. The different methods of compounding are i) Velocity compounding
i) Pressure compounding iii)Pressure velocity compounding.

What is the purpose of compounding?

Compounding is the method in which multiple system or rotors are keyed to common shaft
in series and the steam pressure or jet velocity is absorbed in stages as it flows over the
rotor blades.

Purpose of compounding: Reduction of pressure (from boiler pressure to condenser
pressure) in single results in the very high velocity entering the turbine blades.
Therefore, the turbine rotor will run at a high speed about 30,000rpm which is not
useful for practical purpose. In order to reduce the rotor speed up to about 400 m/sec,
compounding of steam turbine is necessary.

What is pressure compounding? [April/May 2015]
The Steam Pressure compounding is the method in which pressure in a steam turbine
is made to drop in a number of stages rather than in a single nozzle. Thismethod of
compounding is used in Rateau and Zoelly turbines.

What are the advantages of velocity compounded impulse turbine?

i) Owing to relatively large heat drop, a velocity compounded impulse turbine
requires a comparatively small number of stages.

ii) Due to number of stages being small, its cost is less

iii) The steam temperature is sufficiently low in a two or three row wheel;therefore
cast iron cylinder may be used. This will cause saving in material cost.

What do you mean by governing of steam turbine? Classify it

Governing of steam is to control the rotational speed of turbine by controlling theflow
of steam into turbine irrespective of varying load on turbine. Classification

i) Throttle governing ii) Nozzle governing iii) By-pass governing iv) combinationof
Throttle Nozzle By-pass governing.

What is the remedy for a bent steam turbine shaft causing excessive vibration?

i) The run-out of the shaft near the centre as well as the shaft extension should be
checked.

ii) If the run-out is excessive, the shaft is to be replaced
What is gas turbine?
Gas turbine is an axial flow rotary turbine in which gas is used as working medium.
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29. Differentiate open and closed cycle gas turbine?
Open cycle gas turbine Closed cycle gas turbine
Gas is exhausted to the Gas is recirculated again and again
atmosphere after each cycle
Size is small Size is large
Weight is less Weight is high
High quality fuels are used Low quality fuels are used
Intercooler is not required Intercooler is required to cool the
exhaust gas to the original
temperature
30. Distinguish between impulse and reaction turbine.

Impulse turbines are typically used for high-head, low-flow applications such as hydroelectric
power plants, where the water is delivered under high pressure. Reaction turbines are typically
used for low-head, high-flow applications such as hydropower plants, where the water is delivered
at a lower pressure.

PART - B

1. Explain the pressure and velocity compounding diagram of multistage turbinewith
neat sketch. [Nov/Dec 2014] [Jul 2021]

2. Elucidate the working of velocity, pressure and velocity pressure compounding
methods with neat sketch. [May 2018]

3. Explain the pressure band velocity compounding of a multi stage turbine.

4. In a single stage impulse turbine, nozzle angle is 20° and blade angles are equal.
The velocity coefficient for blade is 0.85. Find maximum blade efficiency possible.
If the actual blade efficiency is 92% of the maximum blade efficiency, find the possible
ratio of blade speed to steam speed. [Jul 2021]

5. In a De-lavel turbine, the steam enters the wheel through a nozzle with a velocity
of 500 m/s and at an angle of 20° to the direction of motion of the blade. Theblade
speed is 200 m/s and the exit angle of the moving blade is 25°. Find the inlet angle of
the moving blade, exit velocity of steam and its direction and work done per kg of steam.

6. Ina De Laval Turbine steam issues from the nozzle with a wvelocity of 1200 m/s. The
nozzle angle is 20°C, the mean blade velocity is 400 m/s and the inlet andoutlet
angles are equal. The mass of steam flowing through the turbine per houris 1000 kg.
Calculate i) Blade angles ii) Relative velocity of steam entering the blades iii) Tangential
force on the blades iv) Power developed v) Blade efficiency. Take blade velocity co-
efficient as 0.8 [April/May 2015]

7. A steam jet enters the row of blades with a velocity of 375 m/s at an angle of 20°
with the direction of motion of the moving blades. If the blade speed is 165 m/s,find
the suitable inlet and outlet blade angles assuming that there is no thrust onthe blades.
The velocity of steam passing over the blades is reduced by 15%. Also determine power
developed by the turbine per kg of steam flowing aver the blades per second.

8. In a single stage impulse turbine the isentropic enthalpy drop of 200 kJ/kg occursin the
nozzle having efficiency of 96% and nozzle angle of 15°. The blade velocity coefficient is
0.96 and ratio of blade speed to steam velocity is 0.5. The steam mass flow rate is 20
kg/s and velocity of steam entering is 50 m/s. Determine (a)the blade angles at inlet and
outlet if the steam enters blades smoothly and leaves axially, (b) the blade efficiency, (c)
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the power developed in kW and (d) the axial thrust.

9. Steam enters the blade row of an impulse turbine with the velocity of 600 m/s atan
angle of 25°C to the plane of rotation of the blades the blade mean speed is 250 m/s. The
blade angle at the exit side is 30°C. The blade friction loss is 10 %.

Determine blade angle inlet, blade efficiency and work done per kg of steam

[May/ June 2014]
10. (a) The velocity of steam leaving the nozzle of an impulse turbine is 10000m/s and the

nozzle angle is 20°C. The blade velocity is 350m/s and the blade velocity of co-
efficient is 0.85.Assuming no losses due to shock at inlet ,calculate for a mass flow of
1.5kg/s ,and symmetrical blading, (i) Blade inlet angle, (ii) Driving force on the wheel,
(iii) Axial thrust on the wheel and (iv) Power developed by the turbine.
(b) Differentiate between impulse and reaction turbine. [April/May 2013]
11.1n a single stage impulse turbine the blade angles are equal and nozzle angle is 20°.the
velocity coefficient for the blade is 0.83 find the maximum blade efficiencypossible. If
the actual blade efficiency is 90% of maximum blade efficiency, find the possible ratio
of blade speed to steam speed. [Nov/Dec 2017]
12. In one stage of a reaction steam turbine, both the fixed and moving blades have
Inlet and outlet blade tip angles of 35° and 20° respectively. The mean blade speed is
80 m/s and the steam consumption is 22 500 kg per hour. Determine the power
developed In the pair, if the isentropic heat drop for the pair is 23.5 kJ perkg.
13. A Parson's reaction turbine, while running a 1400 r.p.m. consumes 30 tonnes of steam per
hour. The steam at a certain stage is at 6 bar with dryness fraction of
0.9 and the stage develops 10 kW. The axial velocity of flow is constant and equalto
0.75 of the blade velocity. Find mean diameter of the drum and the volume of steam
flowing per second. Take blade tip angles at inlet and exit as 35° and 20° respectively.
14. A Parson’s reaction turbine has mean diameter of blades as 1.6 m and rotor moving at
1500 rpm. The inlet and outlet angles are 80°C and 20°C respectively. Turbine receives
steam at 12 bar, 200°C and has isentropic heat drop of 26 kJ/kg.5% of steam supplied
is lost through leakage. Determine the followingconsidering horse power developed in
stage to be 600 hp.(a) the stage efficiencyand (b) the blade height.

PART - C

1. A convergent-divergent nozzle for a steam turbine has to deliver steam under a
supply condition of 11 bar with 100°C superheat and a back pressure of 0.15bar.
if the outlet area of the nozzle is 9.7cmz2, determine using steam tables, the mass of
steam discharged per hour. If the turbine converts 60% of the total enthalpy drop
into useful work, determine the power delivered by the turbine. Neglect the effect
of friction in the nozzle. Take Cp of superheated steam as 2.3 kJ/kg.k

[Nov/Dec 2018]

2. A 50% reaction turbine (with symmetrical velocity triangles) running at 400
r.p.m. has the exit angle of the blades as 20° and the velocity of steam relative tothe
blades at the exit is 1.35 times the mean blade speed. The steam flow rate is
8.33 kg/s and at a particular stage the specific volume is 1.381m3 /kg. Calculatefor
this stage. A suitable blade height, assuming the rotor mean diameter to be 12 times the
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blade height.

3. Ina reaction turbine, the blade tips are inclined at 35° and 20° in direction of motion.
The guide blades are of the same shape as the moving blades, but reversed in direction.
At a certain place in the turbine, the drum diameter is 1 meter and the blades are 100
mm high. At this place, steam has a pressure of 1.7
bar and dryness 0.935. If the speed of the turbine is 250 r.p.m. and the steam passes
through the blades without shock, find the mass of steam flow and the power developed
in the ring of the moving blades

4. A reaction turbine runs at 300 r.p.m. and its steam consumption is 15400 kg/hr. The
pressure of steam at certain pair is 1.9 bar; its dryness 0.93 and power developed by
the pair is 3.5 kW. The discharging blade tip angle is 20° for both fixed and moving
blades and the axial velocity of flow is 0.72 of the blade velocity. Find the drum
diameter and blade height. Take the tip leakage steam as 8%, but neglect blade
thickness.

5. (a) List the advantages of steam turbines over gas turbines.
(b) Determine the isentropic enthalpy drop in the stage of Parson's reaction turbine which
has the following particulars: speed=1500 rpm, mean diameter ofthe rotor = 1m, stage
efficiency =80%, speed ratio = 0.7, blade outlet angle =20°.
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1. Draw a schematic of closed cycle gas turbine plant and discuss its function. Also suggest fuels that

are especially required for closed cycle gas turbine plant.

A closed-cycle gas turbine method is adopted to overcome the disadvantages of an open cycle gas
turbine method. The corrosion and erosion of turbine blades is the main drawback in an open cycle. This
drawback can be overcome by using superior quality of working medium (air or helium, argon, hydrogen
or neon) where it doesn’t mix with the fuel in the combustion chamber. The other advantage of using a
closed cycle method is, the rejection of heat of exhaust gases takes place in a re-cooler or re-heaters or heat
exchangers. This article discusses an overview of this turbine, working, advantages, and disadvantages.

What is a Closed-cycle Gas Turbine?

A closed-cycle gas turbine can be defined as a gas turbine, which overcomes the drawbacks of the open
cycle gas turbine. In this type of turbine, the air is circulated continuously within the gas turbine with the
help of a compressor, heat chamber, gas turbine, and cooling chamber. The ratios of pressure, temperature,
and air velocities will be constant in this type. It performs a thermodynamic cycle, which means working
fluid is circulated and used continuously again and again without leaving the system.

C \T.:G>

OElprocus.com

e The gas is compressed in the compressor.

e The compressed gas is heated in the heating chamber.

e The gas turbine helps to generate electricity.

e Electricity is generated by the generator with the use of gas turbine

e The cooling of gases passed from the turbine gets cooled in the cooling chamber.
Efficiency

The efficiency of a closed cycle gas turbine can be explained with the help of the T- S diagram as
shown below.
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T-S Diagram
The efficiency of this can be given as,

n = (available network) / input heat
n = Cp(Wt — Wc) / input heat

n=1-[(T4-T1) /(T3-T2)]

Where ‘Wt” = work is done by the gas turbine per kg of air = Cp(T2-T3)
‘Wc’ = work is done by the compressor per kg of air = Cp(T1-T4)

‘Cp’ constant pressure is taken in kJ/ Kg.K

“T” = temperature

Input heat = Cp (T3-T2)

The efficiency of this turbine is higher than the open cycle gas turbine

Closed Cycle Gas Turbine Working Principle

The closed-cycle gas turbine working principle is based on the Brayton cycle or Joule’s cycle.
In this type of gas turbine, the compressor is used to compress the gas isotropically and the resultant
compressed gas flows into the heating chamber. The rotor type compressor is preferred in this turbine.

An external source is utilized to heat the compressed air and then passed over the turbine blades.
When the gas is flowing over the turbine blades, it gets expanded and it is allowed to pass into the cooling
chamber and gets cooled down. The gas gets cooled by using the circulation of water at constant pressure to
its initial temperature.

e Again the gas is passed into the compressor and the process is repeated.

e Inthis turbine, the same gas is circulated repeatedly.

o The complexity of the system and the cost would increase if the working fluid/medium used in the
turbine is other than air. This may lead to problems and it is difficult to resolve.
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Difference between Open Cycle and Closed Cycle Gas Turbine

Heat source, type of fluid used for working, circulated air, turbine blades capacity, cost of maintenance
and installation, it gives the difference between the open cycle and closed gas turbine. The circulation of

working fluid is the main difference.

| Open Cycle Gas Turbine

| Closed Cycle Gas Turbine

In this type, the combustion chamber is used for
heating compressed air. Due to the mixing of
products in the combustion chamber and heated air,
the gas doesn’t remain constant.

In this type, the heating chamber heats the
compressed air, which is compressed firstly before
heating. When an external source heats the air, then
the gas remains constant.

The amount of gas that came out from the turbine is
exhausted in the atmosphere

The amount of gas came out from the gas turbine is
allowed to pass into the cooling chamber.

Replacement of working fluid is continues

|Circulation of working fluid continues.

The working fluid is air

For better thermodynamic properties, helium is used
as a working fluid

As the air in the combustion chamber gets
contaminated, results in the earlier wearing of
turbine blades

As there is no contamination of enclosed gas while
passing through the heating chamber, results in no
earlier wearing of turbine blades

Mainly used for moving vehicles

Mainly used for stationary installation and marine
applications.

The cost of maintenance is low

| The cost of maintenance is high

Installation mass per KW is less

| Installation mass per KW is more.

Advantages

The closed-cycle gas turbine advantages are

o High thermal efficiency at any temperature limit and pressure ratio
e Any type of working fluid can be used with low caloric value. For example helium.

« No corrosion.
e Internal cleaning is not required.

e Re-heaters can be used to heat the water for the supply of hot water for domestic and industrial

purposes.
e The size of the gas turbine is small

e An increase in pressure gives a better heat transmission coefficient in the exchanger

e Fluid friction loss is less.
Disadvantages

The closed-cycle gas turbine disadvantages are

e As the whole system work under high pressure with a working fluid (medium), it increases the cost.
e It requires a large air heater and it is not enough when the combustion chamber is used in the open

cycle.

e Not used in aeronautical engines because this type of gas turbine uses cooling water.
e Complex system and should resist at high pressure.

Applications

The closed-cycle gas turbine applications include the following.

e Used in the generation of electric power
e Used in many industrial applications

e Used in marine propulsion, locomotive propulsion, automotive propulsion
e Used in aviation to provide power to the jet Propulsion
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2. A constant pressure open cycle gas turbine plant works between temperature range of 15 deg.C and

700 deg.C and pressure ratio of 6. Find the mass of air circulating in the installation, if it develops
1100 kW. Also find the heat supplied by the heating chamber.

Work = m - Cp - (T — T1)
where:

11t is the mass flow rate of air,

Cp is the specific heat at constant pressure,

T5 is the temperature at the end of the process (in Kelvin),

T is the temperature at the beginning of the process (in Kelvin).

The pressure ratio I1 is defined as the ratio of the absolute pressures at the end and

the beginning of the process:

H_

oo

For a constant pressure process, the temperature ratio 7 is related to the pressure
ratio IT by:

:
A
i PI
where:

* 7y is the ratio of specific heats (C', / C). v
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The temperatures in Kelvin are needed for the calculations. The given temperatures

are in Celsius, so we need to convert them to Kelvin by adding 27315.
Let's calculate:

Given:

T, = 15°C =154 273.15K
To = 700°C = 700 + 273.15 K
II—=6

Calculate ~y for air:

_ G
T

For air, 7y is approximately 1.4.

INow, calculate 1
7—1

(B

.4
6— 711

Solve for 7.
¥

Mow, use the temperature relation to find T5:

Mow, use the temperature relation to find T5:

TQ_TI'T

IMow, we can use the work relation to find

Work =m - C,, - (T> — T1)
Given Work — 1100 kW, GP, T4, and 15, solve for .

Finally, once you have 1, you can find the heat supplied by the heating chamber using

the equation:

Qi =m-Cp- (Ty — T1)

Perform these calculations to find the mass of air circulating in the installation and the

heat supplied by the heating chamber.
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3. Agas turbine plant of 800 kW capacities takes the air at 1.01 bar and 15°C. The pressure ratio of the

cycle is 6 and maximum temperature is limited to 700°C. A regenerator of 75% effectiveness is added
in the plant to increase the overall efficiency of the plant. The pressure drop in the combustion
chamber is 0.15 bars as well as in the regenerator is also 0.15 bars. Assuming the isentropic efficiency
of the compressor 80% and of the turbine 85%, determine the plant thermal efficiency. Neglect the
mass of the fuel.

The given data is
T1=15+273=288 K
1 =101 bar

p> =101 * 6 = 6.06 bar

Pressure at point 4 = 6.06 - 0.15 = 5.91 bar
Applying isentropic law to the process1- 2

Ty =Ty (R,)" " = 288 (6)"*" = 480 K

_ (Tw-T0)
Me = =T,

But T =T, +n.(Ty —T,)=288+08(480-288) =528 K
ps = 6.06 - 0.15 = 591 bar
and Py =101+ 015 =116 bar

Applying isentropic law to the process 4 - 5

=612K

. T. (700 + 273)
TE,; — -

[[_] ' ] I
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(T3 - T3)
= -1
ar, T5 =Ty —n (Ty — T5)

=973 -0.85(973 - 612) =666 K

The effectiveness of the regenerator is given by

_ L -T)
€= -1

Ty = Th +0.75 (Ts - Ty) = 528 + 0.75(666 - 528) = 631.5 kW
W, = Cp(Ty - T1) =1 (528 - 288) = 240 k1/kg

W; = CplTy - T5) =1 % (973 - 666) = 307 kI/kg

W, = W; - W, = 307 - 240 = 67 ki/kg

Qs = Cp(Ty - Ty) =1 % (973 - 631.5) = 3415 kI/kg

Mh = GF = zirs = 0196 =19.6%.

Exhaust

P~ \

Fc’:‘lt
® ¥

W"fv__» A

@
\ Regen. ® cC

(@) (b)

4. In a single stage impulse turbine, nozzle angle is 20° and blade angles are equal. The velocity
coefficient for blade is 0.85. Find maximum blade efficiency possible. If the actual blade efficiency is
92% of the maximum blade efficiency, find the possible ratio of blade speed to steam speed.
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The blade efficiency (rjs) for a single-stage impulse turbine can be calculated using the

velocity diagram. The blade efficiency is given by:

-V

" = !

o

where:

* [J is the blade speed.

. Vf is the final velocity of steam after leaving the blade.
The velocity coefficient for the blade (¢) is defined as:
6= 7
Given that ¢ — (.85, we can rearrange this to find V:
Vi=085-U

MNow, substitute this into the blade efficiency equation:

My = {'—'r_{}fﬁ'{"r — (.15
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So, the maximum blade efficiency (73, ) is 15%.

Mow, if the actual blade efficiency is 92% of the maximum blade efficiency, then:
Actual Blade Efficiency = 0.92 -9, — 0.92-0.15

Actual Blade Efficiency — 0.138

The ratio of blade speed to steam speed {%) iz related to blade efficiency by the

equation:
m=1-+
Mow, solve for {—,

1
I—m,

U
V.

Substitute the actual blade efficiency:

[ 1

Vi 1-1).13%

. _1
V. 7 n.862

So, the possible ratio of blade speed to steam speed is approximately 1.159.
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5. Explain various type of compounding in steam turbine.
Compounding in steam turbines refers to the arrangement of multiple stages in a

turbine to extract energy from the steam in a more efficient manner. Compounding
helps in utilizing the available steam energy more effectively and achieving higher

overall efficiency. There are several types of compounding in steam turbines, including

1. Impulse Turbines:

* In animpulse turbine, the steam expands in nozzles to a lower pressure before
striking the turbine blades. This pressure drop in the nozzles causes an increase in
steam velocity. The high-velocity steam then impacts the turbine blades, causing
them to move and convert the kinetic energy of the steam into mechanical energy.

2. Pressure Compounding:

* Pressure compounding involves the use of multiple pressure stages in a turbine,
with each stage operating at a different pressure. The steam passes through the
turbine in a series of stages, with each stage expanding the steam to a lower
pressure. This approach helps to extract more work from the steam by allowing it
to expand through several pressure drops.

2. Velocity Compounding:

* In velocity compounding, multiple velocity stages are used to extract energy from
the steam. The steam first passes through a set of nozzles, converting pressure
energy to kinetic energy. The high-velocity steam then enters a set of moving
blades, where additional kinetic energy is extracted. This process continues

through several stages, each with a set ||, xed and moving blades.
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4. Pressure-Velocity (or Pressure-Compounded Velocity Compounded):

* Some turbines use a combination of pressure and velocity compounding. In these
turbines, the steam undergoes both pressure and velocity drops as it passes
through various stages. The goal is to efficiently extract energy from the steam at
different pressure and velocity levels.

5. Reaction Turbines:

* In areaction turbine, the steam expands both in the stationary blades (nozzles)
and the moving blades. This type of turbine design allows for a continuous
expansion of steam pressure and a gradual increase in steam velocity as it passes
through the turbine. Reaction turbines are often used in marine and power
generation applications.

©. Compound Impulse and Reaction Turbines:

* Some turbines are designed with a combination of impulse and reaction stages in

a single unit. This compound configuration aims to capture the benefits of both

impulse and reaction principles, optimizing efficiency and performance.

Each type of compounding has its advantages and is selected based on the specific
application and design requirements. The choice of compounding is influenced by
factors such as turbine size, speed, and the desired efficiency of the steam turbine
system.

6. A textile factory requires 10t/h of steam for process heating at 3 bar saturated and 1000 kW of power,

for which a back pressure turbine of 70% internal efficiency is used. Find the steam condition
required at inlet of the turbine.
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To find the steam conditions required at the inlet of the back pressure turbine, we can

use the energy balance equation for the turbine. The energy balance equation for a

turbine is given by:

Power output from turbine — Change in enthalpy of steam + Heat loss
The power output from the turbine is given by the equation:

Power output — Turbine efficiency > Input power

The input power to the turbine is the sum of the power required for process heating
and the power required for electricity generation. The power required for process

heating is given by the enthalpy change of the steam used for heating:

Power for process heating — Mass flow rate of steam x

Enthalpy change for process heating

The power required for electricity generation is given by the enthalpy change of the

steam passing through the turbine:
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Power for electricity generation — Mass flow rate of steam x

Enthalpy change for electricity generation
The enthalpy change for electricity generation is given by:
Enthalpy change for electricity generation — hy — hs

where hj is the enthalpy of the steam at the inlet of the turbine, and hs is the enthalpy

of the steam at the outlet of the turbine.

INow, let's calculate the mass flow rate of steam using the power required for process

heating:

Power for process heating — Mass flow rate of steam x

Enthalpy change for process heating
1000 kW — Mass flow rate of steam x (hjet — Routlet )

Given that h i)t 18 the enthalpy of saturated steam at 3 bar, and assuming f;et is the
enthalpy of the steam at the inlet of the turbine, we can look up these values from

steam tables.

Once we have the mass flow rate of steam, we can use it to calculate the power for

electricity generation and then find h;y ..

Please note that the efficiency of the back pressure turbine is given as 70%, so the
turbine efficiency (Turbine efficiency) is O.7. The overall efficiency is the product of

the turbine efficiency and the generator efficiency.

7. The blade speed of a single ring of an impulse turbine is 300 m/s and the nozzle angle is 20°. The
isentropic heat drop is 473 kJ/kg and the nozzle efficiency is 0.85. Given that the blade velocity co-
efficient is 0.7 and the blades are symmetrical, draw the vector diagrams and calculate for a mass
flow of 1 kg/s. (i) Axial thrust on the blading (ii) Steam consumption per B.P hour if the mechanical
efficiency is 90% (iii) Blade efficiency, stage efficiency and maximum blade efficiency (iv) Heat
equivalent of the friction of blading.
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To analyze the impulse turbine, we need to consider the velocity diagrams and apply

the relevant equations. Let's break down the problem into the given parameters and

the calculations needed:
Given parameters:

* Blade speed (IU): 300 m/s

* MNozzle angle (3): 20°

* Isentropic heat drop (A Fr,iw,tm[m.}: 473 kJ/kg
* MNozzle efficiency (fpazz1e): 0.85

* Blade velocity coefficient (¢): 0.7

* Mass flow rate (im): 1 kg/s

* Mechanical efficiency (Iyechanical: 90%
(i) Axial Thrust on the Blading:
The axial thrust (T') can be calculated using the equation:

T—=m-U- (tanf; — tan f9)
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where 3] is the nozzle angle and 35 is the angle of the moving blades.

IK

For symmetrical blades, s — 907 — 5.
T =m-U- (tan g — tan(90° — 3,))
(ii) Steam Consumption per B.P. Hour:

The steam consumption can be calculated using the equation:

Ah actual

T haanical

Steam Consumption —

where Aty is the actual enthalpy drop, and 7yechanicsl 15 the mechanical

efficiency.
(iii) Blade Efficiency, Stage Efficiency, and Maximum Blade Efficiency:

The blade efficiency (13) can be calculated using the equation:

-V

Tﬁj — 7 g

The stage efficiency (f)stage) 18 given by:

y _Actual enthalpy drop
Istage [sentropic enthalpy drop

The maximum blade efficiency (7.« ) is calculated based on the blade velocity

coefficient (¢):

Mmax = 2¢(1 — ¢)

(iv) Heat Equivalent of the Friction of Blading:

The heat equivalent of friction can be calculated using the equation:

Heat Equivalent of Friction — Actual enthalpy drop —
Isentropic enthalpy drop

MNow, you can use the given data and apply these equations to find the required values.
Please note that for detailed vector diagrams, you may need to use graphical methods
or software tools for visual representation.
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8. Distinguish between impulse and reaction turbines. (4)

Impulse turbines are typically used for high-head, low-flow applications such as hydroelectric
power plants, where the water is delivered under high pressure. Reaction turbines are
typically used for low-head, high-flow applications such as hydropower plants, where the
water is delivered at a lower pressure.

9. Consider a Parson’s stage with a rotor (at mid-height of blades) diameter of 1.2 m, operating at a
speed of 3000 rpm, with the steam entry angle of steam be 20°.Steam enters the stator at 12 bar,
300°C and an isentropic enthalpy drop of 50 kJ/kg is chosen per row of blades. The isentropic
efficiency of each row is assumed as 0.84.

Given data:

1. Rotor diameter (D):1.2m
. Operating speed (IN): 3000 rpm

=]

[ %]

. Steam entry angle () 20°

4. Inlet conditions to the stator:

* Inlet pressure (P): 12 bar

* Inlet temperature (11): 300°C

* |sentropic enthalpy drop I[.?:,i,m-_tmz,i[.}: 50 kl/kg

5. Isentropic efficiency (fisentropic) of €ach row: 0.84
Here's a general outline of the steps involved in analyzing the Parsons turbine stage:

1. Calculate Inlet Conditions:

* Use the given pressure and temperature to find the inlet enthalpy (ft,) from steam
tables.

2. Calculate Exit Conditions:

* The exit enthalpy (hs) can be calculated as hjsentropic = h1 — Ak \where Ah

Thsentraph !

is the isentropic enthalpy drop.
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3. Calculate Absolute Velocity at Inlet (C'}):

* Use the steam entry angle (@) to find €'y = —2—, where U is the blade speed.

tan(o)’
4. Calculate Relative Velocity at Inlet (uw):

* Usew; — C] — V7, where V] is the steam velocity at inlet.

. Calculate Rotor Speed (I7):

. _ mDN
U Gl

©. Calculate Velocity Triangle at Inlet:

4]

* Draw avelocity triangle at the inlet using C';, wq, and V7.
7. Calculate Outlet Velocity (15):

* Use Vs —

C-‘g - w.&j, where (s is the blade speed at exit, and w» is the relative
velocity at exit.
Calculate Absolute Velocity at Exit ((C'):
*UseCy = U + Vo
9. Calculate Work Done:
*W =h; — ho
10. Calculate Power Output:

£o

* P — m - W,where i is the mass flow rate.

10. Derive the value of blade speed ratio for maximum efficiency of impulse turbine. (8)

Workdonebytherotor
[sentropicenthalpydrop

Stage efficiency = 1, =

_ Blade speed
OF. = “Fluid velocity at the Hade inlet

- The maximum value of blade efficiency

[ﬂb]mm{ — mzzﬂ {1 + ;;:E}

For equation blades, (175) max = “‘"32“ (1 + ke)

If the friction over blade surface is neglected

(178) max = cos2a
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11. Describe the various methods of compounding with suitable diagrams.(13)

Compounding of steam turbines is a method of extracting steam energy in multiple stages rather than in a
single stage in a steam turbine. A compounded steam turbine has multiple stages with more than one set
of nozzles and rotors. These are arranged in series, either keyed to the common shaft or fixed to the casing.
The result of this arrangement allows either the steam pressure or the jet velocity to be absorbed by the
turbine in a number of stages.

Compounded steam turbines are used to reduce rotor speeds to achieve optimal operating revolutions per
minute. The steam produced in the boiler has sufficiently high enthalpy when superheated. In all turbines
the blade velocity is directly proportional to the velocity of the steam passing over the blade. Now, if the
entire energy of the steam is extracted in one stage, i.e. if the steam is expanded from the boiler pressure to
the condenser pressure in a single stage, then its velocity will be very high. Hence the velocity of the rotor
(to which the blades are keyed) can reach to about 30,000 rpm, which is too high for practical uses due to
very high vibration. Moreover, at such high speeds the centrifugal forces are immense, and can damage the
structure. Hence, compounding is needed. The high velocity steam just strikes on a single ring of rotor that
causes wastage of steam ranging 10% to 12%. To overcome the wastage of steam, compounding of steam
turbines are used.

Types of steam turbines

1. Impulse: There is no change in the pressure of the steam as it passes through the moving blades.
There is change only in the velocity of the steam flow.

2. Reaction: There is change in both pressure and velocity as the steam flows through the moving
blades.

Types of compounding

In an Impulse steam turbine compounding can be achieved in the following three ways:

1. Velocity compounding
2. Pressure compounding
3. Pressure-Velocity Compounding

In a reaction turbine compounding can be achieved only by pressure compounding.

Velocity compounding of Impulse Turbine

M F M
NOZZLE M = Moving
Blade
N2
S’ F = Fixed
Blade
h ——
\\\ i e~
\\ 5 / e
[ /// \\\_ | I !
| // | v,
X _VLI X P.
i Fig-1:Schematic Diagram of Curtis Stage

Impulse Turbine
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The velocity compounded Impulse turbine was first proposed by C.G. Curtis to solve the problem of single

stage Impulse turbine for use of high pressure and temperature steam.

The rings of moving blades are separated by rings of fixed blades. The moving blades are keyed to the
turbine shaft and the fixed blades are fixed to the casing. The high pressure steam coming from the boiler is
expanded in the nozzle first. The Nozzle converts the pressure energy of the steam into kinetic energy. The
total enthalpy drop and hence the pressure drop occurs in the nozzle. Hence, the pressure thereafter remains
constant.

This high velocity steam is directed on to the first set (ring) of moving blades. As the steam flows over the
blades, due to the shape of the blades, it imparts some of its momentum to the blades and loses some velocity.
Only a part of the high kinetic energy is absorbed by these blades. The remainder is exhausted on to the next
ring of fixed blade. The function of the fixed blades is to redirect the steam leaving from the first ring of
moving blades to the second ring of moving blades. There is no change in the velocity of the steam as it
passes through the fixed blades. The steam then enters the next ring of moving blades; this process is repeated
until practically all the energy of the steam has been absorbed.

A schematic diagram of the Curtis stage impulse turbine, with two rings of moving blades one ring of fixed
blades is shown in figure 1. The figure also shows the changes in the pressure and the absolute steam
velocity as it passes through the stages.

where,
= pressure of steam at inlet
= velocity of steam at inlet
= pressure of steam at outlet

= velocity of steam at outlet
In the above figure there are two rings of moving blades separated by a single of ring of fixed blades. As

discussed earlier the entire pressure drop occurs in the nozzle, and there are no subsequent pressure losses
in any of the following stages. Velocity drop occurs in the moving blades and not in fixed blades.

Velocity Diagram

As shown in the above diagram there are two rings of moving blades separated by a ring of fixed blades. The
velocity diagram in figure 2, shows the various components of steam velocity and the blade velocity of the
moving blades.

where,
= absolute velocity of steam
= relative velocity of steam
= Blade velocity

= Nozzle angle
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= Blade entrance angle
= Blade exit angle

= fluid exit angle

From the above figure it can be seen that the steam, after exiting from the moving blades, enters into the fixed
blades. The fixed blades redirect the steam into the next set of moving blades. Hence, steam loses its velocity
in multiple stages rather than in a single stage.

Optimum Velocit

It is the velocity of the blades at which maximum power output can be achieved. Hence, the optimum blade
velocity for this case is,

where n is the number of stages.

This value of optimum velocity is 1/n times that of the single stage turbine. This means that maximum power
can be produced at much lower blade velocities.

However, the work produced in each stage is not the same. The ratio of work produced in a 2-stage turbine is

3:1 as one move from higher to lower pressure. This ratio is 5:3:1 in three stage turbine and changes to 7:5:3:1
in a four-stage turbine.

Disadvantages of Velocity Compounding
e Due to the high steam velocity there are high friction losses.
e Work produced in the low-pressure stages is much less.

e The designing and fabrication of blades that can withstand such high velocities is difficult.

Pressure compounding of Impulse Turbine

ANAAIAAN 5
d A d A d A N = Nozzle
A | |
_\ 1 i
14 {1 Y = a—
T Fig-3:Schematic Diagram of Pressure

compounded Impulse Turbine

The pressure compounded Impulse turbine is also called a Rateau turbine, after its inventor. This is used to
solve the problem of high blade velocity in the single-stage impulse turbine.
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It consists of alternate rings of nozzles and turbine blades. The nozzles are fitted to the casing and the blades

are keyed to the turbine shaft.

In this type of compounding, the steam is expanded in a number of stages, instead of just one (nozzle) in the
velocity compounding. It is done by the fixed blades which act as nozzles. The steam expands equally in all
rows of fixed blade. The steam coming from the boiler is fed to the first set of fixed blades i.e. the nozzle ring.
The steam is partially expanded in the nozzle ring. Hence, there is a partial decrease in pressure of the
incoming steam. This leads to an increase in the velocity of the steam. Therefore, the pressure decreases and
velocity increases partially in the nozzle.

This is then passed over the set of moving blades. As the steam flows over the moving blades, nearly all its
velocity is absorbed. However, the pressure remains constant during this process. After this it is passed into
the nozzle ring and is again partially expanded. Then it is fed into the next set of moving blades, and this
process is repeated until the condenser pressure is reached.

This process has been illustrated in figure 3 where the symbols have the same meaning as given above.

It is a three-stage pressure compounded impulse turbine. Each stage consists of one ring of fixed blades,
which act as nozzles, and one ring of moving blades. As shown in the figure, pressure drop takes place in the
nozzles and is distributed in many stages.

An important point to note here is that the inlet steam velocities to each stage of moving blades are essentially
equal. It is because the velocity corresponds to the lowering of the pressure. Since, in a pressure compounded

steam turbine, only a part of the steam is expanded in each nozzle. The steam velocity is lower than in the
previous case. It can be explained mathematically from the following formula i.e.

where,

= absolute exit velocity of fluid
= enthalpy of fluid at exit

= absolute entry velocity of fluid

= enthalpy of fluid at entry

One can see from the formula that only a fraction of the enthalpy is converted into velocity in the fixed blades.
Hence, velocity is less as compared to the previous case.

Velocity Diagram[@]
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Fig-4:Velocity Diagram of Pressure compounded Impulse

Turbine
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The velocity diagram shown in figure 4 gives detail about the various components of steam velocity and Blade
velocity.

where, symbols have the same meaning as given above.
An important point to note from the above velocity diagram is that the fluid exit angle (&) is 90°. This indicates
that the whirl velocity of fluid at exit of all stages is zero, which is in compliance with the optimum velocity

concept (as discussed earlier).

The ratio of work produced in different stages is similar to the above type.
Disadvantages of Pressure Compounding

e Since there is pressure drop in the nozzles, it has to be made air-tight.
e They are much larger at 34 inches

Pressure-Velocity compounded Impulse Turbine
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I Fig-5:Schematic Diagram of Pressure-Velocity
compounded Impulse Turbine

It is a combination of the above two types of compounding. The total pressure drop of the steam is divided into
a number of stages. Each stage consists of rings of fixed and moving blades. Each set of rings of moving
blades is separated by a single ring of fixed blades. In each stage there is one ring of fixed blades and 3-4
rings of moving blades. Each stage acts as a velocity compounded impulse turbine.

The fixed blades act as nozzles. The steam coming from the boiler is passed to the first ring of fixed blades,
where it gets partially expanded. The pressure partially decreases and the velocity rises correspondingly. The
velocity is absorbed by the following rings of moving blades until it reaches the next ring of fixed blades and
the whole process is repeated once again.

This process is shown diagrammatically in figure 5.

where, symbols have their usual meaning.
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Pressure compounding of Reaction Turbine
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) Fig-6:Schematic Diagram of Pressure
compounded Reaction Turbine

As explained earlier a reaction turbine is one in which there is pressure and velocity loss in the moving blades.
The moving blades have a converging steam nozzle. Hence when the steam passes over the fixed blades, it
expands with decrease in steam pressure and increase in kinetic energy.

This type of turbine has a number of rings of moving blades attached to the rotor and an equal number of fixed
blades attached to the casing. In this type of turbine the pressure drops take place in a number of stages.

The steam passes over a series of alternate fixed and moving blades. The fixed blades act as nozzles i.e. they
change the direction of the steam and also expand it. Then steam is passed on the moving blades, which
further expand the steam and also absorb its velocity.

This is explained in figure 6.

where symbols have the same meaning as above.

Velocity Diagram

Fig-7: Velocity Diagram of Pressure Compounded Reaction
turbine

The velocity diagram given in figure 7 gives a detail about the various components of steam velocity and blade
velocity (symbols have the same meaning as above).
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UNIT IV INTERNAL COMBUSTION ENGINES — FEATURES AND COMBUSTION

IC engine — Classification, working, components and their functions. Ideal and actual : Valve and port timing
diagrams, p-v diagrams- two stroke & four stroke, and SI & CI engines — comparison. Geometric, operating, and
performance comparison of Sl and CI engines. Desirable properties and qualities of fuels. Air-fuel ratio calculation —
lean and rich mixtures. Combustion in SI & CI Engines — Knocking — phenomena and control.

1. Define mean effective pressure and comment its application in internal combustion
Engines? (Apr/May 2019)
Mean effective pressure is defined as the constant pressure acting in the piston during working stroke. It is
also defined as the ratio of work done to the stroke volume or piston
Displacement volume. Mean effective pressure (MEP)
pm= work done/ stroke volume or piston displacement volume

2. Define cut-off ratio. (Nov/Dec 2018)
It is defined as the ratio of volume after the expansion to the volume before the expansion.

3. Define compression ratio.
It is defined as the ratio of total cylinder volume to the clearance volume.

4. Define mean effective pressure. (April/May 2019)
It the constant (or) average pressure acting on the piston during the working stroke. It is defined as the
ratio of work done to the swept (or) stroke volume.
5. What is mean effective pressure of an engine? (**) and comment the application in internal
combustion engine.
The mean effective pressure (MEP) is defined as the average pressure required to act on the piston as
it moves one displacement to give the work W.
Mean Effective Pressure is a valuable parameter in internal combustion engines, providing insights
into the overall performance and efficiency of the engine. It plays a crucial role in design,
optimization, and evaluation processes in the automotive and engineering industries.

6. What constitute an engine?
An engine is a machine that burns fuel and converts it into mechanical power. Most modern vehicles
use internal combustion engines (ICE), which ignite fuel and use the reaction to move mechanical
parts.

7. What is a two stroke engine?

A two-stroke engine is a type of internal combustion engine that completes a power cycle in only two
strokes of the piston, as opposed to the more common four-stroke engines that require four strokes
(intake, compression, power, and exhaust) for each cycle. The two-stroke engine is known for its
simplicity and high power-to-weight ratio but is also associated with certain drawbacks, such as
higher emissions and less fuel efficiency.

8. State the function of flywheel, connecting rod, piston and crankshaft.

Not only rotates the engine, the function of the flywheel is to store mechanical energy to balance the
engine so that it continues to have good performance. Mechanical power is the energy created
when the engine is running. The flywheel works to balance the mechanical power by storing it.
The up-down motion of each piston is transferred to the crankshaft via connecting rods. A flywheel
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is often attached to one end of the crankshaft, in order to smoothen the power delivery and reduce

vibration.

9. List the main parts of a lubrication system (*)
Oil sump, Engine oil filter, Piston cooling nozzles, Oil pump, The oil galleries, Oil cooler, The oil pressure
indicator/light.

10. What is known as pre ignition? State its effect. (*)

Pre-ignition is the ignition of the air- fuel charge while the piston is still compressing the charge. The
ignition source can be caused by a cracked spark plug tip, carbon or lead deposits in the combustion
chamber, or a burned exhaust valve, anything that can act as a glow plug to ignite the charge
prematurely.

11. What is cutoff ratio? (*)

The ratio of the volume at the end of constant-pressure energy addition process to the volume at the

beginning of the energy addition process.
12. Mention the use of a camshaft.

The camshaft is a mechanical component of an internal combustion engine. It opens and closes the
inlet and exhaust valves of the engine at the right time, with the exact stroke and in a precisely
defined sequence. The camshaft is driven by the crankshaft by way of gearwheels, a toothed belt
or a timing chain.

13. Mention the use of a carburetor.

Carburetors are the devices which help in mixing air-fuel in an engine to help it work efficiently. In
other words, a carburetor is a clever gadget which mixes the fuel and air in correct proportions as
per the demand of the engine.

14. What are homogeneous and heterogeneous mixtures? In which engines these mixtures are used?

Homogeneous compression ignition is a form of internal combustion in which air and fuel are well
mixed at the point of combustion. On the other hand, in heterogeneous combustion engine, the air
and fuel are not mixed till the point of combustion.

15. What are the advantages of air cooling system?
Air-cooled ICEs are simpler, lighter, and cheaper than liquid-cooled ICEs, and they do not require
a radiator, water pump, hoses, or antifreeze. However, they also have some drawbacks, such as
lower thermal efficiency, higher noise levels, and more sensitivity to ambient temperature and
altitude
16. What is the antifreeze solution used in water cooling systems?
Most antifreeze is made by mixing distilled water with additives and a base product, usually MEG
(mono ethylene glycol) or MPG (mono propylene glycol). Antifreeze is a tinted liquid that you put
(along with water) in your radiator to help regulate engine temperature.
17. What is meant by motoring test?

The test in which the engine runs at a constant speed using the motor and the engine is connected to

the electric motor is called the Motoring test.

PART B
1. How reciprocating internal combustion engines are classified? Discuss. (5)

Reciprocating internal combustion engines are classified based on various criteria, including their design,
application, fuel type, and operational characteristics. Here are some common classifications:

1. Number of Cylinders:
o Single-Cylinder Engines: These engines have only one cylinder and are commonly found in small,
portable equipment like lawnmowers and motorcycles.
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e Multi-Cylinder Engines: These engines have more than one cylinder. Common configurations

include inline, V-shaped, and horizontally opposed layouts.
Arrangement of Cylinders:
e Inline Engines: Cylinders are arranged in a straight line.
e V-Shaped Engines: Cylinders are arranged in a V shape.
o Horizontally Opposed Engines: Cylinders are arranged opposite each other in a flat configuration.
Cycle Type:
o Two-Stroke Engines: Complete combustion and power cycles occur in two strokes of the piston
(one upstroke and one down stroke).
o Four-Stroke Engines: Complete combustion and power cycles occur in four strokes of the piston
(intake, compression, power, and exhaust).
Aspiration:
o Naturally Aspirated Engines: Rely on atmospheric pressure for air intake.
o Turbocharged Engines: Use a turbocharger to compress incoming air, increasing the air-fuel
mixture density.
o Supercharged Engines: Use a supercharger, a mechanically driven compressor, to increase air
intake.
Ignition Type:
« Spark-Ignition Engines (SI): Ignition is initiated by a spark plug. Common in gasoline engines.
o Compression-Ignition Engines (CI): Ignition is achieved through the high temperature resulting
from compressing the air-fuel mixture. Common in diesel engines.
Application:
e Automotive Engines: Designed for use in cars, trucks, and other road vehicles.
e Industrial Engines: Used in various non-automotive applications, such as generators, pumps, and
construction equipment.
Fuel Type:
e Gasoline Engines: Use gasoline as the primary fuel.
o Diesel Engines: Use diesel fuel for combustion.
o Dual-Fuel Engines: Can run on two different types of fuel, typically diesel and natural gas.
Cooling Method:
e Air-Cooled Engines: Use air to dissipate heat from the engine.
e Liquid-Cooled Engines: Use a liquid coolant (usually water and antifreeze) circulated through a
cooling system.
Power Output:
o High-Speed Engines: Designed for high rotational speeds, common in automotive applications.
o Low-Speed Engines: Designed for lower rotational speeds, common in marine and stationary
applications.

These classifications help engineers and manufacturers tailor engines to specific applications, optimize
performance, and meet regulatory and efficiency standards. Additionally, advancements in technology and
increasing emphasis on environmental sustainability continue to influence the classification and design of
reciprocating internal combustion engines.

2. With a neat sketch discuss the essential parts of an IC engine. (8)

Cylinder:
e Function: Provides the chamber in which the combustion of fuel and air takes place. It houses the
piston and forms the basic working unit of the engine.
Piston:
e Function: Moves up and down inside the cylinder in response to the combustion process. The
reciprocating motion of the piston is converted into rotational motion to drive the crankshaft.
Crankshaft:
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e Function: Converts the reciprocating motion of the piston into rotary motion. It is connected to the

piston through a connecting rod and transfers power to the transmission.
Connecting Rod:

o Function: Connects the piston to the crankshaft and transmits the reciprocating motion of the piston

to the rotary motion of the crankshaft.
Crankcase:

« Function: Encloses and protects the crankshaft and connecting rods. It also contains the engine oil

to lubricate moving parts.
Cylinder Head:

o Function: Covers the top of the cylinder, forming the combustion chamber. It often houses the
valves, spark plugs (in spark-ignition engines), and other components necessary for the combustion
process.

Valves (Intake and Exhaust):

e Function: Control the flow of air (intake valve) and exhaust gases (exhaust valve) into and out of
the combustion chamber. The opening and closing of valves are synchronized with the piston's
movement.

Camshatft:

e Function: Responsible for operating the valves by translating the rotational motion into the linear

motion required to open and close them. It is driven by the crankshaft.
Timing Gear/Belt/Chain:

e Function: Synchronizes the rotation of the crankshaft and camshaft to ensure precise timing of

valve opening and closing.
Combustion Chamber:

e Function: The space enclosed by the cylinder head and piston where the combustion of fuel and air
mixture occurs, leading to the generation of power.

Fuel Injector (in Diesel Engines) or Carburettor (in Gasoline Engines):

o Function: Delivers the fuel into the combustion chamber in the correct proportion with air for
combustion.

Spark Plug (in Spark-Ignition Engines):
e Function: Generates sparks to ignite the air-fuel mixture in the combustion chamber.
Piston Rings:

e Function: Seal the gap between the piston and the cylinder wall to prevent leakage of gases and to
help transfer heat away from the piston.

Cooling System (Radiator and Water Pump or Air-Cooling Fins):

o Function: Regulates the temperature of the engine by dissipating heat generated during the
combustion process.

Exhaust System (Exhaust Manifold, Catalytic Converter, Muffler):

« Function: Collects and directs the exhaust gases away from the engine, reduces emissions, and
minimizes noise.

These components work together to convert fuel into mechanical energy, powering the vehicle or
equipment in which the internal combustion engine is installed.

3. Draw atheoretical and actual valve timing diagram of a 4-stroke petrol engine. (5)
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Figure 1.72 Theoretical valve timing diagram for:four stroke SI engines
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Figure 1.73 Actual valve timing diagram for four stroke SI engines

Theoretical Valve Timing Diagram:

Intake Stroke (Suction Stroke):

Inlet VValve Opens: Slightly before the piston reaches the top dead center (TDC) on the exhaust stroke.
Inlet VValve Closes: After the piston reaches the bottom dead center (BDC) and starts moving upward.

Compression Stroke:

Both Valves Closed: Piston moves upward, compressing the air-fuel mixture.

Power Stroke:

Both Valves Closed: Spark plug ignites the compressed air-fuel mixture, pushing the piston down.

Exhaust Stroke:
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Exhaust Valve Opens: Slightly before the piston reaches the bottom dead canter (BDC) on the power

stroke.
Exhaust Valve Closes: After the piston reaches the top dead canter (TDC) and starts moving downward.

Actual Valve Timing Diagram:

In an actual engine, there may be deviations from the theoretical timing due to factors like valve train
dynamics, camshaft design, and manufacturing tolerances.

Intake Stroke (Suction Stroke):

Inlet Valve Opens: Deviates from theoretical timing due to factors like valve lift, duration, and clearance.
Inlet VValve Closes: May close slightly earlier or later than the theoretical timing.

Compression Stroke:

Both Valves Closed: Deviations may occur in valve closure timing.

Power Stroke:

Both Valves Closed: Spark plug ignition and combustion occur, but variations in valve timing may exist.
Exhaust Stroke:

Exhaust Valve Opens: Deviates from theoretical timing.
Exhaust Valve Closes: May close earlier or later than the theoretical timing.

Actual valve timing diagrams are determined through experimentation and tuning during the engine design
and development process. Engineers optimize the valve timing to achieve better performance, fuel
efficiency, and emissions control under real-world conditions. The specifics of the actual valve timing
depend on the engine design, camshaft profile, and other factors unique to the particular engine model.

4. With a neat sketch explain the operation of 2-stroke diesel engine. (8)
Spark plug

Exhaust port Piston

Inet port Transter port

Crank shaft

Crank case

Fig. 4.8
1. Intake Stroke:

The piston starts at the top of the cylinder, and as it moves downward, it uncovers the intake ports.
Simultaneously, fresh air is drawn into the cylinder through the intake ports due to the vacuum created by
the descending piston.
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2. Compression Stroke:

As the piston reaches the bottom of its stroke, it starts to move back up, compressing the air that was
drawn in during the intake stroke.
Fuel is injected into the highly compressed air at the end of this stroke.

3. Combustion/Power Stroke:

The compressed air-fuel mixture is ignited by the heat generated during compression.
Combustion forces the piston down the cylinder, producing power.
This stroke is the primary source of energy for the engine.

4. Exhaust Stroke:

As the piston reaches the bottom of its power stroke, exhaust ports are uncovered.
The burned gases are expelled from the cylinder as the piston moves back up.
This stroke completes the 2-stroke cycle, and the engine is ready to begin the intake stroke again.

Key Points:

Unlike 4-stroke engines, which have a separate intake and exhaust stroke, 2-stroke engines combine these
functions into a single revolution of the crankshaft.

Lubrication is crucial in 2-stroke engines because the same chamber is used for both intake and exhaust.
Oil is often mixed with the fuel or injected separately to lubricate moving parts.

The simplicity of design makes 2-stroke engines lighter and more compact, but they tend to be less fuel-
efficient and produce more emissions than 4-stroke engines.

Common applications of 2-stroke diesel engines include small boats, chainsaws, motorcycles, and certain
industrial equipment.

5. Discuss the construction and working principle of a four stroke engine with sketch. (16)
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A four-stroke engine is an internal combustion engine that completes four distinct

strokes (or cycles) for every power cycle. The four strokes are intake, compression,
power, and exhaust. Here is a brief overview of the construction and working principle

of a four-stroke engine along with a sketch:

Construction of a Four-Stroke Engine:

. Cylinder Block: The engine’'s main structure is the cylinder block, which contains the
cylinders where the combustion process takes place. The number of cylinders can
vary, and they are typically arranged in-line, V-shape, or horizontally opposed
configurations.

. Piston: Pistons move up and down within the cylinders. They are connected to the
crankshaft through connecting rods. The piston's movement is what drives the
engine.

. Crankshaft: The crankshaft is connected to the pistons via connecting rods. It
converts the reciprocating motion of the pistons into rotary motion, which is then

used to drive the vehicle.

Camshaft: The camshaft, usually located in the cylinder head, is responsible for
controlling the opening and closing of the engine valves. It is typically driven by the
crankshaft through a timing belt or chain.

Valves: Each cylinder has intake and exhaust valves that open and close to allow air-
fuel mixture into the cylinder and exhaust gases out. The timing and duration of valve
opening are controlled by the camshaft.

Spark Plug: In a gasoline engine, a spark plug is used to ignite the air-fuel mixture in
the combustion chamber.

Timing Belt/Chain: Connects the crankshaft and camshaft, ensuring that they rotate

synchronously and the valves open and close at the correct time.

Working Principle of a Four-Stroke Engine:
The working of a four-stroke engine is divided into four strokes:
Intake Stroke:
* The intake valve opens, and the piston moves down the cylinder, creating a

Vacuuim.

* Air (and fuel, in the case of a gasoline engine) is drawn into the cylinder.
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Compression Stroke:

* The intake valve closes, and the piston moves back up the cylinder, compressing
the air-fuel mixture.
* Compression increases the temperature and pressure of the mixture, preparing it
for combustion.
Power Stroke:
* When the piston reaches the top of the compression stroke, the spark plug ignites
the compressed air-fuel mixture.
* The high-pressure gases produced from combustion force the piston down the
cylinder, creating power.
* This is the stroke where mechanical work is done to drive the crankshaft.
Exhaust Stroke:
* The exhaust valve opens, and the piston moves up the cylinder again.

* The burnt gases are expelled from the cylinder into the exhaust system.

The four strokes complete one cycle, and the engine is ready to repeat the process.

b Ll -

Ll
1 ) ?’_ dg_ |

1. Intake 2.Compression 3. Expansion 4. Exhaust

SANCET



ME3451-Thermal Enaineerina Department of Mechanical Enaineerina 2023-2024
Sketch:
Below is a simplified sketch illustrating the four strokes of a piston in a four-stroke

engine:

1. Intake Stroke: Piston moves down, drawing in air-fuel mixture.
2. Compression Stroke: Piston moves up, compressing the mixture.

. Power Stroke: lgnition, combustion, and the piston moving down to generate power.

[ %]

4. Exhaust Stroke: Piston moves up, expelling exhaust gases.

6. Explain the construction and working principle of Battery coil ignition system with neat sketch.
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Construction and Working Principle of Battery Ignition System:

Components:

1. Battery: The battery is the source of electrical energy in the ignition system. It
provides the power needed to generate a spark.

2. Ignition Coil: The ignition coil transforms the low voltage from the battery (typically 12
volts) into a high voltage (thousands of volts) needed to create a spark at the spark
plugs.

5. Distributor: The distributor is a rotary switch that directs high-voltage current from
the ignition coil to the correct spark plug at the right time.

4. Spark Plugs: Spark plugs are installed in each cylinder and produce sparks to ignite

the air-fuel mixture in the combustion chamber.

Working Principle:
1. Ignition Switch On:
* When the ignition key is turned on, current flows from the battery to the ignition
coil through the primary winding.
2. Magnetic Field Buildup:

* The current in the primary winding creates a magnetic field around the coil.

SANCET



ME3451-Thermal Enaineerina Department of Mechanical Enaineerina 2023-2024
2. Interrupting the Current:

* The distributor's points open and close, interrupting the current flow in the primary
winding. This interruption causes a rapid collapse and expansion of the magnetic

field in the coil.

I

. Voltage Induction:
* The rapid change in the magnetic field induces a high voltage in the secondary
winding of the ignition coil.

. High Voltage to Spark Plugs:

wn

* The high voltage is sent to the distributor, which, in turn, directs the high-voltage
current to the correct spark plug at the precise moment when ignition is required.

. Spark at Spark Plug:

[#)]

* The high-voltage current jumps the spark plug gap, creating a spark that ignites
the air-fuel mixture in the combustion chamber.
7. Combustion:
* The ignited mixture results in combustion, producing the power needed to drive
the engine.

. Repeat:

oo

* The process repeats in a sequence, timed to each cylinder's firing order.

UNIT V INTERNAL COMBUSTION ENGINE PERFORMANCE AND AUXILIARY SYSTEMS

Performance and Emission Testing, Performance parameters and calculations. Morse and Heat Balance tests.
Multipoint Fuel Injection system and Common rail direct injection systems. Ignition systems — Magneto,
Battery and Electronic. Lubrication and Cooling systems. Concepts of Supercharging and Turbocharging —
Emission Norms

Which air standard cycle (Otto/Diesel/Dual) is more efficient for the same heat input? Justify.
In the dual cycle, combustion takes place in two stages: constant volume and constant pressure. It's a
term that can be applied to internal combustion engines.
Ans: The Otto cycle is more efficient than the dual and diesel cycles.

State the merits of a diesel engine over a petrol engine.

Diesels are more fuel efficient than petrol engines and emit less CO2, which makes them better for the
environment. Diesels produce considerably more torque (pulling power) than their petrol
counterparts, which makes them good engines for towing or carrying heavy loads.

What is meant by valve overlap?

Valve overlap is the period during engine operation when both intake and exhaust valves are open at
the same time. Valve overlap occurs when the piston nears TDC between the exhaust event and
the intake event. Duration of valve overlap is between 10° - 20° of crankshaft rotation, depending
on the engine design.

How are Sl and CI engine fuels rated?

Knock rating of a CI engine fuel is found by comparing it with a reference fuel under prescribed
working conditions. Reference fuel: normal Cetane (C1sHs4) which is assigned a Cetane number
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of 100 and a-methyl naphthalene (C11H10) which is assigned a Cetane number of zero.

According to standard practice, the antiknock value of an Sl engine fuel is determined by comparing
its antiknock property with a mixture of two reference fuels, normal heptane (CsHis) and iso-
octane (CgHz1s). Iso-octane chemically being a very good antiknock fuel, is arbitrarily assigned a
rating of 100 octane numbers.

5. What is meant by ignition delay?

The ignition delay (ID) is the time between start of injection and start of combustion. It defines the
quality of ignition in terms of the cetane number. The ID is divided in physical delay and chemical
delay. Physical delay is the time required for atomization of fuel, air-fuel mixing, and vaporization.

6. What is the necessity of cooling of an IC engine?

First, it removes excess heat from the engine; second, it maintains the engine operating temperature
where it works most efficiently; and finally, it brings the engine up to the right operating
temperature as quickly as possible.

7. What is turbo charging?

Turbocharging is a method of increasing an internal combustion engine's power output and efficiency
by forcing compressed air into the engine. A turbocharged engine uses a turbocharger, a turbine-
driven forced induction device that runs on hot exhaust gas from the engine.

8. How the efficiency of diesel engine varies for different cutoff ratios and for which cutoff ratio the
efficiencies of Otto and Diesel cycles become identical.

The efficiencies of the Otto and Diesel cycles become identical when the cutoff ratio (r) is equal to the
compression ratio (V1/V2). The choice of the cutoff ratio affects the engine's performance, and it
is often optimized based on factors such as fuel efficiency, power output, and other design
considerations.

9. What is swept volume?

Swept volume - It is the area covered by the piston while it is moves from TDC (Top Dead Centre) to
BDC (Bottom Dead Centre) inside the engine cylinder.

Clearance volume- It is the clearance at the top of the engine cylinder, above the TDC.

Clearance volume= Total volume-Swept Volume

10. Why petrol engines and diesel engines are called as SI and CI engines respectively?

Spark plugs are used to ignite the air fuel mixture. That's why petrol engines are called spark ignition
or is engines. Where as in diesel engines compressing the air and spraying fuel to this mixture
ignites the engine. So diesel engines are also called compression ignition or ci engines.

11. Write any two disadvantages of 2-stroke cycle engines over 4-stroke cycle engines.

Disadvantages:

e Thermal efficiency of a two stroke cycle engine is less than that a four stroke cycle engine.
e Overall efficiency of a two stroke cycle engine is also less than that of four stroke cycle
engine.
e The consumption of lubricating oil is large in a two stroke cycle engine because of high
operating temperature.
12. What is indicated thermal efficiency of IC engine?

Indicated thermal efficiency (nir): Indicated thermal efficiency is the ratio of energy in the indicated
power to the fuel energy.
13. Why specific fuel consumption in petrol engine is higher than diesel engine?
Diesel is more combustible than petrol, therefore less fuel is required to generate the same amount of
power. Secondly, petrol doesn't undergo complete combustion and hence there is a small wastage
of fuel. This is why diesel engines are more efficient than petrol engines.
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14. Plot the general diesel cycle efficiency as a function of compression ratio for various cut off ratios.

The x-axis represents the compression ratio (V1/V2), and the y-axis represents the Diesel cycle
efficiency. The plot allows you to observe how changing the cutoff ratio influences the efficiency
at different compression ratios.

4.5 T

4}

3.5}

15. What is unit injection system?

The electronically controlled unit injector generates a high fuel pressure using the integrated piston
pump and injects exact quantities of fuel into the combustion chamber. The advantage of the unit
injector system is that there is no high-pressure line between the high-pressure pump and injection
nozzle.

16. What do you mean by short circuiting in two-stroke engines?

An inherent loss in two-stroke engines results when some fresh charge escapes through the exhaust
ports without participating in the process of scavenging residual gas. This phenomenon is often
referred to as short-circuiting.

PART B

1. AnL.C. Engine uses 6 kg of fuel having calorific value 44000 kJ/kg in one hour. The IP developed is
18 kW. The temperature of 11.5 kg of cooling water was found to rise through 25°C per minute. The
temperature of 4.2 kg of exhaust gas with specific heat 1 kJ/kg.k was found to rise through 220°C.
Draw the heat balance sheet for the engine.
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a) Mass flow rate of fuel = m = b6 kg/hr
mf == = 0.1kg /min

C.V. of fuel = 44,000 kl/kg
Mass flow rate of cooling water = m,,
m, = 11.5 Kg/min
Atw = 25%
Mass flow rate of exhaust gases = m,
m, = 4.2 Kg/min
Atg = 220%
Sp. Heat of exhaust gas — 1 ki/kg'k
Heat supplied by fuel = m; x C.V. of fuel
=0.1 x 44,000
= 4,400 kJ/min
Heat equivalent of BP = 18 x 60 = 1080 kJ/min
Heat carried by cooling water
=m, x Cp, x Atw
=11.5x4.187x 25
=1203.76 kIl/min
Heat carried by exhaust gas = mg x Cp,x Atg
=42x1x220
=924 kl/min

Unaccounted heat =

2023-2024

Heat supplied — (Heat equivalent of BP + Heat carried by cooling water + Heat carried by exhaust. gas)

= 4400 — (1080 + 1203.76 + 924)
=1192.24 kl/min

Heaat halanra chaot
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Heart supplied kJ/min %o Heat expenditure kJ/min Y
Heat supplied by fuel 4400 100 | Heat equivalent BP 1080 24.54
heat in C.W. 1203.76 27.36
Heat in exh. gas 924 21.00
uncounted heat 1192.24 27.10
4400 100 4400 100

2. The following data are obtained while testing a 4 stroke, 4 cylinder, petrol engine :

Air fuel ratio (by weight) = 15:1

Calorific value of fuel = 45000 kJ/kg

Mechanical efficiency = 85%

Air standard efficiency = 53%

Relative efficiency = 65%

Volumetric efficiency = 80%

Stroke bore ratio = 1.3

Suction conditions = 1 bar, 30°C

Engine speed = 3000 rpm

Power at brakes = 75 kW

Calculate i) compression ratio (ii) indicated thermal efficiency (iii) brake
Specific fuel consumption (iv) bore and stroke of the engine.

i) Compression Ratio (CR):

The compression ratio is given by the formula:

cr- (%)

Where:

* V. isthe clearance volume,

* V.is the cylinder volume.

Since it's a 4-stroke engine, V, can be approximated as ﬁ of the total cylinder volume.

CR = (1357)

ii) Indicated Thermal Efficiency (7}, i,.4):

The indicated thermal efficiency is given by the formula:

. _ IMEP-L
Mth.ind o

Where:
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* IMEP isthe indicated mean effective pressure,

* L isthe stroke length,

* (', is the calorific value of the fuel.
y _ 2NV
IMEP G0V,
Where:

* NN is the engine speed (rpm),
* 1V is the brake mean effective pressure (BMEP) in kPa,

* V. is the swept volume.
V.—=%- D%. L

iii) Brake Specific Fuel Consumption (BSFC):

4 __ Fuel consumption rate (g/s)
BSFC Drake power (kW)

DBrake power
DBrake thermal efficiency

Fuel consumption rate —

iv) Bore and Stroke:

Given the stroke-bore ratio (SBR), we can find the bore (D) and then calculate the

stroke (L). N

SBR— £
Solving for D:
1
Once I is known, L can be found from the stroke-bore ratio.

MNow, let's substitute the given values into these formulas and solve for each parameter.

Ensure that consistent units are used throughout the calculations.

3. What is the need of Multi Point Fuel Injection system (MPFI)? Discuss the function of basic
arrangements of MPFI system.
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Muiti-paiet Fusd ingection system

Thane M dy it VuDpont ted sy nitar

Multi-Point Fuel Injection (MPFI) is an advanced fuel delivery system used in internal combustion engines.
The primary need for MPFI arises from its ability to enhance engine performance, fuel efficiency, and
emissions control compared to traditional carburetion or single-point fuel injection systems. Here are some
reasons for the adoption of Multi-Point Fuel Injection:

Better Fuel Distribution:

e MPFI systems use multiple fuel injectors, each spraying fuel directly into the intake port of its
respective cylinder. This ensures more even fuel distribution among all cylinders, leading to
improved combustion efficiency.

Precision Fuel Metering:

o MPFI systems allow precise control over the amount of fuel delivered to each cylinder. This precision
helps optimize the air-fuel mixture for various driving conditions, resulting in better fuel efficiency
and performance.

Enhanced Combustion Efficiency:

e By injecting fuel directly into each cylinder during the intake stroke, MPFI systems promote better
mixing of air and fuel. This results in more complete combustion, improving power output and
reducing emissions.

Cold Start Performance:

e MPFI systems contribute to better cold start performance by delivering the right amount of fuel to
each cylinder based on temperature and engine conditions. This helps in minimizing engine
hesitation and rough idling during cold starts.

Adaptability to Variable Driving Conditions:

o MPFI systems are equipped with sensors that monitor various parameters such as engine speed, load,
temperature, and throttle position. The electronic control unit (ECU) can adjust the fuel injection
timing and duration in real-time, optimizing performance for different driving conditions.

Now, let's discuss the basic arrangements and functions of an MPFI system:
1. Fuel Injectors:

Multiple fuel injectors are positioned near the intake valves, with each injector supplying fuel to a specific
cylinder.
The injectors are controlled by the ECU, which determines the timing and duration of fuel injection.

2. Sensors:
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Various sensors, such as the throttle position sensor, oxygen sensor, engine speed sensor, and temperature

sensor, provide input to the ECU.
These sensors help the ECU adjust the air-fuel mixture based on driving conditions.

3. Electronic Control Unit (ECU):

The ECU is the brain of the MPFI system, processing input from sensors and determining the optimal fuel
injection timing and duration.
It adjusts the fuel delivery in real-time to optimize performance, fuel efficiency, and emissions.

4. Fuel Rail:

The fuel rail is a pipe that distributes pressurized fuel to each injector.
It ensures a consistent supply of fuel to all injectors.

5. Throttle Body:

The throttle body contains the throttle valve that controls the amount of air entering the engine.
The ECU adjusts the fuel injection based on the position of the throttle valve.
Overall, the combination of precise fuel metering, adaptability to different conditions, and improved

combustion efficiency makes Multi-Point Fuel Injection a preferred choice for modern internal combustion

4. Assix cylinder 4 stroke Sl engine having a piston displacement of 700cc per cylinder develops
78kw at 3200 rpm and consumed 27kg/h of petrol. The calorific value of petrol is 44 MJ/kg
determine i) volumetric efficiency it A/F ratio is 12 and intake air is at 0.9 bar and 32°C R air
287J/kg.K ii) Brake thermal efficiency iii) brake torque.
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1. Volumetric Efficiency (1, ):

Actual air mass flow rate
Theoretical air mass flow rate

Ny —

Theoretical air mass flow rate:
it

Mg = A JF ratio

Actual air mass flow rate:

L o Th,".:ﬂ:l wal
Mg setnal A F ratio

1. Brake Thermal Efficiency (mhin):
Brake power

fTbth — Fuel power

Brake power:

BP = 2nNT

Fuel power:

FP = my-CV

1. Brake Torque (Thin):

nrP
Tbth T 9RN

MNow, let's calculate each part step by step:
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Given:

* Mumber of cylinders (1) =6

* Piston displacement (V) = 700 cc/eylinder

* Engine speed (IN) =3200 rpm

* Brake power (BP) =72 kW

* Fuel consumption {-ri'af} =27 kg/h

* Calorific value of petrol (C'V) = 44 Ml/kg

* AJF ratio (A) =12

* Intake air pressure (F,;;) = 0.9 bar

* Intake air temperature (1.;,) = 320°C

* Specific gas constant for air (B.;.) = 287 J/(kg-K)

First, convert units:

* Piston displacement (V) = 0.0007 m3/cylinder
* Intake air pressure (F,;;) = 0.9 bar = 90 kPa

INow, let's proceed with the calculations:

1. Theaoretical air mass flow rate:
Ty =
a A JF ratio

» 2"]:\‘-"']: ]
e — Ilg' = —2.95 kg /h
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1. Actual air mass flow rate:

. * - T‘rl .i'||.'|'.|.n.'1|
Mg actaal T%m

. 27 kg/h -
Maactual = —9 = 2.25 kg.'; h

1. Volumetric Efficiency (1,):

_ ?ii'\l'l.hl.'l'.l...'il
Tl T,
435 _
Ty 395 1

1. Brake Thermal Efficiency (mhin):
FP = my-CV

FP = (27kg/h) - (44 MJ /kg) — 1188 MJ /h
BP = 2xNT

BP = 2m - 3200/60 = 337.47kW

BFP
TThth = Fp

Mot — BLAT — (0,284

1. Brake Torque (Thn):

P
Tht h = 5.5

_ 33747 _ .
Thth = 573900780 — 520 Nm

To summarize:

i) Volumetric Efficiency (1],,) =1

ii) Brake Thermal Efficiency (1ji,11,) = 0.284
iif) Brake Torque (T},:,) = 320 Nm
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5. An air-standard Diesel cycle has a compression ratio of 18, and the heat transferred to
the working fluid per cycle is 1800 k]J/kg. At the beginning of the compression
stroke, the pressure is 1 bar and the temperature is 300 K. Calculate: (i) Thermal
efficiency, (ii) The mean effective pressure. JAns. (i) 61%; (ii) 13.58 bar]

Given:

* Compression ratio (r} =18

Heat transferred per cycle (();,) = 1800 kJ/kg
Initial pressure (P;) =1 bar =100 kPa

Initial temperature (T) = 300K

Specific heat ratio () for air=1.4

1. Calculate n:
n—1-— I%
n=1- g

1. Calculate V, (specific volume at the start of compression):

r _ RT
1’ LS TI
V, — 287300

1)

V, =~ 861 J/(kg \cdotK)
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1. Calculate V. (specific volume at the end of expansion):

r _ %
v, = L
;. — 861
1‘“ 18

V. ~ 47.8J/ (kg \cdotK)

1. Calculate Wi .:

-H';Imt - {t,,):'m — 'E:c]mlt
Waet = Co(Ts — Tz) — Co(Ty — Th)

We need more information to find Th, T, T'.

Please provide the values for the temperatures 1%, T%, and T’y or any additional

information related to the process.

6. Explain with neat sketches the various stages of combustion in CI engines.

Stages of Combustion in CI engine:
There are four different stages of combustion in Cl engine where proper combustion of air and fuel takes
place as follows:

Ignition Delay Period

Period of Uncontrolled Combustion
Period of Controlled Combustion
After Burning

el N =

Point A - Fuel njection
starts

Point E - Fuel injection

is terminated.

<o

60° 50 40 30 20 10 TDC 10 20 30 40 50 &0°

l -

Compression | Expansion
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1. Ignition Delay Period

At this first stage of combustion in the CI engine, the fuel from the injection system sprayed in the
combustion chamber in the form of a jet. Due to atomization and vaporization, this fuel disintegrates at the
core which is surrounded by a spray of air and fuel particles. In this vaporization process, the fuel gets heat
from the compressed and hot surrounding air. It causes some pressure drop in the cylinder. You can see this
pressure drop (curve AB) in the above figure. After completion of the vaporization process, the preflame
reaction of the mixture in the combustion chamber starts. During the preflame reaction, pressure into the
cylinder starts increasing with the release of energy at a slow rate. This preflame reaction starts slowly and
then speeds up until the ignition of the fuel takes place. You can see this process at point C on the diagram.

This time interval between the starting of the fuel injection and the beginning of the combustion is called
the delay period. This delay period can further be divided into two parts — Physical delay and chemical
delay. The period between the time of injection of the fuel and its achievement of self-ignition temperature
during vaporization is called physical delay. When physical delay completes, the time interval up to the fuel
ignites and the flame of the combustion appears is called chemical delay. Preflame reaction we discussed
above is taking place during the chemical delay. Due to the complex process of combustion is a CI engine,
it’s difficult to separate these two delay periods. If this delay period performs longer than usual, then we can
here knocking in CI engine.

2. Period of Uncontrolled Combustion

This is the second stage of combustion in the CI engine. After the above-mentioned delay period is over, the
air and fuel mixture will auto-ignite as they have achieved their self-ignition temperature. The mixture of air
and fuel in CI engines is heterogeneous unlike homogeneous in the SI engines. Due to this heterogeneous
mixture, flames appear at more than one location where the concentration of the mixture is high. When the
flame formed the mixture in the other low concentration starts burning by the propagation of flames or due
to auto-ignition, because of the process of heat transfer. The accumulated fuel during the delay is now started
burning at an extremely rapid rate. It causes a rise in in-cylinder pressure and temperature. So, the higher
the delay period, the higher would be the rate of pressure rise. During this stage, you can’t control the amount
of fuel burning, that’s why this period is called a period of uncontrolled combustion. This period is
represented by the curve CD in the above figure.

3. Period of Controlled Combustion

When the accumulated fuel during the delay period completely burned in the period uncontrolled
combustion, the temperature and pressure of the mixture in the cylinder are so high that new injected fuel
from the nozzle will burn rapidly due to the presence of sufficient oxygen in the combustion chamber. That’s
the reason we can control the rise of pressure into the cylinder by controlling the fuel injection rate.
Therefore, this period of combustion is called a period of controlled combustion.

4. After Burning

This is the last stage out of the four stages of combustion in CI engine. Naturally, the combustion process is
completed at the point when the maximum pressure is obtained in the combustion chamber at point E as
shown in the figure. Practically, the burning of the fuel in the combustion chamber remains to continue
during the . The main reason behind it is the reassociation of dissociated gases and unburnt
fuel. Therefore, this last phase of combustion is called After Burning. These are the four different stages of
combustion in CI engine.

SANCET


http://enggstudy.com/knocking-in-ci-engines/
https://www.toppr.com/guides/physics/thermal-properties-of-matter/heat-transfer/
https://en.wikipedia.org/wiki/Four-stroke_engine

ME3451-Thermal Engineering Department of Mechanical Engineering 2023-2024

7. Explain with neat sketches the various stages of combustion in Sl engines.
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| I Il Afterburning
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The combustion process will be completed in the three stages in an actual engine.

1. lIgnition Lag
2. Flame Propagation
3. After burning

1. Ignition Lag

The time interval between the passage of the spark and the inflammation of the air-fuel mixture is known
as ignition lag or Ignition delay. It is also referred to as the preparation phase. There are two chances that
can cause the ignition delay. Physical delay and chemical delay. Physical delay due to the atomisation,
vaporization and mixing of air fuel. The chemical delay due to pre-combustion reactions. The ignition lag
depends on the heat, pressure, the nature of the fuel and the proportion of the exhaust gas residuals.

2. Flame Propagation

The flame propagation means that the propagation of combustion wave through a combustible mixture. Or
simply the spread of the flame throughout the combustion chamber. When the ignition initiated, the
adjacent layer of the reaction zone also ignites and propagated to the next layer. This continued throughout
the mixture in the combustion chamber. This process takes some time to spread the flame throughout the
combustion chamber. During this stage the pressure rises with very little change in the volume. But it can
not be instantaneous as we claimed to be in the actual cycle.

3. After burning
This After Burning stage begins where the cylinder pressure reaches a maximum point(c) in the cylinder.

Also, flame propagation gradually decreases due to the flame velocity will reduce. The expansion stroke
will starts at or before this stage. so there will be no pressure rise in this stage.

SANCET



ME3451-Thermal Engineering Department of Mechanical Engineering 2023-2024

8. Explain the pressure lubrication system with a neat sketch.

Pressure lubrication (also known as injection lubrication) is a form of lubrication that uses one or more
pumps to deliver oil to the lubrication points. The lubricant is distributed throughout the oil circuit. It is the
most commonly used lubrication in engines. However, it is also used in other components such as gearboxes
Or COMpressors.

In the case of pressure lubrication, wet sump lubrication, in which the oil supply is collected and stored in
the oil sump, is the most common design. Pressure lubrication can be divided into two systems, wet sump
lubrication and dry sump lubrication. Both are possible, but differ in the application, storage of the oil supply
and delivery of the oil.

How does wet sump lubrication work?

In a four-stroke engine, the oil is drawn from an oil sump by a pump, passed through a filter and fed into the
engine compartment. If the main flow filter should become clogged, the overflow valve ensures that the oil
flow is maintained. The lubricant reaches all relevant lubrication points such as connecting rods, crankshaft
and camshaft through sufficient pressure. The rotation of the crankshaft ensures that oil is distributed to the
cylinder liners and connecting rod bearings. The rotation of the crankshaft creates an additional oil mist in
the crankcase. This helps to cool the piston crown. When the oil has passed through the interior of the engine,
it flows back into the oil pan, cools down and is pumped into the oil circuit again.

Engine interlor

e {[LLLL{LL{L L}

Overflow valve T ‘ . . ‘

Pressure
relief
valve
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Advantages of pressure lubrication

The pressure from the oil pump ensures that even the most distant lubrication point can be supplied with oil.
The design of the system is efficient and comparatively cheap. As a result, a smaller amount of oil is needed
in the engine. At the same time, a compact engine design reduces the overall weight of the vehicle.
Regardless of the operating status of the unit, almost constant, reliable lubrication is ensured (in industrial
systems, lubrication is switched on before the unit is started).

Disadvantages of pressure lubrication

Pressure lubrication involves general problems which can be solved by certain design adjustments or the
optimum lubricant.

When the oil enters the engine compartment, it reaches the crankshaft or the cylinder head on its way back
to the oil pan. The lubrication points between these areas are not lubricated at first. This applies to connecting
rod bearings, connecting rods and cylinder liners. In order to cover these lubrication points with a lubricating
film, drill holes must be made in the crankshaft or special spray nozzles must be installed.

When the engine is cold, the oil pressure can become very high because the oil is still very viscous and
difficult to pump. Pressure peaks can occur that cause damage to the oil circuit. These pressure peaks are to
be mitigated by the built-in pressure relief valves.

In modern industrial systems, the performance and compactness of the circulation system are measured in
terms of how many minutes it takes to circulate the total volume of oil. In the past, it often took hours in
turbine systems to pump the total amount of oil (large oil volume). Nowadays, it takes only two to three
minutes (small volume, high pump output) for the entire oil volume to be pumped into the lubrication system.
The disadvantage of this is the short settling time, which can lead to foam, cavitation and/or vibrations.

9. Explain the Bosch fuel injector with a neat sketch.

The Bosch fuel injection system delivers the metered quantity at high pressure to mix with
compressed air inside the combustion chamber for efficient combustion.
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10. Air consumption for a four stroke petrol engine is measured by means of a circular orifice
of diameter 3.5cm. The coefficient of discharge for the orifice is 0.6 and the pressure across
the orifice is 14cm of water. The barometer reads 760mm of Hg. The temperature of air in
the room is 24°C. the piston displacement volume is 1800cm3. The compression ratio is 6.5.
the fuel consumption is 0.13 kg/min and calorific value is 44000kj/kg. The brake power
developed at 2500 rpm is 28kw. Determine
)] Air fuel ratio
i) Volumetric efficiency on the basis of air alone.

iii) Brake mean effective pressure
iv) Relative efficiency on brake thermal efficiency basis.
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i) Air-Fuel Ratio (\):

The air-fuel ratio (A) is given by the ratio of the mass of air (rn,,) to the mass of fuel (m.f

First, let's calculate the mass flow rate of fuel {f.'ri.f) using the fuel consumption rate

given:
_+ Fuel consumption rate
m g B0
_ 013 kg/min
il

INow, we need to find the mass flow rate of air (i) using the orifice flow equation:
e — Cq- A-+/29gH
where:

(4 is the coefficient of discharge for the orifice (given as 0.6),

A is the cross-sectional area of the orifice (m % (%}2},

g is the acceleration due to gravity (approximately 9.81 m/s?),

H is the pressure head difference across the orifice (converted from 14 cm of water to

v

meters).
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ii) Volumetric Efficiency (7)) on the Basis of Air Alone:

The volumetric efficiency (17,) is given by the ratio of the actual volume of air sucked in

per stroke (V) to the displacement volume (V).

|

=

n, —
Ju E

To find V,, we use the ideal gas law:

I’r - rh,_.
i o

where:

* 1M, is the mass flow rate of air,

* pisthe density of air.

iii) Brake Mean Effective Pressure (BMEP):

The Brake Mean Effective Pressure (BMEP) is given by the formula:

BMEP — %
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where:

* BP is the brake power developed by the engine,

* Vjis the displacement volume.

iv) Relative Efficiency (7)..]) on Brake Thermal Efficiency Basis:
The relative efficiency is given by the ratio of the brake thermal efficiency (1j,1,) to the
air-standard thermal efficiency (7.ir-std)-

Thth

Takr-std

Mrel —
_ o 1
Mair-std 1 ( =11 J
where:

* ris the compression ratio,

* v is the specific heat ratio.

Let's perform the calculations using the provided values. Please note that the specific
heat ratio + for air is approximately 1.4. Also, make sure to use consistent units in the

calculations. If needed, convert all units to the International System (SI) units.

11. Discuss the convergence of state of art of fuel supply system of spark ignited a engine from
carburetor to MPFI fuel supply system.

Fuel Supply System of S.I1 Engine

In a S.I engine, a measured quantity of petrol or gas is already mixed with air in a calculated proportion
before being sucked by engine. Then this combustible charge having right quantity of fuel-air is ignited at
the appropriate time at the end of compression stroke in the engine with the help of a spark plug. The
operation of spark plug is timed along with the moment of crank shaft with the help of ignition system. Low
voltage of battery is given to primary winding of ignition coil through an ignition switch and contact
breaker. The secondary winding is connected to spark plugs through distributor (in case of multi-cylinder
engines). A cam on cam shaft breaks the contact and causes the electric primary circuit to open and close.
When the circuit is broken or the current flow is stopped in the primary winding, the magnetic field collapses
inducing a high voltage in the secondary winding due to which a spark occurs instantaneously in the spark
plug. This spark initiates the combustion of compressed air-fuel mixture in the engine cylinder.

Depending on the method of mixing petrol or gas in the air in right proportion as per the requirement of
engine, the fuel supply system of S.I engine is conventionally is of two types as discussed below

Carburetion
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In the carburetion method, fuel stored in the fuel tank is supplied to carburetor by means of a simple

diaphragm pump through a fuel filter. The job of pump is only to supply fuel from fuel tank to float chamber
of carburetor. Sometimes when the fuel tank is above the carburetor like in 2-wheeler engine, fuel will come
by gravity and fuel pump is not needed.

The design & working of a simple carburetor fitted in the suction line or Inlet manifold of engine is very
simple. As shown in fig 15.1 there is a venturi in the flow passage of air being sucked by engine? A jet is
situated in the venturi and connected to the float chamber of carburetor, where fuel is stored at atmospheric
pressure. The float keeps the fuel at a constant level in the float chamber. While passing through the venturi,
pressure of air reduces and a pressure difference is created across the fuel jet connecting float chamber with
venturi. Due to this pressure difference fuel is continuously supplied to air flowing through venturi. As jet
is of very small inner diameter, fuel i.e. petrol is sprayed in the flowing air and due to its high volatility, it
vapourizes and forms a combustible mixture of fuel vapour plus air. The fuel air ratio is automatically
controlled by the speed of air through the venturi which eventually depends on speed/rpm of engine. The
size of venturi and jet are designed on the basis of desired fuel air ratio. In an actual carburetor, some
additional systems are there to satisfy the demands of engine under varying conditions like cold starting,
engine idling, requirement of additional power at high speed & load etc. (Fig. 15.1)

Electronic fuel injection (MPFI system)

In this system an electrically driven fuel pump draws fuel from fuel tank and supplies it to a common header
or tube. A pressure regulator fitted at the end maintains a constant pressure of fuel approx. 3 bars in the
header. The header is connected to different branches of inlet manifold through fuel injectors. For each
cylinder of engine there is separate fuel injector which injects fuel in the corresponding air passage of that
cylinder. Due to this the system is called multi-point fuel injection (MPFI) system. The fuel injectors are
precision built solenoid valves having single or multiple orifices. Due to constant pressure of fuel
maintained in the common header, the quantity of fuel injected depends only on the time period for which
the solenoid valve type fuel injectors are kept in open position.

An on-board ECU (Electronic control unit) i.e. microprocessor controls the quantity of fuel injected to each
cylinder individually and also the ignition timing of each cylinder. The data input to the ECU comes from
a number of sensors located all over the engine. These sensors collect the following data continuously.

1. Ambient temperature

2. Inlet manifold vacuum or Air Velocity
3. Exhaust gases temperature

4. Exhaust O content

5. Throttle position

6. Enginer.p.m.

7. Crankshaft & position

8. Engine coolant temperature
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Electronic fuel injection system

Based on programmed interpretation or processing of this data, ECU calculates the amount of fuel needed to maintain
stoichiometry i.e. air/fuel ratio of 14.7:1 and converts it into required pulse width i.e. time period for which it keeps
the solenoid injector energized. ECU also gives command to spark ignition system. In this way ECU ensures overall
satisfactory performance of the engine from start to shut down including emission control by sending right quantity
and quality of fuel air mixture to each cylinder of engine at right time based on requirement of engine and also ignites
it at right time.

Fuel Supply System of C.I Engine

The primary requirement of a C.I engine is to inject the right quantity of fuel at a very high pressure either directly
over the piston in the cylinder of engine or indirectly in a combustion chamber in the cylinder head which is connected
to cylinder of engine. In any method the fuel injection system has to control injection timing, injection period and
injection pressure. Now in most of the diesel engines direct injection is used with improved injection technology. The
diesel injection systems used nowadays are of two types:

(1) Mechanical Injection System
(2) Electronic Injection System
Mechanical injection system

This system was universally being used in Diesel Engines until the introduction of new fuel injection technology like
CRDI etc. But still due to the reason of more initial cost involved in adopting newer technology, it is being used in
Diesel Engines of different sizes. In this type, there are two basic components as one pressurizing unit (High Pressure
Pump) and other atomizing unit (High pressure nozzle or injector). Depending on the design, manner of operation and
control of these two basic components, mechanical fuel injection system are of three types.

(a) Individual pump and injector system

In this system there is a separate pump and separate injector for each cylinder of engine. The pump creates high
pressure of fuel and also meters and times the injection of fuel through injector. It is a plunger type pump driven by
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engine power itself.

(b) Common rail system

Here a high pressure pump keeps constant high pressure of fuel in an accumulator with the help of a pressure regulating
valve. This accumulator is connected to common rail which is extended to different distributing elements of each
cylinder. A separate metering & timing element controls the supply of metered & timed pressurized fuel to each
injector of cylinder. This system is self-governing and more smooth operation is there.

(c) Distributor system

Like the first system, here also the pump pressurizes, times and meters the fuel. But which quantum of fuel is to be
supplied to which injector, is decided by a rotating distributor. This system is cheaper than first system in case of a
multi-cylinder engine.

The diagram of a plunger type pump and fuel injector is shown in Fig. 15.3.
Electronic injection system (with CRDI technology)

In this system of diesel injection, a common rail diesel injection (CRDI) technology is used. It is more or less same as
Common Rail System of Mechanical Injection but the difference comes in the control over metering & timing of
injectors which is done by an on-board computer system or electronic control unit. Thus it resembles with the operation
of MPFI system of S.I engine. The basic system is same; there is a high pressure fuel pump which maintains high
pressure in a common rail (steel tube) through high pressure regulator. But here the pressure maintained is very high
of the order of 2000 bar as compared to 3-5 bars in MPFI system. The fuel injectors are very special either solenoid
type or piezzo electric type which control the fuel injection from common rail to each cylinder very precisely.

The opening time, pulse width etc of fuel injectors can be electrically controlled by the E.C.U. Here is the main
advantage of system that the fuel can be injected in more than one pulse in a very controlled manner unlike only one
pulse or one injection per cycle in the mechanical system. Here a pilot injection is done before the main injection for
fast burning and less ignition delay of the fuel. It reduces the noise level very much and also ensures complete burning
of fuel, high efficiency, low emission and good cold start. This new technology has considerably removed the demerits
of diesel engines like high noise level, high pollution, difficulty in starting etc and improved fuel efficiency a lot. A
schematic diagram of CRDI system is given here in fig.15.4
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12. Explain the working of magneto ignition system with neat sketch.
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Magneto Ignition System

The magneto ignition system is a robust and self-sustaining ignition technology used in internal combustion
engines to generate the high-voltage spark needed for engine ignition. Unlike battery-powered systems, the
magneto ignition system generates its own electrical energy, eliminating the need for an external power
source. This ingenious design employs the principles of electromagnetic induction to produce a continuous
flow of electricity through the rotation of a permanent magnet within a coil assembly. This discussion shall
unravel all the information related to Magneto Ignition System, including its Diagram, Working, Parts,
Advantages and Disadvantages.
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Magneto Ignition System

The magneto ignition system revolutionized internal combustion engines by generating high-voltage sparks
without relying on external electrical sources. Employed in early automobiles and aircraft, it functions
through a rotating magnet that induces electrical pulses, igniting the fuel-air mixture. Its reliability and self-
sufficiency made it an engineering breakthrough.

An internal combustion engine characterized by high speed and high internal compressions necessitates a
powerful ignition system capable of producing extremely high ignitions from spark plugs. The ignition
system, which employs spark plugs as its source, receives electrical energy input to generate the required
sparks for ignition.

Parts of Magneto Ignition System

A magneto ignition system comprises several key components that work together to generate spark for an
internal combustion engine. These parts include a magneto, which produces electrical current through
rotational motion, a breaker points mechanism to interrupt the current flow, a condenser to prevent arcing at
the points, and high-tension wires leading to the spark plugs. Together, these components ensure reliable
ignition in various engines, especially in older vehicles and small engines.

Here is a list of the key parts utilised in the Magneto Ignition System:

Magneto

The Magneto serves as the source of energy generation in the ignition system. It acts as a small generator
that operates on electricity. When the engine rotates the magneto, it produces voltage. The more rapid the
rotation, the higher the voltage generated. Unlike other systems, the magneto does not require an external
power source like a battery for kick starting, as it itself generates energy. There are two types of winding in
the magneto: primary winding and secondary winding. Additionally, the magneto can be classified based on
its engine rotation:

o Armature rotating type
Magnet rotating type
o Polar inductor type

Distributor

The distributor used in the Magneto Ignition System is also employed in multi-cylinder engines. In multi-
cylinder engines, the distributor regulates spark distribution in the correct sequence among the spark plugs.
It uniformly distributes the ignition surge to all the spark plugs. There are two types of distributors:

o Carbon brush-type distributor
Gap-type distributor

Spark Plug

The spark plug in the Magneto Ignition System has two electrodes separated from each other. A high voltage
flows through it, leading to the generation of a spark used to ignite the cylinder's combustion mixture, such
as oil. The spark plug consists of a steel shell and an insulator. The central electrode is connected to the
ignition coil's supply, while the outer steel shell is grounded, effectively insulating both. A small air gap
between the central electrode and the steel shell generates the spark. The central electrode is constructed
with a high nickel alloy to withstand high temperatures and resistances.
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Capacitor

The capacitor utilised in the Magneto Ignition System is a simple electrical capacitor consisting of two metal
plates separated by an insulating material at a distance. Generally, air is used as the insulating material, but
in some cases, a high-quality insulating material is employed for specific technical requirements.

13. Explain the construction and working principle of diesel reciprocating pump and fuel
injector with neat sketch.
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Fuel injection is the introduction of fuel in an internal combustion engine, most commonly automotive
engines, by the means of an injector.

The fuel injection system lies at the very heart of the diesel engine. By pressurizing and injecting the fuel,
the system forces it into air that has been compressed to high pressure in the combustion chamber.

Fuel injector is an electronically controlled mechanical device that is responsible for spraying (injecting)
the right amount of fuel into the engine so that a suitable air/fuel mixture is created for optimal
combustion.

The electronic control unit (ECU at engine management system) determines the precise amount and
specific timing of required gasoline (petrol) dose for every cycle, by collecting information from various
engine sensors. So, the ECU sends a command electrical signal of the correct duration and timing to the
fuel injector coil. In that way opens the injector and allows petrol to pass through it into the engine.

The one terminal of the injector coil is directly supplied by 12 volts which are controlled by the ECU, and
the other terminal of the injector coil is open. When ECU determined the exact amount of fuel and when to
inject it, activates the appropriate injector by switching the other terminal to the ground (mass, i.e. negative

pole).
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FUNCTIONS

The diesel fuel injection system has four main functions:
1. Feeding fuel

Pump elements such as the cylinder and plunger are built into the injection pump body. The fuel is
compressed to high pressure when the cam lifts the plunger, and is then sent to the injector.

2. Adjusting fuel quantity

In diesel engines the intake of air is almost constant, irrespective of the rotating speed and load. If the
injection quantity is changed with the engine speed and the injection timing is constant, the output and fuel
consumption change. Since the engine output is almost proportional to the injection quantity, this is
adjusted by the accelerator pedal.

3. Adjusting injection timing

Ignition delay is the period of time between the point when the fuel is injected, ignited and combusted and
when maximum combustion pressure is reached. As this period of time is almost constant, irrespective of
engine speed, a timer is used to adjust and change injection timing — enabling optimum combustion to be

achieved.

4. Atomizing fuel

When fuel is pressurized by the injection pump and then atomized from the injection nozzle, it mixes
thoroughly with air, thus improving ignition. The result is complete combustion.

COMPONENTS

The objectives of the fuel injection system are to meter, atomize and distribute the fuel throughout the air
mass in the cylinder. At the same time, it must maintain the required air-fuel ratio as per the load and
speed demand on the engine.

The fuel injection system consists of:

fuel injection pump - pressurizes fuel to high pressure
high-pressure pipe - sends fuel to the injection nozzle
injection nozzle - injects the fuel into the cylinder
feed pump - sucks fuel from the fuel tank

fuel filter - filtrates the fuel

TYPES OF FUEL INJECTORS

1. Top-Feed — Fuel enters from the in the top and exits the bottom.
2. Side-Feed — Fuel enters on the side on the injector fitting inside the fuel rail.

3. Throttle Body Injectors — (TBI) Located directly in the throttle body.
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TYPES OF FUEL INJECTION SYSTEMS

1. Single-Point OR Throttle Body Fuel Injection

Also referred to as a single port, this was the earliest type of fuel injection to hit the market. All vehicles
have an air intake manifold where clean air first enters the engine. TBFI works by adding the correct
amount of fuel to the air before it is distributed to the individual cylinders. The advantage of TBFI is that
it’s inexpensive and easy to maintain. If you ever have an issue with your injector, you’ve only got one to
replace. Additionally, since this injector has a fairly high flow rate, it’s not as easy to clog up.

Technically, throttle body systems are very robust and require less maintenance. That being said, throttle
body injection is rarely used today. The vehicles that still use it are old enough that maintenance will be
more of an issue than it would with a newer, lower mileage car.

Another disadvantage to TBFI is the fact that it’s inaccurate. If you let off the accelerator, there will still be
a lot of fuel in the air mixture that is being sent to your cylinders. This can result in a slight lag before you
decelerate, or in some vehicles, it can result in unburned fuel being sent out through the exhaust. This
means that TBFI systems are not nearly as fuel-efficient as modern systems.

2. Multi-port Injection

Multi-port injection simply moved the injectors further down towards the cylinders. Clean air enters the
primary manifold and is directed out towards each cylinder. The injector is located at the end of this port,
right before it’s sucked through the valve and into your cylinder.

The advantage of this system is that fuel is distributed more accurately, with each cylinder receiving its
own spray of fuel. Each injector is smaller and more accurate, offering an improvement in fuel economy.
The downside is that all injectors spray at the same time, while the cylinders fire one after the other. This
means that you may have leftover fuel in between intake periods, or you may have a cylinder fire before
the injector has had a chance to deliver additional fuel.

Multi-port systems work great when you are traveling at a consistent speed. But when you are quickly
accelerating or removing your foot from the throttle, this design reduces either fuel economy or
performance.

3. Sequential Injection

Sequential fuel delivery systems are very similar to multi-port systems. That being said, there is one key
difference. Sequential fuel delivery is times. Instead of all injectors firing at the same time, they deliver
fuel one after the other. The timing is matched to your cylinders, allowing the engine to mix the fuel right
before the valve opens to suck it in. This design allows for improved fuel economy and performance.

Because fuel only remains in the port for a short amount of time, sequential injectors tend to last longer
and remain cleaner than other systems. Because of these advantages, sequential systems are the most
common type of fuel injection in vehicles today.

the one small downside to this platform is that it leaves less room for error. The fuel/air mixture is sucked
into the cylinder only moments after the injector opens. If it is dirty, clogged, or unresponsive, your engine
will be starved of fuel. Injectors need to be kept at their peak performance, or your vehicle will start to run
rough.
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4. Direct Injection

If you’ve started to notice the pattern, you can probably guess what direct injection is. In this system, fuel
is squirted right into the cylinder, bypassing the air intake altogether. Premium automobile manufacturers
like Audi and BMW would have you believe that direct injection is the latest and greatest. With regards to
the performance of gasoline vehicles, they’re absolutely right! But this technology is far from new. It’s
been used in aircraft engines since the second world war, and diesel vehicles are almost all direct injection
because the fuel is so much thicker and heavier.

In diesel engines, direct injection is very robust. Fuel delivery can take a lot of abuse, and maintenance
issues are kept to a minimum.

With gasoline engines, direct injection is found almost exclusively in performance vehicles. Because these
vehicles operate with very precise parameters, it’s especially important to maintain your fuel delivery
system. Although the car will continue to run for a long time when neglected, the performance will quickly
decline.

METHODS OF FUEL INJECTION

There are two methods of fuel injection in the compression ignition system
1. Air-blast injection

2. Air-less or solid injection

1. Air-blast injection

This method was originally used in large stationary and marine engines. But now it is obsolete. In this
method, the air is first compressed to very high pressure. A blast of this air is then injected carrying the
fuel along with it into the cylinders. The rate of fuel injection is controlled by varying the pressure of the
air. The high-pressure air requires a multi-stage compressor so as to keep the air bottles charged. The fuel
ignites by the high temperature of the air caused by the high compression. The compressor consumes about
10% of the power developed by the engine, decreasing the net output of the engine.

2. Airless or solid injector

In this method, the fuel under high pressure is directly injected into the combustion chamber. It burns due
to the heat of compression of the air. This method requires a fuel pump to deliver the fuel at high pressure
around 300kg/cm”2. This method is used for all types of small and big diesel engines. It can be divided
into two systems

1. Individual pump system: in this system each cylinder has its own individual high-pressure pump and a
measuring unit.

2. Common rail system: in this system the fuel is pumped by a multi-cylinder pump into a common rail,
the pressure in the rail is controlled by a relief valve. A measured quantity of fuel is supplied to each
cylinder from the common rail.

This is all about the fuel injection system. If you have any query regarding this article, ask by commenting.

If you like this article, don’t forget to share it on social networks. Subscribe our website for more
informative articles. Thanks for reading it.
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WORKING PRINCIPLES

The injectors are controlled by the Engine Control Unit (ECU). First, the ECU obtains information about
the engine conditions and requirements using different internal sensors. Once the state and requirements of
the engine have been determined, the fuel is drawn from the fuel tank, transported through the fuel lines
and then pressurized with fuel pumps. Proper pressure is checked by a fuel pressure regulator. In many
cases, the fuel is also divided using a fuel rail in order to supply the different cylinders of the engine.
Finally, the injectors are ordered to inject the necessary fuel for the combustion.

The exact fuel/air mixture required depends on the engine, the fuel used and the current requirements of
the engine (power, fuel economy, exhaust emission levels, etc.)
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