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ME3451 THERMAL ENGINEERING L g pC

4 0 4
COURSE OBJECTIVES:
To jearn the concepts and laws of thermodynamics to predict the operation of thermodynamic
Cyties and performance of Internal Combustion(IC) engines and Gas Turbines.

2 IO analyzing the performance of steam nozzle, calculate critical pressure ratio

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

‘; 1T-0 analyzing the working of IC engines and various auxiliary systems present in IC engines

S o e\

aluating the various performance parameters of IC engines

UNIT | THERMODYNAMIC GYCLES 12
Alr Standar;l Cycles — Carnot, Otto, Diesel, Dual, Brayton — Cycle Analysis, Performance and Comparison,
Basic Rankine Cycle, modified, reheat and regenerative cycles.

UNIT 1l STEAM NOZZLES AND INJECTOR 12

ypes 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 1l 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 12

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

UNITV INTERNAL COMBUSTION ENGINE PERFORMANCE AND AUXILIARY SYSTEMS 12
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
OUTCOMES: At the end of the course the students would be able to
Apply thermodynamic concepts to different air standard cycles and solve problems.
2. To solve problems in steam nozzle and calculate critical pressure ratio.
3. Explain the flow in steam turbines, draw velocity diagrams, flow in Gas turbines and solve problems.
4. Explain the functioning and features of IC engine, components and auxiliaries.
5. Caleulate the various performance parameters of IC engines

TEXT BOOKS:

1. Mahesh. M. Rathore, “Thermal Engineering”, 1st Edition, Tata McGraw Hill, 2010.
2. GanesanV, " Internal Combustion Engines" 4th Edition, Tata McGraw Hill, 2012.

—

REFERENCES:;
1. Ballaney. P, “Thermal Engineering”, 25th Edition, Khanna Publishers, 2017,

Domkundwar, Kothandaraman, &Domkundwar, “A Course in Thermal Engineering”, 6th Edition,
DhanpatRai& Sons, 2011.

2
3. Gupta H.N, “Fundamentals of Internal Combustion Engines”, 2nd Edition Prentice Hall of India, 2013.
4.

Mathur M.L and Mehta F.S., “Thermal Science and Engineering’, 3rd Edition, Jain Brothers Pvt. Ltd,
2017.

Soman. K, “Thermal Engineering", 2nd Edition, Prentice Hall of India, 2011.
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{ Year [ 1 Semester v Department __%l_“_"_(“, _—
L COURSE OUTCOMES

€Ol [ Toleam the concepts and laws of thermodynamics to predict the operation of thermodynamic
wce of Internal Combustion(IC) engines and Gas Turbines. . —
i CO2; I To analyzing the performance of steam nozzle, calculate critical pressure ratio

| COs: i

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

| CO4: . To analyzing the working of IC engines and various auxiliary systems present in IC engines n
| COs: | To evaluating the various performance parameters of IC engines o
[Q.No. | Question L co T IS
] PART A
L (Answer all the Questions 10 x 2 =20 Marks)
{1 What are the assumptions made in air standard cycle? col R
> 2 Define mean eftfective pressure and comment its application in internal combustion col
. U
Engines.
3 What are the factors influencing the ideal Brayton cycle efficiency? COl R
4 Define air standard cycle efficiency. col R
5 Define cut-off ratio Col R
6 Write any four differences between Otto and Diesel cycle. Col R
|7 Peﬁne mean effective pressure as applied to gas power cycles col R
8 Define air standard efficiency.. Col U
9 What are the various types of gas power cycles?. Ccol R
10 Draw an actual valve timing diagram of a four stroke diesel engine. Col R
PARTB
(Answer all the Questions 2y 15 = 30 Marks)
pll 0 £as engine operating on the ideal cycle Otto cycle has a compression ratio of 6. The
' ressure and pressure and temperature at commencement of compression are | bar 27°C,
Heat added during the constant volume combustion process is | 170kj/kg. Determine the COl 8
peak pressure and Temperature, work output per kg of air and ajr standard efficiency £ R
assume Take for air Cv =0.717 kJ/kg K and y=1.4forair.
12 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. Col E

Course Faculty HoD inci
Principal
(S.A.Ramesh) (S.A.Ramesh) (Dr.MVijayakumar)
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Name of the Exam :UNIT TEST |
Subject code/Subject’s Name: ME345] / THERMAL ENGINEERING
Date of the Exam :01.04.2024
Part - A
I. Assumptions Made in Air Standard Cycle:

o The working fluid is considered as a perfect gas, typically air, and its specific heats are assumed
constant,

The combustion process is assumed to be replaced by heat addition from an external source, as the
process is idealized.

All processes in the cycle are reversible,

o There are no changes in mass in the cycle (closed cycle). ]\

o Nolosses due to friction or heat transfer with the surroundings,

2. Define Mean Effective Pressure and Its Application in IC Engines:
o Mean Effective Pressure (MEP): It is the average pressure exert
MEP is used to compare engine performance and is calculated as:
MEP=Work output per cycleDisplacement volumeltext{ MEP} = \frac {\text{ Work output per
cycle}} {\text{Displace isplacement volumeWork output per cycle

o Application: MEP is useful for assessing engine performance independent of the engine size and
is an indicator of the engine’s ¢ .

apacity to do wor
Factors Influencing Ideal Brayton Cycle Efficiency:
o Compression ratio: Increasing the compression ratio improves the cycle effi
c Specific heat ratio (7): Higher values of y increase efficiency.
o Turbine and comp

ressor efficiencies: Ideal efficienc;
the efficiency of these components affects the total cycle efficiency.
4. Define Air Standard Cycle Efficiency:

o Itisthe efficiency of an idealized t
processes are reversible,

Diesel, and Brayton cycles.

o]

ed on the piston during a cycle.

ciency.

o Ina Diesel cycle, the cut-off ratio ICr_cre is

€ =\frac{V_3} {V_2irc
B V2V_2V2 are the volumes at the end and start of combustion,
respectively.
Four Differences Between Otto and p

iesel Cycles:
o  Compression Proce

ss: Otto uses const
Compression Ratio:

o Efﬁciency: Otto is WEr compression ratios, whj
efficient at higher ratios.

o Applications: Otto i

heavier vehicles.

7. Define Mean Effective

© MEPing

that woul

Pressure for Gas Power Cycles:
as power cycles is defin

ed similarly as jn IC engines, repr i
. €sentin r
d produce the same work oy p el e

tout over the cvcle as the actual varving pressures in the



<A standard eflicieney is the the

oretical efficiency of a heat e
\\,\I.\ a3 ALY N 2l H H - L{“ tr‘
- Ll epresenting the maximum achievable efficiency under i
O, Types of Gas Power Cyeles: '
o 0o Crele
o Diesel Cyele

gine operating on an air standard
dealized conditions.

~

Dual Cyele (Combination of Otto and Diesel)
o Brayton Cyele

10, Valve Timing Diagram of a Four-Stroke Dicscl Engine:

« Drawing is necessan here, but in summary, it shows the timing of intake, compression, power, and
exhaust strokes ina Diesel engine. The timing diagram illustrates when the valves open and close relative
1o piston posttion and crank angle.

Part-B

For the Otto cycle with the following parameters:

+ Compression Ratio (r) =6

« Initial Pressure (P1) =1 bar

» Initial Temperature (T1) = 27°C (or 300K)

» Heat Added (Qin) = 1170 kl’kg @
+ Specific Heat (Cv) = 0.717 k)Vkg K

» Specific Heat Ratio (y) = 1.4

Solution Qutline:

Step 1: Use T2=T1xr(y—1)T_2 = T_1 \times r*{(\gamma - 1)} T2=T1xr(y—1) to find T2T_2T2.

Step 2: Calculate T3T_3T3 using Qin=m-Cv+(T3-T2)Q_{\text{in}} = m \cdot Cv \cdot (T_3 - T_2)Qin
=m-Cv-(T3-T2).

Step 3: Use ideal gas relations to find pressures P2P_2P2 and P3P_3P3.

Step 4: Calculate work done per cycle and efficiency.

Question 12

Explanation of the Otto Cycle:

The Otto cycle consists of two adiabatic (isentropic) and two constant volume processes.

Process 1-2: Adiabatic compression (from intake to compressed state).

Process 2-3: Heat addition at constant volume (combustion). ~r\
Process 3-4: Adiabatic expansion (power stroke).

Process 4-1: Heat rejection at constant volume (exhaust).

p-V Diagram: lllustrates the pressure-volume changes throughout the cycle.

T-s Diagram: Hlustrates the temperature-entropy changes, showing heat addition and rejection.
Air Standard Efficiency:

+ Derived as: n=1-1r(y-1)\eta = 1 -\frac{1} {r*{(\gamma - 1)} }n=1-r(y—1)1
where rrr is the compression ratio, and y\gammay is the specific heat ratio.
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Co1: 1oﬂleam the concepts and laws of thermodynamics to predict the operation of thermodynamic
, - cycles ?nd performance of Internal Combustion(IC) engines and Gas Turbines.
. CO-: | To a-’@,_\@'jg the performance of steam nozzle. calculate critical pressure ratio
C03: i To Eva!ua_tmg the performance of steam turbines through velocity triangles, understand the need
for governing and compounding of turbines
CO4: To analyzmg the working of IC engines and various auxiliary systems present in IC engines
COs: To evaluating the various performance parameters of IC engines
Q.No. | Question | co | BTS
PART A
(Answer all the Questions 10 x 2 = 20 Marks)
' | What is steam nozzle? [ co A
2 | Write about the function of nozzle co2 U
3 | List the types of nozzle. Co2 R
4 | Define Convergent nozzle. co2 R
5 | Define divergent nozzle. co2 R
6 | Define Convergent-Divergent nozzle. coz A
| 7 | Draw the shape of supersonic nozzle. co? R
¢ | List the effects of friction in nozzle coz U
9 | Define critical pressure ratio. Give its expression. co2 R
10 | Define nozzle efficiency or coefficient of nozzle. CcO2 R
— : PARTB
: (Answer all the Questions 2x 15 =30 Marks)
L. iti i fl te in steam nozzle co2 R
11 Derive the condition for maximum flow rate in
f
i . . 0 7
12 | Steam expands isentropic ally in a nozzle from 1 MPa, 250 C. to .10 Kpla. ;I‘lée f])ow rate
| of the steam is 1 kg/s. Find the following when the inlet velocity is neglected, (i co? A
Quality of steam, (ii) Velocity of steam at the exit of the nozzle, (iii) Exit area of the
| nozzle..
A
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Part - A

. Whatis a Steam Nozzle?

O

A steam nozzle is o passage of varying cross-sectional arca through which steam expands,
converting thermal energ

Y into Kinetie energy to produce high-velocity steam jets, This process is

tpically used in steam turbines and other applications where high-speed steam s required.
2. Function of a Nozzle:

o The primary tunetion of'a nozzle is to convert the thermal energy of steam (or any gas) into
Ninetic energy. This inereases the steam's velocity, making it useful for applications such as
driving turbine blades, where the Kinetic energy of the steam is converted into mechanical energy,

3 Types of Nozzles:

—

o Convergent Nozzle: Decreases in cross-sectional arca along the flow direction,

o Divergent Nozzle: Inereases in cross-sectional area along the low direction.

o Couvergent-Divergent Nozzle (C-D Nozzle):
flow at the outlet under specific conditions.

4. Define Convergent Nozzle:
o A nozzle that decreases in cross-sectional area along the direction of low. It accelerates subsonic

fluid flow but cannot achieve supersonic speeds on its own,
Define Divergent Nozzle:

(@]

First converges, then diverges, allowing supersonic

h

A nozzle that increases in cross-sectional area along the direction of flow. It is used primarily for
supersonic flow conditions as it allows further expansion and acceleration of a supersonic fluid.
0. Define Convergent-Divergent (C-D) Nozzle;
o A nozzle that first converges to a throat, whe
further accelerate the flow to supe
applications like rochet engines,
Draw the Shape of a Supersonic Nozzle:

re the flow reaches sonic speed, and then diverges to
rsonic speeds. This type of nozzle is commonly used in

o The shape ofa supersonic nozzle is a conve
down to a minimum cross-section (the thro
reaches Mach 1, and the divergent sec

List the Effects of Friction in a Nozzle:
Friction in a nozzle can lead to:

* Lossof kinetic energy and lower exit ve

Increased entropy due to irreve
Decrease in overall nozzle offi
Possible pressure losses,
Define Critical Pressure Ratio and Its

o The critical pressure ratio is the r

which the flow reaches the spee
For a perfect gas. the critical pr
(PeriticalPinlet\frac {P_{\text teritical} } H{P_ {\text {inlet} } } PinletPeritic
PeriticalPinlet=(2y+ 1)y~ Wrac{P_{\text {critical} }) {P_{\ext{inle
+ 1) \right)’*{\!‘ruc{\gammu} {\eamma - l}}l’inlct[’crilical=(y+l2)}'

rgent-divergent shape, where
at) and then widens afte
tion further accelerates the fl

the nozzle narrows

rward. At the throat, the flow N
OW to supersonic speeds. d
locity,
rsibilities, reducin
ciency,

causing deviation from ide
Expression:

atio of the downstream pre
d of sound (Mach 1)
essure ratio

. g isentropic efficiency,

al expansion,
9.

ssure to the y

pstream pressure at
at the throat of a ¢co

nvergent-divergent nozzle.
al) can be given by:
1} =\lefy( \frac {2} {\gamma
_l-r

. ey



4 m max=Athroat-peritical-k-R-Tinlet\dot{m} _{\text{max}} = A_{\text{throat}} \cdot \sqrt{\rho_{\text{critical} Y

>

10. Define Nozzle Efficiency or Coefficient of Nozzle:

o Nozzle efficiency (n_nozzle) measures how effectively the nozzle converts thermal energy into
Kinetic encrgy. It is defined as the ratio of actual kinetic energy obtained to the ideal kinetic
energy without losses:
nnozzle=Actual kinetic energy at exitldeal Kinetic energy at exit\eta_{\text{nozzle}} =
\frac {\text{ Actual Kinetic energy at exit} } {\text{Ideal kinetic energy at exit} jnnozzle
=1deal Kinetic energy at exitActual kinetic energy at exit

Part-B

Question 11: Derive the Condition for Maximum Flow Rate in a Steam Nozzle

Qutline for Derivation:

Step 1: For a convergent-divergent nozzle, derive the mass flow rate m'=p-A-Vidot{m} = ‘rho 'cdot A
\cdot Vm'=p-A+V at the throat where V=cV = c¢V=c, the speed of sound.

Step 2: Use the isentropic flow relation to express the critical pressure ratio and establish the condition
for maximum mass flow rate at the throat.

Step 3: Show that the maximum mass flow rate is achieved when the pressure ratio between the inlet and
the throat reaches the critical pressure ratio.

The Key result to derive:

\cdot Kk \edot R\edot T_ {\text{inlet}} }m'max=Athroat-pcritical-k-R-Tinlet

where peritical\rho_{\text{critical} } pcritical is the density at critical conditions, and
AthroatA_{\text{throat}} Athroat is the area at the throat.

Question 12

Given data:

Inlet Pressure (P1) =1 MPa

Inlet Temperature (T1) =250°C (or 523 K)
Exit Pressure (P2) = 10 kPa

Mass Flow Rate = 1 kg/s

Neglect Inlet Velocity

Solution Qutline:

S'Ar‘ (\/"% Y Eis

Step 1: Determine the quality of steam at the nozzle exit by caleulating the enthalpy drop from inlet to

exit (using steam tables or Mollier chart).

Step 2: Calculate the velocity at the nozzle exit using the energy equation: h1=h24+V222h 1 =h 2 +

\frac{V_2"2}{2}h1=h2+2V22 where h1h_lh1 and h2h_2h2 are the specitic enthalpies at inletand exit,

and V2V_2V2 is the exit velocity.

Step 3: Compute the exit area using the continuity equation: A2=m p2:-V2A 2 = \frace

R i s S o o2 et o 2
¥ p2-V2 2\rho_2p2 c aleuls ¢ specitic volume or steam tables for

the given conditions.
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CO1: 70 lezm the cancepts 2nd laws of thermodynamics to predict the operation of thermodynamic
ies ance of

Internal Combustion(IC) engines and Gas Turbines.

-

<z of steam nozzle, calculate critical pressure ratio

mance of steam turbines through velocity triangles, understand the need
unaing of turbines

cf IC engines and various auxiliary systems presentin IC engines
cerformance parameters of IC engines j
0ONs. Question |_Cco | BTs
PART A
= (Answer all the Questions 10 x 2 = 20 Marks)
] I = bi Cco2 A
2 rbine over reciprocating steam engines. Co2 u
3 ccording to the classification of flow. Co2 R
4 urbine Cco2 R
s co2 R
6 15 classified? co2 A
7 over loss? Cco2 R
% dopted to prevent erosion in steam turbines? Co2 U
7 p of compounding? CO2 R
L Distinzuish between impulse and reaction turbine CO2 R
PART B
(Answer all the Questions 2x 15=30 Marks)
1 Explain the pressure and velocity compounding diagram of multistage turbinewith neat
sketch, Cco2 R
12 In 2 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
actial blade efficiency is 92% of the maximum blade efficiency, find the possible ratio coz A
of blade speed to steam speed.
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PAIRT A
TIITUC v AL 16457 )
Lo Define Stenm 1 irhine,
A steam turhine is o mechanical device that extracts thermal encrgy from pressurized steam and
converts it into mechanical work ‘I his work s typically used to drive 3 generator for electricity
production,
2o Advantages of Steam Turbine over Reciprocating Steam Fngines:
o Higher Efficiency: Steam turbines operate with higher
peneration,

Smooth Operation: | hey provide continuous rotary motion, reducing vibrations and wear
compared to the reciprocating motion of steam engines,
Higher Speed: Turbines can operate
peneration,

o Less Maintenance:
3o Classity Steam Turhine

cfliciency, especially in large-scale power

at higher speeds, making them more suitable for power

Due to fewer moving parts, steam turbines require less maintens
According to the Classification of Flow:
o Based on the flow direction of steam, steam turhines are classified a5

© Axial Flow Turbine: Steam flow, parallel 1o the axis of rotation,

* Radial Flow Turbine: Steam flowe, radially relative 1o the axis,
* Tangential Flow Turbine: Steam enters tangentially to the blades.
4. Classification of Steam Turbine:

o Steam turbines, are clussificd a4

N
LN .

* Impulse Turbines: Use the kinetic cenergy of steam jets directed onto blades 1o generate
rotation (c.p., De 1Laval turbine),
Reaction Turbines: Utilize both the kinetic energy and pressure energy of steam as it
expands across the rotor blades (e.g., Parsons turbine),
* Compounded Turbines: Jge combinations
speed and power (c.p., Curtis turbine),
5. Define Impulse Turbine:

o Animpulse turbine is a type of steam turbine where the steam expands and converts to kinetic
energy in stationary nozzles before it impinges on the moving blades. The blades then redirect the
steam flow, changing ity direction to penerate rotational motjon,

0. How is Impulse Turbine Classificd?;

o Impulse turbines can be classified based on the arrangement of the stages:
= Single-stage Impulse Turbine: Only one set of nozzles and blades.
* Multi-stage Impulse Turbine: Multiple sets of nozzles and blades, often with
compaunding methods Jike pressure or velocity compounding,
7. What is Meant by Carry-Over Loysy?:
v Carry-over lows refers to the foys of kinetic energy when steam exiting one stage of a turbine
enters the next stape at g «

peed higher than necessary, resulting in inefficiency.
4. Methods Adopted to Prevent Erosion in Steam Turbines:

o Use of erosion-resistang materials on blades,

o Bteam conditioning 1o remove moisture and impurities before entering the turbine,
v Blade coating or protective surface treatments 1o enhance blade durability.

v Flow control 1o minimise arcas of high-speed droplet impingement,
9. Purpose of Compounding:

[#]

of impulse and reaction stages to manage

Compounding reduces excessive rotor g
multiple stages. This allows for controll
" 1. 4.

4

peed in turbines by dividing the ste

am expansion across
ed speed and jm proved efficienc

Y particularly in high-



) T N I WU N\ O ay A N 1 N H
!l\n} u!n lml\nm‘ Al pressure drop oceurs in stattonary nozzles, creating high-velocity steam
Jets. The moving blades ehange the steg
¢ Reaction Turbine: Both the stationary

s divection without a further pressure drop.
Aot and moving blades cause steam expansion and pressure
drop. with the Nndc:: themselves shaped like small nozzles, allowing both kinetic and pressure
energy to drive rotation.,

Part B
Question 1: Pressure and Velocity Compounding in Multistage Turbines

Explanation:

Pressure Compounding: In pressure compounding, the total pressure drop is divided among multiple
stages of nozzles and blades. Each nozzle ereates high-velocity steam jets by dropping the pressure, but

only a portion of the total pressure drop. This helps control the velocity at cach stage and reduces rotor
speeds.,

+ Velocity Compounding: In velocity compounding, a single pressure drop is achicved in one stage, but
multiple sets of moving and fixed blades reduce the velocity in steps. This method is often used for small
turbines and helps manage high inlet velocitics.

Diagram:

Draw separate sketches for pressure and velocity compounding, showing how pressure and velocity vary
across each stage.

Question 2: Efficiency and Blade Speed Ratio in a Single-Stage Impulse Turbine

Given dam:

» Nozzle angle a=20e\alpha = 20Mcirca=200,
« Blade angles are equal,
» Blade velocity coefficient K=0.85K = 0.85K=0.85,
Actual blade efticiency is 92% of maximum blade efficiency.

. Finding Maximum Blade Efficiency:
o The maximum blade efficiency (nbieta_bnb) for an impulse turbine is given by:

nb.max=2-cos 2al+cos oleta_{b,text{max}} = \frac{2 \cdot \cos”2 \alpha} {1 + \cos
\alpha}nb.max=1+cosa2-cos2a

O

Substituting a=200\alpha = 20Mcirca=20e: nb,max=2-cos 2(20°)1+cos (20°)\eta_{b,\text{max}}
=\frac{2 \edot \cos"2(20™Mcirc)} {1 +\cos(20Mcirc)}nb,max=1+cos(202)2-cos2(200)

» Calculate cos (200)\cos(20Mcirc)cos(200), plug into the formula to find
nb.max\eta_{b,\text{max} }nb,max.

2. Actual Blade Efficiency:

o Since the actual blade efficiency is 92% of the maximum, it can be calculated as:
nb.actual=0.92xnb,max\eta_{b,\\text{actual}} = 0.92 \times \eta_{b,\text{max} }nb,actual
=0.92xnb.max

J.

Finding Blade Speed to Steam Speed Ratio:

)
o

Blade speed uuu to steam speed VVYV ratio can be found as: uV=Kxnb,actual2\frac{u} {V} = K
\times \sqrt{\frac {\eta_{b,\text{actual}}}{2}} Vu=Kx2nb,actual

*  Substitute K=0.85K = 0.85K=0.85 and nb,actualeta_{b,\text{actual} }nb,actual from the
previous step to find the value of uV\frac{u}{V}Vu.
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nd the initial temperature is 2000C, Determine the exit velocity if the nozzle eificiency is

92%.

ii. Describe (Derive) the expression for eritical pressure ratio in terms of index of

R

OR

B

b [Dry saturated steam at a pressure of 11 bar eniors a convergent- divergent nozzle and

leaves ata pressure of 2 bar, 11 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 o be 1,135, o
mountings,

OR
1250 kg of coal whose CV, = 30000 kl/kg. Taking the enthalpy of steam coming out
of boiler = 25077 k/kp and water is supplicd 1o the boiler at 40vC, Find: (a)
cfficiency of the boiler
(b) Equivalent evaporation per kg of coal,

nozzle angle is 18° Blade speed ratio is 0.42. 1 he ratio of the rel
to relative velocity at inlet in ‘The outlet angle
angle, The steam flow rate is § ks, Draw the

. ative velocity at outlet
ol the blade iy 3¢ smaller than the inlet

velocity diagram and find the following
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Ha [0 I a steam nozzle, the steam expands from 4 bar (o | bar, 'Ihe initial velocity s 60 m/s |

e T

A boiler penerates | 3000 kg of steam at 7 bars during a period of 24 Tirs and consume |
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con Fo leam the concopls and laws of thormodynamics 1o pradict the oparation of tharmadynamic
cycles and porformance of Intermn Combustion(IC) anginos and Gas Turbines,
Co 1o analyzing the performance of sloam nozzla, caloulato critical prossure ratio
coy To Lvaluating the paerformianco of stoam turbinas through velocity trinnglos, understand the neesd
, for governing and compounding of turhinon )
CO4; 10 analyzing the working of I onginos and varlous auxiliary systems prosent in (€ angines
COs: To evaluating the varlous porformanco parametors of 1C onginas
Q.No. | ~ Question
PART A
. B M T . AAnswer nll the Questiony 10 x 2 = 20 Marks)
! Define the term stream nozzle, I e
2 What is the effect of friction on the fTow through o stream nozzle?
1 [ Define boiler thermal efticiency,
4 What is safety valve? And define salety valve,
5 What is meant by Pressure € ompounding? 7
O [ Define stage efficiency & Diagram efficiency, e _
1 Explain how copeneration iy advantageous over conventionl power plant,
8 L Explain the principle of metallic rccnpcr;n_l(;r& explain the term heat-to-power ratio,
0| Estimate the effeet of super heat and sub cooling <_;_'1_17_l[1;:7\{(|J'.)_nr|!‘rr_pqnrx“lp‘r_'c_‘t.:'-."irqn cycle,
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R 1A S0 S Rstton b ek
1‘ ;\“‘:i‘l;:\‘:’ fk:)"?;\;\‘: ‘i" ::\“‘i‘\::i;t\;\tlulut\ tri;l}\;ln‘s) running at 400 rpm has
S b 5t i "“-‘\a; R ‘i P eI of steam relative to the blndc‘s at
e g © O TRAR SpeRd o the blade. The steam flow rate is 8.33 Kg/s
Al ata f"‘“*‘ URTMage the spevitie volume L3St m! Ke. Evaluate for this stage. (i) | €o2 L
A suitable blade heighy, assuming the roter mean diameter )
12 times the blade height and () the diagram work
ida L Explam any three Dpes of Rvuperators.
L What are waste hear reeven boilers? Explain the need and benefits? co2 v
L OR
> Explain in detail ahout ton emperiture Energy Recovery Options and Technologies. C03 A
Ja | A refrigerating machine using R-12 as refrigerant operates between the pressures 2.5
bar and 9.0 har. The Compression is ksentropic and there is not under cooling in the
condenser. The vapour is dn and sawrated condition at the beginning of the
compression. Estimate the theoretical COP. It the actual COP is 0.65 of theoretical
COP, calculate the ney cooling praduced per hour. The refrigerant flow is § Kg/min.
The Properties of Refn aerant are:
Pressure Sare. | Enthalpy (WR@) | Entropy(kI/kg K) 6es £
(Bar)  temp (O) Ligquid  Vapour | Vapour
R0 36 7055|2018 D.6836 )
2.5 ~7 2962 1845 0.7001
| Take specific beat of superheated Vapour at 9 bar as 0.64 kJ/kg K.
! OR
15 Ara 2 C WBT 3%, RH &5 10 be conditioned t0 22 ° C. DBT and 11 gm / kg d.a.
Specific humidin. Determine heat transfer per kg of dry air referring the psychrometric | €03 E
. thant Represemt the process on chant by sketch.
| PART C
{ (Amywer all the Questions 1x 1§ =15 Marks)
"1 | In an mnstallation $ kg s of steam at 30 bar and 300°C is supplied to group of six
nazzles in a wheel chamber maintined at 7.5 bar, Determine the dimensions of
the nozzles of rectangulsr cross- sectional flow area with aspect ratio 3: |, The
expansion ma) be considered meta-stable and friction is neglected. Also caleulate: co3 R
| degree of under-cooling and  super-saturation Joss inavailable drop due to
| irreversibilitny:, increases in entropy Ratio of mass flow rate with meta-stable expansion
 to that if expansion is in thermal equilibrium, |
L Lo M
T In a boiler, the following observations were made: Pressure of
steam= 1{ bar
Steam condensed = 540 kg/h
' Fuel used = 65 kg/h
| | Moisture in fuel = 2% by mass
| Mass of dn flue gases =9 kg/kg of fuel
‘ Lower calonific value of fuel = 32000 kJ/xkg o ¥
| Temperature of the flue gases = 325°C
| Temperature of boiler house - 28°C
. Feed water temperature = 50°C
| Mean specific heat of flue gases = 1kg K
!  Dnyness fraction of steam = 0.95 Draw up & heat balance sheet for the boller,
! ’ g
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Part - A

10,

Define the Term Steam Nozzle:
o A steam nozzle is a device that allows steam to expand from high to low pressure, converting

thermal energy into kinetic energy and increasing steam velocity. It is used in steam turbines to
drive the blades.

Effect of Friction on Flow Through a Steam Nozzle:
o Friction causes energy losses in a nozzle, reducing the exit velocity and the kinetic energy ofthe

steam. It also increases entropy, reducing the efficiency of the nozzle.
Decfine Boiler Thermal Efficiency:
o Boiler thermal efficiency is the ratio of the useful heat output in the steam to the energy input
from the fuel. It is a measure of how effectively the boiler converts fuel energy into steam.
What is a Safety Valve? Define Safety Valve:
o A safety valve is a device on a boiler that automatically releases steam when the pressure exceeds
a certain limit, preventing overpressure and potential explosions.

Define Pressure Compounding:
o Pressure compounding is a method used in steam turbines where the total pressure drop of steam

is divided across multiple stages, allowing gradual expansion and reducing velocity at each stage.
Define Stage Efficiency and Diagram Efficiency:
o Stage Efficiency: The ratio of actual work done in a turbine stage to the isentropic work.
o Diagram Efficiency: The ratio of actual work output to the work represented on a velocity
diagram, taking account of the losses in the stage.

Advantages of Cogeneration Over Conventional Power Plants:
o Cogeneration systems produce both electricity and useful heat, increasing overall efficiency and

reducing fuel consumption compared to conventional power plants, which only produce electricity.
Principle of Metallic Recuperator and Define Heat-to-Power Ratio:

o A metallic recuperator transfers waste heat from exhaust gases to incoming air, enhancing thermal
efficiency. Heat-to-Power Ratio is the ratio of the heat recovered to the electrical power output in
cogeneration.

Effect of Superheat and Subcooling on the Vapour Compression Cycle:

o Superheating increases the refrigerant's specific volume, raising refrigeration capacity but
potentially reducing efficiency. Subcooling increases the cooling effect without increasing
compressor work, thereby enhancing cycle efficiency.

Compare RSHF, GSHF, and ESHF:

RSHF (Room Sensible Heat Factor), GSHF (Gross Sensible Heat Factor), and ESHF (Effective
Sensible Heat Factor) are ratios that represent the balance between sensible and latent heat loads in air
conditioning systems, reflecting different operational requirements and load distributions.
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question 11(a)

1. Exit Velocity in a Steam Nozzle:
o Givendata: P1=4P_1 = 4P1=4 bar. P2=1P_2 = 1P2=1 bar, initial velocits VI=60V | = 60VIi=6(

m's, T1=200oCT_1 = 200%circ CT1=200C. and nozzle efficiency n=92% eta - 93 %an ;r;:} o
o Approach: ’ a e

» Find initial enthalpy, h1h_1h1, at 4 bar and 200°C (using steam tables).
Calculate enthalpy at I bar, h2h_2h2, considering isentropic expansion.
Use nozzle efficiency: V2=VI2+2n(h1-h2)V_2 =\sqrt{V_1"2+ 2 eta(h 1-h 2)v2
=V12+2n(h1-h2) =
» Substitute values to find V2V_2V2.

2 Derivation for Critical Pressure Ratio:

For a nozzle. critical pressure ratio
PeriticalPinlet\frac{P_{\text{critical}}} {P_{\text{inlet}} }PinletPcritical can be derived as:

(PeriticalPinlet)=(2y+1)yy—\eft(\frac{P_{\text{critical} } } {P_{\text{inlet} } } ‘right) =
\left( \frac{2} {\gamma + 1} \right)*{\frac{\gamma} {\gamma - 1} }(PinletPcritical)=(v=12y/~1+

»

O

where y\gammay is the specific heat ratio, reflecting the sonic condition at the throat.

Question 11(b)

) 1. Exit Velocity of Steam:
For dry saturated steam, calculate the enthalpy drop using steam tables at 11 bar and 2 bar.

Use the energy equation to find Vexit=2(h1-h2)V_{\text{exit}} =\sqrt{2(h_1 - h_2)} Vexi=2(hl
—h2).

2. Cross-Section Ratio (Exit/Throat):
= Use the continuity and energy equations with adiabatic expansion and properties at critical

pressure to find the area ratio A2Athroat\frac{A_2} {A_{\text{throat} } } AthroatA2.

-~

~
~
v

Question 12(a)

Boiler Mountings: Explain mountings such as safety valves, water level indicators, and pressure gauges,
which are essential for safe operation. A boiler cannot work safely without these mountings, as they

provide necessary controls.

Question 12(b)

1. Boiler Efficiency:
] o Boiler Efficiency =Total Heat OutputTotal Heat Inputx100%= \frac {\text{ Total Heat

Output} j {\text{Total Heat Input}} \times 100\%=Total Heat InputTotal Heat Outputx100%.
Total heat output = mass of steam x\timesx enthalpy of steam.
Total heat input = mass of coal x\timesx calorific value.

2. Equivalent Evaporation:
Calculate equivalent evaporation per kg of coal based on the boiler's performance at standard

conditions.

0o O

C

Question 13(a) and 13(b)

In both questions, draw and analyze the velocity diagrams based on the given data for turbine rotor or
reaction turbine parameters to find required blade angles, velocities, and power,

Question 14(a) and 14(b)

 Recuperators: Explain types such as shell and tube, plate, and rotary recuperators, along with benefits of
waste heat recovery. =



Low Temperature Energy Recovery: Describe techniques such as absorption chillers and organic

Rankine cycles.

QUesﬁOﬂ 15(a)

Is Theoretical COP:
_ COP for an ideal refrigeration cycle =hevaphcomp-hevap=

R LG i P e i L h_{\text{evap} } }=hcomp—hevaphevap.

o Use enthalpics from given data for compression and evaporation,

5. Actual COP and Net Cooling:
Adjust theoretical COP by actual performance, and calculate tota

rate.

° | cooling using refrigerant flow

Part-C

Question 16(a)

1. Nozzle Dimensions:
Use mass flow, pressure, temperature, an
area.

2. Degree of Super-saturation and Under-cooling:
Calculate based on the deviation from thermal equilibrium, and analyze entropy changes due to

irreversibility.

d meta-stable expansion principles to estimate nozzle

Q
o]

question 16(b)

. Heat Balance Sheet:
es in areas like flue gas, unburnt fuel, and moisture, calculating

o Include boiler output and loss
energy contributions based on specific fuel and operational data.

SMW?O/ TSR ““Jg @‘//

b Course Faculty HoD Principal
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Assignment — 01 Date of Issue: | 01/04/2024 [ Marks | 10
Course code ME3451 Course Title Thermal Engineering
Year 11 YEAR Semester/Section | 04 [ Date of Submission: | 22/0412024
Q.No Questions CcO
1 Steam turbine develops 185 kW with a consumption of 16.5 kg/kW/h. The Pressure and | COl

temperature of the steam entering the nozzle are 12 bar and 2202 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.

Air is used as the working fluid in a simple ideal Brayton cycle that has a pressure ratio of 12, a CcO2
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%.
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Assignment Question Paper

Asslgnment 02 Printe of Danue: l JHOAL2024 [ Marks [ a0
| Canrne code IR ELS| £ ovree Tile Thermal Frgineering
Yem YA Semester/Sectlon 01 [ Date of Subimission: [ 27/058/2024

0O.No Ouestions r O J
! A gas turhine plant of BOO KW capacities takes the air at 1.01 bar and 15°C. The pressure ratio | CO3 |
of the cyile ds O and maximom temperature 15 lmited 1o 700°C, A regenerator of 75%
elfectiveness is added In the plant o Increase the averall efficiency of the plant. The pressure
drop in the combustion chamber s 0,15 bars a4 well as in the regenerator is also 0.15 bars,
Assuming the ientropic efficlency of the compressor B0% and of the turbine 85%, determine
the plant thermal efficiency, Neglect the mass of the fuel, o ]
The Blade speed of a single ting of an impulse turhine is 300 }rnl;.;rld the nozzle angle is 20°. | CO4
i The dsentropic heat drop s 473 kJ/kg and the nozzle efficlency 15 0,85, Given that the blade
velodty coefficient is 0.7 and the blades are symmetrical, draw the vector diagrams and
calcutate for a mass flow of 1 kp/s. (1) Axial thrust on the blading (i) Steam consumption per B.P
hour i the mechanical efficlency 15 90% (i) Blade efficlency, stage efficiency and maximum
biade efficiency (iv) Heat equivalent of the friction of blading,
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Assignment Answer Sheet
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AU Register Number: 1. 55 U222\ o0l
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ME3451

HYLAR

Course Title Ilunnll I n;,:mcnng,

.‘\'(‘Illl'\t(‘l'/gl‘('l|l)l| ' (H o J Date nf‘mhmiuinn T22/()/1/7f174 )

Qucsllum

Steam turbine dovolops 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 2202 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.

Air is used as the workln[; fluid in a simple ideal Brayton cycle that has a pressure ratio of 12,3
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%.
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Assignment Answer Sheet

Name of the Students S« Yo datt rwt </

l AU Register Number; “f m5enom bt _
i 1 Awsignment - 02 l).m of lwn 2‘2 i 2’ A Marks
é Course code [ ME3AS] I Coirse Title “”, 21 ;,’, neer ,z
| | Yoenr 1 IHYLEAIR t Semester/Section T4 l):!t of Submission: | 27 /S 2U24
§ ') - - - T BS—
i
Q.No | Questions co
% I A gas turbine p|an! of 800 kW capacities takes the air 3t 1.01 bar 2nd *5 C. The pressure ratio CO3
| of the cycle s 6 and maximum temperature is limited to 700°C. A regenerator of 75%
i effectiveness is added in the plant to increase the oversll efficiency of the glart The pressure
! drop in the combustion chamber is 0,15 bars a5 well 35 in the m;wrera’. r s atsc 0.15 bars
| ~N Assuming the isentropic efficiency of the compressor 207 204 of the turbine 25%, determine
, | theplant thermal efficiency, Heglect the mass of the fuel,
| 2 ' The blade ,pm-d of a single ring of an impulse turbine is 300 m/fs z2nd the noztie zngle s 207 CcCOos
The isentropic heat drop is 473 k/kg and the nozzle efficiency is 0.25. Given that the tlade
' velocity coefficient is 0.7 and the blades are symmetriczl, crzw the vector dizgrams and
E calculate for a mass flow of 1 kg/s. (i) Axial thrust on the blzding (i) Stezm ) consumgption per 8.7
hour if the mechanical efficiency is 90% (iii) Blade efficiency, stzze e.""zdene:,v and maximum
' blade efficiency (iv) Heat equivalent of the friction of blading.
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Content Quality 6 i mi
Presentation Quality 2 —r
[ Timely submission 2 ‘ ~"
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ME3451 Thermal Engineering Important questions
Unit 1

PART A

I. What is meant by cut-off ratio?

ro

- Draw the P-V and T-S diagram for otto cycle.

(9]

- What are the assumptions made for air standard cycle analysis?

B =N

- Define mean effective pressure as applied to gas power cycles.

wn

- What 1s the cffect of compression ratio on efficiency of otto cycle?

6. Draw the actual and theoretical P-V diagram for four stroke cycle SI engine.

~J

. Mention the various processes of dual cycle.

8. For the same compression ratio and heat supplied, state the order of decreasing air standard
efficiency of Otto, diesel and dual cycle.

9. What are the effects of reheat cycle?

10. What is thermodynamic cycle?

11. What is a thermodynamic cycle?

12. What is meant by air standard cycle?

13. Name the various “gas power cycles".

14. What are the assumptions made for air standard cycle analysis
15. Mention the various processes of the Otto cycle,

16. Mention the various processes of diesel cycle.

17. Mention the various processes of dual cycle.

18. Define air standard cycle efficiency.

19. Define mean effective pressure as applied to gas power cycles. How it is related to
indicate power of an I.C engine.

20. Define the following terms. (i) Compression ratio (ii) Cut off ratio, (iii) .Expansion ratio

For More Visit : www.LeamEngineering.in
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PART B

-

. Drive and expression for the air standard efficiency ot Otto cycle in terms of volume ratio.

ro

. Drive an expression for the air standard efficiency of Dicscl cycle.
3. Drive an expression for the air standard efficiency of Dual eycle.

4. Explain the working of 4 stroke cycle Diesel engine. Draw the theoretical and actual
PV diagram.

5. Drive the expression for air standard officiency of Brayton cycle in terms of pressure
ratio.

6. A Dual combustion air standard cycle has a compression ratio of 10. The constant pressure
part of combustion takes place at 40 bar. The highest and the lowest temperature of

the cycle are 1725degree C and 270 C respectively. The pressure at the beginning of
compression is 1 bar. Calculate (i) the pressure and temperature at’ key points of the cycle.
(ii) The heat supplied at constant volume, (iii) the heat supplicd at constant pressure. (iv) The
heat rejected. (v) The work output. (vi) The efficiency and (vii) mep.

7. An Engine-working on Otto cycle has a volume of 0.45 m3 , pressure | bar and
temperature 300, Cat the beginning of compression stroke. At the end of compression stroke,
the pressure is 11 barand 210 KJ ol heat is added at constant volume. Determine (1)
Pressure, temperature and volumes at salient points in the cycle." (it) Efficiency.

8. Explain the working of 4-stroke cycle Diesel engine. Draw the theoretical and actual
valve- timing diagram for the engine. Explain the reasons for the difference.

9. Air enters the compressor of a gas turbine at 100 KPa and 25 o C. For a pressure ratio of
5 and a maximum temperature of 850°C. Determine the thermal efficiency using the
Brayton cycle.

10. The following data in referred for an air standard diesel cycle compression ratio = 13
heat added= 200 Kj/Kg- minimum temperature in the cycle = 25°C Suction pressure = 1 bar
Calculate 1. Pressure and temperature at the Salient point. 2. Thermal efficiency 3. Mean
effective pressure, 4. Power output of the cycle, if flow rate 'of air is 2 Kg/s

11. A Dual combustion air standard cycle has a compression ratio of 10. The constant
pressure part of combustion takes place at 40 bar. The highest and the lowest temperature of
the cycle are 1727° C and 27° C respectivety. The pressure at the beginning of compression is
I bar. Calculate- (i) The pressure and temperature at key points of the eyele. (i) The heat
supplied at constant volume, (iii) The heat supplied at constant pressure (1v) The heat rejected
(v) The Work output, (vi) The efficiency and (vii) Mean elfective pressure.

12. An Engine working on Otto cycle has a volume of 0.45 m3, pressure 1 bar and
Temperature 300¢, at the beginning of compression stroke. At the end of Compression
stroke, the pressure is 11 bar and 210 KJ of heat is added at constant Volume, Determine i.
Pressure, temperature and volumes at salient points in the cycle. ii, Efficiency.
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Unit3 & 4

PART A

1. Classify }C engine according to cycle of lubrication system and field of application.
2. Types of lubrication system

3. List the various components of IC engines.

4. Name ﬂ)c basic thermodynamic cycles of the two types of internal combustion
reciprocating engines.

5. Mention the important requites of liner material.

6. State the purpose of providing piston in IC engines.

—.T - . . . . H
7 Define the terms as applied to reciprocating 1.C. engines "Mean effective pressure”
and “Compression ratio".

3. What is meant by highest useful compression ratio?

9. What are the types of piston rings?

10. What is the use of connecting rod?

11. What is the use of flywheel?

12. Which factor increases detonation in IC engines?

13. Which factor do not have much influence in detonation?

14. For maximum power, air-fuel ratio should be?

15. For maximum economy, air-fuel ratio should be?

16. For maximuim power we need 1s?

17. Cold starting required?

18. Knock in SI engine can be reduced by

19. In 2-stroke engines wich two strokes are eliminated?

20. Which efficiency will reduce if fresh charge filled 1s reduced?
21. SFC decreases as power capacity of engine?

22. What about the NOx emission when the compression ratio decreases?
23. Methods used for preparing bio-diesel?

24. Nox, Sox, HC can be determined by ?

25. What is blending of fuel?

26. Is hydrogen fuel is storable?

PART B

1. Explain full pressure lubrication system 1.C Engine.

2. Explain the water cooling system in LC Engine.

3. Explain the 2 types of Ignition system In S.I Engine.

4. Draw and explain the valve timing diagram of 4 strokes Diesel Engine.

5. Draw and explain the port timing diagram of 2stroke Petrol Engine.

6. Explain with neat sketch the exhaust gas analysis.

7. The following results refer to a teston a petrol engine Indicated power = 30 Kw, Brake
power =26 Kw, Engine speed = 1000 rpm Fuel brake power/ hour = 0.35 kg Calorific value
of fuel = 43900kj/kg .Calculate the indicated Thermal efficiency, the brake Thermal
efficiency and Mechanical efficiency

8. A four cylinder 2 stroke cycle petrol engine develops 23.5 kw brake power at 2500 rpm.
The mean effective pressure on each piston in 8. 5 bar and mechanical efficiency in 85%

For More Visit www.LearnEngineering.in
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Time : Three hours Maximum : 100 marks

Answer ALL questions,

PART A — (10 x 2 = 20 marks)
1.  Discuss the effect of cut-off ratio 6ri"dieéel cycle in thermal efficiency values.
2.  List out all cold air assumption of air standard cycles?
3.  Define metastable state and degree of super saturation in steam nozzles.

4. What is the significance of the critical pressure ratio on discharge through the
steam nozzle?

5. Compare the open cycle gas turbine and closed cycle gas turbine
6. List out the methods of improving the performance of gas turbine power plant.
1. What do understand by stoichiometric, rich and lean mixture?

8. Represent the various stages of combustion of CI engine in pressure and crank
angle diagram.

9. Battery coil ignition system is preferred in most of the automobiles — justify
this statement.

10. How do you avoid the overheating, and over cooling of the internal combustion
engines?
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13.

14.
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PART B« (0 x 13 = 66 markna)

}*m‘ the snme comproasion ratio, prove that the efficiency of the Otto eycle
in greater than that of the diesel eycle.

Or

In an air standard diesel eycle with a compresaion ratio of 14, the
condition of nir at the start of the compresaion atroke are 1 bar and 300
K. After addition of heat at conatant pressure, the temperature rises to

2776 K. Detormine the thermal efficioncy of the eycle, network done per
kg of air.

Calculate the eritical pressure ratio and throat area per unit masa flow
rate of steam, expanding through a convergent-divergent steam nozzle
from 10 bar, dry saturated down to atmospheric preasure of 1 bar.
Assume that the inlet velocity is negligible and that the expansion is

isentropic.

Or

A nozzle is to be designed to oxpand steam at the rate of 0.1 kg/sec from
500 kPa, 210°C to 100 kPa. Neglect the inlet velocity of steam. For a
nozzle efficiency of 0.9, determine the exit area of the nozzle.

In a gas turbine power plant, air enters the compressor at 15°C and it is
compressed through a pressure ratio of 4 with isentropic efficiency of
85%. The air-fuel ratio is 80 and the calorific value of the fuel is 42,000
kJ/kg. The turbine inlet temperature is 1000 K and the isentropic
efficiency of the turbine is 82%. Find the overall plant efficiency.

Or

Explain the concept of advanced techniques adapted in gas turbine power
plant with neat line schematic diagram. Also represent the cycle in all
P-v, T-s and h-s diagrams. Give merits of the advance techniques.

Define the detonation. Give its offects on Spark Ignition Engines.
Or

Explain the working principle of simple carburetor with neat sketch.
Give its limitations.

| &1
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15.

16.

(a)

(b)

(a)

(®)
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E:::Sr:ft"::ngifes]f 500 rpm; Brake load = 500 N; Air /fuel ratio 30; oil
= bar-pdiam_r, gt{hr; _Room temperature = 25°C; Atmospheric pressure
; eter of cylinder = 22cm; stroke length 28cm; Brake diameter

= 1.6m. Calculate th : : 18
consuEption. e volumetric efficiency and brake specific fuel

Or
The following results refer to at test on a four stroke petrol engine:

The diameter of the cylinder is 30 cm and stroke length of the piston is 45
cm. The Engine runs at the speed of 1000 rpm. The brake specific fuel
consumptxo:} is 0.35 kg/kWh. The calorific value of the fuel is 48,900
kJ/kg. The indicated mean effective pressure is 540 kPa. Calculate the
following:

(i) Indicated thermal efficiency
(ii) Brake thermal efficiency
(iii) Mechanical efficiency

PARTC—(1x15=15 marks)

Two engines are operated in ideal Otto and diesel cycles for which the
following information are available:

Maximum temperature = 1227°C
Exhaust temperature = 447°C
Ambient condition = 1.013 bar and 35°C
Air consumption = 2 kg/min
Estimate the following:
i) Compression ratio
(i) Air standard efficiency
(iii) Power output
Or

An ideal regenerative steam cycle operates with the steam entering the
turbine at 30 bar and 500°C and is exhausted at 0.1 bar. A feed water
heater is used which operates at 5 bar. Calculate the following:

@ The thermal efficiency
(ii) Steam rate of the cycle
(iii) Increase in average temperature of heat addition

(iv) Compare the values of thermal efficiency and steam rate with ideal
Rankine cycle

3 30267
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Maximum : 100 marks

Answer ALL questions.

PART A — (10 x 2 = 20 marks)
What is air standard cycle?
Draw the P-V and T-S diagram for ideal dual combustion cycle.
What do you mean by meta stable flow in steam nozzles?
What are the applications of convergence divergence nozzle?
Is 1t always useful to have a regenerator in a gas turbine power eyele, Why?
Write about dryness fraction of wet steam.
Comment on firig order of a multi-cylinder engine. How it s signihicant?
Draw theadeal and actual value tining diagrams for a 4 stroke diesel empne

What do you understand by the torms naturally aspicated and tarbocharvged
an engine”

Why coneaon testing 1 vequired e terme of performanee evalnation of
mternal combustion enpmes?
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PART B — (5 < 13 = 65 marks)

The maximum pressure and temperature in an Oto cycle are 10 kPa and
97°C. The amount of heat added to the awr per cvele 1s 1H00 ko J/kg.

(1) Determine the pressuve and temperatures and pressures at all
points of the air standard Otto cycle.

1) Calculate the specific work and thermal efficiency of the cyele for a
compression ratio of 8:1.

Take for air : Cv = 0.72 kd/kgK and y=1.1.

Or

In an engine working on Dual cycle, the temperature and pressure at the
beginning of the cycle are 90°C and 1 bar respectively. The COMpression
ratio is 9.2. The maximum pressure is limited to 68 bar and total heat
supplied per kg of air is 1750 kd. Calculate :

(i) Pressure and temperature at all salient points

(i) Air standard efficiency
(i) Mean effective pressure.

Steam at a pressure of 10.5 bar and 0.95 d

ry is expanded through a
converg

ent divergent nozzle. The pressure of steam leaving the nozzle is
0.85 bar. Find the velocity of steam at the throat for maximum discharge.

Take n = 1.135. Also find the area at the exit and steam discharge if the
throat area is 1.2 cm?2. Assume flow

is isentropic and there are no friction
losses.
Or
Brief the following in case of steam nozzles :
(i)  Critical pressure ratio
(ii) Effect of friction

(iii) Metastable flow and its effect.

The gas turbine has an overall pressure ratio of 5:1 and the maximum
cycle temperature is 5H0°C. The turbine drives the compressor and an
electric generator, the mechanical efficiency of the drive being 97%. The
ambient temperatwre is 20 he turbine drives the compressor and an
clectric 20°C and the isentropic efficiencies for the compressor and the
turbine are 0.8 and 0.83 vespectively. Caleulate the power output

megawatts for an an flow of 15 kg/s. Alvo ealeulate the thermal etheweney
and work ratio

legleet the changes in kinetic energy and loss of pressure 1 combustion
chamber.

Oy
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tenm power plant operates on an ideal rehent Hanldne cyele hetween
hhe

pressure hiite of 15 MIPPa and 10 P The mnavs flow rate of steam
Hroueh the eyele is 12kpls, Bteam enters hoth ctaces of the turbine at
O07C 1 the morstire content of the steam at the exit of the low-pressure

tarhine 18 not Lo exceed 10%. determine the following
1) Reheat pressure
Gy Heat mput to the Boiler
) Thermal efficiency of the eycle.
Represent the evele on Tes diagram,
(a)  What do vou mean by knocking? Describe the phenomenon of knocking in

S1 engine. What are the factors affect the knocking? How can it be
controlled?

Or

(1) Explain the different types of combustion chambers used in Cl engines.

(a) A six cylinder, gasoline engine operates on the four stroke cycle. The bore

of each cylinder is 80 mm and the stroke is 100 mm. The clearance
volume per cylinder is 70 cc. At the speed of 4100 rpm, the fucl

consumption is 5.5 gm/sce and the torque developed is 160 Nm.
Calculate :

(i) Brake power
(1) Brake mean effective pressure

(1) Brake thermal efficiency if the calorific value of the fuel is
44000 kJ/kg and

(iv) Relative efficiency on a brake power basis assuming the engine
works on the constant volume cycle y = 1.4 for air.
Or

(h) During the trial of a four stoke, single evlinder, oil engine the following
observations were recorded: bore = 300 mm. stroke = 100 mm,
cpeed = 200 rpm, duration of trial = 60 minutes. fuel consumption = 7.050
ke, calorific value = 14000 kd/kg, area of indicator diagram = 322 mm?,
length of indicator diagram = 62 mm, spring index = 1.1 bar/mm, dead
Jond on the brake drum = 140 kg, spring balance reading = 5 kg, brake
dram diameter =1600 mm, total weight of cooling water = 195 kg,
temperature rise of cooling water = 38°C, temperature of exhaust gases =

300°C, air consumption = 311 kg, speeifie heat of exhaust gases = 1.004
hdfky K, speafic heat of water = 4.186 kd/kg K room temperature =
207C Deternune

{1) Wrake power

() Indicated power

Ou) Mechanical efficiencey

v hndieated thermal efficeney

21297
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PART C — (1 ¥ 15 = 16 marks)

16 (n)  Explam normal and abmormal combustion in 16 engines, List the factors
sifecting knockang phenamenon,

Cir

(hy  Write about seenarios of rich and Jean mizture of a4 A-storke 1€ engine,
when the vehicle gs travel from plain region o hilly region with clear
prctures of fuelair mixture,

e e b . 5% b
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A True Adiabatic Heat Exchanger : SSSF
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Generation of Motive Power was the Mother of Heat
Exchanger Invention

The Role of Hxs in the 21¢ Century

Heat exchangers serve a straightforward purpose:
controlling a system’s or substance’s temperature
by adding or removing thermal energy.

Devices for Energy Mediation in Thermal
Engineering

« A Device to facilitate transfer of energy by using an action
called Heat or Heat transfer.

+ Enhances the value of Fuel energy

« Facilitates energy conservation in any industry.

A great tool for control of thermal environment.

+ A Good Heat Exchanger is a True Mediator

The Aelopile

+ In 130BC Hero, 2 Greek mathematician and scientist is
crediied with mvenning the first practical application of
steam power, the aclopile

Branca's Steam Turbine

+ In 1629, Giovanni Branca, of the Italian town of Loretto,
described, in a work' published at Rome, a number of ingenious
contrivances




The Savery Ingme

Thomas Savery. July 2, 1698 patented the desipn of the first engme
which had the most mportant advance m actual construction. A
workimng model was submitted 1o the Roval Society of Londen

Newcomen Engine

The original Thomas Newcomen engine was invented in 1712

Newcoman Aimosghnric Engrg
P L
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James Watt's Engine

James Wart radically improved Newcomen's engine (1769) by
condensing the steam outside the eyhinder

No Recognition to these Boilers as a Heat Exchanger
7NN

Creativity without science is very Costly ''!7!17!?

Ihe First Heat Exchanger

The Plain Cylinder Boiler

*The first real advancement in heat exchanger came about with the
wvention of the Plan Cylnder Boiler

eIt wan a simple design and casily constructed

eAs ity name iphies, the Plam Cylinder Botler is a long metal
cylmder with comeal tronnd ) ends set honizontally in a brick work
eSome of these botders were 40 feet long




