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3. VISION AND MISSION OF THE INSTITUTE

VISION

To impart quality technical education with strong ethics, producing technically sound engineers capable of serving

the society and the nation in a responsible manner.

MISSION

M1:

M3:

Ma:

To provide adequate knowledge encompassing strong technical concepts and soft skills thereby inculcating

sound ethics.
To provide a conducive environment to nurture creativity in teaching- learning process.

To identify and provide facilities which create opportunities for deserving students of all communities to

excel in their chosen fields.

To strive and contribute to the needs of the society and the nation by applying advanced engineering and

technical concepts.




PROGRAM OUTCOMES (POs)

10.

11.

12.

Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and
an engineering specialization to the solution of complex engineering problems.

Problem analysis: Identify, formulate review research literature and analyze complex engineering
problems reaching substantiated conclusions using first principle of mathematics, natural science and
engineering science.

Design/development of solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for the
public health and safety, and the cultural, societal, and environmental considerations.

Conduct investigations of complex problems: Use research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information to
provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering
and IT tools including prediction and modeling to complex engineering activities with an understanding
of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal,
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

Environment and sustainability: Understand the impact of the professional engineering solutions in
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice.

Individual and team work: Function effectively as an individual, and as a member or leader in diverse
teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with the engineering
community and with society at large, such as, being able to comprehend and write effective reports and
design documentation, make effective presentations, and give and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one's own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments.

Life-long learning: Recognize the need for, and have the preparation and ability to engage in independent
and life-long learing in the broadest context of technological change.




4. VISION AND MISSION OF MECHANICAL ENGINEERING DEPARTMENT
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VISION

L To achieve excellence in Mechanical Engineering by imparting technical and professional skills along with ethical

values to meet social needs via industrial requirements.

MISSION

Ml1:  To offer quality education with the supportive facilities to produce efficient and competent engineers through

industry-institute interaction.

M2:  To prepare the students with academic excellence, professional competence, and ethical behaviour for a lifelong

learning.

M3: To inculcate moral & professional values among the students to cater the needs of the society and environment.

| PROGRAMME EDUCATIONAL OBJECTIVES (PEOs)

| e PEO 1: Graduates will apply their engineering knowledge and problem-solving skills to design

mechanical systems and processes.

® PEO 2: Graduates will embrace leadership skills at various roles in their career and establish excellence
in the field of Mechanical Engineering.

e PEO 3: Graduates will provide engineering solutions to meet industrial requirements there by full fill

societal needs.




Course Objectives

» To apply the laws of Thermodynamics to analyze air standard cycles.

» To understand, evaluate and perform analysis of the major components and systems of IC engines,

refrigeration cycles and their applications.

Course Outcomes:
At the end of the course, the student should be able to:

co1 Understand the working principles of various types of IC engines and its supporting systems.

co2 Distinguish between normal and abnormal combustion and evaluate the performance of IC
engines with different operating conditions.

co3 Recognize the types of compressors and evaluate their performance under different
operating conditions.

co4 Apply the laws of thermodynamics to assess the performance of refrigeration and design an
air-conditioning system.
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UNIT-V

Refrigeration: Mechanical Refrigeration and types — units of refrigeration — Air Refrigeration system, details
and principle of operation — applications of air refrigeration, Vapour compression refrigeration systems —
calculation of COP — effect of superheating and sub cooling, desired properties of refrigerants and common
refrigerants- Vapour absorption system — mechanical details — working principle, Use of p-h charts for
calculations Air- Conditioning: Concepts of Psychrometry — Properties of moist air — Usage of Psychrometric
Chart - Calculation of moist air properties. Types of air — conditioning systems — Requirements - schematic
layout of a typical plant.

TEXT BOOKS:

1. I.C. Engines / V. Ganesan / Mc Graw Hill
2. Thermal Engineering / Mahesh M Rathore / Mc Graw Hill

REFERENCE BOOKS:

1. Applied Thermodynamics for Engineering Technologists / Eastop / Pearson
2. fundamentals of Classical Thermodynamics / Vanwylen G.J., Sonntag R.E. / Wiley
Eastern




Syllabus

Course Code Course Title Core/Elective
C312 THERMAL ENGINEERING 1 Core
Contact Hours per week
Prerequisite Credits

T P D
4 1 0 0 4

UNIT -1

I.C. Engines: Classification - Working principles of Four & Two stroke engine, S| & Cl engines, Valve and Port
Timing Diagrams, Air — Standard, air-fuel and actual cycles - Engine systems — Carburetor and Fuel Injection
Systems for Sl engines, Fuel injection systems for Cl engines, Ignition, Cooling and Lubrication system, Fuel
properties and Combustion Stoichiometry.

UNIT=11

Normal Combustion and abnormal combustion in Sl engines — importance of flame speed and effect of
engine variables — Abnormal combustion, pre-ignition and knocking in SI Engines — Fuel requirements and
fuel rating, anti-knock additives ~ combustion chamber - requirements, types of Sl engines. Four stages of
combustion in Cl engines — Delay period and its importance — Effect of engine variables — Diesel Knock— Need
for air movement, suction, compression and combustion induced turbulence in Diesel engine - open and
divided combustion chambers and fuel injection— Diese! fuel requirements and fuel rating

UNIT-1lI

Testing and Performance: Parameters of performance - measurement of cylinder pressure, fuel
consumption, air intake, exhaust gas composition, Brake power — Determination of frictional losses and
indicated power — Performance test — Heat balance sheet and chart Classification of compressors ~ Fans,
blowers and compressors — positive displacement and Dynamic types — reciprocating and rotary types.
Reciprocating Compressors: Principle of operation, work required, Isothermal efficiency volumetric
efficiency and effect of clearance volume, staged compression, under cooling, saving of work, minimum work
condition for staged compression

UNIT-IV

Rotary Compressor (Positive displacement type): Roots Blower, vane sealed compressor, Lysholm
compressor — mechanical details and principle of working — efficiency considerations. Dynamic Compressors:
Centrifugal compressors: Mechanical details and principle of operation ~ velocity and pressure variation.
Energy transfer-impeller blade shape-losses, slip factor, power input factor, pressure coefficient and
adiabatic coefficient — velocity diagrams

— power. Axial Flow Compressors: Mechanical details and principle of operation - velocity triangles and
energy transfer per stage degree of reaction, work done factor — isentropic efficiency pressure rise
calculations — Polytropic efficiency.




PROGRAM SPECIFIC OUTCOMES (PSOs)

® PSO-1: Implement new ideas on product design and development with the help of modern computer

aided tools, while ensuring best manufacturing practices
e PSO-2: Impart technical knowledge, ethical values and managerial skills to make successful in career.

e PSO-3: Develop innovative attitude, critical thinking and problem-solving approach for any domains

of mechanical engineering




MAPPING COURSE OUTCOMES LEADING TO THE ACHIEVEMENT OF PROGRAM OUTCOMES AND
PROGRAM SPECIFIC OUTCOMES:

Sr. No. | Course Outcome PO
1. CO1: Understand the working principles of various types of iC | PO1, PO2, PO3, PO4, POS, PO6,

engines and its supporting systems. PO7, P09, PO10 PO11, PO12,
PSO1, PSO2, PSO3

2. CO2: Distinguish between normal and abnormal combustion P01, PO2, PO3, PO4, POS, POG,
PO7, POY, PO10 PO11, PO12,
PS0O1, PSO2, PSC3

and evaluate the performance of IC engines with different
operating conditions.

3. CO3: Recognize the types of compressors and evaluate their PO1, POZ, PO3, PO4, POS, POS,
PO7, P09, PO10 PO11, PO12,
PSO1, P502, PSO3

4, COA4: Apply the laws of thermodynamics to assess the PO1, PO2, PO3, PO4, POS, PO6,
PO7, PO8, POY, PO10 PO11, PO12,

PS01, PSO2, PSO3

performance under different operating conditions.

performance of refrigeration and design an air-conditioning
system.

Course Outcomes | PO1| PO2| PO3| PO4| PO5| PO6| PO7| POS| PO9| PO10] PO11[ PO12] PSOL[ PSO2[ PSO3

Cco1: 321111221011 1 1 27| 1 1 1

CcO2: 3313312 2{2|0]a1 2 2 2 2 2 2

CO3: 3113|2321 |1]l0]1 1 2 2 2 2 2

CO4: 313333 |3 ]|3/|[1]2 2 2 3 3 3 3
ERE-REOUISITES

I. Thermodynamics
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Lecture schedule With Methodology Being adopted

Total Teaching
St.No :“it No. of| Date Topic to be covered in One Lecture :::llﬂ ! alds used
o classe ona% | /BB
s
1 2 15/07/2019 Four & two stroke engine Regular B8
2 3 17/07, 18/07/19 | S| & CI engines Regular eB
3 2 22/07/19 Valve and Port Timing Diagrams Regular 88
4 3 24707/, 25/07/19] Fuel injection systems for S! engines Regular PPT
5 " 2 25/07/19 Fuel injection Systems for Ci engines Reguiar PPT
6 1 31/07/19 Ignition systems Regular PPT/BB
7 2 01/08/19 Cooling systems Regular PPT
2 2 05/08/19 Lubrication systems Regular PPT/BB
9 1 07/08/19 Fuel properties and Combustion Regular PPT/8B
10 1} 2 08/08/19 Normat Combustion and abnormal combustion | Reguiar PPT
11 3 1/08,14/08/19 importance of flame speed and effect of engine | Regular PPT
variables
12 02 19/08, /19 Type of Abnormal combustion Regular PPT
13 01 21/08/19 pre-ignition and knacking Regular PPT
14 2 22/08/19 Fuel requirements and fuel rating, anti-knock Regular PPT
additives
15 2 26/08/19 combustion chamber — requirements, types Regular PPT/BB
16 3 28/08/19 Four stages of combustion Regular PPT/BB
1 29/08/19 Delay period and its importance - Effect of PPT/BB
17 engine variables Regular
02/09/19 Diesel Knock- Need for air movement, suction, PPT/BB
18 2 compression and combustion induced Regular
turbulence
19 04/09/19 open and divided combustion chambers and fuelf Regular PPT
I i 1-intection
20 2 05/09/19 fuel requirements and fuel rating Regular PPT
21 2 05/09/19 Measurement of cylinder pressure, fuai Regular BB
consumption, air intake
22 1 11/09/19 exhaust gas composition, Brake power — Regular B8
23 2 12/09/19 performance test- Regular BB
24 2 16/09/19 heat balance sheet and chart. Regular Be
Assignment test-1
L) Mid Test-!
25 1 18/05/19 Classification-fan, blower and compressors — Regular BB
26 2 19/02/19 positive displacement and dynamic types — Regular BB
27 3 23/09, 25/9/19 | reciprocating and rotary types. Regular 88

12




Total Teaching
SLNo UnitNo. |\, of Dafa Topic to be covered in One Lecture Reg/ alds used
classes Additional | PPT/BB
28 2 26/09/19 Roots Blower, vane sealed compressor, Lysholm Regular 8B
compressor
29 3 30/09, 02/10/19 mechanical details and principle of working - Regular 88
efficiency considerations.
30 2 03/10/19 Centrifugal flow Compressors: Mechanical Regular 8B
details and principle of operation
31 3 07/10, 09/10/19 velocity and pressure variation Regular 8B
B2 2 [10/10/19 Energy transfer-impeller blade shape-losses, slip Regular BB
factor, power input factor
B3 v 2 [14/10/19 pressure coefficient and adiabatic coefficient Regular BB
34 1 |16/10/19 velacity diagrams — power. Regular 121
35 2 17/10/19 Axial Flow Compressors: Mechanical details and | Regular 8B
principle of operation
36 2 21/10/19 velocity triangles and energy transfer per stage | Regular 88
37 1 23/10/19 degree of reaction, work done factor - Regular BB
isentropic efficiency
18 2 24/10/19 pressure rise cakulations — Polytropic efficiency. Regular 8B
28/10, 30/10/19 | Refrigeration: Mechanical refrigeration and
39 3 types-unit of refrigeration-air refrigeration Reguiar BB
v system, details
40 2 31/10/19 principle of operation-applications of Regular 88
air refrigeration
vapor compression refrigeration
R
41 3 D systems- caiculation of COP egular 8B
42 2 07/11/19 effect of superheating and sub cooling Regular 8B
a3 3 11/11, 13/11/19 desired properties of refrigerants and Regular 88
' ’ common refrigerants
vapor absorption system, mechanical
44 . S detalls- working principle Regular BB
45 3 18/11, 20/11/19 Use of p-h charts for calculations. Regular as
Solving University papers
Asslgnment test-2
Mid Test-ll
93 TOTAL NUBER OF CLASSES
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LESSON PLAN:

UNIT |

15/07/2019 to 07/08/2019:

I.C. Engines: Classification - Working principles of Four & Two stroke engine, SI & Cl engines,
Valve and Port Timing Diagrams, Air — Standard, air-fuel and actual cycles - Engine systems —
Carburetor and Fuel Injection Systems for SI engines, Fuel injection systems for Cl engines,
Ignition, Cooling and Lubrication system, Fuel properties and Combustion Stoichiometry.

UNITHIl

08/08/2019 to 05/09/2019:

Normal Combustion and abnormal combustion in Sl engines — Importance of flame speed and
effect of engine variables — Abnormal combustion, pre-ignition and knocking in SI Engines —
Fuel requirements and fuel rating, anti-knock additives — combustion chamber — requirements,
types of Sl engines. Four stages of combustion in Cl engines — Delay period and its importance
— Effect of engine variables - Diesel Knock— Need for air movement, suction, compression and
combustion induced turbulence in Diesel engine — open and divided combustion chambers and
fuel

injection— Diesel fuel requirements and fuel rating

UNIT il

09/09/2019 to 25/09/2019:

Testing and Performance: Parameters of performance - measurement of cylinder pressure, fuel
consumption; air-intake, exhaust gas composition, Brake power— Determination-of frictionat:
losses and indicated power — Performance test — Heat balance sheet and chart Classification of
compressors — Fans, blowers and compressors — positive displacement and Dynamic types —
reciprocating and rotary types. Reciprocating Compressors: Principle of operation, work
required, Isothermal efficiency volumetric efficiency and effect of clearance volume, staged
compression, under cooling, saving of work, minimum work condition for staged compression

14




UNIT IV

26/09/2019 to 24/10/2019:

Rotary Compressor {Positive displacement type): Roots Blower, vane sealed compressor,
Lysholm compressor — mechanical details and principle of working

- efficiency considerations. Dynamic Compressors: Centrifugal compressors: Mechanical
details and principle of operation — velocity and pressure variation. Energy transfer-impeller
blade shape-losses, slip factor, power input factor, pressure coefficient and adiabatic
coefficient — velocity diagrams —power. Axial Flow Compressors: Mechanical details and
principle of operation — velocity triangles and energy transfer per stage degree of reaction,
work done factor - isentropic efficiency pressure rise calculations — Polytropic efficiency.

UNIT V

04/11/2019 to 20/08/2019:

Refrigeration: Mechanical Refrigeration and types — units of refrigeration — Air Refrigeration
systemn, details and principle of operation — applications of air refrigeration, Vapour
compression refrigeration systems — calculation of COP - effect of superheating and sub
cooling, desired properties of refrigerants and common refrigerants- Vapour absorption

system — mechanical details — working principle, Use of p-h charts for calculations

Air-Conditioning: Concepts of Psychrometry — Properties of moist air — Usage of Psychrometric Chart -
Calculation of moist air properties.

Types of air — conditioning systems — Requirements - schematic layout of a typical plant.

15
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7.53.5 Different Conditions During Compression

i} Wet Compression

-d
—
G

- —

_ d -
o o

Fig 7.18 Fig 7.19

Here the vapour remains as wet vapour throughout compression procef-:lS‘;
(Fig. 7.18 & 7.19). In other word even at the end of compression the vapour wi
still be wet. Generally this is not desirable. )

ii}  Dry Compression

- ——

e . S 2 & | i g

Fig. 7.20 : Fig 7.2!
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T

Here the vapour entering the compressor will be dry and saturated (Fig. 7.20
& 7.21). After compression, the vapour will be in the superheated state.

iti)  Superheating

When the load on the refrigerator is more, the condition of refrigerant as it
comes out of the evaporator will be superheated. Thus throughout the compression
process, the vapour will be in the superheated state (Fig. 7.22 & 7.23).

Tf P
l b
c C \,‘ - H
/ ) |
AL /

d — d / 7]
Ay - FH {
| |

Fig 7.22 Fig. 7.23

iv) Under Cooling
During condensation in the condenser,

liquid will drop down below the saturation temperature. (Fig. 7.24 & 7.25). In such
a case, the liquid is said to have been under cooled. U
Increases the refrigeration effect as well as C.O.P.

sometimes the temperature of the

nder cooling always

Pi
|

d a

Fig. 7.24 Fig.7.25
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W56 Refrigerant
. A refrigerant is a fluid in 8 refrigerating system that by its evaporating takes
the heat of the cooling coils and gives up heat by condensing the con'denser. The
common relvigerants with their chemical formula and molecular weights are as

fellows:
r ,, Refrigerant , Chemical Molecular | Chemical name
I ,' Common name | formula weight
] 1. | Ammonia NH, 17.03 Ammonia
2 [ Freon -11 CCl3F 137.37 Trichloro mono
fluro methane
3. l Freon -12 CCl,yFy 120.91 Dicloro difluro methane
4 l Freon -22 CHCIF, 86.47 Monochloro difluro
| methane
5. I Freon -113 CCigF-CCIF, | 187.39 Trichloro trifluoro
oo methane
6. l Methyl Chloride | CH4CI 50.48 Methyl chloride
L 7. : Sulphur dioxide ' SO, ! 64.06 5 Sulphur dioxide: i
Ammonia

Ammonia is one of the oldest and most widely used refrigerant. It is highly ~ -
toxic and inflammable. It has a boiling point of -33°C and a liquid specific gravity )
of 0.684 at atmospheric pressure. Its greatest application has been in large
industrial and commercial reciprocating compression system where high toxicity 1s
secondary. For industrial applications, it has been found valuable because of its
low volumetric displacement, low cost, low weight of liquid circulated per ton of
refrigeration, and high efficiency. It is also widely used as the refrigerant in

absorption system.

Freon refrigerants
The entire group is clear and water white in colour and has a somewhat the

ethereal odour similar to carbon tetrachloride. They are all nonflammable, and for
all practical purposes nontoxic. Freon-11 is widely used for -centrifugal
refrigeration. Freon-12 is generally applied to reciprocating compressor. Freon-13

and 14 are intended for very low ter:perature usage.

1
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Methyl chloride

Methyl chloride is a colourless liquid with a faint, sweet, nonirritating odour,
It has a beiling point of —23°C and liquid specific gravity of 1.002. It is to a certain
degree both inflammable and toxic. Methyl chloride has been used in domestic
units with both reciprocating and rotary compressors and in commercial units with
reciprocating compressors upto approximately 10 tons capacity.

Sulphur dioxide

Sulphur dioxide is a colourless gas or liquid, and is extremely toxic and has a
pungent irritating odour. It is non-explosive and non-flammable and has a boiling
point of ~11°C and a liquid specific gravity of 1.36. It is widely used as a

refrigerant in domestic systems. It has also been used to a considerable extent in
small-tonnage commercial machines,

7.5.7 Identifying Refrigerants by Number

The present practice in the refrigeration industry is to identify refrigerants
by numbers. The identifying system of numbering has been standardized by the

American Society of Heating, refrigerating and Air conditioning engineers
(ASHRAE), some refrigerants in common use are:

Refrigeration Name and Chemical Formula

R-11 Trichloromonofluoromethane CCI3F
R-12 Dichlorodifluoromethane CCI2F2
.22 Monochlorodifluoromethane CHCIF2
R-717 Ammonia NH3
R-114 (R40) Methyl Chloride CH3Ci
R-500 Azeotropic mixture of 73.8%

(R-12) and 26.2% (R-152a)
R-502 Azeotropic mixture of 48.8%

R-22 and 51.2% (R-115)

R-764 Sulphur Dioxide SO,

arn
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2)

3)

4)

5)

6)

\
\-28 Properties of Refrigerants

APPLIED THERMODYNAMICS

The properties of refrigerants of importance in engineering are:

Toxicity: It is obviously desirable that the refrigerants have little effect on

people.
Inﬂammability: Although refrigerants are entirély sealed from the
atmosphere, leaks are bound to develop. If the refrigerant is inflammable
1i:nd the.sy.stem is located where ignition of the refrigerant may occur, a great
azard is involved. Inflammable should not be used except on small systems
unless an operating engineer is present at all times,
Refrigerants in their pl.;re state must be chemically
from which the system is made. In the absence of

Chemical activity:
inert to the materials
water, it is also desirable that they may be chemically inert.

Effect on refrigerated produce: The refrigerant should not have any
effect on refrigerated produce. Ammonia readily reacts with fruits, vegetabies
et_c- In small concentrations the effect of NH3 is mild. but excessive exposure
will result in rot. Sulphur dioxide is not dangerous to foods. Methyl chloride
vapours do not harm fruits. flowers and other household articles. Methyl
chloride may flavour foods to a very slight extent, if they are sufficiently
exposed to the vapours however, there is no danger in eating foods that have
been exposed to methyl chloride vapours. Freons 11, 12, 22 and 113 are
soluble in water only to a very limited extent. The vapours have therefore no
effect on dairy products, meat and vegetables. They have, further no effect
upon flowers, plant life, or the colour and structure of textiles and furs.

Odour: Odour may be an advantage or a disadvantage to a refrigerant.
Leak can be easily detected if the refrigerant has a distinct odour. On the
other hand. if a leak occurs in a refrigerated space, it may flavour the
product and render it unusable. Refrigerants having irritating odours may
cause panic where numerous people are involved and should not be used

under such conditions.
Qil solvent properties: A refrigerant that is highly insoluble in oil offers

fewer problems than one that is highly insoluble in oils, however the
compressor will be better lubricated when oil solvent refrigerants are used.
Ammonia is nearly insoluble in mineral lubricating oils. Freon-22 and
sulphur dioxide have a limited solubility in mineral lubricating oil. The

i

freons 11, 12 and 113 and methyl chloride are highly soluble in mineral oil.
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8)

9

10)

1n

13)

Pressure-volume-temperature chavaeteristics: The critical temperatvre
and pressure of a refrigerant is the Lemperature and pressure st which the
liquid and vapour have identical properties. A suitable relrigerant will have
a critical temperature and pressure well above the condensing lemperature
and pressure of the refrigerating system. The freezing point shall be well
below the lowest evaporating temperature at which the system operates.
Power required per ton of refrigerant: The theoretical power required
per ton of refrigerant is nearly the same for all common refrigerants under a
given set of temperature and operating conditions.

Cost: The cost of the entire system when using various refrigerants, is an
item of major importance, Analysis of this item can be made only for
separate installations.

Specific heats: The specific heats of refrigerants in their liquid and vapour
phases are of importance in many heat transfer and thermodynamic
computations. Specific heats of liquid refrigerants can be readily computed
over a wide range of temperature from the enthalpy of the liquid in tables of
thermodynamic properties of refrigerants.

Viscosily of a refrigerant is of importance in determining its heat transfer
characteristics and its resistance to flow through pipes. A refrigerant having
a low viscozity tends to have a good heat transfer characteristics and wili
flow through pipes with a minimum friction.

Thermal conduciivity: The thermal ronductivity of refrigerant iliquids and
vapours is important in calculating the film coefficient of heat transfer when
the refrigerant is evaporating, condensing or flowing through a pipe.
¥anthalpy and entropy: Enthalpy and entropy are of importance in
determining the amount of refrigerant that must be pumped and the power

required to do it.
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A8~ Vapour Absorption Refrigeration System

7.6.1 General

" The absorption refrigeration system is a heat-operated unit which uses a
reirigerant that is alternately absorbed and liberated by the absorbent.

7.6.2 Simple Absorption System

iadl dThe mimmum number of primary units essential in an absorption system
ude an evaporator, absorber, generator and condenser.

Condenser

Generator §

©

[

! [H]

e

”_' Agua pump
reducing 1
valve
|
Absorber -« Evaporator ®

Fig. 7.59 Simple Absorption System

An expansion valve, pressure reducing valve, and a pump are used in a
conventional two-fluid cycle, but the pump can be eliminated by adding a gaseous
third fluid. A simple absorption cycle is shown in Fig. 7.59.

This cycle differs from a vapour compression cycle by the substitution of an
absorber, generator, pumps and reducing valve for the compressor. VaTious
combinations of fluids may be used, but that of ammonia and water is the most
common. The solution is called agua ammonia, & strong solution that contains
about as much ammonia as possible; a weak solution contains considerably less

ammonia.
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8.15 Psychrometric Process
1~ Sensible Heating

- —— e
airin air out
A\ R ———
Vd
Heating coil/ I
Steamn

Fig. 8.4 Sensible Heating

Heating of air without addition or subtraction of nmoisture is. callefi
sensible heating. This can be achieved by passing the air over a heating coil
like electrical resistance heater or steam coils. The heat added increases the

DBT of air. This is useful in winter air conditioning.

—27 Sensible Cooling

! Cooling coil
Refrigerant

Fig. 8.5 Sensible Cooling

Cooling of air withoﬁt adding or subtracting moisture is called sensiPle

ooling. This can be achieved by passing air over cooling coil like evaporating
::oil of Efrigeration eycle. This is useful in summer air conditioning. !
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Serveq

\

that when air at temperature T is passed over a coil at

Mperature of the air coming out of the coil ~7ill be less

= (-p)

e ————

——

Steam in

!
[ETTTY

1 kg of air

Steam out

}

kgatT,

(I—B) ——

—
————tz
——

1 kg of
alT,

_— 1 . 1 BkgalT,

Fig. 8.6 By-pass Factor

When one kg of air at temperature T is passed over the coil, it comes

th at temperature Ty. Of this one kg, B kg is assumed to be by passed and

~remaining (1 -B) kg of air is coming out with temperature T, (coil surface
~temperature) Balancing the enthalpies,

i BC, Ty+(Q -B)C,,, T, =1xC, T,
B(Tl - Tz) = T3 b Tz

i T, -7,

‘n . T2-=T3 _ Actual heating
B = Tl “'Tz or B= =

Tz = Tl Ideal he ating

Where, B is called by-pass of factor of the coil. (1 -B) = Mass of ‘air

_ y coming in contaet with the coil and is called efficiency of the heating
i
coil,

Contact factor =1 - B

3. Cooling and Dehumidifying

L}

_ This process implies lowering both the air temperature and the specific
§ bumidity. Dehumidification is possible only when we cool the air below the

-
1
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: intain the
t is necessary to maintain

de_“’ Point temperature (DBT) of the air. Th“ 8!
coil surface temperature below the DPT of air.

g | e
oy
o

Fig. 8.7 Cooling and Dehumidifying

This is the process commonly used in summer air conditioning in which

air is passed over cooling coil.
T, = Temperature of air entering the coil.

Ty = Coil surface temperature.

T4 = DPT .
T; = Temperature of air coming out of the cooling coil.

To-Ty
ST
Ty = DPT of the coil called as apparatus dew point temperature ADP

T, ~ ADP
B = "ADP

The process may be assumed to follow the path 1-56 and 5-3 as shown in

the figure.
Then total heat removed = H; — Hy

Qp = (H, - Hy) + (H - Hy)
Qr = Qp +Wg

1£1




9 = Hy - Hy = Latent heat removed
Qs = Hg - H, = Sensible heat removed

The ratip -9_3_ . ] )
Qr 'S called sensible heat factor or sensible heat ratio.

: Qs
- SHR =
R Qs +Qp
Th

e
building. value of SHR varies from 0.6 to 0.9 depending on the type of

- C::Hng)with Adiabatic Humidification of Air (Adiabatic Saturation
cess

o Tfi:le_ recirculated water is sprayed into the air in an insulated chamber. A
o 0 _xt €vaporates in trying to saturate the air. The heat required for
aporation of water ig taken from the air itself, thus decreasing its

temperature. As complete humidification is not possible, the effectiveness of
the spray chamber is given by,

Actualdropin DBT 7T, -T
€= ==3_-1 B
Ideal drop in DBT T, - T, Humidifying n = 100 €

If the air leaving the humidifier becomes saturated, then the temperature
of air is called adiabatic saturation temperature.

LULLL L L E I LU L LA
— Ar L] A NI
in % out (I NCAU. W
- "‘\s\_ Vo 1 s
2% VNS W, T
] ] ]
1 [ ] ]
] ] ]
i ] ]
3’* -
Suppl nozzles LT T
UPP}‘I
walter Pump — DBT
(@ (b)

Fig. 8.8 Adiabatic Saturation Process
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w Conditioning Systems
s ummer Air Conditioning System
a) Ho!: and Dry Nutdoor Condition

| g—

. .
_ Air filter  Cooling coil

i Waler eliminalor
— 1\ ¢ r-—'—t
— t N ]
—_—— N S —_— Air to
B — — conditioned
Air i R - space
dampers 1 l \ Adiabatic
humidifier

. «——Pump .
Compensating water

(a) Schematic diagram

w— DBT

(b) Psychometry chart

. 8,12 Summer Air Conditioning System

Fig.
Consider a place in summer where the temperature is 40°C DBT and RH
ir-conditioned space is 22°C

is 20%. The comfort condition required inside the a
e achieved by first cooling

DBT and 60% RH. The required condition can b
t desired humidity.
oint 2 by passing

using cooling coils and adiabatic humidification to ge

Air is first cooled from outdoor condition (point 1) to P

gver a cooling coil.
: . Distance 4 - 2
‘The Bypass fgct_or of the coil B = Jitonced-1
2 is passed into the adiabatic
aves the humidifier at point 3.

The _air coming out of the coil at point
humidifier and the required conditioned air le
The. efficiency of the humidifier is given by,

1£9




By
?_:'L:’_Ti % 100
Ny =1 -1
r aupplied in mY/aec

I A ¢ — Hy) tons of refrigeration
Capaeity of the conling coil = v, 25

Lot V « quantity of ai

v
Capaelty of humidilier = "‘;." (0 - wy) kg/Bec

b))  Hot and Wot Qutdoor Condition

Alr flier Resistance
1 \  Jeheating col
— N W . Airlo
— N — 1
N — conditioned
A \ ——
N . space
Alr R rll"\
dampers t ] Cooling coil
Drain lor
condensed (a)
waler

(b)

~—— DBT

Fig. 8.13 Hot and Wet Outdoor Condition

Consider a place in summer where the temperature is 32°DBT =and
relative humidity 75%RH. The required comfort conditions are 22°C DBT 60%
RH. The equipments required and their arrangements are shown in figure.

1 - outdoor condition.
6 — Required comfort condition.
2 - DPT of the cooling coil. .

i T
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) Comes oyt ) 50 that
oling cq . of the coi] . it getg
€ coil is givep by, ' &t point 3. The By pass

B . Distance 2.3
;{ lstance 2. 1
% Capacity of the cooling ¢oi] = V ¢ -H,) t
¥ in m3/s. V. 85 one, where.V is volume of air
g[, .

The air leavin
. coil to get the req

g the cooling coil is then Passed over the resistance heating
l.':

uired comfort condition.

The By pass factor of heating coil B, = Distance 4-5
Distance 4-3

: . v
. Capacity of the heating coil = v Hg - Hg) kW
8
@ Winter Air Conditioning System

: Consider a place in winter where the temperature is 15°C and relative
humidity 80%. The required comfort conditions are 22°C and 60% RH. The
: equipments required and their arrangement are shown in figure.

1 — Atmospheric condition &5
%= 6 - Required comfort condition

The air is first passed over a resistance heater which is called preheater,
it is then passed through the humidifier and finally through a second heater to
achieve the desired indoor condition.

Distance 2-3

B, = By pass factor of preheating coil = Distance 1.3

: \'’
Capacity of the preheating coil = v (Hy ~ Hy) kW

Distance 6-7 ¢
Distance 4-7

B,y = By pass factor of the reheating coil =

14
Capacity of reheating coil = V, (Hg - Hy)

(LTS

‘g
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Distance 2 -4

Efficiency of tho humidifier = Distance 2-5

. v
Capacity of humidifier = T,“(w.l - wy) kg/sec
]

Where V = Volume of air per sec

Vs = Specific Volume

5 Air filler Water eliminalor
-U -
g —u I L .  Airto
: e
& — < = conditioned
E <] M —= space
< Air l ’Healing| |Healing|

dampers coil \ coil

Compensalmg
water < Pump

(a)

Fig. 8.14 Winter Alr Conditioning
ﬁf Year-Round Air-conditioning

It is seen that in many places both Summer and winter are quite
uncomfortable,

Hence it becomes necessary to have an air conditioning system which will
provide comfort conditions throughout the year. Thus year round air
conditioning system must be capable of maintaining the desired temperature
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Important Questions/Question Bank

1. Clearly explain the various types of lubrication systems?

2. (a) What is supercharging and turbocharging? How do these affect the performance of an engine?

(b} Differentiate between indicator diagram and valve timing diagram.

3. What are various types of Sl engine cylinder designs, write in detail about them. (T type, L type, | type,
F type etc.)

4. Explain various types of ignition systems.

5. The temperature of air at the beginning and end of compression of an Otto cycle are 310K and 600K.
Calculate air standard efficiency of the cycle if engine develops 20Kw indicated thermal efficiency and
relative efficiency. CV = 44MJ/Kg; Sp. gravity= 0.78.

6. (a) What are different factors affecting knock in Sl engine?

{b) What are knocking limited parameters in S| engine?

7. Explain with a neat sketch working of simple carburetor, and label the parts of the same.

8. With the help of a neat diagram, explain the working of fuel injection system in Cl engines.

9. {(a) Give a detailed classification of IC engines based on cycle/ Fuel used/ Method of charging the
same.

(b) Bring out differences in two stroke and four stroke engines, explain the same with aid of
diagrams.

10. (a) With all minute details, explain the factors affecting the knocking including the fuel characteristics
for S | Engines and C | Engines.

(b) What are the essential qualities of Sl and Cl fuels, how is the rating done?

11. List out various water-cooled systems and discuss them in detail.

12. A 4 cylinder 4 — stroke petrol engine having bore 6 cm and stroke 10 cm develops 65 N-m torque at
3000 RPM. Find the fuel consumption of the engine in kg/hr and brake mean effective pressure, if the
relative efficiency of 50% and clearance volume is 60 cm?. Take CV = 40 MJ/ke.

13. {a) With the help of diagrams, explain different combustion chambers used in Cl engines

(b) What is meant by delay period and explain factors affecting the delay period.

14. Explain in depth what factors influence flame speed, during combustion, in Slengines.

15. Explain each stage of combustion process in Sl and Clengine.

16. Define and classify of compressors

17. Explain the working principle of centrifugal compressor

18. Explain the working principle of reciprocating compressor with the help of indicator diagrams

19. Explain the working principle of Axial flow compressor

20. Derive the expression for efficiency of centrifugal compressor

21. Derive the expression for efficiency of reciprocating compressor

22. Derive the expression for efficiency of axial flow compressor

23. Define refrigerator and classify. Define Ton of refrigeration

24. Explain the working principle of Air refrigeration systems {Bell-Coleman) and derive the COP
expression

25. Explain the working principle of Vapor compression refrigeration cycle and derive the COP expression

26. Explain the working principle of Vapor absorption refrigeration cycle and derive the COP expression
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Assignment Questions

UNIT-I: ).C. ENGINES

1| a | What are the merits and demerits of two stroke I.C. engines over the four stroke |.C.
engines?
2} b | Differentiate S.I. and C.I. engines.
a | What is the need and requirement of cooling in |.C. engines? Will it be same for both
3 S.l.and C.L
engines?
b | For a petrol engine explain the fuel system with a line diagram. How does it help to
control the load
variation?
A | Explain the principle of working of a four stroke S.1. engine with a neat sketch.
Why do you need lubrication in |.C. engines and name the types of lubrication.
4
C | Explain the principle of working of a battery ignition system with a neat sketch.

UNIT-II: Combustion in S.1. & Cl Engines

Describe phenomenon of pre-ignition in S.1. engines and discuss its effect on the

1 performance. =
Explain the phenomenon of knock in a S.1. engine with p- diagram.
2 Show the phenomenon of detonation on pressure crank angle diagram and compare
it with that of
normal combustion.
3 Discuss the effect of rate of pressure rise on engine operation.
What is flame speed in the normal combustion of S.1. engines and discuss its
influence on combustion
phenomenon.
Discuss the factors which promote pre-ignition.
4
What is flame speed in the normal combustion of S.1. engines and discuss its
influence on combustion
phenomenon.
5 Discuss the desirable principles of combustion chamber design for S.1. engines.
6 Compare the normal combustion phenomena in S| and Cl engines?
7 Explain the terms ‘delay period’ and ‘knocking’ as referred to Cl engines.
8 @ Explain the effect of the following operating parameters on delay period in C.1.
[ engines. (i)
Speed
(i) Air —fuel ratio (iii) Injection timing.
b How C.I. engine fuels are rated? Explain the methodology.
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UNIT-1Il: Testing and Performance

What is the significance of conducting the MORSE test? Explain the same in detail.

During the trial of a four stroke diesel engine the following observations were
recorded: Area of the indicator diagram =475 mm?, Length of the indicator
diagram =62
mm Spring number= 1.1 bar/mm, Diameter of the piston= 100 mm Length of the
stroke= 150 mm, Engine RPM= 375 Determine (i) indicated mean effective
pressure

(ii) indicated power in kW.

The output of a single cylinder four stroke IC engine is measured by a rope brake
dynamometer. The diameter of the pulley is 750 mm and rope diameter 50 mm. The
dead load on the tight side of the rope is 400 N and the spring balance reading is 50 N.
The bore is 150 mm and stroke is 190 mm. The engine consumes 4 ka/h of fuel at the
rated speed of 1000 rpm. The calorific value of the fuel is 44 MJ/kg. Calculate the brake
specific fuel consumption, BMEP and the brake thermal efficiency. If the mechanical
efficiency is 80%, calculate the IP, IMEP, indicated specific fuel consumption and

indicated thermal
efficiency.

a | Why testing of engine is necessary? Describe the various methods for determination of
indicated power

of an engine.
A single cylinder internal combustion engine gave the following results when put

to a trial test. Area of the indicator diagram= 12 cm?, Length of the indicator
diagram= 8 cm Spring scale= 2.8,Diameter of the piston= 21 cmLength of the
stroke= 28 cm,Engine speed = 370 RPM. Determine P of the engine when (i)
working onfour

stroke cycle and (ii) working on two stroke cycle.

a | Explain various methods of determining the brake power of an engine.

A six cylinder, single acting internal combustion engine has the piston speed of 540
m/min, piston diameter 12 em and stroke length 18 cm. While developing 60 kW BP, it
b | gave mechanical efficiency equal to 80%. Mean effective pressure acting on the piston
face is 4.063 bars. The specific fuel consumption per BP hour is 0.3 kg. If the calorific
value of the fuelused is 42000 kJ/kg, determine (i) whether it is a two stroke or four
stroke engine (ii) thermal efficiency of the engine based on brake

power.
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UNIT-IIl: COMPRESSORS

Explain the terms effective swept volume and displacement volume of the
COMpressor.

A single acting compressor has zero clearance, stroke of 20 cm and piston diameter
15 cm. When the compressor is operating at 235 rpm and compressing air from 10
N/cm?, 25 °C to 41 N/em?, find (i) the

volume rate of air handled and (ii) the ideal power required.

Derive an expression for the isothermal efficiency of a compressor in terms of the
pressure ratio.,

A double acting compressor takes in air at 100 kpa and delivers it to the receiver at
1000 kpa. The speed is 200 rpm, diameter is 150 mm and the stroke length is 220
mm. Calculate the capacity of the motor

required.

Air is to be compressed in a single stage reciprocating compressor from 101.3 kpa
and 15 °C to 700 kpa.

The free air delivery is 0.3 m*min when the compressor speed 1000 rpm. If the
compressor is single acting and has a stroke/bore ratio of 1.2, calculate the bore size
required

UNIT-IV: Rotary (Positive displacement type)

Discuss the merits and demerits of rotary compressor over reciprocating compressor.

List the various types of rotary compressors.

Explain with a neat sketch, the working of a vane blower.

A centrifugal compressor receives air at the rate of 1400 m¥*min at 100 kpa and 35 °C
and delivers at 350 kpa., it has an isentropic efficiency of 82%. Mechanical losses
amount to 2.5% of the shaft power.

Determine the power required and exit air temperature.

How does the working of centrifugal compressor differ from the axial flow compressor?

UNIT IV: Axial Flow Compressors

a | An 8-stage axial flow compressor takes in air at 20 °C at the rate of 180 kg/min. The
pressure ratio is 6
and the isentropic efficiency is 0.9. Determine the power required.

b | Explain with a neat sketch, the working of a axial flow compressor

a | Explain the term degree of reaction and point out the difference between the blading
of a reaction
turbine and that of an axial flow compressor.

b | Define Polytropic efficiency and isentropic efficiency.

Explain the phenomenon of stalling of blades in axial flow compressors.
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Code No: RT31035 R13 SET-1

III B. Tech I Semester Supplementary Examinations, October/November - 2020
THERMAL ENGINEERING -1I
{Mechanical Engineering)
Time: 3 hours Max. Marks: 70

Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is compulsory
3. Answer any THREE Questions from Part-B
4. Use of Steam tables with Mollier diagram is allowed

PART -A (22 Marks)

a) Discuss the advantages of a regenerative feed heating in steam power cycle. [4M]

b) Explain the differences between internally fired and externally fired boilers. f3M]

¢) Explain what is meant by critical pressure ratio of a nozzle? [4M]

d) Discuss t the factors which affect the vacuum efficiency of a condenser. [4M]

e} What are the disadvantages of a closed cycle gas turbine over open cycle gas turbine? [3M]

f) Explain thrust power and propulsion efficiency of a rocket engine. [4M]

: PART -B {48 Marks)

a) What is adiabatic flame temperature? How flame temperature can be calculated? [TM]

b) A power generating plant uses stem as working fluid and operates at boiler pressure of  [9M]
50bar, dry saturated and a condenser pressure of 0.1 bar. Calculate for thee limits: i)
The cycle efficiency; ii) The work ratio and specific steam consumption of Rankine

cycle. Take pumping work also into account.
a) What do you understand by feed check valve? Explain the working of a feed check [7M]

valve with a near sketch.
b) The equivalent evaporation of boiler from and at 100°C is 1300 kg/hr. Calculate the  [9M]
actual evaporation if the feed water is supplied at 110°C and the steam is generated at
a pressure of 15 bar and temperature 200°C. If the efficiency of this boiler is 72%
find: i) The fuel consumption per hour taking calorific value of coal as 25500 kj/kg,
and ii) The grate area if the rate of evaporation is 100 kg/m? per hour.

a) Explain the functions of the convergent portion, the throat and the divergent portion of  [7M]
a convergent-divergent nozzle with reference to flow of steam.

b) A convergent-divergent nozzle is required to discharge 5 kg of steam per second. The  [9M]
nozzle is supplied with steam at 10bar and 200°C and the discharge takes place against
a back pressure of 0.34 bar. Estimate the throat and exit areas. Assume isentropic flow
and take the index n=1.3. If the nozzle efficiency is assumed to be 85%, determine the
exit area.

a) What is the fundamental difference between the operation of impulse and reaction [7M)]
turbines? Explain the same with neat sketches.

b) The vacuum at the bottom of a surface condenser is 65.4 cm of mercury (barometer [9M]
75.7 cm), the temperature at the air pump suction is 36.2°C. If the rate of air leakage
into the condenser is | kg per 1000 kg of steam, estimate the mass of air and vapour
removed by the air pump per minute when the engine consumption is 136000 kg of
steam/hr.
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6 a)

b)

7 a)

b)

Code No: RT31035 @ SET-1

Discuss the effect of Compressor inlet temperature and Turbine isentropic efficiency
on the specific output and thermal efficiency of the open cycle gas turbine at different
pressure ratios.

In gas turbine plant, the compressor takes air at 15°C and compresses with pressure
ratio of 4 with isentropic efficiency 82%. Then the air is heated in the heat exchanger
using 75% of the available heat with exhaust gases and then heated in combustion
chamber to 600°C. Isentropic efficiency of turbine is 70%. Taking the properties of air
and gases same, find work developed per kg of air flow and thermal efficiency of the
cycle; Take effectiveness of heat exchanger as 0.75.

What is meant by thrust augmentation? When it is necessary? Describe any one
method of thrust augmentation.

The effective jet exit velocity of a rocket is 3500 m/s, the forward flight velocity is
1250 m/s, and the propellant consumption if 75 kg/s. Calculate: i) The thrust; ii) The
thrust power and iii) The propulsive efficiency.

oK e o
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UNIT V: Refrigeration & Air Conditioning

a

A boot strap cooling system of 10 tons is used in an aero plane. The temperature and
pressure conditions of atmosphere are 20°C and 0.9 atm. The pressure of air is increased
from 0.9 atm to

1.1 atm due to ramming. The pressures of air leaving the main and auxiliary compressor
are 3 atm and 4 atm respectively. Isentropic efficiency of compressors and turbine are
0.85 and 0.8 respectively. 50% of the total heat of air leaving the main compressor is
removed in the first heat exchanger and 30% of their total heat of air leaving the auxiliary
compressor is removed in the second heat exchanger using removed air. Find:

a) Power required to take cabin load
b) COP of the system

The cabin pressure is 1.02 atm and temperature of air leaving the cabin should be
greater than 25°C. Assume ramming action to be isentropic.

Determine the work of compression and cooling effect produced by the cycle.

AR-12 plant has to produce 10 tons of refrigeration. The condenser and evaporator. A
Carnot refrigerator using R12 as working fluid operates between 40°C and -30°C.
temperatures are 40°C and - 10°C respectively. Determine

a)Refrigerant flow rate

b)Volume flow rate of the

compressor c)Operating pressure

ratio

d)Power required to drive the compressor
e)COP

The operating temperatures of a single stage vapour absorption refrigeration system
are: generator: 90 0C; condenser and absorber: 40 CC; evaporator: 0 0C. The system
has a refrigeration capacity of 100 kW and the heat input to the system is 160 kW. The
solution pump work is negligible.

a) Find the COP of the system and the total heat rejection rate from the system.

b) An inventor claims that by improving the design of all the components of the system
he could reduce the heat input to the system to 80 kW while keeping the refrigeration
capacity and operating temperatures same as before. Examine the validity of the claim.

An ideal refrigeration cycle operates with R134a as the working fluid. The temperature of
refrigerant in the condenser and evaporator are 40°C and -20°C respectively. The mass

flow rate of refrigerant is 0.1 kg/s. Determine the cooling capacity and COP of the plant.
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Code No: 135BP R16
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

B. Tech III Year I Semester Examinations, May/June - 2019
THERMAL ENGINEERING - I

(Mechanical Engineering)
Time: 3 hours Max. Marks: 75
Note: This question paper contains two parts A and B.

Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B consists of 5
Units. Answer any one full question from each unit. Each question carries 10 marks and may have a,
b, c as sub questions.

PART-A (25 Marks)
1.a) List out the differences between the SI engine and CI engine. [2]
b) What is valve overlap period? Explain its significance. [3]
c) List out various factors influencing delay period. [2]
d) Discuss about indirect injection combustion chambers. [3]
¢) Define isothermal efficiency of air compressor. [2]
f) List out the advantages of reciprocating compressors [3]
g) Why the axial compressors are more suitable for gas turbines? Explain. [2]
h) Explain the concept of slip factor in centrifugal compressor. [3]
i) What is COP of refrigeration system? Explain the importance. [2]
J) What are the commonly used refrigerants in vapour compression system? [3]

PART - B (50 Marks)

2.a) Why the actual cycle efficiency is much lower than the air standard cycle efficiency? List the
major losses in the actual engine.

b) What are the important requirements of fuel injection system in a C.I Engine? [5+5]
OR
3.a) Describe the evaporative cooling system with a neat sketch.

b) Describe the working of pressure feed lubrication system with a neat sketch.  [5+5] 4.a) Discuss
the various methods for improving the anti-knock quality of an SI engine.

b) With the help of graph, explain the factors which influence the flame speed in an S.Lengine.
[5+5]

OR
5.a) What is Physical delay? Discuss the factors that affect the delay period in a C.I engine.
b) Explain the phenomenon of knock in CI engine and compare it with SI engine knock. [5+5]
6.a) Explain Rope brake dynamometer to determine the brake power of an engine?

b) The following date was recorded during testing of a four-stroke cycle gas engine. Area of indicator
diagram = 900 mmz; Length of indicator diagram = 70 mm; spring scale = 0.3 bar/mm; Diameter of
piston = 200 mm; Length of stroke = 250mm; Speed = 300 rpm. Determine i) Indicated mean
effective pressure ii) Indicated power. [5+5]
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OR

7.a) Derive the expression for work done when compression is isentropic for a single stage
reciprocating air compressor.

b) A single acting two stage reciprocating air compressor compresses 4.5 kg of air per minute from 1.013 bar and 150

C through a pressure ratio of 9. The intercooling is perfect and the law of compression and expansion PV13=

constant. Assuming the clearance volumes of both stages 5% of their swept volume and the speed of compressor

300 rpm, calculate the indicated power and the cylinder swept volume, [5+5]

8.a) With a neat sketch explain the working of roots blower and derive the expression for roots
efficiency.

b) A centrifugal air compressor having isentropic efficiency of 70% receives air at 170C.,

If the outer diameter of the blade tip is 1 m and the compressor runs at 5000 rpm find:(i) The
temperature rise of the air and (ii) the static pressure ratio. [5+5]

OR

9.a) What is degree of reaction? Derive the expression for degree of reaction for axial flow compressor.

b) A multistage axial compressor is required for compressing air at 293 K through a pressure ratio
of 5 to 1. Each stage is to be 50% reaction and the mean blade speed 275 m/s, flow coefficient 0.5,
and stage loading factor 0.3, are taken, for simplicity, as constant for all stages. Determine the flow
angles and the number of stages required if

the stage efficiency is 88.8%. Assume Cp=1.005 kl/kg K and Y= 1.4 for air. [5+5] 10.a) Explain
the working of Vapour compression refrigeration system with a neat diagram.

b) An ammonia refrigeration plant operates between a condenser temperature of 420C and an
evaporator temperature of —20C. The vapour is superheated with a degree of

superheat 100C at the end of end of compression. The specific heat of ammonia is

2.16 kJ/kgK. Calculate net refrigeration effect, work required and coefficient of performance.
[5+5]

OR
11.a) What are the desirable properties of an ideal refrigerant? Explain.

b) A Bell-Coleman refrigerator works between 4 bar and 1 bar pressure limits. After compression,
the cooling water reduces the air temperature to 170C. What is the lowest temperature produced by
the ideal machine? Compare the coefficient of performance of this machine with that of the ideal
Carnot cycle machine working between the same pressure limits, the temperature at the beginning of
compression being -130 C. [5+5]
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Code No: 135BP R16
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

B. Tech IIl Year I Semester Examinations, November/December - 2018
THERMAL ENGINEERING -1

(Mechanical Engineering)
Time: 3 hours Max. Marks: 75

Note: This question paper contains two parts A and B.

Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B
consists of 5 Units. Answer any one full question from each unit. Each question carries
10 marks and may have a, b, ¢ as sub questions.

PART - A (25 Marks)
1.a) What is heat loss factor? [2]
b) What do you understand by supercharging? [3]
c) What are the different types of combustion chambers used in SI engine? [2]
d) Define specific fuel consumption. [3]
¢) Draw the P-v and T-s diagram for a single acting reciprocating air compressor. {2]
f) What is heat balance sheet? f3]
g) What is the difference between rotary and reciprocating compressor? (2]
h) Differentiate between centrifugal compressor and axial flow compressor. (3]
1) What do you understand by effective room sensible heat factor? (2]
J) Distinguish sensible and latent heat loads. [3]

PART-B (50 Marks)

2.a) Discuss the various important qualities of a good ignition system.

b) Explain the differences between actual and ideal fuel air cycles of C.I. engines. [5+5]
OR

3.a) Derive an expression for air fuel ratio of a simple carburetor.

b) With a neat sketch, explain the battery ignition system. [5+5]

4.a) Discuss the desirable characteristics of a good combustion chamber for an SI engine.

b) Classify and explain the CI engine combustion chambers. [5+5]
OR

5.a) Discuss the various methods for improving the anti-knock quality of an SI engine.

b) Explain and discuss the phenomenon of diesel knock in CI engines and compare the
same with detonation in SI engines. [5+5]
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6.a) Explain Rope brake dynamometer to determine the brake power of an engine.

b) A six cylinder, four-stroke gasoline engine having a bore of 90 mm and stroke of
100 mm has a compression ratio 7. The relative efficiency is 55% when the indicated
specific fuel consumption is 300gm/kW h. Estimate (i) the calorific value of the fuel
and (ii) corresponding fuel consumption, given that imep is 8.5 bar and speed is 2500
rpm. [5+5]

7.a) Enumerate the various engine efficiencies. Explain.

b) A gasoline engine working on four stroke develops a brake power of 20.9 kW. A Morse
test was conducted on this engine and the brake power (kW) obtained when each cylinder
was made inoperative by short circulating the spark plug are 14.9, 14.3, 14.8 and 14.5
respectively. The test was conducted at constant speed. Find the indicator power,
mechanical efficiency and bmep when all the cylinders are firing. The bore of the engine is
75 mm and the stroke is 90 mm. The engine is running at 3000 rpm. [5+5]

8.a) List out various rotary compressor. Write the advantages of rotary compressors over
reciprocal compressors.

b) Explain the principle of operation of centrifugal compressor with neat sketch. [5+5]

OR

8. Explain the following terms for dynamic compressors.

a) Power input factor

b) Pressure coefficient

¢) Adiabatic coefficient. [10]

9. A four rows coil with a face velocity of 150 m/min has a contact factor of 0.85.

Calculate the contact factors for the following cases:

a) Face velocity 200 m/min and four rows.

b) Face velocity 100 m/min and four rows

¢) Face velocity 150 m/min and eight rows

d) Face velocity 150 m/min and two rows. [10]
OR

11.a) A stream of moist air at 20C dry bulb and 80 per cent relative humidity mixes with
another stream of moist air at 300C dry bulb and 100C dew point in the ration by mass of
one part of the first to two parts of the second. Calculate the temperature and specific
humidity of the air after mixing.

b) Explain about year —round air conditioning system with a neat labelled diagram. [5+3]
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Mid Question Papers

NAWAB SHAH ALAM KHAN COLLEGE OF ENGINEERING & TECHNOLOGY

New Malakpgt, Hyderabad-500024
1II-B.TECH I-SEM MID-I EXAMINATION Sept - 2019

BRANCH: ME DATE: 11.09.2019 AN
SUBJECT: IhEI TIME: 02:00 PM TO 03.30 PM
1 Answer any two of the following 2x5=10
QNa Question Bloom's Level
1. Explain with a neat sketch magneto ignition system and Battery ignition L1 L2

system? !
2. Explain with neat sketch Air cooled and water cooled system L2
3. Explain with neat sketch Stages of combustion in SI engine L2

An IC Engine uses 6 kg of fuel having calorific value of 44000 kJ/kg one hour

the IP developed 1s 18km the temperature of 11.5kg of cooling water was found
4. teriss through 25degree per minute the temperature of 4.2kg of exhaust gas L3

with specific heat is 1 k)’kgKwas found to rise through 220 degree draw the

heat balance sheet for the engine
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NAWAB SHAH ALAM KHAN COLLEGE OF ENGINEERING & TECHNOLOGY
III B.Tech. I Sem., I Mid-Term Examinations, SEPTEMBER - 2019
THERMAL ENGINEERING -1
Objective Exam

BRANCH: ME
Name: Hall Ticket No. A

Answer All Questions. All Questions Carry Equal Marks. Time: 20 Min. Marks: 10.

1. Choose the correct alternative:
2. The working cycle in case of four stroke engine is completed in following number of revolutions of crankshaft

()
@ M1 ()2 (@4

3. Ina diesel engine, the fuel is ignited by ()
(a) spark (b) injected fuel
(c) heat resulting from compressing air that is supplied for combustion  (d) ignition

4. If the intake air temperature of SL engine increases, its efficiency will ()
(a) increase (b) decrease
(c) remain same (d) unpredictable

5. The air-fuel ratio of the petrol engine is controlled by ()
(a) fuel pump (b) govemor
(¢) injector (d) carburettor

6. The actual volume of fresh charge admitted in 4-stroke petrol engine is ()
(a) equal to stroke volume
(b) equal to stroke volume and clearance volume
(c) less than stroke volume
(d) more than stroke volume

7. Scavenging is usually done to increase ()
(a) thermal efficiency (b) speed
(c) power output (d) fuel consumption

8. The air-fuel ratio in petrol engines-is controlled by ()
(a) controlling valve opening/closing  (b) governing
(c) injection  (d) carburettion

9. A stoichiometric air-fuel ratio is ()
(a) chemically correct mixture (b) lean mixture
(c) rich mixture for idling (d) rich mixture for over loads

10. Excessive Turbulence in SI engine will ()
(a)Decrease Efficiency (b)Decrease Power output
(¢)Increases Tendency of Knock (d)none of the above

11. Octane number of a fuel ()

(2)Resist the Detonation (b)Persist the knocking
(c)Will increase the rate of pressure rise (d)None
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I. Fill in the blanks:

1. A heat engine is a device which transforms the chemical energy of a fuel into thermal energy and uses
this energy to produce

2. The nominal distance through which a working piston moves between two successive reversals of its
direction of motion is celled

3. charge consisting of fresh air mixed with the fuel is drawn into the cylinder due to the
vacuum pressure created by the movement of the piston from TDC to BDC.

4, occurs when the un-burnt gases ahead of flame front spontaneously ignite causing a sudden
rise in pressure accompanied by a characteristic pinging sound
Ignition systems are of 2 types:

6. is the ignition of the homogeneous mixture of charge as it comes in contact with hot

surfaces, in the absence of spark.

7. s is a measure of the resistance to flow or the internal friction of the lubricant.

8. is the actual power available at the output shaft or crankshaft of an IC engine.

9. 18 the process of replacing burnt gases after a firing stroke with a fresh charge in the
cylinders.

10. The ratio of brake power to indicated power is called as
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NAWAB SHAH ALAM KHAN COLLEGE OF ENGINEERING & TECHNOLOGY

New Malaimet, Hyderabad-300024

II-B.TECH I-SEM MID-II EXAMINAJTION Nov - 2019

BRAMCH: ME DATE: 21.11.2019 AN
SUBJECT: TE-I TIME: 02:00 PM TO 03.30 PM
I Answer any two of the fellowing 2x5=10
O.Na. Question Bloom’s Level
] Derive an expression for work done in 2 stage reciprocating air
) compressor and also derive an equation for minimum work done L2
Calculate the power required and efficiency of vane compreassor when
3 it handles 6m'of air per mimute from 1 bar to 2.2 hag The pressure rise L3
' due to compression in the compressor is limited to 1.6 bar take
meachanical efficiency of compressor as 30%
3 Explain vapour compression refrigeration system with affect of supper L2
] heating and under cooling
An air refrigeration system warks on an open air cycle is required to
provide 20 tonne of refrigeration with cooler pressure of 12.5 bar and
refrigeration pressure of 1.05 bar the temperature of the air leaving the
4 cooling is 20°* and leaving the cold chamber ix - -1"* gaguming L3

isemiropic compression and expansion and neglecting clearance find
1. Weight of air circulated'min
2. COP of the system
3. Power reguired per tonne of refriperation
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NAWAB SHAH ALAM KHAN COLLEGE OF ENGINEERING& TECHNOLOGY

III B.TECH 1 SEM., II MID-TERM EXAMINATIONS, November - 2019
THERMAL ENGINEERING - 1
Objective Exam
BRANCH: ME

Name: Hall Ticket No. A
Answer All Questions. All Questions Carry Equal Marks. Time: 20 Min. Marks: 10,

1 Choose the correct alternative:

1. Work required to run the main compressor is minimum if the compression is ()
(a)Polytrophic (b) Adiabatic  (c)Isothermal (d)Isobaric

2. Multistage compressor gives ()
(a)Higher Volumetric efficiency (b) lower isothermal efficiency
(c)lower volumetric efficiency (d) higher exit temperature

3. forreason for adopting the axial flow compressor instead of centrifugal compressor in air craft
turbine {)
(a)starting torque for axial flow compressor is high (b) the frontal area of axial flow
compressor is considerable less
(c)the efficiency and middle space required is higher  (d) none of this

4. In centrifugal compressor an increase in speed at a given pressure ratio causes
(a)increase in flow (b) increase in efficiency
(c)increase in flow and decrease in efficiency
(d) decrease in flow and decrease in efficiency

5. Inpositive displacement compressor the increase in pressure is due to ()
{a) backflow of air (b)Dynamic effect
(c) front flow of air  (d) static effect

6. Which one of the following is positive displacement compressor £
(a)centrifugal compressor (b)axial flow compressor
(c)vane type compressor (d)none of them

7. The refrigerant used in reversed brayton or bell-coleman cycle is ()
(a) Air (b) Ammonia
(c) Freon (d} Water

8. The heat transfer equivalent of one tonne of refrigeration is ()
(a)1000kg (b)3.5kw (c)IKw (d) 3.5kg

9. Two fluid refrigeration system is ()
(a) vapour compression system (b)Vapour absorption sytem (c) Air refrigeartion (d) all

10. The refrigerant used in steam jet refrigeration is ()
(a)Ammonia {b)Feron (c)water (d)Air
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1. Fill in the blanks:

1. The efficiency of vane type compressor as compared to roots air compressor for same pressure
ratio is
2. Rotary compressors are used for delivery of quantity of air pressure

3. The compressor generally used in air craft engine 1is

4. Efficiency of vane blower is the ratio of and

5. The ratio of delivery pressure to the inlet pressure is
6. The work required for the compression is minimum when the compression is

7. The commercial refrigeration system which is closer to reversed Carnot cycle is

8. COP is defined as

9. One tone of refrigeration is defined as

10. In split air conditioning system

1R%



Student List

S.NO | H.T.NO NAME OF STUDENT
1 17RT1A0301 ABDUL MANNAN BAIG
2 17RT1A0307 ARAFAT
3 17RT1A0308 BILAL MOHAMMED ATEEQ
4 17RT1A0311 HAMED BIN TAHER HARHARA
5 17RT1A0312 ISMAIL PASHA
6 17RT1A0319 MIRZA AFROZ BAIG
7 17RT1A0320 MIRZA AMAIR BAIG
8 17RT1A0321 MIRZA FARHAN BAIG
9 17RT1A0326 MOHAMMED ABDUL HADI
10 17RT1A0327 MOHAMMED ABDUL JALEEL
11 17RT1A0328 MOHAMMED ABDUL RAHMAN ALEEM
12 17RT1A0329 MOHAMMED ADNAN HUSSAIN
13 17RT1A0330 MOHAMMED ABDUL WAIJID
14 17RT1A0331 MOHAMMED ABDUL WASY
15 17RT1A0332 MOHAMMED ABDULLAH GHORI
16 17RT1A0333 MOHAMMED ABIDULLAH ANSARI
17 17RT1A0334 MOHAMMED ABRAR HASSAN
18 17RT1A0336 MOHAMMED ASAD AHMED
19 17RT1A0338 MOHAMMED AZIZUDDIN
20 17RT1A0341 MOHAMMED HYDER AHMED
21 17RT1A0342 MOHAMMED ILYAAS AKBAR
22 17RT1A0343 MOHAMMED IMRAN
23 17RT1A0344 MOHAMMED INZEMAMUDDIN
24 17RT1A0346 MOHAMMED JUNAID
25 17RT1A0348 MOHAMMED KHADER JILANI
26 17RT1A0351 MCHAMMED MUHEEB UDDIN ASLAM
27 17RT1A0356 MOHAMMED SHAHBAZ HUSSAIN
28 17RT1A0357 MOHAMMED SHAHER YAR KHAN
29 17RT1A0360 MOHAMMED TAJ
.30 | 17RT1A0361 | MOHAMMED VASIUDDIN
31 17RT1A0362 MOHAMMED YASSER
32 17RT1A0366 MOHD ABDUL QAVI
33 17RT1A0367 MOHD ABDUL RAHMAN
34 17RT1A0368 MOAHD ABDUL RAHMAN
35 L7RT1A0370 MOHD ARBAZ
36 17RT1A0374 MOHD FAISAL HUSSAIN
37 17RT1A0377 MOHD IMRAN UDDIN
38 17RT1A0378 MOHAMMED KHAJA
39 17RT1A0379 MOHD KHALEEL UR RAHEMAN
40 17RT1A0381 MOHD NADEEM
41 17RT1A0382 MD OMAIR AHMED
42 17RT1A0383 MOHD PARVEZ
43 17RT1A0386 MOHD SULEMAN UDDIN ALI KHAN
44 17RT1A0389 MUSAIB MOHIUDDIN
45 {7RT1AQ0391 SALAH MOHD SOHAIL
46 17RT1A0393 SHAIK ABDUL OBAID
47 17RT1A0394 SHAIK ABDUL WASI
48 17RT1A0395 SHAIK ASHRAF ALI
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49 [7RT1A03A0 | SHAIK SAMI UR RAHMAN

50 17RT1A03A2 | SK MOHAMMED NAIF UDDIN
51 17RT1A03A5 | SYED ALTAF UDDIN

52 17RT1A03A6 | SYED ESA GIBRAN

53 17RT1A03A7 | SYED FARDEEN ALI

54 17RT1A03A8 | SYED HUSSAIN AHMED

55 17RT1A03B4 | SYED MOHD NADEEM

56 17RT1A03B5 SYED MOHD LATEEF

57 17RT1A03B6 | SYED NAIYYER HUSSAIN

58 17RT1A03B8 | SYED NOOR MOHAMMED

59 17RT1A03C0 | SYED SUFIYAN MOHAMMED
60 17RT1A03C1 SYED TALIB AZAM

61 18RT5A0301 ADIL MOHAMMED SAIFUL ISLAM
62 18RT5A0302 AHMED ABDUL HAQUE

63 18RT5A0303 CHEGONDI SIVALINGA RAJU
64 18RT5A0304 HABEEB AHMED

65 18RT5A0305 IBRAHIM BIN HASAN MOHAMMADI
66 18RT5A0306 KAMA NAVEEN

67 18RT5A0307 KHALEEL AHMED

68 18RT5A0308 M A WASEEM

69 18RT5A0309 MD AIJAZ UDDIN

70 18RT5A0310 M A MUNAWAR

71 18RT5A0311 MD SHOIEB KHAN

72 18RT5A0312 MOHAMMAD ABDUL RAHMAN
73 18RT5A0313 MOHAMMAD FARDEEN FARAZ
74 18RT5A0314 MOHAMMAD SUFIYAN OUSAF
75 18RT5A0315 MOHAMMED ABDUL KHALEEL
76 18RT5A0316 MOHAMMED ABDUL RAHMAN
77 18RT5A0317 MOHAMMED IBRAHIM

78 18RT5A0318 MOHAMMED SHOAIB HUSSAIN
79 18RT5A0319 MOHAMMED SHOAIB KHAN

80 18RT5A0322 MOHD AMIR

81 18RT5A0323 MOHD ASEEM UDDIN

82 18RT5A0324 MOHD AZMATH QUADRI

83 18RT5A0325 MOHD MOIZ UDDIN

84 18RT5A0326 MOHD SADIQ

85 18RT5A0327 MOHD SHOAIB ABBAS

86 18RT5A0328 SHAHEDA MAHREEN

87 18RT5A0329 SHAIK AWAIS

88 18RT5A0330 SHAIK BASHEER

89 18RT5A0331 SHAIK UMAR SHARIEF

185




Slow learners List

S.NO | H.T. NO MID I
1 17RT1A0327 17
2 17RT1A0328 17
3 17RT1A0331 17
4 17RT1A0336 14
5 17RT1A0348 17
6 17RT1A0351 17
7 17RT1A0362 17
8 17RT1A0366 15
9 17RT1A0370 17

10 17RT1A0381 17
11 17RT1A0391 15
12 17RT1A0393 15
13 17RT1A0394 17
14 17RT1AQ0395 15
15 17RT1AQ3A2 15
16 17RT1AQ3AS 15
17 17RT1A03AR 17
18 17RT1A03B4 17
19 17RT1A03C0 17
20 17RT1A03C1 15
21 18RTS5A0302 14
22 18RT5A0305 17
23 18RT5A0308 14
24 18RT5A0313 16
25 18RT5A0315 15
26 13RT3A0317 14
27 18RT5A0322 17
28 18RT5A0324 17
29 18RT5A0325 15
30 18RT5A0327 15
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Advanced learners List

.NO | H.T.NO MID 1

1 17RT1A0301 23
2 17RT1A0311 20
3 17RT1A0312 21
4 17RT1A0319 21
5 17RT1A0320 22
6 17RT1A0326 20
7 17RT1A0330 22
8 17RT1A0332 23
9 17RT1A0338 23
10 17RT1A0342 20
11 17RT1A0343 21
12 17RT1A0344 20
13 17RT1A0346 23
14 17RT1A0360 23
15 17RT1A0361 20
16 17RT1A0377 21
17 17RT1A0379 23
18 17RT1A0382 20
19 17RT1A0383 23
20 17RT1A0386 23
21 17RT1A0389 23
22 17RT1AQ03A0 23
23 17RT1A03A7 20
24 17RT1A03B5 20
25 17RT1A03B6 23
26 17RT1A03B8 20
27 18RTS5A0301 23
28 18RT5A0307 20
29 18RT5A0309 20
30 18RT5A0314 23
31 18RT5A0318 21
32 18RT5A0326 22
33 18RT5A0328 23
34 18RT5A0330 23
35 18RT5A0331 23

187



ATTAINMENT FOR 2019-20



e 6t I [ £ £ 5 3 5 z £ $T_| st 5T £ 3 £ € z z §7 | Sz | zviaviiyer | os
[ Br 1z 61 £ 3 3 5 z ¥ T | 8¢ | e | v £ v g 5 3 5 §z_| sz | oveovtiwrt | ev
13 [ [ Ji3 % 3 v v 1 ¥ ¥ i z 3 g 3 3 3 ST | sz | secoviiuit | s
Te [ It it E: z 3 s 1 ¥ 'z T Fi] £ £ ¥ v 3 t ST | §Z | VGEOVILMLL | v |
£ 6€ 1 [ G ; v z v sT_| st 1 T z v ¥ z z S7 | 2 | €6EOVILYLT | SV |
e 3 [ ¥ z 3 v 1 z sT_| st I T 3 £ 3 1 v ST | St | tesoviuit | s
(3 [ [3 9T 3 [ 5 g 1 3 st | st T I 5 ¥ ¥ v 5 ST | SC | 6SE0vILdLY | v
1 6 | w | o € 3 s 5 £ v_| sz | st | 6f Y v § s v § | s¢ | sz | oseoviisit | ev
[ 3 61 &t z H v v 1 3 57 | 52 | 62 g 5 5 v v 7| sT_| eseovilasT | Zw
3 [ [ [ £ 3 v 3 z 7 52 | §2 | o¢ - 3 5 % ¥ T | Sz | eetoviiwer | i
T [T i ot z z 3 v 1 v 57 | st | a1 ? 3 G £ 7 v T | gz | eeoviiuet | ov
e 5 vz vz F 5 5 £ 5 ¥ 5 sz | sz | €t y v 3 5 v g §2_| sz | ereovimit | e |
7 [ [ o1 E: z ¥ v T v sz | st | 61 3 3 3 v 3 5 §2_| o2 | seowiier | e
12 68 [0 51 E z £ £ z [ ST | sz | ¢ 3 G v G ¥ t v | st | sz | esoviimer | fe
o€ (T3 a1 v z z v ¥ z ¥ T | sz | et G £ v v £ v §T | ST | resoviiesl | e
[ [ a1 [ € 3 2 ¥ b £ T | 52 | it z z s 5 z £ §T_| 2 | oreoviumet | ce
6T [ ® 1z v v 5 G ¥ sz | s¢ | 6t 3 5 3 S z v §Z | §¢ | €9eovLIMIT | e
81 € [ (13 3 ¥ < 5 £ v ST | el ¥ v v ¥ 3 sz | & C9EOVIINIT | €E |
[ 3 st it 2 € v s £ v ST T | & 3 z 3 3 1 y 33 77| gseoviiuit | & |
62 [ ot 0z £ 3 y v 5 5 5T T | & [ 3 v £ v z ] 5T 77| eocoviluct | Te |
97 v 4 [ ¥ ] 5 S 5 ST | s¢ oz [ € g B £ ¥ 33 7T | TocoviiNil | of
a1 6 | w 53 [ S v s st | sz | e 5 s ¥ v y 5 §7_| &7 | oseovinuer | ez |
67 8 [ 81 3 5 3 Z ¥ ST _| 62 | & z z r v 3 3 ¥ §7_| G | Zseovilut | wr |
6 [ 6t [ 3 5 5 £ z [ sz | st | 61 3 £ r £ v 3 v ST_| sz | oseovilan | sz
[ 66 3 [ 3 ¥ [ 5 3 v (¥ T | 4t £ € v v z € ST | 5z | iseoviiezt | o2
T 3 G [ ¥ v [ v 3 v 5T Z | <t 3 £ 3 v z G 52 | &¢ | sveoviawet | sz |
Ve s | w vE s [ ¥ v s 3 sT_| ez | & s v S 3 v v 5 ST_| st | oveoviiuir | we
& 5 w_| e O v [ 5 v 5 sT | 5T | o v = v v £ ¥ §2 | &2 | weovtiust | e |
Z W = [ v v ¥ v 3 ¥ 5T | st | 5 5 £ ¥ v € v 57 | sz | seeoviaadl | tc
[13 [ [ 3 3 € ' Y 3 G s | sz | ®& v v 3 v £ v 3 ST | eveoviucr | W
0| e 6L [ ] v s z v 5T_| &z | wm z z v £ 0 57_| &7 | teowiwet | oz
ve s 3 v 3 ¥ 5 5 v 5 52 | €2 | € 3 ¥ 5 v 5 ST | st | eeeovilyer | et
iz 68 5 23 p v 5 £ 3 5 5t | §Z | 3 3 £ i 3 §¢ | sZ | otcoviiuit | st
[~ or [3 23 1z [ 3 S s T ¥ st_| st o T z ¥ ¥ 3 € [ 5T | vEEOVILMLT | 1
e 3 ot vt z [3 t £ B G ST | 57 | W z z v g ¥ € v 3 5t | sseovTiuar | ST
T 9 3 (3 v [ 5 s £ 5 g 5T | 52 | €t 5 5 3 v ¥ [ 5T 7| zeeoviaucY | s1 |
e W a 3 z z v T [ z % sz | sz | i1 3 3 3 ¥ z £ ST_| oz | weovir | wm
& o 1z o | v v ¥ v z 5 ST | sz | zz 3 £ ¥ 5 5 v v 5T | sz | oseoviuut | et
[ [ i 5T 3 z v v 1 € T | sz | & 3 v v 3 y ST | s¢ | 6zeoviiuet | 21
[ 6§ [ [ £ 3 v ¥ v s z | sz | &t 3 % v v z 3 72 | §¢ | steOvIlET | 1T
6 . 2 R
| 66 o & 5 3 v v z 3 T | st | ot 3 t 3 v z E 72 | §2¢ | Lzeoviiir | o1
[ [ (3 [ 3 5 v ¥ 3 3 57 | 5t | ® ¥y ¥ ] 3 [ 3 ¥ T | st | sceoviuct | 6
[ o 02 3 3 v v 3 3 57 | & | 6% 3 G ] v € v T | &2 | teeowiiuer | e
9 w | u@ 1z v v 5 S 3 D 5T | 52 | & 3 5 v 3 3 5 ST | st | oreoviiat | ¢
[ 3 | 2 v v 5 5 £ 3 sz _| st | 12 3 ¥ s v £ ST | 52 | eteoviiuit |
[ 6t [ T G 5 s 5 ¢ | §2 | 12 3 b s £ 2 ST | s7 | fieoviiucr | s
-2 Kt 1 o) ALY 2=
[ 3 [ 61 _ 3 £ t [ s T | &z | o0z 3 3 ¥ 5 v £ 57 | 2 | TIeOVIINIT |
o [ T3 Fii z v 3 3 z v 5T | s o1 3 3 3 y 3 v §¢ | st | sosoviiT | €
T 3 o I3 z z v ; z G ST | 52 | & y v v [ z v ST | 5% | covavriur | ¢
G 5 (3 3 H S s 5 [ 5 T 3 5T v v 5 5 v S §Z | S¢ | toeoviiuct 1
IR oo | o | 7 [0 | o [0 [0 [0 [0 [0 [0 wwea | e | 200 [ 200 | o |50 [ | o [ o [ o
wey | opew | o | TVAOL [HORER [ () | (we) |00 | (wg) | (we) WSz | lwsz) | TVIOL §IOBED | iy g) | {ws] |TORIO | (ws) | {ws) sz
3 | wacs [adeany | ZPM (01538] oy | gp [d01538) pp | rp | NORIZED ool ooy | vem |s0usa8| vp | gp |04538| g | pp | WOTITamD [
33§ a1 T-01W
NIVSSTIH QVINHY QININVHOW Aynoey ne ape) paAqng T Buauiu rusiy) AN

0Z-6T07 :JB3A JI3PLIY - SNOLLYINITY) LINJWNIVLLY - WIS T dv3aA T yoaL's
ONRHIINIONT TYIINYHIIW 40 INIWINVIIQ
PEOEsSPAH HNLNT ‘ADOTONHI3L ANV ONINIINION 3O 393TIOD NVHN WVTY HYHS SUMYN






SIET
{S£ 05 UIIGHOOHE2 Du UIVIMIPOD) =00 S5 £ [ € ST T s
.mh.?sémmooﬁﬂo.ss.._mouwmﬁ 5 T 6453 [ sy b [ t ST
(SE D WIVIXIZOOHST 0NN OO} 20D wsE | 1 3 ¥os| t TR STT t |
{5206 VIVIXITODHSL 0, MIVIUITOD)=TOD b= | 0 e L eR T T | 0 | ! [33 T [
; IS BAT ] Py
*.I_..Sl.l.l.ﬂea i ANIWNIVLLY TN / WYKa TYNuaLa | TheS BAT: LEwvLLY g ! oo | PN ISR
| 00T «{S4/54e Bay wex3 pu3) = % HD-T0D [ Sty Sy urex3 pu3 = p00-100 { 5Tk
|7 s3emasesd oo 03 - 535 | vamasdenm oo -3

19'9L

00T {5 ZTIMMRI #00 1€2031/WNS 100} = % $03 [PI)S0EON0NsE + (PODITO + {HODIOSY = p0 PLO9

EL5Tr [edeusaiay 00T H{SZTIMW £00 NSNS E00) = X% £00 (E00YEDRZOHNSAE + (ECOITD + {00V = £CO 58'88
68  |siuspnis o) 00T.{[SZTINURIN 203 01/INNG 200} = % 200 (ZEO}SOTIOIONE + (ZOOND + {Z00}OSY = 20D a8
LE  |&rv<aunoD uapnig 00T.4{SZTIMEW T0D ISYWNNS 100} = X 10D [T00IE0BTTIONRE + (TOOITD + {TOESY = 1) 9528

M—ﬂ-_ﬂ—.‘ -NI-0>¢. — - — - ;808 D —.-..w..ﬂ - .;B,I“l;lg‘alg.. ._.....u.w .. * - — . 8;&....

o'y | ey | SteT |VOWWST| S7e | s2€ | see | sve | sty | 9w | ooz | ot | ST g7 [eesEt| gz | o€ [owe [ vev |zov |oow [ wer | e | 5T [ sz opew ey
[ [ [ [ 5 5 ¥ ¥ T t ST | ST £ ¥ 2 S 5 3 5 S7 | Sz | tecovsiuel | ea
[ [ 1z 61 ¥ ¥ € £ £ ¥ ST | ST €2 3 [ S ¥ 5 [ [ ST | §¢ | Otcovsiuet | @8
3 3 91 T T i ¥ ¥ 1 3 sz | s¢ [ [ 7 g 5 z ¥ ¥4 57 | 6ZE0VSIMBT | /8
o1 3 £ 3 ¥ ¥ 5 F ¥ 5 ST | st €2 3 S ¥ v ¥ 5 T 7t | 8zeOvsiusl | o8
1z 3 [13 iz £ £ 5 S £ s sz | st ST £ 5 3 [ 1 3 5’z 2| LTEOVSLUET | B
3 [ [£3 4 [ ] 3 3 E £ v s | s¢ F 2t | ¥ D ] S v v 33 I ET
0t | & | s | iz 3 £ £ 5 s € S | sz | sz | st i 3 3 ¥ T T | 6t | st | creovaruet | ew
1z [ [3 [3 3 £ 5 S H S 5T z it [ 3 S 5 3 SZ | ¢ | vzeovsiusl | s
0z [ 51 61 T z S 5 3 v 5T 'z 61 [ £ £ 3 S Sz | s¢ | cZcovsieel | 18
T [ [ i3 3 £ [3 ¥ z 4 ST | &¢C i3 ¥ v 3 E 3 ST | s¢ | zzeovsiwsl | o
[ [12 0z 7z ¥ ¥ H 3 B € B ST | s¢ [ [ € ¥ £ [ [ ST | ST | GTe0vSLY8T | 6L
3 s 53 1z 5 s [ [ £ v 5T | s¢ 17 ¥ 3 £ [ ST | ST | SVEOVSI¥ET | &L
3 12 13 33 € 3 S 5 3 ¥ ST | s¢ T £ % [ £ T [ S | ST | L1eOVSLNST | i
[Z3 6E [ 9t 3 E € 3 3 £ ST | st 3 £ £ 5 [3 € §Z | &¢ | 9ie0vslest | or
zz 6E 11 [3 £ € 3 2 3 ST | St 13 3 £ 3 T £ ST | S | SLEOVSLuBT | S
3 5 [3 1z ¥ ¥ [ S 3 S ST | st €2 3 S v v y A S | ST | vieoveiwsl | vZ
%3 [ [is [ £ £ § H 1 7 ST [ §T | @ [ 3 3 £ §Z_| ST | €rs0vslust | €7
2z 6t 3 a T z ¥ v 1 G 57 | st | ®F G ¥ € v 3 $T | s¢ | zieovsiesl | zZ
[3 [12 61 [53 3 3 5 5 z [ ST | St [ z D) 3 3 £ ST | §¢ | TTE0VSLuET | 12
67 [0 53 [33 £ 3 5 S [ ] &z | st ol 7 ¥ z ¥ ST | SZ | OIs0ovsiust | oL
81 [3 1z 73 3 ¥ [ 3 v [ §T | st 3 £ ] 5 £ ¥ 57| ST | 6OEOVSLWST | 69
[ 3 91 33 € 3 3 v z 3 ST _| sz | ¥ z 3 [3 1 T 5 | Sz | sotovsiust | 89
[13 [2 [3 [£3 ¥ v 5 s £ g 57 | St [3 3 € 5 ¥ H ¥ 3 ST | 5T | L0%0vSLdST | £9
1z [ 61 &1 £ 3 ¥ £ v 3 v 5T | &t [13 3 3 v 2 F 3 ST | 57 | ovfOvalusr | 99
[13 68 33 [ z T [ ¥ T ¥ §T | ST i3 3 T [ 3 t 2 ST | ST | sogovsiudT | <9
3 [ [ 1z ¥ ¥ S B £ ¥ €7 | st | =t 3 7 [ v € 3 ST | SZ | vocovsSLusT | o
[13 3 61 [3 3 5 £ 3 T S sz | st [T3 ¥ [ 3 € 3 3 s¢ | &z | eosowsiygt | €9
[£3 3 [ iz £ € 5 3 £ s | 52 | 5% [ z z ¥ ¥ T T ST _| St | toeovsidsT | z9
SE 3 3 (3 ¥ v 5 5 € 5 5T | 2 & y 3 s 3 3 5 sz | &z | toeovsiust | 19
(3 (3 91 £ 3 T vy v £ ¥ ST | St [ 3 z ¥ [ 1 € ST | 52 | TOSOvILeLT | o8
[ [ [ [33 [ ¥ § H 3 S ST | St i1 3 € [3 2 z £ ST | §Z | cOSOviLdZl | 6%
81 [3 zt [ ¥ [ 3 5 3 S [ [ ¥ [ ] ¥ 3 v ST_| ST | eecOviidiT | 85
91 6€ 3 ¥z g 5 S 5 [ S ST _| st [:3 ¥ ¥ $ S 3 G $T | gt | omeoviwer | s
[ [ [ [ z z S S € [ §T | &% [3 ¥ 3 [ 2 3 [ 33 i SEEOVTINZT | 9%
51 3 73 53 v ¥ 5 S t S 5T | st [ 3 £ 3 ¥ H 3 57 $T_ | VIEOVIINIT | 56
3 3 53 (13 z z ¥ [ i T ST | st i3 3 3 € £ T v 5T 3 BVEOVELULT | ¥5
67 [ 61 [i 3 3 [ v z [ ST | 52 [13 [ ¥ ¥ v [3 3 ST | §¢ | LVEOVILULT | €5
oz [3 61 oz £ £ H s 3 [ Sz | s¢ [ 3 § ¥ 3 v z v ST | ST | OVEOVIIHLT | 5
3 [ St 3 T H v v T G ST | s¢ 33 T € £ 3 T £ ST | ST | SYEOVIIHIL | TS







Z'0{TOJ-WNLY UIGNI} + 8'04{T.Od-INNLY ¥ = INJWNIVLEY TWNL

€084 OL 1054 2 TTOd-Z0d 40 JeRuS

Tf{uamuupmy 19010 GO 40 3BRISAY, TOd Jo 8AY) = {1Od} INFWNIVLLY LOFUIONI

£05d 01 TOSd 3 210d 0L 204 404 Jeius

Efuswieny 100 QO J0 838134Y, 10d 40 03eiany} =(10d) INIWNIVLLY 153810
- SUNETNIVLIYOd

(T'0e NIWNIVLLY LOTHINI) + (804 INTWNIVLILY LD3WKF) = ¥0D

(Z'0»LNFWINIVLLY LOFUKINY + {80 INIWNIVLLY 1IN0} * €0

(20« LNIWNIVLLY LOTYIINI} + (8'0. LNIWNIVLLY 15341Q) » 200

{Z0uLNIWNIVLLY LOIYIANT} + (3'0.LNINNIVLLY LO3U10) = T0D

_.:”".....”. 8 JUBUOMEYYY il







