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INSTITUTE VISION AND MISSION
VISION:

To emerge as a Centre of excellence in technical education with a blend of effective student
centric teaching learning practices as well as research for the transformation of lives and

community.

MISSION:

1. Provide the best class infrastructure to explore the field of engineering and research.

2, Build a pas%ionate and a determined team of faculty with student centric teaching,
imbibing experiential and innovative skills.

3. Imbibe lifelong learning skills, entreprencurial skills and ethical values in students for

addressing societal problems.
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DEPARTMENT VISION AND MISSION

VISION: i

To strive for making competent Mechanical Engineering Professionals to cater the real time
needs of Industry anid Research Organizations of high repute with Entrepreneurial Skills and
Ethical Values. ]

MISSION:

M1. To train the students with State of Art Infrastructure to make them industry ready
professionalis and to promote them for higher studies and research.

M2. To employ committed faculty for developing competent mechanical engineering
graduates to deal with complex problems.

M3. To support the students in developing professionalism and make them socially

committed mechanical engineers with morals and ethical values.
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DEPARTMENT OF MECHANICAL ENGINEERING

PROGlllAM EDUCATIONAL OBJECTIVES (PEOs)

PEO 1: Excel in profession with sound knowledge in mathematics and applied sciences
PEO 2: Demonstrate leadership qualities and team spirit in achieving goals

PEO 3: Pursue higlier studies to ace in research and develop as entrepreneurs.

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO1. The students will be able to apply knowledge of modern tools in manufacturing
enabling to ¢onquer the challenges of Modern Industry.

PSO2. The students will be able to design various thermal engineering systems by applying
the principles of thermal sciences.

PSO3. The students will be able to design different mechanisms and machine components of

transmission of power and automation in modern industry.
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PROGRAM OUTCOMES (POs):

Engineering Graduates will be able to:

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

2, Problem analysis: Identify, formulate, review research literature, and analyse complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

3. 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.

4. Conduct inves!tigations 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,

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

6. 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.

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

8. Ethics: Apply et]hical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

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

10. 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.

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

12. Life-long learining: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological change.
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! REVISED Bloom’s Taxonomy Action Verbs

Definitions I. Remembering | II l.l}nderstanding Nl Applying IV, Analyzing V. Evaluating Vi. Creating
Bloom's Exhibit memory | Demonstrate Solve problems-to Examine and break| Present and Compile
Definition of previously understanging of new situations by® ,jhf()rmation into ( defend opinions | information
learned material | facts and ideas by applying acquired | parts by identifying| by making together in a
' by recalling facts) organizing, knowledge, facts, | motives or causes. | judgments about | different way by
terms, basic comiparing, techniques and Make inferences | information, combining
concepts, and translating, rules in a different | and find evidence validity of ideas, | elementsina
answers. interpreting, giving | way. to support or quality of work | new pattern or
desériptions, and generalizations. based on a set of | proposing
stating main ideas. criteria, alternative
solutions.
Verbs * Choose * C(Classify = Apply *  Analyze Agree = Adapt
= Define e Compare = Build =  Assume Appraise = Build
= Find = Contrast * Choose = Categorize Assess = Change
* How * Demonstrate = Construct Classify Award * Choose
s Label = Explain = Develop Compare Choose = Combine
O » List e Extend Experiment with] = Conclusion = Compare * Compile
= Match = Jllustrate Identify e Contrast = Conclude » Compose
Name s Infer * |nterview - e Discover e (Criteria * Construct
Omit * Interppet * Makeuseof T : Dissect * Criticize ® (Create
e Recall e Outline * Model ,* Distinguish | = Decide e Delete
* Relate ® Relate = Organize Divide * Deduct * Design
e Select - |Rephrase = Plan * Examine e« Defend e Develop
e Show * Show = Select = Function = Determine = Discuss
= Spell *  Summarize * Solve = Inference = Disprove = Elaborate
= Tell = Translate = Utilize * Inspect = Estimate e FEstimate
e  What * List * Evaluate * Formulate
=  When * Motive = Explain = Happen
*  Where ® Relationships | ® [mportance | Imagine
*  Which *  Simplify * |nfluence * [mprove
* Who Survey * Interpret * Invent
*  Why = Take partin = Judge * Makeup
= Test for * Justify * Maximize
O . = Theme * Mark * Minimize
. * Measure =  Modify
) = Opinlon *  Qriginal
. R * Perceive » Originate
| - . * Prioritize Plan
= Prove Predict
« Rate Propose
® Recommend | = Solution
* Ruleon * Solve
e Select e Suppose
= Support * Test
* Valye * Theory

derson, L. W., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching, and assessing, Abridged Edition. Boston,

-

MA: Allyn and Bacon.
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After successful completion. of tlus course, the students will be able to:

C3i2.1

IMustrate the various types of efficiency improvements of Rankine cycle

| C3122

Describe the various boilers, mountings and accessories.

C312.3

Identify different types of nozzles used in steam turbines.

C3124

Classify different turbines based on utility and applications,

C312.5

Discuss gas turbines, jet propulsion and rocket propulsion.

LS
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Department of Mechanical Engineering

COURSE INFORMATION SHEET (Academic year 2023-24)

|
PROGRAMME: B.Tech Mechanical Engineering

COURSE: Heat Power Engineering | Semester: 1 b CREDITS: 3

COURSE CODE: R20ME3102 ; COURSE TYPE (COi!E /ELECTIVE / BREADTH/ S&H): CORE
REGULATION: R20 ’

COURS

E AREA/DOMAIN: THERMAL | PERIODS: 6 Per Week,

COURSE

PRE-REQUISITES:

C.CODE | COURSE NAME DESCRIPTION . - SEM

R20ME2104 | Thermodynamies Knowledge of Thermodynamic laws and relations are required I

COURSE

OUTCOMES:

Course Qutcome Statement

SNO |
)CO1

Iustrate the various types of efficiency improvements of Rankine cycle [K2]

coz

Demonstrate the various boilers, mountings and accessories [K2]

CO3

Identify different types of nozzles used in steam turbines. [K3]

CO4

Classify different turbines based on utility and applications [K4]

CO5

Discuss gas turbines, jet propulsion and rocket propulSior t'[K3]

SYLLABUS:

UNIT

DETAILS

STEAM POWER PLANT: Rankine cycle - Schematic layout, Thermodynamic Analysis, |.
Concept of Mean Temperature of Heat addition, Methods to improve cycle performance —
Regeneration & reheating,

COMBUSTION: Fuels and combustion, concepts of heat reaction, adiabatic flame
temperature, flue ga% analysis- Orsat apparatus analysis.

I

BOILERS - Classification — Working principles with sketches including LP & H.P .Boilers —
Mountings and Accessories — Working principles- Boiler horse power, Equivalent Evaporation,
Efficiency and Heat jbalance.

DRAUGHT: Classification — Height of chimney for given draught and discharge- Condition
for maximum discharge- Efficiency of chimney.

II1

STEAM NOZZLES: Stagnation Properties- Function’.of nozzle — Applications and Types-
Flow through nozzles- Tﬁermodynarnic analysis — Assumptions -Velocity 6f nozzle at exit-Ideal
and actual expansio:n in nozzle- Velocity coefficient- Condition for maximum discharge-
Critical pressure rati@- Criteria to decide nozzle shape- Super saturated flow, its effects, Degree
of super saturation a}dd Degree of under cooling - Wilson line.

v

STEAM TURBINES: Classification — Impulse turbine; Mechanical details — Velocity
diagram - Effect of] friction — Power developed, Axial thrust, Blade or diagram efficiency —
Condition for maximum efficiency. De-Laval Turbine - its features- Methods to reduce rotor
speed-Velocity com;'gounding and Pressure compounding- Velocity and Pressure variation along
the flow — Combined velocity diagram for a velocity compounded impulse turbine.




Reaction Turbine: Mechanical details — Principle of operation, Thermodynamic analysis of a

stage, Degree of reaction —Velocity diagram — Parson’s reaction turbine — Condition for
maximum efficiency. )

GAS TURBINES: Simple gas turbine plant — Ideal cycle, essential components — Parameters
of performance — Actual cycle — Regeneration, Inter cooling and Reheating —Closed and Semi-
closed cycles — Merits and Demerits.

A% JET PROPUL$ION : Principle of Operation —Classification of Jet propulsive engines —
Working Principles with schematic diagrams and representation on T-S diagram - Thrust, Thrust
Power and Propli_lsion Efficiency — Turbo jet engines — Needs and Demands met by Turbo jet —
Schematic Diagram, Thermodynamic Cycle, Performance Evaluation,
i
TEXT BOOKS
T BOOK 'I'ITLE/AU;TI-IOR§IPUBLISHER P ‘
T1 Thermodynamics and Heat Engines, Voluime 2, R.Yadav, Central book depot.
T2 Heat Engineering, V.P Vasandani and D.S Kumar, Metropolitan Book Company, New Delhi
REFERENCE BOOKS
R BOOK TITLE/AUTHORS/PUBLISHER
R1 Gas Turbines and Propulsive Systems, P.Khajuria&S.P.Dubey, Dhanpatrai
2 Gas Turbines, Cohen, Rogers and Saravana Muttoo, Addison Wesley, Longman, John wiley& sons
R3 Thermal Engineering, R.S Khurmi, JS Gupta, S.Chand, Mechanical Engineering
TOPICS BEYOND SYLLABUSIADVANCED TOPICS:
SNO . DESCRIPTION Associated PO & PSO
1 Economic and environmental considerations of power plants
2 Heat Exchangers |
WEB SOURCE REFERENCES: i
! | htip://home.iitk.ac.in/~suller/lectures/lec29.htm

https://mptel.ac.in/courses/112/103/1121 03277/ ot

2
3 | http://nptelvideos.com/video.php?id=1181
4

http://150.107.117.36/NPTEL DISK4/NPTEL Contents/Web courses/Phasel web/112104117/mac

hine/ui/Course home-lec24.htm
5 | https://nptel.ac.in/courses/112/106/1 12106166/

DELIVERY/INSTRUCTIONAL METHODOLOGIES:

O

[1Chalk & Talk | [&PPT ClActive Learning
[¥Web Resources l [ Students Seminars OCase Study
[iBlended Learning [ M Quiz OTutorials

UProject based learning | | ONPTEL/MOQOCS O Simulation
[JFlipped Learning 1 | ElIndustrial Visit [IModel Demonstration
UBrain storming ' | ORole Play [1Virtual Labs
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MAPPING CO’S WITH PO’S& PSOs .
Course Code: C312
Ty ] T

1

Course Name: HEAT POWER ENGINEERING

3

24500 £33 200 .0 [2:00s]z00
Course Outcome Assessment Methods ) Weightages
Direct Cumulative Internal | Descriptive Test | b
Assessment Examinations . ’ Final
Objective Test ' °
“n As‘sl;3 lmcnteTest o 90% | Course
d) st Outcome
t)
: Semester End Examinations (SEE) 70% (100%)
Indirect Course Elnd Survey 10%
Assessment |
i Ea
Coﬂx:s%'&:a?\ﬂim ‘Module Coordinator o Head of t partment
ANNEXUREI:

(A) PROGRAM QOUTCOMES (POs) Engineering Graduates will be able to;

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

2. Problem analysis: Identify, for}nuiate, review research literature, -4nd analyze complex engineering problems
reaching substantiated conclusidns using first principles of mathematics,
natural sciences, and engineering scienc:es. Lo

3. Design/development of solutions: Desi gn 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.

4. 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.

S. Modera 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.

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

7. 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.

8. Ethics: Apply ethical principles ahd commit to professional ethics and responsibilities and norms of the engineering practice.
9. Individual and team work: Function effectively as an individual, and as a member or teader in diverse teams, and in
multidisciplinary settings. !

10. 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.

11. 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,

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

(B) PROGRAM SPECIFIC OUTCOMES (PS0s):

PSOLThe students will be able to understand the modern tools of machining which gives them good expertise on advanced
manufacturing methods.

PSO2.The students will be able to design different heat transfer devices with emphasis on combustion and power production.
PS03.The students are able to design different mechanisms and machine components suitable to automation industry.

-
Cognitive levels as per Reviséd Blooms Taxonomy: '
e LEVEL |, Key words
Cognitive y
Domain
Remetmiber K1 Defines; describes, identifies, knows, labels, lists, matches, names, outlines,
recalls, recognizes, reproduces, selects, states.
Understand K2 Comprehends, converts, defends, distinguishes, estimates, explains, extends,

generalizes, gives an example, infers, interprets, paraphrases, predicts,
rewrites, summarizes, translates.

Apply K3 Applies, changes, computes, constructs, demonstrates, discovers,
manipulates, modifies, operates, predicts, prepares, produces, relates, shows,
solves, uses.

Analyse K4 | Analyzes, breaks down, compares, contrasts, diagrams, deconstructs,
differentiates, discriminates, distinguishes, identifies, illustrates, infers,
outlines, relates, selects, separates.

Evaluate K5 " Appraises, compares, concludes, contrasts, criticizes, critiques, defends,
dégcribes, discriminates, evaluatés, e%plains, interprets, justifies, relates,
O summarizes, supports
Create K6 Categorizes, combines, compiles, composes, creates, devises, designs,

explains, generates, modifies, organizes, plans, rearranges, reconstructs,
relates, reorganizes, revises, rewrites, summarizes, tells, write
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Model Question Paper

Code: R20ME3102 l R16
T s ' | Narasaraopeta Engineering College
(Autonomous)

Yallmanda(Post), Narasaraopet-.522601
B. Tech V Semester Regular Examinations
HEAT POWER ENGINEERING
MECHANICAL ENGINEERING
[OUTCOME BASED EDUCATION PATTERN]

Time: 3 Hrs Max. Marks: 70

Note: Answer All FIVE Questions.
All Questions Carry Equal Marks (3 X 14 =70M)

* i
o+ N

Q.No. : Questions * - Marks

Unit-I

Explain the concept of “’mean temperature of heat addition’’? - .
a [14M]

1 OR

b Ina regenerativé cycle the inlet conditions are 40 bar and 4000C. Steam is bled at 10 bar
in regenerative heatmg The exit pressure is 0.8 bar, Neglecting pump work, determine the
efficiency of the cycle.

[14M]

Unit-Il

What are the essentials of a good steam boiler? Estimate the factors which should be [7M]
considered whil selecting a boiler. e L

a l
What do you understand by feed check valve? Explam the working of a feed check
valve with a neat sketch [TM]

II OR

A Lancashire bouler generates 2400 kg of dry steam per hour at a pressure of 11 bar.
The grate area |s 3m? and 90kg of coal is burnt per m? of grate area per hour. The
calorific value of the coal is 33180 kifkg and the temperature of feed water is
17.5°C.Slove: 1, Jit\ctual evaporation per kg of coal 2. Equivalent evaporation from and
at 100°C and 3. Efficiency of the boiler

[14M]

l Unit-II1

a | Explain the class'iﬁéation and working principle ofa rib¥le. , [14M]

3 OR




i

Steam from nozzle enters into a single stage impulse turbine at 300 m/s absolute velocity.
The nozzle angle=250, The blade rotor mean diameter is 100cm and rotating at a speed of
2000 rpm. Find the blade angles if the axial thrust is zero, Find the power developed when
the steam flow rate is 600 kg/min. Take blade veloeity*coefficient=0.9.

[14M]




i Unit-IV

A stage of impulse-reaction turbine is provided with single row wheel whose mean diameter
is 100cm and it is rotating at 50 rps. The nozzle angle=200 and the velocity of steam coming
b

out of the turbine is 350 m/sec, Determine the power developed if the axial thrust on the end
bearings is:limited to 118N. Take blade friction factor=0.8, Assume the blades are equi-

_anguiar.

[14M]

OR

Show that fior maximum diagram efficiency of a ré’—éct'if);i turbine the blade-steam speed
ratio is equal to cos a, where « is the angle of absolute velocity at inlet, State the

assumptions made
i

[7M]

What is the fundamental difference between the operation of impulse and reaction turbines?
Explain the same with neat sketches. .
1

[7M]

Unit-V

Discuss briefly the methods employed for the improvement of thermal efficiency of an
open cycle gas turbine plant,

[14M]

OR

What do you !]l.lnderstand by after burning? Explain.

[14M]

[ T
" P




Model Question Paper
Code: R20ME3102 R16

Narasaraopeta Engineering College
(Autonomous)
_ Yallmanda(Post), Narasaraopet- 522601
B. Tech V Semester Regular Examinations
| HEATPOWER ENGINEERING
MECHANICAL ENGINEERING
[QUTCOME BASED EDUCATION PATTERN]

Time: 3 Hrs . Max. Marks: 70

. Note: Answer All FIVE Questions.
All Questions Carry Equal Marks (5 X 14 =T70M)

Q.No. ; Questions Marks
Unit-I
Describe the various operations of a Rankine cycle, Derive its expression for the
6 4 | thermal efficiency [14M]
1 | OR

b Compare the Rankine efficiency of a high pressure plant operating from 80bar and

4000C and ajlow pressure plant operating from 40bar and 4000C, if the condenser [14M]
pressure in both cases is 0.07bar,
' Unit-1T
a : N e [14M]
What do you understand by Boiler Dranght? Discusg, its classification in detail
~ OR '

b | Explain why the blow-off cock is operated periodically when the boiler is working. [14M]
Where is it located? Explain its working with a neat sketch.

i Unit-IIl

a | What are the different methods of compounding of steam turbine stages? List the [14M]
6 advantages and limitations of velocity compounding,

3 ' OR

b |[A convergenlt-divergent nozzle is required to discharge 2kg of steam per second. The [14M]
nozzle is supplied with steam at 10bar and 2000C and the discharge takes place
against a back pressure of 0.34bar. 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.

UIlit-I;V . %. b

AL ¥

4 In a reaction turbine, the fixed blades and moving blades are of same shape but
a | reversed in direction. The angles of the receiving tips are 350 and of the discharging | [7M]
tips are 200. Find the power developed per pair of blades for a steam consumption of
2.5 kgfs, when the blade speed is 50m/s. If the heat drop per pair is 10.04 k)/kg, find
the efﬁcienc;lr of the pair. :




R u:' N "\ b
.“,‘ E

Discuss the merits and demerits of Impulse turbine and reaction turbine.

[M]

OR

In a reaction turbine, the fixed blades and moving blades are of same shape but
reversed in direction. The angles of the receiving tips are 350 and of the
discharging tips are 200 . Find the power developed per pair of blades for a steam
consumption of 2.5 kg/s, when the blade speed is 50m/s. If the heat drop per pair is
10.04 kJ/kg, find the efficiency of the pair.

[14M]

Unit-V

3

Sketch and! explain the line diagram of a semi closed gas turbine plant

.

e

[14M]

'

OR ‘

1. Write short notes on liquid propellant engines
ii. What is meant by thrust augmentation? When is it necessary? Describe any one
method of thrust augmentation. :

[14M]
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(AT EJTONOMOUS)
i ' ACADEI\/IIC C’ALENDAR
"~ (B. Tech 2020 Admitted Batch Academic Year 2022-23)
: 2020 Batch 3™ Year 1* Semester
J * Description From Date To Date | Duration
| Commencement of :Class Work 25-07-2022
. |1 Spell of Instructions 25-072022 | 10-09.2022 | 7 Weeks
& Assigniment Test-] 15-08-2022 20-08-2022
I Mid examinations _ 12-09-2022 17-09-2022 1 Week
6’\{-} 2 Spell of Instructions 19-09-2022 | 05-11-2022  Weeks
;  |Assignment Test-T1 10-10-2022 15-10-2022
$ [l Mid examinations 07-11-2022 12-11-2022 1 Week
¢ [Preparation & Practicals 14-112022 | 19-11-2022 | 1Week
Semester End Examinations e 21-11-2022 |- 03-12-2022 | 2 Weeks
2020 Batch 3 Year 2™ Semester
Commencement of Class Work 05-12-2022
1** Spell of Instructions 05-12-2022 21-01-2023 | 7 Weeks
Assignment Test-I 26-12-2022 31-12-2022
I Mid examinations 23-01-2023 28-01-2023 1 Week
2% Spell of Instructions 30-01-2023 | 18-03-2023
> [Assignment TestlI | < | 2002203 | 25.022003 | | Ve
O examinations | 20-03-2023 | 25-03-2023 | 1 Week
Preparation & Pmcticalb 27-03-2023 01-04-2023 1 Week
Semester End Exammatxons s 03-04-2023 | 15-04-2023 2 Weéks
Commencement of 4%  Year 1# Sem Class Work 05-06-2023

-
i
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DEI;ARTMENT OF MECHANICAL ENGINEERING
' INTERNAL | EXTERNAL TOTAL

Igﬁgg& LR TP Marks MARKS | MARKS | CREDITS
2 11 0 30 70_ 100 3
Code: R20ME3102 | . HEAT POWER ENGINEERING
COURSE OBJECTIVES:

The course content enables students to:
* Inculcate the fundamental knowledge of the thermal power generation using steam and gas
turbines.

* Discuss various types of rockets and its applications and preparation of rocket fuels and
propellants. i

..
. oo b
O's i

COURSE OUTCOMES: : -
After successful completion of this course, the students will be able to;
CO1: Nlustrate the various types of efficiency improvements of Rankine cycle
CO2: Describe the various boilers, mountings and accessories.
. €O3: Identify different types of nozzles used in steam turbines.
O CO4: Classify different turbines based on utility and applications.
COS: Discuss gas turbines, jet propulsion and rocket propulsion.

UNIT -1:

STEAM POWER PLANT: Rankine cycle - Schematic layout, Thermodynamic Analysis, Concept of
Mean Temperature of Heat addition, Methods to improve cycle performance — Regeneration &
reheating,

COMBUSTION: Fuel Types and combustion, concepts of heat reaction, adiabatic flame temperature,
flue gas analysis- Orsat apparatus analysis.

UNIT - 11: + '
BOILERS: Classification — Working principles with sketches including LP & H.P .Boilers —
Mountings and Accessories — Working principles- Boiler horse power, Equivalent Evaporation,
Efficiency and Heat balance,

DRAUGHT: Classification — Forced Draught and Natural Draught, Height of chimney for given
draught and discharge- Condition for maximum discharge- Efficiency of chimney. :

QNIT -~ 1II:
STEAM NOZZLES: Stagnation Properties- Function of nozzle — Applications and Types- Flow
through nozzles- Thermodynamic analysis — Assumptions -Velocity of nozzle at exit-Ideal and actual
expansion in nozzle- Velocity coefficient- Condition for maximum discharge- Critical pressure ratio-
Criteria to decide nozzle shape- Super saturated flow, its effects, Degree of super saturation and
Degree of under cooling - Wilson line,

UNIT -1V: , ek

STEAM TURBINES: Classification — Impulse turbine, Mechanical details — Velocity diagram —
Effect of friction — Power developed, Axial thrust, Blade or diagram efficiency — Condition for
maximum efficiency. De-Llaval Turbine - its features- Methods to reduce rotor speed-Velocity
compounding and Pressure compounding.




. 2 Wop At
;ﬁ;fa_: 3 RS

DEPARTMENT OF MECHANICAL ENGINEERING
REACTION TURBINE: Mechanical details — Principle of operation, Thermodynamic analysis of a

stage, Degree of reaction —Velocity diagram — Parson’s reaction turbine — Condition for maximum
efficiency. T
UNIT -v:
GAS TURBINES: Simple gas turbine plant — Ideal cycle, essential components — Parameters of
performance — Actual cycle — Regeneration, Inter cooling and Reheating —Closed and Semi-closed
cycles — Merits and Demerits. n
JET PROPULSION: Principle of Operation —Classification of jet propulsive engines — Working
Principles with schematic diagrams and representation on T-S diagram - Thrust, Thrust Power and
Propulsion Efficiency, Turbo Jet — Schematic Diagranr, Thermodynamic Cycle, and Performance
Evaluation, |

i
TEXT BOOKS:
1. Thermal Engineering / Mahesh M Rathore/ Mc Graw Hill
2. Gas Turbines - V. Ganesan /Mc Graw Hill

i

REFERENCE BOOKS:

1. Gas Turbine Theory/ Saravanamutioo, Cohen, Rogers/ Pearson

2. Fundamentals of Engineering Thermodynamics / Rathakrishnan/ PHI
3. Thermal Engineering/ Rajput/ Lakshmi Publications

4. Thermal Engineering/R.S. Khurmi / S.Chand Publications

WEB REFERENCES: X
h_ttp://home.iitk.ac.i11/~9ullerllcctures/lcc29.htm
https://nptel.ac.in/courses/112/103/112103277/
hitp:/nptelvideos.com/video.php?id=1181 : .
hitp://150.107.117.36/NPTEL DISK4/NPTEL_Contents/Web courses/Phasel web/112104117/ma
chine/uni/Course _home-lec24.htm

5. https://nptel.ac.in/courses/112/106/1 12106166/
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COURSE OUTCOMES:

After successful completion of this course, the students will be able to:
CO1: Illustrate the various types of efficiency improvements of Rankine cycle (K2)
CO2: Describe the various boilers, mountings and accessories. (K2)
CO3: Identify different types of nozzles used in steam turbines, (K3)
CO4: Classify different turbines based on utility and applications. (K4)
COs: Discuss gas turbines, jet propulsion and rocket propulsion. (K3)

Unit . . Ref Text Total Delivery
No Outcome Topics/Activity book Periods Method
' Unit-1 STEAM POWER PLANT
s . C T1, T2, - Chalk &
1 1.1 | Schematic layout - Rl 1 Talk
| . . T1, T2, Chalk &
12 | Thermodynamic analysis R1 2 Talk
Methods to improve cycle Ti, T2, Chalk &
13 erformance Ri 2 Talk,
pertorm Tutorial
1 CO1: Interpret the ' Chalk &
steam power 1.4 | Regeneration & reheating, T1 3 Talk,
plant cycles [K2] Tutorial
COMBUSTION
1.5 | Fuels and combustion T2,R3 1 CI,EI]I;&
' Chalk &
1.6 | Concepts of heat reaction T2,R3 1 Talk,
' - b, Tutorial
* Adiabatic flame temperature ’
. . v Chalk &
. 1.7 [ flue gas analysis. T2,R3 2 Talk, PPT
' Unit-2. BOILERS
Classification, working
2.1 | principles of L.P & H.P 11, 12, 2 Chalk &
CO2:Demonstrat boilers R3 Talk
e
2 the basics of 2.2 | Mountings and accessories Tl},{;‘Z ? 2 Cl,llja;ﬁ{&
combustion [K2] Working principles, boiler TL. T2 Chalk &
2.3 | horsepower, equivalent S 2 Talk, Case
. . R3
evaporation, efficiency. Study
DRAUGHT

.;‘




Classification, Natural and Ti, T2, Chalk &
2.4 | Artificial draught, induced . R3 2 Talk. PPT
and forced draught ?
. . . T1, T2,
25 Height of chlrpney for given R3 2 Chalk &
’ draught and discharge Talk
Condition for maximum T1, T2, Chalk &
2.6 | discharge, efficiency of R3 2 Talk, Case
i chimney. Study
Unit-3. STEAM NOZZLES
Function of a nozzle, Chalk &
! 3.1 | applications, types, flow T1, T2, R1 2 Talk, PPT,
CO3: Identify . |'throughnozzles T *» Tutorial
different types of - Thermodynamic analysis, Chalk &
nozzles use.:d m 132 | assumptions, velocity of fluid | T1, T2, Rl 3 Talk,
steam turbines, at nozzle exit Tutorial
[K3] ' Ideal and actual expansion in
' 33 |2 nozzle, velocity coefficient, T1. T2. R1 3 TC;} all({:&
’ condition for maximum e aSk, dase
discharge tudy
| MID I EXAMINATION
. o Critical pressure ratio, nozzle Chalk &
dC.O3' Identify ; 3.4 | design, Super saturated flow, | T1, T2, R1 3 Talk, Case
ifferent types of .
. its effects Study
nozzles used in Degree of super saturation and
steam turbines 3.5 deggrree of pundc:r cooling, Tl 3 Chalk &
[K3] E Wilson line. ’ Talk, PPT
1
l Unit-4. STEAM TURBINES
: 4"”1 Construction & working of T1,T2, ° 2 Chalk &
‘" | steam turbines b R3 Talk, PPT
4.2 | Impulse & reaction principles Tll’{3T 2, 2 T?l’l?, H;gr
Inlet & outlet velocity T1. T2 Chalk &
CO4: Classify 4.3 | diagrams. Work output & ’ 1’13 * 3 Talk, Case
different turbines efficiencies Study
:szed on utlhty. 44 |Pressure flc velocity TII,{§2, 2 T(a:ﬁzué:; o
applications[K2] compouncing Study
5 Regenerative feed water T1, T2, Chalk &
l 45 heating, reheat cycles R3 3 Talk, Case
. ? Study
Reheat factor, governing of T1. T2 Chalk &
4.6 | turbine, back pressure & pass I:l3 ’ 2 Talk,
! out turbine. . Tutorial
i |+ Unit5. GAS TURBINES & JET PROPULSION
i - . ‘ TI, T2
. : Simple gas turbine plant, - ” Chalk &
dci?fz;iiggrturels 51 ideal cycle Rl 2 Talk, PPT
of gas turbines Essential components, T1, T2, Chalk &
and jet 5.2 | parameters of performance, . Rl 2 Talk,,
engines[K2] actual cycle Tutorial
Regeneration, inter-cooling 11, 12, Chalk &
53 . G Ri1 3 Talk, Case
and reheating
Study

-




54 Rt 2 Chalk &
: . . . Talk, PPT
chambers. .i; a6, - '
JETPROPULSION
Working  prificiple; thrust- . ; Chalk &
33 poyyfé_r L ed _ 511 ? Talk
|56 prop{ﬂsive forceand ) T1 2 Ct,}?alﬁc&
’ efficiency IS
- } <L Total 65
{ MID I EXAMINATION
i END EXAMINATIONS
]
Text Books: , "

Tl Thermodynémics and Heat Engines, Volume 2, R.Yadav, Centralbook depot.

T2 Heat Enginéering, V.P Vasandani and D.S Kumar, MetropolitanBook Company, New
Delhi | :

R1  Gas Turbinv::sE and Propulsive S;gteri;s,-. P.Khajuria&S.P.Dubey, Dhanpatrai

R2 Gas Turbines, Cohen, Rogers and SaravanaMuttoo, Addison Wesley, Longman, John
wiley& sons

R3  Thermal Engincering, R.S Khurmi, JS Gupta, S.Chand, Mechanical Engincering
i

|

‘Reference Books:

i

.' gﬂ%ﬁhy% | : Priacjpal




O

Mz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

CO-POs & CO-PSOs MAPPING

(COURSE ARTICULATION
MATRIX)




3% NARASARAOPETA
NEC EN GINEERING COLLEGE

AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING
'B.TECH - R20 REGULATION
COURSE ARTICULATION MATRIX

III B. TECHISEMESTER
Course Name: HEA’I‘ POWER ENGINEERING

Course Code: C312

g 3| 3 | 2] -

csg;, 33 | 2|1]-]-
ear3l 3| 3 |21 ] -] -
@4 3 3 211 -7-~
€125 3 | 3 |2 |1]-1]-
2312730073007 2.00] 00k~ 55

EXH
gt




% NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

WEB REFERENCES




Jp————

]

WEB REFERENCES: ’

http://home.iit'k.ac.in/"'su!ler/iectures/leczg.htm

https:,f/nptei.ac.in/courses/112/103/ 112103277/

http://npte!vidéos.com/video.nhp?id=1181
]

http://150.107.117.36/NPTEL_DISK4/N PTEL_Contents/Web_courses/Phasel_we
ma chine/ui/Course_home-lec24.htm

b/112104117/

https://nptel.ac.in/courses/112/106/
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21 BATCH ITI-{ PROMOTION LIST

[S.No HT No. Student Name
1 21471A0301 | ANGIREKULA VEERANJANEYULU
2 21471A0302 | BATTULA YUVA RAJU
3 21471A0303 | BOMMIREDDY VENU
4 21471A0304 | JEEDIMALLA SRI LAKSHMI NILENDRA
| s 21471A0305 | KONATHAM VENKATA NARAYANA
6 21471A0306 | KUNCHALA ANKA RAG
7 21471A0307 |PATHAN RIVAZ e
8 21471A0309 | SASAPU SAT SANTOSH
9 21471A0310 | SOUBHAGYAPU SAI RAM
10 2147140311 | MUNAGA RAMANJANEYULU
1 21471A0312 | YELCHURI HEMALATHA MEGHANA
12 21471A0314. | ALLAM TIRUMALA RAJU
13 22475A0301] | LUKALAPU RAMBABU
14 22475A0302; | THUNUGUNTLA NAGA THARUN
O ;s 22475A0303, | MAILAVARAPU PAVAN KALYAN
16 22475A0304, | KOLLI GOWRI SANKARA RAG
17 22475A0305 | VANTAKU GANAPATHI LAKSHMI NAIDU
18 22475A0306 | SYED HUSSAIN
19 22475A0307 . | BEHERA SANJAY KUMAR
20 22475A0308 | YASAM MANIKANTA
21 22475A0309 | | MALLADI GOPI PURNA
22 22475A0310 | | UNGATI LOKESH




23 22475A0311 | RAMAVATH VASU DEVA NAIK
24 | 22475A0312 | PASALA SYAMKUMAR

25 | 22475A0313 | THURIMELLA VAMSI GANESH

26 22475A033!14 KUKKAMALLA KARTHIK

27 22475A0315 | VUTLA KISHORE

28 | 22475A0316 | DHARMANA APPALA NAIBU

29 | 22475A0317 | NIKKU SURESH :

30 | 22475A0318 | GORANTLA SIVA KOTESWARA RAO
31 22475A0319 | POGUNOLLA KARUN KUMAR

32 | 22475A0321 | BANDLAMUDINAGA RAJU

33 | 22475A0322 | BOJJA SYAM BABU

34 | 22475A0323 | ATHULURI PURNA VENKATA RAMARAG
35 | 22475A0324 | BATTULA LAKSHMINARAYANA
36 | 22475A0325 | GUDIKANDULA ANJANEYULU

37 | 22475A0326 | AYINAMPUDI KISHORE BABU

38 | 2247540327 | KETHABOYINA MAHESH

39 | 22475A0328 | SHAIK BABULAL

40 | 22475A0329 | BANDARU VENU GOPAL

41 22475A0330 | YADAVALLI LOKESH

42 | 22475A0331| | CHOUDAM VENKATESH

43 22475A0332| | CHATTI MURALI KRISHNA

44 | 22475A0333| | DARAM PRUDHVI KRISHNA

45 22475A0334| | SHAIK NAGUR BASHA

46 | 22475A0335| | GOLLAPUDI SARATH KUMAR

47 22475A0336 , [ ADAKA VINOD o

48 22475A0337 | | JANNI ARUN

49 | 22475A0338 | NOWPADA MEGHANADH

50 | 22475A0339 | | BALAGA YUGANDHAR

51 22475A0340 | | NEYYELA KUMAR BEHERA




22475A0341

52 KUNITI PAVAN KUMAR
53 22475A0342 | BHUKYA DIWAKAR NAIK,

54 22475A0343 | VOONA NARENDRA .

55 22475A0344 | CHANDARLAPATI GANESH

56 22475A0345 | BALAGA MOHAN

57 22475A0346 | BOMMALI MAHESH

58 22475A0347 | DUDDETI NAGA SAI

59 22475A0348 | BASWA DILLESWARA EAGH
60 22475A0349 | KORRAPATI MOHAN KRISHNA
61 22475A0350 | NAKKANABOINA NAGA SRIDHAR
62 22475A0351 | GONDU GANESH PAVAN

63 22475A0352 | LINGA SRINIVAS

PRINCIPAL
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ITI.B.Tech
S.No HTNo , Name of the Student
I | 2047140301 [ALAVALA ADITHYA VARA PRASAD
2 | 20471A0302 [BATTULA RAJESH . ob
3 | 20471A0303 [BHIMAVARAPU HEMANTH KUMAR
4 | 20471A0304 [BONAM JAYA PRAKASH
5 | 2047140305 [BOYAPATI PAVAN KUMAR
6 | 2047140306 [DADDANALA VEERANJIREDDY
7 | 20471A0307 [DERANGILA PARDHU GANESH
£y 8 [ 2047140308 |DOPPALAPUDI S S NAGA RAVITEIA
9 | 20471A0309 [EEDARA MOHON SAI
10 [20471A0310 |GANESH SAI PAVAN
11 | 20471A0311 [GANGARAPU VENKATA REDDY ]
12 | 20471A0312 |GERA KOTESWARA RAO
13 | 20471A0313 [KARASALA PRASANTH
14 | 20471A0314 |KARASANI PAVAN KUMAR REDDY
IS |20471A0315 |KATTA MAHESWAR
16 | 20471A0317 [KESARI DHANUNJAYA REDDY
17 | 2047140318 KOMARAGIRI SASIKUMAR
18 | 2047140319 (KOMERA SIVA NAGARAJU
19 | 20471A0320 (KOTHA-GOPI s
20 | 20471A0321 |KUNDURTHI NAVEEN
21 | 2047140323 [MADANU JOSEPH VINAY KUMAR
22 | 2047140324 MADDUMALA RAMAKRISHNA
23 [ 20471A0325 [MAGANTI SASI PAVAN
24 | 2047140326 MAKEKENA SAMBASIVA RAO




25 | 20471A0327 [MIRIYALA SASHANK

26 | 20471A0328 [NALLA ABHIRAM CHOWDARY

27 | 20471A0329 |NUTHAKKI RAKESH

28 | 20471A0330 |ARAVAPALLI SAI SRINIVAS

29 | 2047140331 |[PALETI JOHN HOSANNA

30 | 20471A0332 |[PERUMAALLA SRIKANTH

31 | 2047140333 [POLURI KRISHNA CHAITHANYA,

32 | 2047140334 [PONNAGANTI CHANDU HARSHA VARDHAN

33 | 20471A0336 [PATHAN MEERA VAL]

34 | 20471A0337 [POTTIMURTHI PURNA CHANDRA RAG

35 | 20471A0338 |[PRUDHVI DURGA BHARATH CHANDAN
h 20471A0339 [RAMAVATHU BADDUNAIK

37 | 20471A0341 |SHAIK APPAPURAM MAHABOOB SUBHANI

38 | 20471A0342 SHfll\IK ASIF

39 | 204710343 [SHAIK GANGARAM ABDUL RAHAMAN

40 | 20471A0344 |SHAIK GULLAPALLI NAGURVEIj

41 | 20471A0345 [SHAIK LAL, AHAMAD BASHA

42 | 20471A0346 [SHAIK MAHAMMAD FAREED

43 | 20471A0347 [SHAIK MAHAMMAD YUNUS

44 | 20471A0348 [SHAIK MANISHA

45 | 20471A0349 |SHAIK PARVEZ

46| 2047140350 [SHAIK SADHIK

47 | 20471A0351 SHA?IK SALMAN

48 | 2047140352 [TIPPIREDDY AMARNATHREDD Y2

49 | 20471A0353 [VADLAVALLI GANESH

50 | 20471A0354 (VEERAGANDHAM VENKATA MANIKANTA

51 " | 20471A0356 [ADAKA GOPIRAJU

52 | 2047140357 ATc:HYUTHA PAVAN KUMAR




53 | 20471A0358 |BALLE RAMANJANEYULU

54 | 20471A0359 [BANDARU SAI GANESH

55 | 20471A0360 |BERAM NARENDRA REDDY

56 | 20471A0361 [CHEBROLU MANIKANTA SAI NITHIN

57 | 204710362 |CHENNAMSETTY GOPI

58 | 20471A0363 |GANGULA SUNNY

59 | 20471A0364 |GANIT HANUMA KOTI GANESH

60 | 20471A0365 |GANNNAVARAPU JAYA SRIKANTH

61 | 20471A0366 |GUTTIKONDA AYYAPPA REDDY":

62 | 20471A0367 |MADDINENI AJAY '

63 | 20471A0368 MANNEPALLI VEERA NARASIMHA
hﬁl 20471A0369 MARAGANI NAGA THIRUMALA RAG

65 | 20471A0370 [PARELLA BALA GURAVAIAH

66 | 2047140371 |SETLAM RANENDRA VAMSHI

67 | 20471A0372 |SHAIK GUTHIKONDA SALIM

68 20471A0373 |SHAIK JAKIR

69 _| 20471A0374 |SHAIK MOHAMMAD TAHEER 1

70 | 20471A0375 |THOTA SRIVAMSI NADH :

71| 20471A0376 [YAKKANTI SAI KIRAN REDDY

72 . | 21475A0301 [PALLAPOTHU SAIKIRAN YADAV
_67; 21475A0302 |SYED SARDAR VALI

74 | 2147540303 |DERANGULA GOPI KRISHNA

75 | 21475A0304 |VADDANI RAKESH

76 | 21475A0305 |SHATK ADIL.

77 | 21475A0306 |IANAPAREDDI PRASAD

78 | 2147540307 REPL:ALEE YASHWANTH |

79 | 214750308 RAM:’.AVATHU PAVAN KUMAR NAIK

80 | 2147540309 NELz:WALLI VIKAS




81 | 21475A0310 |DUDDU JOSEPH
82 | 21475A0311 |MUNIKOLA SANTHOSH KUMAR 1.
83 | 21475A0312 [MORAPAKULA CHARAN TEJA -
84 | 21475A0313 |GODA SANDEEP
85 - | 214750314 |MOGILI PRAKASH
86 | 21475A0315 |SHAIK MABU SUBHANI
87 | 21475A0316 [DAGGUPATI VENKATA PRADEEP
88 | 21475A0317 [NAGASURENDRA CHARI UPPALAPATI
89 | 21475A0318 [NALLURI NAVEEN
9 | 2147540319 [ORCHU VENKATA RAVINDRA ,
91 | 21475A0320 [NELLURI YASWANTH
hz 21475A0321 |PENUMALA PAVAN KUMAR
93 | 21475A0322 |BAANANA PRADEEP KUMAR
94 | 21475A0323 [BOJANKI DEMUDU BABU
95 | 214750324 [DATTI cHANDU
9 | 2147540325 |BORUGADDA NITHIN
97 | 21475A0326 |[VARIKUTI KARTHIK VENKATA RAM
98 | 21475A0327 |GOLLA SUNDARA SAMRAJYA SUGNAN
9 | 21475A0328 |CHATTA VENKATRAMAIAH © "
@ | 2147sans2s KSHATRIYA JITHENDRA SINGH _
101 [ 2147540330 [BOMMALI BALA SIVA YOGENDRA SAI NANDU
102 | 21475A0331 |REVALLA SAI
103 | 21475A0332 BAI\;IDI SRINIVAS
104 | 214750333 (GURRAM SIVA GANESH
105 | 2147540333 [EMANI LEELA SHANKAR
106 | 21475A0335 |KUBPALA SRINU

-
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BOILER MOUNTINGS

Definition: ‘
¥ A boiler is a closed vessel in.whlch water is converted .in to steam by burning of fiel in presence
of air at desired temperature, pressure and at desired mass flow 1ate. .

v According to the Indisn Boiler Act 1923, a boiler is a closed presstire vessel with ca?acity more
than 23, liters and used for generating steam under pressure and includes a1l the mountings fitted
to a closed vessel., ) ‘ ' _

¥ According to American society of Mechanical Engineers (A.SME), a steam generator or a
boiler is_defined as "a combination of apparatus for producing, finishing or recovering heat
together with the apparatus for transferring the heat so made available to the fluid being heated
and vaporized. ' '

PRINCIPAL DF WORKING 3: 5 Sl - A W
In case of boiler, any type o fue burn in ne of air'and form flue gases which are at very high
temperature (hot fluid). The feed water at atmospheric pressure and temperature enters the system from
other side (cold fluid). Because of exchanges of heat between hot and cold fluid.(water) temperafure

raises and i form steam. The flue gases (hot fluid) temperature decreases and at lower temperature hot
fluid is thrown in to the atmosphere via stack/chimney.

FUN_CTION‘OE ABOILER #

Pl

The steam generated is emiployed ot following purposes:
> Used in steam turbines to develop eléctrical energy.
» Used to run steam engines, -
> Inthetextile industries, sugar mills or fn chémical Industries as-a cogeneration plant,
> _Heating the buildings in cold weather. e ha
> Producing hot water for hot water supply.
IBR AND NON-IER BOILERS RIS e :

v Boiler generating steam at working pressure below 10 bar and having ter orage capacity less
than 22.75 liters are called non-IBR boilers, (INDIAN BOILER liEGULAT!ON}. '

Y Bollers outside these limits are covered by the IBR and have to observe certain specified
conditions before being operated. '
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CLASSIFIC ' "
ﬁaf@ézé&é}ﬁé—séggggéoF'BQ]LERS‘*‘* R

3 S Fihas,
The different ways

; :’:“*\r’.‘gﬁ'
to classify the boy
1. According to location of boj ler shell gxig
> Horizonta] (Lancashire l;oller,
> Vertical (Cochran boiler,

> Inclined bollers

Locomotive boiler, Babcock and Wilcox etc.)
vertical boiler etc.)

4

When the axis of the boiler shell is horizontal the boller 13 called hotizontal boiler. If the axis is vertical,
the boiler is called vertical beler and If the axis of the boller is inclined it is kni

own as inclined boiler.
Mﬂ!ﬂzﬂmmmmm
. > Fire tube (Lancashire, Locomotive, Cochran and Cornish boiler.)
» Water tube boilers (Simple vertical boiler, Babeock and Wilcox boiler.)

The boiler in which hot flue gases are inside the tubes and water is surrounding the tubes is called fire
" tube boiler. When water is inside the

tubes and the hot gases are cutside the boiler is called water tube
boiler, e

According to pressure of the steam raised the boilers arg classified as follows -
» Low pressure (Below 80 bar) [Cochran and Coentish boiler, Lancashire and locomative boiler]
> High pressure boilers (> 80 bar) [Babeock and Wiloox boiler]

4, According to the draft used: o )

» Natural draft (Simple vertical boiler, Lancashire boiler.) .

> Artificial draft boilers (Babeock and Wilcax boiler, Locomotive botier,) :
Boilers need supply of air for combustion of fuel, If the elrculation of air is provided with the help of a

chimney, the boiler is known as natural draft boller, Whencmlerafomoddmﬁfanoraninducedc]mﬁfnn
" ar both are used o provide ths flow of air in th bollee Is called artificlal draft boiler.
» : ’ .
> Natural circulation (Baboock and Wileck bolles, Lancashise boiler.)
» Forced circulation (Velox boller, Lamont boiler, Loffler boiler.) :
If the circulation of water takes place dus to difference in density caused by temperaturs of water, the

boiler 5 called natural circulation boller. When the circulation is done with the help of a purmp the boiler
- is known as forced circulation boiler, . ' '
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6. According to farnace position; ) .
> Internally fired (Simple vertical boiler Lancashire boiler, Cochran boiler.)
> Externally fired boilers (Baboock and Wilcox boler.) o
When the furnace of the boiler is inside its drum or shell, the boller is called internally fired boiler. If the .

furnace is cutside the drum the boler is called externally fire boiler, '

> Solid

» Liquid f .

» Gaseous l . TR .

» Electrical : :

> Nuclear energy fuel boilers _
The boiler in which heat energy is obtained by the combustion of solid fuel like coal or lignite is known
2 solid fuel boiler: A boiler using liquid or gaseous fuel fo burning is kiown es liquid or gaseaus fuel
boller. Boilers in which eléctrical or nuclear energy is used for generation of heat are respectively called

s electrical energy headed boilers and muclear energy heated boiler.

8. According to number of tubes

> Single tube (Cornish boler, Vertical boiler.) -

> Malti-tube boiler (Lancashire boiler, Locomotive bolles, Baboock and Wilcox.)
A boiler having oaly one fire tube or water tube is called a single, tube boiler. The boiler having two or
more, fre or water tubes Is called multi-tube boiler. . :

9, Acconding to' ler mobl |
> Statiopary (Lancashire, Babéock and Wilcox boiler, Vertical boiler.)
® > Portable (Locomotive boiler, Marine boiler) '_
» Marine boilers’ : " - _
When the boiler is fixed at one location and cannot be transported easily it is kndwn as stationary boiler.
If the boiler can be moved from one location to anothier it is known as porizble boiler, The boiler which
work on surface of water are called marine bolless, ' : o

-

A

[

i S
I . 'y L
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FACTORS
Pﬂ;' :‘IEV%QFF- -t, ‘F i } E SELECT' OF A BO k] Vel ot ot s
One has to seng e ’eru, o “N’l;ifﬂ.. sty

seny thet hmcaldetalismthemanufac CRUE L

>

> Heating susface (Square meter)
> Working pressure(Bar)
> Number of tubes Jdrum
> Type of boiler

> Manufacture of bojler

> Initial cost

> Quality of swam]

> Repan'andmpecuonfaciw

'I‘hebodermoum:ngs amthe dxﬂ‘erent ﬁttmgsand dewc&swhlcharemounted onaboﬂa-shnllforpropcr
functioning and safety.
(A) Mountings for safety
. Safety valve (02 Nos.) o R
2. High pressure and low water safety valve on Lancashire and Cornish boiler (01 each)
3. Water level indicator (02 Nos.)
4. Fusible plug (01 No.)
(B) Mountings for controls
- L. Prasuremugc((}l Nn) : . _— .
2. Steam stop valve (01 No) _ o '
3. Feed check valve (01 No.) '
4. Blow off cock (01 No.)
5. Man hole (01 No.)

6. Maud box (01 No.)

JAFETY VALVE

Safety valve is located on the top of thn boller. Thoy guard the boiler against the excessivs high pressure
of steam inside the drum. If pressure exceeds the working pressure then the safety valve allows to blow

off a certain quantity of steam to the atmosphere, and the pressure falls in the drum.
There are four types of safety valves. '

’.,
T
d
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1, Dead-weight safety valves .
Figure 01 shows the schematic of a dead weight safety valve, It is similar to dead weight (whistle) loaded

on & pressure cooker and functions in a similar way, A gunmetal valve rests on gunmetal $eat. The
gunmetal seat is mounted on a steelsteam pipe. The valve is fastenedio a welght carrier. The dead wéight
is in the form of cylindrical discs gre Placed on the carrier so it acts downward, When the force due to
Steam pressure exceeds the total dead weight acting downward, the valve lifts up from the seat and some
quantity of steam left the atmosphere, thus reducing the steam pressure in the boiler shell, and the valve is
again closed, The dead weight safety valve is used o stationary boilers. ‘ |

Fig.01: Dead weight safety valve

2. Speing- loaded safety valye . . £ g

’.,
Ll
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| Flg.02: Spring ~loaded safely vaive

3. Lever-loaded safety valve

The fig. shows the lever- loaded spring safety valve, the body of valve is. fastened an the top of
the boiler shell. A gunmetal valve is placed on the steam passage formed in the casing. A cast

iron lever attached to a fulcrum on one end and loaded by weight on the other end keeps the valve
onthe seat in a closed position.

When the upward force due to steam pressure exceeds the load

onthevalve.thavalveopens,and
allows some quantity of steam to escape. The pressure of steam in the boiler f2lls end the valve
again rests on the geat,
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SR

' while the drain cock remains close, During the normal
COperation, the two ballg Provided inside the gunme

the water can reach the glasg gauge and its level can be seen, .
In case the glass gauge breaks accidently,

gunmetal pipes, The fares is exeited on two balls and they are carried away by water and steam and the
water and the steam cocks are then closediand the g

F_'ig.ﬂS:' Water level lndlcstm;. .

+

*

e

Jntufastupdates.com Scanned with CamScanner




PRESSURE. G_AUGE

oitin: ‘:lu
"ng".n = \"Tu‘ 7!-“44”:. ]

A pressure gauge is ﬁtte in ﬁ-ont of the boiler 1n such a pos:tion that the operator can convamenﬁy read
it. It read the pressure of steam in the bot!er and is conneeted to the steam space by a siphon tube,

The most commonly used gauge is the bourdon pressure gauge. Fig 6, Illustrates the bourdon pressure
gauge. It consists of an elliptical spring bourdon tube. One end of the tube is connected to the siphon Fube
and other end is connected by levers and gears to polnter, ' .

When fluid pressure acts on the bourdon tube, it tries to make its cross section change from elliptical to
circular, In this process, the lever end of the tube moves out as indicated by an aITOW. The tube movement
is magnified by the mechanism and given to poifiter to move over a circular scale indicating the pressure,

The siphon tube is shown in Fig.07. It connects the steam space of the boiler to the bourdon gauge is
filled with water in ‘order to avoid the effect of high' temperature stcam on the gauge conmoncnts The
stmmpm:melstmnsfa'redbywatatoﬂzebourdongauge. . .

s
TN w-.‘-

,f" 1 ruifem 3 ,..i
: ]

Fig.07: pressure gauge with siphon tube,

].
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Brown Hills College of Enginecring & TeehflGIogY Energy Conversion

UNIT -6 | Steam Condensens
'-'—.i“'—*'-i"——"ﬁ-'—'.—"é-'-——-ii-—----—l———-—g--——-4--.—-@-.__.__@_..___1__,___-!__
Elements of a condensingiplant, Types of condensers, Comparison of jet and surface condensers,
Condenser vacuum, Sources of air leakage & its disadvantages, Vacuum efficiency, Condenser
efficiency = - . r L .

e tim — e v =l e e e it et e e e — i — e e — i — =l o o

» Steam Condenser: It is a.device or an appliance in which.steam condenses and heat released by
steam is absorbed by water.

» Elements of a steam condensing plant: ’

1. Condense: It is a closed vessel is 7. Cooling water pump: It is a pump, which
which steam is condensed. The " circulates the cooling water through the
steam gives up heat energy to condenser.
coolant (which Is water) during the :
process of condensation. s

2. Condensafe pump: It is a pump,
which removes condensate (je.
condensed steam) from the
condenser to the hotwell. -

3. Hotwell: Itisa su’mlp between the
condenser and boiler, which
receives condensate pumped by the
condensate pump.

4, Boiler feed pump: It is 2 pump,
which pumps the condensate from
the hot well to the , boiler. This is
done by increasing the pressure of
condensate above the boller
pressure,

5. Air extraction pump: It is a pump
which extracts (Le. removes) air
from the condenser.

6. Cooling tower: It is a tower used
for cooling the water which is
discharged from the condenser.

Sachin Chaturvedi i Lecturer in Department of Mechanical Engineering
Notes also avajlable at www.sachinchaturvedispaces.live.com_ E-mail: sachin_techno@yahoo.co.in
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Brown Hills Collepe ofEnginee.rin'g & Technology Energy Conversion
> Classification of Condensers

¢ Jetcondensers ® [Surface condenser
I
v Jet Condensers: The exhaust steam and water_come in direct coptact with each other and
temperature of the condensate is the same as that of coo ing water leaving the Tondenser.-The
cooling water is usually sprayed into the exhaust steam to cause, rapid condensation.

¥ Surface Condensers: The exhaust steam and water do not come into direct contact. T_he steam
passes aver the outer surface of tubes through which a supply of cooling water is maintained.

) ¥ P l
JetCondensers ) Surface Condensers
| . Parallelflow Counterflow Ejector flow Down-flow Central-flow [Inverted-flow  Regenerative Evaporative
| . i
1. Parallel- Flow Type of Jet Condenser: The exhaust steam and cooling water find their entry at
the top of the condenser and then flow downwards and condensate and water arve finally

collected at the bottom.

2. Counter- Flow Type jet Condenser; The steam and cobling water enter the condenser from
opposite directions. Generally, the exhaust steam‘trdvels in upward direction and meets the
cooling water which flows downwards. ’

L]
B

Fig. Parallel flow type condenser

&Tim%umf edi - _Lecturer in Department of Mechanical Engineering
0 available at www sachinchaturvedi.s live.com E-mail: sachin_techno@yahoo.co.in

Fig. Low level counter flow type condenser

8 www.Jntufastupdates.com Scanned with CamScanner




Brown Hills College of En;:'inccrinu & Technolopy — Encrgy Conversion
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7. Inverted Flow Type; This type of condenser has the air suction at the top; the steam after
entering at the bottom rises up and then again flows down to the bottom of the condenser, by

following a path near the outer surface of the condenser, The condensate extraction pump is at
the bottom.

8. Regenerative Type: This type is applied to condensers adopting a regenerative method of
heating of the condensate. After leaving the tube nest, the condensate is passed through the

entering exhaust steam from the steam engine or turbine thus raising the temperature of the -
condensate, for use as feed water for the boiler.

Sachin Chaturvedi Lecturer in Department of Mechanical Engineering
Notes also available at www.sachinchaturvedi.spaces live.com, E-mail: sachin_techno@yahoo.co.in
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* Brown Hills College of Engineering & Technology . Energy Conversion

. evel Jet Co er-F et Conde : Figure Shows, L, M and
N are the perforated trays which break up water into jets. The steam moving upwards
comes in contact with water and gets condensed.

The condensate and water mixture is sent to the hiot well by means of an extraction pump
and the air is removed by an afr suction pump provided at the top of the condenser.

« High Level Jet Condenser (Counter-Flow Type Jet Condenser): Jt s also calied
barometric condenser. In this type the shell is placed at a height about 10.363 meters
above hot well and thus the necessity of providing an extraction pump can be obviated.
However provision of own injection pump hias to be made if water under pressure is not
available. -

3. Ejector Condepser Flow Type Jet Condenser: Here the exhaust steam and cooling water mix in
hollow truncated cones. Due to this decreased pressure exhaust steam along with associated air
is drawn through the truncated cones and finally lead to diverging cone.

In the diverging cone, a portion of kinetic energy gets converted into pressure energy which is
O more than the atmospheric so that condensate consisting of condensed steam, cooling water and
air is discharged into the hot well. The exhaust steam inlet is provided with a non-return valve
which does not allow the water from hot well to rush back to the engine in case a failure of
cooling water supply to condenser. 7 oh

4. Down-Flow Type: The cooling water enters the shell at the lower half section and after traveling
through the upper half lse::tion comes out through the outlet. The exhaust steam entering shell
from the top flows down over the tubes and gets condensed and is finally removed by an
extraction pump. Due to the fact that steam flows in a direction right angle to the direction of
flow of water, it Is also called cross-surface condenser. ’

5. Central Flow Type: In this type of condenser, the suction pipe of the air extraction pump is
located in the centre of the tubes which results in radial flow of the steam. The better contact

between the outer surface of the tubes and steam is ensured; due to large passages the pressure
drop of steam is reduced.

0. Evaporative Type: The principle of this condenser is that when a limited quantity of water is
available, fts quantity needed to condense the steam can be reduced by causing the circulating
water to evaporate under a small partlal pressure, - Lo

The exhaust steam enters at the top through gilled pipés. The water pum
plpes and descending w pip pump sprays water on the

water condenses the steam. The water which is not evaporated falls into

the open tank {cooling pond) under the condenser from which it can be drawn by circulating
water pump and used over again.

The evaporative condenser is placed in open air and finds its application in small size plants.

Sachin Chaturved; . . ..
otes also avalable o o 5 _ Lecturer in Department of Mechanical Engineering

ce E-mail: sachin_techno@yahoo.co.in

¥
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Brown Hills College of Engineering & Technology d Energy Conversion

» Vacuum Efficiency; The minimum ahsolute pressure (alse called ideal pressure) at the steam inlet

of a condenser is the pressure corresponding to the temperature of the condensed steam. The
corresponding vacuum (called ideal vacuum) is the maximum vacuum that can be obtained in a
condensing plant, with no air present at that temperature. The pressure in the actual condenser is
greater than the ideal pressure by an amount equal to the pressure of air present in the condenser.
The ratio of the actual vacuum to the ideal vacuum is known as vacuum efficiency. Mathematically,
vacuum efficiency ‘

-1} = Actual Vacuum / Ideal Vacuu 7ohe
Where, 7 = Vacuum efficiency
Actual vacuum = Barometric pressure - Actual pressure
And + Ideal vacuum = Barometric pressure - Ideal pressure
> Condenser Efficiency

It is defined as the ratio of the difference between the outlet and inlet temperatures of cooling

water to the difference between the temperature corresponding to the vacuum in the condenser
and inlet temperature of cooling water, i.e,

Condenser effidency = — Rise in temperafure of cooling water
e v= Temp. corresponding o vacaum | _ Iulettemp.of]
| nthe condenser eooling water

) Rise in temperfatu}?e"of cooling water
- [Temp. corresponding to the absolute] i [Inlet temp. of

cooling water

pressure in the condenser

> BSources ofafr inte the condensers:

1. The dissolved air in the feed water enters into the boiler, which in turn enters into the
condenser with the exhaust steam. ' ’

2. The air leaks into the condenser, through various joints, due to high vacuum pressure in the
condenser.

3. Incase of jet condensers, dissolved alr with the injection water enters into the condenser.

C! (=]

. L ..
1. Itreduces the vacuum pressure in the condenser. ' :

2. Since alr is a poor heat conductor, particularly at low densities, it reduces the rate of heat
transmission,

3. Iltrequires alarger air pump. Moreover, an increased power is required to drive the pump.

§a_chin Chaturvedi Lecturer in Department of Mechanical Engineering
Notes also available at www.sachinchaturvedi spaces live.com E-mail; sachin_techno@yzhoo.co.in *
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Brown Hills College o in Technology L Energy Conversion

> Comparison Between Jet And Surface Condensers

Jet Condenser Surface Condenser
L Conling water and steam are mixed up. Cooling water and steam arenot mixed up.
2 Lowmanufacturing cost. . ’ High manufachifring cost.
3. Lewerupkeep. Higherupkeap.
. 4. Requiressmall floor space. Requires large floorspace. .
B, 'Thecondensate cannotbe used as feed Condensate can ba reused as feed water as it
: waler in the boilers unless the cooling does not mix with the cooling water.
waler is free from impuritics.
6.  More powerisrequired for air pump. . Less poweris needed for air pump,
b 7. Lesspoweris required for water pumping. ‘Moré power is required for water pumping,
: . 8  Itrequiresless quantity ofcooling water. It requires large quantity of cooling water,
=9 Thecondensingplantissimple, The condensing plant is complicated.
£ 40,  Lesssuitableforhigh capacity plants dueto More suitable for high capacity plants as
low vacuum efficiency. vacuum effliciencyishigh.
> Mixture of Alr and Steam (Dalton's Law of Partial Pressures):

It states “The pressure of the mixture of air and steam is equal to the sum of the pressures, which

each constituent would exert, if it occupied the same space by itself” Mathematically, pressure in
the condenser containing mixture of air and steam,

Pc=Fa + Ps

Where, Pc=Pressure in condenser
Pa = Partial pressure of air and, %+
Ps = Partial pressure of steam

> Measurement of Vacuum in a Condensers
6 . Yacuum: The difference between the atmospheric pressure and the absolute pressure.
In the study of condensers,

atmospheric pressure,
Mathematically,

the vacuum Is generally converted to correspond with a standard
which is taken as the barometric pressure of 760 mm of mercury (Hg).
vacuum gauge reading corrected to standard barometer or in other words:

Corrected vacuum In the condenser = 760 - (Barometer reading - Vacuum gauge reading)
Note: We know that; Atmospheric pressure = 760 mm of Hg=1.013 bar

*-1mmof Hg = 1.013/760 = 0.00133 bar = 133 N/m2 . (%1 bar=105N/m?)
: : : e
SA"MM‘,L“" : Lecturer in Department of Mechanical Engineering
0 available chinch glivecomy : . °  E-mnil: sachin_techno@yahoo.co.in
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Brown Hills College of Emzinécrimv & Technology Energy Conversion

» Coollng Towers R e

ater is made to trickle down drop by drop so that it comes in contact with the
te direction. As a result of this some water is evaporated and is taken away
the heat is talken away frpvm the bulk of water, which is thus cooled.

In a cooling tower wate
air moving In the opposi
with air. In evaporation,

» ° TypesofCooling Tower

T

Hot water
_ in
L !Ho'l saler
In
Alr in

T  / Cold water
g Cold water - EEDIRERRER 5 R

out
aut
Fig. Natural draught cooling tower Fig. Forced draught co oling tower
StudentNotes:
P
5,

Sachin Chaturvedi Lecturer in Department of Mechanical Engineering

s vajlable at _sachinchaturvedi.spaces.jive.com E-mail: sachin_techno @yahoo.co.in
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JET PROPULSION & ROCKETS
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Course Objective:

Applications and the principles of thermodynamics to components and systems,

Course Qutcome:

Develop problem solving skills through the application of thermodynamics.

DEPARTMENT OF MECHANICAL ENGINEERING




: . 5
JET PROPULSION ENGINES

5.1 Introduction .
Jet propulsion, similar to all means of propulsion, Is based on Newton's Second and
Third laws of motion.

force Is termed as thrust, .

For efiicient production of large power, fuel is burnt in. an atmosphere -of compressed
air (combustion chamber), the products of combustion expanding first in a gas turbine
which drives the air compressor and then in a nozzle from which the thrust is derived.
Paraffin is usually adopted as the fuel because of its ease of atomisation and its low
freezing point. ’ )

Jet propulsion was utilized in the flying Bomb, the initial compression of the air being
due to a divergent in:let duct’in which a small increase in pressure energy was obtained
at the expense of kinetic energy of the air. Because of this very limited compression,
the thermal efficiency of the unit was low, although huge power was obtained. In the
normal type of jet propulsion unit a considerable improvement in efficiency is obtained
by fitting a turbo—compressor which will give a compression ratic of at least 4 : 1. b

§.2 Classification

Jet propulsion engines are classfﬁed basically as to their method of operation as
shown .in fig. 5-1. The two main catagories of jet propulsion systems are the atmospheric

+  "_Jet Propulsion Engjinés .
_ [ .
I 1

Atmospheric Jet Engines Rockets
(Use atmospheric air) (Use: own oxidizer)
] t 1 I L L. L
Turboprop  Turbojet  Turbojet with Ramjet Pulsejet Liquid Solid
or Propjet after burner Propellant Propellant

Fig. 5—1. Jet propuision engines.

jet engine and rocket| Atmospheric jet engines require oxygen from the atmosperic. air
for combustion of fuell i.e. they are dependent on atmospheric air for combustion.

The rocket e.'-qinei carries its own oxidizer for combustion of fuel and is, therefore,
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JET PROPULSION ENGINES

independent of the atmospheric air. Rocket engines are discussed in art. 56.

The turboprop, turbojet and turbojet with after bumner are modified simple open cycie
gas turbine engines. In turboprop thrust is not completely due to jet. Approximately 80

combustion chamber,
Tha ramjet and pulsejet are aero-thermo—dynamic—ducts, i.e. a straight duct type of

jet engine without compressor and turbine, The ramjet has the simplest construction of
any propulsion engine, consisting essentially of an inlet diffuser, a combustion chamber
and an exit nozzie of tail pipe. Since the ramjet has no compressor, it is dependent

entirely upon ram compression.

: 7
W
N

I
Compressor Combustion 1Jet Noxzle
chamber,

2 bt

« Turbine !

. 1% . 5

{a} Flow diagram | i ]

. i o \ |

(cg%"&?s'ﬁgj YSecondory il cooling*
1 A i H s

—— - -—Q S———— Ay
3
-
Y Sy Swee vl -ﬁ—

&
L)

i P:gssurg,vglocitv u";rd temperatute ‘distrlhution s
Fig. 5-2 Turbojet engine. .

The pulsejet is an intermittent combustion jet engine and it operates on a cycle simitar
to a reciprocating engine and may be better compared with an ideal Otto cycle rather
than the Joule or Bryton cycle. From construction point of view, it is some what similar
o a ramjet engine. The difference lies in provision of a mechanical valve arrangement
to prevent the hot gases of combustion from going out through the diffuser,

5.3 Turbojet Engine

The turboject engine (fig..5-2) is similar to the simple open cycle constant pressure
gas turbine piant (fig. 4-2) except that the exhaust gases are first partially expanded in
the turbine to produce just sufficient power to drive the compressor. The exhaust gases

[ -
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leaving the turbine are then expanded to atmos
nozzle. The remaining energy of gases after le
jet fram which the thrust is obtained for forw.

»

pheric pressure in a propelling (discharge)
aving the turbine is used as a high speed
ard movement of the aircraft.

Thus, the essential components of-a turbojet engine are
An entrance air diffuser (divergirig duct) in frpnt of the compressor, which causes”

“ &

a2 .

A Rolls-Royce Derwent
the impuise-reaction type.

5.3.1 Working Cycle :
diffuser, in which air is compressed
compressor and major part of the press

rise in pressure in the

entering air by slowing it down. This is known-as ram.

The pressure at entrance to the compressor is about 1-25 times the ambient

pressure.

A rotary compressor, which raises the
and delivers to the combustion chambe

type'and is driven by the turbine.
The combuystion chamber,

pressure of air further to required value
r. The compressor is the radial or axial

in which paraffin (kerosene) is sprayed, as a result éf

this combustion takes place at constant pressure and the temperature of air is

raised.

chamber. The products of

- The gas turbine into which products of combustion pass on leaving the combustion
combustion are partiaily expanded in the turbine to
provide necessary power to drive the Compressor.

The discharge nozzle in which expansion of gases is completed, thus developing

the forward thrust,

Air from surrounding
partially by ram effect. Then air enters
ure rise is accomplished here. The air is compressed

to a pressure of .about 4 atmospheres. From the compressor the air passes into the -

jet engine employs a centrifugal c&mpressor and turbine of
The unit has 550 kg mass. The speed attained is 960 kmy/hour.

g atmosphere is drawn in through the

the ratary

annular combustion chamber. The fuel is forced by the oll pump through the fuel nozzle
into the combustion chamber. Here the fue! is burmnt at constant pressure. This raises the
temperature and volume of the mixture of air and products of combustion. The mass of

air supplied is about 60 times the

sufficient mass for the propulsion -

jet, and at the same time: prevents
gas temperature from reaching
values which are too high for the
metal of the rotor blades,

The hot gases from the com- -

bustion chamber then pass through
the turbine nozzie ring. The hot
gases which partially expand in the
turbine are then exhausted through
the discharge (propelling. nozzle) by
which the remaining enthalpy is con-
verted into kinetic energy. Thus, a
high velocity propulsion jet is
produced.

The cil pump ad compressor are
mounted on the same shaft as the
turbine rotor. The power developed
by the turbine is spent in driving
the compressor and the oil pump.

R
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« | Compressors

f '
Diftuser
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mass of the fuel burnt. This excess air produces

.
P —

L R T

Eniropy e

Fig.» 5-3 A typical turbojet engine cycle on

T - ¢ diagram,
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Some starting devicd such as compressed air motor or electric motor, must be provided
in the turbojet plant. Flight speeds upto 800 km per hour are obtained from this type of
unit. \
The basic thermodynamic cycle for the turbojet engine is the Joule or Brayton cycle
as shown in T - ¢ diagram of fig. 5-3. While drawing this cycle, following simplifying
assumptions are made :

— There are no pressure losses in combustion chamber.

— Specific heat of working medium is constant,

— Diffuser has ram efficiency of 100 percent ie., the entering atmospheric air is
diffused isentropica!ly_i_from velocity Vs to zers (V4 is the vehicle velocity through
the air). ' '

— Hot gases leaving the turbine are expanded is'eniropfcally in the exit nozzle je,
the efficiency of the exit nozzle is 100 percent.

5.3.2 Thrust Power, and Propulsive Efficiency : The jet aircraft draws in air and
expels it to the rear at a markedly increased velocity. The action of accelerating the
mass of fluid in a given direction creates a reaction in the opposite direction in the form -
of a propulsive force. The magnitude of this propulsive force is defined as thrust. It is
dependent upon the rate of change of momentum of the working medium ie. air, as it
passes through the engine.

The basis for comparison of jet engines is the thrust. The thrust, T of a turbojet

Oengine can be expressed as, :
T=m(Vi- V) ’ s o {8.1).
" ,where, m = mass flow rate of gases, kg/sec.,

Vi = exit jet velocity, my/sec., and,

Vo = vehicle velocity; mysec.

The above equation is based upon the assumption that the mass of fuel is neglected.
Since the atmospheric air is ‘assumed to be at rest, the ‘velocity of the. alr entering relative
to the engine, is the velocity of the vehicle, Vp. The thrust can be increased by increasing
the mass flow rate of gas or increasing the veloclty of the exhaust jet for given Vo.

Thrust power is the time rate of development of the useful work achieved by the
engine and it is obtained by the product of the thrust and the flight velocity of the vehicle.
Thus, thrust powar TP is given by

TP =T Vom mv- Vi) v‘,%c‘-"u-

*

. (52)

The kinetic energy imparted to the fluid or the energy required to change the momentum
of the mass flow of air, is the difference between the rate of kinetic energy of entering
air and the rate of kinetic energy of the exist gases and is called propulsive power. The

.s)ropulsive power PP is given by . .
.2 2
PP - 1Y 2“ Vo) N.m/sec,

Propulsive efficiency is defined ‘as the ratio of thrust 'bower (TA and propulsive
power (PP and is the measure of the effectiveness with which the kinetic energy imparted
to the fuid is transformed or converted into useful work. Thus, propulsive efficiency Mp-
is given by . e b

’ n =.?_Z=_’_um(V,—-Vc)'Vax. 2

...(53)

L
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ELEMENTS- OF HEAT ENGINES Vol. It
1 - 2 (‘/]‘ - VD) Vo 2Vo 2 . * L (5‘-4)
LYY - ) - = .
l’f 2 _ voa ‘/j + Vo 1 'F‘ (_YL]

gases. But as this Eoccurs, the thrust and the thrust power approach zero, Thus, the ratio
of velocigjes for maximum propulsive efficiency and for maximum power are not the same.
Alternatively, the propulsive efficiency can be expressed as -

. _IP - TP :

NP = PP = 7P + KE iosses

Thermal efficiency of a propuision is an indication of the degree of utilization of energy
in fuel (heat supplied) in accelerating the fluld flowr and is defined as the increase in the

kinetic energy of the fluid (propulsive power) and the heat supplied. Thus,

) " Propulsive er '
Thermal efficiency, i v = Hgat sup;?éwd

b . Propulsive power - (5.6)
~ Fuel flow rate x C.V. of fuel ‘

...(55)

"~ The overall efficiency is the ratio of the thrust power” and' the heat supplied, Thus,
overall efficiency is the product of propulsive efficiency and thermal efficiency. The propulsive
and overall efficiencies of the turboject engine are comparable to the mechanical efficiency
and brake thermal efficiency respectively, of the reciprocating engine. .
Problem —~ 1 : A jet propulsion unit, with turbojet engine, having a forward speed of
1,100 km/hr produces 14 KN of thrust and uses 40 kg of air per second. Find: {a} the
relalive exist jet velocity, (b) the thrust power, (c} the propulsive power, and (d the
propulsive efficiency. oo

(@) Forward speed, V, = 1'103 50;000 = 305-55 m/sec. . e

Using eqn. (5.1), thrust, T = m(Vj - V)

Le; 14,000 = 40(V - 30555} _

o V= 144?}00 + 30555 = 350 + 30585 = 65555 mysec.

Thus relative exist jet velocity, V; = 65555 m/sec.

(t) Using eqn. (5.2) .

Thrust power, 7P = T'x V, . T
) ! = 14,000 x 30555 = 42,77,700 N.m/sec.-or = 4,277.7 kN.m/sec,

{c) Using eqn. (EL:B),

m (V2 — 2

Propulsive power! PP (2 > 0%

' 40|(655-55)% - (305.55)7-1

B 2

= 6727 x 10° Namjsec = 6,727 KN.m/sec or 6,727 kW

{d) Using egn. (5.4),
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is not effective and that there are pulsations created in the combustion chamber which
affect the air flow in front of the
diffuser, e b

Since the ram jet engine has ~ ’ g
no turbine, the temperature of '
the gases of combustion is not
fimited fo a relatively low figure
as in the turbojet engine. Air fuel
ratios of around 151 are used,
This produces exhaust tempera-
tures in the range of 2000°C to
2200°C. Extensive research is
being conducted on the develop-
ment of hydrocarbon fuels that
will give 30 percent more energy
per unit volume than current avia-~
tion gasolines. Investigations are P4
carried out to determine the pos- »
sibility of using. solid fuels in the -
ram jet and in the after. burner 1ol ,
of the turbojet engine. If pow- 0 04 08 12 16 20 24 a8
dered aluminium could be utilized Mach number —

’ 6 as an aircraft fuel, it would deliver
over 2-5 times as much heat per .
+ unit volume as aviation gasoline,
while some other could deliver
almost four times as much heat,

. The temperature, pressure . .
and velocity of the: j'air during its passage through a ram jet engine at supersonic flight
are shown in fig. 54,

The cycle for an ideal ram jet, which has -
an isentropic entrance diffuser and exit nozzle, 7t
is the Joule cycle as shown by the dotted lines |
in fig. 5-6. The difference between the actual
and ideal jet is due principally to losses actually
encountered in the flow System. The sources of-
these losses are :

.« ."Wall friction and flow separation in the
subsonic diffuser and shock in the su-
6 personic diffuser.

. Obstruction of the air stream by the
burners which introduces eddy currents
and turbulence in the air stream.

. » Turbulence and eddy currents introduced . Entropy ~s=
in the flow during burning. i - .
Wall friction in the exit nozzie. Fig. 5-6. T - & diagram of Rem jet engine.

By far, the most critical component of the < .
sram jet is the diffuser. Due to the peculiarities . '
of steamline flow, a 'diffuser which is extremely '

[Y) (700 LT ]
G 000

P inlel

=
e

s
&

o

ldect Rom pressure rotio P outlet
~N

w N
O »o ooo
b,

o s

Fig. 5-5. Ram pressure ratio versus Mach number of
vehicle for sea level condition,
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| engine weight than any other propulsion engine at supersonic speed with the exception
of the rocket engine. The thrust per unit frontal area increases both with the efficiency
and the air flow through the engine; therefore much greater thrust per unit area i5
obtainable at high supersonic speeds. General performance of a ram fet engine in the

weight between 0.01 to 0-04. Thus, the best performance of the ram jet engine is obtained
at flights speeds of 1500 to 3500 kovhr.

55 Pulse Jet Engine .

a mechanical valve arrangement is used to prevent the hot gases of combustion from
flowing out through the diffuser in the pulse jet engine.

Paul Schmidt patented principles of the pulse jet engifie in 1930, It was developed
by Germany during World-War-ll, and was used as the power plant for *buzz bomb",

The turbojet and ram jet engines are continuous in operation and are based on the
consiant pressure heat addition (Bryton) cycle. The pulsé jet is an intermittent combusion
engine and it operates on a cycle similar to a reciprocating engine and may be beiter
compared with an ideal Otto. cycle rather than the Joule or Bryton cycle.

The compression of incoming air is accomplished in a diffuser. The air passes through

the spring valves and is mixed with fuel from a fuel spray located behind the valves, A

Gspark plug is used to initiate combustion but once the engine is operating normally, the

Spark is turned off and residual. flame in the combustion chamber is used for ignition.
The engine walls also may get hot enough to initiate combustion, . .

The mechanical valves which were forced open by the entering air, are forced shut
when the combustion process raises the pressure within the engine above the pressure

rear at high velocity, The combustion products cannot expand ‘forward, they move to the
rear at high velocity. When the combustion produz?s leave, the pressure in the combustion
chamber drops and the high pressure air in the awifMser Torces the valves open and fresh
air enters the engine.

Since the products of combustion leave at a high velocity there is certain Stavenging
of the engine caused by the decrease in pressure occasioned by the exit gases. There
is a stable cycle set up in which alternate waves of high and low pressure travel down
the engine, The alternating cycles of combustion, exhaust, induction, combustion, etc. are
related to the acoustical velocity- at the temperature prevailing in the engine. Since the
temperature varies continually, the actual process is-complicated, but a workable assumption

=S that the tube is acting similar to a quarter wave length organ pipe. The series of
@)ressure and rarefaction waves move down it at the speed of sound for an assumed -
average temperatures. ' : i

The frequency of the combustion cycle may be calculated from the following expression:

f= fz cycles/sec. -+« (87)

where, a = W AT = sound velocity in the medium at temperature, T,-and
L = length of engine ( from valves to exi). '

N
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The pulse jet engine is somewhat similar o a ram jet engine. The difference is that .

in the diffuser. As the combustion products cannot expand forward, they move to the .
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efficient at a given speed may be quite inadequate at another velocity.

Because of the simplicity of the engine, the ram jet develops greater thrust per unit
engine weight than any other propulsion engine at supersonic speed with the exception
of the rocket engine. The thrust per unit frontal area increases both with the efficiency
and the air flow throu|gh the engine; therefore much greater thrust per unit area is
obtainable at high supersonic speeds. General performance of a ram jet engine in the
subsonic range would have a specific fuel consumption; between 0.6 to 0*8 kg fuel per
N thrust - hr and a spécific Wweight between 0*01 to 0*02 kg per N thrust. The supersonic
ram jet engine has a 5speciﬁc fuel consumption between 0*25 to 0-04 and a specific
weight between 0-01 to 0-04. Thus, the best performance of the ram Jet engine is obtained
at flights speeds of 1500 to 3500 km/hr.

5.5 Pulse Jet Engine

The pulse jet engine is somewhat similar to a ram jet engine. The difference is that
a mechanical valve amangement is used to prevent the hot gases of combustion from
flowing out through the diffuser in the pulse jet engine.

Paul Schmidt patented principles of the pulse jet engine in 1930, It was developed
by Germany during World-War-ll, and was used as the power plant for "buzz bomb".

The turbojet and ram jet engines are continuous in operation and are based on the

constant pressure heat addition (Bryton} cycle. The pulse jet is an intermittent combusion

Gengine and it operates on a cycle similar to a reciprocating engine and may be better
compared with an ideal {Otto cycle rather than the Joule or Bryton cycle.

The compression of incoming air is accomplished in a diffuser. The air passes. through
the spring valves and is; mixed with fuel from a fudl spray located behind the valves. A
spark plug is used to injtiate combustion but once the engine is operating normally, the
spark is tumed off and residual flame in the combustion chamber is used for ignition,
line engine walls also may get hot enough to initiate cornbustion.

The mechanical valves which were forced open by the entering air, are forced shut
when the combustion process raises the pressure within the engine above the pressure .
in the diffuser. As the combustion products cannot expand forward, they move to the
rear at high velocity. The combustion products cannot expand forward, they move to the
rear at high velocity. When the combustion produpf~ leave, the pressure in the combustion
chamber drops and the high pressure air in the cflbser Tbrces the valves open and fresh
air enters the engine.

Since the products of combustion leave at a high velocity there is certain scavenging
of the engine caused byithe decrease in pressure occasioned by the exit gases. There
s a stable cycle set up in which alternate waves of high and low pressure travel down

dhe engine. The altemating cycles of combustion, exhaust, induction, combustion, etc. are
related to the acoustical velocity at the temperature prevailng in the engine. Since the
temperature varies continu:aily, the, actual process is*complicated, but a workable assum ption
is that the tube is acting similar to a quarter wave length organ pipe. The series of
pressure and rarefaction waves 'move down it at the' speed of sound for an assumed
average temperatures. |

The frequency of the combustion cycle may be calculated from the following expression:

A= 4] cvcesfsec-
where, a = VITTT = sound velocity in the medium at temperature, 7, and
L = length of engine ( from valves to exit).
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A seriaus limitation placed upon pulse jet engine is the mechanical valve arrangement,
Unfortunately, the valves used have resonant frequencies of their own, and under certain
conditions, the valve will be forced into resonant vibration and will be operating when
they should be shutling. This limitation of valves also limits the engine because tha gas
goes out of the diffuser when it should go out of the tail pipe.

Despite the apparent noise and the valve limitation, pulse jet engines have several
advantages when compared to other thermal jet engines. :

. . The pluse jet is very inexpensive when compared to a turbojet.

1

. . The pulse jet produces static thrust and produces thrust in excess of drag at
much lower speed than a ram jet. e )

- - The potential of the pulse jet is quite considerable and its development and
research may well bring about a wide range of application,

5.6 Rocket Motors

The jet propulsion action of the rocket has been recognised for long. Since the early
beginning, the use of rockets has been in war time as a weapon and in peace time as
a signaling or pyrotechnic displays. Although, the rocket was employed only to an
insignificant extent in World War~{, marked advances were made by the research that
was undertaken at that time. In, World War-ll, the rocket became a major offensive
weapon employed by all warring powers. Rockets and rocket powered weapons have
advanced to a point where they are used effectively in military operations.

Rocket type engine differs from the atmospheric jet engine in that the entire mass
of the et is generated from the propellant carried within the engine Le. the rocket motor
carries both the fuel and the oxidizing agent. As a result, this type of engine is independent
of the atmospheric air that other thermal jet engines must rely upon. From this point of
view rocket motors ‘are most attractive. There are, however, other operational features
that make rocket less useful. Here, the fundamentals of rocket motor theory and its
applications are discussed. . b .

Rocket engines are ‘classified as to the type of propellant used in them, Accordingly,
there are two major groups:’ b

One type belonging to the group that utilizes liquid type propellants and other. group,
that uses solid type propellants,

The basic theory governing the operation of rocket motor is applied, equally to both
the liquid and the solid propellant rocket. : - .

Rocket propulsion, at this time, would not be regarded as a competitor of existing
means for propelling airplanes, but as a source of power for reaching objectives unattainable
by other methods. The rocket motors are under active development programmes for an
increasing number of applications. Some of these applications are :

— Artillery barrage rockets,

— Anti-tank rockets,

— All types of guided missiles, «

— Aircraft launched rockets,

~ Jets assisted take—off for airplanes,

— Engines for long range, high speed guided _g;i_ss!les and pilotless aircrafts, and

~ Mainand auxiliary propulsion engines on transonic airplanes, _

It will be repeated again that the rocket engine .differs from the other jet propulsion
engines in that the entire mass of the gases in the jet is generated from the propellants

£% ,
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Larried within the engine. Therefore, it is not dependent on the atmospheric air to furnish
the oxygen for combustion. However, since the rocket carries its own oxidiser, the propeliant
consumption is very high,

The particular advantages of the rocket are :

- - lts thrust is practically independent of its environments. .
- - It requires no atmospheric oxygen for its operation,
..+ It can function even in a vacuum.

- - It appear to be the simplest means. for converting the themocr;emical ,e;lergy of
a propellant combination (fuel plus oxidizer) into kinetic energy associated with a
jet flow gases.

Despite its apparent simplicity, the development of a reliable rocket system must be
light in weight and the rocket motor must be capable of sustained operation in contact
with gases at temperature above 2800° C and at appreciable pressures.The problem of
materials in consequently a major one, Furthermore, ,owing to the enormous energy
releases involved, problem of. ignition, smooth start up, thrust control, ‘cooling etc. arise,

A major problem of development of rocket is selection of suitable propeliant to give
maximum energy per premium total weight (propellant plus containing vessels) and
convenience factors such as a safely in handling, dependability,- corrasive tendencies,
cost; avallability and storage problems. In general, it can be stated that there is a wide
variety of fuels that are satisfactory for rocket purpose, but choice of oxidizers is at

-

56.1 Basic Theory : Figure 5-7 shows a schematic diagram of a liquid bi-propellant
rocket engine. .t consists of an injection system, a combustion chamber, and an exit
nozzle. The oxidizer and fuel burnt, in the combustion chamber produces a high pressure.
The pressure produced is governed by

— Mass rate of flow of the propellants,
— Chemicals characteristics of the propellants, and
~ Cross-section area of the nozzle throat,

The gases are ejected to the atmosphere at supersonic speeds through the nozzle.
The enthalpy of high pressure gases is converted into kinetic energy. The reaction to the
ejection of the high velocity, produces the thrust on the rocket engine. -

D ’,. N

+ ) . -" 1
f—— Combustion chamber —je Nozzle —.-l

Fuet :—-'—'
-,
e
Vo - Thrust ----—-‘-—-Vj
- e e— | o

L S [E—— -‘\

6 ‘Oxigizer D P

////////”/j’///’/]//ﬂ )Q;: 9

Fig. 5-7, Schematic diagram of a ]fquid bi-propellant uncooled rocket motor.

The thrust developed is a resultant of the pressure forces acting upon the inner and

the outer surface of the rocket engine. The resultant internal force acting on the engine
is given by .

Resuitant force = m, Vj > P AN

1

n"“‘t\‘
)
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where, m, = Mass rate of propellant consump
V; = Jet velocity relative to nozzle, mysec,
V. = Average value of the x—component of the velocity of gases crossing, Aj,

p; = Exdst static pressure, N/m?. ang

A; = Exit area of nozzle, m2. _

The resultant external fogcac acting on the rocket engine are PoAq where p, is ‘ﬁ'se
atmospheric pressure in N/m®. The thrust which is a resultant of the total pressure forces
becomes "

T-mp\!x]-pz'!ti(pj-po)l\.' " ; .. (B8

Let \g = the exit velocity of the rocket gases, assumed constant and

let Vy=2 Vr Then, eqn. (5.8) becomes .

Tw lmpt?-u‘-.ﬁj(pju P N ) e (5.9)"

' The coefficient A is the correction faclor for the divergence angle a of thé exit

conical section of the nozzle' A is given. by. i
1 -cos2a - 1 b

X‘ums_a(“l + COs a} . . on (5.'"?)

Equation (5.8) shows that thrust of a rocket engine increases as the atmospheric
pressure decreases. Therefore, maximum thrust will be obtained when Py= 0, ie., rocket
engine produces maximum thrust when operaling in a vacuum.

in testing a rocket engine, thrust and propellant consumption for a given time are
‘readily measured. 1t is convenient then, to express the thrust in terms of the mass rate
of flow of propellant and an effective jet velocity, Vef

ie, Thrust, T = m, x Ve - , .« (511)

The effective jet exit velocity is a hypothetical velocity and for convenience in test
work it is defined from egns. (5.9) and (5.1 1) as under : .

bn, kgfsec,

*

4 ]
V-n?\.‘ﬁ-i-mp(pj--po)ﬂvsec. ...‘(-12.)

The effective jet exit velocity hes become an important parameter in rocket motor
performance.

The thrust power, TP developed by a rocket. motor is definéd as the thrust multiplied
by the flight velocity, v, . A .

TP = TV, = m, - V- V,, Nom/fsec. ... (513)

The propulsive éﬁ?ciency, Np is the ratio of tﬁe thrust power to -propulsive power
supplied. The propulsive power is the thrust power pius the kinetic energy lost in the
exhaust,

1 .
ie, KE. Loss =;-:,;-mr,p(vtTJf - V)® Nunusec.

Therefore, the propulsive efficiency may be expressed as .
N TP . m, vo} Vo
? = TP + KE. Loss 1 2

['a L
T 3 iy
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Specific Impulse, Isp has become an important i:arameter in rocket motor performance
and is defined as the thrust produced per unit mass rhte of propellant consumption.

T fmpV } :
e o vy : - .. (5.15)

ko = T m

Specific impulse, with the units, Newtons of thrust produced per kg of propellant
burned per second, gives a direct comparison as to the effectiveness among propeliants,
it is desirable to use propellants with the greatest possible specific impulse, since, this
allows a greater useful load to be carried for a given overall rocket weight.

5.6.2. Types of Rocket Motors : The propellant employed in a rocket motor may
be a solid, two liquids (fuel plus oxidizer), or materials ‘containing an adequate supply of
available oxygen in their chemical composition {(monopropellant). Solid propellants are used
for rockets which are to operate for relatively short periods, upto possibly 45 seconds.
Their main application is to projectiles, guided missiles, and the assisted take-off aircraft,

S ‘np b * s a (5-14)

-
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Nozzle

Burns on outside c;nd
. i i inside cylindrica
{b) Unrestricted burning sur‘{oces
Fig. 5-8B Schematic diagram of a salid propellant rocket. ..

6 Solid propellant rockets (fig. 5-8) have been of 7#wad: basic types :
- Unrestricted burning types for projectiles and launching rockets; and
- - Restricted burning types for assisted take—off of aircraft and for propelling missiles,
In the unrestricted burning rocket [fig. 5-8(a)] all surfaces of the propeliant grain
except the ends are ignited; in restricted burning rockets [fig. 5-8(b)] only one surface
of the propeliant is permitted to burn. Liquid propeliant rockets utilizes liquid propellants
which are stored in the containers outside the combustion chamber. The basic theory of
operation of this type of rocket Is same as that for solid propellant rocket. Liquid propellant

I rockets were developed in order to overcome some of the undesirable features of the
l which ar |
‘:’-‘;’.\.
o5
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solid propellant rockets such as short duration of thrust, and no provisions for adequate
cocling or control of the burning after combustion starts, Here, the propellant in the liquid

E ’—( Oxidtur. )——

Shv.lt-off ' Injector
yalve Pr llu?t A _
control valye 1, )
= »=Exhaust
T 5 gases
N\
Foasire - Rocket motor

(R >—

{a) Pressure feed

o

- c.c. —— ’
(__ Oxidizer :
Turbine| f~> Exhaust
( Fuel f—
( Oxidizer )—‘ — ‘
! Pumf) Rockel motor
1 F [y, S—
. v —»Exhagust
! P gﬂs
Propellant
mnt?givg?ve'

( rou 1 H

Pump? {b) Pump feed

"

Is necessary. Figure 5-9 shows schematic diagrams of pressure feed and pump feed
liquid bipropeliant rocket systems.

Problem-2 : The effective exit fet velocity of a rocket is 3000 m/sec, the forward flight
velocily is 1500 mysec and the propellant consumption is 70 kg per sec. Caiculate : (a)
Thrust, {b) Thrust power, (c} Specific impulse, {d) ySpecific propeltant consumption, and
(e) Propulsive efficiencysof the rocket, o '

(@) Using egn. (5.11), .

Thrust, T = my x, Vej = 70 x 3,000 = 2,10,000 N or 210 kN

(b) Using eqn. (5.13),

Thrust power, TP = T V, = 2,10,000 x 1,500 = 315 x 10% Nnys

s
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JET PROPULSION ENGINES
{c) Using eqn. (5.14),

Specific impluse, Isp = an- = -‘17%!‘1 = Vo = 3,000 N.s/kg
( (

) m m, 1 1
Specific propellant consumption = 2 -—e 1 _
(d) Sp prope p T = m,Vy ™ V; = 3,000

= 33 x 107* kg/N.s

[
{e) Using eqn. (5.1%).

Propulsive efficiency, v, = 2 (Vo Ve - .

) T+ (Vy Vi)

. [_2(1500/3000)
1 + (1500/3000)2

%

oo
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Fig. 5-10. Propellant or fuel consumption versus flight speed for different
propulsion - systems,
5.7 Comparison of the Varioug Propulsion Systems

Figure 5-10 shows_the specific propellant tonsumplion in kg per kN thrust versus
speed for different engines. :The Curves in this figure indicate that the use of rocket

(v
A

"'-“v
_’{:‘?@““*}
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engines to power air planes, as we know them today, is not feasible because of their

high fuel consumpt?on. Also, the use of ram jet engines is not economical at lower than
1500 km/hr vehicle speeds.

120 ‘
‘ Rocket
—--"-;"_ = 1
I Supercharged
- reciprocating .
2 Sngine vﬁu’—' . Figure 5-11 shows variation of thrust
£ propeller . . .
it L . with altitude for different propulsion sys-
g tems. It may be noted that the thrust
= N7, X of rocket motor increases with altitude
4 \.' '~.\6% while the thrust of other types of vehicles
e RN O - dacreases with aititude.
2 40 7 S - ’
5 Unsupercharged N %4,, !
g reciprocating S ONTes
o
2. 20— engine with S~
pru;:elle:r Relative’ \\‘
6 I _ alr density ~
o 4 8 12 i3 0

Altitude Kt e
Fig. 5~11 Variation of thrust with altilude for different propulsion . '

systems. i
i
Figure 5-12 gives relative picture of the probable operating envelope of the various
propulsion systems.
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5-12 Compt;:risnn of probable best performance for various propulsion engines.
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INDUSTRIAL APPLICATIONS

» IN AIRCRAFT- Fighter plane, Missilés, Rocket, Airplane.
» Jet propulsion, land and sea transport; racing car,
» The first use of the jet engine was to power military aircraft.

» The General electric -company used a “turboprop” Jet engine to
run an electric generator,

» The jet engine is not only used on aircraft but on boats, where
water jets are used to propel the boat forward.

» Normal type of jet engine is used for domestic-purpose i.¢.
Traveling, carrying goods etc.

An aircraft using:this type of j Jetengine could
dramatically reduce thetime which it takes to. travel from
one place to-ancther, potentially puttmg any place
on Earth within a 90-minute flight.

Scramjet vehicle has been proposed for
a single stage to tether vehicle, where a Mach 12
spinning orbital tether would pick up a payload from a
vehicle at around 100 km and carry itto orbit

Rocket applications

1. Satellites in space serve air communication .

.-

2. Spacecraft
3. Missiles

4. Jet assisted air planes

5. Pilotless aircraft
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Theory Questions:

1. What are t}le different rocket propulsion systems? Brief the working differences

between the propeller-jet, turbojet and turbo-prop.
2, Witha neat!diagram explain the working of rocket enging

Describe briefly about thrust augmentation method used int propulsion.
4. With a neat sketch, explain the working of turbo jet engine.
5. Differentiate between solid propellant and liquid propellant rocket engines.

6. What are the applications of pulse jet engines '
7. Give the difference between ramjet and pulse jet engines

8. What are composite and homogeneous solid propellants? How do they work? State

their merits and demerits.

9. What is theessential difference between rocket propulsion and turbo-jet

propulsion?

10. Write a detailed classification of rockets. Explain liquid propellant rocket with a

neat sketch Define and explain the terms:

i Thrust

ii. Thrust power, - T by ’
iii, Effective jet exit velocity, ;

iv. Propulsive efficiency related to turbojet engines.

11. What are the various applications of rockets?

12. Explain the advantages and disadvantages of bipropellants‘ used in rocket engines
over monopropellants.

2. Derive exprefssions for the thrust and propulsion efficiency of rockets and compare
with those 01% turbojet

Numerical Problerns]:

|
1. A jet propulsion system has to create a thrust of 100 tones to move the system at a
velocity of 700‘ km/hr. If the gas flow rate throtigh the system is restricted to a

maximum of 30 kg/é. find the exit gas velocity and propulsive efficiency,

{m;g?‘a
g‘




{

,e?")

In a jet propuleion Unit, ii;itial pressure and telﬁé:eré‘ﬁﬁe to the compréssor are 1.0 bar
and 100C. The speed of the unit is 200m/s. The peeséme and temperature of the gases
before entering the turbine are 7500 C and 3 bar. Isentropic efficiencies of compressor
and turbine anla 85% and 80%. The static back pressure of the nozzle is 0.5 bar and
efficiency of the nozzle is 90%. Determine (a) Power consumed by compressor per kg
of air. (b)Air-fuel ratio if calorific value of fuel is 35,000 ki/kg. Cp of gases=1.12
kJ/kg K, _=1.32 for gases.

A turbo-jet engine flying at a speed of 960 kmv/h consumes air at the rate of 54.5 kg/s,
calculate i). Exit velocity of the jet when the enthalpy change for the nozzle is 200
KJ/kg and velocity coefficient is 0.97. ii).fuel flow rate in kg/s when air fuel ratio is
75:1 iii). Thrust specific fuel consumption iv). Propulsive power v). Propulsive

|
. . 1".:'
o+ - F]

efficiency.
A simple turbine jet unit-was tested when stationary and the ambient conditions were
Ibar and 150C. The pressure ratio for the compressor was 4:1. A fuel consumption of
0.37kg/s was oéntained for an air flow of 23kg/s. Calculate the thrust produced if the
exhaust gases from the turbine were expanded to atmospheri¢ pressure in a convergent
nozzle. Assume the following data:
Isentropic efllﬁciency of compressor-80% Isentropric efficiency of turbine-85%
Efficiency of nozzle-93% Transmission efficiency-98%
Calorific value of fuel-42000kJ/kg Assuming working fluid to be air throughout.
In a turbojet, air is compressed in an axial compressor at inlet conditions of 1 bar and
1000C
3.5 bar. The final temperature is 1.25 times that; for iseniropic compression. The
temperature of gases at 1n1et to turbine is 4800C. The exhaust gases from turbine are
expanded in a \geloclty of approach is negligible and expansion may be taken to be
isentropic in both turbine and nozzle. Value of gas constant R and index r are same for
air and flue gases.
Determine
i) Power required to drive the compressor per kg of air/sec
ii) Air-fuel ratio Jif the calorific value of fuel is 42,000 kl/kg
iii} Thrust developed / kg of air / sec.

= DEPARTMENT OF, MEGHANIéAL ENGINEERING i ' '







ASSIGNMENT QUESTIONS

1. Whyis thru[st augmentation necessary? What are the methods for thrust augmentation
ina turbojet engine?

2. Aturbo-jet engine flying at a speed of 960 km/h consumes air at the rate of 54.5 kg/s.

calculate i).) Exit velocity of the jet when the entlilalpy change for the nozzle is 200

KJ/kg and velocity coefficient is 0.97. if).fuel flow rate in kg/s when air fuel ratio is

75:1 iif). Thrust specific fuel consumption iv). Propulsive power v). Propulsive

efficiency.

With a neat diagram explain the working of rocket engine

4. What is turbine and classify them?

w

==k DEPARTMENT OF ;MECHANICAL ENGINEERING




% NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

MID & ASSIGNMENT
EXAMINATION QUESTION
PAPERS WITH SCHEME AND
SOLUTIONS
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’ NARASARAOPET
DEPARTMENT OF MECHANICAL ENGINEERING
III BTECH I - SEMESTER ASSIGNMENT TEST - I, OCTOBER- 2022

SUBJECT: HEAT POWER ENGINEERING DATE: 11-10-2022
DURATION: 30 MIN MAX MARKS: 10
Q. Questions Course Knowledge | Marks
No , Outcome | Level as Per
‘ (CO) Bloom's
Taxonomy

[ | Explain. the classification and working
O principle of a nozzle.

2 Steam from nozzle enters into a single stage
impulse turbine at 300 m/s absolute velocity.
The nozzle angle=25°. The blade rotor mean
diameter is 100cm and rotating at a speed of
2000 rpm. Find the blade angles if the axial
thrust is zero. Fifnd the power developed when
the steam flow rate is 600 kg/min, Take blade
velocity coefficieni=0.9.

3 | Derive an expression for maximum mass flow
per unit area of flow through a convergent-
divergent nozzle when steam expands
isentropic ally from rest.

4 | Explain the fundamental difference between
the operation of impulse and reaction turbines?
5 |Draw the velocity diagram for Pressure
O compounding of turbines.

6 | A stage of impulse-reaction turbine is provided
with single row wheel whose mean diameter is
100cm and it is rotating at 50 rps. The nozzle
angle=20° and the velocity of steam coming
out of the turbing is 350 m/sec. Determine the 4 Analyze (K4) 3
power developed if the axial thrust on the end
bearings is limited to 118N. Take blade friction
factor=0.8. Assume the blades are equi-
angular,

3 Apply (K3) | 2 J

3 Analyze (K4) 3

3 Analyze (K4) 3

4 Apply (K3) 2

4 Apply (K3) 2

e
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111 B, TECH I-SEMESTER II-MID EXAMINATION _
SUBJECT: Heat Power Engineering . DATE:18/11/2022
DURATION: 90 min MAX MARKS: 25

Answer all questions

Q.no Questions CO | Knowledge Level
Dry saturated steam at 10 bar (abs) is expanded in a steam nozzle 0. 4
1. | bar (abs). The throat drea is 7 e, while the inlet velocity is negligible. 3 Applying (K3)
Calculate,

(i) The mass flow rate of steam, and

(ii) The exit area. Assuming isentropic flow. Take index of

expansion to be n=1.135, for dry saturated steam. [5M]

a) Illustrate the principle of Reaction turbine [4M]
2. | b) In a simple impulse turbine, the steam enters the wheel through a 4 Applying (K3)
nozzle with a velocity of 500 m/s and at an angle of 20° to the direction
of motion of the blade. The blade speed is 200 m/s and the exit angle of
the moving blade is 25°. Find the inlet angle of the moving blade, exit
velocity of steam and its direction and work done per kg stcam.

3y [6M]
C) a) Classify the dlfferent types of gas turbines and explain the gas turbine
3. | with reheating or gas turbme with intercooler. [6M] I5 Applying (K3)
b) Write short notes on liquid propellant engines [4M]
NARASAIliAOPET ENGINEERING COLLEGE: NARASARAOPET
DEPARTMENT OF MECHANICAL ENGINEERING
III B. TECH I-SEMESTER II-MID EXAMINATION 1
SUBJECT: Heat Power Engmecrmg DATE:18/11/2022
DURATION: 90 min ~ MAX MARKS: 25

Answer all questions
Q.no Questions CO | Knowledge Level
Dry saturated stcam at 10 bar (abs} is expanded in a steam nozzle 0 4
1. | bar (abs). The throat a{rea is 7 cim?, while the inlet velocity is negligible.?| -3 Applying (K3)
O Calculate, : * -
(i}  The mass flow rate of steam, and
(ii) The exit area. Assuming isentropic flow. Take index of

expansion to be n=1.135, for dry saturated steam. [5M]

a) Illustrate the princip;mle of Reaction turbine [4M]
2. I'b) In a simple Impulse turbine, the steam enters the wheel through a 4 Applying (K3) -
nozzle with a velocity of 500 m/s and at an angle of 20° to the direction ' ' P . .

of motion of the blade. The blade speed is 200 m/s and the exit angle of
the moving blade is 25° Find the inlet angle of the movmg blade, exit
velocity of steam and its direction and work done’per- kg steam.

[6M]
a) Classify the dlfierent types of gas turbines and explain the gas turbine

3. | with reheating or gas tlurbme with intercaoler, [6M] .. | Applying (K3)
b) Write short notes on liquid propellant engines [4M] Vo

\ |
|




2 NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL EN GINEERING

UNIT WISE IMPORTANT
QUESTIONS




o+

UNIT WISE SAMPLE ASSESSMENT QUESTIONS

COURSE OUTCOMES:
After successful completion of this course, the students will be able to:
CO1: Illustrate the various types of efficiency improvements of Rankine cycle
CO2: Describe the various boilers, mountings and accessories.
CO3: Identify different types of nozzles used in steam turbines,
CO4: Classify differe:nt turbines based on utility and applioations.
CO3: Discuss gas turbines, jet propulsion and rocket propulsion. . '

2 KNOWLEDGE
SNO QUESTION Co
LEVEL
UNIT 1
1 | Explain working principle of Rankine cycle? K3 col
In a Rankine cycle, the steam at inlet to Turbine is saturated at a pressure of

work iji) Rankine efficiency iv) Condenser heat flow v) the dryness at the
end of expansion. Assume flow rate of 9.5kg/sec
The following is the ultimate analysis of a sample of petrol by weight:
Carbon =85%, Hydrogen=15%. Computes the ratio of air to petrol
consumption by weight. if the volumetric analysis .of dry exhaust gas is
CO=11 5%,C0=1.2%,05=0.9% and N>=86%. Also find percentage excess
air. ! Lo
[ UNIT 2

é 2 | 35bar and the exhaust pressure is 0.2bar. solve i)the pump work ii) Turbine K3 CO1

K3 Cco1

Differentiate following boilers?

L i) Externally fired and internally fired boilers. : K2 Co2
ii)Forced circulation and natural circulafion

Explain with neat sketches any three of the following mountings?

) i) water level indicator K2 co2

ii) Pressure gauge l

iii) Feed check valve,

3 Compare forced andlinduced draft, enumerate merits of induced draft over K3 co2
forced draught 1
4 Compute Height of chimney for maximum discharge condition. K3 C02
B
Computes an expression for maximum mass flow per unit area of flow
1 through a convergent- divergent nozzle when steam expands isentropic ally K3 Co3
from rest, |
| 2 | What do you mean by compounding of steam turbine? Discuss various K2 CO3
|

| methods of Compounding steam turbines with merits and demerits?
Dry airat a pressure of 12 bar and 300°C is expanded isentropically through a nozzle

at a pressure of 2 bar, Computes the maximum discharge through the nozzle of
3 | 150mn? area. K3 CO3




UNIT 4

Distinguishes between impulse and reaction turbines. K2 CO4
Explain the Governing of steam Turbines K2 CO4
In a De-lavel turbine, %’the steam enters the wheel through a nozzle with a velocity of

500 m/s and at an angle of 20° to thedirection of motion of the blade. The blade

speed is 200 m/s and the exit angle of the moving blade is 25°. Estimates the inlet K2 CO4
angle of the moving blade exit velocity of steam and its direction and work done per

kg of steam. !

UNIT 5
. ~

Explain closed cycle gas tiirbine and calculate woke done, ' K3 COs5
Distinguishes of Cldsed Cycle and Open Cycle Gas Turbines. K3 CO5
Explain the working principle of Ram-Jet with diagram K3 COs

p.
7ok
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- I Semester Regular Examinations,’ November-2022

.HEAT POWER ENGINEERING
(ME) ’
Max. Marks: 70
- Note: Answer All FIVE Questions.
“All Questions Carry Equal Marks (5 X 14 =70M)
Questions KL |co
Unit-I
cribe the schematic layout of Rankine cycle. Explain the effect of Boiler | 42 | co1
di€ondenser pressure on cycle efficiency.
%»% ‘““Iam the adiabatic flame temperature. Does “adiabatic flame temperature” |13 | cos
. aas“éﬁfn‘e 100% combustion? Justify.
OR
present schematic of regenerative and reheat cycles and plot the variations K1 | cot
alient point on P-V and T-S chart.
Explain the working of Orsat apparatus analysis. K2 |co1
. Unit-II |
| Mention the list of Boiler mountings and accessories. Explain their function K2 | coz
briefly.
A chimney 30 m high is discharging hot gases at 300°C, when the outside air
sle mpgmture is 20°C. The quantity of air supplied per kg of fuel is 20kg.
teﬂ‘ﬁipe (a) Draught produced in mm of water column (b) efficiency of the | KL3 | CO2
if ¢ minimum tempcraturc of artificial draught is 150°C. The
KLz |[c€o2
KL2 | CO2
: Un1t IIY
: D erive an expression for maximum dlschargc through a convergent divergent
‘ K3 | cos
gnozzle <
% of convergent divergent nozzle expands 6 kg/sec of steam from 13
y:saturated to 1.5 bar with a nozzle efficiency of 90%. Velocity at throat s | cos
than the theoretical. If throat section diameter of each nozzle is
yem?, find number of nozzles and area at throat and exit
: OR
ieifunction of convergent portion, throat and divergent portion of a K2 |'cos
eﬁ divergent nozzle with reference to flow of steam.
- Ff&"sui-“e and temperature of steam nozzle are 10 bar and 200%
g%vel ,r ack pressure is 0.5 bar. Calculate the mass flow rate of steam if | KL3 | coz
tdiameter is 12 mm.
) Unit-IV ;
e-velocity compounding in an impulse turbine. co4 [7/M
Ccc4 | 7M




ORrR

In a De Laval turbine, the steam issues from the nozzles with a velocity of
1 850 m/sec. The nozzle angle is 20°Mean blade speedgis 350 m/sec. The
i S O L. . S .
5 are-symmetrical. The mass flow rate is 1000 kg/min. Friction factor is Ki3 |co4 | 1am
_Determine.(i) Blade angles (ii) axial thrust on the bearings (iii) Power .
1o id ‘ KW (iv) blade efficiency (v) Stage efficiency if nozzle efficiency "
T : Unit-v B
v .‘.- ‘i » . .f':-:u—'.“_‘ ' \ - -
.EiflO}lS .methoiishwhlch are used to improve:the efficiency of a K2 |cos|m
lain in detail
the.compressor of gas turbine plant operating-a-Brayton cycle at T
ek L o« e oelnls Gl ’5‘, NN "
The pressure ratio in the cycle is 6. Calculate the maximum K3 | cos | 7m
I¢ mthe cycle and the cycle efficiency. Assume Wr=2.5 W where
d:Weiareithe turbine work and compressor workr9§pgcuvely Y=14.
= OR | _
Classify ‘the’jét ‘propulsive engines. Explain working principlé“of any one K2 | cos|7m
"l engine ﬁt? schematic diagrams and representation on T-S diagram, o~
Explain working of Turbo jet engine. | KL2 |cos|7m
— -
KL: Blooms Taxonomy Knowledge L.evel CO: Cog.trse@y;cpme_ ~M:Marks
|
o ™

H
e
[ T B R s



HEAT POWER ENGINEERING

11 B.TECH | SEM REGULAR NOV 2022

1ai) ,

From steam fables we have

AL30 bor 400°C = 7, = 32329 KJ/kgg, 5, = 6971 K)/KkgK = 5, = %

AL bar 33 18604 MIZREK, 5, = 68192 K/kgK, fy = 6301 k) /kg

Since &> s the state 2 ke m e superheated region.

From the table for superheated sieam,

b, = 172°C, b} = 2796 KJ/kg.

AtO.1 Bar: 5; & 0649 K/ K, 5 = 7501 W /kg I, It = 1918 K/kg, hy = 23928 Ki/hg

Now l 5, = By
%, = 0836

My=ly = x; By = 1918 + 0.836 x 23928 = 21922 k] /kyg
Sitwe pump work s neglected,
By = he= 1918 K/ kg
kﬁ =l = BH0LL KRy
Energy balanve for heater gives,

v oy, — Irﬁ} = {1-m} {hﬁ, —lig)
m (2796 ~640.1) = {1~ m) {&I00 ~1918)
m o= 172 kg

|

Turbine work, w, = {Iy- ‘512:)- + {1 = m) (i, = J1y}
= (32309 - 2798) + (1 - 0.172) (2796 ~ 2192.2)
Heat supplied = Q, =~ bﬁ = 32309 - 610.1 = 25908 ki/kg

Wy (without regencration) = /1y — It
=3230.9 - 2192.2 = 1038.7 kl/kg

Stemn! raie (without regeneration) = 1:;{;%{}7 =3.46 kg/kW h

-~ Increase in steam rate due ta regeneration
| =3.93-3.46=047kg/kWh
Iy —Iy 10387
 —h, 3039.07
= (0.3418 or 34.18%
- Increase in cycle efficiency due to regeneration
=3536-34.18=1.18%

Teyae (Without regencration) =




—

ii)

Vapour power cycles are used in steam power plants. In a power cycle heat energy {released by the
burning of fuel} is converted into work (shaft work), in which a working fluid repeatedly performs a

succession of process;es. In a vapour power cycle, the working fluid is water, which undergoes a
change of phase

The simplest way of overcoming the inherent practical difficulties of the Carnot cycle without
deviating too much from it is to keep the processes 1-2 and 2-3 of the latter unchanged and to
continue the process 3-4 in the condenser until all the vapour has been converted into liquid water.
Water is then pumped into the boiler upto the pressure corresponding to the state 1 and the cycleis

completed. Such a cycle is known as the Rankine cycle. This theoretical cycle is free of all the
practical limitations of the Carnot cycle.

——i~
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To check the combustion efficiency of boilers, it is considered essential to determine the
constituents of the fluc gases. Such an analysisis carried out with the help of Orsatapparatus asshown
inFig. 121 ' R
It consists of n graduated measuring glass tube (known as eudiometer tube) and three flacks
A, Band C, each containing different chemicals for absorbing carbon dioxide, casbon monoxide and
oxygen. An ns;:imtori boitle containing water is connected o the bottom of the endiomieter tube by
means of a rubber tube. It can be moved up and down, at will, for producing a suction or pressurs
effert on the sample EOf the flue gas.
f Asplrator *
botde 3

o

i

{L)
k3

Flasks ¥
Eudiomatar lubsy

Al e gl ,“;’“J

ii)
Solution. Steam supply pressure, = 18bar, ;=1
Condenser pressure, s =04 bor
Carnot and Rankine efficiencies :

From steam tables @
At 15 bar ¢, = 198.3°C, Izg = 2789.9 kJ/ke, 5, = G.4406 kJkg K

Al 04 bar i, = 75.9°C, f.lr-= 3177 kd/kg, flm = 2319.2 kl/kg,
£e= 1.0261 kJlkg K, Sg = G.6448 kdfkp K
T, = 195.3 + 273 = 4713 K
T, = 75.9 + 273 = 3489 K
. T, T—T _ 4713-3489
. 1713
= 0.259 or 25.9%. (Ans.}

Adinbatic or isentropic heat drop &y — iy

I“Rankim! - Heat supplied Ry — bk,
where h,=ty ¥x, he, = 3177 + x, x 2319.2 {f)

Valua of x, &
As the steam expands isentropically,
. 5, =8,
64406 = 87, + %, 57, = LOZG1 + x, x 5.6448
G406 -1.0261

S Xo = W = 0815

o k, = 3177 + 0.815 » 2319.2 = 2207.5 iy {From eqn. {i}]
27899 22078 )

Hence, At rine = 2789.9 - 32078 = 0.2354 or 23.54%. (Ans.)

27899~ 31707
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Boiler Accessories

Boiler accessories are the com ponents which are attached to the boiler (Not mounted on it) and
are essentially for workin g of boiler and for increasing its efficiency. Various boiler accessories
are discussed as below

Feed pump

Feed pump is placéd nearby the boiler and is used to feed water to boiler working at a high

pressure. The job of feed pump is not just put the water in the boiler but as boiler is working at
]

high pressure, discharge pressure of feed pump must be sufficiently higher than this to push
the water inside the boiler.

Construction & working

The feed pump used in boiler is of two types (i) Reciprocating type (i) Rotary type. Both these
types are positive displacement type to discharge against high pressure. The discharge pressure
of a single stage centrifugal pump is not high enough to overcome the high pressure of boiler
so muitistage centrifugal pump is used as a boiler feed pump.

Construction & working

Economizers are of two types as (i) External type (ii) Internal type. The external type
economizer is constructed and installed apart from the boiler and the flue gases from the boiler
are directed to flow through it before escaping through chimney. A vertical tube external
economizer is shown in fig

Frehented

! T ol TR arer
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g X o P
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Fig: Economise
Air Pre-heater

Itis a plate type or tubular type or storage heat exchanger, in which flue gases pass through the
tubes on one side of plate and alr pass on other side. In storage type a rotor fitted with mesh or
matrix alternatively come in the passage of flue gases and air thus exchanging heat, A tubuiar type
air-heater is as shown in fig

|
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Fig: Air Preheater

i) Draught

It is an improved type of draught, and is a combination of induced and forced draught, It is
Produced by running both induced and forced draught fans simultaneously,

1. Natural draught. It is the draught produced by a chimney due to the difference of densities
Between the hot gases inside the chimney and atmospheric air outside it.

2. Artificial drau'ght. The artificial draught may be a mechanical draught or a steam jet
draught.

The draught produced by a fan or blower is known as mechanical or fan draught

Whereas the draught Produced by a steam jet is called steam jet draught.

The artificial draught is provided, when natural Draught is not sufficient, It may be induced
or forced.
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The draught is one of the most essential systems of thermal power plant which supplies required
quantity of air for combustion and removes the burnt products from the system

To move the air through the fuel bed and to produce a flow of hot gases through the boiler,
economizer, preheater and chimney require a difference of pressure,

b ii ) Advantages over natural draught:

Itis better in control and more economical than natural draught,

The rate of combustion is high.,

The air flow can be r?gulated according to the requirement.

It prevents the forma:tion of smoke as complete combustion is possible
Limitations of Artificial Draught:-

The major disadvantage of the artificial draught is the high capital cost required and high running
and maintenance costs

Importance: - For the proper and the optimized heat transfer from the flue gases to the boiler tubes
draft holds a relatively high'amount of significance.

The combustion rate of the flue gases and the amount of heat transfer to the boiler are both
dependent on the movement and motion of the flue gases.

A boiler equipped with a combustion chamber which has a strong current of air (draft) through the
fuel bed will increase the rate of com bustion.




| Avozzleis; normatly, esigned Toraxiam discharge by desipning a cestain theoat pressure
which produces iy comditiva,

| Let Py = Toitial pressums of steam in N/m?,
Py = Pressuee of steam al throat I N/m?, .
?p = Volome of § kg ol stexm ot pressure (p)inm’,
¥y = Volueof 1 kg of steamat pressure( ) i m?, and

A = Cross-seetional aren of nozzfeatthroat, inm?, i
We have derlved an equation in the previous anticle that the mass of steam discharged through

norzle,
= arl
) V In Atlpds [as]
N ey ] S W 2 s i)
! n~1"y{p -

There is oaly one valoe of the ratia Pyl p,, which peoduces maximum discharge frum the
nozzle: This ratio p, / p,, it obtained by dif ferentiadng the right hand side of the equation, We see
Trom this equation thatexcept Py d proalt iber valtes are constant, Therefore, unly that postion of the
eaustfon which contatng Pif p s differentisted ) equated o 2eco for manimom dscharpe.,
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The ratio p2 /p1 is known as critical pressure ratio, and the pressure p2 at the throat’s known as

critical pressure,




Svlutinn, f}im{ﬁ m=t2bar: T, = 220°C #o= 1.2 bars !;(;Wc:” ti;;;;c:cd =KW ;
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We know that for superhieated steanr, pressure of sipam
at throad,

"= {}5461:: = 0.546% 12 = 6.552 bar

TheMollier disgramTorthecx
the nozzle is shown in Fig. 216,

f by !,.-.....-w.‘ A 2BV

pansionof steam hrough _§: by

£ o Xy = 0,592
Erom the: Mollier diagram, we find thay emhalpy of @ -
steam atentrance (e, a1 12 bar and 2HPC, : I e
fy = 2860 kijky
Enthalpylof stear st theoat (Fe. a pressure §.552 bary, e EL L e ms
hy = 2750 kikg
_ . g2,
and dryness fraciion of stearny o1 thraat, -

X, = 0997

Fromsieam tables, we find thatspecific volume of dry suturated steamat throat {i.e. atpressure
6.532 bar),

Yy = 0.29 m¥kg
We know that lieat drop from entrance (o throat,
| fiy = by~ by = 860~2750 = 110 kg
2 Velocity of steam at throat,
Vy = 4402l = 4472110 = 470 nvs
Ared of norzle at throat,

AL = ZXT = 35 mm? = 35.5% 10-%

- Mass flow gate per nozzle,
HYy AV ssci0-txaio
= = —~ o= : - = {03 &
B X 0992 x0.29 0.063 kels
We know that fotal mass flow rate
= 13.5%220 = 2970kg/h = 0,835 kgfs
+ Nutnber of nozzles Total s flowrate_ _ D825

n

= = }3. 14 Ans,
Mass Tlow rate pernozzle — 0.063 - 1o 5%




B i} The maximum value of 'the discharge per second is obtained by

Uit
wde asl
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Solution. Steam preseurs gt entry to the norzls, Py = 4 bar, 20070

Steam pressira at exit from the ndizzle, Py=1bar
Initind velocity of steam, ’ Cy = 60 mfn -
Nozzls efficieney, Thoaess = 92%

Exit veloclty, C,:

Using steem tables only »

APp,md bar, B00°C: Ky = 28505 ki/kg, £y = 171 klfkg

At py = ¥ bar: . M = 4375 kg, Fige, = 9957.9 kFicg,
*h = 13T kAR K 2, o 60571 kikg K

{Refor Fig. m:&f

N,

; By = a3y

‘ =TIl = 8, +xy 3
: = 13047 + x, x BOSTL
TY7Y~ 15027

: BT T geerr - = D960
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Enthalpy drop (isentropicd = fry— Foy o= PREO.5 — DHOB.4 = 2551 S
Refer Fig, 189,

fy = Z2EED iy
ﬁwwﬂmw
Enthadpgy drop Gsenfrepic) = By gy = ZEED — DHOS = 255 kJfg
&mnﬁmkﬁaﬂtwd&m = Ploaie * Wy — Figd - .
OS2 e RSH.T an DTLET ik *

da

In the impulse turbihe, the steam is expanded within the nozzle and there is no any change in the
steam pressure as iE passes over the blades.
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Diagran: efficiency
We know that diagram efficiency,
7, = --WLEZ__.M

b

In order to reduce{the rotor speed, various methods are employed. All of these methods cansist of a
multiple system o

ﬁrotors, in serjes, keyed to a common shaft and the steam pressure or the jet
velocity is absorbed in stages as it flows over the rotor blades, This process is known as

compounding, following three methods are commonly employed for reducing the rotor speed:

I. Velocity compounding

2. Pressure compounding, and

6 3. Pressure-velocity compounding.
1
i
Casitng
4 Fixed blades
Boider pa—— 1 E::;aust
wleant steam
\ WSS R Moving blades
H = FlOlor
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Fip 3317 Velooity eompanding.

In velocity compounding of an impulse turbine, the expansion of steam takes placein anozzle or a

Set of nozzles from the boiler pressure to the condenser pressure. The impulse wheel carries two or
three rows of moving blades

In a pressure componunding of an impulse turbine, the rings of the moving blades, each having a ring
of fixed nozzles, are keyed to the turbine shaft in series, as shown in Fig. 24.18. The total pressure

drop, of the steam, does not take place in the first nozzle ring, but is divided equally among all the
nozzle rings
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Ina pressure-velocity compounding of an impulse turbine, both the previous two methods are
utilised. The total pressure drop of the steam is divided into stages, and velocity obtained in each
stage is also compounded. A little consideration will show, that a pressure velocity compounded
impulse turbine allo'iws a bigger pressure drop, and hence less number of stages are required.

5ai) Gas Turbine with Intercooling
The major portion of the power developed by the gas turbine is utilised by the compressor. It can be

reduced by compressing the air in two stages with an intercooler between the two. This improves

the efficiency of the gas turbine, The schematic arrangement of a closed cycle gas turbine with an
intercooler is shown in Fig.

Genoialor

- ,\ .
1

.

lig. 324, Schematic amangement-of a closed eycle pas turbine with intereoler.

The process of intercooling the air in two stages of compression is shown on T
process 1-2 shows heating of I the air in heating chamber at Entropy constant
2-3 shows isentropic expansion of air jn the turbine. The process 3-4 shows co
cooling chamber at constant pressure. The Fig. shows process 4

-s diagram in Fig. The
pressure, The process
oling of the air in the

-5 shows compression of air in the
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Finally, the process 6- shows compression of

ompressor, The process 5-6 shows cooling of the air in the intercooler at constant pressure.
airin the H.P. compressor

< Work done by the compressor per kg of air, )
W, = ¢ (I,-1,)

i
and work doue by Jw compressor per kg of air,

ii)

W, = & =Ty +(1, -1

Now the net tvork available,
W= We— We

T b it e e o e e _2153

R

e 141
k)

———ee EOUORY e

Fig, 32.5. T=cadingram ﬁ:rfumrzmﬁing‘

Let us {"‘irst consider the Brayton cycle
without the regenerator:
(r—1)/5
.2_;)25 —_ (’Z)O?_J — TO3 =6G,4/1.4 —_ 1.668
:Z;)I '}:(31 1645'
Tioe =303x1.669 = 505K

1173 osx

1.668

7 04s T
the definition of isentropic efficiency

From
of a COMpressor,
From the definition of isentropic efficiency

of a compressor,
Lons —Tp, 2505--—303=252K

T—, -7 —_— 025
oz 01 77 0.8
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Fora turl:%ine we have,
Tos — T4y = 17,(T, ~Z44,) =0.8(1173—-705) =375K
Therefore,
W, =y, —\h,, = ¢, (Zos —T,)=1.005x375 = 376.88 kl/kg
W, =hy, —hy, = c,(Ty, —T;) =1.005x252 = 253.26 ki/kg
Now, T}, =252 +303 =555K
Hence, Q|= Ay, — h,, =1.005x (1173—-555)
= 621.09 ki/kg
_ W, —w, 376.88-253.26

Sop=—rt——x =19.9%
9, 621.09

== 1

ik

v

Let us now consider the regenerator :
Lo =145 —375=1173—-375 = 7ORK"

Regenerator effectiveness — 206 = Loz =0.75
| T4 — 25

- To6 — 555 = 0.75(798 — 555)

or, T, =737.3K

Now, Q, = Foz — hg = , (Tys —T36)

=1.005(1173 —737.3) = 437.88k¥/kg

Sice w,|, remains the same,
w,.. | 123.62
77 = =
o 437.9

=1

The percentage increase due to regeneration :

_ 0.2837-0.199
0.199

= 0.2837 or 28.37%

= 0.4256 or 425625

-
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In solid propellant rocket motors the propellant to be burned is contained within the combustion
chamber or case, The solid propellant charge is called the grain and it contains all the chemical
elements for compiete burning. Once ignited, it usually burns smoothly at a predetermined rate on
all the exposed internal surfaces of the grain. Initial burning takes place at the internal surfaces of
the cylinder perforation and the four slots. The internal cavity grows as propellant is burned and
consumed, The res}ulting hot gas flows through the supersonic nozzle to impart thrust. Once ignited,
the motor combustion proceeds in an orderly manner until essentially all the propellant has been
consumed, There are no feed systems or valves

Liquid propellant r?cket engines use liquid propellants that are fed under pressure from tanks into a
thrust chamber,* Altypical pressure-fed liquid propellant rocket engine system. The liquid
bipropellant consists of a liquid oxidizer (e.g., liquid oxygen) and a liquid fuel {e.g., kerosene). A
monopropellant is a single liquid that contains both oxidizing and fuel species; it decomposes into
hot gas when properly catalyzed. A large turbopump-fed liquid propellant rocket engine. Gas
pressure feed systems are used mostly on low thrust, low total energy propulsion systemns, such as
those used for attitude control of flying vehicles, often with more than one thrust chamber per
engine. Pump-fed liquid rocket systems are used typically in applications with larger amounts of
propellants and higher thrusts, such as in space launch vehicles.

Hybrid propeliant r{ncket profnulsion systems use both a liquid and a solid propellant. For example, if
a liquid. oxidizing agent is injected into a combustion chamber filled with solid carbonaceous fuel
grain, the chemical reaction produces hot combustion gases.

APPLICATIONS OF ROCKET PROPULSION
1. Space Launch Vehicles
2. Spacecraft

3. Missiles and Other Applications
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BRANCH - ME-A

HEAT POWER ENGINEERING

(R26ME3102)

SL.NO.| H.T.NO. STUDENT NAME Al | D1 | Q1 |ovae-a| A2 | D2 | Q2 [evere-2|TOTAL
20471a0301 |ALAVALA ADITHYA VARA PRASAD 4 | 9 5 (18| 4 | 12| 8 | 23 | 22
2 | 264718302 [BATTULA RAIESH Al 3 (13| 3| 1a] 8 | 25] 23
3 | 2047149303 |BHIMAVARAPU HEMANTH KUMAR Al al|l a{ o 3 |1 5 | 19] 16
4 | 20471A0304 |BONAM JAYA PRAKASH Al s 6 | 14| A | a|al e | 12
5 | 20471A8305 |BOYAPATI PAVAN KUMAR a s 5 10| A | 2| 6 | 10| 10
6 | 2047140305 |[DADDANALA VEERANIIREDDY 5|7 5 (27| 5 | aa| 8 | 27 | 25
7 | 2047170307 [DERANGILA PARDHU GANESH 5 | 9 5 | 19| 4 ) 11| 9 | 24| 23
8 | 20471a8308 [DOPPALAPUDI S S NAGA RAVITEJA 4 1225 |21 5 | 15] 1] 30| 29
9 | 2047170309 [EEDARA MOHON SAT 4 9 6 19 3 14 9 ["26 | 25
10 | 2947149310 |GANESH SAT PAVAN 5 6 7 (18| A | 22| 18| 21 | 21
11 | 29471409311 |GANGARAPU VENKATA REDDY Alalalel|lalalaloel o
12 Wh047140312 [GERA KOTESWARA RAQ 4 | 8 5 | 17| s | 14| 7 | 26 | 25
13 | 2p471n0313 |KARASALA PRASANTH 4 | 6 2 | 12| 5 {22] 9 | 25 | 23
14 ) 2947170314 |[KARASANI PAVAN KUMAR REDDY 5| Al 6 )| a1 7| 2]am
15 | 20471a9315 [KATTA MAHESWAR 4 11| 7 (255 |15 6| 26| 26
16 | 2047140317 [KESARI DHANUNJAYA REDDY 4 11| 3 [17] a4 ]| 3| 18] 18
17 | 204710318 [KOMARAGIRI SASIKUMAR 5|+ | 3 | 2] a9 3] 16| n
18 2047140319 [KOMERA SIVA NAGARAJU Al Al a| e 2 [ s | a1 o
19 ] 20471A0320 [KOTHA GOPX 5 13| 5 |25 5 15| 6 | 261 26
20 | 2p471A9321 |KUNDURTHT NAVEEN 5 |12 4| 22| s ({13 s | 23] 23
21 | 2847140323 |[MADANU JOSEPH VINAY KUMAR s )5 i) 4| 15f 432
22 | 2047140324 |MADDUMALA RAMAKRISHNA Al 7 1 8 4 | 13| a7 1
23 | 2947149325 IMAGANTT SASI PAVAN 5 { a | a 5 5 | 15| 6 | 26 | 22
24 | 2547100326 |MAKKENA SAMBASIVA RAO Al | 5 |127] 5 | 1] o[ 2871 28
25 471A6327 |MIRIYALA SASHANK 5 14 4 23 5 14 4 23 | 23
26 | 2047170328 |NALLA ABHIRAM GHOWDARY 5 8 | 417 a|la|alloel
27 | 2047148329 |NUTHAKKI RAKESH A 9 3 |12 2 (1| 6 | 22 20
28 | 2947170330 |ARAVAPALLT SAT |SRINIVAS 5 | 1) 3 || s | af s ]| 13| 18
29 | 2047149331 [PALETT JOHN HOSANNA Al Al al e 2]15] 6| 2319
; 2047170332 [PERUMAALLA SRIKANTH 4 || a2l a 7] 22
31 2047120333 |POLURT KRISHNA CHAITHANYA 4114 | 6 |24 5 | 14| 9 | 28 28
32 2047140334 [PONNAGANTI CHANDU HARSHA VARDHAN 4 7 22| 2 || 9|22
33 | 204710336 [PATHAN MEERA VALT 4 | a 5 ol al a)l afe] g
34 | 2047140337 [POTTIMURTHI PURNA CHANDRA RAO 5 18| 7 1 26| 5 | 1af g ["27] 27
35 | 2047146338 [PRUDHVI DURGA BHARATH CHANDAN Al1e| 3 (13| af12] 3] 28] 10
36 | 204710339 |RAMAVATHU BADDUNAIK A | a 2 2 5 12| 9 | 26 | 22
37 _| 2647140341 [SHATK APPAPURAM! MAHABOOB SUBHANI 5 3 16| 4 | 12| 3| 18] 18
B8 | 2047180342 [SHAIK ASIF | alalalalalalalela




s |,

39 | 2047140343 [SHATK GANGARAM ABDUL RAHAMAN A {9 2 12| a4 | 14| 10| 28] 25
49 | 20471A0344 |SHAIK GULLAPALLT NAGURVALT A 9 3 |12 A | 10| 20| 20 19
41 | 204710345 [SHAIK LAL AHAMAD BASHA 4 | g 3 15| 2 | wa| a2 ] 20/ 19
42 | 2047100346 [SHATK MAHAMMAD FAREED 4 | g 4 | 16| 5 [ 15| 6 | 26 | 24
43 | 2847140347 [SHATK MAHAMMAD YUNUS 4l a|l a| a 3 Al a 3 4
44 | 2471A9348 |SHAIK MANISHA ' 4 13 5 | 25 | 15| 8 [ 28] 27
45 | 29471A9349 |SHAIK PARVEZ S (1| s 2| a4 |as]| 72 [ 25
46 | 204719350 |SHATIK SADHIK 4 10| 6 (20| 4 |12 6 [ 22] 22
47 | 20471a0351 |SHAIK SALMAN 3 A A 3 A A A e 3
48 | 2047170352 [TIPPIREDDY AMARNATHREDDY 4 8 5 |17 5 | 12| 10|27 [ 25
49 | 2p471a9353 [VADLAVALLT GANESH A 6 4 | 10| 4 | 24| 2| 20 13
58 | 204710354 |VEERAGANDHAM VENKATA MANIKANTA 5 11| 6 | 24| A okl an
51 | 29471A0356 |ADAKA GOPIRAJU 5 183 V2] s (1a] 5] 2] 24
NAME OF THE STAFF MEMBER SIGNATURE OF THE STAFF MEMBER

FIGNATURE OF THE HOD
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BRANCH - ME-B HEAT P(ORI';E;:QEIZN:::)EERING
SL.NO.| H.T.NO. STUDENT NAME Al | D1 | Q1 [crae-z) A2 | D2 | Q2 |evere-2|TOTAL
1 | 20471A09357 JATCHYUTHA PAVAN KUMAR 5 8 4 | 17| 5 | 14| 9 [-28 | 26
2 | 204718358 |BALLE RAMANJANEYULU 4 |11 ) 5 (20] 5 |15] 8 | 28] 27
3 | 20471a9359 [BANDARU SAT GANESH 4 8 4 | 16| 2 | 14| 9 | 25| 24
4 | 26471A0360 |BERAM NARENDRA REDDY 3 6 3 112 A {13)] 9 (22| 2
5 | 2047148361 |CHEBROLU MANIKANTA SAT NITHIN A 8 3 | 12| 5 |12 8 | 25 | 23
6 | 204718362 |CHENNAMSETTY GOPI 5 11| 4 |20 3| 15| 8] 261 25
7 | 2047180363 [GANGULA SunnY 5 | 5 | 200 5 [15] 6 | 26 35
8 | 2047140364 [GANIT HANUMA KOTI GANESH 5 8 3 |16 5 | 15| 6 | 26 ]| 24
9 | 2047140365 |GANNNAVARAPU 'JAYA -SRIKANTH 3 4.5 4 | 12| 2 A A 2 | 1e
10 | 3p471A0366 [GUTTIKONDA AYYAPPA REDDY 5.0 12 1 )1g| 4 | 18| 186 24| 23
11 _| 2947180367 [MADDINENI AJAY A 9 3 12| 5 [15] 5 | 25 23
12 5517140368 [MANNEPALLT VEERA NARASIMHA 4 8 4 | 16| 2 | 18| a4 | 168 | 16
13 | 2047140369 [MARAGANI NAGA THIRUMALA RAQ Al | 4| 14| 3 || 7 (2|1
14 | 2047170370 [PARELLA BALA GURAVAIAH 4 6 3 13| 3 | 22| s ) 20| 19
15 | 20471A0371 [SETLAM RANENDRA VAMSHT 5 )11 | 4 (20¢( 5 | 13| 8| 26 35
16 | 20471a0372 |SHAIK GUTHIKONDA SALIM S | 11| 4 (20 5 (15| 8 | 28/ 27
17 | 29471A0373 |SHAIK JAKIR ' 5 5 5 | 15 | s 9 6 | 20 | 19
18 | 2947170374 [SHAIK MOHAMMAD TAHEER 5 8 5 | 18 | 2 A A 2 | 15
19 | 2p471A0375 |[THOTA SRIVAMSI NADH 5 [ 3 | 14| A f1e] 8 | 18 | 18
20 | 2p471A0376 |[YAKKANTI SAI KIRAN REDDY 5 8 3 |16 | A 6 9 | 15 | 16
21 | 214759301 |[PALLAPOTHU SATIKIRAN YADAV 5115 7 | 27| 5 | 15| 8 | 28| 28
22 | 21475A0302 |SYED SARDAR VALI ~ 5 |13 ) 5 | 23| 5 | 15 | 16 | 38 | 29
23 | 21475A8303 [DERANGULA GOPI KRISHNA 4°1-12) 4 | 20| 2| 15| 8 | 25| 22
24 | 2147500304 [VADDANI RAKESH A A A ) A 9 6 | 15 | 12
25 @u21475A8305 (SHATK ADIL 5 || 5 | 20| 4| 14| 18] 28 [ 27
26 | 21475A03@6 |JANAPAREDDI PRASAD 5 (14 ] 7 26| 5 | 15| 1] 30 [ 30
27 | 21475A0307 [REPALLE YASHWANTH A 1| 4 |14 a1 8 22121
28 | 21475A0308 [RAMAVATHU PAVAN KUMAR NAIK sluje 2] 2|12 511/ 22
29 | 21475A0309 |NELAVALLI VIKAS 4 | 12| 5 21| 2015 7 22 ] 22
30 | 21475A0310 |DUDDU JOSEPH A 12 6 |18| 5 (13] 9 /27 26
31 | 22475A0311 [MUNIKOLA SANTHOSH KUMAR 5 9 4 1| s | 12| 8|57 22
32 [ 21475A0312 [MORAPAKULA CHARAN TEJA 5 111 4 2| 2|14 38| 24] 2a
33 |21475A0313 (GODA SANDEEP 4 9 5 18| 2| 15] 4| 21| 22
34 | 21475A8314 [MOGILI PRAKASH 4 9 5 [ 18| 2| 13| 24 |19 19
35 | 214754315 [SHAIK MABU SUBHANT 5 | 11| 5 [ 21 ] 2 A A 2 | 18
36_ | 21475A0316 |DAGGUPATI VENKATA PRADEEP S 1121 6 [ 23] 5 | 14| 8 [ 27 | 27
37 | 21475A0317 [NAGASURENDRA CHARI ‘UPPALAPATT 5 (12 7 24| 5 | 1a] 9 [ 28] 28
38 | 21475A8318 [NALLURI NAVEEN ’ 5 |12 5 | 22| 3 15 | 18 | 28 | 27
39 |21475A0319 {ORCHU VENKATA RAVINDRA 5112 ] 5 |2 A || 9| 23] 23
40 | 214750320 |NELLURT YASWANTH 5 |14 5 )24 5 | 15| 18] 308 20
41 [ 214758321 |[PENUMALA PAVAN| KUMAR _ 5 (1473 12| 5 15| 9 [ 20/ 28
i




BRANCH - ME-B 1 HEAT P(l'::izEemEE;iGaIzhleERING
|SL.NO.| H.T.ND. STUDENT NAME Al b1 Q1 |cvete-1] A2 D2 Q2 |cvcLe-2{ TOTAL

42 | 21475A8322 |BAANANA PRADEEP KUMAR 5 12 5 22 | 5 15 9 20 | 28
43 | 21475A@323 |BOJANKI DEMUDU BABU 5 12 7 24 | 4 | 14| 18 | 28 | 28
44 | 21475A0324 [DATTI CHANDU 5 f*1s 6 | 26,| 5 15 | 9 [ 29 | 29
45 | 21475A0325 |BORUGADDA NITHIN 4 . 14 | s 23 | a 9 6 [ 15 | 22
46 | 21475A9326 |VARIKUTT KARTHIK VENKATA RAM A | 13 7 | 22| s 14 | 8 | 27 | 26
47 | 21475A0327 [GOLLA SUNDARA SAMRAIYA SUGNAN 4 | 12 6 | 221 2 15 | 8 | 25 | 25
48 | 21475A0328 [CHATTA VENKATRAMATAH a | 12 8 | 24 [ 2 15 | 9 | 26 | 26
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TERMINOLOGY

1. Back work: Work input to feed pump '

2. Back work ratio: Ratio of pump work input to the work developed by the turbine

3. Work ratio: Ratio of the network output to the work developed by the turbine

4. Steam rate: Amount of steam required to produce IKWh(3600kj) of power

5. Heat Rate: Amount of heat required by a power plant to produce 1kwh of power

6. Re'heating: Heating of wet steam after its expansion in one stage for nex! stage

7. Reheat factor: Ratio of cumulative isentropic enthalpy drop to isentropic
enthalpy from initial pressure to final pressure

8. Fuel: A combustible substance which burns in the presence of oxygen and
releases heat energy

9. Combustion: An exothermic reaction with oxygen, in which heat energy is
released

10. Reactants: The componeénts of fuel that exist before the combustion reaction

11. Produets: The components that exist after combustion reaction

12. Ignition temperature: Lowest temperature at which a fuel starts burning .

13. Air fuel ratio: Ratio of mass of the air to the mass of the fie]

14. Stoichiometric air: Minimum amount of air for the complete combustion of fuel
elements

15. Boiler draught: A small pressure difference between air outside the boiler and
gases with in the furnace or chimney : o

16. Natqral draught: The draught obtained by usc of a chimney

17: Artificial draught: The draught produced artificially by a fan or a blower

18. Steam jet draught: Draught produced by steam Jet

- 19. Evaporation rate: Mass of steam generated per hour

20. Equiyalent evaporation: Amount of steam generated from and at 100° C

21, Critigal pressure: Pressure of steam at the throat

22. Critieal velocity: velocity of steam at throat corresponds to maximum discharge
condition ' :

23. Super saturation: Existence of fluid in super-heated state in wet region

24. Meta stable state: Super saturation state of a fluid

25. Degree of super cooling: difference between saturation temperature and
temperature of super saturated vapor.

26. Turbine: A Rota dynamic machine .

27. Impulse turbine: Steam expands in nozzles onlyv and blades spin due to phange in

moimentum of steam




28. Reaction turbine: steam expands in fixed and moving blades thus reactive force
acts on blades to cause them to rotate -

29. Stage: A set of fixed blades and moving blades 7

30. Stage efficiency : Ratio of work done on blade to energy supplied per stage

31. Blade speed ratio: Ratio of blade velocity to absolute steam velocity

32. Condenser: A device in which vapor condenses to liquid at saturation
temperature and constant pressure.

33. Jet éondensers: A device in which the exhaust steam and cooling water come in
direct contact and mix-up together

34, Surface condenser: Exhaust steam and cooling water interact indirectly for heat
transfer

35. Condenser efficiency: ratio of actual temperature rise to the maximum possible
temperature rise of cooling water

36. Vac1l1um : The pressure below the atmospheric pressure

37. Vacuum efficiency: Ratio of the actual vacuum to the maximum possible steam

38. Gas turbine: An IC rotary engine usin'g combustion gases as working fluid

39. Regenerator: A counter flow heat exchanger, Which transfers heat from hot
gases air

40. Regeneration: Process of heat transfer from hot gases to air

41. Rehefiting: Heating of gases after one stage expansion in turbine by burning of
additional fuel '

42, Intercooling : Process of cooling of compressed air between stages of
compression

43. Back work: The work input to compressor is called back work

44. Jet propulsion: Propelling of a vehicle due to thrust produced by fast moving

- gases at rear end

45. Ramjet engine: An engine which uses engines forward motion to compress the
incoming air '

46. Pulse jest engine: An IC jet engine in which combustion occurs in pulses.

47. Turbd jet engine: an engine in which thrust is produced due to acceleration of
hot combustion gases through the exhausts nozzle

- 48. Turbo prop engine: A turbo jet engine in which a propeller is coupled to the

turbo jet.engine,




-
Sy

Concegts:

1. Steam is most commonly used in vapor power cycle. It is alternately vaporized and
condensed during cyclic process.
2. Thermal efficiency is the ratio of network output to heat input

. 3. Work ratio is the Ratio of network output to gross output.

4. In spite of high thernal efficiency, the Carnot cycle is not a practical cycle because
isothermal heat addition in super-heated region is most difficult to achieve, Rankine
cycle is the practical cycle in which the condensation process is complete i.e., exhaust
steam is completely converted to saturated water.

5. Efficienéy of Rankine cyele = (hi-h2)-W; ] / (u-hsa)

Neglecting pump work, = [h-hy] { hi-hi] , hy=hg
6. The efficiency of Rankine cycle may be improved by
1. Superheating the steam
ii. Reheating the steam
iii. Regenerating feed heating
7. Fuelisa substance that can be burned to release heat energy.
8. Combustion is chemjcal reaction in which a fuel is oxidized and large quantity of heat
energy is released.

10. The ratio of the mass of air to the mass of fuef during a combustion process is called
air - fue] ra{io.

;
- 11. The heat of reaction is defined as qr=hp — h,

Where hy, = enthalpy of the products and h, =enthalpy of the reactants

12. The calorific value is defined as the amount of heat released when a unit quantity of
Tuel is burnt, completely in a study flow process.

13. The temperdture of products will reach maximum and is called adiabatic flame
temperature!

14. Boiler is closed steel shell in which steam is generated,

15. In fire tube boiler, the hot gases pass througli the tubes surrounded by water,

16. In water tubfi boiler water is made to pass through the tubes over which the hot gases

flow,

are called accessories.
19. Equivalent evaporation ,
Me = ms[ (ha-hf1) / hey 190]
. the term [ (hahfy) / hig 100] is called factor of evaporation
20. Thermal effic ency of boiler 1, = [ msCha-hs) / me x CV]

21. Boiler HP = ms(hz-hn) / 2256.9 x 15.653]
where hy = enthalpy of steam produced, Kj/Kg




hlﬂ = enthalpy of feed water, Kj/Kg

s = mass of steam generated K g/hr
ms=mass of fuel burnt, Kj/hr

| CV = calorific value of fuel, Kj/Kg

. 22, Draught: the pressure difference causing the air or gas flow is called draught,

23, DraugI}'t in terms of mm of water
h=353H[ l/Ta~ (m+ 1) / mTg) mm of water
24. Draught in terms of column of hot gases
I’ =H[(m/m+ 1) Ty/Ta~ 1] meters
25. The velocity of flue gases through chimney
' V=\2gH" =4.40VH /s
Where m = mass of air supplied / kg of fuel
Ta= absolute temperature of air outside the chimney
Te= absolute temperature of flue gases in the chimney
H = height of chimney in meter ' )
H’ = heiglit of hot gases in meters which would produce the draught.
26. Steam nozzle _ .
Passage of varying cross section through which steam expands and enthalpy drop is
converteid into kinetic energy. '

»  The velocity at exit, V = 44.72,/K(h1 — h2) m/s
Where K = friction factor
. 'Fpr maximum discharge, (p2/pr) = (2/ n+-1)¥n!
Where p2 = throat pressure
n= index of expansion
. F%JI‘ maximum discharge, m= AV/v Kg/s
Where A = area of cross section, m*
V = velocity, m/s
v = specific volume, m*Kg

27. Steam turbine : It is a prime mover in which heat energy of steam is transfer to kinetic
energy and later it is utilized of rotation of the turbine shafi .

28. Classification : According to the action of steam the turbines may be classified as

i. Impulse turbine ii, Reaction turbine ii. Impulse-reaction turbine-

29. Difference between impulse and reaction turbines: In impulse turbine expansion of
steam takes place only in the nozzle and pressure remains constant over the blades,
where as in reaction turbine expansion of steam takes place in fixed end moving
blades i.e., pressure drops continuously throughout the stages.

30. Compounding: Method to reduce the turbine speed to a practical limit is called
c'ompound'ing.

31. Methods of compounding: _

i. Velo‘cityI compounding ii. Pressure compounding iii. Velocity pressure
compound!ing
In reaction turbine the speed is reduced by incorporating the number of stages.




32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Governing; It is the process of maintain the constant speed irrespective of variation of
load on the turbine.

Methods|of governing:

i[Throttle governing ii. Nozzle control governing iii. By pass gioverning

iv. Combined governing

Performance of steam turbines :
Tangential force = m( vyit vu2) N
Power developed = m{ vy vix)u W
Axial thrust =m( vi-vn) N
Efficiencies:

Blade (diagram) 1= ( vwi£ vy2) 2u/ v;2

‘Nozzle efficiency = Wr

20H

Stage efficiency = (Vw1 vw2) u/ AH = blade efficiency x nozzle efficiency

I
Degree of reaction : It is the ratio of enthalpy drop in moving blades to enthalpy drop

in stage |
= (vi? — vri? )2u( v V)
Condenser: A device in which steam is condensed to water at a pressure less than
atmosphelre.
Functions of condenser:
i To decrease the exhaust pressure below the atmosphere
ii. To provide hot feed water to the boiler
Types of condensers ‘
i Jet condensers: cooling water is in direct contact with exhaust steam
ii. Surface condensers: cooling water and exhaust steam don’t mix together
Condenser efficiency = ( t2-t1)/ (tg-t1)
Where t; = inlet temperature of water
| tz=outlet temperature of water
tg= saturation temperature at condenser pressure
Vacuum efficiency = pvar —p/poar-ps
Where p = absolute pressure in the condensate temperature
psi= partial pressure of steam at condensate temperature

Prar = atmospheric pressure recorded by barometer
Cooling W!ater : heat gained by water = heat lost by exhaust steam"
m.c (t2-t1) = m.s [ Xhge+(he-ha )]
where he= ienthalpy of water at condenser pressure

ha |= enthyalpy of condensate

x = dryness fraction of steam
hg = latent heat of exhaust steam
(t2-t1) = rise in temperature of cooling water




43. Gas turbme 1s a rotary type of IC engine. It has the following components
1, Alr compressor ii. Combustion chamber  iii. Turbine
44. Classification :
i. Depending on the path of working fluid
al Open cycle gas turbine
b! Closed cycle gas turbine
¢, Semi-closed cycle gas turbine
ii, pendmg on the basis of combustion process
! Constant pressure gas turbine
b Constant volume gas turbine
45, Eﬁicmncy of ideal gas turbine cycle, = 1- 1/ r,®- D
Where r p = pressure ratio
v| = index of compression
46. Condition for maximum work, Wp = ( T3/T;)7/ %D
Where Ti=minimum temperature
sz = maximum temperature
47. Methods to improve the efficiency of gas turbine
i. Multi stage compression with inter cool
ii. Reheating
iii.  Regenerating
48. The jet propulsion is based on newton’s laws of motion
49. Based on operation jet propulsion engines are classified as
Jet propul:sion engine
i. Air breath engine(jet engine)
il Non -air breath engine (rocket engine)
50. Jet engines are further classified into
i, Study combustion system engines
a. ] Turbo jet engine .
b. ' Turbo prop engine
Ram jet engine
it. Intermittent combustion system(pulse jest engine)
51. The atmospherlc jet engine obtained the required oxygen from the atmosphere where
as rocket engmes carrying their own oxidiser for combustion.
52. Types of rockets
1. Sohd propellant rockets
ii, L1qu1d propellant rockets
53. The following methods are used for thrust augmentation
i Reheat or after burning
ii. Water-methanol injection
ifi.  Bleed - burn

| .
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a) Draw the layout of Ranking cycle with reheating [5M]
steam at a pressure of 20 bar and
superheated to 188.6“ with exhaust pressure of 0. 07 bar and
¢xpansion of steam takes place isentropically. using the steam
table calculate the following(i) heat supplied in the boiler

b) A Steam turbine recejves

(ii) heat rejected in the condenser(iii) network done
(iv) thermal efficiency

Understanding (K2)

[SM]

a) What do you
b) Write the deta

mderstand by boiler draught
iled classification of boilers, explain
construction and|working of Babcock and Willcox

[5

boiler. [SM]

M]
Understanding (K2)

a} What is steam: nozzle? Derive
steam through the nozzle [5M]
b) Dry saturated!steam at 10

expression for velocity

steam, and(ii) the exit area,
index of expansion to be n=1.135, for dry saturated
[5M] |

bar (abs) is expanded in a steam
nozzle 0. 4 bar (abs). The throat area is 7 cn??, while the injet
velocity is negligible. Calculate, () the mass flow rate of
Assuming isentropic flow, Take

of
Applying (K3)

Steam.
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a) Draw the Iayout; of Rankine cycle with reheating  [SM]

b) A Steam turbine recejves steam at a pressure of 20 bar and
with exhaust pressure of 0. 07 bar and
expansion of steam takes place isentropically. using the steam
table calculate the following(i) heat supplied in the boiler

superheated to 88le°

(i) heat rejected inlthe condenser(iii) network done
(iv) thermat efﬂciegcy

Understanding (K2)

[5M]

a) What do you unc?erstand by boiler draught
b) Write the detailed classification of boilers, explain

construction and working of Babcock and Willcox boiler, [5M]

[5M]

Understanding (K2)

a) What is steam nozzle? Derive
steam through the ntozzle [5M]
b) Dry saturated st?am at 10 bar
nozzle 0. 4 bar (abs). The throat

steam, and(ii) the exit area.
index of expansion| to be n=1.135, for dry saturated
[5M]

expression for velocity of

(abs) is expanded in a steam
area is 7 cm®, while the inlet
velocity is negligil]JIe. Calculate, (i) the mass flow rate of
Assuming isentropic flow. Take

Applying (K3)

steam.
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a) Hlustrate the principle of Reaction turbine [4M]

b} In a simple :impulse turbine, the steam enters the whee] through a
nozzle with a velocity of 500 m/s and at an angle of 20° to the direction
of motion of the;: blade. The blade speed is 200 m/s and the exit angle of
the moving blade is 25°, Find the inlet angle of the moving blade, exit
velocity of stearm and its direction and work done per kg steam. [6M]

]
i

Understanding
(K2)

a) Explain the working of a steam condenser in steam power plant. [4M]
b) A Surface condenser is designed to handle 10000 kg of steam per
hour, the steam enters at 0.08 bar and 0.9 dry and condensate leaves at
the corresponding temperature, the pressure is constant throughout the
condenser, Estimate the cooling water flow per hour, if the cooling water

temperature is limited to 10°C [6M]

Understanding
K2)

a) Classify the different types of gas turbines and explain the gas turbine
with reheating or gas turbine with intercooler. [4M]

b) Dry saturated $team at 10 bar (abs) is expanded in a steam nozzle 0, 4
bar (abs). The throat area is 7 cm?, while the inlet velocity is negligible.
Calculate, (i) the mass flow rate of steam, and(ii) the exit area. Assuming
isentropic flow. Take index of expansion to be n=1.133, for dry saturated
steam. [SM]

Applying (K3)

|
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{ Answer all questions
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l Questions CO

Knowledge Level

1]

a) Draw the layout|of Rankine cycle with reheating [5M]
b) A Steam turbine receives steam at a pressure of 20 bar and 1
superheated to 88.6° with exhaust pressure of 0. 07 bar and
expansion of steam takes place isentropically. using the steam
table calculate the following(i) heat supplied in the boiler

(ii) heat rejected in the condenser(iii) network done

(iv) thermal efficiency [5M]

Understanding (K2)

a) What do you understand by boiler draught [5M]
b) Write the detaile'gi classification of boilers, explain 2
construction and working of Babcock and Willcox boiler. [5M]

Understanding (K2)

a) What is steam nozzle? Derive expression for velocity of

steam through the nozzle [5M] 3
b) Dry saturated steam at 10 bar (abs) is expanded in a steam
nozzle 0, 4 bar (absi). The throat area is 7 cm?, while the inlet
velocity is negligible. Calculate, (i) the mass flow rate of
steam, and(ii} the exit area, Assuming isentropic flow. Take
index of expansion to be n=1.135, for dry saturated steam.

Applying (K3)
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Answering the question ip Part-A is Compulsory & Four Questions should he auswered from Part-B

All guestions Carry equal marks of 12,

PART-A

L}

1. (2) What are the n';xethods 1o improve performance of Rankine cycls,?
{b) Enumerate the (ilifferences between Natura] and artificial draught,
/

(c) What is critical pressure ration in Nozzles? :
(d) Explain Principle of Reaction rurhine

O (e} What are the functions of steam condensers in stedm power plant?
() What are different operating variables affect the thermal efficiency of gas turbine power plant?
[2+2+2-i-12+2+2]

O {0} Steam having ipressure of 10.5 bar &nd 0.95 dryness is expanded through a canvergent
divergent nozzle ang th;e pressure of steam leaving the nozzje is 0.85. bar. Find the velocity at the

threat for maximum discharge conditions. Index of -expansion may be assumed as 1.135 bar.
Calculate mass rate of flow of steam through the nozzle, [4ME+8M]

5. In an impulge turhine,: mean diameter of blades js 1.05m and the speed is 3008 1pm. The nozzle
angle is 18° the ratip of blade speed 1o stearm speed is 0.42 and blade velocity coefficient is 0.85,
The outlet blade angle 1; 3° less than that of the inlet blade angle. Steam flow rate is 20kg/sec.
Obtain: i) Tangential thrust on blades ii) Axial thrust on blades 1if} Resultant thrust iv). Power
developed v) Blade efficiency [12M]

I Page 10f2




6. (a) Classify the condensers and explain anyone surface condenser with neat sketch.

(b) A surface condenser is designed to handle 10000 kg of steam per hour. The steam enters a
0.08 bar abs, and 0.9dryness and the condensate leaves at the corresponding saturation temperature.
The pressure is constant throughout the condenser, Estimate the cooling water flow per hour, if the
cooling water temperature rise is limited to 10 °C | [4M+8M ]

7. A gas turbine unit receives the air at100KPa and 300K, and compresses it adiabatically to
620KPa with efficiency of the compressor 88% . The fuel has heating value of 44,180KJ/kg and the
fuel/air fatio is 0.017k|g fuel/kg air. The turbine efficiency is 90%. Calculate the compressor work,
turbine work and th'en+a1 efficiency. [12M]

e
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Department 5f'N[echanicalTEwh”g‘i“liggﬁﬁqg_ :

Vision and Mission of the Department
1
Vision: |

|
To strive for making competent mechanical engineering Professionals to cater the
real time needs of Industry and Research Organizations of high repute with entrepreneurial
skills and ethical values.

Mission:
I
Mission 1: To train the studenis with state of art infrastructure to make them industry

ready professionals and to promote them for higher studies and research.

Mission 2: To employ committed faculty for developing competent mechanical engineering
graduates  to deal with complex problems,

Mission 3: To support the students in developing professionalism and make them socially
committed mechanical engineers with morals and ethical values.
Program Specific 6bjectives (PSOs)
L The stuéents will be able to apply knowledge of modern tools in manufacturing
enabling to conquer the challenges of Modern Industry.
11 The students will be able to design various thermal engineering systems by
applying the principles of thermal sciences,
Il The students will be able to design different mechanisms and machine
components of transmission of power and automation in modern industry.
Program Educational Objectives (PEQs)

i :
PEO 1: Excel in profession with sound knowledge in mathematics and applied sciences
PEO 2: Demonstrate leadership qualities and team spirit in achieving goals

PEO 3: Pursue highe;r studies to ace in research and develop as entrepreneurs

Program Quicomes

Engineering Graduates will have

POL: Ability to use| basic knowledge in mathematics, science and engineering and apply them to
solve problems|specific to mechanical engineering,

PO2: Ability to design and conduct experiments, interprets and analyzes data, and reports the
results,

PO3: Ability to design a system to meet desired needs within environmental, €conomic, political,
ethical, heaith, safety, manufacturability, management knowledge and techniques to estimate
time and resources to complete a project (Practical engineering analysis skillg),




PO4: Ability to identify,
nature,

PO5: Familiarity in applying software methods and modern cornputer tools to analyze mechanical
engineering problems,

PO6: An open mind and have an understanding
create awareness of contemporary issues,

PO7: Ability to: understand the impact of the
environmental contexts and demonstrate
developmeqt.

POS8: An unders|tanding of their
the benefit of mankind.
PO9: An ability of demonstration to

through a collaborative research,
POI0: An abilityi to communicate effectively in both verbal and written forms.
POLL: An ability to design a system to meet desired needs with economic, management
knowledge and techniques to estimate time and resources to complete a project.

POI2: An ability|of self-education and can clearly understand the need of continuous and life-long
learning.

formulate and solve mechanical engineering problems of a complex

of the impact of engineering on society and can

Profession engineering solutions in social and
the knowledge of and need for sustainable

professional and ethical responsibilities, and use technology for

function as a coherent unit in multidisciplinary design teams
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e (CO) Bloom's
Taxonomy

1 Write the deta;iled classification of boilers and .
explain Cochrjan boiler with help of neat sketch, 2 RemEbIlé]Ib)ermg 10

2 A Write the di;fference between 5

(i) Fire tube boiler and water tube boiler
(ii) Low pressure boilers and high pressure
boilers 2 Understandin 5
: . g (K2)
(a) B. Draw the néat diagram backcombed and Wilcox
boiler and indicate the parts,

—3 What are boiler mountings and explain the working .
of different safety valves used in boilers, 2 Understandin 10

g(K2)

4 What are boiler accessories and explain the :
working of the economizer and super heater with 2 Under;tzandm 10
help of diagrams. g8 (K2)

5 | ADefine boilér draught and write down the Understandin
classification of draught 2 g & Applying 5
B.Derive an expression for pressure difference K2)
created by Chimney in terms its height. Understandin

2 5
g£(K2) _ |
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i

Write the dfétailed classification of boilers and

Remembering 10

explain CocPran boiler with help of neat sketch. (KD

A.Write the difference between Understandin | 5
(1) Fire tube boiler and water tube boiler g(K2)

(i) Low pressure boilers and high pressure boilers

5

B. Draw the %wat diagram backcombed and Wilcox

boiler and indicate the parts,

!

What are boiler mountings and explain the working Understandin 10
of different safety valves used in boilers. g(K2)

What are boiler accessories and explain the Understandin 10
working of the economizer and super heater with g (K2)

help of diagrams.
ADefine boiler draught and write down the Understandin
classification of draught g & Applying 5
B.Derive an expression for pressure difference
created by Chimney in terms its height, Understandin

5
g (K2) ]




INTERNAL | EXTERNAL | TOTAL
M B.TECHI-SEMESTER | “ | T | P | MARKs MARKS MARKS | CREDITS
3 (1] - 40 60 160 3
HEAT POWER ENGINEERING

(Use of steam tables and Mollier chart is allowed)

COURSE OUTCOMES:

COI: Interpret the steam power plant cycles

Co2: Demonstrat;e the basics of combustion

CO3: Identify different types of nozzles used in steam turbines

CO4: Classify different turbines based on utility and applications

COS: List different types of steam condensers

CO6: Report diffe:rent features of gas turbines and jet engines_
|

UNIT -1I:

RANKINE CYCLE: Schematic layout, thermodynamic analysis, methods to improve cycle

performance, regeneration & reheating.

COMBUSTION: , Fuels and combustion, concepts of heat reaction, adiabatic flame

temperature, flue gas analysis.

UNIT - II:

BOILERS: Classification, working principles of LP & H.P boilers, mountings and
accessories, workirig principles, boiler horsepower, equivalent evaporation, efficiency.
DRAUGHT: Classification, Natural and Artificia draught, induced and forced draught,
height of chimneﬁ for given draught and discharge, condition for maximum discharge,
efficiency of chimney.

UNIT - 11I:

STEAM NOZZLES: Function of a nozzle, applications, types, flow through nozzles,
thermodynamic analysis, assumptions, velocity of fluid at nozzle exit, Ideal and actual
expansion in a no',zzle, velocity coefficient, condition for maximum discharge, critical

" pressure ratio, nozzle design, Super saturated flow, its effects, degree of super saturation and

degree of under cooling, Wilson line.

UNIT -1V: 1

STEAM TURBINES:; Construction & working of steam turbines, Impulse & reaction
principles, inlet & outlet velocity diagrams. Work output & efficiencies. Pressure & velocity
compounding, regenerative feed water heating, reheat cycles, reheat factor, governing of
turbine, back pressm;e & pass out turbine. 7

UNIT - V:

STEAM INSTRUMENTATION AND CONTROLS: Steam flow measurement, water and
steam pressure measurements, superheated steam temperature control, steam pressure control,
smoke detectors, and pollution monitoring instruments.

STEAM CONDENSERS: Types, cooling water requirement, air leakage and air pump
capacity, vacuum and condenser efficiencies, steam ejectors, spray pond, cooling tower.

—

UNIT -'VI: :

GAS TURBINES: Simple gas turbine plant, ideal cycle, essential components, parameters of
performance, actual cycle, regeneration, inter-cooling and reheating, closed and semi-closed
cycles, merits and demerits and types of combustion chambers.

JET PROPULSION; : Working principle, thrust power, propulsive force and efficiency.




