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?ENSTITUTE 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 passionate and a determined team of faculty with student centric teaching,
imbibing experiential and innovative skills.

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

addressing societal problems.

=

PRINCIPAL
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DEPARTMENT OF MECHANICAL ENGINEERING

DEPARTMENT VISION AND MISSION
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:

M1. To train the students with State of Art Infrastructure to make them industry ready
professionals 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.




MMz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

PROGRAM EDUCATIONAL
OBJECTIVES (PEOs)

AND

PROGRAM SPECIFIC
OUTCOMES (PSOs)




— EN GH‘{EEREWG C'LLEGE

CALITONOMOUSR)

DEPARTMENT OF MECHANICAL ENGINEERING

PROGRAM 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 higher studies to ace in research and develop as entrepreneurs.

PRl()GRAM SPECIFIC OUTCOMES (PSOs)

PSO1. The students will be able to apply knowledge of modemn tools in manufacturing
enabling to conquer 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.

!




Mz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

PROGRAM OUTCOMES
(POs)




2
A

LLEGE

z NARASARAQ
== ENGINEERING CO

AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

PROGRAM OUTCOMES (POs):

Engineering Grad;uates 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 probfems 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 cons'iderations.

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.

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 and sustainability: Understand the impact of the professional engineering
solutions in societél and environmental contexts, and demonstrate the knowledge of,
and need for suste';inable development.

8. Ethics: Apply ethical 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 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.
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REVISED Bloom’s Taxénbfny Action Verbs

Definitions | I Remembering | II. Understanding Iil. Applying IV. Analyzing V. Evaluating VL. Creating
Bloom’s Exhibit memory | Demonstrate Solve problems to | Examine and break| Present and Compile
Definition of previously understanding of new situations by | information into defend opinions | information
learned material | facts and ideas by applying acquired | parts by identifying| by making togetherin a
by recalling facts, orgénizing, knowledge, facts, | motives or causes. judgments about | different way by
terms, basic comparing, 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
descriptions, and generalizations. based on a set of | proposing
stating main ideas. criteria. alternative
solutions.
Verbs e Choose . ;classif_y ' e Apply i ;“ Analyze * Agree * Adapt
e Define e Compare - e Build ,® Assume e Appraise e Build
e Find e Contrast e Choose . Categorize ® Assess * Change
* How . :Demonstrate e Construct e Classify e Award e Choose
e Label * Explain ® Develop e Compare e Choose e Combine
6 ® List e Extend ® Experiment with| ® Conclusion e Compare * Compile
‘| * Match - illustrate e [dentify e Contrast * Conclude e Compose
* Name e Infer * Interview » Discover * (Criteria ® Construct
e  Omit * Interpret * Make use of * Dissect e (Criticize ® (Create
Recall e Qutline e Model e Distinguish * Decide e Delete
Relate * Relate e Organize * Divide e Deduct = Design
e Select * Rephrase * Plan * Examine e Defend * Develop
* Show * Show * Select * Function * Determine * Discuss
e Spell e Summarize e Solve = Inference e Disprove e Elaborate
e Tell * Translate e Utilize * Inspect e Estimate * Estimate
What e List e Evaluate * Formulate
When 1. Motive e Explain e Happen
e  Where . ‘ Tl er Relationships | ® Importance | e Imagine
*  Which ,® Simplify * Influence * Improve
Who o Survey * Interpret * Invent
Why e Take partin * Judge * Make up
Test for ® Justify * Maximize
® Theme ® Mark * Minimize
G * Measure . Modify
* Opinion * QOriginal
* Perceive * Originate
( Prioritize * Plan
\ Prove ® Predict
® Rate * Propose
® Recommend | e Solution
* Ruleon * Solve
! 1 e Select * Suppose
i Support * Test
Value e Theory

A

v . K
3 . £}
]

| ’ :
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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R20 REGULATION — COURSE OUTCOMES

After successful completion of this course, the students will be able to:

g C212.1

Explain about Fluid Properties and hydrostatic forces acting on different surfaces.

C212.2

Apply conversation laws to fluid flow problems in engineering applications.
I;" . b .

T
Es s

C212.3

Compute theory of Boundary layer flows, Identifies dimensionless parameters.

C2124

Illustrate the force required to move the vane using by Jet.

C212.5

Demonstrate the turbines and its functions & Operating conditions of Centrifugal and
Reciprocating pumps.

#
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Narasaraopeta Engineering College

NEC {Autonomous)

Yallmanda(Post), Narasaraopet- 522601
Department of Mechanical Engineering

COURSE INFORMATION SHEET

PROGRAMME: B.Tech Mechanical Engineering )

COURSE: FLUID MECHANICS AND HYDRAULIC | Semester : I CREDITS: 3
MACHINERY

COURSE CODE: R20ME2102 COURSE TYPE (CORE /ELECTIVE /
REGULATION: Autonomous BREADTH / S&H) : CORE

COURSE AREA/DOMAIN: THERMAL PERIODS: 6 Per Week.

!

COURSE PRE-REQUISITES: |

C.CODE COURSE NAME DESCRIPTION SEM
R20CC1107 | Engineering Mechanics An ability to understand the Kinematics and Dynamics I
COURSE OUTCOMES: ' - . SO
SNO . P Course Outcome Statement

co1 Explain about Fluid Properties and hydrostatic forces acting on different surfaces

coz Apply conversation laws to fluid flow problems in engineering applications

Compute theory of Boundary layer flows, Identifies dimensionless parameters

Co3

CO4 | Illustrate the force required to move the vane using by Jet

Demonstrate the  turbines and its functions & Operating conditions of Centrifugal and

CO5 . .
Reciprocating pumps

SYLLABUS:
@ ‘ DETAILS- 1,
PROPERTIES OF FLUIDS AND FLUID STATICS: Fluid properties: Mass density, specific

weight, specific volume, specific gravity, viscosity, vapour pressure, compressibility, surface
tension and capillarity.

FLUID STATICS: |Fluid pressure at a point, variation of pressure within a static fluid,
-| hydrostatic law - Pressure head, Pascal’s law, Measurement of pressure, U-Tube manometer, |-
Differential U-Tube rhanometer.

FLUID KINEMATICS: Lagrangian and Eulerian approach of fluid flow: velocity and
acceleration of fluid particles, different types of fluid flow, description of flow pattern: Stream
line, streak line, pathiline. Principle of conservation of mass: Continuity equation, applications
of continuity equation.

I
FLUID DYNAMICiS: Euler’s equation of motion along a stream line - Bernoulli’s equation,
Practical applications of Bernoulli’s equation in flow measurement devices like venturimeter,
orifice meter and Pitot tube.

III | BOUNDARY LAYER THEORY: Boundary layer -levelopment on a flat plate and its




| characteristics - Boundary layer thickness, displacement thickness, momentum thickness, |

energy thickness.

DIMENSIONAL. AND MODEL ANALYSIS: Dimensional analysis: ~dimensions,
dimensional homogeneity, methods of dimensional analysis-Buckingham Pi theorem, Raleigh’s
method, Model analysis. Similitude, derivations of important dimensionless numbers,

BASICS OF TURBO MACHINERY: Hydrodynamic force or jets on stationary and moving
flat, inclined, and curved vanes, jet striking centrally and at tip, velocity diagrams, work done
and efficiency, flow over radial vanes

v
HYDRAULIC TURBINES: Classification of turbines, impulse and reaction turbines, Pelton
wheel, Francis turbine and Kaplan turbine-working propartions, work done, efficiencies.
HYDRAULIC I"UMLPS:. 'Classiﬁcation, working, work done - manomeﬁic head losses and

A% efficiencies, specific speed- pumps in series and parallel-performance characteristic curves,
NPSH; Reciprocating pump, centrifugal pump.

TEXT BOOKS ]

T BOOK TITLE/AUTHORS/PUBLISHER

T1 Fluid Mechanics and Hydraulics Machines by R.K.Bansal, Laxmi publications

T2 Fluid Mechanic';s and Hydraulic Machines by R.K.Rajput, S. Chand Publications

REFERENCE BOOKS

!

R BOOK TITLE/;AUTHORS/PUBLISHER

R1 Fluid Mechanics by White.F.M, Tata McGraw-Hill,,Sﬂg“_.ﬁdition, New Delhi, 2003.

R2 Hydraulics and Fluid Méchanics by P.N.Modi and S.M.Sethi, Standard B;)ok House, New Delhi.

!
TOPICS BEYOND SYLLABUS/ADVANCED TOPICS:
SNO DESCRIPTION Associated PO & PSO
1 Open Channel Flows PO1, PO2,PO3, POS & PSO1
2 Navier stokes Equation PO1, PO2,PO3, PO5 & PSO1
WEB SOURCE REFERENCES:!

hitps://nptel.ac.in/courses/1051 01082/ Fluid Mechanics by Prof SK Som, Department of Mechanical
Engineering !

https://npteLac.in/courses/ 112/104/1 12104115/

https://nptel.ac.in/courses/112/103/112 103249/

hitps://nptel.ac.in/courses/112/104/112 104117/

¥ . ™ '\. '




;“ERY/IN STRUCTIONAL METHODOLOGIES:

v" Chalk & Talk v PPT . Active Leaming
v Web Resources Students Seminars:. | Case Study

Blended Learning v" Quiz RS “Thtorials

Project based learning. | v NPTEL/MOOCS OSimulation

Flipped L,earniné Iﬁdl'mtfial Visit: ¥ I Demonstration
OBrain storming - -« | ORole Play S rtual Labs

.

MAPPING CO’S WITH PO’S & PSOs

Course Code:

o o AN AN I L 2 T D

Course Name: FLUID MECHANICS AND HYDRAULIC MACHINERY

et gy g

Course Outcome Assessment Methods Weightages
Direct Cumulative Descriptive Test
Assessment | Internal — )
Examinations Objective Test 30% Final
(CIE) Assignment Test 90% | Course
Outcome
Semester E_nd Examinations (SEE) 70% (100%)
Indirect Course End Survey
10%
Assessment
6 Rubrics for oyer,all attainment of cburse outcomes:
i . :‘ ‘:: .
If 50% of the students crossed 50% of the mafkg: Attainment Level 1
i ._‘- 1
If 60% of the students crossed 50% of the marks: Attainment Level 2
!
If 70% of the ;students crossed 50% of the marks: Attainment Level 3
- . - N
Mente—
Course Instructor M Coordinator Head of the’'Department

-l




‘ ANNEXURE I:
(A) 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 analyze 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 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.
5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering and IT tools
including prediction and modeling to complex engineering activities with an understanding of the limitations.
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 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 and commit to professional ethics and responsibilities and norms of the engineering practics.
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 receivfe 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. i
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.

i

(B) PROGRAM SPECIFIC OUTCé)MES (PSOs) : .

PSO1.The students will be able to understand, the modern tools of machiningtwhich gives them good expertise on advanced
manufacturing methods. * !

PS02.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 Revised Blooms Taxonomy:

. LEVEL ' Key words
Cognitive , Y
Domain .
Remember K1 Defines, describes, identifies, knows, labels, lists, matches, names, outlines,
recalls, recognizes, reproduces, selects, states.
Understand K2 Comprehends, converts, defends, distinguishes, estimates, explains,

X 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,
selcts, shos, solves, uses.

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

Appraises, compares, concludes, contrasts, criticizes, critiques, defends,

describes, discriminates, evaluates, explains, interprets, justifies, relates,

! 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

Evaluate K5




Unit wise Sample assessment questions

COURSE OUTCOMES: Students are able to

CO1: Explain about Fluid Properties and hydrostatic forces acting on different surfaces

CO2:
CO3:
CO4:
COs:

Apply conversation laws to fluid flow problems in engineering applications

Compute theory of Boundary layer flows, Identifies dimensionless parameters

Illustrate the force required to move the vane using by Jet

Demonstrate the turbines and its functions & Operating conditions of Centrifugal and

: . X KNOWLEDGE
SNO * QUESTION CO
, LEVEL
UNIT 1
1 Explain the terms &ynamic viscosity and kinematic viscosity. K3 CO1
‘ A . .
A simple manometer is used to measure the pressure of oil (sp.gr=0.8) flowing
in pipe line. Its right limb is open to the atmosphere and left limb is connected
2 | to the pipe. The centre of the pipe is 9cm below the level of mercury in the right K4 Cco1
limb. If the difference of mercury level in the two limbs is 15¢m, determine the
absolute pressure of the oil in the pipe.
Explain the phenotnenon of capillarity. Obtain an expression for capillary rise
3 . ‘ K3 Co1
of a liquid. :
An oil film of thickness 1.5 mm is used for lubricatioq between a square plate
y of size 0.9 m x 0.9 m and an inclined plane having an angle of inclination 20° . o1
The weight of the square plate is 392.4 N and it slides down the plane with a K3 c .
uniform velocity of 0.2 m/s. Find the dynamic viscosity of the oil.
| UNIT 2
1 | Explain the terms: (1) Path line (ii) Streak line (iii) Stream line, (i-v) Stream tube. K3 co2
For steady incompressible flow verify whether the following values of u and v
are possible: ’
2 i)u=6xy+2y2,v=l7xy+5x K3 co2
u=x*+y?, v=—ixy
i) u=-2x/ (2 +y?), v = —2y/(x% +y?).
3 Derive the continuityi equation for one dimensional flow K4 Cc0o2
| UNIT 3
. -
1 | Explain the development-of boundary layer formation over a fiat plate. K3 Cco3
Find the displacement thickness, the momentum thickness and energy thickness
2 | for the velocity distribution in the boundary layer given by (WU)= 2(y/5) - v/ K3 COo3
5)2.
3 | What do you understand by Boundary Layer ? Explain the development of K3 CO3




-

Boundary layer over a flat plate. T

k)

Discuss displacement thickneés, energy thickness and momentum thickness K3 CO03
UNIT 4
Show that the efficiency of a free jet striking normaliy on a series of flat plates K3 C-O 4
mounted on the periphery of a wheel can never exceed 50%.
Derive the Equation for impact of Jet striking a curved plate when the plate is moving K3 CO4
in the direction of the jet?
Differentiate between Francis turbine and Kaplan turbine. K3 CO4
Classify the different types of turbines? K2 CO4
Explain the function of various main components of Pelton Turbine with neat sketches. K3
UNITS - 1,
What is meant by NPSH (Net Positive Suction Head) ? K3 COs
Explain about main parts of a centrifugal pump. K3 COs5
i
A centrifugal pump'works against a head of 30 m and discharges 0.25 m3/s while
running at 1000 rpm. The velocity of flow at the outlet is 3 m/s and the vane angle at K4 C'O 5
outlet is 300. Determine the diameter and width of impeller at outlet if the hydraulic
efficiency is 80 per cent.
Draw and discuss the! operating characteristics of a centrifugal pump K3 COs5

t

i




Model Question Pape

_—

code:Il BTech | Semester RegulérlExaminations ’

Sub Code: R20ME2102

SUBJECT NAME: FLUID MECHANICS & HYDRAULICS MACHINERY
¥

(ME)
MODEL PAPER .

Time: 3 hours

Note: Answer All FIVE Questions.
All Questions Carry Equal Marks (X 14=71M)

Max. Marks: 70

Time: 3 Hrs [

Note: 1.Answer FIVE Questions, choice from each unit.

e

Execution Plan

Max. Marks: 70

SI. No Activities . Time (Minutes)

1 To study the Question Paper and choose to attempt 5

3 | 33 Minutes x 5 Questions 165

4 ‘ Quick revision & Winding up 10
Total 180

!
Answer any FIVE Questions
Q.No. Questiqns R Marks
Unit.]

|

® |

A simple manometer is used to measure the pressure of oil (sp.gr=0.8) flowing in

velocity of 0.2 m/s. Find the dynamic viscosity of the oil.

size 0.9 m x 0.9 m and an inclined plane having an angle of inclination 20° . The
weight of the square plate is 392.4 N and it slides down the plane with a uniform

2 | pipe line. Its right limb is open to the atmosphere and left limb is connected to the [14M]
1 pipe. The centre of the pipe is 9cm below the level of mercury in the right limb. If
the differenc:e of mercury level in the two limbs is 15¢m, determine the absolute
pressure of the oil in the pipe.
; OR "~
b An oil film o;f thickness 1.5 mm is used for lubrication between a square plate of [14M]

Unit-II

. ?.
POl %




Explain the terms: (i) Path line (ii) Streak line (iii) Stream line, (iv) Stream tube

[14M]
OR
Derive the continuity equation for one dimensional flow
* N ’ [14M]
Unit-IIT -
Explain the development of boundary layer formation over a flat plate. [7M]
Discuss displacement thickness, energy thickness and mémentum thickness [7M]
OR
What do you understand by Boundary Layer ? Explain the development of [14M]
Boundary layer over a flat plate.
: Unit-IV
|
Show that the efficiency of a free Jet striking normally on a series of flat plates mounted on [7M]
the periphery of a wheel can never exceed 50%.
Derive the Equation for. impact of jet striking a eurvtd plate when the plate is moving in the [7M]
direction of the jet? '
OR
Explain the function of various main components of Pelton Turbine with neat sketches,
’ [14M]
Unit-V ‘
What is meant by NPSH (Net Positive Suction Head) ? [7M]
Explain about main parts of a centrifugal pump. [7M]
OR
A centrifugal pump works against a head of 30 m and discharges 0.25 m3/s while running [7M]

at 1000 rpm.| The velocity of flow at the outlet is 3 m/s and the vane angle at outlet is 300.
Determine the diameter and width of impeller at outlet if the hydraulic efficiency is 80 per
cent. : - b,

e

Draw and discuss the operating characteristics of a centrifugal pump °

[7M]




Mz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

ACADEMIC CALENDAR




B

Narasaraopeta Engineering College (Autonomous)
Kotappakonda Road, Yellamanda (P.0), Narasaraopet- 522601, Guntur District, AP,

S
>

“
"

ACADEMIC CALENDAR ~
(B.Tech: 2022 Admitted batch, Academic Year 2023-24)

2022 Batch 2" Year 1t Semester
Description From Date To Date Duration
Commencement of Class Work 24-07-2023
1% Spell of Instructions 24-07-2023 16-09-2023
. 8 Weeks
I Assignment Test | 21-08-2023 26-08-2023 ‘
I Mid examinations ' 18-09-2023 23-09-2023 1 Week
e  [22 Spell of Instructions 25092023 | 18-112023 | gy
) IT Assignment Test | T 23-10-2023 28-10-2023
‘l II Mid examinations 1 ‘ g 20-11-2023 | 25-11-2023 1 Week
Preparation & Practicals 27-11-2023 02-12-2023 1Week
Semester End Examinations 04-12-2023 16-12-2023 | 2 Weeks
2022 Batch 2™ Year 2" Semester
Description From Date To Date Duration
Commencement of Class Work 18-12-2023
1% Spell of Instructions 18-12-2023 10-02-2024 % Weeks
I Assignment Test . 15-01-2024 20-01-2024 '
I Mid examinations 12-02-2024 17-02-2024 1 Week
C 27 Spell of Instructions _ «* 19-02-2024 13-04-2024 8 Weeks
G II Assignment Test e o 18-03-2024 .| 23-03-2024
II Mid examinations | " 15-042024 | 20042024 | 1 Week
Preparation & Practicals | 22-04-2024 27-04-2024 1Week
Semester End Examinations 29-04-2024 11-05-2024 | 2 Weeks

i

PRIN

-
i




RASARAGPETA
‘GINEERING COLLEGE

{AUTONOMOUS)

i ACADEMIC CALENDAR
-Tech. 2021 Admitted Batch, Academic Year 2022-23)

2021 Batch 2™ Year 1 Semester

Description From Date To Date Duration
pf Class Work 5-09-2022
509-2022 | 22-10-2022 | 7 Weeks
signment Test-] 269-2022 | 31-09-2022
{1 Mid examinatiogs $24-102022 | 29102022 | I Week
2% Spell of Instrusctions 31-10-2022 | 17-12-2022
7 Weeks
Assignment Test-TE 21-11-2022 26-11-2022
19-122022 | 24-12-2022 | 1 Week
|Préparation & Pratticals 26-12:2022 | 31-12-2022 | 1Week
Semester End Exminations 2:01-2023 | 14-01-2023 | 2 Weeks
@}%ﬁ%mgncement of Class Work 16-01-2023

PRINC
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NARASARAOPETA EN GINEERING COLLEGE: NARASARAOPET (AUTON OMOUS)
- DEPARTMENT OF MECHANICAL ENGINEERING :

I B.TECH I SEM TIME TABLE
Section-A
ROOMNO: 1221 v Wef: 24/07/2023
1 2 BREAK 3 4 5 6 . 7
TIMINGS | 9:10-10.00 | 10.00-10.50 | 10.50-1.00 | 11.00-11.50 11501240 | 24011 30020 | 220310 | 3.10400
MON |-— ——NmMT— —| —— ~ MoS FM&HM M&I
TUE | . o . SM/MRILAB ]+ Mos FM&HM.
v v . N T ~L . B
WED | ™ N FM&HM U |- NM&T ES M&I
: N
L MOs D c MOS&M/ FM&HM LAB
1 . "
FRI ES MOS&M/ FM&HM LAB Mé&I TD
SAT FM&HEM | NM&T I  SM/M&ILAB
CODE: . -+SUBJECT ' - ,.FACULTY
NM&T ;. = Numerical Methods and Transformations 7 * MrMD.Shareef
- FM&HM™ - .. Fluid Mechanics &Hydraulic Machinery " MEM.Venkaiah
- M&l ’ Metrology& Instrumentation Mr.K Kiran Chand
™D . Thermodynamics ‘ . . Dr.M.Naveen Kumar
. MOS : Mechanics of Solids Mr.T.Ashok Kumar . )
FM&HM LAB Fluid Mechanics &Hydraulic Machinery Lab. Dr.M.Sreenivasa Kumar/Mr.M.Venkaiah
.- MOS&M LAB MOS & Metallurgy Lab " Mr.G.Bhargav/B.Ajay Kumer
M&ILAB _ Metrology& Instrurnentation Lab Dr.M.Rama Kotaiah/T.N.V.Mahesh
SM ) Solid Modelling Mr.K.John Babu/R.Chinna Rao
ES * Environmental Studies Dr.K.Srinivasulu

. 24 YEAR INCHARGE& CLASS TE CHER: Dr. M.VENKANNA BABU
MENTORS: A Pavan Kumar / K Kiran Chand ’

'
y o
‘

_ Signaturg/ef HOD "L L Signature of ijfnéibal




MM NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

SYLLABUS COPY




DEPARTMENT OF MECHANICAL ENGINEERING

: INTERNAL [ EXTERNAL | TOTAT
IB. ‘
UBTech | L |T |p MARKS | MARKS MARKS | CREDITS
1 SEMESTER
2 1110 30 70 100 3
Code: R2OME2102 | FLUID MECHANICS AND HYDRAULIC MACHINERY
COURSE OBJECTIVES:

® To understand the coxl‘lcept of fluid statics and properties of fluids.
To understand the ﬂuiid kinematics and dynamics.

Get the knowledge of boundary layer theory to solve the problems.
To understand velocity diagrams on different vanes.

Learn the working of different kinds of turbines and pumps,

COURSE OUTCOMES:
After successful completifon of this course, the students will be able to:
CO 1: Explain about Fluid Properties and hydrostatic forces acting on different surfaces
CO 2: Apply conversatio:n laws to fluid flow problems in engineering applications
6 CO 3: Compute theory of Boundary layer flows, Identifies dimensionless parameters
CO 4: Illustrate the force required to move the vane using by Jet
CO §: Demonstrate the turbines and its functions & Operating conditions of Centrifugal and
Reciprocating pum!ps.
UNIT -1 .
PROPERTIES OF FLUIDS AND FLUID STATICS: Fluid properties: Mass density, specific
weight, specific volume, specific gravity, viscosity, vapour pressure, compressibility, surface tension
and capillarity.
FLUID STATICS: Fluid ;]bressure at a point, variation of pressure within a static fluid, hydrostatic law
- Pressure head, Pascal’s law, Measurement of pressure, U-Tube manometer, Differential U-Tube
manometer. ,

applications of Bernoulli’s equation in flow measurement devices like venturimeter, orifice meter and

DIMENSIONAL AND MODEL ANALYSIS: Dimensional analysis: dimensiors, dimensional
homogeneity, methods of dimensional analysis-Buckingham Pj theorem, Raleigh’s method, Model
analysis. Similitude, derivations of important dimensionless numbers.

UNIT -1V:

BASICS OF TURBO MACHINERY: Hydrodynamic force or Jets on stationary and movihg flat,
inclined, and curved vanes, jet striking centrally and at tip, velocity diagrams, work done and

efficiency, flow over radial v%tnes
e ——

it
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HYDRAULIC TURBINES: Classification of turbines, impulse and reaction turbines, Pelton wheel,
Francis turbine and Kaplan turbine-working proportions, work done, efficiencies.

UNIT -V:
HYDRAULIC PUM{PS: Classification, working, work done - manometric head losses and

efficiencies, specific speed- pumps in series and parallel-performance characteristic curves, NPSH;
Reciprocating pump, centrifugal pump.

TEXT BOOKS:

1. Fluid Mechanicé and Hydraulics Machines by R.K.Bansal, Laxmi publications
2. Fluid Mechanic§ and Hydraulic Machines by R.K.Rajput, S. Chand Publications

REFERENCE BOOKS:
1. Fluid Mechanics by White.F.M, Tata McGraw-Hill, 5th Edition, New Delhi, 2003.

2. Hydraulics and ‘Fluid Mechanics by P.N.Modi and S.M.Sethi, Standard Book House, New
Delhi.

WEB REFERENCES::

1. https://nptel.ac.in/courses/105101082/ Fluid Mechanics by Prof S K Som, Department of
Mechanical Engiéneeling

o en  s——————
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' LESSON PLAN'

Mechanic,'al
Engineering

CO: - | After successful completlon of this course, the students 'will be able t0°

c212.1 | Explain about Fluid Properties and hydrostatic forc,es acting on different surfaces,

Y

6 2122 | Apply conversation laws to fluid flow problems in engineering applications.

212.3 | Compute theory of Boundary layer flows, Identifies dimensionless parameters.

C212.4 Illustrate the force required to move the vane using by Jet.

Demonstrate the turbines and its functlons & Operating condltlons of Centrifugal and

2125 Reciprocating pumps. L
. Ref Delivery
I[\Ilmt Outcome Topics/Activity Text Total Method
o ) book Periods
i Umt—l PROPERTIES OF FLUIDS AND FLUID STATICS & FLUID
) STATICS
L1 | Fluid properties: qus den51ty, specific { ThR1 Chalk &
6 Col. weight, specific volfime, specific gravity, 2 Talk
Tonlas viscosity, :
I];ijlgclla;:oaboqt 12 | vapour pressure, compressibility, surface | T1,R1 2 Chalk &
perties . A
1 and hydrostatic tension and capillarity. Talk
| forces acting on 1.3 | Fluid pressure at a po.int, variation of | TL,R1 2 Chalk &
different surfaces pressure within a static fluid, Talk, Web -
(K2) . _ N Resources
14 | hydrostatic law~-- Pressure head, Pascal’s | T1,Rl 3 Chalk &
law, Talk
L5 | Measurement of  pressure, U-Tube | T1,R1 3 Chalk &
! manometer, Differential U-Tube manometer Talk, PPT
Cco2. Unit-2. FLUID KINEMATICS & FLUID DYNAMICS
2.1 | Lagrangian and Eulerian approach of fluid | T1,R1
2 * - | flow: velocity and acceleration of fluid Chalk &
‘| Apply particles, different types of, fluid flow, 3 Talk. PPT
conversation laws || |'description of flow pattefn: Stream line, | | alk,
| to.fluid flow streak line, path line. ‘




. | problems in
engineel’l'l}g L
applications: (K2):

22 | Principle o"rconservation of mass:| TL,R1 2 Chalk &
Continuity  equation, applications of Talk, Web
continuity equation. . Resources

23 | Euler’s equation of motion along a stream | T1,RI 2 Chalk &
line - Bernoulli’s equation, Talk,

i o - NPTEIL>
Practical applications of Bernoulli’s T1,R1 2 Chalk &
equation in flow measurement devices like Talk, PPT
_venturimeter T A
P‘;'acti.pal applications of ~ Bernoulli’s | TI,RI 3 Chalk &
equation in flow measurement devices like Talk, PPT

orifice meter and Pitot tube

1 €0O3. :
Compute theory|
of Boundary layer
| flows, Identifies [
dimensionless

- parameters. (K2) |

i
t
!

Unit-3. BOUNDARY LAYER THEORY & DIMENSIONAL AND MODEL

ANALYSIS
3.1 | Boundary layer development on a flat plate | T1,R1 3 Chaik &
and its characteristics Talk
32 | Boundary layer thickness, displacement | T1,R1 2 Chalk &
| thickness, momentum thickness, energy Talk, PPT
thickness
33 | Dimensional analysis: dimensions, [ T1,RI 2 Chalk &
dimensional homogeneity, Talk, Web
o Resources
34 [ methods . of . dimensional  analysis~ | T1,RI 2 Chalk &
Buckingham Pi theorem, Raleigh’s method, Talk,
Model analysis. Similitude, NPTEL
35 (‘derivations of importanf dimensionless T1,R1 3 Chalk &
numbers. Talk, PPT

MID I EXAMINATION DURING SEVENTH WEEK

Unit-4. BASICS OF TURBO MACHINERY & HYDRAULIC TURBINES

4.1 | Hydrodynamic force or jets on stationary | T1,RI 3 Chalk &
and moving flat, inclined, . . Talk, PPT
| 42 | curved vanes, jet striking centrally and at | T1,RI 3 Chalk &
CO4. tip, velocity diagrams, work done and Talk
Ilustrate the efficiency, flow over radial vanes
force requiredto [ 4.3 | Classification of turbines, impulse and | TLRI 3 Chalk &
-move the vane ' reaction turbines, Talk, PPT
using by Jet.. l 4.4 | Pelton wheel and Francis turbine and Kapla | TI,R1 3 Chalk &
(K2) turbine-working proportions, work done, Talk, PPT,
i1 - | efficiencies. , . , W NPTEL
|45 | Kaplan turbihe-Working proportions, work | T1,RI 2 Chalk &
' done, efficiencies. Talk, Web
; : v A Resources
| T Unit 5. HYDRAULIC PUMPS
COS5. | 5-1 | Classification, working, work done -| T2,R2 Chalk &
Demonstrate the manometric - 2 Talk,
turbines and its NPTEL
functions & 53 | head losses and efficiencies, specific speed- | T21, R1 Chalk &
| Operating pumps in series and parallel 3 Talk, Web
conditions of Resources
.Centrifugal and [ 5.4 | performance characteristic curves, NPSH; T1L,R1 3 Chalk &
Reciprocating Talk, PPT
.pumps. (K2) 5.5 | Reciprocating pump, centrifugal pump. T2, R1 3 Chalk &
* Talk, PPT

MID II EXAMINATION DURING FOURTEENTH WEEK

END EXAMINATIONS

4o

HE 2
H -




-

TEXT BOOKS

T | BOOK TITLE/AUTHORS/PUBLISHER

T1 Fluid Mechamcs and Hydraulics Machines by R.K.Bansal, Laxmi publications

T2 Fluid M Mechamcs and Hydrauhc Machines by R.K.Rajput, S. Chand Publications

REFERENCE BOOKS

R BOOK TITLE/AUTHORS/PUBLISHER

»

)

BTN

R1 Fluid Mechanics by White.F.M, Tata McGraw-Hill, Sﬂi Edition, New Delhi, 2003.

R2 | Hydraulics and Fluid Mechanics by P.N.Modi and S.M.Sethi, Standard Book House, New Delhi.

WEB SOURCE REFERENCES:

o

4

Engineering

1 | https://nptel.ac.in/courses/105101082/ Fluid Mechanics by Prof S K Som, Department of Mechanical

2 | https://nptel.ac.in/courses/112/104/112104118/

3 | https:/nptel.ac.in/cdurses/112/103/112103249/
6 4 | https://nptel.ac.in/courses/112/104/112104117/
LN <
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R20-REGULATION
FLUID M]iECHANICS AND HYDRAULIC MACHINERY

Explanation of Course Articulation Matrix Table to be ascertained:

.

e

> Course Artic:ulati(';h Mz'1trix correlates the inciivjdgal COs of a course with POs and
PSOs. f

» The Course Qutcomes are mapped with POs and PSOs in the scale of 1 to 3.

» The strength [of correlation is indicated as 3 for Substantial (High) correlation, 2 for

Moderate (l\lledium) correlation, and 1 for Slight (Low) correlation.

|

| IT B.Tech I SEMESTER

Course Code:
C212

Course Name: FLUID MECHANICS AND HYDRAULIC MACHINERY
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WEB SOURCE REFERENCES:
|

https://nptel.ac.hu/doursc§/ 105101082/ Fluid Mechetnics by Prof S K Som, Department of
Mechanical Engineering ,

https://nptel.ac.in/courses/112/104/1 12104118/

w

https://nptel.ac.in/courses/112/103/112103249/

https://nptel.ac.in/courses/112/104/112104117/
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1l Year I Semester

Serial No. |Admission No. [First Name Last Name
1 21471A0301 |, |ANGIREKULA VEERANJANEYULU
2 21471A0302 ||BATTULA YUVA RAJU
3 21471A0303 ||BOMMIREDDY VENU
4 21471A0304 ||JEEDIMALLA SRI LAKSHMI NILENDRA
5 21471A0305 |KONATHAM VENKATA |NARAYANA
6 21471A0306 :|[KUNCHALA ANKA RAO
7 21471A0307 '|PATHAN RIYAZ
8 21471A0309 [SASAPU SAI SANTOSH
9 21471A0310 '[SOUBHAGYAPU SAI RAM
10 21471A0311 |MUNAGA RAMANJANEYULU
11 21471A0312 |YELGHURI. HEMALATHA MEGHANA
12 |21471A0314 |ALLAM TIRUMALA RAJU
13 22475A0301 |LUKALAPU RAMBABU
14 22475A0302 |[THUNUGUNTLA NAGA THARUN
15 22475A0303 MAILAVARAPU PAVAN KALYAN
16 22475A0304 [KOLLI GOWRI SANKARA RAO
17 22475A0305 iVANTAKU GANAPATHI LAXMI 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 SYAM KUMAR
25 22475A0313 |THURIMELLA VAMSI:GANESH
26 22475A0314  |KUKKAMALLA KARTHIK
27 |22475A0315 |VUTLA KISHORE
28 22475A0316 |DHARMANA APPALA NAIDU
29 22475A0317 |NIKKU SURESH
30 22475A0318 |GORANTLA SIVA KOTESWARA RAO
31 22475A0319 [POGUNOLLA KARUN KUMAR
32 22475A0321 B!ANDLAM UDI NAGA RAJU
33 22475A0322 |BOJIA |SYAM BABU
34 22475A0323 |ATHULURI PURNA VENKATA RAMARAO
35 22475A0324 |[BATTULA LAKSHMI NARAYANA
36 22475A0325 |GUDIKAN DULA ANJANEYULU
37 22475A0326 (AYINAMPUDI KISHORE BABU
38 22475A0327 |(KETHABOYINA MAHESH
39 22475A0328  |SHAIK BABULAL -*:




40 ]22475A0329 [BANDARU VENU GOPAL

41 |22475A0330 |YADAVALL] LOKESH

42 |22475A0331 |CHOUDAM VENKATESH

43 |22475A0332 |CHATTI MURAEI KRISHNA
44 122475A0333 | |DARAM PRUDHVI.KRISHNA
45 |22475A0334 | [SHAIK NAGUR BASHA
46 |22475A0335 | |GOLLAPUD] SARATH KUMAR
47 |22475A0336 | |ADAKA VINOD

48 |22475A0337 | [JANNI ARUN

49 |22475A0338 |INOWPADA MEGHANADH

50 |22475A0339 |[BALAGA YUGANDHAR

51 |22475A0340 [|NEYYELA KUMAR BEHERA
52 |22475A0341 ||KUNITI PAVAN KUMAR
53 |22475A0342 ||BHUKYA DIWAKAR NAIK
54  122475A0343 |VOONA NARENDRA

55 |22475A0344 [CHANDARLAPATI GANESH

56 122475A0345 |BALAGA MOHAN

57 _ |22475A0346 |BOMMALL MAHESH **

58  122475A0347 |DUDDET]. NAGA SAI

59 |22475A0348 [BASWA DILLESWARA RAO
60 _ |22475A0349 |KORRAPAT] MOHAN KRISHNA
61  |22475A0350 [NAKKANABOINA NAGA SRIDHAR
62 [22475A0351 |GONDU GANESH PAVAN
63  |22475A0352 [LINGA SRINIVAS




Mz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

HAND WRITTEN/PRINTED
LECTURE NOTES




L | ONIT-I

’ w . e

Pho et Yo % %pw oz Flucl shabics.

plucl Phopertied s v Lonsiky Spectiie wetgk, Speccbic

Gohirree, Specdbie glonily, Nigonlg ) yapaus Pheskete,

WFWL};&@ Suy e %M &#&W

pMW; ;:P ‘2 p%uﬂuz aF - pm Az oy

;. VS S ;ﬂum'h"a& u-mﬁfmm‘

o ' B Bk Spdsrdoice eotion flaag » Mo ax &Qn-qu %

C A %;ﬁw wm@m c@e,ée&mw @O—hmua\&&{xj Lhen Aubiectel 1o
%’Q‘Mcp B W - O oo lneg 4o be l’\gu&lu\hcj ’f\o\}vgca%.\ue%

' &,\}L%ac.z st 3*@@%5& —}-’maﬁ;ea&ww

(Qd W D %M ohlon et \fugcc;&\,@ L heCe +enlian,

Mh o qJQ))o Crarpfesbible b clle o 2.0 Gk

.. elact Mﬁv@g

: a-

‘\’F\u&«v) 6\/{/50 CAL&Q a/% %&ao,{% QKL @\)wﬁﬁ OQW\%/%

| ueia B dengily )= paq Kﬁ/mz

'ﬁ\cﬂ};) aon C),aﬂ'——é?—f al /<>)&>€/‘ -{)—LQ M\J—
Sp@; {o Welaht- o{;wqﬁ&__ W= 4@ X&M/m-rj (=% Uﬁv\ti\

! ey «;\

= toco kgf(mad (TS P 7D




shecetie vobamae (1) L -
Sheccpie ooy, the St o shecelien o
2pecifie weegnk dy o hanosn il

7 sheczhie aouvcly

gty =

—
-—

&5 Colles 5
shece Lo wetadq e Lagpa

e o the
%f:zaérc%%\oc@.

specehie wesgd 4 pude wales

For Jagpeds fomdtarg flucl A pors cofen o

et ]d. hag B becowine o the Clafoue $hCes o
il —-Pm ooy Ll hay o v:,gco%{jﬁ_
—the nean 2h e st (&) Corn~g v;/ca%y% be koca
§ o Ll Llooif & Aol FQ,F,%UM@JP
bokoeaa MVJOC&(T(&—S Gtue loyest ao o L24K

T o Ay
e

ST u«v\’U % \AZ&CJC\“X% Ms/m)"/ .'
N Keg M{"S/""O’y.. )
Cas R

QA0
Ol i Calem Po{é"-".
et

] Wd@:

- he

- e
"

A\Va
M
2]

-—

\

et

(D

NS

&y ¥

\JC,gcﬁg_-;ﬁyi) qﬂso ) ENTE=NCY &M/W W
ootk FE oy o sfantn.

=

L ¢a.
@

A %&w& af

"'"p MC\(QC“'QQA__
2 En the Lrwn

P




I \

. \i{qna—w)?\c VC/S%‘- The Zade beloeen AZUM,M;C v@%dﬁ]
S M}/@\Qg ﬁ% Ao W D Callel Wiineovabe \bc,g@c,gﬁ%».

n kireenfabe Vi2eRIY (vw)= K | 9= B MsS,
| £ § o
ST u«v‘\tz = “"1/% @)
PQ\USUW‘(;: > 7 < o
il /»3 :&5’5_"‘_1 x,-.qu =
CGC,W@Z G /R 5% %
%"lﬁ; Callee ook’ \: /s
i
\gf\‘ok—o\ = \gb( ML,

hede  pe o Callae Cot Lhlced %,V;gcdg\«j}j%%w()@ :
rlads e Newdrs Jaw ane Calll NewPswian ey @usr Homd]
oL@ao/w_ CQJLQQ.Q— 1000~ poeeSasatan Hhedds.

@ iy vadtakon wilh tatbar i |

The VQ‘PC'%‘J?? ot Logpcls Aociza geg wocfh

Wﬁm}x_ag) QEWMO»Q «H\J’/& galde S ﬂ:mc)@&gwt%

. 9% the Veloce J§ AgbAzbudian olesr a plafe 4> Syruen byo=2y- v,
wheke O \zdocgﬁ«/? T mf2ee e Y by oAt o conelep b He
49(,&;: el e shean &QMJ% ad Yo o oudt Y= 0115~ frke
a.zG"\.CLN:C \{‘Liﬁc&i’ﬁ;;cef {‘nﬂ—— W o 8'63 P‘“‘:gQ’g

65&"‘1{(}0‘: U= —-2-"{-3"\3%) [}A: 8 63 poide = ___,E'GS,MSMY;.B:O}‘jDO“S"‘W

lo

PTO




L
OQU 2 1w "
&Lj~—_3\"9‘3 t;—j—j‘ :E—E:ogé-;
Y=o
s
S Y=o W T = ZLb.Lg)s ©'367
< heasn %}'M Q,Q’ M=o A o= M Lﬁ%‘) = 0 88 xo 65y ~ O-g—?gép/ ,

y ymo'ts (= = &'R6dxo]
[ ——'jj
2. f ]ab\ﬁ; S:028ww Mgk fhew o Linep I)LQJZE enoVe S
bo crof2ec. v wrain Bt Ay 40@@69, ffece g
9:-%% el tws ﬁ\ngCa‘?d&} ”b e W’ bekooen
-S&Q*"'HO") Iz 0025 o3 O'OKX\SR"“: L: boamils
C= Q,N/“‘g
Lk~ A be e Vil
,sheaﬂ.,,QAszX )L@

/-A

O=r

Ey

boxs* 5 /,(: 2 X002

267= 0267 m/"m’/

Y = ’3&4@{?
PP b Agpc

Gox e ™ gl;

plate

-3
| —_
L X1 . 8‘33Xb§1\1

© o) [, 6o X\

3 wfz:c&:&}ﬂ ((’%M‘S\DQC&Q@ gt e koot

gv( @ ggxw Mg - 8’33)(\715;4!0' padzl-

2. Two il PL&M anrg. ‘LSC’MC\#"X’ The %
D il with e o %V@C&Qﬁp} W pelies,. Calloy

Ty e otd, s dne cpper Plade” weovies woidh o veloce fy
35{‘__*}3’4’"73 A= (25 Cros 125 % \D rew A polQeg= 4 N

Aoz 2:5~07';

o Shees &QM(@) - ] KXo

—2—
(4]

L pls

- %R xip !

{‘b‘r)"
o

4D
PAJ-

25@9&3@@—\4«%
Nafe 2hoat fros,

%2'5‘”‘0/&.

< / f'w))-;




Qd

1%/“3;\’_%-@ < oo/

8Lz TSedstz =L fp5e =13 TSW/

{&“**/ N5z.0 24,

?N‘E%Ss Hi=
S/_\wDS. 2 :7;%/_30 QXS=2|-g=
T—

/55 S

“Te
/yb/sﬂg‘?fa 1= o =y

(T

W s e o P T5z e ou g

TS T = (o) Appoan o
Q

<

b
T e 0 ) o ek ovem o
7 g ‘
-%/f»o: op ‘ou/N<TSneo =) ! 80«-»/8)4 BbL =§ ’Q;,T—QS
s we w0 ¥ s ook e pospe, fmaron
m,ém/m15hz '@ C;V/}? O Ja

S SNBL oy Sompey 1 o, M SPOBA

‘CM . .
Bod Ll T 29499 i
zglx SixoS51 = (=
¢ XS hg.0
g0 A =-—a7 --

Ll

op W 2 wFE —~vS (@hwve

© 2 % <oz ayl.
THTEToN o pend

W {2

L _ h9o g Q
/\W(ﬂjLi,’)'\iz’ “TEy T = /;Lo Ul G2 FEIYLS
VBITBFETGNS O = o] wg\,\gﬁb _X\J,Bpm sy Go Wgaduﬂ.,’)
, PO E o S0P
U}E&XJ-[C%WS-I :CTF ff)i:@ ’.NOOS:(Y\ 5%’“&39-0 S uwR.0X g.0 = I@g
EFovsio 4 /;/ér:ood/af\ Unggt e o U2 LowE | TS é@"ﬁ

TONINT o 0 GuR . o K
] s o veoe:

oo b Hpotan rvaranlo

© |

@ opnd wub

~ GRM ey

RO 7%}% Qp

Ve ‘?’“WW © 30

?




% sprm b Aoy 7

‘\

[4

@)'l = e
OL‘QN‘A’?%V\@ 7

e Pog

)
AN S5 T —

"C%_’ Crvvwaﬁ’]\?) .

TAX T 9T Wb/ sl
S Y N7

ozl = = ! ! : =2 ROV
‘ d ‘™MTes =seetdog .‘L,ch)-o RN A ob=

enfs s < mpingd  remee
TwWyaN o T TIReoy R TR O NPT A
ryd oz wremyoes o JPER ¥ yeperjio 2 o
ol % TWr N WWM wwpoq A ETOd 7
CrSY o oy RN ko YTy 9(\‘%((/07754“\’@7

L "OWW %zm m%w

TEoe "W@ R EEETE
[M*’/” 6l-o= (j‘owz o = d«

@@ ad = GQ)Y(Q\Xg%

—
~

OO,

s

’>l

"C

ﬁ J WQ\Q&};\ 20
“SHFeeyd dprerps ()
= 1& =

TOX Y = 9. OXX g0

Y :—'Pr\d Y} PG 2en
syeood prverveaper (D)
6=4 “hi =

e.Q

W&/qua
—
7»~0)<30\y T QO

’ —
.EWS-OV—PT

-t ‘wvymse{ Zs e CDW% T s (1)
PP et PIRSFOI Ty Tgd T
2D e L tponge] TREE oo €0

T I Prepne D TnB 0090 G oy g

L2 X £9-)

'Ewgra

L
0




0
Q&W_TJ\") /lr\(\‘a \/a@;u@wxg = Rv ’”5‘03

| \V
S Rudie “moonwQ/u% (k) = TroAeasre Tin (PX.QM
Heakag

D Relatigo ;b@}@ve@«) Bl W)odw?«,g (k)yo~s P/‘%%(P)
B P Ot TEohor o Pocass k= p
Q\) -655/ %"QZQJ:;J\C_ ﬁo(@% ko~

P’b’
ConPostsbelels, tBie o s
Chowge Ty Valitone uﬁa(}é&%bﬂv %‘MMM}L@OQ

tea cbion o —enditimal PRegtus, 4

KOs al Ceal

%szﬁjg.

va %o\,\& Fwe raslecalls e @“T)\"«\u&&geoﬁ F&ojecka £ tna

blee gugfuie o the Digrid Todo 4ne abkootfine Sie. These —=sefip
Q‘QOQ‘Z_C;&.QZ/X ate . ooy a2 ol e sk stade 2 —enogh fuery Sov

@ -l pAesse
al \Icc]@adu& W

safiratoa vape
H Groltae g oo

Tacheages =0 -
H eqgrd to fus
»aeq},:,t,@:’b}ztum -
colle o calis.
NoTE: - Tb the
(&S =0

Q.U«PXJW:/

Se oo dhe fopil Gd bt . Thy f”“ﬂm 4 Mmeen

P o bhen goagec 4 o it

- Rl vabaa Prestcte oxeslog by tha locds
e s.fp ad-chich they Boe Boap jue Loopad
e - eion thay foare Ho Sutfode, when
odeton b Sgached, the Vapod Plogguse

D0 Vafed- Phaigue.

pPIrel e oo Hha QZ 2", 7
A to e gabitaden ?@ﬁ ti?@m




®

3, N0es eaﬂué hag o \fe/‘{%

e L2 TO wﬂz/ .

e dthed cnowbione, tres ppeiiy b calbs 2o

Wﬂéaﬁﬁc g

(3D
The %om%{,ﬁm«%o"z@_ actinng s AN
wotdh o @t (25 50 A 2t bhe

©

AD

Xhees

?M;M Tofde x Qfs\)d&o@wé’ (P = "

phefleie Trotidea So=fbubble (= g
A

Presgine. Totide o WA Gk = ool . fushg he
il L.,

Q@O LL‘—Q,%OVEL F%ﬂjzxu’i@ oo

L;Lc;, L= Aa- %

A= Lo . |

Cus e Ty O 65 be, ahen T Hel® Vel e
w%x\b%,wp_ W; oQia@w/QZvagm Yede o8 %
Ao Lo o T QE%MGQ

Ue C@%‘9) A = Ozwafa_'c)}

Ca%\.ﬂk%g Seint (= eV
%M M’L&%&o (wy = ucSle

. €94
wie: & %ﬂ mc“ﬂ’a‘@“*l@b\%%lzg

Corndirck




S =
@MW—Q}

C.aN (—&'ﬂ_/{\"o{) .

6 Fﬁ@gﬁ%&

|

’FW et g

MM&@ A\
e
ooifzs]

"

Nhy B abo Cllen oy pasel”

R ?%/Q: S Qba&,:: lcoKE\:losN/«,v}-)

| ™

m@ Prossuie ok a gbfw& xﬁqm.%t@%%

o M S ST ok
prasya Nasz2ats

E).Wu}uz Ty Veb

~%

&9 Ty ol b “ Ty PSS

ek (25) Jors 4o ’\)q&m&,&f@;{;&) A&ﬁ«ﬁ
M‘ g bubbles 4 W'\M%M Nen Hfoachesy Wz WM
olafle oo gtuas gy Tenpack prostota.
e tne omalineal £ fua oHy iy Bosandons
g hente Cafltfies ofe ffoma. Tuy phamoreanon AR callig

2—‘*&*"“2@{__’“)6_: Tk a fae F D vas
ek s Rea. N %QMW&,MP&M

«@. N ke WN .S cccs}z/t;,_ Dzm/c«nv

7o To a shale fheed | L4, o b dy T Aamse o
oMy dsonwatl ditection 1o a gldse $lecd ata

F’&w fo tue gpeccpie welnk 4 tuo e ok vk potal-
M: Céﬂ?%{’o-ﬂ.e)p o> %\N\qﬂ ,@QG-—"N\_@,\;&— ARLD T @ ?’t{eS;.\bs\(e
stabe flel s Shaow oo fe fHure. - - }_::*'T:j;?
b 28 B B Sedkion) e fpuabod — SPFS
A amme heiyh T
Ry
N S N WAV T S

P A pA

2 4 Ra Qekimp oa e fea AR,

pY o



> [PW e 50 BB = Phostisn x Ahea — Px A4
b) (phe surs) fBila s CD = PAeBlede KAM(P+—£
©) woesgnt gy A~ M? ™9 = Bongefz  Loinn
4) PMM%&MN Suibaces pla o A,
Rre- /écpu_a/Q T W/QZ@QQ Qs Df??bbgj‘fﬁ s
o A —eqp JtbAlicn 4t ek, ot

' he,./;&
(2R VO =5 - .
SO g (P 2290 1 Sxaenmg e
yad &2. i e

P

>8P gd 4 §odg=o
oz /7

2P

e

A=,

t Rabe 4y machesBe oy
o e wweignt 2eniifg 40
/‘B'CJ ?ﬂm_m &) pHedede akboVe

=)

pAosteae o Verfical

> Pte by SQP = 5332\2_
= P = 53z,
s == I rekholls phess
59

w&‘é?cé_p—m\é}( 2 R
Lo :h\éﬂvm&c bRons hos o hown 260w dinral
Piu«\éz/s_, Os (,(,Scrswa a@iagm\e;QEN Floal 4w we/,fahi_ Q/S(

haoqw WM@“MWW#MQ%M
Selahin

D= 200z 2ox10%wm; d= ¢S Cuz Go5x 53

2

[
(=T Goxit)= ¢
; L‘X - z 2
PRz a = %@>:%Qy,s~x‘;gzc

Lol ée/f\d% Q/f:é@b%j'mw

(Biaimaks Pae-s5 )

%K—AA

3)&3 = ?K DAx 423

232 fwo LS
L Ao P59,

Ale Lo Y- dre

o

|

L.

|

b afmacipherce plag

e Peall.

)

= L)
(a0 By tue
Pl‘*“é;ou% Lo,

:%; F = Soowr
> O /068 Yy

> 0OSF 20

PTo




-

By tre pagg
Seoktch daa
S P

B phe’s

Plecges %

Sa(uﬁw): D= 2e0

Preggose Tookngily due o Plongen ()= F _

-

gcﬁ)cﬂiaxd\(\eﬁb’ M"‘})d%ﬁﬂ

Soo

5 o, I
(oo, tnis ple gsone mm%z;,\%\algf ,ogfs;o«ﬂ/
To all tee e sochuag.

o Iﬁm&;& P2 Ran = 21Uubs b w/‘M"

= Rjuy 65.14/0/'

W&ﬁ&«%ﬁ;a}%&@é P - W
. \') Uy b ) P
0;0706& B 'g‘ ‘1 §.§

» W= UMby s 07068 ~ 222224 2 2202l

2 0 ép/\_z% oy a M%z«:@mo@f@k“*‘é&, R
o Qfé&‘”\@e@g‘uﬁ“g@#

- _
Mz 20 X110 an ¢ A= 30~z ZK\OLMj W-2o KN

u

- e MA}:_‘% (o5 = I_E(Zoxi?j'—; RN

PWJ{:\ )= T (3A151§: 7:068%15 ten

e

Lok £ e T fha afflias ab tae ploge,

- "

_ P st

r
T T-08xip”

c

—

=Y

wFos fmelvgftfad‘ e plunges =

P&Wd Aoz F
. | a
Bk prstdie o Aaws w | 2oxiet
A o031y
+ - 107\103
| Tedexiz! o0y
| P ZORIE x 70bEX b - &7¢. 20N
) 6 02\
2 Trs a \\Lagﬁjyaw\ﬂic J=cdo
& 2o a2 A F o (ahge

W’@?\m 0 (oo

ST



’
£t Az hoe (optie by fua Longe %U&Tﬁ heo (1)
ons at Go—e el omolt) gl P‘»ﬂ[@;’\«fo We

4 r‘l '—’2—-—
ngZ D= 100w loxto =Y AQ: 2 G ¢ Xto A 1*7
s —
3-:_' looO l%/m, So N

f_
Gy e oo posbrs s af s (enef
O = “”CD)’ Tr(bx‘ol) = 79S¢ x o Tem

—~
—

2= T@)’E@X'OYD 7.063x 5 Lad”

w -~ F

-—‘.—-{3’""‘__—._:?7

Le&' '\LL)bQ—-

-

W= R - 80><78-S‘uy1

=

- .

e Beglang
Cran ﬂbOUkQ -y

= (*(OCA«:((gX/;‘;'

©

;‘1
= $R8& P4N

a_ == .

L) tnen Ll Fﬁv@s«v”) Yo Cun abole 4o Latae p
oo snae Dubimgstyad- e botlow by fie g

r

- —

So
7-06& x15%

—~

* $3h + 1000 X FR(x Ye

~4

!’k) <

—

ﬁ

G, Calcdafe e PR
Q\) u,o:t/“p (\QQ’“&[ %
%d) a2, 12 b- %@ﬂa&%\ﬁ;%f

" Y
- ? = W= PA~ L xte X728 Va xp

Al A e Le o a Gbﬂx&omD /6'
&g[} %Vttf\e & ag2 (i) o=

Séﬁ«bm = - 03wy, §= l’*ool%/—ao
PWW&L&L ~+- Leggee Qfg*'*w\@ ) =
P= 8g== lovox SR x0:2229U3/

Aewiedi (9,) = S o5 « Leosfy 4wl

o &xloco = Qoo M/‘\"S

() Foo- @va

() - o]

7.068&x 15

Wtz ag looo la(a/pm

XY N
Cylintey

<

vy

-
X1 =~ -1 X100

o

- R TonN

O13mv0 ab.
Q&&&Rﬁﬁ/




PXQ}%‘JL&——W: 362:2%)<5?'21xo»2:zz§wwo/’\o“’/

(i) Fo ~oe:

PR 0

Aoty Lot FiS)n g Se Aol g el

=z |1R<bxlooo = IR6oo kﬁ/%z

tohead - 5’52:rgéoox?&rm*g:uooz@o/ﬂq’/

%%% ! Pe2zuse 4 . Ll above e abglle
Qoo ED C@M&)(@fl VaCucumnne "%quﬂi& G{MB{Q/@E M”\&(

Gange phos

potat

Vacluen pfe bthe & o, Ffw.m beoaa’—]-v\.m o&?mo%wcff’y&%%

o Clles vace

et bzdude po

G P&M

A2 Llbinng. :9'\'!’«7@5(5 hﬁ))/i’c_ P)LQA&ML—(—G%M

vallum PAesrate - ,ofm@ﬁmc_p&%&w- Ab3 Lz Phetiion,

e Suthe £ B

() Ao sz (5=
Exs

Ty meChonical Savgeg dne ffoea phe 8t By

. balawcoong Ane Hlas Colereman bﬁw%’v’ﬁ”ﬁ‘
O

D{«M Nowae | BousAon eﬂx prhe gludo opug,
Deal. weda phetfutie 2nuge, Bollpst el gou

Loy AW, e phe e do o flied Con be

ol @k Avn adreaotfhatic PRathots,

P




WN\O"K\IZQEEM Qro M%’i@—& Tato @& g\‘,’«w‘«&\)(@ .
(6 Belpeiondind anone moeis -

S&v@\v’gQ@ M«om\é/%ﬁf : B %s"«w%\e Mo"“‘?:&;}‘/ G?‘ffﬁﬁ %

sOe  enf i oreestEd Ao eDO‘\QN\{”MGD)w_g&A»L
2o YRS Pl I ofnes =9 odww%’fv e a}md‘q&‘*

B plegormdin, GTAuke ThomomdR, Si
Piﬁgg__m@: MES > Awe ’%‘O““‘@’M EQ‘ o e e

o ot hare PreAore i aea buAn S e )
o &m%&w.mw%m}f@*ﬁéz @*’Mhﬂu,ﬁ)
e e a7 hea beigie & e Loy

ke, taen pasdosak BB p= ggn T

U""(\"Ji ﬁ\@ﬁo-m\g/ﬁ}—f&: %M,a\ %(9—9»&_91)\1;{ '\7) EQM}‘J}Y\ U = Se
mmwﬁyévﬁ'ﬁ@w ‘e Prﬁ*sd' whete phe-ute 4y tobe mitag.

o ne otier emf B Sfenet o
cenete specchic 9faN D gRoade frountiat
% fwe W ohe™ F/V\—Q%gf‘-kfw_/’g 4o e
W-

Cauag Pretwire ; Lk P be e PAreiedie dpbe M Senag af

pAsAects B9 T S Clovn= § ay,
o o = o = Pro§ah,

These oo Pheshaiie caost —egu ) o e egue febdtion Grdefion.

P9 g Suabe
= p= Qaﬁbf— Qlﬁw

Naceumn PRe Jgeiie ,  prosfuie T30 tue DobpColoca = pt 5. 3h.t 9 3h,

Y o },ﬁ’fﬁ\’\-f{‘ " - 0
Pt Sam A3 Shi=o = P=~[g 3h ¢

~

>,<_’)hﬂ

o170




=N

b The Mghg' Qfﬁ“bé-)y =N %{’m{)‘:& U- Huke oo madar
Cm%\afmiv\%“‘

- Y- QQ;@% 5
WONCCH  exo %Q.
C%}AL% e
Stk Lenab,
f)ﬁe_u)%“): 5'3: C
tedant o ns
PrLeSRedes

g'w——éz

L
Py

®

coehe 2 _,ma_cwzp

!
|

QUSRS opentd e qﬁw‘ﬂw £ e
,mtg,@@ﬁmeﬁaeo%a\pckxg , |
o ot edis Moverg e T

o PCJDQ & cen beleo o rae s lovel) oly fue

Jﬁ{q&ﬂw@ -Fw%m%&»@j}q e P*Ié‘("[é
B rm_o)LgLv&Z leve] TraAne tuo toadg g 20n.

Chy
0 q 5 Bz 1306 D{%‘z}‘-&w&%%&m@xﬁleﬂd= 200m 220X

2. WO’)(J —26—12= ¥S0= &‘/’\lg)—rm;

above fua Lafion o el heege

P+ §ahi = 53h, e p D plogieu e 4 de bl
%VMM HoeamBS o

52 Stx1ovm= oifxio00 = Foo kofnod

5;1%)(1000 = R-6Xxipco= [Zpoo \AB/MTS

P+

2.8 U deds TcrngreadlE b

6"‘\‘00\ PC‘%Q,T:@

S@%"m -, S’S - O
?; - o

O o

o P

dien = & o
YAC Cotma Wﬂ— P23 & Tue W&%a‘g ‘o
o e meworetl b ofeves o sdenAbhens. Fons s

Y. CCatenn ?5‘-2/%2‘-‘-"1«‘2 I F{%ﬁ, S e Jf%ﬁ*z&&-\ce T e

teltelg & Qo 4)!“:9 hetgqul ¢ fue (et Colamn & 15

?w&%éﬁx%&f: 1Rb6o0 &j@ x;-_oé}gﬁ
i >>?: M@éooxw -~ oo &g: 2<$ 37 b/m’/

fMﬁ M\M_Cu&a g Cd\ﬁ")e&@

| 0 0o i

oo "NUULCUJL(j

3‘8‘, Koa= ey bz (gcuz IS x5 Fmay Moz Yoo Gontom
| _ (m,

X looo = Ree Rﬁ/mx; ?N..,= 13-bxtooo= (3400 {‘\3/-«,\3

- \’P——\- 5/3 VM—{— §L3"b,:o

-t g

-
—_

(154 =721 xbex 5%+ 260 x4 XU x5
= ~Qu U ux. é”/f"«v

AT N



&)

D"{\(f" 2 @«f“w’q@ Wﬂcwé;:_, jr) Ve %z{%, "GBW:},
e boses oo Fiok £ o fofe G

et (e

® o-

JQ/‘) u‘%i—“’c‘_ él:- gﬁqeﬁ.ﬁ,“’q MO O C‘-(\\"LQ/QZ-QL/S alg
_}.«% fre (;Qf «éfcf&/QL e«_‘_'l%;c TN G g (\ZTL ck_?:o

@) avert= £ hbe L bteto f5ul s o

Fer O~ tibe B meanoaafEL | oo f}/\#ex

Lelperet— leV e&%} e K/Qi'(jsz&w&a b e F%v_%&maé ;

R-t,

- P9 5) % 8,99 5 9x,

teese W = 52‘,3{)62—5{2/»@__ ﬁE— fax’\g_/i,Cc.uL,& kQ.\]eﬁg Ty Ut
» = AIgtonce db C%Q?}U—”é» (DLF& | &2 T ]

Ty 4wz }i:'%»ﬁ feeaal
G = destinde of Codkre ¢ Pifea Gl tee
T sz ﬂ?,%l,\&‘ /Q:'\MQL)

b e oo %\ |
for= hs(Sem8)
- verfe W be oo

Tos .
PP = 23h= %0 — §,3h, e S,z Helg

~&>u§ e ol Lo helgul, trens |

>€_

LA Cu/‘[_x;] /(a Ve

2 8 Ces R - leve
G

=)




BN ORIT T

;;’ i p¢b¢¢Q eene o e s | ——x
b Hlocd @Tw Vdoc:l’g Sors Amw;,\q% s F"%‘@M
delpesr et Jr"gjaaq b Bt Mow, desesiephion 4 4low I:wae/g,m
Stheano L‘-’M shreate Q*‘TM, Pt [ene PAlractfe o Corsesia)
015 VN\Q\/%S; Q*T‘h‘w\uf % «——éﬁ),t/«ajﬁlwx) HQ’C@%’M Cjé\q—h‘,\,\u«'
(erne — &4{2“’76\,‘9&/’9 —*&U«J%V\’ Prachical G.M:LZ@JPWZM 4
. Be}:,«vduﬁk,’ﬂ —apIion T —%Q"‘D ez SeAa ompo b davcees Yok
Veotulimmeion , e medon cus P [nle.,

| Fluzt cochion Coo ba Adesascbes by Froo
M\Q%OO@%, ‘l"’““’a’ che (D lﬁ'ﬁ}k&'\%{m et &) Bulihca,
o bho X,
L ‘M; %Mw\c&, Q\/g{’n&ﬂo_ ]cla.u:'oQ
prhicle jn Cobtmnes & At Sy g cmotion 4 e flos
s whs veloccly, Becelle A fron @-&m%ya/\g% o due
Ewb—ﬁ»‘ia.n Wg T -—VW’?-% W/\"\'\oaq» Mveﬂo“\/&i eﬂﬂem
Presiacie. E'lerfy%fﬁd} ere e Reschicthen &y YokLeo o
potat T e (oo . (1422 mocthaf in Qrormedy dre g Em)
vlocefy obo wocelerdise
| el v be the /ztﬂ—g“%q&\lovoc:/@q}-&/\j
5)0{«&' o o Mud Hoo. Lk Tuvewmw axe whe
%IDM T dhe hbee %;&Cmﬁi Cux o8 Le Ll hong

O = ’,{‘1 ('7(1“5; 3]&) k. V= g—z L.j(" 3, 3’t)} o= }ECX,%"S'&)
‘R_Q% g’&»} V{J?’OLC_EQ L\i) = UT AV 4+ ok -

r\—.\ﬁ
= N O

PTo



Ql @

g & : _
Zo ¥ ho ,NQ\/

A2 .Tcmﬂ.du X1y = A&J Q\A%QKGO\WUU@ .%53

-— -~ =G .
?mm?%tmu\qw?y\.\on.mmg = Cv
te AP ~2G B
Tt e Ay e P
te 3 ~C _
® fm‘ovm?+|.mnw.> x“—ae O T O
AC A@ 3¢
©=-0"p = RE = o
- 70%%% m..m QW«wM\ 54 ﬂ%ﬂU

3@ Ac & J;.r\l@\

\\Mﬂ%uﬂq Mtﬂwm\(ﬁq ...M\Jﬂ\ = Xy
reyl rro [TRSEFRITD Pk b onf a3 yoad B0

am, oo i G S Tpe Tk e To 5P Yo o 7

”M I

&)




Seg Foblon o

- The
@Wi/:ie% :""‘/J\gi 0 A W“%\Ww by N = Ul T olyT
=G Ve ollly QL2 Acce N P
el Betfs
(2,13) ok Hee £ =) b st

St |
T VJOQ%/ V'eoQE&\é’ q‘x_;w—;oxjo_ﬁzkg

Piok P= (2,1,3)» x=23 Y1, 3:22; L=
W,Q,,aﬁ:j Q‘\&W%m {zzﬂd?cye e U202 Vs —edy: g
P RS P q(z)* 223 V-"B@)(‘)‘ —Y4o, W= 2xi=2
g ve&oaq &) At W/HC_QL R )vi«\{—P‘ o

Neey = 227 —koJ +27&
Rf—%uﬂb&’ \re/Qo c:‘f7 =J S A e =J{Z§+ eucﬁ}(y"—: NEE
odgs
-BCC&Q@&};M/S o Ahe @M‘M& A2 s c&«‘ﬂn&%a\’vfafq

a%_, ) @30 _‘,Vé)U _’__wév _’__9')0

ST as g&—
, d
® = W WY v L wav oo
S Y a3 St
oL Da}g_o r V2o W \O@w o
= o S5 T =% 4‘—"3&

OV | hd
— = T . _ex s 2 -V,
Qv _|De D9 . 2w

&% 23 o3 ot

5
>

G = ety (CeTDEF 2T & 20

F1o




b Gk \P ’ QC@O‘M%%B& Qe D aveu bl
pots P b

& S ue Lz)g: \S 26 u«ﬁ&’%cz/‘

\\\Q‘j Aq = 20O U@!Z/&cm; A= = Um&éj/&éx/

AccaQa)iJH’m A = 15367 42207 2%

Rogullad Ac S :,‘[ (153654 @2922}(9: =

2. The -Bﬁub'wﬁ“ﬁ Caa2e8 }Zv_g?uzé&( '&‘} ﬁ'wo"\‘e/Q‘DCC Csw!
tha hn velecely Goflonads %zwi@@

) ©-= v@‘%—‘f%é’ A S ‘3.33—1-7.3 (iHv= 24
_‘s’j'}i__._h ) O = XA vl > —93 43

C;m’\‘f;nufll} /M&) 3 Plen by S0

2V
ax+a~_3
.- . - 2
DY _ a2 | axsFeslie

DK DY
Fre Contimaity —Sgquahien e have

(gg9+ (z’kﬁ e 5+’1) + %% =2

= 2% _ f-%x——‘?_ﬁts.«k-asy
DF
» = (£ TR

ﬁb%\gﬁﬂ&ﬂ oo bl dsdes
Jows | Ere—rrurgdes

3
> W= —IXZ oMY TI 42
3
Q") Ve ?—5>) L = AN ‘/go\\ka I Fue EV-SNN I s

o

15680 o-v%/g@ |

sty <M

+ Do
I3

=0

La\’\‘\‘vl.az_ ql)@yg ;

D



®&
TYPES oF FLUID FLow
FM%WMMW%%EW o
W gt&w%l s Um%(ﬂwif oo (%) U’“f{gﬁwsokpmm—wﬁ
Haog (i) t_rm:.% s Tusbule Lloos () Cefrmzest
o V=R v '@ MB’Q& %%«08 L\; ) ROF\-Q;)-;NS} G 19 %5k qua\‘
«%Qewg OJS& Qu'\) I-D, 2-D a2 2—D fpas.

Sfeody one L“%*%%QN_& o a oo, 3 Ane Bl

() W VAOQ}:"I, phe.8Zuse, £ooZily ore ak a }m\\
&ase-&vooi' Chomge w-B-b- Tz, then 5 Callsr ~ Shal,
ot olze” u«v&{’egﬁér &{;‘93: (QQ\ "

ghate lao”
R )?»*eaj-aé(‘ay? {sew
‘%:)Mx)=%8 =@——§j =0

@43y 3y

oy 2P . O
T
@ LDN\&%{;;«) Q,,_,‘,Qidm ﬂm:‘:t"i_np__ Rowg: To a %@w Th ths Veﬁoa,é

— |
&), fhe Koo dpes Chomsge w5t Time ol & Piws ém:d; ST
el e R0, ofegwige oL 4y a Moo bt

ot A Calles
OV — O SV = Chevge Tg ch}éC:'?
as)b:¢ Pz Lauvgih %/}M {5(@‘L‘

pro




Lac2aak QA,_QTL/\{‘.:L‘:AM %(é‘“”gg Ty cxé&w, T
PQH—;C&Q& Ve c&mﬁ o wel\ didkices pths ol
lens’ cwe all Ao ghigmn lowes are shoa
Ao oas Owelter, Xnen 3k B Calleo Lantues

g, Jz«s;}fc&ex ~acVe. e (]
Qwézfus sne Nea- W, bewce fhog & alioc
¢ hhe e Leme gﬁw" @ VizCassg oo,

"
‘®

Do o Hee, v pesiticles o
2—35_24_5%&%, LQ%MQTWM%
Comdsioste ame Touplasile foog, oo |
et T
Wpo, Hoen w0 e | QN&M&Q oo, ot
© Fos— ﬁ@@x\_@)’&%’&— %/Qﬁ“’ —D—%?C §)-= -
20+W Tictaboanl %Qﬁwgf To o &n)
}22& ‘jv'c' SR t’\g.,\l&v\ﬁ /%*fa;f Mo’})}fx qg)duf‘ Yheos!
| Q,QQ“S wedh Ahe stie = (Lema ‘EQA\—C-‘, N I
Mo rocge o b TSl
\Mjﬂaﬁﬁ%: w0 o dsloo, s Ao Y

el T e (Y dwo
- Fﬁ‘/ -5 {ff«‘) L :\:(‘G*)) V= D:_o’ {:b‘l'l—D éf{DDU—
(:TﬁL/ g"D {{L&D L= &‘(171‘73) = ’J’z (’*‘\5; 33; et = j'}(“"

5

.
. .
2 - ¥ ¥ s

Enag (@D

®

ole Ty o

»
o .

Koo, Thtoe
ef o S

2
e Hoscl

Py VL INAN QoL 4

@

Fotatvpual oo

7 =D, oSt D —()(ﬂ«:/_ﬂ »ﬁ?—@}@%‘\z’e‘ﬂg/,

~5‘r 6\1%)‘{‘:1{‘%@
.’39 Wiy
2T A




| &

ffeqlz b Elo () DischSae (8), o geoesf e .
Ll Haseng Pes Secoog thisugh & _Sentvin k= i}‘/* 5
Channel b fepmeat as 2l 4 loow, Alscinang,
Mt ~aaSen Uy Aihage () = Axv aa”/.ge&)
tehe e A = Q/‘Lekéé/ CA e~ &C/P\‘d‘ﬁ %—l’k& F/}Q(a‘s‘) CL\G\VW\Q_/
V= QV¥eAlosz Ve@oug% —+tho BC:A.C’&
Fo $~oc’éﬂ{l}zﬁ$%<b1¢ Houcds dne Swfe G sleoces, ‘;Q;,gam,%& i
\)5(_.,&“\9_ /{71’\&_ M '{y(cw('jﬁlbe& 2eoun S Gu WheSe ag -Q_,,»s,f{’
W{’H& M wcigh\‘ée/%ﬂ- W&:@LM

C"“\‘H"‘\“':E. 5O L g lon fwo o e £ g
4 > P OO0 aRED =3 F)

Lt v B A cugNL f A st te mitdimgtoo, .
M Vejoc:'fg, De«w&f’(;, a8 Alea =< -
4 Cheps— Zeckon ok Reckirrs O (Dag & \i
®-® Hesfectiooy &
Lot A e A O-0 @) - fay
kg e feoe @y s
Accsmding 4 qua Lao 4 Qogetuatio oy cnasl
2k 4 6o FO-0- A gibe doe
=> YRy = SR
A (Y M{N\uztff — Ay IS whTn 45 c«ﬁﬁ(\"cajab o ket
Gﬂ%wg;gla N a2 M
s b M ik s ToCmpiosgll dven 26,
a - Goofnndly gudiontd AN =AY,

i

NN




w’b‘/‘d«ﬁ)w@

L othe deamndding 4 o pipe b sdsas O
@’@ -l B) —@ Az |Diwe o
\Sﬂovﬁ Weﬁ'u@gj ij &M&QV\SY)’\"‘Q -—->!>i.§mce«s
W. T ~ne Ve(ac\ﬁf % *\g_uszqf;p
Hootng T P bile 4D -0 &
5 g %{,{\&_)(\9_ Ve/‘oai(? %Wu’ﬁb;, VY26mo% |
& k0@ -@. Hgo buas e Eschasae

65("’__221‘91 D= \oCwo = lc)(i(_)Lfrn y

)

\ll= 5"“3//5(&;

Dys \Scma= IS xEian; Va2 5 a9 @

F%N e Qq"‘*fmu,ﬁ% ———‘Ca,u.a.}’odﬂ A WV, - 2_,'\’2___
S s F 3
7

= N3 = QOK"‘B&XS - 22 m‘;/&b
(s =52y |
P—E&M@ﬁ. Lg) - PN, = T/E_Qg(,gﬁxz.Lz .
oz gle fo AL westicdly ahodils @5 Shem ‘\\x\\ (]
=0 %‘oﬂ“’(& “he ek W&‘ﬁ CZXCLLDM— \H\ll [
<k a hedgt GSmo abstethe ~wzgle. ,,,.\\\\ !
M%‘é""h’% ue o % Wu&\q}; Wk \\
tocl ke Ahe é\\(w%l %/-}—ug_ L‘Sla;_,%/:— d‘@,\”’ f
T e Vefo(;:[? %ré’f/\/ \e_a&k%f‘ Az voggll [

Af’) 1> m/-%ec

g > . — m = - -2
5"&“‘}2@_. D=z 2579 = 25 X e V= )}m/é«_ |

h: L{“s""‘j; Dzl ?




|

Foo- dhe 5y Taial Moo:{]?

3o

CL?D:\}(: Hz-m/&c
2 2V v{ﬁowi? )= v,
v e Wd"\ \IQ--QL:

2-gh we [N

2 2.
Vo=V = = (—ﬁ-g\)qu

=)

N, =JQz) — 20T A5 =~ W ‘*fé’“’/—kc.
C’m%&\u:.@ —Sgiatvon A W= ALY,

T (o), - T (o)y,

We hel,

L G_As.x‘BS X1 = CP,SX?‘“'&

= 00317 2 2 T o,

2
- D; '—:[ngx ‘@Kh— =
TUe




o

2 Toe
&12 Qi\li = %QDD’“E@:¥(2&:X&BL RUE =~ ©- hé‘?“"%/&c-

—— > 2 ‘
&3/: DN, = _% tD,_)‘\Z,’: J_:__ Lg,o ;(\'51))1 2= 6-0 62| ﬁ“%}’kc.

F&W &‘2&;‘5’&3

=5 &3‘.; &1"4},: O\~ 062 = Ov\‘&ﬁ"é/‘%f

%‘«J'{ &32 é%\tg

>
=) D‘\‘3€> %(Dg)ﬂvg

5 Vaz= orm2gxy - Louy ,m/&‘

T ISxio?

Cﬁﬂﬂw&“ 0 Cel&/ﬁs@v\ &% W""’*ﬁz’g

C. iﬂ‘:Sﬁ"QQ'S o ‘S,,*,&,@QQ__M\&& Lﬂfqh
oS &3 Lorg A2 Avsea
G, N e W M@’v%ﬁv—\m »Lz. |
S ce NRecdTonR. / ——
Kot 4 e Bl eleseg A ‘
Yhe feoce PRED Pob SednL i

o = Dokl xveloely 7
x—wa SAea Y
%/ SRAD

= ™M= fox@‘éo&Q
s 4y e Hotd feaveemsy Jue fete EEGH= ™+

S MNsAS Q@"Wﬂ = Sudnudz + ,e?_@uazga&a)AL
o™

5 Gto % reES o A A uedion = MR WSiin

~ @

) \
ax

AR A D~ Dk P %
Eran




At gato 4 e @?m)%:

Buak ~<ays ‘%W,(CQ&M(Q—

K~%&$M: §D An.y;{{a__ qu&\ﬂdg ‘
3—1—_31. (303‘9&3)&1)

2 -2 (?u) AWGQQ

e

%
—)
= T2 (sv) Sl ty

—
&-—(Sw) &xo%&;;

R ECO RN 2 (] ok

AT e

D 4

. ,Ac’,cas,o&mrr‘]—o “we Lﬁoob. Con8e%¥a ¥ o0 6/\m\a/1/5 LGS o

W@i%@:ﬁ)% e B35 To dre el aned- ~aus- be

o

So—fo > 5
|30 2550+ Zpedssds 25 sy,

Ps) &
3 +§£ (50) ’?—5;@“)—#%5 (@w) =o
o Fnns 67 zég,w’f)% T Cfs/%,f%«vk Gzﬁmﬁ‘,&_&?

e «f)/ﬁticg\bia o /Srf‘eaaﬁﬁ -] Lsmsg(\eaéy
2 G0 oo bas @ G sss b
o Gble 4lras A




: st

P Sl o denicyhs Costod, hovce DI
s Gttty a0 BeComes

(oD T S5 (00T S() =

Cd ﬁ“@MHQ Koos "¢ i Contfad e

W 7 Y C’)‘) @DV aw -~
@’f\"ﬁf“\"“(‘/ A2 /5;: ”\’———""8% '1’/-,035 =D

\JQ/QDLE(% gi‘wﬂQ G SR 2 am, breacomg

VJM”Q {Yq‘ Mm_:__ ¢ A fuocdsaa . wnete megahive @

M@Ve w8 b g Athectisn glued Ahe laest velocely

A eallaQ Nelotel gﬁa\%‘a& LenckSon. Thig Ha Zealba bumclyy
L e (xna) s o vedoccly pofehnd

%"““O%%‘“) Aen R = —2¢ ., v= "%%_; W= «—%%_

% N

tha\u:ﬁgwdn L 1:QC.5M-€}V-&%<H2, sfemly Koo n

-——ég”’"f’ é)/‘—"’\’ .f-___d_@LO =0
o AY HES

By absfibding e valies 4 oV owR W £O Copfswucy ‘

-Q__M iy, —-d iy _ |
e hale 2 (-8 220+ 2 (28

2-

» 2P 4 24 ot

Thes b Calln Lafloce —Cqpmatioo: o
poperdias & ptial Brenctin axe (D vef?a@g»o+whaﬂ 2
el Ane, Koo 2hodo be Trdshiaal (V)] Sh Veﬂocef}f
/q;@ﬁjz ¢’ 2afispies Laplae WN ot %ﬁ&a&«fi’* Aleady
gm&\MMHQ ] s 9gtbsnad oo,

P10



5‘}'}1@:1% -B—umdm ;B bumctiae, shee

&

Qenyy Al fechion Fuey the velye . -

DR

By subsfsk

A Ao

echion, B Calleo aig o funcbim. Theg g

CHM-ﬂ Anase vallies o C"*‘\{‘fﬁ(\:&? —CouafSM, e b

8"‘—— Q’_—EE +D QD@L>ZO

o
D3 DY

ool @ —cxtyle tne Blao st be ot

=0

«éﬁ//‘_«j"‘dd“\ )

. e \lerCLJE) Pot:/\’h"'-p’%“"ﬂdﬁd‘(\ A ‘?)‘\UW\ by GP“ —x‘ﬂ ——-x—{—‘i_‘f

0. T oo funchio gadtshies Laploce
e Koo B TAAsfatienal.

Orke f —Crxomplet

+E)

9 Leadl ve&oaﬁy G‘N%Mb T A Ok Y M.yfsdv\g Ehww-

‘b W &x%&e@)y_ o{},-@fw




@
afloce —eaadion - 20 ot S4B, |

ox* DYz

' /——5¢ _ 272 2 .

o %
—
5@7 & (o% &) Lx:\oﬁrxz
8\57/ D9 i/cp\j ] 32 j \@

Fioa () o2 @) LaPloce pyesatson i gaklabtes e
\ %;—t %}: 0 henle P W&ﬁ?q Hao.
2. —hoVeloce iy apérm%‘aQ feaction %’uewba b = 5
K‘M\ZC/QO(,@? Cé*‘«%d“‘-eﬂxe-? Qﬁ— - FO{!&(QI‘Q
So_[_ufjj:m: \)&Qo(it{ PZS{ZAHJ %“«\me@)): 5(11\9; P (u5)

o

V&O(ﬁ% CZM\.%M Te) X — Mcj\’d\/\ A

o ~3b- mHGEsD T
M,@ P A(\m_\;.a,QMQ Dé/ b= —lolW)= —\Y o UM&/&C
veloctJy Croonads T - defeckion 2 o
V= /%: /a%ﬂgx’;gﬁj = loYy

Vol P = te(5)= 50 Uw@'/&

S B SW fcacks O o given by Lf):‘-gx”‘/g_‘j/ CJCLIMVQ,Ooné

Sdationr Sbrece frexnchion () = 564
Vc@o(;_t/ Co’*’"“éPde«;e_ (o>: —Qé‘%, o - (——é,) = & U\/uléf/,g&

[
vy = 498 vs) = S oblbe
3

P72



i QQ_X\_,\M‘O__\\&' \I)Q/PDCC_@ W\q_?‘\vc tloQ& = w!\f—“t\f” = V&)T—f;: =g uwl}/g
AL Sio0 I o 8) = Tan %); Tor (%):zci”w’ i

oo e Hrcans beochon 49 o 2ob 400 5 gruen by pran
CQ&M \[</rof_t;f ak the PU“CN\{‘ P(Z@)/qﬁgo -E—én& Ve/poéf/ﬁ/; |
potential, fuoelsom &

Sdutbo:  Strgemn frenckia(w) =22 5 P= (213)

Vei@oczb/Caxgxsﬂw?f ()= - %q;_ Y

- 2 ns

-

|
BE etk P23y, U= —2xa = —Gomdsfee.
V= 2xz2= 6o-w:1:g/aec

R;L&»Jlb«% \Zal)oc:ﬁ? N = Jo_%; = JUHET = 72 U"‘*“lf/étc
b b e hedy ot fchon, i

S
Dé _ = —2
=9 " 1

F oo @ P o o P TOL fw&?ﬂﬂ'{“f” bothgelyy

o | e Faa whete dbGoabd ¢ digt b ot

v g — @d
Y Y
o6
M —-—-CTDL‘\:'S”D_ ._7’\3
S gy o don-rudy »dz g7

R
(- 2] .




Flow PATTERN

The oo g5 o~ s “‘V‘“@’é‘l well Boge hehdo by Yo

oy oonthe 4o

¢ og @3 Pt

'6) W@

bablern 4 dra b follsced By dua fluee paifi
These frlleson =oeg be groamn (enog  ghroak]

=8 s PV JVVS SR P lae i o leve gk

Ao Ahe %g‘mhmw:g Neloee ,SZ‘,TJ A2 2o ot Py O

< v wid faaficle.
S o

%Wﬂﬁiﬂf—ﬁ)%i% (kma)w
ot wwmwﬁ%b:ﬂm

ey, Seeoolke- a Qddfmvmal
podh Qe g & P o T Ana Jommz YRoGes Y
et praticle ap b cosved SR peries 4
padny Lowe & ot o0 by anbract g o e 4
N eetecalizg Ara Aok velorzfy

Hosd B
@QJVW

A stmrd bsiceg o

(20 Qpooss 1o Renec A5y o \[e/Qo(f/QE

s V@Qo(ﬁ@ %*&\Q——%QQNO at A

g/fchL ok Quecedsve mg‘wﬁ;& A T2

a /g—fw%a

Hiew: The
iy oo flecl,
teoveAre =%

rf{)_a\ eawabbey

ﬁ\N\J\Q A




F 'Q{Li& ijwcg |

EWM rooties {%c_cs%ck’mg +o Nﬁwﬁ«'{ :
e wad EhGa acks = c o 1 o
%09%‘@ ~9 SO W-—oﬁwmd?‘ hW%m Fﬂo& |
'5}5 N2AL 26’{4\1 —loo R 2 accelle $ahon dﬁ{o&w‘cgcgf_.\,\ié,
L F:;Wﬂq_ |
Rkt Ty oo Hheld oo, e o |
N Fotboing feices o plogef e
) plevcly bre (f) ) pressi e (5)
(\\1\) ‘%ﬁk:LQ &Q’{’D \[C,SC&%\‘\@ (FV) C\\D WM”D
F= R+E+R +E + &
Ho @Mb{&f? 5 geble the ek i@ 4
Th To Awe —Cspalfasd 4 _crofin, <boVe meb{pie H opl, e T 4
Calla2 " Reyodds —eg Ay 4_ ootioo: |
Th e %&@_lw tp Aoibddove () & agteseble, hew ot

E L - %H—;H—;l MW&<WN/QWGM,

@ :hovies - g’rai»taq" —copHTous g woota.
5 Hue E;qu)ir’) QAL = be Me‘&, Vsl B bl R % Reo
Ao 4—vption ane calloe ay Eudory 2. Srpq—

Mab’@m [ F= 57"%
culery @M%@M@

Ty woleeh fgém) i TOJL@\/\@ J:-(.afe TN
S -dsecta ay| grown Ta Yue

s




Coonads, o eratniad —Besed A O e gt dn
o8 Jovgpn dg. —he fpeCes celivg oo the "—X(Mﬁ!@@\f@&M
oo (o pPeifate kfile PAR To Ane &chﬂl?w b £loo a
(b st i [pr 2 i et e et
b Hao o -
© w%&%mw ?3&@&5-4

ko be ke ol b&@&“fﬁw"m
o e dy ko0 B o eipt B o
e e gellad A oo 0e et 0 e Aifodion g

;\’O&;?&QR - CP“",%%(QS A - fﬂa??%s Céf@

Bk F, = fescdiad Fie o Pluen by dhe ’ﬁ%g’“& %
O AL % MM o accelo A0 T N—W‘mﬁ»‘s

5
=Y. Loy A5 L g v (v aes
&4\}' - k @sx& +€Jt_ é)_5+c9t' &

L S

e (D) (D) o e
vV

— 2P Qo dp — gg&ﬁoﬂ’_g CHO = SOQA&S *V57
= vt b gands, e healy




CPleioheng. P._ 2Fuzx S
?9 100D xF-8)

= 200

|
[=4 L4 2
K""'%’\WC_W: N - 2 X2 © 200

—

. 329 KXx R

We\mﬁﬂ,o Nz,\g; &agfmm: S =0
el heell s 2o+ 0020445 = 25000 my

2. wien. b Pty hTogh2 pepe havong deasaddiny 20 Crry cans? lo6u
o8 Zeckssos (O M@@Mo@% @

® e %9”(5 oy

F"Cﬂll ©n 25 QJ‘X@/&@ The T

%@?M«\@ i~ 6««3 aloe o2 &y | : 21—

6@; D = 2|o Cro= 2oYXipe o = = G™0; P‘ :gﬁ,zup/u‘?;,« 37.2(,,)(;0‘(0/2“)‘.

D, = o= 1o ><15fm Z, = et @,9

@ R.% c% {5@@0(&) 25 Qk/gec, s rwé/&c - o 035"*1/256:
[ Kel=le
E/OL/DV P\& % {5@0.0(9’\) DI thhainge @) BNy =AY,
- o3 = L hy mf&a

T o)

| Vo, = & . o-03S :H’%”ém/%
Pa %r(raxxzzj
By alphiis pegmadli g ton -1 Zefsos (D @) eboke
d v P >
. A+ gz 2= a M o
¢9 29 53 g T

Fio



=2 - Y1651 % P p/fw?’

41619 o p/w/
Lo

= Hoiznm/cmz/

2. quk > %Qawwg AnAozn a h&a M\/C»ﬁ Hzaavang
Gt 200 Cne ak dhe botig g dop enth ia)
ZL(-Szgp/w’/aﬂg Fr B wofei MM\J@%‘ >elz.
e fiance dy AFon haod T oo Al 45 Ho0 1
bihe B o Lebaessce.

&8&4%,0\1)3 D= Booown= 300)(\;77«\; P,';_ 2‘&-52‘5&3/&@: &Y
> gr?g(-w(w":_ S 2l %

Rafe 4 oo () = o ﬁ\[’/&tc_ %ﬁ”v: oDl A

-

—2
D, s2000m = 200 Xlo =0
2

By afflgong Reprordled Db Zam=iz 1270

(g‘faﬁoe e J;%ab(@m as akole ,&sabf;t

Lo B {>€é;¢ a%élfa\wﬁh Loo mano Cathlosg ws&ig =1
D,Sm/&g_.ﬁw_ pie st q%gbmfé\ 62—';1’-Lygw/m>/

S ;;9&/&@% at W&Jb 2256300 [end

Toz 2 Jiees hzod adA B ab280 anp

alfal af R 52070, Eéqmd he (A%

P
,’//

=

,

_ v
525 ‘K\DL{IO/‘N‘
] lc?‘p/"“ﬁ/

S /22

50&\/?7"6*): D= lop~raz= Yoo x)ggrm) |
V= 2—5‘7"0/%@@,/ Pﬁ = %~L('§M/Q,MV; 259U X fDL{"Q/'WB\»/’/ =t
o Vo = 2 ‘“\/%% P_B:zz(c,;u/of: 22. 3 opd; =R

&




b-fﬁw%d%&A@@:a

\);
?g +§5sz &

| =29 LGSy
[ fobe X G 2x 3.8
= 89.8C

|
/\)6%/?/6@?5%)(1123 E, = —Pf/—)'l;;uk?z

33 a9

¥ =
= _2_7:_'5621(.[‘?—- gé),-——»;—so
jooo X gl 2% ¢

6 1 = 24 88~
L_,_-,&Ség ,64\2}‘53: EA———E&: Q3. 95 —Bu-8S = 57

5. p Contad Bde 4 Dougth amo & bined Verdizally wifn The gl
e u%w%’*éx “(}\p_veﬁoaﬁ'f% oo X Goalles e A Seeaz] QLA
Mqﬁ‘\fz\gwwfop.mnz’-’ﬂ\iqﬁu%u&& |

|

the (28 4 &T&:&:ﬂ e fdbe B oas Ry
T x . e

M\f.‘ a.-—,&?-\r*)f Ars_ e el o te g

QSMQ{): Le)ﬂg?h ﬁ%/ﬂ\& QZ\LQLL): oo \7,:5““‘0/&{& 2_‘;%%_9:7)1:4’
\JL:zc!m/zkc; L,a%&% %@QUL):M. 53 2
29 =

-9
21— SDS '
e he by = 2B N a5 i) L jgm
29 Lx g. 8\

ZJ: ’._.:Q%; 222 r®)




Wﬁu@g Rices 2te (1) Nembo Az lor. D) Selsice
() pehek -~ tube

Vemlingomeln ;B velinzrcelon f o &L%(C‘;Q—Qﬁ‘-
the Sals g Had dy o bl ijﬁww&u
(DSt i pork (D A0Aogd > i
oy Sheorros Ty fra— AL gt N
/;gy;gaw%fm L Al g T

$o0 &) D’j&‘“ﬁéi@&@ ol b

2 F«%g v R Z__ej“
- Le hw&qaw/@-@e@ﬁ(i
s S 9A 2)\’», 5

4 e sbd o 2efrs (D 2@ W}ff/m‘”g '

%i?}/gﬂﬁ“‘é fue @@MJL\QQCJ :—Q;;/M%'dv\ q:{L




O

(=5

Q&&@ N -\
§3 23
gm@ m, %’*4’“0 héeizadal =, -
P“ ULV CON
53 s 83
= ?‘fﬁz’ - -J—g" N ,—\)J
' S3
2 B:E,;—) o Awe defpeionce 9 the- Ple s heots
$3 G
| he 5 DY
F}’w\q Keg C}ﬂ’h’w\w& /@’“‘jhvm @N{: ’An/\f;/) uso.f'\a)/e
\, = AV
| =
My
.' - ,—J———-’ — ALVL - \[3 9—___ -
h= B J’ 29 [‘L LAj”
By
=) N

rathange @) Rale o {;@w () = Py

|

“The abole

thogretical &
Azgorote-

o

P

Qogohanga o ondlos Seod CoLetions e 5 Callo )
763@%%6 At Rschorge O\ gl frovn ’f\"Qé\«'hd

s Al degohorze(8,,) = Cox &y, —@hote Canlalles
Ceefecca 4y &ngcmﬂjé s s less ”fw U“ﬂa@

Fro




VQQMQ ﬂlb h = ?I - P:L
‘ ~ 33 U Aube anamocwelsil

NolE

2t 1 O e
mC\@QZQ’_MM %/M/Q,t?}z,t&j;(\%w
fae S &&é@%iaj’;giﬁf dites

o

cn . specehicgronctl o

rue pipe

: /\"‘L’&‘Omb&z(u%b«j o

Qengely 4 P Logped 2o e

- );W%MQW Josel 7.
) MM@M/‘Q& e o
S
| h:xlsvjj I
A/—jU ‘%,’\Q_V mjruﬂz\"nw&@'v B o FTeeclome ,%)5@?%&%%
= %L%rﬂ: ?/!:'P;”-“r)—]—t2r"zﬂ
0 s
. - - A AU (IR 4
Oosel s o Ane Lovsaity e feqped w0 A2 e
- Lokt e Kol o oo Bppecle o s ppete
h= %E’* %j o
Cort— ‘6/53’\&»@ VM%*MNf/QZ” d>a§s}'w)
Ty AL
_ Se
h= E—:?'L’jﬂ) CZ,fZZD: %E 5\}/}
993 | |
S s, 20| a2 nSas=
P h%@vdm by, Tl A ey e
Az ool 15 ova T2 B b2 %W”‘S@@tﬁf&; Ny
Mq Sg) p he efpetendi=! Wvﬁj& @“fzg/& o
e ALl e 2 oA
S M > 2200 i{joi%ﬂb/ﬂ‘:gdigw&%g o 98

072




} ;c,mﬁ;zwwa m@xm%ﬁ, Qﬂﬂg&v@z Are deftete o ¢ levell4
MQMM/Q‘JJ’ i“’) W /}—(Oo QL’M«L@ % z{’\\_@ CJ»—%’UJQZ.

Sé&&&{d‘(): %ﬁbie&gc,%\[{kg %’MUGL\ Q =0F ;=P \
De’{\gtf%%\&ﬁ{ ~2:8x 1000

= 8OO fﬁ/ﬁ"?
_,Dica«me&a: XA 0 D, = \bow= lox 10" ey
\ i 3 O Dg"\ 8CJ“"‘/"<§><\5%-')

P{%ﬁ{; Zlﬁ")m WQ}A%}K\{"O

;O‘ﬁ%\){\gw/m‘/

@W-b%’mﬂ éafpﬂomﬂilg %WO-@’&W

PR

j;am@ A2, 02 bay

P
ﬁi+jg,+<za;

+ B
9 23 99
V‘)——/ 2
) () s Y
§9 .
s »F: 81 5
-y = (2 a8lo 12 % Q=S
= Ne [ Q gﬁpg?jm o @
. - \
S o 20 we NoVe
\1; X’P\g = \IE)QAQ
| 2
:77\) = \]Z;(’Ag \Igﬁj{/_‘(@(éxla)j L{Vb‘
. g
9. %/ gKlzﬂﬁ/

PO



€D

Shedon ;. old staeel (@) = 20 50 = 20 %15 %0,
,ﬁwwﬁﬁaz 1S v = lS‘k\Sl::j
Blpeie.H ¥igmonedon Seoding (20 - 20@«’(5!;3 |
Ceeliicced 4 Bischerae(G)z= 698

351\\9& R Ca_\) = ;f;; C&SZ%G}D\S = 7Dé ¢ gngV

—Hhetarea @ 5‘5—@5’%&5} _ \74Toc
p{fﬁes;ewc& tho pAe Ao koo h= Swa. ]
G odhs @

‘-h: A0
e 4, e @ BB thaegh
5. O

o BSx 1 7610

l//x Jmﬂg >
(o6 3T

= 12575¢ c««?/zec = _P57e QiF/ze = J25
O

{o©

= 6 qe*

b mogesfp Ao wvestiad PR

e ol e T e g
(I Aa el ,

. (e

M

st ¥ B o 90 9810 [0 Balertian &
Hak A B pepectivgall loses cadle

Yoo oo At

PJo




Pt %‘6@0 &)= et fy= 0:ISxe: D20 = o-oi?@%'w?/ét
[ Fe O- Hube |
Led—"h' be m&&e&w@iﬂmwbﬁ Yoo
he e[ 2]

Rud—[n= B+(;25“29

%3
,—1.245 +2—— rOD

!

—

o175

—
—

126 _
o5 = (%%

= o =604 T™= H‘687O‘;"' | QMMM
3‘%awom«qé&x~n&?ﬁ»h%’%&@)>¢a:gtw‘ ﬂ;@;fwho
bond e the he=S-% 0 e |
oo Mo 15 2 (@7e2)t T B O L
oz the (2RETEX D ™

W wif@igj@lgwwﬁ o3> S

o917, +=ba
6O &.{; [oO e~ = o o) W&@m\eﬁa@a:ﬁo‘;?ii Soeo
. | 3 . %7 G, =il
6 as gt @ , T e
o Bz (arsn
05 ~<w0 AL
53

9>
R - pheSpio- haed (hy = %—- ~%: Br3-2 =112 l13oc
E Q\Q{QL -
w Q{)/,%@\O Qg) = W/J\Z;’
Q-




ki andon is o Hak Concdlan fate

ghonp 2t el Calles " e
The hele @»deitie

Coclegirze with the
1o which Ak i madfen, bt

| 2ectsio® @ X

(e

fhnectt, )

T2E S edSMM D A
! a! ecj?%(m

st 9% abs ¥ 15 Jo 20
Mﬁgjwag& b roatec.

ka2
L%:éf@mwﬁz

Fo

a C{)LCM\QQ/?/

2

Pibe

- D«ébei“’ e

9_%55//-«&\2@3“5'2,

necteHat O
R &
NS, 'Y

plegiie,
2&-@

1Ny e halle




| @

O e Seckin © @, L o, Afiad He wio, ot
" . of o %m
Y Nesaa - Coabto ks . ‘96 a, i Ahe Qhea dthe OQZ/vémQ}

Yhe Goefptacetd Crabrachon (Co) @ gRven by,
- Q.
(___C - ‘—&—D"
> haVe.
0 Crfinkicky —egentin, e
2\ = Q, Ny
Ro. Ce g
Np=2 =N, = T 2
= =, > .
FSZQ‘Q @/ \!2;_ = 2ah4\, _
C:LQQ;\[:,
= 29h+ =
= 29 é:
¥ a x| = 29h
=) \ILE———L_ZjCC.

S - D’f/g(’}\ﬂjbge @) = RN, = QGCCFEL_B/:?'

4 f} %Q /Q,\Jj‘}) % O\O'PU—Q/P
CollpiCie. - %W(@) > o
Eimw@iwb e Arediafinad dstheTse (B

B Qj\ = C(’_J—@
| = & "C%)ZC‘L
[ .

N




dane =ot —+Ryewszp G s
/3"0/6#'19:51 T\ Wwww m«g-ml{_%)%cyh |
, 7556{ W%%mw SRR PO 9T 5{???24

2B b _
Lt ¢ _afo@xmgsl seolaeoblT
g = @z}%—:_{"@%‘ (o) “N}’“? wy Fo o
Ogjgix og TwOO¥ :C@Wy‘?ﬁg Rt % 'vgb{?‘wv;@
| =(GD% =0 = Goygeg o p T
o 91X 9l =wool = (9p) 2l o g Pue ES

o s rord 9@
Uk Wenepu I G ByovoEP T e

_‘fv

1
d

y w0 0| TP DY ufaer VYT L7 AT g




. e ‘b&a{\a}’%(&): CAQDQ|J—£5;;;’

{ -
- 06 X78-SU x L1k m
\/ @m'@z—-@gfﬁ—

- 6221322 @5/&-@

- cg2t %/aea

Q. P &SS—CC& e Ras_ Wi 2T Mol S A iﬂ%@tﬁ?&iﬂq

® W%EOCMWWFW&WMMB

_ 5 ﬂjdadogcﬁbe&mﬁqﬁmcwﬁazma«\em Eeles A \pe

Hiplee wdlir Pues o Aeedly q Socn 4 et ha Az 4
ooy w4 st oy ot ohes o ot g

Al scharge 45 dwa e m\.e/ea—JL J 0164
5%: @ameﬁ'gybﬁ%m F2oile )= 150m = 1$xB w0

e n (89> T@§= I (] = 1470 e
9{&@;5\2/@;\, 4 e é}Can @QQ 2 BoOwW
VB\)\LQJL : o4 “ CQQ = lf:k— (3‘_’3- = Tob- ggc"”‘/

3(?6(%’6% xSy g Pe o1 (5= 09
= e ~ :{wmegag - 50 .
@C—és%};%i@«;%“%— d‘%@%:oérfw%&ﬁ

- ted koo (hy == [S2
126
=25
= "105-So tn 4t
QR o, ab 4 ot (B) DischPee s e oxf S
Cy A G i%h o bl 7\\’76'70X7oé‘2'§,}354’§‘§'{x ol ¢
G (Ol

:{379“(“33—@ 2 = (7.4l Q«TL/“"(

B

X

P10



<

Q4

Apmagon oot T G
Y&z ‘“ ='n (=

G .
Hty = T +H &% -

G5
@ - T PErevd (wry) )
oF: o |
:Wyd:’g ‘Q:Thfﬂ’ﬁ ’fcg /ﬁ“«/@
; %1 C§
wrfpty s Ty

— " %
,qungawj{?m " |
bz ok O 9 P g 4R
5T, Y O

napp @ T NTD @y %W g': ‘i -
3 Qo e AWW&WW N . .

" {W;zwr gy freero 0%k ¢ @*M,
| b oot oy 2 Y @] e P
o o e @ (D T30 conk T T
o “9}\;»::: Rgove 2T WWA@‘@ Q}/Wi
s d S b opfrvad —onp 62 T 79T e

= @‘DQPN?\*’\/ s Py Twy S ﬂah f{a‘g/g@‘{




%C*ﬁu& \Jcﬁoafy e CVJ;/%—‘:» Whete Cy & Coelotece |

As petst Gibe .
: ww %

. B PL'\‘U'Q' &%})ﬁa %& focel 0 WC@«/Q/%L Q, ROV O R ens
F,L(Fe_ «(&mﬁi«m\zcjaw% o twa Fhfixo o 85{3%@}/\#

ol Feh e Aescrarge iwhom e pfe oh e plas
OLW& 6o agw\ﬁa‘h Tako. M @%%‘f—pﬁ_ Pkfﬁg—

hb& > 05}8
GSO/Q“}{GO M 9{@\—6/%;;\, % *b«ﬂ—— }?\#’Z SOD"‘N\’V)* oo X )ognrv)
M ahn Yelow 7 () = 60 8x CerPrt) \Iei)o&/af (v =o-8Y
peferene dy phestuheheL=h= @DMM%@&L@W.{,&
oolpied pepdtubelS)= 018
QMuﬁJwﬁ}@) Cy )zz»\ = o ?&x\[zx?%xéam} [oés%ég(.

%ﬁ\be,boc’ﬁ?@\) = -8y (062 = o~8§c¢("~%&( .

D&O&ﬁ)\%&w Ffé&(éi) 'A/‘Zﬂ‘fj’f‘&[f%{z xm@ﬂu&éaﬁ
l = T(}co’)ﬁ JXé g'gb(f

® i - o-0b W}/&”LC




OOT—ul

Boveadafiy Qﬂf@é‘j gj% (oegor. dor
%@&M s Th Chalacloncghis g Boveadlah
Aﬁg&[ﬁ@w ‘%‘CCK’“M/S) crepscnec doann %ﬁc_km)yg),
Dtentsoonl o taotol omalilis; ponsgions
m‘”‘“”‘%/g} EM%W P — Yheolonn, MMGH”O 5

hon a foa Huid Haos over <

W" &H’cﬂe/g il b N
b s ZW bovndahy B sfdioaa’y, 402

; wodaScer .
(& Lasw
39); 29 a&—«é bé\'kﬂl\égﬁ)ﬁﬁ};j @C/Olo
- M\le&c&/@%mw ‘3;“‘\5 ’
veloceYep o Ane- HeSecton

e

® M%& M'\LWQ}%\O o‘}j\[elo

be\L«ng}«a JLEL ]
s dao N2FEO iﬁ*“g-"\[‘f“"“iﬁ? q- 3
. . " qhe W JQQQ:’Mﬁ 0 SN ottt

0 b ey
I pacge Ra o boolaiy (o ae

Koo 4 Hoid o
() B verg
et NBUSS oo
Ugorn. Sresh 60 e wall - |

Pz Ylotarn a2y D PReeby O =
el o sde P2 Boreda iy (osier

\Ie/QoCZﬁ;f

Lasnen dy pee el calleo b

Laoeh
A vellce %M%@;w 4
% Ty Ao M’\%—

(i

w
Q_ - ~
O}"Y‘-Q,u/”\ faYa =%

mﬂga«\’\u"dw
% @mﬂ‘é’?& ;

g %‘GLC"‘“‘Q"*&”&
othel q.«mﬁ%

o as PriecheAs

_

Qivede s Todo Awe  Jtegies, ey

|
ﬁa‘z\
Y

{ W
~ %
3

gl bed
(
s Sy VeDoCC’
Ol 83
veloccty 45 A

ool fo

o T A
bl G
Aop Logger e

Q.
aho

&\:\cgﬁjl;(f Qg%e&

KR
o

~acTv

N

Nes V@Lﬂ(/«qu\“a/\

9 showt aforg g

D7




o Braodarglogpr dobfned o o b ol

Q@%ﬁ&%w%@w%q | Qure

ot Ebﬂlz"z— i ’{%29.»”\ \[e/QaCi/e;f ‘U oVex  a. W%M&m&
Eemootn Hil yu?a wWhCen Lot oy
ok ans places L i
Yo fue Lerechion o o Mg 3 i

| TP i e

§+¢«}7¢4‘@‘ﬁ‘ MQ}‘QMM ¥ §lown dhre g,
Lot hos C}gygﬁ@:@ VJOCZQ?. Thus qﬁjtgoc:ﬁaé@w % seb
Trey Yoo MQ\Q_@,W Subale 4 tue Auﬁ\ffd/\&{)!c/oof){

Ao @ikt -+ TH ghan e Begfonte SSB1te fa feu

AL />
o bowedtabug oger Aegion begues b P, g leadiy <5

| ] meufdg%m%@iﬂ .
bowactatiy logen . &y Lommimar dhgugn fa mesto fo & .
O hubed s Loper e ol b srlifole fowtimi
 pouncatuy telger— (RE)- e Jovgth 4 pa e HRio b B
QQJ,_C;),E ,@Qﬁé PN G’b@z&w&fﬁ—.«eﬁm /Qe‘af"w LA =29l To
sl b [ E\\L A
ge)v-; .Si\l)il'
e e O = b&&f—%/bxmm V"’DDC"/Q;%’MM
V= ez analie VC’JCB%{’Q?%M‘ oz
- detBac bhon Ao leadif 23ze

pro



b 9 T T
@ o )3

w4 oyl S,

Req

v Y Y

= 28y o

i N

S TRX Y

»*
&
+
y '
.
~ a
: I3

g T R e L A
I rgeT T e ¥
R S R i e e
SH ~ T v KOISE
- O {7 rE mewﬂqm
) . Lo WJ(% ,52,2(%_ 2O
N ] T Lo wayPB Y ’

_ Odipapn oy o s ot
e i e =
oot £
P oot

Pt TP PUE L .
e Ol L S
| bheo o) spribe Appreaedle et o G

bemopon wnp s P2d ok Ak capaaP Rk 0T TGOS

> o b k) Prspomres b Lot oy

N . D —
W @ FoW- :( ?) W?UWDZ“ﬂ” %Q’vﬂ Ww@

”DUWW%‘%#‘%QF ‘Gov Gy LD AT

®‘




| ®

L ks 8y v Lt Howeng %&M%MM

) oS gﬁw«,& R D xvd)ocfg % eadfua s

| o Reaz Prvxdn = §ubdly
igwﬁmgau@z Ao moans e Lol Koo for Sec
S (D-0Od &Lo- gubomd
Newde beConze A e Fﬂt—o——g&“@-”—ém MW*&&W
c,% bt Qﬁiw@}/ A2 o AN &Mwmﬂ”&»m

«-%@»o Jﬂb

“ _ - Fh[U- \ﬂé% %

-kl %&M%WC‘“‘): jbm . jfbw)*g

LJ\_ Ao M > A’/‘Q'\%%(f@o b‘é a Rylona S, @»9\[6/00&:&;
& fa [z ak s J«’«gfw@anwb fhee gea
\[C/QDC;j:f 5 A L%%,(W&SQLQ‘ S .

&«m = pud, b |
T30 alo @) fgb@,_u)ﬁog 908,k

> % = AMJQ) V)L
i B Awe LFS f&,;jmm&—}?‘*d‘%'

>
5= §Q~ ¥ )y




O <l

T s |
414 A ~—-0a) (CES :Q o ~Al.,
gf ) Yg%m%szﬂ 2

R rpres

Poooos 6P )

o} Prgepoms

j
Wmvf'vm/\/'w“iéb:"”m RIS

e e

hereinas | 0998 @ere(Ud
%

@jqeg -

be(n-opis = do W%%ﬁj

ﬂ@m/\ﬂ = &F
-G T e o O oy W%Wﬁéw@l

o @qh@ =
;/[:5‘;700@{\7( e :4’?

oy i O3 gy S s

cayprrsy wRey Pomporeq %
) e b ovrprewses T Gugperpe o —oF
r@ﬂ%fﬁw%mﬂky o} Lo B PP
[ of o P e TReETee DEERE T

o ST g el St (G) SAraniomk ovrr Tl




| ®

e ) b o s e
- %MW% %’ﬁ‘&&iﬁc@ L%Q,VKCW\M“@J
WM?QZ e %W’@,WM%\ﬁq}q
T acound 4 bovorndofly loger fpmatoa
KE = l-wau = &Cgvba@)v’*
K..(;%/)M,gu:a? Ty e MQ—%W M,%%
ke = & (ﬁbdﬁ)k}»
® ~legke = L eb (O )R
%
Wlw 1 ke - Jigbfy@z_va)% 5
. ? —(
@Lba%w—la%j—wc&bgwwm pde & Regfloco o
@\W&x—mwmiﬂ KE e 425 lovok te o
T Lo ds Fe = EmV% (3 anemse whocfpD loc
l :Z_Q?bslu <
i = %—gb%;i@
W@g/@ L 9b5,0 =4 %fv (S

%
2 8 Gs (D)

TTin® Anee —ometsy druckee 42

2>
z




<y

Qo

g

l's F
28 2y 'Q =
f’ﬁr:’)oo/sg\ zp

e OTL M
Frossshsvb vy

[y

(5=
3

m:mww ) 6 DepeE

Sty @mﬂ@f\ BT NN/ I
Tpmeses - S W@Dﬂf{ﬁ“‘? ar T2

A ’DTQ =% O Sz O | Q’@’?(Wfi C ]'O
7
IR e C%é }T
Af@:a-
ﬂr(—%ﬂﬁﬂ :
ﬁf@~}?/§s
L @W\NWWQJGQ |
'3:(% ———az
el 7§ (G - 75/:
@"? Q) I
i A PUGTR{ S {vé(;‘ood/az\gy R






‘I
Qld

Fo =50

{

A

U”W—\/I&w
o)
K2’ sacnxﬂ(m“-‘

O

\C'Y\_,F—@VO\{

O

T Y
T Reue 0¥ eyl LT

KMWQ)&@L\L‘D’V@?" NG

2y po

oy g

Tl ‘m%w

oo vm D % g (oYl fapesow

<

X Sy ot 7 opeepry UM

fhd @ e © o x e ppes WA
ooy e e ey ()

t}ﬂ%éfv\"%w'}é

eF o =5 ke T g
- ArowpE oY /C}a ?ﬁ;:r)v)ig

P sy bt At s %VZ
J—

: Wmnq WQ%W?@’

St P e

(ot ST T P 2 %

Yo spap WWPW v

X}?ﬁpywo aﬂﬁom S Gﬁ\'@;%\rm}(




BRI

“ Xi)/ A3 o aho be wrdlen ay K= K s o

% \aislc;«»@flm%@*gqﬁ»c e M/w% ;zéw;zg &%

B e e e R A Y

we C W@MVM% Q, b e .

| @w
e Ao (eeS(7) A oSl efenls o b L st
2 aece S don Mua 4o @&MuﬁiﬁdMMMVe%

® /(/Md‘){ﬁ/ Ava Ame A2 e beu B
% SET S énh:a@;—r ; M{fﬁ?a»&ﬁ*m:!f

e

A cteloidbio S 4o pAHy == _’L??:g

e
= L9

|
|
T > = ‘gl""“"f/%‘m’% La—so2q4 o2 heol

RIS /5 ) B

L (s ex) = K Doe ) (]

=

——

.". I

2. Tl Awz &

theo P ”&’{%’

wﬁf,gv&’ w 4

; - 1

e a+b { = —2b = [NE —
A
>

=Rk =

3

@ AW
T = »IL’_
J.. J~22n3

aston L e @ P, dtalles by oo pu
LDy udo A headd, &Q@WQM%“&
R

= K(L)%:_(ﬁjj;/ = k ’_L_.— , MVQ,Q«A{%, K%&l);xwx_,

P70



- add

e it g o e

Tyl Yo = | By Y] Q~-< RS LRy ‘AQ 9 wvﬁ}“’%’“w*’@

“@”&v¢lwnﬁ%~&5~wawaﬁ’@rkwfﬁww gAY
ek GO 0, FID g

Freaugfamsy %rzwwgf X o= (“x .- By rzx [xv)c_ -
C'”'X o ("‘er)( {?.X> F - t)(‘
G ~~*{AX(5,><236% ,.p(&/_/\m&}—c'v X

e 60 PEEN P 2 ] "y yo%cg v b

AP GO P S o X Uy e
k= (R ad T 2g

403 g Bl SRlOETmvey (oo l) JT, TP ES O FoRETY P
S Cl qt m) SOLYF NIV P WMW Coss (fﬂvf%}&g? Wdﬁ(bw

>xsb-Jr 5o [t o J@%Qfﬁ > OT “@’Wﬁf’@‘
et S Qmwﬁ ‘ W
{Corgaak— U A
o oA = (J focvd
\:9’.\’56\(l:v
Pe—-q— = §- {Szg—qs+> =3 ' o=l &
Dgf et L";S i[\é Q/_X }’[’\1 A= Q~L = U;B &

W%W ‘& = ’%Q\QL{‘{)UY}% © Cu % <P (Z/ A —o
) g il s TRewD) L Z
(s

®
e




t) veitables, wnete o gl
MM et C Moo &Jg{aﬁjﬂ Nt lab
| Led X, x, Xy @re. e fvﬂflﬁ%ﬁ‘(‘?& P
€ 2 T 8o b5 wrdev s
! b c
— Re— <
h = X, Xz ><§{ X<
- Frina é,““_,“ -
@ ! 'Wn_,,q =2, X= . X‘_\n—wj X\‘\ \
Ba So\“i*f (\w-i E e —Cm A0 U%‘“f «P/‘%A‘N\(gd;’&a{j ﬁamogaw?\ e V’JK
R, Lt}g/- ~--- Coan & 015;—7&»%9»

| M

1@%@% Vg A Kfeds oo dongy g s
VLQCO%(E ]’( ,/{T/t\u, W&Q, @*/\gu/QQA— VQ/OOCC@ .b.9', ﬁQ\"eLmve/%p\j

/(7 s ﬁa’hﬁ/! o K3heRzo

B, sigicuey 5 abenckin 5 10006
|
. A(L - (}_(f}ﬂ,w), D’&)
= J (e g0
A o, A veriables =g
7;30[* 96 ,%‘MJ@_W onW: INS R
coRse ol - AR Nz f-32 3

’S“ Qﬂ\],’n\z) TT?)) =0




s1 g _,__fs_f:g. o =
(’%7 o L

<
- & a =%y ..
”g/‘&o‘g\éﬂz :

—

a1 4

Y { QZ D]
. = S B
\_,_., 9

_ (<
s, to=siSoi—%p {90
o= |l-"9— "~

EREEMEVS IR o)
&8 _

o8 . Jsee =T
avl e
,%
\-—:?q & &= =y & { \———:?;) (=

oz |-qe— (9= |~"08-"p * o= %o
(\;L - u} [23 vl [1‘-51 2l = C’L ¥ 9‘3
“ ’Cq =9

kfl‘g'aﬂ‘g =4

SRR
/—' — d{, .
O:b "q"\v
¢ = | z
e< 'q~— tozliss-lp 95 @ G

- 'L/l )—f,‘/’?\%
ol :;ﬂ'{g}\%[« ()= 22w
Iq \
ka PO

D iy -
ey o SoprEn by ¥ § e sRay D




Sinc bl

I

e Gruclbacky Beivecn e vodel cuo ats pRdbl 5,

Thioo Fupes 4 Zawclofttios nougt-axis

bekocon mak] @2 PRITTule, Ay ate (1) Gromeliice

Geo wzj&ae,l s

() Yteozrmitie Braclaidly 5.0 (1) Pymamc

“%‘. Ty A8, Ahe W%&C&ﬂ%

teh’Ae

Syl

F_m/ u alolc*\fd?—

L‘P :«X—DL :&g Lz’b,
L, )3'-—0 DM

= leugtn fove et
lx‘:\; Sy gl 4[74\«9—%%}
'@fv” OQZM(/QZ‘“ %’(‘"@‘Wd .
L, b, Dp s MMjﬁw % gﬁo’}o%
Ly = %QQ%L

n
_E_I;_ = _l:f,):—%t—- - Lesxty = CLQ

= z 2 3
Vp Le \ _ (b) G.)L)‘— (t
Vo - QL“?) - b Do

Kioemmalie ’%W;MQ”‘LQQ s T} Ahe Foh B8 G Ahe velocfig .l
cesvaalDe ST -
acc«z@&}aj”%ﬂ alk he wa&:% T A csqedle) g ad Ah2-

C 2 e g,& cmszimf &7{5{

Md\ﬁl m\/\ﬂﬁﬁé

]

%ﬁgi&\m ?/Qccfh’{’jjaém _Ss:i’;})r*&@m
o » Q. Ao be @iy Lo
QMWMM

o Q) o Ape PG e




e Y ° ,We\w’zﬂk
o oo AETTD
T, e | SQ“”}QCQ ﬁ Ya«"‘\bo\(w\;

""”“O \\)—ND

BV Yo T T = T

Clb IAD

N Lo

"V_{\ =~ 2 e—

an 13_1\

gy ey TR

€D



‘9{’“\%@00_@% Nuan,bQ«S//g

B/ZM%M m““‘J"e”% S gﬁw«ﬁajhej; o =

M "“W«M)be/&
MW%\’MQ‘,O))& e berr, ‘{’”v"ﬁ are_ () R%ﬂ% N

e (V) Machl avoenk2l

Rﬁ/ﬁw N\N&L&d {QL) The Sabo 4 Trestia ‘6‘3’3-6@’%0

®
WULM&M% _6-(@;\)0 @M%GQQ P JU
'(\w—cjb”}/
inasxth?\ L (R) = et = Accela s
l -MWXV&QM@X VG/QGC«{Tf/TtM«Q
|
° |
Vtgcwg%ﬁ&f@:
= O B
o = Ao v
- %C«g@ XN = - 2 H 2T
ReddzpembalPe = AT guL
! TR
- VL. _ VL
KNV
S
(\9: Kimne Q\[‘TSM@




QL

et A

s Cads
Ty TN

-
o =

qf‘/‘?“‘%o’f‘ Kt WWZO”?-DD\-} * KO

L
. s
el e T T (Gyoret =¥
_ags =(By2res =P
d - . g o
«f'/ Gy W‘G
"O"Q’Q/\/BQSQ% o —-r"O’“*’O?’ OM i
o g @ E AT RS
eV é \ g A
T A o) O YTV
Exxg¢g+§ ~
£ ;}xg <
Exp§ =
BroN

= () owg HPFNO
aE () et s

&

© %[ = () —en G S
g} Baotft W%—QW%J%QW‘QWQ*M(L
— ap B REE TETEE Yk ?i)wwﬂmwi
6\ _"r_//
B 2 R

] = B @ perp

S T I 29 @D T ongG wdhd b e o

oA .
NS T C”}D%Twmu.x"nﬁ* >

-—



o | .
ekl b L) /JE . | savi
=3 b
= } = L x\/’l"
§ xL
= v/\{"c’_/’?’:
Machk «\wﬁz’zcﬂ) C TG iy Aefimn Sl SR Ane Suone_Iit 4

E

PN RN ALl @; NS
gQ@J%‘ﬁc{/ﬁ&Ca‘(F; SE (:Qg«%’r\'c,-%{“&% w 2Ne_a_

= KXA
= ex T

y v’\a@f/\l? b ber— er") “’ff,‘. = ‘/,iL = _5 fovl’
N E R kX 2

T &
[ V% -
W E‘—

(S

- e oc«‘ﬁ? R
Zpiom B ek

- C




® GROSS HEAD -

UNIT-2,
HYDRAULIC TURBINES |

S

1 GENERAL LAYOUT OF A HYDROELECTRIC POWER PLANT

HEAD RACE

________ a

(He

]

Fig. shows a general layout of a hydroelectric power plant which consists of -
(f} A dam constructed across a river to store water.
(if} Pipes of large diameters called penstocks, which carry water under pressure from the storage
reservoir to the turbines. These pipes are made of steel or reinforced concrete,
() Turbines having different types of vanes fitted to the wheels.
(iv} Tail race, which is a channe! which carries water away from the turbines after the water has
worked on the turbines. The surface of water in the tail race channel is also known as tail race.

C 2. DEFINITIONS OF HEADS AND EFFICIENCIES OF A TURBINE .

1. Gross Head. The difference between the head race level and tail race level when no water is
flowing is known as Gross Head. It is denoted by “H,’ in Fig.

2. Net Head. It is also!called effective head and is defined as the he

ad available at the inlet of the -
turbine.
H= Hg - izf

*

4x fx Lxv?
Dx2g

where Hg = Gross head, hf.-.

Dl !: s,
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If at the inlet of the turbine, the energy available is only kinetic energy, the turbine is known as

impulse turbine.

If at the inlet of the turbine, the water possesses kinetic energy as well as pressure energy,

the turbine is known as reaction turbine.

If the water flows along the tangent of the runner, the turbing is known as tangential flow turbine.

If the water flows in the radial direction through the rumier, the turbine is called’radial flow turbine.

If the water flows through the runner along the gjrgctiOn parallel to the axis of rotation of the runner,

the turbine is called axial flow turbine.

If the water flows through the runner in the radial direction but leaves in the direction parallel to
-axis of rotation of the runner, the turbine is called mixed flow turbine,-

4. Difference between Impulse and Reaction Turbines:

1

Impulse Turbine

Reaction Turbine

1. In impulse turbine|only kinetic energy is
used to rotate the turbine.

1. In reaction turbine both kinetic and pressure
energy is used to rotate the turbine.

2. In this turbine water flow through the
nozzle and strike the blades of turbine.

2. In this turbine water is guided by the guide
blades to flow over the turbine.

3. All pressure energy of water converted
into kinetic energy before striking the vanes.

3. In reaction turbine, there is no change in
pressure energy of water before striking.

4. The pressure of| the water remains
unchanged and is equal to atmospheric
pressure during process.

4. The pressure of water is reducing after
passing through vanes.

5. Water may admitted over a part of
circumference or over the whole
circumference of the wheel of turbine.

5. Water, may admitted over a part of
circumference or over the whole circumference
of the wheel of turbine.

6. In impulse turbine césing has no hydraulic
function to perform because the jet is at
atmospheric pressure. ‘ This casing serves
only to prevent splashing of water.

6. Casing is absolutely necessary because the
pressure at inlet of the turbine is much higher
than the pressure at outlet. It is sealed from
atmospheric pressure.

- »

T

7. This turbine is most siuitaBle for large head
and lower flow rate. Pelton wheel is the
example of this turbine. !

7. This tquine is best suited for higher flow rate
and lower head situation.

A=



5, PELTON WHEEL (OR TURBINE) - ’

The Pelton wheel or Pelton turbine is a tangential flow impulse turbine. The water strikes the bucket
along the tangent of the runner. The energy available at the inlet of the turbine is only kinetic energy.
The pressure at the inlet and outlet of the turbine js atmospheric. This turbine is used for high heads .
and is named after L.A. Pelton, an American Engineer.

PENSTCBK

T

f -

The main parts of the Pelton turbine are :
1. Nozzle and flow regulating arrangement (spear), 2. Runner and buckets,
3. Casing, and 4. Breaking jet.

1. Nozzle and Flow Regulating Arrangement. The amount of water striking the buckets (vanes)
of the runner is controlled by providing a spear in the nozzle as shown in Fig. The spear is a
conical needle which is operated either by a hand wlgzee},agr automatically in an axial direction

depending upon the size of the unit. ° ' :

VWHEFT SPEAR JET OF WATER

%
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3. Casing.

The function of the casing is to prevent the splashing of the water and to discharge water to tail race.

It is made of cast ircni or fabricated steel plates. The casing of the Pelton wheel does not perform any
hydraulic function.

4. Breaking Jet. When the nozzle is completely closed by moving the spear in the forward direc-
tion, the amount of water striking' the runner reduces to,zero. But the runner due to inertia goes on
revolving for a long time. To*stop the runner in agl;prt time, a small nozzle is provided which directs
the jet of water on the back of the-vanes. This Jetof water is called breaking jet.

Velacity Triangles and Work done for Pelton Wheel. .

THISIS
H , CONNEGTED TO
RUNNER

Vi, :
ANGLE OF
5 v *~... DEFLECTION
A; B: .‘__‘_...._:ﬁ___-_
e UV ; ‘
- Vi,
Let | H = Net head acting on the Pelton wheel
=H,~ by
2
where  H, = Gross head and fy= —J2Y
4 o I~ prxa g
where  D* = Dia. of Penstock, N = Speed of the wheel in r.p.m.,
D = Diameter oli the wheel, d = Diametet-of the jet.
Then V; = Velocity of jet at inlet = 1]»‘231:1
nDN

U=l =ty =

60 -
The velocity triangle at inlet will be a straight line where
V,[ =Vi~uy=V,-u
I’“’] = Vt
«=0% and 8= (°




From the velocity triangle at outlet, we have
V, =V, and Ve, = V,, cos ¢ — u,.
Now work done by the jet on the runner per second
v =FXu=paV V,I+ Y, 1% u Nos
Pawer given to the runner by the jet Co
_ PV, +V, Ixu

1000
"Work done/s per unit weight of water striking/s

kw

= é{Vw, +V,, |xu

-~ K.E. of Jjet per second = 21 (pﬂvi} % Vf
Work d d
< Hydranlic efficiency, M, = ork cbne Per secon
"~ K.E.of jet per second

b
o .

2V, ~ 1) [1 + cos §] u
Ny = 5
v;or

The efficiency will be maximum for a given value of ¥, when

i[zu(vl ~ )1+ cos ﬂ.___ .

d
E ("3.':) =0 or

du vE
(I+cos¢) 4 2 d 2 1+ cosd
or Tl o uV, - W) =0 or o [2uV, - 247]=0 " Vf #0
or 2V, -4du=0 or u= % -(18.14)

Equation (18.14) states that hydraulic efficiency of a Pelton wheel will be maximum when the
velocity of the wheel is half the velocity of the jet of water at inet. The expression for maximum

efficiency will be obtained by substituting the value of U= g
. Max, nh ;- M‘ ‘
2
(1) The velacity of the jet at inlet is given by V, = C,.f2¢H
" where C, = Co-efficient of velocity = 0.98 or 0.99
H = Net head on turbine
(#9) The velocity of wheel (1) is given by u = @,/ZgH

where ¢ = Speed ratio. The value of speed ratio varies from 0.43 to 0.48.
(ifi) The angle of deflection of the jet through buckets is taken at 165 if no angle of deflection is given.

£
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(iv) The mean diameter or the pitch diameter D of the Pelton wheel is given by
_nDN *
60

(v) Jet Ratio. It is defined as the ratio of the pitch diameter (D) of the Pelton wheel to the diameter
of the jet (d). It is denoted by *m’ and is given as

i
4
i u

W= ? ( = 12 for most cases)

(v) Number of buckets on a runner is given by
+ Z=15+ a‘% =15+0.5m where m = Jet ratio

(vii) Number of Jets. It is obtained by dividing the total raté of flow through the turbine by the rate
of flow of water through a single jet.

Problem 18.1 A Pelton wheel has a mean bucket speed of 10 metres per second with a jet of water
Flowing at the rate of 700 litres’s under a head of 30 metres. The buckets deflect the Jet through an ~
angle of 160°. Calculate the power given by water to the runner and the fiydraulic efficiency of the

turbine. Assume co-efficient of velocity as 0.98. i
Solution. Given :
Speed of bucket, u=uy =y = 10 mfs
Discharge, j Q =700 litresfs = 0.7 m*s, Head of water, H = 30 m
Angle of deflection i = 160°
s Angle, ¢ = 180° - 160° = 20°
Co-efficient of velocity,  C,=098.
The velocity of jet, . Vi =C,\2gH =098 JZx 9,81x30 =23.77 m/s
: | vo=v—m=2377-10 D et Vi e
{0 J

‘ = 13.77 mis w
i V,, =V, =23.77 mis Ve

From outlet velocity triangle,

o g eV, ~._ 185
V, =V,=13.77 m/s . — —
° :J v1= "IWQ
Ve, = V,cos -,
=13.77 cos 20° - 10.0 = 294 mss Fig. 18.6

Work done by the jet‘per second on the runner is given by equation (18.9) as

1
| =paV, [v,

: T+ P;‘,z] Xu
f  =1000 X 0.7 X [23.77 + 2.94] X 10 (v aVi=0=07m)
= 186970 Nm/s
. Power given to turbine = = 186970
s © 1000
The hydraulic efficiency of the turbine is given by equation (18.12) as
i
2[Vi + W, 1% 2[23774+294]x10
V2 T 23772377

= 09454 or 94.54%. Ans.

LA

L
|4

Ans.

= 186.97 kW,

Ny =




Problem 18.2 A Pelton wheel is to be designed for the Jollowing specifications :
Shaft power = 11,772 kW ; Head = 380 metres ; Speed = 750 r.p.m. ; Overall efficiency = 86% ; Je
diameter is not to exceed one-sixth of the wheel diameter., Determine ;
(i} The wheel diameter, (i} The number of Jets required, and
(it} Diameter of the Jet.
Take K, = 0.985 and K uy = 045

oL .
Solution. Given :

Shaft power, S.P.= 11,772 kW
Head , ] H=380m .
Speed, +  N=750r.p.m. C :
Overall efficiency, Ty =86% or 0.86
d |1
Ratio of jet dia. to wheel dia. =—=
atio of jet dia e D%

Co-efficient of velocity, Kw =C,=0985

Speed ratio, K, =045
Velocity of jet, Vi=Caf2gH = 0.9851[2 X9.81x380 = 85.05 m/s
The velocity of wheel, U=Hy=u,
= Speed ratio X \2gH = 0.45 x V22X 981X 380 = 38.85 m/s
DN DN
t = S 3885= ——
Bu TR 60
or . p=90x3885 _ 60x 388S  0.989 m. Ans.
. ' XN X750 ,
d _1
But —_ =
" D6
< Dia. of jet, d= % XD = E-gﬁﬁ = (.165 m. Ans.
Discharge of one jet, g = Area of jet x Velocity of jet
= :;’5 XV, = g(.zﬁs) X 85.05 m¥s = 1.818 m%s 0
Now _SP. 1
o= Wp. = pExOxE
1000
11772 x 1000

0.86 = , wher = Total discharee
1000 x9.81x g x 380" " rere @ &
e mxieh
“” 1000 X 9.81 x 380 x 0.86

- _ Total discharge = £ = 3672 =2 jets. Ans.
Discharge of one jet ¢

. Total discharge, =3.672 m*s’

<« Number of jets
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6. RADIAL FLOW REACTION TURBINES :

Radial flow turbincs arc thosc tubines in which the water flows in the radial dircction. The water
may flow radially from outwards to inwards (i.e., towards the axis of rotation) or from imwards to
outwards. If the water flows from outwards to inwards through the runner, the turbine is known as
inward radial flow turbine. And if the water flows from inwards to outwards, the turbine is known as
ontward radial flow turbine.

%

7. FRANCIS TURBINE.

The inward flow reaction turbine having radial discharge at outlet is known as Francis Turbine,
after the name of J.B. Francis, an American engineer who in the beginning designed inward radial flow
reaction type of turbine. In the modern Francis turbine, the whter enters the runner of the turbine in the
radial direction at outlet and leaves in the axial direction at the inlet of the runner. Thus the modern
Francis Turbine is a mixed flow type turbine. L

GATE OPERATING
RING

Waler Injet
! r—f-rom penstock

WATER FLOW

The velocity triangle atinlet and outlet of the Francis turbine are drawn in the same way as in case
of inward flow reaction turbine. As in case of Francis turbine, the discharge is radial at outlet, the
velocity of whirl at outlet (7.e., V,,) will be zero, Hence the work done by water on the runner per
second will be = pOIV,, i)

Fear

-

o . 1
And work done per second per unit weight of water steiking/s = "'P’;'; uf,}
2

V.u
Hydraulic efficiency will be given by, i, = “}}i
8

1. The ratio of width of thie wheel to its diameteris givenasn = «g—‘- - The value of » varies from 0.10 to .40.
e 47 '
2. The flow ratio is given as, Flow ratio = —-21 and varies from 0.15 to 0.30.
. . ;;2gH -
iy, L
varies from 0.6 10 0.9,
2gH .

3. The speed ratio =




Problem 18.24 The Jollowing data is given for a Francis Turbine. Net head H = 60 m : Speed
N=700 rp.m.; shaft power = 294.3 kW s, =84% ; 7 = 93%; Jlow ratio = 0.20 ; breadth ratia.

{1} Guide blade angle,

(iii} Diameters of runner at inlet and outlet, and

Solution.
Net head,
Speed,
Shaft power
Overall efficiency,
Hydraulic efficiency,

Given :

Flow ratio,

s

Breadth ratio,

Quter diameter,
Velocity of flow,

Thickness of vanes
2. Actual area of flow
Discharge at outlet

-
.3

Using relation,

Using equation (18.21),

or

+ =095xwx Dy x0.10; x¥;
05952 20.95x & X D, x 0.1 x D, x 6.862 = 2.048 D}

(it} Runner vane angles at inlet and outlet,
(iv) Width of wheel at inlet.

H=60m
N=700 r.p.m.
= 294.3 kW
M, =84% =0.84 o
+ Ny=93% =093 Lo
A =020

1/2gH

v},‘ =0.20 x ,/ZgH = 6.862 m/s

B oon

D, 1

Dy =2 x Inner diameter = 2 x D,
Vy = Vp, = 6.862 mis.

= 5% of circumfercntial arca of runner

=0.95%D, x B,
= Radial
sz = O and sz - Vz -t
“- . S‘P'
= o
2543
0.84 = -_-W. 3
2943
WP =" = 50.357 kW,
0.84 330
= WH _pxgxQxH _ 1000 x 9.81x 0 x 60 _
TUTwo0 T jooo 1000 =350.357
- 350.357 x 1000 = 0.5952 m s

60 x 1000 x9.81
- @ = Actual area of flow x Velocity of flow
=0.95 oD x B, x Ve

(+ B,=01D)

E}




% .
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1 g Mgy % e é"??{"‘ﬁ"f

' ' 0-5952 SN
t.& '}' - = 0-5
Dl' V 2048 4 m |
B,
But 20
u o
By =0.1x%xD;=0.1x.54= 054 m =54 mm

Tangenuai speed of the runner at inlet,
! v = FDN _ m%0.54x700
e 60
Using relation for hydraulic efficiency,

4

= 19.79 m/s,

0.93 < Vi, X19.79
= or = ——
M gH 9.81% 60
|
- 0.93x9.81x60
V, = = 27.66 m/fs.
" R 19-79 b L
(i) Guide blade angle (¢f) ~
V 6.862
From inlet velocity tria gle, tan o= & = 2902 0.248
e o e V, 2766
[ o=t 0.248 = 13.928° or 13 55.7", Ans.
(i} Runner vane angles at inlet arzd outlet (6 and @)
: v 6.862
tan 6= i _ =0.872
V.~ 2766-19.79
t 8 = tan™" 0.872 = 41.09° or 41° 5.4, Ans.
V |
From outlet velocity triangle, tan ¢ = Lo A 6362 wo(T)
Hy, u, i,
| v _@D,N _mxD, N oA D
But Hy= 0 - 3 X D - ( D, --Ef-gwen
*"‘ —-;r;x—'six-?gp--9896m/s_
2 60

Substitating the value of U, in equation (f),

tan g = 2902 _ o <924
YT

| = tan .6934° = 3474 or 34° 44t’, Ans.

(iii) Dzameters of rmmer at mlet and outlet
0 >4 m, DQ’ = 0027 mn Alls::

(iv) Width of wheel at inlet Bl = 54 mm. Ans.

l 6.862

.




8. AXTAL FLOW REACTION TURBINE (KAPLAN):

If the water flows parallel to the axis of the rotation of the shaft, the turbine is known as axial flow
turbine. And if the head at the inlet of the turbine is the sum of pressure encrgy and Kinctic cnergy and

For the axial flow reaction turbine, the shaft of the turbine is vertical. The lower end of the shaft is
made larger which is known as *hub’ or ‘boss’. The vanes are fixed on the hub and hence hub acts as a

runner for axial flow reaction turbine. The following are the important type of axial flow reaction
turbines :

1. Propeller Turbine, and 2. Kaplan Turbine.
V&{hen the vanes are fixed to the hub and they are not adjust. able, the turbine is known as propeller
turbine. By if the vancs on the hub are adjustable, the turbine is known as a Kaplan

The main parts of a Kaplan turbine are ;

1. Scroll casing, ‘

2. Guide vanes mechanism,

3. Hub with vanes or runner of the turbine, and
4. Draft tube.

4-

™ INLET GE RUNNER VANES
GUTLET OF VANE
TAIL RACE

RUNNER —7;
VANES

The discharge through the runner is obtained as ) = g( Df - Df) 37

where D, = Quter diameter of the runner, Dy, = Diameter of hub, and
V; = Velocity of flow at infet.
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AN




| - TR
¢ e it eat DK, L L TP
N .@"fé‘%hﬂlff‘ @ ) FLE “r ot

L. The peripheral velocity .at inlet and outlet are equal

: . ng o e :
v U= Ho= » where D= Outer dia, of runner
I 2 60 o

| .
2. Velocity of ﬂ(swlat inlet and outlet are equal
U"F Vj“' = Vf;t
3. Arca of flow at inlet = Area of flow at outlsf

= %(Df -Df).

Problem 18.27 A Kaplan turbine working under a head of 20 m develops 11772 kW shaft power.
The outer diameter of the runner is 3.5 m and hub diameter is 1.75 m. The guide blade angle at the
extreme edge of the runner is 35°, The hydraulic and overall efficiencies of the turbines are 88% and
84% respectively. If the velocity of whirl is zero at ontles, determine -

(i} Runner vane angles at inlet and outlet af the extreme edge of the runuer, and

(ii) Speed of the turbine.

Solution, Given: , b
Head, ¢ 7 H=20m
Shaft power, S.P.= 11772 kW
Outer dia. of runner, D,=35m
Hub diameter, Dy=175m
Guide blade angle, | o= 35
Hydraulic efficiency, M, = 88%
Overall efficiency, No= 84%
Velocity of whirl at outlet ={.
: . S.P.
Using the relation, N, = WP
| W.P. pXgXOxH
where WP = = , et
ore 1000, 1000 ' Veee .
11772
. 0.84= PXEgXOXH 2.
ooy 1000 ‘ o
_ 11772 x1000 (v p= 1000)
1000 x9.81x @ x20
P = 11772 X 1000 = 71.428 m3s.
0.84 X 1000 x9.81X 20
. s TC : 2
Using equation i = I(Dj -D; ) XV,
} T o, = . g
or 71428 = 2 3.5 - 115 x V, = 7 (1225-3.0625) v; =7.216 V;
71.428
. . ji — 7‘216 — 9;9 IIII&




4
From inlet velocity triangle, tan o = V—f' '

»y

v, 99 99 ‘
o v, =—fi_ = > = — = 14.14 m/,
w.' tan o tan 35° - ,7.& 5

Using the relation for h}'dfauiic.efficiency,

= Lot (- 1,0

0.88 = 14.14 x o
9.81x20

- wy = 0.88%9.81x20
14.14
2 Runner vane angles at inlet and outlet at the extreme edge of the runner are given as :
Vi - 9.9
Ve~ (1414~1221)
o 6 =rtan™! 5.13 = 78.97° or 78° 58", Ans.
For Kaplan turbine, By =, =1221 mis and V, =V, =99mfs

=12.21 m/s.

=5.13

tan 6=

B3

ity ia Vs 99
<. From outlet velocity uiangle, tan ¢= £ = 27 ~q3g11
w, 1221

¢ = tan™ 811 = 39.035° or 39° 2. Ans.

nD N
60
1291 = MX3SXN *
60
60x1221
N= £ X3.50

(i) Speed of turbine is given by u, = =

= 66.63 r.p.m. Ans.

9. DRAFT-TUBE :

The draft-tube is a Pipe of gradually increasing area which. connects the outlet of the runner to the tail
race. It is used for discharging water from the exit of the turbine to the tail rade. This pipe of gradually
increasing area is called a draft-tube. One end of the draft-tube is connected to the outlet of the runnner
while the other end is sub-merged below the level of water in the tail race. The draft-tube, in addition
to serve a passage for water discharge, has the following two purposes also :

L It permits a negative head to be established at the outlet of the runner and thereby increase the net

head on the turbine, The turbine may be placed above the tail race without any loss of net head and
hence turbine may be inspected properly.

2. It converts a large proportion of the kinetic energy { Vf/ 2g) rejected at the outlet of the turbine

into useful pressure cnergy. Without the draft tube, the kinetic caergy rejected at the outlet of the
turbine will go waste to the tail race,

e




By 1
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Types of Draft-Tubes.

The following are the important types of draft-tubes which are
commonly used :

2, Simple elbow tubes,
and 4. Elbow draft-tubes with circular inlet and rectangular outlet.

1. Conijcal draft-tubes,
3. Moody spreading tubes,

(d) DRAFT. TUBE WITH CIRCULAR
| INLET AND RECTANGULAR OUTLET

e

Draft-Tube Theory. Consider a capital draft-tube as shown in Fig,
Let : H = Vertical height of draft-tube above the tail race,

_¥ = Distance of bottom of draft-tabe from tail race.

Applying Bernoulli’s equation to inlet (section 1-1) and outlet (section 2-2) of the draft-tube and
taking section 2-2 as tflxe datum line,we g

et
2 2
—IfL-i--Z;m-;- (H,+y)=£’*‘-+-‘fg-+0+15‘ (D)
pg Zg pg 2g

where A.= loss of energy between sections 1-1 and 2.2,
¥

But L]

TURBINE
== = Atmospheric pressure head + y CASING
1
ik, @
N SRk
Substituting this value of £ in equation (), we get H i ‘
® - ? *
4 pu . RO l
2 2 T
.&+V¢+,{qu~y);&+y+v—2+izf e '
pg 2g P8 28 oy TR
[T 2
or i’i-i-v—l-t-ffs:-&‘--i-v—z%-lg T
Pg 2g pg 2g DRAFT-TUBE
. £.L = g“. 'sz + e - ﬁ -
“e - B f 5 F
Pg pg 2g g




Efficiency of Draft-Tube. The cfficiency of a draft-tube is defined as the ratio of
actual conversion of kinetic head into pressure head in the draft-tube to the kinetic head at the inlet of
the draft-tube. Mathematically, it is written as

_ Actual conversion of kinetic head into pressure head

4= Kinetic head at the inlet of draft-tube
Let V, = Velocity of water at inlet of draft-tube,

V, = Velocity of water at outlet of draft-tube, and
#,=Loss of head in the draft-tube.

2 2
Theoretical conversion of kinetic head into pressure'«'l’ae‘zfif“in draft-tube = [Z - _;:L)
=8 +8

2 2
Actual conversion of kinetic head into pressure head = | ——— Lo —h;
28 28

2 2
VE_VE)
20 2g

o "14= Pﬁ |
2g

&
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NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS)
IMPACT OF JET ON VANES

|

FLUID JET:

A fluid jet is a stream of fluid issuing from a nozzle with ‘high velocity and hence a high
kinetic energy.

. IMPULSE MOMENTUM PRINCIPLE (Newton’s Second Law):
“The sum of forces on the body equals the rate of change of momentum of the body in the

direction of the force. In equation from (F and V are in the same direction).

ZF dt=d (mV) (or) ZF =pQ (AV)
Force exerted by the jet on the plate:
F = rate of change of momentum ‘ e b
= [mass of jet /sec] [velocity of Jet before striking the plate velocity of jet after striking the plate]
=pQ (AV)

* Kinetic Energy /Sec=K.E.=m'v’/2=pav’/2

* Work Done/ Sec !|= Power=F, u

o Efficiency=n= VIV/ K.E
NOTE: The plate is statiolnary; therefore, the work done on the plate is zero.

CASES: I

1. When the flat plate/vane is held normal to the jet:

1

(a) Stationary vane!

- ). .
T (AN
o+

(b) Moving vane
(¢) Series moving Vfanes
C 2. When the flat plaltg is held inclined to the jet:
(a) Stationary vane
(b) Moving vane
() Series moving vanes
3. When the plate is/curved :jet strikes at the center:
() Stationary vane
(b) Moving vane -
(c) Series moving vanes
"4, When the plate is curved :Jet strikes the plate at'die end tangentially:
(2) Stationary vane ' '
(b) Moving vane

(c) Series of moving|vanes

M VENKANN ABABUM_E,(CA?),@;,,D) DEPARTMENT OF MECHANICAL ENGINEERIN G
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NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS)
1. When the flat plate/vane is held normal to the jet:

(a) Stationary vane:

' Force exerted by jet on vane in x- direction= Fx =pav[v-0]= pa v
2. Plate Velocity=u=0
3. Efficiency =1 = W/ Error! Bookmark not defined. K.E =0

(b) Moving vane:

<
<
c

. — —— e = - —

AOONVUNNNNNNNNN

" 2L I D T I R R I
% x = % 8 % N 1

<
<
c

L Fy=pav-u) [(v-u)-0]=pa(v-u)’

2. =W/ KE=2(v-u)’* u/v’
3. dy/du=03 at v=23u; Nmax = 8/27

»

P
1

£33
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IMPACT OF JET ON VANES

FLUID JET: A fluid jet is a stream of fluid issuing from a nozzle with high velocity and hence a high kinetic energy.

Force exerted by the jet on the plate= F =rate of change of momentum = pQ (AV)

Kinetic Energy / Sec =K.E. = mv:R2=pav/2

Work Done /' Sec= Power =Fzx-u-—

L
e ——

&

NOTE: The plate is stationary; therefore, the work done on the plate is zero. -
S. C Force exerted by the Maximum Efficiency =
CASES Efficiency =n =W/ K.E
No: jet on the plate = Fx N max
Wheh the flat plate is held (a) Stationary vane pa v 0 0
1 | normal to the jet (Vertical | (b) Moving vane pa(v-u)’ 2 (vuy u/v’ 8/27 (29.63%) at v=3u
Plate) (c) Series moving vanes | pav (v-u) 2 (v-u)u/ v i, (50%) at v ="2u
| (a) Stationary vane pav”sin’® : 0 0
When the flat plate is held | == - — s 7 o
2 " | (b) Moving vane pa(v-u)“sin® ° 2 (v-u)’ usin0/ v 8/27 sin"@ at v=73u
inclined to the jet 5 5 5
. (c) Series moving vanes | pav (v-u) sin"0 2 (v-u)u sin'6/ v 1, sin“0 at v=2u
When the plate is curved | (2) Stationary vane pa v* (1+cosb) 0 0
3 | and Jet strikes at the ® Moving'vane pa ('v-u)2 (1+cosb) 2 (v-u)” u (1+cosb) /v 8/27“(1-1-0059) atv=3u
center (c) Series moving vanes | pav (v-u) (1+cos6) 2 (v-u)u (1+cos6) /v* 1, (1+cos@) at v=2u
(a) Stationary vane pa v* (cos0 + cos®) 0 0
When the plate is curved ) Mov [ v ] AT a7 5
oving vane avp [v -V v Ve /v~ | e
4 | and Jet strikes the plate at s patal " v v !
. () Series moving vanes | p @ vi [vw1 Ri /- Vw2 )
one end tangentially: ) 2 [Vwr U1 H=Vea U2} /vi© |
) (Radial Vanes) Rs]. .
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NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS)
(b) Moving vane:

1. Fy= Pavey [vyy +- Vwz]
2. KE= mvr12/2, m=pavy
3. N=W/KE=2 [Vy +- Vys]u/ vy

(C) Series moving vanes:

Wheel Quter periphery

Fig. 18-12. Velocity dingrams for an inward flow reaction turbine.

Torque Exerted by water on the wheel = T = pavy [vyi Ry +/-vy, R3]

- Work Done/sec =W =T = Pavy [Verug +/- vy uy]

1.

2

3. yi=oR,u;= oR,;

4, K.E=mv12/2,m= pavy
5

» N=W/KE=2 [vy; u; +- Vywz Uz] / vi?
M VENKANNABABUME,(CAD),(M.D) DEPARTMENT OF MECHAN ICAL ENGINEERING
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Important Problems

1. CASE-1(a): Wheq the Stationary flat plate/vane is held normal to the jet:

Problem 17.2  Water is flowing through a pipe at the end of which a nozzle is fitted. The diameter
of the nozzle is 100 mm and the head of water at the centreé nozzle is 100 m. Find the force exerted by
the jet of water on a fixed vertical plate. The co-efficient of velocity is given as 0.95.

Solution. Given : L
Diameter of nozzle, d=100 mm=90.1m
Head of water, H=100m

Co-efficient of velocity, - C,= 095

Area of nozzle, | ‘ a= g- (D= .00785,;1« mz

1 ES

Theoretical \fcioci,fy of jet of water is given as
Vin= v2gH = \f2X08T%100 = 44.294 m/s

Actual velocity
But v = N P
6 - Theoretical velocity
< Actual velocity of jet of water, V= C, x Vin = 0.95 X 44.294 = 42.08 m/s.
Force on a fixed w%rtical plate is given by equation (17.1) as
F = paV?= 1000 x .007854 x 42.08% (= In S.1. units p for water = 1000 kg/m®)
(= 13907.2 N = 13.9 kN. Ans.

2. CASE-3 (a): Stationaéry Curved Plate and Jet Strikes at center.

Problem 17.5 A jet of water of diameter 50 mm moving with a velacity of 40 m/s, strikes a curved
fixed symmetrical plate at the céntre. Find the force exeried by the jet of water in the direction of the
Jet, if the jet is deflected through an angle of 120° at the outlet of the curved plate.

Solution. Given ‘

Diameter of the jet, d=50 mm=0.05m
® & Area, a= 2’5 (.05)% = 0.001963 m>
x
Velocity of jet, V=40 mfs
Angle of deflection = 120°
From equation [17.6 (4)], the angle of deflection = 180° — §
o . 180° - 8= 120°or B = 180° - 120° = 60° Fig. 17.5

Force exerted by thegjet on the curved plate in the direction of the Jet is given by equation (17.5) as
F,=paV? [1 + cos 6]
= 1000 x .0019637% 40% x [1 + cos 60°] = 4711.15 N. Ans.

Y
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3. When the plate is curved {et strikes at the center:

(a) Stationary vane:

VSind

CURVED PLATE

1.

1. Fx=pav]v- (-véosﬂj‘] = p'a v (1+cos0)
2. Fy= pav[0—(vsin0)] = p a v*sin0
3. u=0,1=W/KUE/=0

(b) Moving vane:

\'4

1. Fx=pa(v-u) [(v-ui) - (+(v-u) cos0)] =p a (v-u) 2 (1+cos0),
2. Fy=pa(v-u) [0 - ((v-u) sin0)] = p a (v-u) 25in0
3. =W/ KE=2 (v-u'][)2 (I+cosB)u / v*

4. dn/du=0= at v =3u; g = 8/27 (1+cos0)

]
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(c) Series moving vanes:

1 Fe=pav[v-u)-(-(v-v) cos®)] =pav (v-u) (1+cos0)

2 Fy=pav[0- ((v-u) sin@)] =-pav (v-u) sin0

3 =W/ KE=2v(v-u) (I+cost) u/ v

4 duy/du=05 at v=20; Nax =% (1rc056) - @

4, When the plate is curved : Jet strikes the plate at one end tangentially:

(a) Stationary vane:

VSin®  GyURVED PLATE

/CosO

F, = pav[vcosd - (-veos®@)| =pa v?(cos0 + cos®)
F,= pavivsind-vsin® ] = pa v’ (sind - sinP)
plate is symmetrical........0 =@ e e
Fy =2p a v> cos0, Fy =0

u=0,1=WKE=0

h A W -
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NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS)
(b) Moving vane: |

(V-u );Sine

1. Fo=pa(v-n) [(v-iu) sin® — 0] = p a (v-u) sind
3. F,=F,sin0=p a(v-u)’ sin’®
3. Fy=F, cosd =p a (v-u)* sin® coso

4 n=W/KE=2u(v-u)’ si o/ v

L-

5. dn/du=07 atv=30; Nne=8/27 sin’0

(c) Series moving vanes:

§
_VWHEEL
FLAT PLTE

i

NOZZLE

|
——
i

-

| :
. Fp=pay [(v-u)I sin0 = 0] = p a v (v-u) sin®

. F,=F, sind=p av (v-u) sin’0,

1
2
3. Fy=Fpcos0=pav (v-u) sin0 cos0
4. =W/ KE=2(v-0)u sin0 / v?

5

dny/du = 0 3 at v=2u; Nmax = %2 sin’0
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(c) Series moving vanes:

WHEEL -

FLAT PLTE
NOZZLE

1. Fx=pav[(v-u)—0]=pav(v-u)
2. n=W/KE=2 (v-u)u/v?

3. dy/du=0zat V=2U3Tmax = % =50% e b

2. When the flat plate is held inclined to the jet:

(2) Stationary vane:

Pipe
_ Nozzle
— k= e L \/
y
—— =V
(%)

VSino
Fy =pav][vsin®-0]=p av’sing
Fx =F, sin0 = p a v sin%0
Fy=Fy cos0 = p a v* sin@ cosd
- Ratio of discharges = Q1/Q2 = (1+cos0)/ (1- cos0)
u=0,1=WKE=0 - - ¢ b

o+

BN

I I N

-
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3. CASE-3 (b): Moving Curved Plate and Jet Strikes at ’center.

Problem 17.14 4 ‘jet ‘of water of diameter 7.5 cm strikes a curved plate at its centre with a
velocity of 20 m/s. The curved plate is moving with a velocity of 8 m/s in the direction of the jet. The
jet is deflected rhraugh an angle of 165°. Assuming the plate smooth find :
(i} Force exerted ot the plate in the direction of jet, (i) Power of the jet, and (iii) Efficiency of the jet.
Solution. Given :

Diameter of the jet, d=175cm=0075m
Area, a= % (075) = 0.004417

Velocity of the jet, V=20 m/s

Velocity of the plate, u= 8 mfs

Angle of deflcction of the jet, = 165°
Angle made by the relative velocity at the outlet of the plate,
6= 180° — 165° = 15°
(i) Force exerted by the jet on the plate in the dirgetipn of the jet is given by equation (17.17) as
® ¥ = F, = pa(V - )’ (1 + cos 6) :

¢ = 1000 x .004417 X (20 — 8)* [1 + cos 15°] = 1250.38 N. Ans,
(i) Work done by the jet on the plate per second

5 = F,xu=1250.38 X 8§ = 10003.04 N m/s

Power of the jet - 1000304 _ 1o kW. Ans.
1000

I
|

_ OQutput _ _Work done by jet/sec
Input Kinetic energy of jet/sec

125038x8 _ 1250.38x &

%(paV) X V2 -:i‘-x 1000 x 004417% V°

(iif) Efficiency|of the jet

. : 125038 %8 — 0.564 = 56.4%. Ans
P i -i-xmmx.nqsmnx 20° :
4. CaselV(a): Statiojﬁary Curved Vane... Jet Strikes Tangentially at one end:

Problem 17.15 A jet of water from a nozzle is deflected through 60° from its original direction by
.a curved plate which if enters tangentially without shock with a velacity of 30 m/s and leaves with a
mean velocity of 25 mfs. If the discharge from the nozzle is 0.8 kg/s, calculate the magnitude and
direction of the resultant force on the vane, if the vane js stationary.

Solution. Given : :

Velocity atinlety V,=30m/s

Velocity atoutlet, V, =25 m/s

Mass per scconél = 0.8 kgfs
Force in the diréction of jet,
! . . 30mifsec ;
! F,= Mass per second X (Vi — Vot ' 7 S
where V. = Initial velpcityin the direction of x T ¥ ™ rgin ol direction
=30 m/s : CoL of jet

. = Final velocity in the direction of x Fig. 17.13 (4)
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= 25 cos 60° = 25 x 51- = 125 m/s S o

H

Fy=08[30 -~ 125]=0.8x 175 = 140 N
Similarly, force normal to the jet,
Fy, = Mass per second X ( Vip—Vap)
= 0.8 [0 — 25 sin 60°1=-17.32 N
~ve sign means the force, F}., is acting in the vertically downward direction.

<~ Resultant force on the vane = \{Ff + Ff = .sz + (—1’;’.3:25)g = 22,27 N. Ans.

The angle made by the resultant with x-axis

F, 1732
tan 6 = —& = =-1237
T T
—Ve sign means the angle 0 is in the clockwise directipn with x- axis as shown in Fig. 17.13 (a)
2 * 0=tan"! 1.237 = 51° 2.36", Ans.

~y

- CASE 1V (b): Moving Curved Vane... Jet Strikes Taﬁgentially at one end: B <90°

Problem 17.18 A jer of water having a velocity of 20 m/s strikes a curved vane, which is moving
with a velocity of 10 m/s. The Jet makes an angle of 20° with the direction of motion of vane at inlet
and leaves at an angle of 130° to the direction of motion of vane an outlet. Calculate :
(i} Vane angles, so that the water enters and leaves the vane without shock.
(ii} Work done per second ber unit weight of water striking (or work done per unit weight of water
striking) the vane per second.
Solution. Given :

. Velocity of jet, Vi=20m/s
Veloacity of vane, = 10 m/s
Angle made by jet at inlet, with direction of motion of vane,
o = 20°
Angle made by the leaving jet, with the direction -of m?ﬁon
. = 130°
RA B =180° - 130° = 50°,
In this problem, uy=1u,= 10 mfs
Vo=V,
() Vane Angle means angle made by the relative
velocities at inlet and outlet, i.e., 0 and ¢.
From Fig. 17.16, in AABD, we have tan = 22 ‘ &—P
CDh [kl 3]
/ 2 Y
] ;
= = — 1)
AD=-AC ¥V, ~n Fig. 17.16

where V; =V, sin & = 20 x sin 20° = 6.84 m/s

Vi, = Vj cos o= 20 x cos 20° = 18.794 m/s.
uy = 10 mfs . o
-~ ng= — 084 _ 7778 or 8 = 37.875°
18.794 — 10 :
- 8= 37° 52.5". Ans.
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v, v, 6.84 .
4 i = —é— = ki o —— 2 . 4
From, AABC, sin @ v, or V. <0 sn 37875 11.1
| V=¥ =1l ms
From, AEFG, applying:sine mle, we have N
Ve, ' - Uy i
. sin (180°—B) sin(B-9)
1114 10 1114 10
or = or = > B=50°
sinB  sin|f-9] sin 50°  sin [50° — 9] ¢ b . )
Sin (50° = §) = — ’1‘:350 — 0.6876 = sin 43.44°
50° — p=43.44° or ¢ =50°— 43.44° = 6.56°
A $ = 6° 33.6". Ans.

(?‘f}- Work done per second per unit weight of the water striking the vane per second is given by
6 equation (17.21) as
{
: = 1 Vi, *+ ] u Nm/N (+ ve sign is taken as f is an acute angle)
8
|
where V,, = 18.794 w/s| V,, = GH—-GF = V, cos =1 =.11.14 % cos 6.56° - 10 = 1.067 m/s
i o=u = uy=10mis ’
s Work done per unit weight of water

= -g—:la—i [18.794 + 1.067] x 10 Nm/N = 20.24 Nm/N. Ans.

6. CASE 1V (b): Moving Curved Vane... Jet Strikes Tangentially at one end: p= 90°

Problem 17.19 A jet of water having a velocity of 40 m/s strikes a curved vane, which is moving
with a velocity of 20 m/s. The jet makes an angle of 30° with the direction of motion of vane at inlet
and leaves at an angle of 90° 1o the direction of motion of vane at outlet. Draw the velocity triangles
at inlet and outlet and determine the vane angles at inlet and outlet so that the water enters and leaves
the vane without shock.

Solution. Given :

Velocity of jet, . V, =40 m/s o
Velocity of vane, .y =20mis
Angle made by jetatinlet, - &= 30°

Angle made by leaving jet = 90°

S B = 180° - 90° = 90°
For this problem, we have
ny =1y =u=20mis

M VENKANNABABUjszcany@sd) DEPATMENT OF MECHANICAL ENGINEERING
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Vane angles at inlet and outlet are 8 and ¢ respectively.
From ABCD, we have

BD__BD _
CD AD-AC Vi =84
where V. =V sina= 40 x sin 30° = 20 m/s

Vi, =V, cos o =40 x cos 30° = 34.64 m/s

tan 8 =

#; =20 m/s
20 20
o tan 6 = = = 1.366 = tan 53.79°
o 3464-20 1464
S 8= 53.79° or 53° 47.4". Ans. ,
Also from ABCD, AL E
1 V, 20 '
in 6= i = i = U ,
Oy T TR T man [
V, =24.78 Fiv. 1107
But V, = V., =24.78 ig. 17. @
U, 20 o
Hence, from AEFG, cos = —2 = =¥ _ 0.8071.= cos 36.18
. ¢ V, 2478 b=
&=36.18° or 36° 10.8% Ans.

7. CASEI1V (b): Moving Curved Vane... Jet Strikes Tangentially at one end: > 9(0°

Problem 17.20 A jet of water of diameter 50 mm, having a velocity of 20 m/s strikes a curved
vane which is moving with a velocity of 10 m/s in the direction of the jet. The Jet leaves the vane af

an angle of 60° to the direction of motion of vane at outler. Determine
(i) The force exerted by the jet on the vane in the direction of mation. A

(it) Work done per second by the jet.
Solution. Given :

Diameter of the jet, d=50 mm=0.05m

~ Area, a= g (05)% = 001963 m>
Velocity of jet, V=20 m/s - b
Velocity of vane, #; = 10 m/fs '

As jet and vane are moving in the same direction,

y o=0

Angle made by the leaving jer, with the directiop of motion = 60°
B = 180° - 60° = 120°
For this problem, we have

M=y =u= 10 mfs le—— v, g e v —
' V =v PR...L A
5= 'y i
From Fig, 17.18, we have A c
V, =AB-AC=V,-y Fig. 17.18

=20~10=10 m/s
Vo, = Vi =20 m/fs
V. =V =10 mhs
2 [

B [
A 5

5o
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Now in AEFG, EG=V, =10 mfs,
GF =1, = 10 mfs
ZGEF = 180° - (60° + 9) = (120° — ¢
From sine rule, we have
EG GF or 10 10
sin 60" sin (120" ¢) sin 60°  sin (120°- &)
sin 60°=sin (120°-¢) 7 *
60°=120°-¢ or &=120°-60°=60°
Now ' Vo, =HF=GF - GH
=u; -V, cos9=10-10xcos 60°=10~-5 =5 mfs.
() The force exerted b}g the jet on the vane in the direction of motion is given by equation (17.19) as
‘ Fe=paV, [V, =V,,1 (-ve signis taken as P is an obtuse angle)
= 1000 x .001963 x 10 [20 — 5] N = 294.45 N. Ans.
(#) Work done per second by the jet
=F X 1=294.45 % 10 = 2944.5 N m/s

= 2944.5 W. Ans. [+ Nm/s=W (watt)]
@8. CASE 1V (b): Moving Curved Vane... Jet Strikes Tangentially at one end: Symmetrical :

or

Problem 17.21 A jet of water having a velocity of 15 m/s strikes a curved vane which is moving
with a velocity of 5 in/s. The vane is symmetrical and is so shaped that the jet is deflected through
120°, Find the angle of the jet at inlet of the vaneso.that there is no shock. What is the absolute
velocity of the jet at outlét in magnitude and direction and the work dorie per unit weight of water.
Assume the vane to be smooth. Lo

Solution. Given :

Velocity of jet, | v, = 15 mfs

Velocity of vane, #y=5mis

As vane is symmetrical. Hence angle 8 = ¢

Angle of deflection of the jet  =120° = 180° - (6 + ¢)

8+ ¢ = 60° or each angle, i.e., & = { = 30°

Let the angle of jet at inlet =0

’ Absolute velocity of jet at outlet = V,
Angle made by V, at outlet with direction of motion of vane = f*.

© ANGLE OF
DEFLEGTION °

Fig. 17.19
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For this problem, By=d, =u=5ms

V,’ = V,: (as vane is smooth)
Applying the sine rule to AACB,

AB - __AC or Y - %
sin (180"~ 8)  sin (30"~ o) sin (180°~ 30°)  sin (30°-0)
15 5 5 sin 30°
or

30 snGr-oy O fOV-o=

= z:’- X 0.5 = .1667 = sin 9.596°

A 30°-=9.59° or o= 30° - 9.596° = 20.404° or 20° 24°, Ans.
Also from sine rule to AACB, we have

AB CB |4 Vi

= — or =
sin(180°-30°)  sin o sin30°  sin 20404°
sin 20,404°
y, = AR 2040E L 6 mis
1 sin 30 .
V, =V, = 1046 m/s @

From velocity AHEG at outlet,
Vocosd=u+V, or 1046 cos30° =50 + Vi,

V., = 10.46 cos 30° - 5.0 = 4.06 m/s
Also, we have V, sind =V, or V, = 1046 sin 30° = 5.23 m/s
In AHFG, Vo= V2 +V2 =528+ 406
= 4/27.353+16.483 = 6.62 m/s. Ans.
Ve _ 523
5

t =5 = ——=1.288 = tan 52.17°

an P v, 406
B=52.17° or 52° 102

2 Angle made by absolute velocity at outlet with the direction of motion B

= 1807 — B.= 180° — (52° 10.2") = 127° 40.8
B* = 127° 49.8, Ans. @
Work done* per unit weight of the water striking

=1 [V, + V,, 1Xu Nm (> + ve sign taken as is an acute angle)
g Wy Wy

1

) = 5a7 Vi cos o4 4106] x 5 . 0 Vg =Vicos
= .9%{ {15 cos 2(},4{}4"' + 4.06] = 9.225 Nm/N. Ans.

9. CASE IV (c): Series of Moving Radial Curved Vanes... Jet Strikes Tangentially at one end:

Problem 17.26 4 Jet of water having a velocity af 30 m/s strikes a series of radial curved vanes

mounted on a wheel which is rotating at 200 r.p.m. The jet makes an angle of 20° with the tangent to
the wheel at inlet and leaves the wheel with a velocity of 5 m/s at an angle of 130° to the tangent to
the wheel at outlet, Water is Sflowing from outward in g radial direction, The outer and inner radii of
the wheel are 0.5 m and 0.25 m respectively. Determine :

(i) Vane angles at inlet and outlet,

{ii) Work done per unit weight of water, and
(ifi} Efficiency of the wheel.
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v
In AEFH, tnp=—L2 o 383 4 ic0 noaagse
. m+V,  5235+3214
! 0= 24.385° or 24° 23.1. Ans.

(i) Work done per second by water is given by equation (17.26)
|
! = paV, [V, m+V, “z]

* (+ ve sign is taken as [ is acute angle in Fig.17.24)
< Work done# per second per unit weight of water striking per second

- pavi[ w + sz “z] - pav;[ Wy W+ sz u?.]
Weight of water /g paV, x g

_ 4_;_ [V 0+, ] NN = _l'i [28.19 X 10.47 + 3214 X 5.235]

931 [295.15 + 16.82] = 31.8 Nm/N. Ans.

@ () Efficiency, 1 is given by equation (17.28) as
2|V, 0+ Vi, 1] _ 2[2819 %1047 + 3214 x5235]
Vi2 302

_ 2[29515+16.82]
- 30 x 30

‘Il_

= {.6932 or 69.32%. Ans.
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Solution. Given : . -

Velocity of jet, V=30 m/s
Speed of wheel, N=200 r.p.m.
2rN  2mx200
= Angular speed, 0= = = 20.94 rad/s
AnstErse &0 60
Angle of jet at inlet, o= 20°

Velocity of jet at outlet, Va=5mfs
Angle made by the jet at outlet with the tangent to wheel = 130°

< Angle, B = 180"~ 130° = 50°

Outer radius, _ Ry=05m .

Inner radius, ¢+ R,;=025m S ;

< Velocity Uy =0 X Ry =2094 x 0.5 = 1047 m/fs

And Uy = 0 X Ry = 20.94 x 0.25 = 5.235 m/s.
&

ot
i,

ootz et K58 65, ) > Utk o o 93

g o pm ot e

S

-
=

XTANGENT 10
WHEEL AT B

Vi 3

({) Vane angles at inlet and outlet means the angle made by the relative velocities V,and V, , ie.,
angle 8 and ¢. .

From AABD, -~ W, =V cos o =30 X cgs 20° = 28.19 m/s

s

V; =V, sin o0 = 30 x sin 20° = 10.26 m/s

BD Vi 10.26 1026
In ACBD, tan 8= = ! = = = 0.579 = tan 30.07
" T DT AD-ac TV, — - mio-1047 .

o 8=30.07" or 30°4.2". Ans.
From outlet velocity A, V., = Vacos B=35 X cos 50° = 3.214 m/s

Vi, =VoxsinB=35sin 50° = 3.83 m/s
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MMz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

MID & ASSIGNMENT
EXAMINATION QUESTION
PAPERS WITH SCHEME AND
SOLUTIONS




NARASARAOPET EN GINEERING COLLEGE (AUTONOMOUS):

NARASARAOPET

DEPARTMENT OF MECHANICAL ENGINEERING

II B.TECH I - SEMESTER ASSIGNMENT TEST — I, September — 2022

SUBJECT: FLUID; MECHANICS AND HYDRAULIC MACHINERY

DATE: 27-09-2022

DURATION: 30 MIN MAX MARKS: 10
Course Knowledge
18(') E Questions 0:::0 L‘;;’f;:;,l; er Marks
, (CO) Taxonomy
Distinguish the following fluid properties:
1A) | 1. Specific gravity ii. Viscosity iii. Surface tension CO1 Analyzing (K4) 5
-| v. Specific weight
Calculate the derisity, density & specific gravity of one liter of liquid
B) | which weights 71?1- CO1 | Analyzing (K4) 5
24A) Derive & Explain Dynamic viscosity & Kinematic Viscosity co1 Analyzing (K4) 5
The space betweien two square between flat parallel plate is filled
with oil,each side; of the plate is 60cm.the thichness of the oil film is
12.5mm.the upper plated ,which moves at 2.5 meter per sec requires
B) |2 force of 98.1 N 5’(0 maintain the speed. Co1 Evaluating (K5) 5
Determine A)the dynamic viscosity of the oil in poise and
B)The Kinematic| Viscosity Of Oil in stokes if the specific gravity of
the oil is 0.95
3A) Draw & Explain types of Fluids col1 Evaluating (K5) 5
B) [ Derive the Pascal’s law co1 | Evaluating (K5) 5
:) Explain surface tension & Capillarity Ccoi Evaluating (K5) 5
Calculate the capiéllary rise in a glase tube of 2.5 mm diameter when Analyzing (K4)
immersed vertically in A) Water B) Mercury, Take the surface
B) | tension of water ;().0725 N/m and Surface tension of mercury 0.52 Co1 5
N/m for meréury in contact with air. The specific gravity for
mercury is given ds 13.6 and angle of contact is 130° .
A5) Derive U-Tube m?’mometer of A) Gauge pressure B)Vacuum Pressure CO1 Evaluating (K5) | 5
|
B) | Derive U-tube Dif:ferential Manometer Col Evaluating (K5) 5




NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS): NARASARAOPET
DEPARTMENT OF MECHANICAL ENGINEERING
II B TECH I-SEMESTER MID EXAMINATION-I, November-2022

SUBJECT: FLUID MECHANICS AND HYDRAULIC MACHINERY

DATE: 08-11-2022

DURATION: 90 MIN,

MAX MARKS: 25

Answer all the questions

Course

Q. No ' Questions Ol(léc((;l)ne Kl;;;:;::?:,;‘; e;':;::ser Marks
The space between two square between flat parallel plate is filled
with oil,each side of the plate is 60cm.the thickness of the oil film
is 12.5mm.the upper pIated ,which moves at 2.5 meter per sec
a. | requires a force of 98.1 N to maintain the speed. Determine A)the | CO1 Analysing (K4) 5
1. dynamic viscosity of’ 'the oil in poise and B)The Kinematic
Viscosity Of Oil in stoikes if the specific gravity of the oil is 0.95
b. | Derive U-Tube differential manometer Co1 Evaluating (K5) 5
Distinguish between: :
i. Steady and Un-steady Flow .
a. ii. Uniform and Non-Uniform Flow co2 Analyzing (K4) 3
2. iii. Laminar and Turbulent Flow
g Derive Euler’s Equation of Motion? How will you obtain Evaluating (K5) 5
b. CO2
Bernoulli’s equation from it?
' A 30cm diameter pipe conveying water, branches into two pipes of Evaluating (K5)
diameters 20cm and 15cm respectively. If the average velocity in
3. the 30cm diameter pipe is 2.5m/s, find the discharge in this pipe. | CO3 5
Also determine the velocity in 15cm pipe if the average velocity in
20cm diameter pipe is 2m/s :
NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS): NARASARAOPET
DEPARTMENT OF MECHANICAL ENGINEERING
I1 B.TECH I-SEMESTER MID EXAMINATION-I, November-2022
SUBJECT: FLUID MECHANICS AND HYDRAULIC MACHINERY DATE: 08-11-2022
DURATION: 90 MIN, MAX MARKS: 25
l Answer all the questions
: ourse
Q. No Questions O(Eltcomc Kl;;lwled’ge Level as Per Marks
(CO) oom’s Taxonomy
The space between two square between flat parallel plate is filled
6 with oil,each side of the plate is 60cm.the thickness of the oil film
. is 12.5mm.the upper plated ;which moves at 2.5 meter per sec
\./ | a. | requires a force of 98.1 N to maintain the speed. Determine A)the | COI Analysing (K4) 5
1. dynamic viscosity of ithe oil in poise and B)The Kinematic
Viscosity Of Oil in stokes if the specific gravity of the oil is 0.95
I
b. Derive U-Tube differen:tial manometer Co1 Evaluating (K5) 5
|
‘Distinguish between:
i. Steady and Un-steady Flow .
a. ii. Uniform and Non-Uniform Flow co2 Analyzing (K4) 3
2. iii. Laminar and Turbulent Flow
b Derive Euler’s Equatlon of Motion? How will you obtain co2 Evaluating (K5) 5
* | Bernoulli’s equation from it?
A 30cm diameter pipe gonveymg water, branches into two pipes of Evaluating (K5)
diameters 20cm and 15!cm respectively. If the average velocity in
3. the 30cm diameter pipe is 2.5m/s, find the discharge in this pipe. | CO3 5
Also determine the velocity in 15cm pipe if the average velocity in
20cm diameter pipe is 2m/s




NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS):

NARASARAOPET

DEPARTMENT OF MECHANICAL ENGINEERING

II BTECHI - SEMESTER ASSIGNMENT TEST - II, November — 2022

SUBJECT: FLUID MECHANICS AND HYDRAULIC MACHINERY

DATE: 30-11-2022

DURATION: :30 MIN MAX MARKS: 10
Course Knowledge
I%) % Questions 0:::0 Le];ﬁ:;fl,l; er Marks
(CO) Taxonomy
1A) | Derive Force Excreted by the jet on a stationary vertical plate CO4 | Analyzing (K4) 5
Find the force exerted by the jet of water of diameter 75 mm on a
B) stationary flat plate , when jet strikes the plate normally with a velocity | o4 Analyzing (K4) 5
of 20 m/sec
2A) Derive Force; Excreted by the jet on a stationary inclined flat plate CO4 Analyzing (K4) 5
A jet of water Diameter 75 mm moving with a velocity of 25 m/s
strikes a ﬁxed plate in such a way that the angle between the jet and
B) plate is 60°, iFind the force exerted by the jet on the plate (i) in the CO4 | Evaluating (K5) 3
direction norimal to the plate (ii)in the direction of the jet. )
Jet strikes ﬂ;le curved plate at one end tangentially and plate is
34A) unsymmetrical CO4 | Evaluating (K5) 5
Ajetof watex; diameter 75 mm moving with a velocity of 30m/s,strikes Evaluating (K5)
a curved ﬁxe:d plate tangentially at one end at an angle of 30°to the
B) horizontal.the jet leaves the plate at an angle of 20°to the horizontal. Cco4 5
Find the force exerted by the jet on the plate in the horizontal and
vertical direction. .
4 A) Derive Force Excreted by the jeton a inclined flat moving plate CO4 | Evalua ting (K5) 5
A 7.5 cm diameter jet having a velocity of 30 m/s strikes a flat plate, Analyzing (K4)
the normal oi' which is inclined at 45° to the axis of the jet. Find the
normal pressure on the plate.(i)when the plate is stationary,and
B) (i)when the plate is moving with a velocity of 15m/s and away from Cco4 3
the jet.Also (ietennine the power and efficiency of the jet when the
plate is moving.
54) Explain Bour%dary Layer development on flat plate Cco3 Evaluating (K5) 5
B) Explain Boundary Layer Thickness & Displacement Thickness Co3 Evaluating (K5) 5




i
NARASARAOPET ENGINEERING COLLEGE(AUTONOMOUS), NARASARAOPET

! DEPARTMENT OF MECHANICAL ENGINERRING
I B.TECH I-SEMESTER MID-II, DECEMBER-2022

SUBJECT: Fluid Mechanics & Hydraulic Machinery DATE: 20-12-2022

DURATION: 90MIN MAX MARKS: 25 M
Questions CO | Bloom’s
i Taxanomy Ma
§ rks
Derive the work done, efficiency and specifications of 2 Pelton Wheel Turbine Analyzing
with velocity triangles. CO4 (K4) 5
Draw and explain the working of Francis Turbine. Analyzing .
; CO4 | (K4) 5
Following data is given|for a Francis Turbine. Net head is 60mts,speed of shaft Analyzing
is 700rpm, shaft poweér is 294.3kw,overall efficiency is 93%,flow ratio is (K4)
0.20,breadth ratio is O;.I,outer diameter of the runner is twice the internal
diameter of the runner, thickness of vanes occupy 5% of circumferential area of
runner, velocity of flow is constant at inlet and outlet. Discharge is radial at | CO4
outlet. Determine
(1)Guide blade angle
(ii)Runner vane angles at inlet and outlet 5
(iii)Diameters of runners at inlet and outlet
(iv)Width of wheel at inlet
Derive work done and efficiencies of single stage centrifugal pump. CO4 | Analyzing
| (K4) 5
Draw and explain the wc;)rking of reciprocating pump CO4 | Analyzing 5
' K4
NARASARAOP!ET ENGINEERING COLLEGE(AUTONOMOUS), NARASARAOPET
DEPARTMENT OF MECHANICAL ENGINERRING
II B.TECH I-SEMESTER MID-II, DECEMBER-2022
SUBJECT;: Fluid Mechanics & Hydraulic Machinery ~DATE: 20-12-2022
DURATION: 90MIN MAX MARKS: 25 M
i Questions CO | Bloom’s
! Taxanomy Ma
: rks
Derive the work done, eﬁﬁciency and specifications of a Pelton Wheel Turbine Analyzing
with velocity triangles. ‘ CO4 K4) 5
i
!
Draw and explain the working of Francis Turbine. Analyzing
i Co4 | (K9 5
Following data is given for a Francis Turbine. Net head is 60mts,speed of shaft Analyzing
is 700rpm, shaft power is 294.3kw,overall efficiency is 93%,flow ratio is (K4)
0.20,breadth ratio is 0.1,outer diameter of the runner is twice the internal
diameter of the runner, thickness of vanes occupy 5% of circumferential area of
runner, velocity of ﬂowi is constant at inlet and outlet. Discharge is radial at | CO4
outlet. Determine !
(1)Guide blade angle
(ii)Runner vane angles at|inlet and outlet 5
(iif)Diameters of runners at inlet and outlet
(iv)Width of wheel at inlet
Derive work done and efficiencies of single stage centrifugal pump. CO4 | Analyzing
(K4) 5
Draw and explain the working of reciprocating pump CO4 | Analyzing 5

(K4)




%2 NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAI, ENGINEERING

II B.Teéh ISEM I - Assignment Examination Scheme

. a) Definition Fluid Properties -5M

b) Problem Solution, Fluid Properties - 5 M

. a) Derive and Explanation -5M
b) Problem Solution -5M

. a) Draw and Explain -5M

.

b) Derive and Expianation -5M

. a) Draw and Explain -5M
b) Problem Solution -5M

. a) Draw and Explain -5M

b) Draw and Explain -5M




% NARASARAOPETA
NEC ENGINEERING COLLEGE

CAUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

II B.Tech I SEM I - Mid Examination Scheme

. a) Problem Solution -5M

b) Derive and Explanation -5M e b
. a) Definitions | -5M

b) Derive and Explanation -5M

. a) Problem Solution -5M




%2 NARASARAOPE TA
NEC ENGINEERING COLLE

CAUTONOMOUS)

DEPARTMENT OF MECHANICAL EN GINEERING

I B.Tech I SEM II - Assignment Examination Scheme

. a) Derive and Explanation -5M .

b) Problem Solution -5SM
. a) Derive and Explanation -5M
b) Problem Solution -5M
. a) Derive and Explanation -5M
b) Problem Solution -5M
. a) Draw and Expla}in , -SM. .
b) Problem Solution -5M
. a) Draw and Explain -5M
b) Draw and Explain -5M



%2 NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUSN)

DEPARTMENT OF MECHANICAL ENGINEERING

II B.Tech I SEM II - Mid Examination Scheme

. a) Derive and Explanation -5M
. a) Draw and Explanation -5M
b) Problem Solution -5M
. a) Derive and Explanation sM

. b) Draw and Explanation -5M




NARI%-\SARAOPETA ENGINEERING COLLEGE: :NARASARAOPET

|

| (AUTONOMOUS )
(R20) 2021 BATCH II B.TECH I

SEMESTER FINAL INTERNAL MARKS 2022-2023

FLUID MECHANICS AND HYDRAULIC
BRANCH - ME ( MACHINERY (R20ME2102)

S.NO H.T.NO. *  STUDENT NAME Al | D1 | Q1 fcvce-2f A2 | D2 | Q2 [cvee-2| TOTAL
1 21471A8301 |ANGIREKULA VEERANJANEYULU 5 | 12 26 | 5{14[10| 29 | 29
2 21471A0302 [BATTULA YUVA RAJU 5 | 10 20 [ 5(8 |6 ]| 19 | 20
3 21471A8303 |BOMMIREDDY VENU 51139 27 | 5]12]9] 25 [ 27
4 21471A0304 |JEEDIMALLA SRI LAKSHMI NILENDRA 511|100 26 [ 59| 6 [ 20| 25
@ | 2147100305 KONATHAM VENKATA NARAYANA 4 9| 18 | s 22 | 22
6 | 21471A0306 |KUNCHALA ANKARAG 5 8| 20 [ 5 10| 23 | 23
7 21471AB307 |PATHAN RIYAZ 4 11117)] 22 | 5|10 8] 23| 23
8 21471A0309 |[SASAPU éAl SANTOSH 5 14 4 23 5 10 23 23
9 21471A0310 SOUBHAGYAPU SAI RAM A 8 le 5 6 18 18
10 | 21471A@311 |MUNAGA RAMANJANEYULU 4 5114 | s 10| 23 | 22
11 | 21471A@312 [YELCHURI HEMALATHA MEGHANA 5]15/10| 30 | 5 (15| 9| 29 [ 39
12 | 21471Ae314 |ALLAM TIRUMALA RAIU 412)10] 16 |A|lg| 7| 15 ] 16
13 | 22475A0301 [VANTAKU GANAPATHI LAKSHMI NAIDU 511410 29 | 5 [14]10| 29 [ 29
14 | 22475A0302 |SYED HUSSAIN 4|13 9] 26 |5 | 22 | 26
15 | 22475A0303 [BEHERA SANJAY KUMAR 2 11 | 5| 9| 8| 22 | 20
16 | 22475A0364 |YASAM MANIKANTA 3 8| 15 | 5 |11 10| 26 | 24
17 | 22475A0305 |MALLADI GOPI PURNA 3 10 19 | 5 |11] 10| 26 | 25
19 22475A0306 |UNGATI LOKESH 311010 23 | 513|100 28 | 27

| 19 | 2247500307 |RAMAVATH VASU DEVA NAIK 4114}l 7| 25 | 5|99l 23] 25
20 | 22475A0308 |PASALA SYAM KUMAR 4|l11)10f] 25 | 5| 8]|10] 23 | 25
21 22475A0309 |THURIMELLA VAMS! GANESH 3 10 16 5 8 21 20
22 | 22475A0310 |KUKKAMALLA KARTHIK 3 10| 21 | 4| 8|5 17 | 21
23 | 22475A@311 |VUTLA KISHORE 3 {09 21 {59 (10]| 24 | 24
24 | 22475A9312 |DHARMANA APPALA NAIDU 4 |11 23 [ 594 18 | 22
25 22475A8313 |NIKKU SURESH 5[11)10] 26 | 5 |11]10] 26 [ 26
26 | 22475A0314 |GORANTLA SIVA KOTESWARA RAO 4 9| 22 | 5 11| 9| 25 | 25
27 | 22475A0315 |POGUNOLLA KARUN KUMAR 21210/ 14 | 5|6 9] 20 [ 19
28 | 22475A0316 |VIPPARLA RAVITEJA 4 (13)10| 27 | 5]11(10] 26 | 27
29 | 22475A0317 |BANDLAMUDI NAGA RAJU 4 114]10] 28 | 5 (11| 8| 24 [ 28
30 | 22475A0318 |BOJIA SYAM BABU 3131713 |5 11|8( 24| 22




BRANCH - ME FLUID MECHANICS AND HYDRAULIC
MACHINERY(R20ME2102)

S.NO H.T.NO. STUDENT NAME Al | D1 | Q1 |cvce-1| A2 | D2 Q2 |cvcLe-2| TOTAL
31 22475A0319 |ATHULURI PURNA VENKATA RAMARAO 3810 21 |58 7] 20 21
32 22475A0320 |BATTULA LAKSHMI NARAYANA Al A A 0 AlA]| A 0 0
33 22475A0321 |GUDIKANDULA ANJANEYULU 2 18| 8| 18 | a|l9|s]| 21 21
34 22475A0322 |AYINAMPUDI KISHORE BABU 41713 14 |5 |10]| 9] 24 22
35 22475A0323 |KETHABOYINA MAHESH 3|1 819] 2 | 5|81 23 23
36 22475A0324 |SHAIK BABULAL 2 19)19] 20 [5]|11|9] 25 24
37 22475A0325 |BANDARU VENU GOPAL 41919 22 |5 |11] 7] 23 23
38 22475A0326 |YADAVALLI LOKESH 2 1718 17 [ 5| 12|10] 27 25
I | 2247500327 |cHOuDAM VENKATESH 3187 18 | 5(10]|10] 25 24
40 22475A0328 |CHATTI MURALI KRISHNA 31 7]19)] 19 (5 ]11]10] 26 25
41 22475A0329 |DARAM PRUDHVI KRISHNA 2 16|19 17 [ 5 |12| 7] 24 23
42 22475A0330 |SHAIK NAGUR BASHA 314]19)] 16 [4]|3]9] 16 16
43 22475A0331 |GOLLAPUDI SARATH KUMAR 41116 21 |4a11] 7] 22 22
44 22475A0332 |ADAKA VINOD 31 8| 4] 15 (4|11 5] 20 19
45 22475A0333 |[JANNI ARUN 317]10]| 206 | 4|12 9] 25 24
46 22475A0334 |NOWPADA MEGHANADH 2 1 8|10 20 [ 4|11 9] 24 24
47 22475A0335 |BALAGA YUGANDHAR 4191417 | 5|12] 9| 26 25
48 22475A0336 |NEYYELA KUMAR BEHERA 3166 15 | 58|10 23 22
49 22475A0337 |KUNITI PAVAN KUMAR 01 7]19) 16 |5 ]13]| 9] 27 25
50 22475A8338 |BHUKYA DIWAKAR NAIK 2 19])19] 20 [4]|11|7] 22 22
51 224750339 |VOONA NARENDRA 5|11 9] 25 [ 5]14|10] 29 29
52/ 22475A0340 |CHANDARLAPATI GANESH 3110/ 2 15 | 4 | 10| 6 | 20 19
53 22475A0341 |BALAGA MOHAN 2 1121 9] 23 [ 5 |11|10] 26 26
54 22475A0342 |BOMMALI MAHESH 41121 9| 25 | 5 10| 8| 23 25
55 22475A0343 |DUDDETI NAGA SA| 41141 9] 27 | 5 |15]|10] 30 30
56 22475A0344 |BASWA DILLESWARA RAO 2 119 | 22 | 5|14 8| 27 26
57 22475A0345 |KORRAPATI MOHAN KRISHNA 4 113]10| 27 | 5 |15| 10/ 30 30
58 22475A0346 |NAKKANABOINA NAGA SRIDHAR 4112 6| 22 | 5 14|10/ 29 28
59 22475A0347 |GONDU GANESH PAVAN 41121 9] 25 [ 5 |14]| 9| 28 28
60 22475A0348 |BASWA DILLESWARA RAO 219 8) 19 (5] 9|10] 24 23
61 22475A0349 |KORRAPATI MOHAN KRISHNA 41118 23 |5 (11| 7| 23 23

62 22475A0350 |NAKKANABOINA NAGA SRIDHAR 41919 22 |5 12| 9] 26 26
63 22475A0351 |GONDU GANESH PAVAN 4 10| 9 23 5 (11] 7 23 23
64 22475A0352 [LINGA SRINIVAS 311 9] 26 [5|12| 9] 26 26




NARASARAOPETA ENGINEERING COLLEGE: :NARASARAOPET

(AUTONOMOUS )
(R20) 2020 BATCH II B.TECH I SEMESTER FINAL INTERNAL MARKS - FEB/MARCH- 2022

BRANCH - ME-A

FLUID METHANICS AND HYDRAULIT MACHINERY

'SL.NO.| H.T.NO. STUDENT NAME Al | D1 | Q1 cchE-(12 A2 )DZ Q2 |cvcLe-2| TOTAL
1 20471A0301 |ALAVALA ADITHYA VARA PRASAD [ 5 15 5 25 4 10 2 16 24
2 | 20471A0302 |BATTULA RAJESH 5 15 4 24 4 11 7 22 | 24
3 20471A0303 |BHIMAVARAPU HEMANTH KUMAR| A A A 0 A 7 3 10 8
4 | 2047170304 |BONAM JAYA PRAKASH 5 | 14 | 3 | 22| 3 | 11 | 8 | 22 | 22
5 | 20471A0305 |[BOYAPATI PAVAN KUMAR A | 12| 2 | 14 | 3 5 4 | 12 | 14
6 | 2047120306 |DPADDANALA VEERANJIREDDY| 4 11 2 17 4 8 5 17 | 17
7 | 2047120307 |DERANGILA PARDHU GANESH| 4 | 12 9 25 5 8 8 | 21 | 25
8 20471A0308 |DOPPALAPUDI S S NAGA RAVITEJA| 4 14 8 26 5 8 7 20 25
9 | 20471A0309 |EEDARA MOHON SAI 4 | 14| 6 | 24 | 3 9 2 | 14 | 22
16| 20471A0310 |GANESH SAI PAVAN 5 | 14 | 10 | 29 | 4 | 11 | 3 | 18 | 27
11 | 29471A8311 |GANGARAPU VENKATA REDDY| 2 A A 2 A 5 A 5 5
12 | 2p471A0312 |GERA KOTESWARA RAO 5 | 14 | 3 | 22 5 14 | A | 19 | 22
13 | 294710313 |KARASALA PRASANTH 3 | 14| 2 | 19| 5 6 1 | 12 | 18
14 | 2p471A0314 |KARASANI PAVAN KUMAR REDDY| 5 15 2 22 3 10 2 15 21
15 | 2947140315 |KATTA MAHESWAR 4 | 15 | 3 | 22| 5 | 14 | 3 | 22 | 22
16 | 29471A8316 |KATUMALA PRASANTH KUMAR| A A A 0 - - - 0 0

17 | 20471A0317 [KESART DHANUNJAYA REDDY| 4 | 11 3 18 4 9 3 16 | 18

' 18 | 2p471p0318 |[KOMARAGIRI SASIKUMAR 5 | 14| 9 | 28| 4 | 14| 4 | 22| 27
19 |20471A0319 |KOMERA SIVA NAGARAJU 2 | 12| 5 | 19 | o 6 4 | 10 | 18
20 | 294710320 |KOTHA GOPI 5 | 15 | 1 | 21 5 14 | 6 | 25 | 25
21_ | 2047140321 [KUNDURTHI NAVEEN 5 | 14 | 3 22 | 4 8 3 | 15 | 21
22| 29471A0323 [MADANU JOSEPH VINAY KUMAR 4 9 9 22 5 8 6 19 22
23 | 2947170324 |MADDUMALA RAMAKRISHNA| 5 G 4 | 18 | 4 6 6 | 16 | 18
24 | 2047170325 |[MAGANTI SASI PAVAN 4 | 15| 9 | 28| 4 | 11| 3 | 18 | 26
25 2047170326 |MAKKENA SAMBASIVA RAO 5 10 9 24 5 10 5 20 24
26 | 2947170327 |[MIRIYALA SASHANK A | 14| 7 | 21| 5 | 12| 5 | 22| 22
27 | 2047170328 |NALLA ABHIRAM CHOWDARY| 5 | 12 | 5 | 22 | 5 7 2 | 14 | 22
28 | 2047120329 [NUTHAKKI RAKESH 4 | 12 | 7 23 | 4 | 10| 6 | 20 | 23
29 | 29471A8330 |ARAVAPALLI SAI SRINIVAS| 3 12 6 21 4 14 3 21 | 21
30 | 20471A0331 |PALETI JOHN HOSANNA 5 | 14| 9 | 28| 4 | 12| 3 | 18 | 26
31 | 2947120332 |PERUMAALLA SRIKANTH 5 |15 | 5 | 25 | 5 | 13 | 5 | 23 | 25
32 | 2p471A0333 |POLURI KRISHNA CHAITHANYA| 5 13 6 24 5 12 7 24 24




33 20471A0334 |PONNAGANTI CHANDU HARSHA VARDHAN 4 5 10 19 4 10 9 23 23
34 | 2p471A0336 |PATHAN MEERA VALI 4 2 4 10 0 6 2 8 10
35 | 29471A@337 [POTTIMURTHI PURNA CHANDRA RAO 5 15 10 30 5 13 10 28 30
36 | 29471A0338 |PRUDHVI DURGA BHARATH CHANDAN 5 6 5 16 5 12 3 20 20
37 | 294710339 |[RAMAVATHU BADDUNAIK 2 9 7 18 3 2 5 10 | 17
38 20471A@341 |SHAIK APPAPURAM MAHABOOB SUBHANI 5 17 3 5 3 11 16
39 | 2pa71A0342 |SHAIK ASIF A A A ) A A A 0 0
40 | 29471A0343 |SHAIK GANGARAM ABDUL RAHAMAN | 4 13 10 27 4 5 2 i1 24
41 | 294710344 |SHAIK GULLAPALLI NAGURVALI| 3 9 6 18 2 8 3 13 17
42 | 2p471A@345 [SHAIK LAL AHAMAD BASHA | 3 5 5 13 0 0 1 1 11
43 | 2947100346 |SHAIK MAHAMMAD FAREED 4 8 4 16 3 8 3 14 16
44 | 29471p0347 |SHAIK MAHAMMAD YUNUS 4 6 6 16 0 0 3 3 14
45 | 2p471n0348 |SHAIK MANISHA 5 15 9 29 5 15 8 28 29
46 | 2p471A0349 |SHAIK PARVEZ 5 9 4 18 4 9 9 22 22
_AZ 20471A0350 |SHAIK SADHIK 5 9 9 23 5 6 2 13 21
48 | 2p471A0351 |SHAIK SALMAN 4 6 3 13 4 5 4 13 13
49 | 2p471a@352 [TIPPIREDDY AMARNATHREDDY| 2 6 10 | 18 5 5 7 17 | 18
50 | 29471A0353 |VADLAVALLI GANESH 3 5 4 12 3 5 3 31 12
51 | 29471A@354 |VEERAGANDHAM VENKATA MANIKANTA | 5 15 9 29 4 14 4 22 28
52 | 20471A0356 |ADAKA GOPIRAJU 5 15 8 28 5 14 3 22 27
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[SL.NO.

H.T.NO. STUDENT NAME Al | D1 | Q1 |[cvete-rl A2 | D2 | Q2 |cveie-2|TOTAL
1 | 20471A0357 [ATCHYUTHA PAVAN KUMAR | 4 9 4 | 17 | s 8 3 | 16 | 17
2 | 20471A0358 [BALLE RAMANJANEYULU 5 9 6 | 20 | 5 9 8 | 22 | 22
3 | 2047140359 |[BANDARU SAI GANESH 4 8 8 | 20 | 4 6 1 | 11 | 19
4 | 2047170360 |BERAM NARENDRA REDDY 5 | 12| 7 | 23| 5 2 3 | 10| 21
5 20471A0361 CHEBROLU MANIKANTA SAI NITHIN 4 A A 4 5 9 5 19 16
6 | 2047120362 [CHENNAMSETTY GOPI 5 | 1| 9 | 24| 5 | 11| 8 | 24 | 24
7 | 2047120363 |GANGULA SUNNY 5 | 14| 8 | 27| 5 | 12| 4 | 20 | 26
8 | 2047120364 |GANII HANUMA KOTI GANESH| 2 9 6 | 17 | 5 8 3 | 16 | 17
9 | 29471A0365 |GANNNAVARAPU JAYA SRIKANTH| 2 9 5 16 5 2 2 9 15
12‘% 20471A0366 |GUTTIKONDA AYYAPPA REDDY| 5 | 12 | 3 | 20 | 5 | 11 | 9 | 25 | 24
11 | 294710367 |MADDINENI AJAY 5 | 12 | 6 | 23 | 5 | 13 | 10 | 28 | 27
12 | 29471A0368 |MANNEPALLI VEERA NARASIMHA | 3 4 4 11 5 6 3 14 | 14
13 | 29471A8369 [MARAGANI NAGA THIRUMALA RAO | 5 10 9 24 5 10 2 17 | 23
14 | 20471A8370 |PARELLA BALA GURAVAIAH| A 3 A 3 5 5 5 | 15 | 13
15 | 204710371 |SETLAM RANENDRA VAMSHI| 5 | 12 | 7 | 24 | 5 | 10 | 6 | 21 | 24
16 |20471A0372 |SHAIK GUTHIKONDA SALIM| 5 | 11 | 9 | 25 | 5 | 11 | 8 | 24 | 25
17 | 204710373 |SHAIK JAKIR 4 12| 9 | 25| 4 | 12| 3 | 19 | 24
18 | 204710374 |SHAIK MOHAMMAD TAHEER | 4 | 11 | 10 | 25 | 5 | 11 | 7 | 23 | 25
19 | 2p471A0375 |THOTA SRIVAMSI NADH 1 3 A 4 4 7 2 | 13 | 12
20 | 204710376 |YAKKANTI SAI KIRAN REDDY| 3 | 14 | 16 | 27 | 5 | 12 | 4 | 21 | 26
21 |21475A@301 |PALLAPOTHU SAIKIRAN YAl 5 | 15 | 18 | 30 | 5 | 14 | 10 | 29 | 30
21| 2147500302 [SYED SARDAR VALI 5 | 15 | 10 | 38 | 5 | 10 | 9 | 24 | 29
23 | 21475A0303 |DERANGULA GOPI KRISHNA| 5 | 15 | 10 | 36 | 5 | 12 | 10 | 27 | 30
24 | 21475A0304 |VADDANI RAKESH 5 | 14 | 10 | 29 | 5 | 12 | 5 | 22 | 28
25 |21475A0305 |SHAIK ADIL 5 | 15| 8 | 28 | 5 | 14 | 4 | 23 | 27
26 |21475A8306 |JANAPAREDDI PRASAD 5 | 15| 16 | 36 | 4 | 15 | 18 | 29 | 30
27 | 21475A0307 |REPALLE YASHWANTH 4 | 14 | 10 | 28 | 4 | 12 | 8 | 24 | 28
28 | 21475A0308 |RAMAVATHU PAVAN KUMAR § 4 | 14 | 10 | 28 | 5 | 12 | 9 | 26 | 28
29 |21475A0309 [NELAVALLI VIKAS 5 | 15 | 16 | 30 | 5 | 14 | 7 | 26 | 30
30 |21475A@310 [DUDDU JOSEPH 5 | 14 | 9 | 28 | 5 | 13 | 10 | 28 | 28
31 |21475A@311 [MUNIKOLA SANTHOSH KUMAH 5 9 | 106 | 24 | 4 | 11| 8 | 23 | 24
32 |21475A@312 [MORAPAKULA CHARAN TEJA| 5 | 13 | 8 | 26 | 5 | 14 | 4 | 23 | 26
33 |21475A0313 |GODA SANDEEP 4 | 11 | 9 | 24| 5 | 12| 9 | 26 | 26
34 |21475A@314 [MOGILI PRAKASH 4 | 12 | 10 | 26 | 5 9 6 | 20 | 25




47

21475A0327
21475A0328

GOLLA SUNDARA SAMRAJYA

CHATTA VENKATRAMAIAH

21475A0329

KSHATRIYA JITHENDRA STI

ANCH - ME-B FLUID MECHANICS AND HYDRAULIC MACHINERY (R20ME2102)
L.NO. H.T.NO. STUDENT NAME AI—W D1 Q1
'35 | 21475A0315 SHAIK MABU SUBHANI 4 12 9;_* 3
36 |21475A0316 DAGGUPATI VENKATA PRADH 5 15 6 26 5
37 | 21475A0317 NAGASURENDRA CHARI UPPA 5 14 8 27 5
38 | 21475A0318 NALLURI NAVEEN 5 15 10 30 5
39 | 21475A0319 ORCHU VENKATA RAVINDRA| 5 15 9 29 4
40 | 21475A0320 NELLURI YASWANTH 5 15 9 29 5
41 | 21475A0321 PENUMALA PAVAN KUMAR __ji__ 14 _ng__ 5
42 | 21475A0322 BAANANA PRADEEP KUMAR 5 15
43 |21475A0323 BOJANKI DEMUDU BABU 5 15
A4 | 21475A0324 DATTI CHANDU A
45 | 21475A0325 BORUGADDA NITHIN 5
46 \21475AOB£€1VARIKUTI KARTHIK VENKAT 4
5
B
N

48
50

21475A0330

51| 21475A0331 |REVALLA SAI

52 | 21475A0332
[ 53| 21475A0333 |GURRAM SIVA GANESH
| 5a | 21475R0334

55| 214750335 [KUPPALA SRINU

BOMMALI BALA SIVA YOGEN

BANDI SRINIVAS

EMANI LEELA SHANKAR

i
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Unit wise Sample assessment questions

COURSE OUTCOMES: Students are able to

CO1: Explain about Fluid Properties and hydrostatic forces acting on different surfaces

CO2: Apply conversation laws to fluid flow problems in engineering applications

CO3: Compute theory of Boundary layer flows, Identifies dimensionless parameters

CO4: Illustrate the force required to move the vane using by Jet

COS: Demonstrate the turbines and its functions & Operating conditions of Centrifugal and

KNOWLEDGE
SNO QUESTION CO
LEVEL
UNITI
1 | Explain the terms dynamic viscosity and kinematic viscosity. K3 CO1
|
A simple manometer is used to measure the pressure of oil (sp.gr=0.8) flowing
in pipe line. Its nght limb is open to the atmosphere and left limb is connected
2 | tothe pipe. The centre of the pipe is 9cm below the level of mercury in the right K4 CO1
limb. If the dlfference of mercury level in the two limbs is 15cm, determine the
absolute pressure of the oil in the pipe.
Explain the phenomenon of capillarity. Obtain an expression for capillary rise
3 .. K3 Co1
of a liquid.
An oil film of thickness 1.5 mm is used for lubrication between a square plate
4 of size 0.9 m x 0.9 m and an inclined plane having an angle of inclination 20° . o
The weight of the square plate is 392.4 N and it slides down the plane with a K3 co1
uniform velocity of 0.2 m/s. Find the dynamic viscosity of the oil.
UNIT 2
1 Explain the termsf: (1) Path line (ii) Streak line (iii) Stream line, (iv) Stream tube. K3 C0O2
For steady incompressible flow verify whether the following values of u and v
5 are possible: K3 coz
yu=6xy+2y?, v="Txy+5x '
iu=x2+y2, v——4xy
iii) u=-2x/ (x2 +y?), v=2y/(x%+y?).
3 | Derive the continuity equation for one dimensional flow K4 Cc02
UNIT 3
1 Explain the development of boundary layer formation over a flat plate. K3 CcO3
Find the dlsplacement thickness, the momentum thickness and energy thickness
2 | for the velocity dlsmbutlon in the boundary layer given by (u/U)= 2(y/8) — (y/ K3 COo3
8)% '
3 | What do you unclierstand by Boundary Layer ? Explain the development of K3 CO3




Boundary layer over a flat plate.

Discuss displacement thickness, energy thickness and momentum thickness

K3 CO3
UNIT 4
Show that the efficiency of a free jet striking normally on a series of flat plates K3 | co4
mounted on the peiriphery of a wheel can never exceed 50%.
Derive the Equation for impact of jet striking a curved plate when the plate is moving K3 CO4
in the direction ofjthe jet?
Differentiate-between Francis turbine and Kaplan turbine. K3 CO4
Classify the different types of turbines? K2 | COo4
Explain the function of various main components of Pelton Turbine with neat sketches. K3
- UNIT 5
What is meant by NPSH (Net Positive Suction Head) ? K3 CO5
Explain about main parts of a centrifugal pump. K3 COs5
A centrifugal pump works against a head of 30 m and discharges 0.25 m3/s while
running at 1000 rpm. The velocity of flow at the outlet is 3 m/s and the vane angle at K4 CcO5
outlet is 300. Determine the diameter and width of impeller at outlet if the hydraulic ‘
efficiency is 80 peli' cent.
K3 | CO5

Draw and discuss ﬁhe operating characteristics of a centrifugal pump

Y
i

P
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Time: 3 hours

Model Question Paper
Code:|l B.Tech Il Semester Regular Examinations

Month/Year: OCTOBER/2021 J

Sub Code: R2Z0ME2103%-
SUBJECT NAME: FLUID MECHANICS AND HYDRAULIC MACHINES
: (ME)

| MODEL PAPER

Note: Answer All FIVE Questions.
All Questions Carry Equal Marks (5 X 14 = 71M)

Max. Marks: 70

Time: 3 Hrs

i
1

Note: 1.Answer FIVE Questions, choice from each unit.

1
i
|
i
1

i Execution Plan

|

‘ Max. Marks: 70

Sl No : Activities Time (Minutes)
___To study the Question Paper and choose to attempt 5
| 33 Minutes x 5 Questions 165
Quick revision & Winding up 10
Total 180

Answer any FIVE Questions

Q.No.

. ~ Questions

Marks

Unit-1

A simplejmanometer is used to measure the pressure of oil (sp-gr=0.8) flowing in
pipe line.!Its right limb is open to the atmosphere and left limb is connected to the
pipe. The; centre of the pipe is 9cm below the level of mercury in the right limb. If
the difference of mercury level in the two limbs is 15cm, determine the absolute

pressure 6f the oil in the pipe.

[14M]

t OR

- velocity of 0.2 m/s. Find the dynamic viscosity of the oil.

An oil ﬁlr:n of thickness 1.5 mm is used for lubrication between a square plate of
size. 0.9 m x 0.9 m and an inclined plane having an angle of inclination 20° . The
weight ofithe square plate is 392.4 N and it slides down the plane with a uniform

[14M]




Unit-IT

Explain the terms: (i) Path line (ii) Streak line (iii) Stream line, (iv) Stream tube

at 1000 I‘pl'l'll. The velocity of flow at the outlet is 3 m/s and the vane angle at outlet is 300.

cent.

Determine the diameter and width of impeller at outlet if the hydraulic efficiency is 80 per |

[14M]
l OR
Derive the continuity equation for one dimensional flow
[14M]
Unit-1I1
Explain the development of boundary layer formation over a flat plate. [7M] |
Discuss displacement thickness, energy thickness and momentum thickness [7M]
OR
What do you understand by Boundary Layer ? Explain the development of [14M]
Boundary layer over a flat plate.
Unit-IV
|
Show that the efficiency of a free jet striking normally on a series of flat plates mounted on [7™M]
the periphéry of a wheel can never exceed 50%.
Derive the'Equation for impact of jet striking a curved plate when the plate is moving in the [7M]
direction of the jet?
| OR
Explain the function of various main components of Pelton Turbine with neat sketches.
[14M]
Unit-V
What is meant by NPSH (Net Positive Suction Head) ? [7M]
Explain about main parts of a centrifugal pump. [7TM]
OR
i
A centrifugal pump works against a head of 30 m and discharges 0.25 m3/s while running [7M]

Draw and discuss the operating characteristics of a centrifugal pump

{
I

[7M]

At ettt et
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II B.Tech. - I Semester Regular Examinations, February-2022

FLUID MECHANIGS AND HYDRAULIC MACHINERY
{ME) -

Note: Answer Al FIVE Questions.
All Questions Carmry Equal Marks {5 X 14 =70M)

Max, Marks: 70

QNo

Questions

KL

co

Marks

Unit-I

i) Differentiate between:
A) Absalute pressure and gauge pressure

B) Piezometer and simple manometer '

™

ii) The right limb of a simple U — tube manometer containing mercury is open
to the atmosphere, while the Jeft limb is connected to a pipe in which a fluid
of sp.gr.0.9 is flowing, The centre of pipe is 12cm below the leve] of mercury
in the right limb. Estimate the pressute of flnid in the pipe, if the difference of
mercury level in the two limbs is 20 om,

OR

i) Compare the I:’ascalis law and the Hydrostatic JTaw?

K4

ii) Define viscosity. A plate having an area of 0.7 n2 is sliding down the
inclined plane at 45° to the horizontal with a velocity of 0.45 m/s, there is a
cushion of fluid 2 mm thick between the plane and the plate, Find the
viscosity of the fluid if the weight of the plate is 300N,

3M

Unit-II

i) Define and distinguish between;
A) (D) uniform flow and non- uniform flow (IT) laminar and turbulent flow
B) stream lines, path lines, streak Tines and stream tube

ii) State the momentum equation. How will you apply momentum equation

K4

for determining the force exerted by a floating liquidon a pipe bend?
' OR

Derive Euler’s Eﬁuaﬁon of Motion? How will you obtain Bermoulii's
equation from 1t?

K4

14M

T R

i} Two water caxryiné 4circular pipes are connected in parallel, The length L,
diameter d,, and ftiction factor f, for the first pipe are 200m, 0.5m and 0.025m
respectively, while L,=100m, d:=1.0m and £;=0.02. What is the velocity ratio
VoV,

™

if) What is a Venturimeter? Derive an expression for the discharge through a
Vcntuﬁmetaj.

K4

7™

OR

i) Explain the procedure for solving problem by buckingham’s 77 theorm

14M

Unit-IV

i) By means of a néat sketch, explain the governing mechanism of Francis
Turbine, :

™

| .

ii) A Pelton wheel has a mean bucket speed of 10 rheters per second with a jet
of water flowing |at the rate of 700 litres/s under a head of 30 meters. The
buckets deflect the jet through an angle of 160°, Calculate the power given




"

v
X

by water to the runner and hydraulic efficiency of the turbine. Assume co-
efficient of velocity as 0.98,

OR

i) Differentiate between Francis turbine and Kaplan turbine,

7™

i) A Nozzle of 50mm diameter delivers a stream of water at 20m/s
perpendicular to a plate that moves away from the jet at 5m/s. Find the force
on the plate, the work don and the efficiency of jet.

7™

Unit-v

i) Draw and disc?uss the characteristic curves of centrifugal pump,

™

ii} A centrifugal pump having outer diameter equal to two times the inner
diameter and roaning at 1000rpm works against total head of 40m. The
velocity of flow through the impeller is constant and equal o 2.5m/s. the
vanes are set|back at an angle of 40° at ontlet. If the outer diameter of the
impeller is 500mm and width at outlet is 50mm, Calcnlate (i)Vane angle at
Inlet (if) Work done by impeller on water per second and (i) Manometric

efticiency

™

OR

DDefine the centrifugal pump, Explain the working of a single stage
centrifugal pump|with a neat sketch

K2

14M

|

-

-




? Subject Code: R2OME2102 o
| 11 B.Tech. - | Semester Regular & Supple Examinations, December-2022
PLUID MECHANICS AND HYDRAULIC MACHINERY

(ME)
Max, Marks: 70

Time: 3 kours
/o i

t

: ’Q.Nﬁ B /./

{7 13), Define the following fluid properties
|  a) Welght density
b} Density
¢) Specific gravity
4} Specific volume
¢} Surface tension
31 1) Capillariy
g) Compressibility
ii). An oil of viscosity 5 poise is used for lubrication between a shaft and
sleeve. The diameter of the shaft is 0.5 m and it rotates at 200 Fpm. I ks 101 |7™
Calculate the power lostin oil for a sleeve length of 100 mm. The| .

e Cebom Th 22Cn

y flow:and tn-sieady i

uilform and non-uniform flow,

ﬁn — ,,,,, "

v Ealers Bquaon of Monon? How Wil you gbiain Bemoull’s |




Unium

). Explain the ﬁewlupmem of bount ary hytzr I‘ormaiitm ovaz?ﬁ fh ptaxe, K3 (03 ?1\

103 |7

x) Shaw :ba: xhe fcrce exérted by a je: x:f water on-an. mc‘lmed'hxed plate

“in the direction-of the jevis gwea by,
Fi= paV? sin* 8

| where a = Area of jet, V= Veluaty of the j Jet, and @'=Inclination of:the.

plate wx!h :he 3et.

deﬂeet ﬂze ]EI xhrough an angie af. 160°. Calculate the pawer given by
water 1o, the numner and the hydrauhc efficiency of the wurbine: Assume

ceefﬁcxent of velumty 45098,
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Course Name: FLUID MECHANICS AND

\ 3
Course Sode. C212 HYDRAULIC MACHINERY Year/Sem: II/1
External Exam
P2 28 2
= : b 1 ax
:'No
o 13!
1 7 7 717
2 717 717 34 2
3 313 213 3 4
4 2] 3
5 4|2 2|3 4
6 3] 5[5 6| 4 3
7 3 (.3 22132 4 4] 4
8 33 43 33 4 2
9 3013 51212 3 4|4
16 32 33 33 3 3
11 2|4 512 43 3 3
12 506 4|4 32 5 2
13 22 34 3] 4 3213
14 717 41 4 3132 516
15 1373 6 444 4|4
16 4 (3 2|1 3] 4 2 3
17 2|2 6 2|3 3 4
18 3]3 421214 4 515
19 302 34 33 4 5
20 44 33 4403 6|6
21 33 505 -6 1.4 4 3]5
22 3[4 3|4 4] 2 3 4
23 22 3 273 4 2|2
24 23 a1 3] 2 3 3]3
25 HEE 413274 4 5
2669 2712 4 33 32
27 717 6|6 505 5] 4
28 ' 514 313 4| 2 4 2
29 6|7]3]4 412 4 5]5
30 2] 2 5]5 32 5 4
31 4|4 5] 4 4|1 4 6|5
32 415 5 5 3 6
33 .
34 3173 412 32 2 413
35 66 717 6|5 6 3
36 4|3 5] 4 413 4 3] 3
37 5115 4| 4 6 (5 3 6|6
38 415 41271 5 5 6
39 4|14 3 (3 3(2 5 6|5
40 5105 4|4 54 6 615




v

42 | - 313 414 515 6 | 4 416
43 ] 414 514 6|6 414 313
44 «5 |5 5015/ 6|5 4| 4 5|5
45 6| 6 6|5 41.5 514 516
46 | 6|4 416 6|5 S[S)5(5
47 313 413 2] 4 416 616
48 415 6 5 415 6|5
49 5|5 515 615 414 5|5
50 313 414 S5 6| 4 416
51 716 6|5 415 S| 4 S| 6
52 5|5 S| 5 6|5 4|4 S |35
53 313 413 214 46 6|6
54 1[2 515 5 415 414
55 415 414 65 314 6|6
56 6|6 6|5 415 5] 4 516
57 6 413 2|4 416 6|6
58 4 313 5 412 2|2

Rubrics: _ ,
If SO& of the students crossed 50% of the marks: Attainment Level 1
If 60% of the students crossed 50% of the marks: Attainment Level 2
If 70% of the students crossed 50% of the marks: Attainment Level 3

1. Enter the question wise marks.

2. Identify the CO of each question.

3. Calculate the maximum marks of each CO.

4. Calculate the CO wise marks obtained by each student.

S. Calculate 50% of maximum marks of each CO.

6. Find number of students crossed 50% of maximum marks for each CO.

7. Find percentage of students crossed 50% of maximum marks for each CO.
8. Find the attainment level of each CO as per the above Rubrics.



Course Name: FLUID MECHANICS AND HYDRAULIC ¢
Course Code: C212 MACHINERY Year/Sem: II/1
Internal Examination Assessment
[.Test { ~ Midll 'Quiz . M2 U p T co | co:| co co €O
$.No RolL. No }.a lb 2.4 :%.b 3.a _ 1@3 2.a4|2:bj3.a|3.b . Max. Maxs Max; VMax. Ma*‘f_a
N COos | I |I|m|o|o| 1 m{IviIv|v|v| ~ |Marks | Marks | Marks | Marks | Marks.
' IXI%" lsltsils]5]5(.5|10]5}5]5)5/|5)-5-] 10 [-25-|- 20| 35-f25--] 20
Marks o ]
1 | 21471n0301 515135251 9(4|l5]|5[5]4] 5 10 24 17 30 25 19
2 21471A0302 3 1313|3141 5 51414 4 5 6 16 11 24 15 | " 10
. 3. | 21471A0303 5 1514(4]13] 5 9]3]3|5]3]3] 5. 9 24 | 17 29 | 22 | 15
4 21471A0304 5131244 5 |10[3]5}2(3]2] 5 6 23 16 | 28 18 11
5 21471A0305 1|22 2]0] 4 9 |213[4[1]3] 5 9 16 13 | 25 21 13
6 21471A0306 1{2(5]3]0] 5 8 13{4|3]0]3] 5 10 16 16 | 26 22 13
7 21471A0307 5(5]14lalal a7 [5[4]3 4| s 8 21 15 29 20 12
8 21471A0309 51514f5{3[s5|4s5[2[s5]1]0] 5 10 19 13 27 22 11
9 21471A0310 2(3[2]5]0 8 |5 41 2 5 6 13 15 24 15 8
10 | 21471A0311 31|22 45 [3]4]1]4 5 1 10 12 8 25 20 14
_ 11 | 21471A0312 5151505151 5 J10fls5]s5[s5[5[5] 5 9 25 20 34 [ 24 | 19
127 | 21471A0314 2 1R 4 101534 1 o7 16 10 | 22 14 .| 8
13 | 22475A0301 515151413 5 [1w]|s5]s5[2]5]5] 5 10 25 19 33 22 20
14 | 22475A0302 51515[3]|3]| 4 9 |5 11313 5 9 23 17 31 15 15,
15 | 22475A0303 515443 2| 4|44 3141 5 8 16 12 | 24 | 17 | 15
16 | 22475A0304 513124141 3 8 {51543 ]1] 5 10 19 | 14 | 32 | 24 14
17 22475A0305 5(13[210 3 100|415 5141 5 10 21 12 29 20 19
18 | 22475A0306 513|4[4fof 3 [10|3|[5][3]5]|5] 5 10 21 18 28 | 23 20
19 | 22475A0307 51413|5]|5]| 4 71515 41 5 9 | 20 15 | 31 | 19 13
20 | 22475A0308 4 1543 4 J10]3[3]3 31 5 10 19 19 31 | 21 13
21 | 22475A0309 5 3 |10]5]3 51 5 8 18 10 28 16 13
22 | 22475A0310 215 5 3 1] 2]3]1]4([3] 4 5 20 15 21 13 12
23 | 22475A0311 5131 3 9 [3]2]3|3]3] 5 10 20 10 | 32 20 | 16
24 | 22475A0312 5(s5s{1]1] 41 8 314143 5 4 [ 22 | 14 | 18 | 16 11
25 22475A0313 51515 5 110515 ‘1315 5 10 | 25 15 32 20 | .18
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26 | 22475A0314 4 1414 31 419514 415 5 9 21 13 31 18 18 ¢
27 22475A0315 2 1] 2 |1014]2 212( 5 9 14 11 28 16 | 13
28 | 22475A0316 515(2[5]14] 4 10424 5141 5 10 24 17 | 33 19 | 19
29 | 22475A0317 515151314 4 [10[3]4]24 41 5 8 24 | 18 30 | 21 | 12
30 | 22475A0318 211 2| 3 71513 4151 5 8 12 8 | 27 | 16 | 17
31 | 22475A0319 4 1412 33 (10]3[3[1]213] 5 7 21 12 28 16 12
32 | 22475A0321 51251 2 | 8|5]3[3]3 4 8 17 | 14 25 18 11
33 | 22475A0322 4 |2 411 4| 354|314 5 9 13 | 7 | 23 21 13
34 | 22475A0323 2154 2| 3 9 [5]2]5 5 10 |_19 | 13 31 22..| 10
"~ 35 | 22475A0324 | 2 (3314221951315 41 5 9 16 16 30 22 13
36 | 22475A0325 S5 5 4 9 | 5315 41 5 7 23 14 26 20 11
37 | 22475A0326 51311 21 2 | 8445331 5 10 18 9 29 24 16
38 22475A0327 4 131212121 3 71514 12151 5 10 17 11 | 29 19 17
39 | 22475A0328 4112 41 3 9 [ 5] 4 415 5 10 17 11 33 19 19
40 | 22475A0329 2 (42210l 21945 5151 5 7 17 13 35 17 17
41 | 22475A0330 312 1| 3 6 4| 4 9 12 8 20 | 13 13
42 | 22475A0331 4 134143 481415 415 4 7 19 16 26 16 16
43 | 22475A0332 513 513143423 ]5] 4 5 15 4 21 15 13
44 | 22475A0333 31414 3 J10|5]5(1]4fa] 4 9 20 14 28 19 17
45 | 22475A0334 20532 2 10|55 $3]5]] 4 9 19 15 28 [ 18 17
46 | 22475A0335 3.l 413 41 4 1 4 |25tal.s5]3] 5 9 15 | 7 |- 24.| 23 17
47 22475A0336 3115 1] 3 6 | 3 15 51 5 10 | 13 11 | 25 20 15
48 | 22475A0337 5014711 21 095524571 5 9 18 10 30 21 18
49 | 22475A0338 51511 3| 2 9.[51]5 2151 4 7 21- | 10 28 16 14
50 | 22475A0339 5151414 5 915|554 a] 5 10 | 24 17. | 29 | 25 18
51 | 22475A0340 5 (4 41313 | 214]4a]34 41 4 6 14 6 19 18 10
52 | 22475A0341 515 a5 219 4]s 5141 5 10 21 13 | 33 20 19
53 | 22475A0342 515 415 4|9 4]4 4|4l 5 8 | 23 13 | 31 17 | 16
54 | 22475A0343 51514145 4 ]95]5(5[515][ 5 10 23 17 34 | 25 [ 20
55 | 22475A0344 S1513013120 2195|2155 ]5] s 8 | 21 15 29 [ 20 18
56 | 22475A0345 4 (4[5[4]4] 4 J10]5]5]a]5[5] 5 10 22 19 | 34 24 20 .
57 | 22475A0346 4 1513414 416 |4a|l5][51a[5] 5 10 19 | 13 | 29 | 25 19
58 | 22475A0347 5(4)14fal21 49545145/ 5 9 22 17 30 [ 23 18
59 | 22475A0348 5155 2 8 |43 3141 5 10 20 | 13 27 | 18 | . 17
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Rubrics: ' o

If 50% of the students crossed 50% of the marks: Attainment Level 1
If 60% of the students crossed 50% of the marks: Attainment Level 2
If 70% of the students crossed 50% of the marks: Attainment Level 3

1. Enter the question wise marks for mid examinations, assignments & quiz.

2. Ideitify the CO of each question.

3. Calculate the maximum marks of each CO based mid exams, assignments and quiz.
4. Calculate the CO wise marks obtained by each student.

S. Calculate 50% of maximum marks of each CO.

6. Find number of students crossed 50% of maximum marks for each CO.

7. Find percentage of st1ildents crossed 50% of maximum marks for each CO.

8. Find the attainment Jevel of each CO as per the above Rubrics.
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- Course Name: FLUID MECHANICS AND
Course Code: C212 Year/Sem: II/1
HYDRAULIC MACHINERY
. CO Attainment ‘- ,
! k | Total CO Attainment
. . < . %“ ‘Direct:Cb ‘ . . Le‘;'elw .
CO Attainment | CO Attainment | ¥ . < | Indirect CO |(Direct CO-Attainment
] , Attainment Level . -
CcO Level P Level ) (fn ternal * 3 00/ y Attainment |- * 90%
; (Internal) © [ (External) N e Level +
‘ w" o ey Indirect CO
: ) * 709, A e .
| ,. (External * 70%) Attainment * 10%)
: — :
3 § 1 : 1.60 - 2.56 1.70
30 2 230 | 260 | 2.33
3 | T o0 | 263 170
H ) B K i3 ::;(
. 3 2 e 2.30 % 2.67 2.34
.3 o2 CY 230 . B 2.57 2:33
I C214 2.08
T Rl . - fory 5

previous 5
sheets and then find the Direct CO Attainment Level.
2. Find Direct CO attainment level using the formula:
CO Attainment Level (Interhal) *30% + CO Attainment Level (External) * 70%
3. Copy Indirect CO Attainment Level.
4. Find the CO attainment level using the formula:
Direct CO Attainment Level *90% + Indirect CO Attainment Level * 10%

1. Copy the Direct CO Attainment Level (Internal) and Direct CO Attainment Level (External) from the
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“Course Code: C212 Course Name: FLUID MECHANICS AND HYDRAULIC

MACHINERY . Year/Sem: II/1
CO-PO & CO-PSO Mapping
POs & PSOs
PO4 | PO5 | PO6 | PO7 | POS PO9 | PO10| PO11( PO12 | PSO1 PS0O2| PSO3

Total CO Attainment through Direct & Indirect Assessment

CO Attainment B TS 208 ¥ o ow &
PO & PSO Attainment
PO5 PO6 PO7 PO8 :

z.so e st et vt e e e
208 2,08

g
o
o

Attainment Level
g &

o
o
Q

[=4
=
o

po1 PO2 PO3 PO4 PO5

POB PO7 Po8 PO9 PO10 PO11 PO12 PsO1 PsO2

POs & PSOs

PS03

matrix from previous pages and find PO attainment.

6 PO attainment is calculated as per the following formula:

POi * Total CO attainment Level / 3

1. Copy CO - PSO matrix and CO attainment mat
2. PSO attainment is calculated as per the followi

where 'i' ranges from 1 to 12

rix from previous pages and find PSO attainment.
ng formula:

PSOi * Total CO attainment Level / 3 where 'i' ranges from 1 to 3




