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To mould true citizens who are millennium leaders and catalysts of change through excellence in
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MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research
in Engineering and Frontier Technology and to impart quality education to mould technically
competent citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to
imbibe discipline, culture and spiritually, and to mould them in to technological giants,

dedicated research scientists and intellectual leaders of the country who can spread the beams
of light and happiness among the poor and the underprivileged.
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¢ Approved by AICTE New Delhi and Accredited by NAAC
4 Affiliated to the University of Dr. A P J Abdul Kalam Technological University.
DEPARTMENT VISION

Producing internationally competitive Mechanical Engineers with social responsibility &
sustainable employability through viable strategies as well as competent exposure oriented

quality education.

DEPARTMENT MISSION

1. Imparting high impact education by providing conductive teaching learning
environment.

2. Fostering effective modes of continuous learning process with moral & ethical values.

3. Enhancing leadership qualities with social commitment, professional attitude, unity,
team spirit & communication skill.

4. Introducing the present scenario in research & development through collaborative
efforts blended with industry & institution.

PROGRAMME EDUCATIONAL OBJECTIVES

PEO1: Graduates shall have strong practical & technical exposures in the field of Mechanical
Engineering & will contribute to the society through innovation & enterprise.

PEO2: Graduates will have the demonstrated ability to analyze, formulate & solve design
engineering / thermal engineering / materials & manufacturing / design issues & real life
problems.

PEO3: Graduates will be capable of pursuing Mechanical Engineering profession with good
communication skills, leadership qualities, team spirit & communication skills.

PEO4: Graduates will sustain an appetite for continuous learning by pursuing higher
education & research in the allied areas of technology.

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
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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 practice.

9. Individual and teamwork: 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.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1: Students able to apply principles of engineering, basic sciences & analytics
including multi variant calculus & higher order partial differential equations..

PSO2: Students able to perform modeling, analyzing, designing & simulating physical
systems, components & processes.

PSO3: Students able to work professionally on mechanical systems, thermal systems &
production systems
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Course No. Course Name L-T-P-Credits Year of Introduction
ME206 FLUID MACHINERY 2-1-0-3 2016
Prerequisite: ME203 Mechanics of Fluids
Course Objectives:

1. To acquire knowledge on hydraulic machines such as pumps and turbines
2. To understand the working of air compressors and do the analysis

Syllabus

Impact of jets, Hydraulic Turbines, Rotary motion of liquids, Rotodynamic pumps, Positive
displacement pumps, , Compressors

Expected outcome: At the end of the course the students will be able to
1. Discuss the characteristics of centrifugal pump and reciprocating pumps
2. Calculate forces and work done by a jet on fixed or moving plate and curved plates
3. Know the working of turbines and select the type of turbine for an application.
4. Do the analysis of air compressors and select the suitable one for a specific application

Text Books:
1. Som, Introduction to Fluid Mechanics and Fluid Machines ,McGraw Hill Education India 2011
2. Bansal R. K., A Textbook of Fluid Mechanics and Hydraulic Machines, Laxmi
Publications,2005.

Reference Books:

Cengel Y. A. and J. M. Cimbala, Fluid Mechanics, Tata McGraw Hill, 2013

Yahya S. M, Fans, Blower and Compressor, Tata McGraw Hill, 2005.

Shepherd D. G, Principles of Turbo Machinery, Macmillan, 1969.

Stepanoff A. J, Centrifugal and Axial Flow Pumps, John Wiley & Sons, 1991.

Rajput R. K, Fluid Mechanics and Hydraulic Machines, S. Chand & Co.,2006.
Subramanya, Fluid mechanics and hydraulic machines, le McGraw Hill Education

India,2010
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Course Plan

Sem.
Module Contents Hours Exam
Marks

Impact of jets: Introduction to hydrodynamic thrust of jet on a fixed and|
moving surface (flatand curve),— Series of vanes - work done and
efficiency

Hydraulic Turbines : Impulse and Reaction Turbines — Degree of|
| reaction — Pelton Wheel — Constructional features - Velocity triangles 7 15%
— Euler’s equation — Speed ratio, jet ratio and work done , losses and
efficiencies, design of Pelton wheel — Inward and outward flow|
reaction turbines- Francis Turbine — Constructional features — Velocity
triangles, work done and efficiencies.

Axial flow turbine (Kaplan) Constructional features — Velocity|
triangles- work done and efficiencies — Characteristic curves of
I turbines — theory of draft tubes — surge tanks — Cavitation in turbines —
Governing of turbines — Specific speed of turbine , Type Number-{ 7 15%
Characteristic curves, scale Laws — Unit speed — Unit discharge and|
unit power.

FIRST INTERNAL EXAM

Rotary motion of liquids — free, forced and spiral vortex flows
Rotodynamic pumps- centrifugal pump impeller types,-velocity|
triangles-manometric head- work, efficiency and losses, H-Q
characteristic, typical flow system characteristics, operating point of a| 7
1 pump. Cavitation in centrifugal pumps- NPSH required and available-
Type number-Pumps in series and parallel operations. Performance
characteristics- Specific speed-Shape numbers — Impeller shapes based|
on shape numbers.

15%

Positive displacement pumps- reciprocating pump — Single acting and
double acting- slip, negative slip and work required and efficiency-
indicator diagram- acceleration head - effect of acceleration and
friction on indicator diagram — speed calculation- Air vessels and theiy 5
IV purposes, saving in work done to air vessels multi cylinder pumps. 15%
Multistage pumps-selection of pumps-pumping devices-hydraulic ram,|
Accumulator, Intensifier, Jet pumps, gear pumps, vane pump and lobe
pump.

SECOND INTERNAL EXAM

Compressors:  classification of compressors, reciprocating]
compressor-single stage compressor, equation for work with and| 7
without clearance volume, efficiencies, multistage compressor,
intercooler, free air delivered (FAD)

Centrifugal compressor-working, velocity diagram, work done, power|
required, width of blades of impeller and diffuser, isentropic
efficiency, slip factor and pressure coefficient, surging and chocking. 7
Axial flow compressors:- working, velocity diagram, degree of|

reaction, performance. Roots blower, vane compressor, screw|
Department of Meat@mipat$sogg.,NCERC
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Question Paper Pattern
Total marks: 100, Time: 3 hrs

The question paper should consist of three parts
Part A

4 questions uniformly covering modules I and II. Each question carries 10 marks
Students will have to answer any three questions out of 4 (3X10 marks =30 marks)

Part B

4 questions uniformly covering modules III and IV. Each question carries 10 marks
Students will have to answer any three questions out of 4 (3X10 marks =30 marks)

Part C
6 questions uniformly covering modules V and VI. Each question carries 10 marks
Students will have to answer any four questions out of 6 (4X10 marks =40 marks)

Note: In all parts, each question can have a maximum of four sub questions, if needed.
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Course Outcome

CO No. Course Outcome

C206.1 |Analyze the impact of jets, impulse turbines and radial flow reaction turbines

C206.2 |Analyze the axial flow turbine and characteristics of turbines

C206.3 Analyze the principle of operation, and performance characteristics of Centrifugal
"~ |pumps.

Analyze the working principles and performance of reciprocating pumps and summarize

C206.4
the various hydraulic devices

C206.5 |Analyze the working principles and performance of reciprocating compressors

C206.6 Analyze the working principles and performance of centrifugal and axial flow
" |compressors

CO-PO-PSO Mapping

CO Vs PO
ME206
COUR

SE PO1 | PO1 | PO1 | PSO | PSO | PSO
COUT PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | POS | PO9Y 0 1 2 1 2 3
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QUESTION BANK
MODULE 1
SL NO QUESTIONS CO KL
1 Give example for a low head, medium head and high head COl K2
turbine.
2 What is impulse turbine? Give example CoOl1 K2
3 What is reaction turbine? Give example COl1 K2
At a location for a hydroelectric plant, the head available (net)
was 335 m. The power availability with an overall efficiency
4 of 86% was 15500 kW. The unit is proposed to run at 500 rpm. CO1 K4

Assume Cv = 0.98, ¢ = 0.46, Blade velocity coefficient is 0.9.
If the bucket outlet angle proposed is 165° check for the
validity of the assumed efficiency.

The jet velocity in a pelton turbine is 65 m/s. The peripheral
velocity of the runner is 25 m/s. The jet is deflected by 160° by
5 the bucket. Determine the power developed and hydraulic | CO1 K4
efficiency of the turbine for a flow rate of 0.9 m3 /s. The blade
friction coefficient is 0.9

A Francis turbine works under a head of 120 m. The outer
diameter and width are 2 m and 0.16 m. The inner diameter
and width are 1.2 m and 0.27 m. The flow velocity at inlet is
8.1 m/s. The whirl velocity at outlet is zero. The outlet blade
angle is 16°. Assume nyg = 90%. Determine, power, speed and
blade angle at inlet and guide blade angle

In an inward flow reaction turbine the working head is 10 m.
The guide vane outlet angle is 20°. The blade inlet angle is
7 120°. Determine the hydraulic efficiency assuming zero whirl | CO1 K4
at exit and constant flow velocity. Assume no losses other than
at exit

8 Define hydraulic efficiency COl1

9 Define mechanical efficiency COl1

COl1 K4

S|B|6

10 Define volumetric efficiency COl1

MODULE 2
SL NO QUESTIONS Co KL
A Kaplan turbine delivers 30 MW and runs at 175 rpm.
Overall efficiency is 85% and hydraulic efficiency is 91%. The
1 tip diameter 5 m and the hub diameter is 2 m. determine the | CO?2 K4
head and the blade angles at the mid radius. The flow rate is
140 m3 /s.
A Kaplan turbine delivers 10 MW under a head of 25 m. The
2 hub and tip diameters are 1.2 m and 3 m. Hydraulic and overall | CQO2 K4
efficiencies are 0.90 and 0.85. If both velocity triangles are
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right angled triangles, determine the speed, guide blade outlet
angle and blade outlet angle.

3 What is draft tube, Describe with neat sketches two different CO2 K4
types of drat tubes.

4 Define specific speed of a turbine CcOo2 K2

5 D'er1.V§ an expression for specific speed, what is the CO2 K4
significance of specific speed.

6 Wh.':}t are unit quantities, Define the unit quantities for a CO2 K2
turbine

7 Obtain an expression for unit speed, unit discharge, and unit CO2 K4
power for a turbine.

3 What do you understand by characteristics curves of a turbine, CO? K3
Name the important types.
Define the term governing of a turbine. Describe with neat

9 . ; CO2 K4
sketch the working of an oil pressure governor.

10 Explain the difference between Kaplan and Propeller turbines. CcO2 K3

MODULE 3
SL NO QUESTIONS Co KL

Define a centrifugal pump; explain the working of a single

1 : : CO3 K2
stage centrifugal pump with sketches.

) leferent.late between the volute casing and vortex casing for CO3 K4
the centrifugal pump.
Obtain an expression for the work done by impeller of a

3 ; o CO3 K4
centrifugal pump on water per unit weight of water

4 Define thg terms- suction head, delivery head, static head and CO3 K2
monometric head

5 Deﬁr_w the terms- mapometnc efficiency, mechanical CO3 K2
efficiency and overall efficiency.

6 Define . specific speed of a centrifugal pump, derive an CO3 K4
expression for the same.

7 What do you understand by characteristic curve of a pump? CO3 K3
What is the significance of these curves?
A centrifugal pump running at 900 rpm has an impeller
diameter of 500 mm and eye diameter of 200 mm. The blade
angle at outlet is 35° with the tangent. Determine assuming

8 zero whirl at inlet, the inlet blade angle. Also calculate the | CO3 K4
absolute velocity at outlet and its angle with the tangent. The
flow velocity is constant at 3 m/s. Also calculate the
manometric head.

9 What is meant by Priming? CO3 K2

10 The dimensionless specific speed of a centrifugal pump is | CQ3 K4
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0.06. Static head is 30 m. Flow rate is 50 1/s. The suction and
delivery pipes are each of 15 cm diameter. The friction factor
i1s 0.02. Total length is 55 m other losses equal 4 times the
velocity head in the pipe. The vanes are forward curved at
120°. The width is one tenth of the diameter. There is a 6%
reduction in flow area due to the blade thickness. The
manometric efficiency is 80%. Determine the impeller
diameter.

MODULE 4
SL NO QUESTIONS Co KL
What is a reciprocating pump? Describe the principle and CO4 K3
working of a reciprocating pump with a neat sketch.
Define slip, percentage of slip and negative slip of a CO4
reciprocating pump.
Define indicator diagram, how will you prove that the area of
3 indicator diagram is proportional to the work done by the | CO4 K4
reciprocating pump.
Draw an indicator diagram; consider the effect of acceleration
and friction in suction and delivery pipes. Find an expression
for the work done / sec in case of single acting reciprocating
pump.
What is an air vessel; describe the function of the air vessel for
reciprocating pumps.
Show from first principle that the work saved against friction
in the delivery pipe of a single acting reciprocating pump by CO4
fitting an air vessel is 84.8% while for a double acting
reciprocating pump the work saved is only 39.2%.
What is hydraulic accumulator; explain its principle and CO4
working
8 Explain the working of hydraulic intensifier with neat sketches CO4

CO4 K4

CO4 K2

K3

3

3

Explain the working of the following devices in detail, Jet

CO4
pump, Lobe pump, Vane pump and screw pump.
A single acting reciprocating pump, running at 60 rpm delivers
0.53m3 of water per minute. The diameter of the piston is 200
mm and stroke length 300 mm. The suction and delivery heads CO4
are 4 m and 12 m respectively. Determine Theoretical
discharge, Co-efficient of discharge, % slip of the pump and
Power required running the pump.

10 K3
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MODULE 5§
SL NO QUESTIONS Co KL
1 What is the application of compressed air? CO5 K2
2 Write a short note on double acting air compressor. CO;5 K3
A single acting reciprocating pump has a piston diameter
100mm and stroke length 200 mm. The length and diameter of
the suction pipe are 6.5 m and 50 mm respectively. If the

3 suction lift of the pump is 3.2 m and separation occurs when CO5 K2
the pressure in the pump falls below 2.5 m of water absolute.
The barometer reads 763 mm of mercury. Find the maximum
speed at which the pump can run without separation in the
suction pipe.
A single stage reciprocating air compressor is compressing 2
Kg of air per minute at 1 bar 20 C and delivers it at 7 bar.

4 Assume compression process follows the law PV1.3 =C. | COS5 K3
Calculate indicated power input to compressor. Neglect
clearance.

5 De1jive thef conFlition for minimum work required for a 2-stage CO5 K2
reciprocating air compressor.

6 What is tl{l)e volumetric efficiency of a reciprocating air CO5 K4
compressor?

7 What is (i)sothermal efficiency of a reciprocating air CO5 Ko
compressor?

8 Define free air delivered (FAD) CO;5 K3

MODULE 6

SL NO QUESTIONS Co KL
1 What are the main components of a centrifugal compressor? CcO6 K2
2 Define slip factor CO6 K3
3 What is work factor? CO6 K2
4 What is meant by stalling? CO6 K4
5 Dlscuss. the merits and demerits of a centrifugal compressor CO6 K2

over axial flow compressor.
6 Derl\{e the expression for width of impeller blade for CO6 K2
centrifugal compressor.
Write a short note on the following devices.
a. Lobe compressor
7 b. Vane compressor CO6 K4
C. Screw compressor.
d. Roots blower.
8 What is Degree of Reaction? CO6 K3
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APPENDIX 1
CONTENT BEYOND THE SYLLABUS
SLNO. WEB SOURCE REFERENCES
1 http://nptel.ac.in/courses/Webcourse-contents/IIT-
KANPUR/machine/ui/Course_home-7.htm
2 http://nptel.ac.in/courses/112105182/9
3 http://www.slideshare.net/ArchieSecorata/fluid-mechanicsfundamentals-and-
applications-by-cengel-cimbala-3rd-c2014-txtbk
4 https://www.youtube.com/watch?v=RBVgwpYUp18
5 https://www.youtube.com/watch?v=KqfYobOYRTc
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force exevled by jeb on a nclined flat AgH',r@Y
plate in e duection of Jet ' )

- I — —_— —— e

————
e

befove Sbyiking= V-

mass of fluid SWLking e = MW feee = fa V-u)

Relahwve uelofll-y of Jet

fn = M5 (ol velaay— Final  velecliy
. ‘—SE{-:—- lhlhﬂl e‘ hi jl.n numa}
divechen
= Ja (v-u) [(v-u) ¢ine -'0_]
= Ja (v-u)? sha//
3. :
Fp = s (@0-8) =Fpsine = fa(v-) sin’e

fa (v-u) %smo ©s6

fl

Fy- Fn sin @0-8) = Tplose

work done [, = Fax U
W = output _  wovkelonelsec = F2 KU
H’\Pﬂl I 04 Jﬂ-; l/gmul
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Q) A a-5(m cidmeter jet  having WE!E?@'F&}DWFH'@B%,,

Stvikes a Flat plate, the novmal o which 18 mclrmq

at 45° 4o the axis of e jet  Find te novrul Py

ute on e plate

(0) When e pite 15 Stationey

(b) Who_n the ploke 16 MOVIng with a velotity Mlﬁmﬁ
and oway From te jel- . also dletetm ne Powen ¢
EFHCIMCH of the Jpb when He plote s moving

given
d= A-bcm = 0015m
aQ = m s o ~3
Td= Tx0015" = 4 gax07w"
V= 3p W'I,g
= 45°
i = l5m[¢;
@ F, = fovisme @uheh the Plate \s  Statiop

PR “"9)
= (000X 4 41Ax10° X 30 X AN%5

= 7810 - 961 N

—

®) when tne plate (s movinj
. .
Fn= fa (-wWT sine ;
_ locox & 4#AXI077 x (Bo -15) Sin45

—
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pouer = wovkr{!._:;_m
Lec

Pouwt o

il

fa (v—u)'? Ain® 61 L

il

; Q] .:.1
l00ox 4 #13 KI5 >x (30 ~15) " Ain 45% 15

- 146%-68 N

ooPoviey = Pl
o~ AP T XS
EfHClency, 1 = RENLN
| v, (Yav) v'
-  A453-6%

. :
Yo X 1060X 4413 Xl0 X 50 X30

N

——
—

L0134 = 13-4

JE—

—
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3 fovce exevked on a moving Cuwved MMDMWﬁRY‘IEk

Stvikesa at the centye R
" T U*f I‘V'u)ﬂlne
(v-ttosp < ELN.
N RhRIC N nEVIN
: AR tuyved
plate

Fr = Mass
Sec

En'dial veloall,—y - Final velor:{*g]

\

fav-w | 6-u) = = @-u) cosp)
E:___ g'a (v-u)? (+ cose) |

Fg = WMoy [fﬂi{:fal Veiaaly - Firal Ve.laclh]]

= Ja &-U) [D— @-u) 'Eﬂﬂ?]

il =

L: Ja (v-u)'?ﬁhe
ey

Pounvoy, = Ldu'}'k.dﬂh.f.{sf& = Fag-U

Y = wovldme /s

ACKAS
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@ A Jdet of watey of diametey - 5engzos @b Midedd
wwved pate at ks cented Wity velﬂ.lly of aom|s
P (Ll1v€d Pl(H.e Y3 VY?DVln_q with a Uﬂlﬂi”lj ol E’m];
i the directiop of Jet- e jet s declected thugp
on ogle of 165" amuming fwe plake 15 Smooth
Fwd ;

() Fowe exterted (N dhe plale 0 the dnecton o
et

i Puwet of ek

i) EFHLIQHL(J of et

given

d= AHtm = 001Hm

w T—}; d*= .f,r—ra 0:09B° = +'4~Hmo""'m’//

y = 10m|g |
U= dmls |
6= (80— 165 = 16
) Fy = fa (u-—u)';" (i+ w0ss)
~ 000X & 413XID A Go-8) (1t co3 %)
~ 1250 -423 N
1260 423x€ = 10003 38 W

| (VD Pwey = Fxx U=

-r'""-'-.___--
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iyw = U
- 1000 3+ 3% -

3 3
Y2 x1000% 4 413x\0 X 20

= 05
- 666 I/.

—_—

—_—

Q A Jet of water frem a vozzle is deflected
twough 60" Fov ks ovigingl divechen by oo Coineg
Plate  which it entexs tangentially  Without %oﬂk
Wi, o veloctly ol 3omls ond leaves wity « gy
velocity of  &Gmf - IF Y dischonge Fom the nedk
15 0:%kglsee  Caltulate  the  megniude and diveck
of the ~asultant Hovce on the { vane - (¢ e vane

\5 Stationey
QﬁsinT 25 .
4B costo
Fx
3M|s : # Fg-
,jJ;P‘ggg,r_t.mggtYQ[‘Mechanical Engg.,.NCERC slad

) Scanned by CamScanner




glk'ézﬂ ME206 FLUID MACHINERY
Massfy,, = 0°8 KG[gee

inival velocity = 30 Wi

B = MO, [ intial ve[uﬁ!hj — Final veloLIH‘)
= D§F X [ %0 - Q‘:‘cossf}]
= [4. N

—

fy = PMEYcar [0":?5 A\héaj

I

0§ [0- assinbo)

= = j9- 22N

—_—

hsestar,  Fp = | Fr '+ Fy*

-N W (-1339)? - 9239w

—_—

Yan & = Fy
Fx
B < +CNJ-I ("H‘SQ} o 51‘551@
£

6 - 5105 (awkichek wise clhection)
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- Flat vevheal woving plate 2 = Ja (v-u) {
)

| wokdone |, = Fx X u }
( erﬁ‘qen% n < vapvet Lo K dUﬂffsf.a ) _f;-:_____t__r .'
E' Ke of Jet '/;,(J'm)v‘l
- !

3 Inclined fla mﬂwrg Plﬁtt’~ E
= fa @w-u)leing f

& JE @-Ulasinlg | {

Fy = Sa (v-u) Ysme (os6
> cuvved moving plate ,  jeb olvikes ot Centre _‘
Fa = fa (-u)’ 1+ wso] |
Fy = —Sa (v-u)? (5in6) f)

4 un»sgmrm%rnchl mnwﬁg CL{?VQ[I'P'Q[‘Q, Jbb Sy @{:
ovie  end. i ' f

Fx = o Vy, (le+ V*‘-’q) —> B e 0

g fx = Sa V'\*l (Uwo m————lpy QCLRE @ :
5 Fx = Ja V'fl—CU[U' — qu) TR * CM@ (;l
% | Fx = o Vo, Efw, T ij $

| f
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n%‘/.un ﬁ‘}mn'k‘{q cal i DCJ Cuiyved PIC‘{'E ’ MEJ)%"'\J:UD Tf?l’Altl‘-N\lEWs
al one of s ends =% s 8, ST ———

— F ——

——————— e

vi = Veloity of Jeb at inlet

Vi, = Velocily of whivl at et

NpL P ve.lor:‘llg of flow at Inlet

Vy, ~ Re latiwve VQ[QL[}H al plet

ty = Vang velor_il-(j .C!-_l inetk

X = Guude blade angle at inlet ‘
B = angle between ~elanve velotily andl _
ﬂag_ggggtmglgtvgfwMemEl'rdg.'lm'CERﬂI V=177 - vAanNeg ang le of ln‘&‘)’
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Aummilia 1'l'lJ

vy = weloily of gebab ek oudiel
Vy, = Veloctty O Whivl at et oul le L |

Vig * veloctly of Flow al wiek outict l

Ve, = nelabive  velpdily atoedt let |
Uy = vane velm.lhj oab oudlek
p = ange belween et velofli_y and vare

. t
veloci by at &l
d - Ange between elative ve leciby anel clivecky v,

of vane = vane angle at outlet

f@'_"f_;i LUhE’ﬂ ang}e B 15 a(uie e B 45?0 a’t.culht

— e —
R ————— F—— - e

——

w

E
Fy = nnss/w Enle{ Vélncw_g - fnal velmUJ

X {fﬁfb.-"l.

Inlel  velocdlly in x -dwection - Vy, (05© -¢P= Vu\'m
oullet velocity W x- divechon — Vy, cosdp = FH -—Ug*v‘l‘

n ds ‘
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Fy = fo V.,I ( Ij'}ll,', - H,J - ’;IJ J Vu'I¥IE106):LUIDMACHINERY
= Favy, (’“’w, - tl,'4 _u; ; U‘w.)
RH = fav, (v, vde

(-3 when angle B - Qo

———

B e —— i

Y o,

% 0
N »,..'__1,‘;f

‘ﬁ T?:\\ Vg - Vr'?
N
€ Vwc?: 0

lFI = fa Vy, vw,]

(aie- 3 when  angle B 1S Ob Luse r‘f"_f_f”}_i{

B —_—— e ——

e

k Y
’-"—'—VWQ '—'ﬂ_ .
¢ Z;
Vﬂ?
‘JT‘? V2

Final velocity . Vi, o5 = W, (uz - Vw_?)
fr= ™/, (inlet veloaty - final velocity )

= Sa Vi, @NI# Lh) - “Qg—quz’]

x-dhirects
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—— e e ————— x ——

woyk cone [ff‘r = AU
| e Gy ey
'“””kd“*“ffm/uﬁmlz weight of flud

= Wovk done ;e
unit m]gh[._.. of g «ﬁj W= h"‘j’
= “$aVy, (Vu, T Wop) xy
Mx G.

i @h_ﬁ.l,iqu)xu . umtfaumls - Hm
l SN Nfe N

wovk *
CW/%C{ unit mass of Huid

= wﬂ"fkdb'ﬁe /S-e,(_
Unit Mg of P[L{[d _

& jf;\u_,\@w, iVuQ) X
Sorvr

@w;i\‘m)xu | mﬂ@
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Erficieny of et

»‘L - CUlPU{ »
'mput

= Workdone ¢

nitial K-E of Jet

i Sav,, (Gt Vigg ) XU

3 (Jav,). v?

—

-

g) A jet of wdley havmq velociby 4mlg  &Lyiles a
cuvved vane, which 6 moving with & ve loc ity

2mls . “Te jeb wakes an angle of 20" wilh e
clvection of wolion of a vawe al ‘inlet  and
of Q0" o the divection of

outlet Lvaud fthe velecihy
4{ cltlerimine

leaves ot an angle
mohion of Vvane at

tviangles at  wlet  ane  outlet

vane angles at Inlek and outlet co that oater

eaters o leaves  the vane without shock
gien

vi = 40 Mls

V= 20m

A = %p°

- € so— a0 = qo‘/
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Ve, = V) &in &
Vw, = Wi tos¥
tane = BD = M1
(7 Vi ~ Y,
Ve, = Vi 8Ind
= 40X 5N 30
- 20 Mg
OBy St -ap
Vit 4
Vg = Vi €05 & A R
beu
g“"} 20 — hﬁ
= 24-64) wm|g b
e Y=t
MR Alppe e R
40
Vi~ Ui 54-641-10 Yoo, b
{: lanes *H
WD = g
© = kan™ (- 361)
= 53 qqq-ﬂ
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V)
Yy = W . 20 = Q4 I8¢ ms
Gihe Sin 93944 e
CJSd? - uz _ _a?__ = 0'S06
L 243156
)

Cogd-)-; Ogl‘jé
¢ = cos(0606)

36-209“

A ———

=

Q A Jet of water waving a velociby of 20Mm|¢
suhikes caw&( vane  which 1§ moving wlilh &
veloctty of lomls  The jet bteakées an angle of
1w Wity the diveckion o€ mokion 6f vane e art
ek and leaves at an angle of (30" te the

Anedion 66 tokdn of vane. Calculate
() vane oengles , %o dnat wates entevs and
leaves e vane without Sheck

GI-J Woyk dﬁ'\"le /55;: /Mf?it ué!qh{.- of MEE’Y‘

™
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W Vi = 2'3‘"1!5

U= lomle

A = 20°
Sin K = Vp,

v

Vf; - V. Sihd

= 90X SIn20O }
= 6”0 1'1.1’; /
e 8 /
@ca = :c"",’""-,’
,...tu_' W, V
o 2y i
’ T AR
N n 2048 |
Ve, =V, (05 o Tﬁﬂa D
: - Vi 3
- 728X (06720 ‘
T '% qq; l g /
'A?
(D» VN, - W, = (8793 ~ID ~ 8 qué//,

teng = lr_._ 6540
cp § 193

¢ - dan’ (g12)

- B sQQ;J

"

-
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V,..l = V[‘f - 6 640

e
————

ME206 FLUID MACHINERY

= U140 Mg

Sineé Gin 2184 ——

f)y APP'U'”% Sne  Rule,

—— o

Sin(eo-p) Sin(g-d)  Shé

g _ 0
Sih 130 s (50-¢)

- 14 SIhGED-dJ) = 10 SIhI30

S(s) = I 64
1l

f;o—d) = Sin” G 6%)

¢ - Ho— 43-44

o
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((-06 = 10+ '4..:3

Vwa - (06 g

——

. - V., 4+ ~
meC{mé/ﬂ/unH ueight O, “‘"_1_)}‘("

g

= (s3a3 + 166) xnp

q-8)

—

= 20-25% N/

B e—

Q) A jet of watkey haan ciaretey Emmjhaumg 7 ‘Uehﬁl'}y
ol 2omls Strikes o Curved plate which i Moviny

with ve.lur.lly of lmls p the divecdon of Jet-

Te jet  leaves e vane at an ongle of ¢
W e cdivecton of notion  of vane the outl
detevmine

() Fvte excerted by the

‘ Jetk ¢n e v, .
the divectign e B

of T‘I"J‘Dljgh
() Wovlcclone M bf;l i jel:
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Y/ Fovee exevted l;g a jet of wate?1 on WZOGFSEB—N.&.?&-I__IN?HQE

W
Vare
pmtéﬂ
Mas
whee)
=
Masglsef Stvising on plate = fav
Relative velbc‘ny = V-u

Inltial velocly  in X -divecHon = V-
Final - velocity in x - divecdon = o

L Fx -ovoass) Gh]u’a; velocity - final Veloc\by)

= fav[(\f-u) -07] = Jav Cv—u)/

Wok don€ = Fx xu = fgqv V-u) x o
EPHménLy = Work done /e, Fav (v-u) y
khE OFf Jet A Cﬂqy) g *
= qu (v-u)
e
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an _ o
du
d [au(v-u)J 5
u y 3
d avu—au’J -0
du "
av-aad _,
VJ
AV-4U =0
av = 4u
V= 4y =4
V= Qu

Max- efficenty = au (2u-U) _ Quxuy V. sl

£ —

QW auxau 9 =
Force exevted by a Ssevies of Yadia) (uved vanes
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u L:Jﬂ[-'i: u 5 = W R ? %l\%zgg' FL{'L,Jfg MACHINERY
| = [ g

Momentum of watey at inlet = M/ X veloily 1 ¥
[w]
- —Paul x vwi

Morentum O wqter b oullek = massy, X Veloclly at g
n X'dlf{gﬁm
= faVv, x'Vw‘?
(-ve Sign mMeANS  oppSiL,
divection)

momentum X Yadius al
wnlet

\

Angular  omentum - at nlek

]

fﬂ"-’, UI.AJ, ' RJ

Angulax momentum dkb outlet = fav- "V

R
) J

Toroue exevted = Rate of change of oo Mum:

. % . - l'u
- inikal momentum— Final momen
|

fav, Vi, Ri~ GfﬂV,' Vivy Ez)

Il

= Joav, QR+ _qu R:)

—,z]__“pggg,r_t.mg‘gtvgf»Mechanical Engg.,NCERC
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work clone /.

TOYG, Ue el ewl;ed X W WE'%(?;LUD MACHINERY

Sa vi (v, & + Vi, R2). w

]

favi G, Rw + v, kW

j’a\h (Vw' u, + \/wQ LIQ) If P V5 Gcute

\f B-'-C‘ll)a =

Vi, = ©
Work dom/s.gc = Sav @w.' )
\t B is oObtuse
Luwkclona/m( = favy, ((’w,' Y, - Vwa-“z)
Fiﬁan_g
workdone /., = Sav, (Vw,‘ (e (P ubj
W= amnN
60
EFficieny v = wovl done Jsec
k-€ of jet

= fa v, E‘FW; e, T VwJ U?J

"/Q [fﬂ Vr) Vf?

b = Fu, i+ Vig Ya |

v
— rpERkament of Mechanical

J =rgeNCERC
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| Flat sevies vanes

: st

‘; . -u 5
| Fz = fav (v-u) |
\ R - = T A 3,;
5 0 - au (v-u) {
) N <
5 v

' condifion fov max- efficienty ﬂ -0  1e V-3y J
{g du iy

/

man-efﬁtfem_g - 12_ ~ 056 =50/

Raclial  Sevigs vanes

=25 B -
S e ——— T R

wovkdone o, = dav (Vw,  * VWQ u&) |

o = ReWw  and Uy T Ry W

e e

} w = ATN |

9 - J E"'bu,ur -'*—'Vwa Hg_]

)
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N et of waley havfng a ve\odtﬂ of 3omls
cwikes a sevies of ~adal cuvved vanes mounted

on a wheel which s volaking at zovpm  The
ek makes an ongle of 0" with e langent lo
e wheel at ek and’ leaves the  wheel with
a velocity of gm) at an ongle  of 120" 1o the

tangent to the wheel al allet - watey 1 flowing

o oub word wn a yadia)l dwection:  The outey

ad wney  qodii of the B Wheel are o s5m and
0asm  yespeck vE[_Lj . Deleymine

() vane angle al Inlel & outlet

(2) Wekdone /e,

® wovkdone /i nit weght of waleyr

(4) EFhuénLH 06 twe wheel

given
\‘Il = 3[] MIj'

N = 200 7pm.

6o bp —_—
o = 20°

Va2 = Bmy ; p= 180—130 = &:}/,

Ri = o0:6m, R = 0°3a5m
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0dbm

= KW = 05x 2094 = io'le//

Ug = FRW = 035K 30-44 = 5.935//
Inlet veleiby tviang)e
SInd = g,
v

VEe= V) SiInd = 39x 5in20 = 1p-26 M/

(0sSa = Vw‘
Vi
Vw, = Vi LOSo = 3px (052 = 3% 190 M[s
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tan@ = VI __'0"?{’ = 0679

Vg, ~ Wi A8 190 - [0°4 7]

J

6 - -tan"(o-a-i'q) = 30-0

|

oullet veloc ly l-.ﬂqngle

sinp = Vra
Va

it

Pz = V2 4inp 5x 8insp = 363 m

(oS ES = Viv 2
Va

Ywa = V2 0Sp = HA 550 = 32| Mg

Lan ¢ = vfl 3-§3 = 0453
Vwa—f'u'é) 33+ 5335

fl

ban ! (0 453)

¢

1]

U+, U
WOtk done /e, [unit weight ot waley = Torw E’“" L *1_‘_?
Forv=

th ”' + ug‘?ul
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_ a5 190 xi0 41+ 33N h-33H

a6

"

31 803

'VL = fav E"FW; g + th? H"ﬂ 8 (Vw, My 1V, "!‘:)

I/l TR'-V; Wl““I v' & ﬂ

-

= 9 ((@s1Gox kit 3msyy

30

= 06933 = 6933/

—
——

Hgdmulk MachinNes (l;u_'rbfrﬁeé)

(1) Grross head

~yacl
@& Te diffevence belween the 4gil ~atsd le vel

and head tace level when no water s Flowdind

is known as  Grvoss he adl

) Net head

Tt 15 e head avalable Al tne inlet of bl

When water is Flowing through penstock pIPe
a loss oF head cue Lo FHiction ‘e tweéen wate
and penstock Ppe occurs M he i5 e hfﬂd

(se clue to tviction lelucer, pehstock
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L” = Mg - h(j

wheyé h[ = 4'ff'v
agd

W Efficiencies of tuv bine
"

o> |
I Hydvauhc effuienty (VL;,)
) 2. Mechanual efficiency (Vlm)
3~ Volumetvic efficiency (Ww)
; _ |
y 240} 5”1('6”{9 (V\'J oveval e(&c,m,nL'J
(—HA—
Hgdw'atilftffmmy mcchamgﬂkmh q
Nozzle inlet —— Runney Shaft
Hydvou Vic Mechanil
\o8SE3 \stds‘.
-
Overall losses
> 0y - RP = Powery oleliveved to the Yunney
w-f Pourey, .‘»urfhe::sl ar inlet
= n _ SP = Powey aveillable at Shaft
m T .

Poume v supplied by e runhey
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=> Y, = S_P__ = Powet averable ME%"FLU@WFIU'ERY !

2 WP

Pousey  Supphied ml;

\
0
-

Il
A
- |-o

watey pwer (w-r) = fqo K oy W Ly
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Functiens
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)

The help of
ha‘mve_ \ne tail vate without any ‘ass5 of Net heg

the ta\l vyace
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ﬂﬂd hEnfEl the L'L{Tblﬂt’- mag h_ \HSPL‘(_‘{{’(( [hapg_..ﬂlj

— Peymits @ negative head +o Ve  established o
Vhe outlet  of the runner and teve by Increase e
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— wifhout the  dvaft \‘ube, the kKE vejecled at
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O cConical dvaft tube
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}5 t 33 f B T + = +5 4 ”[ clue Iy
9 a9 ~—7 | ik

g

LA IS (PESD) Sy v y 0 +hy —Q

%o % @

Pressyre  head , Py Pg " %P.;t = amersF];

ot outlet g ) £y Y PNk
Sub _ih @
Pboeow R -
T — + (HS -V//) = +/‘|' 'ﬁ__ + kf
9 9 ' 5 Y

P ' i
~ & y‘_ +Hg = e + _‘:’_1_ +hf
5 4 4 24

—
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pressuve head at inlek is the ciffevence bl
almospheic  pyemsuve  ond the 4 dibfevent  tevmy

% Mmat  the premure heael at inlet be come

neqative andl the (-lulw bwavwols e dyaFt lube

et beweme highed  cand high  power Cotn be
extvacted Fom It

h Ef
“wh We = Vevkcal heghe of draFt bube akout
Tal yace
Y = distante ot okkorn oF dvaft tube

Cvorv  tall yace

From Vhe oabove equation L s clear that  the
pressuve head at section  © -0 45 1ess  than
atmosphevic  pyvessure  head.
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thu{n(ﬂ of dvaft \lube

Tv g cdefned  as  acktual convevsion  OF kinekic hegq
ko pressure head in e dvalt tube YO U Koy
head Gt the wnlet of chaft  tube.

e?huemg of dvaft \ube

= actual  copversion of Kinebit head 1y
pressure  head-

KinedC Wweed alb  inlel

= [\“__L. ~ E. — h¢
2 o
V'IL
\ /zﬁ |
L o

™
Nz hpecific vaeeff (N5)

@ umt = Ypm

specific aped (N9) = N\p
\ %

It s debwmed as e Speed ofF a ‘tbine which 18
ldentica) wn Skape, Georetnial  dimepcips  blade
angles elc Wit the achl Wnbine b of such a

Glze ot o Wil cevelop One kw Poucen  when ok
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By npp\qmg( principle  Of Speif EP&;((.

W= Awm P dkw,  N=nNg

Wh  value of X In eq @

? ~ Nf: HS{:
N‘L

N¢ - PN
Hﬁh
Neg = N (P
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L debned as we speedd  of e \yrbine working
wodery o unit head e under heed  of .

Aenoted by Ny

n = jm' I\\‘“-Nu

speed Yako, ¥y = _U
U= ku X \jﬂﬂH
WL W —0
Tangenhal Yelocity, w= T DN
60
W N (D is constant for a
_— ‘\urbine 1
Fom @ and @
N o« (H
N = KJ_H —@
§
Ny = k7
Nu =k
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N = Ngdiw

® Unt discharge (Qu)
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Dischage, @ - RAvea X \felodg
N = C"J \! Q_(I]H

VAT

Flow vavp, K = _‘*_-'i,_
Vagh
A T ¢ x 12g1
Vi) & q
Area of Ylow s Constant for o ‘uvbine
Q= AV
Q L V Gn':itj
Vo iy

; ,

Department of Mechanical Engg.,NCERC
Downloaded from Ktunotes.in Scanned by CamScanner



i |
if & d V d \J—E ME206 FLUID MACHINERY

fyom \0is Q X VH
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1000
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ME206 FLUID MACHINERY

woking of Reci procabing pumpiis M

The ~yecipvocating pump consist “OF G Pisth  which ymove,
frwards and backwards W a close fitking (ylindey

e movement .of piston 15 obtained by Connecting

the  piston “~od 'tp cvonk by eans - of e by
vyod: The Cryank 1~5","-f“’?5‘l:ﬂbfd b{d megns of Blecl:?i::
" 01 I engingl. syctgn and delvevy® e
Wik suction valve ond delivery  valve m'é connziied
o e cylindey. the Suckign ongl df:hvevq valves

ave one \.{Q{I alvés O non- e t I"l‘-ﬂ alve t-ﬂh L')

oﬁl_q. sSuckton valve aJlows_' watey from Su*CL—I1L‘z‘b“

Plee B the  cylinder  winile dehvgw—g valve allows
woter  Fyom cylindes  +o dehvg'wj Pipe.

Dischorge though _ Reci procating  pump.

D = Diametey of Cyhndey piston.
H —'-*TT D‘?‘

—

1.
L = Length of tyhndex

4.
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minyke = sec
Disthihge pev Sec = AXLX N " g

60 e~

I
fgx

SPeed of c¢cvark = N ~pm M%Mw&mchT
m?/_&EC.

welght OoF watev

I

\

fgx ALN
J 60

wotk done/,, = wewght of wate! — Totdl height of
lifked % ugker supphied

= 599;{ A LN 5 (h_c,‘i' "Pd) Nmé ox Walts
60 :

Powgn, P = fgx ALN  (hs +hd)
J 2%, AC kw i

1006 i

{
& Department of Mechanical Engg.,NCERC ._‘J
Downloaded from Ktunotes.in Scanned by CamScanner




]h“ ME206 FLUID MACHINERY

@’ Douple acving ReCiprocating pump

Dﬂ.llvﬂa:fy I"'ll:'.fl -~

e e T e e

In e cse Of double 'a¢L1i79 ' purp watey 15 ac.t?rﬂ
o0 both Sides . of the pwwn. W this case R
Suckion pipe and & delivery pipe ave valved.
When thew 15 a Suction  styoke  on One side of
Hne pisL-oﬂ-*r ot the same Hn"}e theye 15 a df“"fy
 Stoke on  the othey Sde of hae piston - thus foy
I.: one  complete ’f;f.voluﬂ:ian 0f e cvank there ave
R delivevy strpkes and watey s deliveved o e
Pipes by the pump during these 3 delivery

Skvakec. ¢ s el bR
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ME206 FLUID MACHINERY

diameter  of piston.

D..—.-
ofF piston ~od

d = diametey _
- 2
nrea of one Side of piston A, = -;I-DT

Aveq oF Othed Side of piston, Ay '= ! W 43
4.

(0*-d?)

Total volume or dischavge on - |
[ — Ti— N2 -ﬁ‘ 1___ 1 RL
one ~vevolution 5 = [“ D +—-(D A)J ;
gt‘n 5

Discha*rqucC =[Z‘lf: D’y T (D —d )Jx “’N 5

&
L]

4
4
=L
ﬂ.

= Tpm  of Cvank

M dtame!cenr of piston: vod 15 very small compmed
o didmeter of piston (d <<<4 D) thens'd’
Can - be neglected. then,' A

‘dmchavge/ [ .D + 7‘- D 1_2:; .J

» -
_ ] = RA LN
“60 /
Department of Mechanical Ehgg..NCERC
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Uf“ghk ot watey “F EE[I/%L = fg X A buBsbs FLuib MACHINERY

60
wokdone fgp, = welght of water  pal height
lifted E.-X -i
60

Pouey requived Tk dvive double ackng veciprocating

pump

P_ fg X RALN @')S ‘H’Jd)

B 60 . load ’ . I

Slip of prfom’cmg Pump-

e diffevence bly themehcal disthﬂ'@ﬁ
dl.‘;ﬁha'l'gﬁ oF the PUWP r'rhe_ ac,kual dlé[bd'r_qé' of tbe
pump 15 less  than the L'hfmehml dlﬁﬁhm’gf’ E
die @ vavious ~easons like \eakage and head
loss due to Fﬂclﬂon in PIPe ete.

mal:hemhcalhd '

\il\f’ = - :.Qacb ]

Bt shp s most ly expT{.s.‘:dd QS pﬁﬂentagt’ of Slip |
) of shp - R T

and actua)
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i [' ) &5—*] X 100
&
= (I- ¢4) *loo

Wheve ¢ = coeffitient of dischavge = @y
. e
- Negative shp of  Recipcating - pump

¥ ackual disthavge ts move than theoreticq| dischane

then the Slip of the pump will: become negative

ln that case the 6‘|IPF of pump is known as neqative
S\ip- |

The qeqson s fol ccumg negamg shp are

@ when delwew P‘P€ 15 éhov’c

® when suction Plpe s too leng: .

& when  puvp s "funnrrzg at high’ 5P‘“‘ | j

Q) A Single athn_q -fe_c,\?mca&;lrg pump  Tunhing at
50 apm deliveys  o.g) mfeec  OF wate'f- The diametr

O plston & Roomm and Shyolse |ength £00m™.
calculate

(M theotekical . disclnge
(@) Coefficient of di $charge
® slip and % of shp. - T

Department of Mechanical Engg.,NCERC
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ME206 FLUID MACHINERY {B

D = 200vm = 0-aMm
k' = lgoommniis Ovd4 M v
L i e ivie M ;
A-T p*= T (02)= 0D0314mM
Lot T /
G*he = ANL _ 0:0%314 X 50x 0-4 00104 ™5
60 6o —_—
Cd - @aﬂ't - _O'Ol. -=- U'qag/ ;

shp = @ - .@acﬁ = 0r0f04.‘—"'0r£5|' = 4 Xl07 Mm%
'4 QI. = P a
d o ! _G}”’ a5, X 100

A

d- Cd) -)-de

(i- 0-955) Xloo

I

e

= 457
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q) A double acl:lﬁg 'fEL‘lp'fOCaﬁlfg PW\’!P ME{Z,??}%LIJB%AACHT:EF;\;TPM

15 dischmqlﬁg Im® of water pet mwute The pump
bas a stwke of 400Mmm. Dia of piston is d00rmm

Te delivery and suckion head ave 20m and 5w

nespectively - Find e Slip of the pump and power
TeQdived bt dvive Che_ putop.

glit’.ﬂ
Nx:.;jroq’{?m |
— |
Qo = | mﬁ/min - 6o 7%

W= 400rmm = 6:¢m-
D = 'Zﬂomm = Oam
hd = 2om
he = Sm.

Qi’nf - KQALN _ ax 0-0314 X 0‘4—?(40‘ _ U‘M.‘S:{%m/:
éo 6o —

Np = @, - @y -

= 0015346 = "1 Tz 8XI0,° WP

éo —

P= fgx RALN = ppg+bd |ooaxq~wxo-au}4x§_ﬂjf)
= oo ” laoo

= 4106 hh.J/
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u“v Indtcatm cagqrom

f ME206 FLUID MACHINERY"
\N

The diat diagvam for a ~eciprocaking  pump 1s

defined as the Qgraph peuwetn the pressure bead

N the quihderr'; and  the distarce Lravelled b%}be
pston  from Inbed dead - centre s fox one complete

vevolution . 0f the Crank. The . pressune head taken
0k ordinate  and Strpke lengh o abscssa -

i&kﬁal lndlfahr{ d\ﬂlgmm LSRRy : .f(bfq

Te ogyaph betweet) the pressure head n the
tylindet and stroke lengih of the pistom fore ome

complete aevolution of . the cvank  undler ‘ideal

Conclition s kpown - o4 ideal indicater diagram.

9 | ke ¢
Rtk Delivesy 5}'1&. of

[ 1ha

pPressue ﬁe&d
e |

? Lint
,‘31

e

Stwoke Lengh.

The Yme EF TEP"WO{”S the a{.—rﬂogpbefrll ’71555&-'16
head = 10-3'm of wateY

Du*nna suctbion styake H'uz pmbm( head 0 e |

Department of Mechanical Engg., NCERC o ‘J
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tylinded 15 orstant and ecpual o | Suesskaopmdhsetvhyg,
5 belpw  atm: pussure heal- e pvessuve  peud
duving Suckwon Stroke fepresepted by a hovzenta
Iné AB which 15 below te ' line: EF by a height h,
:Dumﬁg delivery  strolee, e pressure head 1h ine
(thdm- 15 Constank ahd-eqml to delievy head
and which ' above the dtm. présuve head e
Pressue htad durﬁng o{elwe%- "st-_yoke. Is vepraair;b
I’U e Lne ED whith 1% above the Line EF
by a height of hgdi Thur for “one  vevolution ' of
the Cvank, the pressuve ' “head W the (gllirﬂed'
15" aepresenteo) by ' the dagram = rBcOA ' This
diagram 15 Knowr o deal nditator clagram™-

£ Vorriation of Velocity and acceleration 10 uction
and delwery pipe due to actelevation of pistor

'/: — — =
)@L“
1— B e

C

A = aveq of Cufinder -

—J V = velociby of pistons
. a = ]
{1 % i i .a,ua a.r : PIP‘C.. b
h Department of Mechanical Engg.,NCERC e wall M. Al ruabad ko AIOP
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' oy
when (yank  Stavts qu,'_ghrg}  the R4 ERRuReNeS
foward and bakward in e cylinder ot extveme

left and ~«ght  position of e piston 0 ylindey
the vel:ﬁtiuzf of piston [ 2¢v0- The ve!ocf‘hf of
pistdin at cented @) s mpaximurn- At bee bfg:m'r@
of each siroke the piston have te maxirmum
accelevation and ot Hx end of each Stvoke.
piston have marlmum e tavdation. The watey
b tre cylinded W0 Contack with the preton and e
watey i Suctton pipe and clelivery  prpe ol
baw Hx bsame accelevation ol ~etavdakion at
fhe. tma'tflm% and €hd  of the stvpke - This awelks.
atve and Yetavding head W) Charge the
pressuve head in the Cylinded

Cyank angle, 6 = wt
2= AF =1 A0 - FO

= ¢ -+3 €OSE
- - hocoswt

-

V=dx _ o (#-sr coswt
L A it

= ,g..(&x"sfhwt- w)
= Wk Bihwt

Department of Mechanical Engg.,NCERC ~mm———
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ﬂPlemg LUHHHLI“H eq uation,

ME206 FLUID MACHINERY

AxV= ax V
J = AXv
o
o=V A % Sk
a
am!iﬁ?on: d_lff_ :
aeo T .
- 4 -&“'W?ﬂ SiAwt
e t )_
- Awsk foswt w
a
& = R ' caswt
S 4 \\\
Jﬁrh
@hﬁa:elfmtiun of watev

In  PIp¢

Fovce eguited

pressuINe  Intensi by
. the plpe

Department of Mechanical Engg.,NCERC
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- A wvcswt

a

- mQgss X accelexation:

- Px (axt) x & wik e

tNsicle
Fovce

— ..—-—l—'_'_-'-—' .

aveqa of PiP€

A s coswt
L _yfxa—w

/3




]Jffgﬁuff " -Fl X %. LUlt“ coswt ME206 FLUID MACHINERY

pressure, Pe fgh
i A
hg =  Pressuve fLx %—x w,&uswdt

¥q g

pro5oUre head due

A WL wswt
o aclelevavion -

ha = %’*7:

we know, WE =

&
- L A . Wrces?

suchion .SI;TOHE |

Fa =8 o Rectik®
h - .\' m — Y " )
" n 0 €S0 , _
h(stulﬂ':}é nfemman Sinpke) = 9 ds A C
At B Wheng-qp’ cos9o =0, ha, =0
(middie 07 Suction Stroke) g
AL ¢, When &= Isd, cosligo = ~1, ha ?(1-;{% Wk
(ending n{ Suction stroke) |
w =2 apgular velocity
| b = (ank vadius
'I)&Ilﬁ.frg 5tvoke
' A x Wk
=0 osp =1 hg o ﬁ x —
At ¢, whene=o0, ; d. —* 5
MWD, whens -9, o0 =0, hy =p- .
; 6o’
ALA, whene = 'tsuf,iﬁtastko: =L ey -l A s
3. 4

(hy) = Ly A x w (both Auctren and de hvery
L .9 | & . - Stwke)
— Department of Mechanical Engg.,NCEl(C!’umn&:ﬁ)
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Flfect of cccelexation o Suckion an&FZOGWPiWwthPg
on hdicator diagram.

e —

—_—

T

Predxuse begd.

@w lergth and  diameter o a Sucton ppe of a .

Sigle acking 'fec:li:rrocaﬁng pUMmp A€ s and lom

fujspfchvé,lw- The UMP. Lo a plurgex (piston) of
dia (5cm and Sk 10ke [er‘g_‘h
of the  pume
N

of 35cn. Tz Centwe

£ 3M above the watey surbace
Sump - The th:mﬁsthfiE pressure head 5 lo-3r

of watet and pump is -d‘unn[ng ot 35 Tpwm . Deternn

C) pressure head due W accelevatior. o e
beglhi\n_g' 0F Suckion sipke
(2 roanimun presouve tead cue bo accelevation:

Department of Mechanical Engg.,NCERC
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@ Pvessuie head i e cglinded  ar %OEL%WWQ
and end ot edon stvoke

given
l¢ = bm.
d, = logm-= 0t m:

-3
as= T =" T ogg* = ash2dm 3 553070

pia- of piskon D = 1Bcn = 0°16M.

F piston, A = T 51_ .
Area of p 72 = X xoi5'= vorem"

S5tvoke lenghh L= 35cm = 0:35m.

Yot = 1o 3m.

|

Speed of pump N = 35 7pm.

@ hee = L, A x s
9 As w:m
h= Cyank  radii L %
= Cyank  radins =
! ) = anx35
= 0-35 o
il 03 E
< 2 = 3665 my
hac = 5 AAAG il .
S po X = X0-0196 X 3665 ¥ 0- 115
H553x10°
= R bsga™ w

Department of Mechanical Engg.,NCERC
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i n 3 ME206 FLUID MACHINERY
= A x d XN WA
@ (hﬂ)m 9 A Q
= B ox 006 o 3406% 0135
sl 2853 %073
= 2:655M

@ Presyunbead ¢t beg'iﬁﬂfng = hs +hag

= 343C%5

= 5 6¢5mM

e

HBsqute pmg;m- head ct

the begining = 10,3 ='(hs +hay)

—

3 '\ 655

PTJ;SSUQTQ head at end i he - h"ls
=) 412 AORE
| = *"6‘5@% = 0-315 v
Absoluke pressuve head at -
e “enel .=y g 1072 -T_Chg,-h@:
- 10 - 3;“%0 315 .
L= ¥

a h Q-QB'SM//

Y
Department of Mechanical Engg.,NCERC
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ﬁ,ﬂ?_’ ffeck Oof Frichon

i Sucon and  etemy Bipes.

we know , velodity in Ppe Vv = _B._um Sinwk

| ﬂ— WA 5INe
gut vead \uss due b H{thﬂ hf = £fLv?

zgd

e A s cinwt

? aqdlt ( )
i = AFds (a0 T g

29¢l.5 (Tj w.?'v Slnu”;) b '-

hEd = ‘T'Fjd L (ﬁ__ Luh Slhw\__-)l
Qg dd. Gld

1

When ©=qp'  en @ =) (middle of Stroke)

ey = 4ids (,q_’m)i |
agds - Qg :
h'{d = “‘H:ld (4"‘ LU/I-)
‘ngd adl %

Department of Mechanical Engg.,NCERC
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ME206 FLUID MACHINERY

AV the end of Stvoke  © =180, SN0 =0

A ven )"lG"lB _J=t ABx Z q}m‘ o

Avea CHD = Cvx%_ Hl'}j
= Lx gy hed

Avea of \cdeal whdi catoy dlagfam
= kX 0“5‘“'360

Department of Mechanical Engg.,NCERC
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Combined eEfeck of cwtelevalion  Onchs oslifabtaieky
W Suckion and cle\{vgyﬂ P\pes

—

—>
- Stvoke. lemit> .

AY the begining 0f Suckion Stvoke
Pyessine head = (h_.; t ) belaw atm - pfgssw line

= Hapm - (hs+ h,;,sj absoliite -

At middle of 5uchon Stvoke |
Pressure ‘pead = @g,—f h_p_,,) below al:rb- pvéssuwe (Ine
LN T2 Hotmas @+th absolute .
AV W end  of Sucton : 5tvoke
Pressure head = @5 -loa_r,) ko  atm- présure

Line

= Hatns 675 —"hﬂf) absolute

Department of Mechanical Engg.,NCERC
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ME206 FLUID MACHINERY

T above .
Pressuve head = (g + haq) edete atm - presure |,

= Hgtm 1 (g + hgy) absolute
AL middle of Delwery Stike, ,
Pressute head = (hd + hed) above alm. pressure (ne
= Hatry +(h +heg) Qbsolute
At the end OF Delivevy stwke
FTESEIU'Te head :Chdl_bﬂd) abbve atm. ];7699(415 line
= Hatwi + (kg = hag) absolute
Avea ofF Indl cator d\aqmm |
= fvea A'g'c'D +Avea A'@B'+ Avoa C'i'p
= Avea ABCD + AB'x 2, his +¢'p'x 2 x hed
b Fg(h5+hd)+ ané hes + ¢DX % X by,
> Lx thd) + Lx 3 xhpg + LX % Xxhed

=k (hs'H’d + % b +2 bHD'

_—

Department of Mechanical Engg.,NCERC
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e |

woykdone by the pump ol pyea of (ndivettoruechagrem.
X L(lk.‘rhd"’-f_;’—hfs *%h{-dJ

= kL (hsthd + 2 |, F 2 hia)
wheve, k = constant of pmpoi:ionalit—u_

_ AN ;
= iﬂ@o_ = oy a;,mgl(_,' a(.hhg PUr‘nP.

I

Zfﬂe’:'\’__) for double aching Punp-

@ e diameter and sboke lergh of a single acting
vecpocat Ing PUMP - ave jacm  ond  2ocm T%Pfcﬁvelg
The lengis OF  Suckdn  and dehherg pIpes ave §m
ang 15m rre,gpepHu{eltﬁL and ttiy  diameters ..ave
1-5m- If the pump 15 vunnihg ak 40vpro and
suction  and Cli-'lllvf’-r[al heacds  ove 4 and 14em)
rre,s,fef,’cweh,(- Find  Ine pesouice head oty cylinele{
(DAY ¥he begimipg of SucHon and deliverq sbvoke
®© At e noiddle of suction and - delvely $boke
@ &t e eod of suctim and delivern Stroke
Take akm. PSS Uve head = 10-3 m of watev ard

f=10009 fov both Pipes

Department of Mechanical Engg.,NCERC ;
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ME206 FLUID MACHINERY

- Given

Dia of piston, D= 12M= o0-2m

Stvoke length, L= 2(m = 0-2m.

Length of  Suctcon pipe , L& = sm

Lenghh of deliv@-rH pipe, L = 2Bm.

Dia  of Suchioh and del{verﬂ Pipe, d;!,dd = F5(Mz= 0075
Speed, N = 40 ¥p™

suctisn head, W= &M

delwery head, Wi = (4m.
I “Ia\:m = Iu-ém. |
P {:o;oaq
(O At the ' begining of suctkion, ‘skvoke.

Pfgssurfe ead = Hapy ~ Chs+hag) (absolute)

' = 15 A x wireose O
i hag q " as |

L :'ng: LI 0'12%t 0:003 ML//

—

T |
: -3
as _7"% A= T x 6035 = 4-413XI0 m>/
1

w= ZAN _  27x 40

_ 4189
60 60 £ ""Is//

Department of Mechanical Engg.,NCERC '
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i VR L - FLUID HINERY
A Cyank f'\r"a_d|u/5 - = 206 N]Acf
= 0 (at M begining)
Reesserre~heasl =
hae = L5 x A x w'hwse
as 9 4 as
) _L, x 2013 x 488 x 0'lx Cos 0
T8 gqax0?
= 3659 m
Pressuve heacdl =  Hapm T (hs +has) cbsolute
= W03+~ &t 265q)
=  764Im
@ ay the mhddle O0F suclion sWoke
Pressure, head = o= be t hts)
'sfnﬂl |
7_8 G‘S AS iy _ ;
- 4x0009X ¥ . A
i : Lo -0113 g 4185 x0°)x Sind
2x A'€ly 6-015

441?110

=~

- 0204 ™

_—-——d

—

Department of Mechanical Engg.,NCERC
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— ME206 FLUID MACHINERY
PesSUTE head = Hatm (]"5 thes

R

03—+ 0°224)
= 6016w

(® M the end ofF cuction Skwke
Pressuve head = Habtwm — (l?s -haQ

~

e |0‘J3.-_C{_—‘,3.65¢U
= 9-a59Qmwm .

® Al he bf’-gmmg of delwewb; Styoke .
Pressure head = Matm +(hd + hag )

g = M . A v Wiacose
- 8 X
ad = :;?E: dy* < 3::: x B:035°% E4Ax 10 M
hd = 2 2 :
adl e i bl X 4use “xorl x €050
| 4 413103
= 434 m,

———

S
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PYEB}-VVT& head = Haim + [hd + hadlvﬁzoa FLUID MACHINI'ERY

= 10 3 +[ 14 + “.4_34]

= 35-13¢m

® At the middle of delivery Stroke
pyemuve head = Hgun +[hd+h_{;d]

hgg = 4F4d [.ﬂ__ WS ih gj T
29dd Lt

x0122)
- 4Xx 0-004X 2§ [ g&é

5 4|eﬁxo}x5inﬂ
2xa-¢ly 0-075 L WwewiF”

(M x 0035")

= NW 0193“1 ' 6-70 2
-ﬁ-

.P;rwum.l hﬁﬁd': \hl:{t-m t @d ’i‘ h{:dJ

(I

16-.3 +Li4+mq_]
-i &M‘F 25003 WM

':———

—_—

© At e end oF d&\lw'rld Skvoke,_
?%HTE f1cad~ Hm—m+[bd - “ﬂdj

i03+|:4- - ||+3J

‘ ‘_-_= |’2 %6‘GWL F= ¢

e ———
Department of Mechanical Engg.,NCERC by Liv W 4 *
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ME206 FLUID MACHINERY

iy
AN air vesse) i a sclosed chambed. Containing
Compressed O in the -top ycNan and Iguid at
e kvtéoh'i. 6Fii""'i41.ﬁ"'chah'i-'berf--, AF the base OF
the chambf/i Jtheve 5, an ep&mﬁg thyough which
the [|q,u|ci Wm[ Flow tnto the vessel oy oub of th
vessel: when the Ildvbﬂd enters  the w.em:! the
aif gets compfzééed MW and when Ihe g
Flows out UF the mssél hw_ avy will expand )

e ghombet - -
An aiy  vessel 1% Fitted xo the Sucetton
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Cghhilcf of .ﬂ _Glnr;jla a'tlin'g Yol FYUQ{éz‘o%@ﬂ.DNR&m@@ W
executes \he (ﬂollowiﬁq {func tion s

() 0 Obtaln « conbinous Supply oF lgud at
anl form  mte

(0 To fuve a  Considevable amount  of wovk 1h
oveyCeming  he fyickiona) wesistance In  the
suction and  delivery pipe

® T Yun be pump at a hu_:;h bpeed | without
Gapamkloﬂ

n e Rguve, | ..
L, = dength of Suc,hnn ppe. below oy vessel
s = lenglh of Suctibn jpipe by, (yinder 5 air

1 vesse
1y - lngh of ofelwuq PiPe. bl Cylndes Em@&ml
i - L of c:hz-:lw.fh__rgi Plpt mwd aw vessel

For amle  activy pump, &:Hu‘J
Diachavge , @ = ALN

- R AT e
Wean velocity, V- Disthavge | _ o
avea of pipe, . 4
‘ = ALN
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= & xavx fOW W= 4AN
o ax 6o
1,\.’# AL wn N = 60W
& A T L]
, YR ENET =44

| % N crank vadui
wovk 5aved b‘j F‘il:lclriq . auy vessel

Wovk done by he fump" " Pé"r 5Efbkir aé‘aths't'l:vu;}aén
wy, = ava of pavamla

2/, x base x bheight

l

= 25X Lx b
Bub by = 4f4 £ 0 TAY
— W . %%
n1--wl =

?. X-L'X 4FL —-Lu )J

wovk Amne b(d Ay vesse| agmmk FHCL‘lal’?

=  RAye rectangle T SR
Wj e Of . Y _ _ |
~ base x height
- —
— LX h;; e Skmh'mh‘
LT
Department of Mechanical Engg.,NCERC

Downloaded from Ktunotes.in Scanned by CamScanner



bul hfg = 4-ff(. et ME206 FLUID MACHINERY
_— LY
g (v)
= 4afd (2 wa)
— T %5
aqd
. g &
wy = Lx 4f L [ﬂ wh
— | & Tx
gd
wpg = L oxix oA wa)
73 %a* a

. Pl {
Wk saved peY Stwoke = W, ~W

1 1

d . La 4fl (A won|- Lol 4fdin g
3 o E S ?ﬂd(“ ’

J ! ! z_
w-Wy = [E = I_‘J X L X ﬁi LLLMJ
& -l | 29d a
Pevcentage of wovk Sqved v Stvoke = W)W,

)
Wi
e |
'-'-'(__Z__ —_l..LJXL X 4§14 (.ﬁ_w;l)
5 X 100

% xLx 4L rpa 5

X o0

& '-[?; L ] | -
TR AP SR Hig d &

—_— = K U‘ __. i ;
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ﬂbgm caved in double acting Rccipromgmwt?ﬁmw

work done aganst  Friction me out air vessel,

W, =

Zx Lx Mf-‘ﬂ (A wh)

wok done agm'nst Fvlﬁt‘lar’] with atr vessel,

Wy =

—
—

—_—
—

—

zxﬁxg1',*

Aveq of ~ectangle
Base x height
Lxhe |
Lox 4fL (37
DischavQe: |

aves of pipe Goxa

Uu'a"’ LiX

= 4

—

'ﬂ‘l..

o a an

Ll (2 A w»t]'z
agd A &

X L X 4;;-'; (%L. w‘&) 1_

Work saved per SEYoke with aw ve ssel
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- W -W - £ L
R
%Y —_
Mu i cylindey  pump:
Double  cylindet  pump-
?{f,’wn' W'“[.‘ﬂ

2

. . erﬁtﬂ\‘" q{mk 5ha{3’c
J— '\ _' ‘@nf’“ﬁn C

o ;cyh'ndf'f Lannet-h'ﬂ

W
@

I 5‘ |
thvow

A double cyhndey pump or two -levengh  pump i
ohe which s has & Single  acting éyhndeY
each eq,utppr:c:l to one suction and one clelivery
rl[Jﬂ With appmpﬂate valves  Two cylirders ave
convecked, 4o o COMMON cvank: shaft witkh 3

iy vy (i

CYanK & Se,’c e

I: _{
i JEEA N e 3

& : 44
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Twee tylindey  pump

piston *L ’jg/

7

V ¢cranie

Z T X i
tonneth

Beaving

T | ome
2 -m{l.y " ol
L % Ly = ]
Al
// —r; ‘i 3

e i
evon—

A th_'fé.fl cylincle | pump oY Iz* me,a Purhf s one
N whith theve ve 3 %trglf acﬁr}q cylrnders
connected o common  cvank shaft wiktk 3
Cyanks set at 120 tp each othey- The advantage
of MUIHcgll'letfi 'recipfocaﬁng PUMP i gt \E
- gives (ontinows f L&W lavge dischavge
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AIR  COMPRE 550R

J {
Positive displacement
bype T Compressor

|

Dy pamic action type
a\vr  compYessoy *

| ' -
) L y o
. axil Flow ©  Reciprocating Rotary
Centrifugal compressov " ype ype
AT Compréssey ‘
el ]
Single acting %nuf?je - Hunks JRRt;
Lom preg a5ty
5y Com pressor - VONe (ompressc
7
; " . o 4 : P Suvew
RELIFTG cang Wy Comprvesso v - Compressor
| A LI S Eysholm compr
SSor)
Ay From  PEERR fow prefsure High pYesure aly
O tmos phéte S Y ;
Rell dan 4 \
_,.E lectvic o . e BT - Qv LEmF'ﬂM"T
2 i 1[ .mc.l:aih.: fing
il 'Stnvﬂ%& (ank 1_H le\fﬂ‘ﬂd of
| i { fi h'm P‘ftﬂurt
Yivauta g e ol e of sibat ! - aly

il s e el o ERE
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peliveiy

H poly bropic Compression py't.
P, '
T.Snlt’tioh i g
'*'zl‘ vV
10¢ 4~ a2 yo Bpe

R
'} i

Vo
Cylinde

\

— Cdnr}ﬁd.—lhg vod .
piston. \ '

The figuve Shows tye p-v diagvam for a Yeciproabiy

Compressor Without cClegyapce volume S AR Gty
The pvocesses are )

*r

1) Prvocess 4 -| = s5UltHppn E:;l:rofﬁc:

Inlet valve opens . Fresh  atmospheric  aiy entens

thp_COMP(.E%fﬂ at constant Pveééo{a(rf f’f~

‘ ‘ volwre
oF air n

e (H\'[ndtr'f W creases bo V,

(2) Pvocess 1-3 = Poly tvopic LompY¥ession 4p ary fom

Pressute P & prescuve Pt he vorume of- ary
i the cylindes decveages Fom v o v, -y, tem
d E
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of  OY 1H(eases fvom Ty £0 To - AL ,00%bs Ao,
delwesy vdve opens

(» Process 2-3 = Discharge of (ompr¢ssed aiy
Wrrough delivery valve at onst Pressure P \akes
place- Volume of aiv in Ape tqlinded  decveases
fyorn V, to Zevo |

@) Pyvocess 3-4 = No aiv W fe cylinded, and
POs*\b\UV} 0f Pié:l:or) to stavt Suckion Stroke

Equition for work inpuk for a Single Skage Compress
(Wiviout  clearance volumed .. b

p 1 "
clelivery
P. 2 = o | .
g Cump'rzf-;:sioﬂ
o ,
Py |4 |
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Net work dome /o, 1o, W= Rrvea uncby the cire (4-1-3-34

= Aved G-0-d-2%3) +Aveq(@-a-b-1-3
—Avea( 1-¢ -0 -a-b-1) |

< RY% 4 (- [y -RY, —0

Foy poly bopic process,

| v <V
| 2 F 4 oW s
: ) S -n+)
[pdu- J’ CV -dv = C[u J gl
L]
' =D+l I
AL < RN 1 NS v
= I =N+ |
- " -ﬂ'flJ
-+ 3 = ¥
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ME206 FLUID MACHINERY

Nt

1

. rly :
'J‘ pdv = FaVa-Py Gwiuing - negative mb;‘i?a)
| n-i o

substitute in @

W= PaVo+ PV = PV p v,
n-\

= RV, © Fl“}[ +l] L

= F“;_:F!“I [ ﬂn/}

b

( & ﬂ: E?l v. - P U'] { :-—-@ J/J_ur-'&

where n = polytvopic index
P ... ¢
fa-= Final ;P'YE.SELATe of a3

1}

W\

intake piessute of Al
I;ul | = H‘Hha\ 'fﬁlunﬁe SR AR Sl o 21
(, = Fmnal volume
Modified foyms 0f the above - equatims.
Fvon eq & = »
| w = ﬂ__(P.V,)[ P. V2 '{J
|

} n-| Pi Vi
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/

. 1 -1
e (v ) Vi (&]/n - (.F_l i
E (—] Tow e ‘

: n
e, Pl RV -¢

.
w = n_ (P, Vi) [ [Ii]ﬂ;i =i | —
— ]
| - - Pi U/Lﬁclr_
.PL r,;v 5 B | | 1 I |
_f.7T = YéeSwe 'vatip OF (on'}F"IEJSO’f

usmq Chavacke v tic w gq,uﬁ-h‘on,; Py, =MRT,
Y
aty N Kq/min

Re 905 lonstant of qiy - 387 ?Ugﬁk_
T = Intgke

wheve ,m = mass vakio of Flow

%ff\OP of ar Kelvn
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offective Py = Wovkdone requived pev Cejcle
piésuve

Efticences of  Recipvocating CompresEevs

swept volume  of cylipder
§wgpl volume
0y Stvoke Volurre

OY  (ompressoy

elisplacement
Volume

7, S, |

J

. Whe TE-I-', 0

i

Diametey Of cylinded ov pistor

L e ctvoke lenglh .

2) Trdicated power (1P) = Indiabed wovkdone pev tycle
~ x_Noof tycles, per nit \ime

= Inclicﬁltedl wig Per f&lﬂ'ﬁ' 2k %,*
LW i el ' A

I\

P x Lx AXN xm
_ 60

Whete. . n = No-of Suckon Stoke  per rewlutwon of
the, ¢vank srhaf ¢

=ty oy Gwgle acting Compressov
n=a, Poy couble. actimg compressod

N = Speed of—.COmP_Yﬁs.sm’
A = Avea Of dhe cqlindex

\

oY Pfﬁ":ﬂn-

l'".‘.-.': "5

k I:E-:I
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3 B¥ake poude~ erP) _ Tndicated Poes + Friction pue.
oy Shaft powev (1p) - (Fp)

HMechanical efficiency v = Tndabed puet vequved

Mech BP0y shaft Pouet

‘ | | veqrited
5) Adiabactic ¢4 Ff::l.tzrncyI lelmm‘:c adiabatic - woyy, Ip 1o
“he (LOmpreagoy
actual wpyk ffp +o the
Compve ssoy

- Wtﬁk '[hFu't , wﬂdlﬂhﬁlﬁﬂ L= L PV, 2 i:-l-
T o T oyl “]
Foy  adiabatic pvocess P\.f'2 ; e

Whﬁh&, g ot ﬂdfﬁwtf( \Dclex

6) Teotermal A clepit) 1 = Teo-theinxil wovle-yp
| Asotermal 10 the Compresa
Actual ok fp 11:;'

o e compvesset
sothwmal TV deg,, (T2 ]
; Fi

Wovk: input, W

| = Actual wlume of ail intak
Wl - P tycle  dusing Suction
Stwke 5

Theovetical Velume of ap Could
fill the Swept Volume

Wolumetvic 'efficenty

el — i
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O Pressune ¥at1o, = abwlule delivery pressuace - of -aly

absollile  suction pressure of ar

= P
Pi

9) Volume flow vate of Gﬂ'f;G': 1 .Djj, N -ALnN

—

(For Single acting compremsey) éo 0

volume flow ~ate of aiy ; & -a[_}.f__ D La’}{ _ \“2ALN

Fov couble Qctrng Comprern) t 6o 60

) Piston Speed = 2LN

where N = Speed of Compyesioy N vpm

§) A sngle acting single (gl_mdmf veciprocating Ony

compressoy  has a  CYlindey diametey 200mm and a

shoke of 200mm - aiv . entevs the cylinder at 1 ban,
a1 Cc I is  the tumpreggd PUIUL*UP] tally to sbas
accovdigly to +the law, PV'E _ o . U the
Spead OfF the Compvessoy 1S 25p NP Cqltulate

O The mass of ciy Compvessed pew mipute

&) The powier vequived 1 kw fo dvivng Ha
Compvessor
velume

I qth: §d 7/ -neg!;ci— Cleavance

)

Department of Mechanical Engg.,NCERC
Downloaded from Ktunotes.in Scanned by CamScanner



_1
ME206 FLUID MACHINERY

Jiven
D= 200mm = ﬂ-im

k= 300mm = 0-3m.
Pr= 1 bar = ixi0® Ny

ToF@d'e v i291293 ~'30 ke
Pr = $bar = gyp5 N
polyhrapic  Inclex n= |3

N= 250 qpm.

P(,m“h = 80’/

O mass fhw rate

We know _ Chavacteyistic gas equatipy PV, =mRT,

' Swepl; Vo{ume, V| = s

AN FN

1 2 " ' £ .

M Flow vate o~ py,

RT,

;O
—‘___‘_‘_‘_-__-'—‘————-—-_
?. 009 4 k‘q/Cng{;

N —

|
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- (oG

= 0 010‘?4.!’2_{3 T

= a136 Kl

® Puwer vequived n kw  Ghaft  powet)

Indifﬁf,é'd POLLALA,
Shaft powen

Vim&cb -

hdicated  powes = Indicated Wore ifp v N
6o
n-|

n-I Pi 60

= B (w'xa424x53)
(& 1-3-)

¥ 3x|05]_i~_3-_ X 25D
l_ 1X10° - | 60

Shaft powmt

il

_jndi catecl Pouwes

1m¢ th

= 10-419
o=ag 0%

1%.09 kw

——
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Effect of clearance

Welume i

J

cdeavance i, Ve \  guwpt Volume )
' |

1

I

wﬂ‘m‘ﬂ C= i

yowe

I
=
_n
guHon |
valvé "¢

The clawanie: volume (s the Space meéjad bl
the  top f;lea_d. cent¥e . position  oF the cyhnder and
Lglllnd{ff' hgald-' b ie P@uld@d +o prevent +the plsty
From hitting the ylindey head at the  end oF compre
S fon Sbvoltfr_- It ulso prvide  the spre the cpace fo/
accomodatirg Yhe vahes. actuatig  mechanicm nside
the cylnder sucktisn - gl cleliwvld vilves ave
located 0 4he cleavance  volype. Te acky) volyme
oF giv  taken Ao the - compressoy cylider  per
cycle 15 veduced due +v the cleayabce yplnae an
thus  Hhe. Viluvetyic et clehty  detvenses

* fauation fov wovk nput o Compressot wl by
consiclening — deavapce  volume
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¢t D=l ﬂ; O ME206 FLUID MACHINERY
|
|
|
|
|
) . .
| Expansion LompT essien
|
|
u.
)
I |
a ¢ N
- —— e ————— r = e ——
Pi=lg | 41 Suckion stole
! Ye! i
F- 'U e ~
3 .
} : F= efteckve 3 .o
1,‘ {I Swept wolume
L, Ve ) t wlume
cleavante e ye——20EpE WU .
Vo lume , I b
- e | /
|
Dehiv [ 0 |
Vﬂf:;i C [ Ii
Py ol P '.
. ‘ N 8p
Sucten valve HC o L

process 1-3 S Qir 15 oMpresied cluving  commpression
SIoke
ar Stage Q = df.lit;e%q valve  epen

PO% -3 3 air isdelivered 4p the spvage tank e

av Stage-3 = Suckion Stwke StavESs '

- tn
PYOCeSs 3-4 = The ompressed air Temaming the
cleavance wlume expancls dm:hq Suction Styvoke

at stage 4 = pressu~e deS te P, Qnd fvesh
alr FmM  atmesphtve  Stavts ko
entev the (qlindet
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process 4~ = e suttion of fvesh alg Ly, Ahegpn
dwull:t,] suction Stvoke
The ndicated wovk done = Qvea und the P-v fimgm'm@-a?*z-q,j

W= area (A-4-1~2~3-b-a) — a%a @-4-3-b-4)

W - Weomp ~ ngpan

h-|
Yeomp = =, P HHT ‘ “J

Whtté n - Lﬁmpku"sw‘n indle x

_ h-|
Wexpan = E”‘ AA U]:;L) o )
- f
W = 1 =)
f-’)lpﬂn A W ?[V.gf. _PT - |
h =1 t

wheve n-  ex pansilon ndlex

W= Wemp = Wexpan

n- [
A (- S R i\ (ft) |
n".l P] n_‘ Pl

n- gmpresion index
h— eXpansion mndéx

v, = Totdl Volume 0f rghhdf'{ = Vg +V¢
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on p-v diagvdm

I

MEZ206 FLUID MACHINERY
( leovanké volume *M— Vi = Vs
QmP{ volu M(; Vg ~ V| ~V3

= VI-U:E-

& An idect]  Swng\le  Stage 5mg‘£ acling nec 'P;’f’fflflrg
a ompressor  bas o clisplacement  volume of 144

ancl o cleavance  volume

e af Gt a pressure
a pessure of 7 bat
with an (ndex of (-3
|22 Ntoplc

of 034 - IL vecelves

1bar and delivers at
-The. Compvession

of

i [Poly Lyopic
oand the e - expunsion 14

wWith ar? ndew of ‘'4 |, calculgte he net
nadicated wovk of a cycle

given

-Jl
Displacement wolumpe = swept. volume, Vo = 141 =i4xom
Cleavane Volume, Ve

—
—

63 L= 03 o ro®
UCKHON PYeSUTE P = 1 bave 4ypS N/ 2

e | " M
Delivewy Presure, p,

—_—
—

_?bﬂYz -TXIDSN/;."-L
CompYession idex = | 3.

Expansion index, n - I q.
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Ve +Ve

Total  volume, v, =

_—
—

L =

0:0143 m’

————
—_——

= ; -
laking  expansion process, pvM= ¢

r
v
Pigsi= —_-—FB Va = F3- {UB
vg" Ve
A8 [V+ k
Pq E
L
Y\
V3 Fe
We knw, Pz =pf P, =P
lan, o
V4_ = V3 (EE /ﬂ
Py
\ . S } mal \,
= D"]Xll}sx (4;\;[05 /|+.
| 1x10° ]
= 2810 x5 ° 1y?
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W= Weomp ~ Wflp(m

n-)

h-1
= — hv [ x1n . _Nopv Po )
Nn-li | (ﬂ) l] n-i 14-[(?! ~ |

= X2 (xi0%x 0-0149) H#m" )‘Ti" J

= J X108

%)

_ 14 3 3 xv® | 2
— ('-‘*'st z-smxm)[(—ﬂu—) "4 - l .
"4~ L A10° '

= 1849.35 j/afr,le_

volumedyic efhcie nty

Vl = actuqg|  volume oF air Suckfd-
vo |

Treovetical  volume Of cylinde

il

effective Swept volume

‘S‘WﬂPb volume

'ILVF, & E e V‘f .
—{[El)
__ s
Yo = Vi -Vg
0| k. " @)

Vi-V3 /
i
et
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ﬁ"".s-f'g,-y{
—~ Vg-}-]‘fs— Vf"
Vg
Vs Ve
K (%}*é
S5 3
= | +

V3

; deavance vako

1+ ¢ _'61(2)
l_ Vs

e gt

Foy poly tropic

N
FBv; =

—®

expansie)  Pvl_
nl -
Fa Vs

-t
P4 V3.

%
V3

—
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R R

Free aw m“wﬁ""d (FAD)

FAD = Vi~ V4 iamb = ambient
{Pamb' ‘Vame [ w.-v,r)J
Tamp T, actyal Suction
| Vamb = Tamb P (i)
(AD) Fli 7,
ol

Toe volume: of Compressed air clelivered  covespnding
Yo atmesphenc cCeomclition 15 Xnewn as free ar

celivery (FAD) i -The volume of Co‘]wpygmdl awr e
At Staled pretsuve ancl temp. of intake air 13

veduced +to atmespheric pressuye and temp LE TS
Orpressed i o7 fiy - Using the ~elalionship betwern,
PYoperties of ideq) gas, Such as pYesiuve -l.fn'?j?

ancl volume
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a L}
b = Pressuve atmesphetic  an

Tumb = ® Tempevatuve  of almfﬁpht’dff— oy

Vamb T Volume of fvesk air Sucked 10 to e
Cejlinclen du'xlng SUtton Stwke al atmes.-
Phevic  condition: -

AT = Pessuve and demp of mlake air at
- acal suction  conditions

@r,“’d,) = effectwe Swe,F{— volume

"Lw (FAD) =, Vamb _ PX Ty (-

V
~$ ?nmb X T Vi- Vo

. NIl T = . —

VLv[ B —————-—_ﬁ Tamb I+¢c-¢ [Fz y"J

0 3 —
B T P
s vV | | - — ; _—
/ f—i < volumetve afﬁcramy at actual
1~ Ve

Sucton condiion -

-

.I-.lw‘ e I!
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Yeduce +he wovkdone on the ar foy om pvessing 1t -
In to the vequived delivery pressive:

Afdey cooled

The coolex which 15 P!acad between high p*éidmc
cqlinded  and  alr storage tank H o multi-
Slage Lompessol S called attev cooley - The ar
Comipg Out Fiarn the Compresspy  at dﬂllv@?g pv&’:jg
wil be Qufﬁclentfq hot - \f this Aalr 15 coolecd m Hhe
afkey ookt then He vemp will fall 4 Cepst - pressun
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E*Jill_ decvease- *0 te Size of the Yece ey (qn

be fredwiedl by, Using, —aftey cCooler
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h {0 hater Cooler where H is cooled at LomSt
Préssuve P2 o inivial presture . Po LIS cded
Pevfect in+er toley: The e 2 2 vepresehts
Inte Copling - et ¥ o UMY

Department of Mechanical Engg.,NCERC
Downloaded from Ktunotes.in Scanned by CamScanner



-

dia Le pvessuve P to delivery  prewmy,

P
Pvoess 3-4 > Delwe»ry of dly fvpm kp cyhnded at f"
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AWy = " py (Ve Y, '
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Q) Ay at  W3KkPs and 27°¢ s dyawp 0 LP @hnde
0 a tWo stage air compressor  and 15 15¢ anpifﬂIh)

(ompvessed +p Ao kpg | air 15 then Cooled at wpst
pYesave  +y 43°c

tompre ssed

N an n+er tooler and is then
1‘5fnl;fapl‘callg 0 4MPa in o high
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W = y 1 £y
WLP ""' WHP : h = j‘:_ lh+
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P= 03kfa = lo3xio fa
ol AP -_
P, = T00 kPa =:  -#mxm? Fﬁ._.
T. =3 ;c = SiDH
. { ! :
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———
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's then  deliveved o the tev toplex wheve LIS
Cooled at  (onstant pyessuve 1o 35°¢ and (g
then furthey  tompressed poly +yopi cally of wdex
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Vst = effective “Swept volume
Auwpt volume

SwlLPt volume

q,vpl = e~ it (i)lln
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Rotavy COMPYESSOYS ate  Ahe yoadppes which ore wsed
fo suprly Continous  pulsation free Compressed air al
o compavi tively low and mediym pessuves. The low
Skarting Yovque of -ihe 0ty CompreSsoy  helps +o
connect divectly with the electvic motyy . RDEC{*‘rq

(ompessors  ave. Compack, well balanced onel high speed
(ompressors

-

Rotary Cwmessmﬁ
| |
! =5

PosSitive cispacement type Dynumic action type
! { I ~3
S1ew Roots vahe Cen \yifuga) azial €low

ompesey  Blowey Cpiens  Commressyr ~ Compressey

Posibive displacement type  Compressor

In +hje type  Abe al 5 compyessed b'y b‘f””ﬁ
bapect 1 4he veduced Space  fovmed by means o
Two s bs ' of engag{@ SUrTfaces ad the pYessuye of |

| alr s inweuir_d 514 5@&1&521}19 df-Hon-

hﬂpﬁrtment of Mechanical Engg.,NCERC

Downloaded from Ktunotes.in Scanned by CamScanner



ME206 FLUID MACHINERY

Wnamic  acton type Compyessov
Ini

this  Aype air 15 not LvapRd  In specifiee] Bundave,
but the ar fiowe continously  Cnd pressume 15 incyeusad
due o dgnfﬂh‘ll& action of centvi fuga) foree

Centvifugal  C(ompressoy

5, ey

orested air for df:hvﬂ'fg

Volute —

t'.(.l!mﬁ

Te ain pavts Of fﬁnh‘l&gﬁl lampre Ssove e

(D A ~otabing 1Mpelley

@ A diffusey

() A Q@Eﬂv Sirah“bnew casing _
The ~ota ting (mpeller s o vadial clisc én which a
sevies a  vadaly blades ave attached - The— 1wpdler
vovates rrsicle  the sliﬂl‘.‘lariely CaSln(j and +he
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Centie of Ahe mpelley io calied A LU8 i
toe mpeller The ditusser  whidh  Gyyvouncds  the
\wpelley o provides dwevging passage for alv f low
the mop Functlion ol Adhe  Aif{yser 16 Lo convert
g velocily heac) of ~he  Cur 4o Slatic pressuve
heed. e air comng out  from he dilfuser ts
llecked W dhe  Casing  and  talcen oyt Erom -the
sutiet oF-he Compessor Mhe casity of the ompre-
ssov has volute type and  Survounds e impeliey
V&lﬂdhﬂ t*[ﬂﬂid& of Cﬁntvt‘i‘ugﬂj {'E’_m,P*ﬁ-‘SDT

Tnlet VE‘O&I'{Z'LJ +-r|‘an_£,|_£.

Ve v, =2 vane velo by

Vf]f V‘Tz =) J-ﬁi Lﬂ_’mk‘({

u
outlet  veloc| by kviang le

\4- ol

B = inlet  amle of
diffuser
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WoKk done by the mpelies

Wavkdone by Hhe impelley/e,,.
= dovgue develpped x angulaw velocily

= Txw

= m oy, %) x w
Efsec = M Yz Uz Z U, = Wk,
k"‘mkdm&/ffﬁ/kg of aiy Uw‘uzJ --‘-m=|h’g

W= ﬁngum# vé.loﬁffg of tmpeller
M = mass xate of flow:

Concept of - Stagnation  Poperties

- Stagnation State  of a Flowing fluig 15 defined as
the State attained by the fluid Which s bought
to vest lﬁhtmpl“mh‘g I’m@ the Stagpation pyocess

Kine tic enevgy of the Pluid (s Convevted - to
enthalpy which  Tesults n the . 1pcveqse o -
pressure anc  bemp- of the 'f_klfd.‘:

S{-agnm{ jon  pressuve = Po

Stagnation temp. = To

Stagnation en-thalpy = b,

P, 1, b are mudpoadyy valjes o at Static Stage
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1
Stagnation enthailfly hp = h+ 2 — me, 4T —@

= M AT, +V. —@
2
equating @ and @
and fms;défi:\‘n_g State 1 .

mep 8To, = MCpdT, +Vv
™
(vvesporclig - the state  foy wm - kg
CP Tn‘ = C}P Tf -+ U}l
| i
TO.I - T + i
a¢p

wheve To Is the stagnatton Aemp at et
T, = static +4emp at inlet
vi = velocity of fluid at inlet

cp = Specific heal of air or fluid at
Constant pveSsure

P -
" AN 77 Atagnatiorn pressuve £ine at oytlet
2’:}"“ e S —Avalt pressne Line at oytlet
\. i L []

Atagpi tien pyessune Line at
mlet (Py,)
Pessue Line al miet (7,)

L]
Y0
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Fﬂrn the gmph,
Whing Isentvopic ~elatten of peifect gqs,

7-)
Tﬂi = Pﬂ'l ) T
T Py
Aimilail
Imi y, oy

To, _ [}’al}i_'
T2 £ ') |

—ﬁ]:: Sl;ﬂghﬂhﬂn pWHTc’i ot inlet

P, = Stabtic pressun€ atb Inlet
Py, = Staghation pressure at—oullet
P, = Static premur at Fn!e.f:.
1 2 rsentopic index =cp
- . Cv‘
lp = specific: heat @t Conse Pressuve
Cv = specific hegt at. omt volume

Wovk done bq Impallfd (From stendy Flow  enewgy
equatle)

work ihput +o the  Compresor, W= mey(To, -1

Work (npyt +0 the Compres3oy
In H'rms of Static rf-emp , W :MCP(T.;"T:_)

;

wm input 1o The Compressoy /Lgn P P(TE*; 0,)
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Pe, |

If velocity of nlet = velocily Of oullet

Vi - Y 2

) 4 -1
. 29 E
Ten, Wiy of ar = 7 H‘P,—} —IJ

width  of the mpelley

we Know,

. = ) i lle r x FE.‘.’»‘EH
Dischange thwough Impelley, & = Ihea L of Hnuij

Q= A i
a' - Hp{ B; Vr;

width o1 the impelle

at inlet B, = @
1D Vp,

s g vale offlow , m= £ o

m f'ﬂhﬂ.‘ B;Vf‘f

E, =
fﬂ'ﬂ U"o

If Consideving thickness — of Blades and number of
blades

Avea of Flow = (715, — nt)x B
Aischarge @ = (Ap,-nt) xBXVg,
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B, = n

£ (o - nt) V§,

wheve N = noof blades
1 = thickness of blades

Degvee of Reaclion

Degyee of veachion = Static Pressure YISE Ip the lrnpeun
Total Statc pPvessuve ~iSe In the

Impelles
vedacltien jﬁ,—;

§) A centrifuga)  Compressoy Tunnirg . at 1500 YpM has
ievhal and  extevna) diametevs of the ‘impelle'r
a$ 25omm  and  Bopmm ’Y%Pfﬁﬂ*ﬁlg » e blades
anges at INlek and outlet are |<8 and 4o
Tespectively e ar  enteve the impelley mdlaﬂy
Determine the. Wovk done by Ahe Corvpressol
pev kg of air ancl  degvee  of veackon.

given
N = 1500 vpm
_ D, = 260mm = 02bm
l D, = Boomm = 85Sm 3
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¢ = 40
« = ' (o enteys ~acally)

VW; i 0
- V u
vk d the (ompyesoY : w, Uy
0 wo one by th P ky of air
e = A0 N TXOSXIN0 34,60 my,
60 6o —_—
Us
(¥ j
o " s : i~
= —_ t -2 i ]
U= 7N, - Tx0 ”509514-.53“/; P ¢
60 60 — ’iFF,_
. Vo Voo
tane = V1
U

Vi, = VF; = U tang

= 19-634 X tanlSe

¢ 379
= Wnes® m/s
tan ¢ = V2

U - Vi,

Uz - ""wz. = Vi,
tand é-379
Vw, = Uy = vy, - 39269 -_MMBYE
tan Ean 40

- 3666 m/J/
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= Vu, - L
Wovle clone by -the (omPresy lkguffﬂr g
- 3l6bbx 39264

- 1243 523 W,

Degvee of ~eachon = (- Vuw,
aU,
= 11— 31-66(

RX 2996 5

0-S9b

\

o) n Cenbyifugal  Compressoy vunning. at 1500 ypm
handles air at  dbay cnd 25°c  and Compresses it

to a Pessuve of ¢ bar 'sentwpically - The innex
and  outey didmetey o f h’?Pﬁan; ave IS"z:ml and
E?cm- feé}m’civ&lg- The wid+h 0of 4he blade at

nlet  js 15cm - The blade ang|es are 13"

and 40° at entiry  angd exjt .Caltulgte

O mass yate of flow of alv |

(2) pegvee eof Yéaction

®) Powler lnfﬁl'

@ widh of 4be  blace g outlet
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Qivén
N = 1500 \pM
P, = 1 bav = IXI0° Ny
T = 26C = 295 k
P, = 6bav= 6x)0° N/m‘
D, = Istm = 016 m
D; = 30tm = 0'3m
B, = Q15im = 02215 m
@ = (8
@ = 40
- mass vate of flow Of C‘“;', "
O = b B, VY,
U =7a0N _ F X0IS x1500
60 bo
U
Vf,-‘ u, tant
= JI'7%0x kan %
= 38293 mfs
-3 Q‘."' frD)‘ B; V'pf

ME206 FLUID MACHINERY

£ &

= ”‘?w M/'s_

—_—
- —

« T X0-15x 0-0275Xx 3823

3
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Accorcling +o perfect gas equcition

P, = -PI ET;
-F.! = P.\‘
RT,
= Ixi0?
287 x 29%
m= S5 @ <= 1/69x 00445
2- Degvee of veaction = |- Vi,
M2
Up = DN 7X0-3x 150D
6o 6o
bang = vp,
u;‘*VwL
Uz — UWL - V"fl.
tang
va = U, - V4,
f:an;b
= 335 w= 3829
—
tarn 4
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2= -?a"; J/Lj‘:

Viwa

T
Y e 4
Vo Via

vftf’vff

= /9 M/s

—_—
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—————

al,
| - 1

———d

Axaz s6)

1

il

05947
~ 5943 7

@ Powev Input = wovledone [
= m. Vw, U,
= 0-0535x 19x 23:56]

= 25894 W

4 width  of Impelles outlet

B, = .M
_Fz‘xpl VFZ.

=t Ra

f, = e e e =
RT,

Fovgetbing To, Wdng Isehiropic Compvelion velation,
g et
Lo~ (;J 7 Foy isentropic pracess |
! o=l y

-3
—

P,
o f
= 29§ X [%—] "F - 493 25 k
gp—__J

P
T, # T, (P
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I

RT,
6x10°
287 X 493 216

= 4204 kg/ms-

—_—

"

R ey,
B, = m
.Pz J(. ﬂ-pz_v{j_ i

Il

00578
+ 204X I x 003x 32533

e m 3-2;;,”{{5;”

——
T E——
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Alip of ~otayy (empres20¥

Toc diffevente  between ,the ympellen ‘blade. veloclly
M outlet (Uz) and Velocity of whivl of ar outlet, (Vw,)

6 Known as slip | 1y nipeller blade o vane

[lip = Uz~ Vw, velocity at oublet
@@ - I iy, 2 velodty' of whivl of
Slip factor (d’s) | ar at outlet

outlet |

The ~atio of velodwy 0F whiv 0f ar at
bo the 1MP£H€1’ blade vgloaltg ak outlet 15 Bpown |

i

as olip factor : fmmﬂhm"gjg
slip Factm o = Vwz Uz =V, |||

A n actual

lAJovl{ FQ’CW (d?w) : ] Uz *+V,, |
wovk {—aﬁ-u’r 0y powe'f m'put Ffactoy 156 defiped as ‘

the ~ado of actua) WOk input by (ompYesSoy 10 the |

i
aip
(dle impeller = wovk Inpul b to the /|

- mpYers oy
. - actual wovK input bg the (omp?
woyk factoy, @y = e kg of aiv

|
A Impcilh‘ qu'h ip a"’/ﬁg of air !
|
|

actua)  work 1[p by the tompressor = mép (Ta, ~To,)
= i
a ctual  wovk ‘/F by the campmn% o sl (E; 'ﬁ:,) f

iy

TImpelléer wovk '/p to alr/kq of aly = Vw;, U,

§uw =

wovk factov,
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Pessiine (oefficent (¢p)

o O
Pvessuve coeffuent 15 de fined as The valio 0F 1senrop
1o . the  1ImpeleT woy

 WoVK input by -I'ha comp‘/éf?%"’
input o the air
¢ - iéiﬁnf-ropic wovk mput by the mem%% of q;

!mpe.lle.f wovk tnput 0 ar /kg of air

tﬁentmph: | wofk mput by the COmP'fESfW‘ L ﬁ”' T"J

lse,ntmpm wmk In put by the  ompréssoy
PﬂY kg of ar = CP[T;-,;* ] TOJJ

| j[mpe.nr:"r woy k  nput L‘TJ ﬂlr/kg of air — ‘;w Uy

Fff%uj’e cocFficent §p = Cp (Toy ~ 7.1::;_]1
. ‘ L VW u: 1

‘whe're,—rﬂ,tg 5tﬁ9ﬂ&|ﬂﬂn ‘+;rrﬁp avr nletk.
Toy = Staghation temp at aytjet

To_;; =' S.L'agnﬂ{foln "’ff‘nf: at outlet in isentvpl
il pYoCEss

we kWr ' B I%m‘fﬂ.ﬁi WOTH 'ﬂFUL‘
I5en . acua) Woyie mput

. » i % —
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MCF (To.l T Tﬂ'_]"' | Tﬂg = Tﬂ;

- —gp——— =

e

—

| Mass ‘Flot.u mta aF alr‘——*y

Surging 15 defined as the PH'SGH”Q air ‘F'M *h'”"ﬁ“t
the ompresoy  with bigh Freguency- It 5 cause |
% unsteady peviodic and veversal £low thvough,
the  Comprescor when  the fommﬂsov bas 'in
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Effects of suvgng ,

J- Unstable Ccompressor  gperations  due to Yevevse
Flow and pressuve oscillations |
b '*’9 Rlsm_q of temp inside the Ca'um%m
3 tigh ﬁ%uﬁnfq vibrations and pressyve Shocks
h 4 Wechapical damoge which include damag¢ of
;! keanirgs blades,  casing etc
)

C hoc King

* At constant impelley Spéed he mcvea;e In mass
i‘ fbow ~ate Uf aiy from the dgggn F@mk bEj OPSI’?IH-C‘
: the delwvevy valve leads “tv decyease e prestue
| Aabo  Followed bg e Nevease 1 flow ve.lacltg

causing highey  values of oytlet Flow ve-laélhd("z)
the mass flow vate of ar Aeaches o chockiry
pont - e noass flow 1obe of air cannot be

increased  beyond “"& ot P this poim is Known
a5 chockmg fomt
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Avial Flow Compressor

ME206 FLUID MACHINERY

\<——>- air delivevy

DTJ_‘W# shaf t _

é—a aiF delivery

vanes
Velocity triangles
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, DMELS s ME206 FLUID MACHINERY -
D Blade velocity, u, at Tniet  and bide veluily (1)
At outlet ~vemains same ;e -[E. it . s uJ
D e fiow velocity at inlet = 1“"-"‘"” velocily at Oty
! 2 e, [Vg = Vg
| The Telatiye Ve,llur,il:g at outlet rs less than e
t inlet. -
. | '9-1"’11 <V, |
_'r Th‘llﬁ qulrs when the IVe,loL'ltg of alr &elahvéh
4he bludes cletveqees as passing - thyougn +ne

d‘“f—"'glhq passage  of moving blades
Y Te abewlute velodty of ar at wtiet 15 grab
than e absplute Veloctty of air ol lnlet
e, [v, >,
™is 15 becdilse
by e’ moty

velny, i
e veloc,tlg a

0F the wovk done on e dir

Wovk done*cn Axtal flow  compressov

WOYKAOE fope ey ppe = ™ [Vurg U = Vi Uh ]
But u; = U2 =u !
' womdom/%&/gtage = m.u Csz' V“’Q
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X No of Stageh

M= mMmas vatle of flow of alr
= -fl' Q|
= Fzgl

g——————

o wlee  velocity {riangle,
tan o« = Vi
Ve,

Fom outiet velocity +viangle,
np -,
Vta

wuvkdone/m/gmge = MU (U, - »

vHJ-z_ = v{g 'Lanfa

—
—

mu-(vg, bang - Ve, tangy
But vp = Vg, '

WﬂTKdDﬂc’/ggE/gtagf = mu- Ve, @anp- t an )

Total wovkdsne = v Vi G“"F—“ tan.g

X No-of f}ba%
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