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WINTER 18 EXAMINATION
Subject Name:Huid Mechanics andMachinery Model Answer Subject Code: 17411

Important Instructions to examiners:

1)
2)
3)

4)

5)
6)

7)

The answers should be examined by key words and not as word-to-word as given in the model answer
scheme.

The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

The language errors such as grammatical, spelling errors should not be given more Importance (Not
applicable for subject English and Communication Skills.

While assessing figures, examiner may give credit for principal components indicated in the figure. The
figures drawn by candidate and model answer may vary. The examiner may give credit for any equivalent
figure drawn.

Credits may be given step wise for numerical problems. In some cases, the assumed constant values
may vary and there may be some danfirhoglelanswere i n t h
In case of some questions credit may be given by judgement on part of examiner of relevant answer
based on candidatebés understanding.

For programming language papers, credit may be given to any other program based on equivalent
concept.

e

c

Sub Answer Marking
Q. N. Scheme

A Attempt any six of the following2x6)
a a) Define density It is defined as mass peolume 1

Specific gravityit is the ratio of mass density or specific weight of fluid to the ma 1
density or specific weight of ideal fluid

b) Definefluid pressure intensityit is force per unit area

Pressure headlt is thepressure exerted by a liquahd can also be expressed as t
height of equivalent liquid column aertical height or the freewsface above any
point in a liquid at rest

c c){UlFrdS GKS . SNyz2dzZ t AQa (KS2NBY

Total energyper unit weightof an ideal fluid and incompressitfleid at any point | 4
duringflow remains constant. Therefore

Total energy per unit weight g/w +V%/2g + Z = constan
d) Sate the types of fluid flow

1) steady and unsteady flow

2) uniform and non uniform flow

3) laminar and turbulent flow

4) compressible and incompressible flow
5) rotational andirrigational flow
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WINTER; 18 EXAMINATION

Subject Name: Model Answer Subject Code:| 17411

Sub

Answer

Marking
Scheme

Describe continuity equation

It is based on law of conservation of mass according to which the mass can neither be
created nor destroyed

Fa a fluid flowing through @ipe of variable cross sectiothe quantity of fluid pasing per
second is constant at all sectionkhisis known as continuity equation

Q= AVi=A\,= constant
Define slip
It is the difference between theoretical discharge and actual discharge
Negative slip

Actual discharge of a reciprocating pumgprisre than the theoretical discharge. In such
cases the coefficient of discharge will be more than unity, and the corresponding slip is
known as negative slip of the pump.

Qassify the hydraulic turbine
According to the type of energy available at inled the turbine
1)impulse turbine an®) Reaction turbine
According to direction of flow through runner
1) tangential flow turbine
2) radial flow turbine
3) axial flow turbine
4) mixed flow turbine
According to the head available at inlet to the turbine

1) Low head turbine (2 mto 15 m)
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2)Medium head turbine (16 m to 70 m)

3)High head turbine (71 m and above)
According to the specific speed of the turbine

1)low specific speed

2)medium specific speed

3)High specific speed

Explain the meaning of Irpact of Jet

the force exerted by the jet on a plate or vane which may be statioaerngoving is called | 2
the impact of jet
The concept ofimpact of jet is used to determine forces alone or forces and work done.
Attempt any TWO of the followin{2x4)

a) Enlist types of manometers and explain any one of them with neat sketch

Types ¢ manometers 1

A) simple manometer 1) Rezometer

2) U- tube manometer
Sketch-1
3) Micro-manometer -
Explaination
B) differential manometer: JU- tube differential manometers 2
2) Inverted U tube differential manometers (Any 1)
h2
* €]
U - Tube Manometer
A manometer is a device used for measure the pressure of a fluid by balancing it with &
a column of a liquid. Fiwdifferent types of manometerare shown below with images.
U-Tube Manometer:
It consistof a U¢ shaped bedtubeg K2aS 2yS SYyR A& F GGl OKS
other end is open to the atmospherk.can measure both positive and negative (suction)
pressures. It contains liquid of specific gravity greater than that of a liquid of which the
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pressure is tde measured.

GKSNBE W' Q A& {LISOATAO ¢SAIAKGEZ Wt Q Aa t]
Pressure at Ais® HKH MK M

Differential U - Tube Manometer

Differential U-Tube Manometer:
A UTube manometridiquid is heavier than the liquid for which the pressure difference ig
be measured and is not immiscible with it.
Construction

The simplest differential manometer is astlaped tube with both ends at the same heigh
A liquid, usually water or mercurgests at the bottom of the tube.

Working

If one end of the tube is in a place with higher air pressure, the pressure will push dowt
liquid on that side of the tube. By measuring the difference between the heights of liqui
is possible to calculatihe difference in pressure.

Pressure difference between A and B is given by equation
PagPs='2hb shsqihy

Inverted U tube Manometer

Inverted U-Tube Manometer:

Inverted UTube manometer consists of an inverted; Jube containing a light liquid. This
used to measure the differences of low pressures between two points where b
accuracy is required. It generally consists of an air cock at top of manorheiitype.

Pi¢ 1*g*H1 ¢ m*g(Hg H) = B¢ " 2*gH2
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Micro Manometer:
Micro Manometer is the modified form of a simple manometer whose one limb is ma

larger cross sectional area. It measures very small pressure differences with high prec

Micro Mamometer

[ S WFEQ I FNBF 2F GKS (dz
A = area of the reservaoir,
h; = Falling liquid level reservaoir,
h, = Rise of the liquid in the tube,
By conversation of mass we gthz= ah,

Equating pressure heads at datum we get

Pi=(m¢ 1)*ghsb m*gh2¢ 1*gh:

Inclined Manometer

Inclined Manometer

Inclined manometer is used for the measurement of small pressures and is to measure
accurately than the vertical tube type manometer. Due to inclination the distance move
the fluid in manometer is more.

Py—Pg =y3lpsin@ +yzhs —yihy

b) Define atmospheic pressure, gauge pressure and absolute pressure. state
relationship between them

Atmospheric pressureThe pressure exerted byhe atmosphere on any surfa@e contact is
calledasatmospheric pressure.
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Gauge pressurelhe pressure which is measured atleathe atmosphere pressure is called
gauge pressure.

Absolute pressurePressure which is measured above the absolute vacuum pressure is
called the absolute pressure.

Absolute pressure= Atmospheric pressure- Gauge pressure

Pabs=Patm + Pgauge

Explain Hdraulic Gradient Line and Total Energy Line
Hydraulic Gradient Lingit is the sum of pressure head and datum head w.r.t. datum line
Hydraulic Gradient Line lies below the total energy line%8gv

Total energy line it is the sum of velocity head, pgsure head and datum head w.r.t. daty
line. Total energy Line lies above hydraulic gradient line’f3gv

U?

a 23 e

Attempt any FOUR of the followin{#x4)
a) Explain Bourdon pressure gauge with a neat sketch

It is a device used for measuring the high pressuremdiat in a fluid.This device give
direct gauge pressure reading. They are portable. It is a stiff flattened metal tube ber
a circular shape. it consists of a bent tube of an elliptical cross section, a calibrated s
with pinion and gear arrangeemt. One end of tube A is sealed and its motion is
transmitted to the pinion through the link E and gear. The other end B of tube is oper
through which the fluid pressure is transmitted to the tube. TloaifBlen gage measures
the pressure inside the tubend atmospheric pressure e. it measures the gauge press
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1| Tube end piece
! _Unk

Toothed segment
Dial Movement

. Socket

b) Explain with a neat sketch principle of workingoofice meter.

Orifice meters a device used to determine the rate of flow through the pipe. It
consist of flat circular plate which has a ghadged circular hole called orifice. It is
fixed concentric tgipe. Theorifice dia.is generally kept half of the dia.fahe pipe
The value of gQvaries between 0.60 to 0.63.i6 economical and less space is
required for fitting. The liquid flowinfom the orifice forms a jet whose area is les
than the area of orifice at section2 called venacontracta. This veraontracta
occurs at a distance of half the dia. Of orifice. At this section flow is laminar and
parallel to each other and perpendieulto the plane of orificeThen we ddine
coefficient of contractiorC; as the ratio of area at vereontracta to thearea of
orifice G=a/a,

Orifice Flow Meter

Section 2

Dowmhstream

/':1 P2 Vena Contract
Converging Area ena Contracta
| Differential Pressure sensor
' U-tube manometer

c) when plate is normal to jet area of jet, A#4 D°= 0.7854x (0.095f=0.007088 M

m="xAxV
=1000x 0.007088& 25
=177.21kg/sec
F= Rateof change of momentum = m Q)= 177.2% (25)=4430.25N
i) when jet strikes the plate at 80
Normal force on the plate = m(V sin=" AKVxVSin
=177.21x 25x sin30=2215.125N
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d) State the equation for hydraulic power transmission by fluid through pipe and obtain

condition for maximum power transmission

Equation for hydraulic power transmissioweight of water per seg Head at outlet

P= (WX /4 d*V)x (HfV?/2gd) wat

the condition for maximum power transmission is obtained by differentiating

equation w.r.t. V and equating the same to zero
d(P)/dv=0

d/dv (wx~ /4 d*( VH- fIV3¥/2gd) = 0

wx ™ /4 d*(H 3 fv/2gd)= 0

H= 3 fl¥/2gd= 3 hf

hf= H/3

QELX I Ay 55NB&Aa SHYRIARY FT2NJ FNRAOGA 2

51 NDéQa Sl daf/dghl 2fy G/ 3K& T
hf=loss of head due to friction

L= length of pipe

V= Velocity of flow

d= diameter of pipe

Q= discharge

| KST &8 Qa S| dd/Gdy ¥y Tk kx> n
Where, i= hf/L and m=A/P

hf=loss of head due to friction

L= length of pipe

V= Velocity of flow

d= diameter of pipe

/ I /I KSTeQa Oz2yadalyil

m= hydraulic mean depth

n ¥

s
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f)Explain differential manometer with neat sketch

Differential U - Tube Manometer

A differential manometer is a device that measures the difference in pressure between
places. Differential manometers can range from devices simplegntube built at home
to complex digital equipment.

Function

Standard manometers are used to measure the pressure in a container by comparing i
normal atmospheric pressure. Differential manometers are also used to compare the
pressure of two differentontainers. They reveal both which container has greater press
and how large the difference between the two is.

Use

Differential manometers have a wide range of uses in different disciplines. One examp
that they can be used to measure the flow dynics of a gas by comparing the pressure g
different points in the pipe.

Construction

The simplest differential manometer is astlaped tube with both ends at the same heigh
A liquid, usuallyvater or mercury, rests at the bottom of the tube.

Working

If one end of the tube is in a place with higher air pressure, the pressure will push dowr,
liquid on that side of the tube. By measuring the difference between the heights of liqui
is possible to calculate the difference in pressticcalculate the difference in pressure,
multiply the difference in height by the density of the gas and the acceleration due to
gravity. The final units should be iragcals.
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General layout of Hydroelectric Power Plant:

TURBINE

Layout of Hydraulic Power plant

i) Dam (Reservoir)lt is water regrvoir generally constructed over the river it contains lot
of potential energy.

il) Penstock: Pipes of large diameters called penstock, which carries water under high
pressure from storage reservoir to the turbines. These pipes are made of steel forceth
concrete.

iii) Turbines: These are the wheels on which number of vanes are fitted and converts
hydraulic energy to mechanical energy.

iv) Tail race:lt is the channel which carries water away from turbines after the water has
worked on turbines. fie surface of water in the tail race is also known as tail race.

V) Surge tanklt is the tank provided in the path of penstock to avoid pulsating discharge
inlet of turbines. During flow of water from reservoir to turbine through penstock pressu
surges are created to compensate these surges surge tank is provided.

Figureg
02 Marks

Explaing
02 Marks
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Given: Calculate
D=Diameter of Buckefm uH&V1
Pressure at Nozzle (P)58ar =15 x 10N / n? ¢ 01 Mark
Q=Discharge3:5 n/min = 0.058 n¥s
Turbine Speed N=600 RPM, each
As the bucket is semi circular I' %
Let/ BT ndpy = 32Ty p 6{GdzRSy (i Yhe& az2ft @9 Calculate
Poweri
¢Fy3aSyiGdalt xSt20AG@& dz T 5 b k cn 01 Mark
=(3.14x1x600)/60 = 31.41m/s
Head of Nozzle=(H)=(Pressure at the Nozzle)/(Specific weight of water) (as P=w.H calculate
=(15x16)/ (9810) efficiency
H =152.91 m i 02
R . Marks
Velocity of Jet (V1)ERKoH E 3T E | 0
Velocity of Jet (V1) A d by PKOH E dpPymM E MpHDPOMO
Velocity of Jet (VI3 53.67m/s
1) Power Developed P 3\@ xQxH
=0.85x9810x0.058%152.91
=73.95Kw.
2) Hydraulic efficiencgh={[2(V1-u)(1+cos )xu]/[V*}
={[2(53.6731.41)(1+ cos 00)x31.41])/[53.672]}
3 K 0.9709=97.09%
Figureq
02 Marks
Kaplan Turbine:
Explaing
SHAFT PG 02 Marks
GUIDE VANES S:&%ES h
:j[L;‘QE\JS[ R lSLLJE I EOTFORFU\r/\‘ANF\JEER‘ i
or
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Shan
rj Scrol casng
‘ ~z
= S 2N
\ " & e v Y
Runner—of ] _» L —Guide vane

Unique feature of Kaplan Turbindn Kaplan Turbine nner blades (small in numberaje
adjustable and can be rotated about pivot fixed to thass of the runner.
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Calculate
angle & V
¢ 01 Mark

Calculate
ucO01
Mark

Calculate
W 02
Marks
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Surface tension: Surface tension is defined as the force required to maintain unit len
the film in equilibrium condition.

Or

It is the property of fluid which is defined as the tensile force actinf@surface of a liqui
in contact with a gas or on the surface between two immiscible liquids such that the
surface behaves like a membrane under tension.

Capillarity : :- It is defined as a phenomenon of rise or fall of a liquid surface in t tsine

relative to the adjacent general level of liquid when the tube is held vertically in the liqu
The rise of liquid surface is known as capillary rise while the fall of the liquid surface is
known as capillary fall or depression

Definition
¢ 02 mark
each
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Calculate
angle, x-
01 Mark

Calculate

Total
Pressureg
01 Mark

Calculate

Positon of
center of
Pressure;
02 Mark
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Attempt any TWO:

Draft Tube: Draft tube is a pipe of gradually increasing diameter which connects the e
runner of turbine to tail race.

Types of draft tube:

i. Conical draft tube.

ii. Simple elbow draft tube.

iii. Moody spreading draft tube.

iv. Elbow diaft tube with circular cross section at inlet and rectangular at outlet.

Y

TUBE WITH CIRCULAR
@ ?:LAEFTTAND RECTANGULAR OUTLE

Conical Draft Tube: (Straight Divergent Tube) The shape of this tube is that of frustum
a cone. It is usually employed for low specific speed, vertical shaft Francis turbmeome
angle is restcted to 8to avoid the losses due to separation. The tube must disg
sufficiently low under tail water level. The maximum efficiency of this type of draft tul
90%.
Simple Elbow TypeThe draft tubés bent to keep its defirétlength. Simple elbow type dre
tube will serve such a ppese. Its efficiency is, however, lof@bout 60%). This type of dra
tube turns the water from the vertical to the horizontal direction with a minimum de
excavation. The horizontal porti@f the draft tube is generally inclined upwards to lead

Definition
¢ 02
Marks

Typesg 02
Marks

Explain any
one

(Figureg 02
Marks&

Explanation
¢ 02 Marks)
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water gradually to the level of the tail race and to prevent entry of air from the exit end.
Elbow Draft Tube It is circular in cross section at inlet in its vertical leg which turns
rectanglar cross section in horizontal portion of tube at outlet. The horizontal portion o
is gradually inclined upwards so that water leaves tube almost at tail raceEkéieedncy of
this tube is in range of 60 to 80%

Moody& Spreading Draft Tube: This is a modification of conicalube and a solid conicq
cone isprovided in the center of the tube with a flare at the bottom end. Such an arran
allows a large exit area withoekcessive length. The solid core at the center enables full
and redaes the eddy losses. The efficiency of the tube is about 85%.

Calculate
u2¢01
Mark

Calculate
Vw2¢ 01
Mark

Calculate
Vf2¢ 02
Marks

Calculate
V2¢01
Mark

Calculate
anglec 01
Marks
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Calculate
Discharge
¢ 02
Marks
Definition
Multistage Centrifugal Pump:- ¢ 02
Multistage centrifugal pump has two or more identical impellers mounted on same or | Marks
different shaft. These pumps are used to produce a high bedischage large quantitpf
liquid.
Pumps in
1) Pumps in series Centrifugal Pump for high head) series (
For developing high head numbers of impellers are mounted in series on the same shg Dlagrami
) o 02 Marks,
is shown in fig. -
Explaini
01 Marks)
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-4 ~N
% . TO DELVERY
£ s t PIPE
%' i ;
T
i H
_ ¢ 4
FROM g B
SUCTION PIPE—] L il

| T R ———

IMPELLER L3

NUMBER 1 e

\\—"// iMPELLER
T ot NUMBER 2

PIPE CONNECTING

OUTLET ‘OF 1 st IMPELLERTO

INLET OF 2 nd IMPELLER

The water from the suction pipe entérs first impellers at inlet & it discharged at outlet w
increased pressure. Then water with increased pressure from outlet of first impeller is t
by inlet if second impeller wh the help of connecting pigd the outlet of second impeller
pressuref water will be more than pressure of water at outlet of first impeller.

Pumps in
2 Pumps inParallel (Centrifugal Pump for high discharge B‘;’galrlaerlnﬁ.
For obtaining high dischargs low headpump should be connected in parallel shown in 02 I\g/llarks
figure. Explaini
’,COMMON PIPE 01 Marks)
st 0t
{ iPE No2
@ | pELIvERY
PIPE NO1
Wt A
suwp
Here each pump lifts the water from same sump & disckdahgewater to commo
pipe. Each of pumps is working against same head.
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Attempt any FOUR of the following
Define for centrifugal pump

NPSH:
The net positive suction head (NPSH) isndel as the absolute pressure head at the inle
to the pump minus the vapor pressure head(in absolute head) plus the velocity head.

Manometric efficiency
The ratio of the manometric head to the head imparted by the impeller to the water is
known as maometric efficiency.

" man= Manometric head / head imparted by impeller to water.

Enlist methods of priming of centrifugal pump

Manually With Vacuum Pump

* In this method water is poured in the pump through « In this method, the small size reciprocating pump is
funnel. When priming is being done, an air escapes  used priming the main centrifugal pump.

through air vent v_glve. * The suction line of reciprocating pump is connected

to the delivery line of main centrifugal pump.
e Small ater yeggy V Delivery pipe TI_"

\
\_Funnel

Delivery pipe_

Air vent v:AIvc\\ wain centrifugal pump

Air out-2 N Vacuum pump

_ Suction pipe

. Sgcllpn pipe

With jet pump With Seperator

* In this method, water available at high head is .

In this method, air seperator is provided on the
allowed to flow through a nozzle.

delivery side of pump and bent suction pipe portion
" S is provided at the inlet of the pump.

e

vvvvvv

* Bent suction pipe portion always contain some
liquid.

* The liquid heavier than air, so it falls back into
seperator and air moves in upward direction.

Waner

* Therefore the liquid and air are seperated in
seperator.

* The nozzle is so designed that at the jet outside the
nozzle the pressure is less than the atm pressure so it
is possible to suck water from the sump.

(Enlist 1 Marks & Any two explanation)
Explain phenomenon of cavitation in reaction turbines

Cavitation is defined as the phenomenon of formation of vapour bubbles of a flowing
liquid.

Cavitation occurs when the pressure in any dtaod falls below the vapour pressure.
While passing through hydraulic turbine water comes in a region where its pressure fe
below vapour pressure. At this point vapour bubbles are fornTétls can happen at the

2 Marks

2 Marks

04

04
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outlet of the turbine, inlet of pump, beshof pipe or convesurface of curved vanes.
The vapour bubbles travel along with the liquid and on reaching in region of high
pressure, suddenly collapse creating a vacuum in the paakapsing of bubbles produce
very high pressure which causes damagthe blades ofunner and draft tube, etc.

It causes small pits cavities to be formed on inside surface. This action is known as
pitting. Cavitation reduces efficiency of turbine and hence it is not desirable.

Calculate the power transmitted by 250 mrancheter pipe of length 500 m carrying water
under a head of 100 m. Take friction factor 0.0015

04
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