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DYNAMICS OF FLUID ~,
FLOW

» 6.1 INTRODUCTION

In the previous chapter, we studied the velocity and acceleration at a pomnt in a Puid fow, witho
laking into consideration the forces causing the flow. This chapter includes the stz ™\ of forces cau

tuid tlow. Thus dynamics of fluid flow is the study of fluid motion with the f ice. . wing flow [
dynamiuc behaviour of the fluid flow is analysed by the Newton’s second w € 7.0tic 1. which relate
the acceleration with the fﬂl’CE‘S. The fluid 18 assumed to be incnmprcss”,:c JITQ O AASCENS

» 6.2 EQUATIONS OF MOTION

According to Newion's second law of motion, the net focce ty 2cting on a fluid element in the

dmection of x is equal 0 mass m of the fluid element muitiphed by the acceleration a_ m the w-direcuon
Thus mathematically .

(6.1,

(r) F, force due to viscosity.

(1v) F,, torce due to turbulence.
(V) £, force due to compressibility
Thus in equation (6.1), the nct foree
Fo= (Fo) + (F)+ (F), + (F), + (F,),
(1) 11 the force due to compressibility, F_ is negligible, the resulting net force
Fo=(Fp), + (F,), + (F,)), + (F),
and equation of motions are called Reynold’s equations of motion.

(1) For flow, where (F)) is negligible, the resulting equations of motion are known as
Navier-Stokes Equation.

(111) 1f the flow is assumed to be ideal. viscous force (£,) 15 zero and equation of motions are A

known as Euler’s equation of motion.
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P fuLER'S EQUATION OF MOTION

rhis is equation of motion in which the forces due 1o gravis
" ion. This is denved by considening the motion of a fluid ¢
Consider a stream-line 1n which flow is taking place in s-direction as show

cvlindrical element of cross-section dA and length ds, The forces
| Pressure force pdA in the direction of flow

__ R
2. Pressure force [ p+ 58- d.t) dA opposite to the direction of flow
R

1

. Weight of element pgdAds.

Let B 1s the angle between the direction of flow and the line of action of the weight of clement

I'he resuitant force on the fluid element in the direction of 5 must he equal 1o the mass of MNuid
clement x acceleration in the direction s.

J
pdA ~ (p+-—é€-ds)d4 ~ pgdAds cos 8
= pdAds x a, it
where a, 1s the acceleration in the direction of s.

_dv

Now a,-—;—f—.whcrcvisafuncﬁond:-'\ ¢

= — e m— I —

Sl Ry vl 7

lfthcﬂowisnﬂdy,—?v—to

ot

h &
g deA"pg(MdS o8 B MAdJ)(_
ds ds
Iividing by  pdsdA, L g Cos B = 39}-:
*\d.‘ aS
) 1%
Of LP +gcm.0+v“ = ()
pr),i‘ s
But from Fig 6.1 (b), we have cos 0 = ‘{i
ds
| dp dz vdy dp
e & x e W — T “ L - v =
P ds ds ds " 0 taz+ wival

dp
P
Equation (6.3) is known as Fuler's equation of motion.

‘M

+ edz + vdv = ()
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» 6.4 BERNOULLI'S EQUATION FROM EULER’S EQUATION

Bernoulli’s equation i1s obtained by integrating the Euler s equation of motion (6.3) as

Idﬂ : I pdy +
()

If flow 1s incompressible, p 18 constant and

p .
¢ RZ 4 ~—— = Cconstani

P z
:
-~ = COnstamt

P .

o1

Oor iH4)

» 6.5 ASSUMPTIONS

 The foliowing are the 2ssumptions made au the derivacion of Boruoulli's equation
(1) The flwid is idead i ¢ viscoszty is 2zro G (e flow s steady

(1ii) The flow is Imcompressibic (7.4 The flow 1s mrotational.

Probiem 6.1 Water is flowmme through a pipe o 5 m“-hamm

{gauge) and with mean velocity of 2.0 m/s. Find tn- votal head or towal energy per uni weight of the

waler at a cross-section, which is 5 m albve the datum line. L R
Solution Given - y ﬂ * 1,..;:‘---_.

Diameter of pI]:n =S . m=Lm vl Sy .f

Pressure, p- A o ' =29.43 x 10* N'm’ G S S L R
vClOCi[y, =u Ymfs ;be' *"':-" "'-r*"'.‘-'f.“ " T {0
Total head = pressure head + kinstic head + datum head i

.
Pressure head . i w—— =30 m

Pz 1000 x 981

' .'_ﬂf* |
A b
Gl e
W I

| |"'.“f'ij' e

Kinetic head -

Total head S

Problem 6.2 A pipe, through which water is flowing, is having diames
cross-sections | and 2 respectively. The velocity of water at section | is giv

head at sections | and 2 and also rate of dud;arge
: ‘ 1
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~ (1ven .
Solution D, =20 cm=02m D o

Area. 4 4 D, =20cm D, =10 cm
V, =4.0 m/s Vy =40 m/sec
[)2 =0.1m -
A, = .E. (_}1)2 == 00785 I'I'l2

(/) Velocity head at section |
W 40x40
2g 2x9381

. : 2
(ii) Velocity head at section 2 = V,"/2¢g
To find V,, apply continuity equation at _ and 2

A,V
AI‘}] 42""2 or ?2 = ‘I_L =

= (0.815.m. Ans.

0314
A, 00785

X 44) = 6.0 m/s

. | vy, 16.0 x16.0
Velocity head at section 2 = - = ———— = 83.047 m.
; 2g 2 x 681 | -
(111) Rate of discharge =A,V, or A,V, :
=0.0314 4.0 =0.1256 m’/s

= 125.6 litres/s. Ans,

Pressure energy = —

Ninetc energy

Datum energy = 2
lhus mathematically, Bernoulli's theorem is written as

>
-

AP
— % — 4+ z= Constant.
pe g
Derivation of Bernoulli’s theorem. For derivation of Berns
should be written. ¥
Assumptions are given in Article 5.5. e

Yot (o T
R
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i
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pure having drameters
el %, u—--\pﬂ*m*dv. 'I'he ft”
ix 48 litvesss. The section 115 O m above «

wolion 2 is 4 m gbove datum. If the pﬂ’S#‘@t’ al sec-
dom | s 3924 Nem’, find the intensity of pressure

Wi S HON -:

Solution, Given |

l"l Iﬂl
‘. i

8.4 The water IS flowing thr()u-gh‘a 2,30
20 em and 10 cm at sections /
e of flow through pipe
latum and

\t section 1, D, =20 cm=02m
A = g— (..2)2 = 0314 m°

p, = 39.24 N/em®
- 3924 x 10 N/m’

z, = 6.0m
AL section 2, D, =0.10m

A, = —2—*(0.1)2 = 00785 m?

I = 4m
py="
R f 1l Q = 35 /s . 035 m /s
\ " = _— — -_— ]
ate af row, 1000
s =1.114 m/s
0314
¢ 035
' Vo= == =4 456 m/s
- 85 a0
Applying Bernoulli’s eguation ai sectyons 1 and 2, we get
R S 2
pg 2 pg 28
Q24 x 10 2 ' 2
ol f__,,:4_____x _l . + 9__!_!.32_ +60 = __P_::’_____. + _(_4_'4_5_6_)_ +4(
1000 x 981 2x98I 1000 x 981 2x981
O 40 + 0.063 + 6.0 = 22 4 1.012+4.0
9810
o 46.063 = -£2_ 4+ 5012
9810
£2_ = 46.063 - 5.012 = 41.051
9810
i p, = 41.051 x 9810 N/m?
41.051 x 9810 s
A 2 N/em? = 40.27 Nie

'h . 10

;B
by



py =24.525 N/em® = 24.525 x 10* N/m?

Section 2, [, =200mm=0.2m
P, =981 Nlem® = 9.81 x 10* N/m?
Rate of tlow = 40 hit/s
40
o ) = —— =0.04 m%
‘"o T
Now AV, =A,V, = rate of flow = 0.04

04 4 0.04

. g -&’5(0.3)’-

01 = 300 mm )
Py = 24.525 N/cm

.

WEEICAESE TN, EE
DATUM LINE

= — =(.5658 m/s

o

-t

1000 x 981

o1 25

Or

Difference 1in dut

24525 x10° | 566 x 566
2x98]

1000x981 2x981

+ 324 2, =104+ 1623+ 2,
2.3 % 2, =11623 + 2,

y 4
2 981x10°  (12A4)°

3

2y~ 7 =25.32-11.623 = 13.697 = 13.70 m

nm head = A Al 13-70 m. Ans.

Fig. 6.4

Problem 6.6 7he wate; is flowing through a taper pipe of length 100 m he
at the upper end and 300 mmi at the lower end, at the rate of 50 litres/s. The pipe has a slope of 1 in 3
Find the pressure at the lower end if the pressure at the higher level is 19.62 Nfc

Solution. Given
Length of pipe,
Dia. at the upper end,

Area.

[.= 100.m
D, =600 mm=0.6m

A=—D2=Z x(6)
y y

=(.2827 m°

P, = pressure at upper end _ 2
| . 012

= 19.62 N/cin*

w F.I--‘-
1 |

5N # gl "+ &
b AL -

]HI.,.__-I g
§ Ay
F.-'-I.

¥




= 19.62 x 10° N/'m?

Dha. at lower end, D, =300 mm=03m
| n
. Area, Ar= fzg(.a;%omoes:n
’ , 50) 3
Q = rate of flow = 50 litres/s = —— =0.05 m'/s
1000
Let the datum line passes through the centre of the lower ené.
Then =0
o i i 10
A.til‘ﬂl!]iﬂwﬂm z,-—ﬁxl(I):—i—m
Also we know O=A,V,=AV,
v,= <2 = 222 _ 01768 misec = 0.177 ms
A 2827

and

Applving Bemoulli’s equation at sections (1) and (2), we get

1
pg 23 ps 2g
1962%x10°  177° W _p, O
e @ ——t = - —

1000x981 2x981 3 pg 2x93l

or 20+ 0001596+ 3334 = 22 4 g@54
Pz
or 23335 -00254 = F =
1O %6 %Y *
or p, = 23.3 ~ 9510 "Um” = 228573 N/m’ =

» 6.6 BERNOULL S EQUATION FOR REAL FLUID
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Problein 6.7 A pipe of diameter 400 mm ccrries water at a velocity of 25 m/s. The pressares af the
points A and B are given as 29 43 Niem™ and 22 563 Nicwt” respectively while the datwm read ar A gmd
B are 28 m and 30 m. Find the loss of head between A and B

Solution. Civen
[Dia. of pape,

Veloaity,

At point A,

Total energy at A,

smaller end is 2.5 m of liquid. i’ = loy of head n the wbe is

the smaller end and v, . * the lower end respe:ti
Flow takes place in the .. wward direction. -

(510lutlon. Let the smalle: end is represented by (1) and
siven
Length of tube

Vp = 2 m/s

-
L g |

ey I _— - e ]

K
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E
a

|
|
|

—— ] —— g il A

gy B ..

Pressure head. = =1

Let the datum line passes through section (2). Then g, =0, 7, = 2.0

57 ;
2 & 4 i 4 D0 e DR bt e DS
2 % 981 0g  2x98I
25+177+”0- 2 +0203+.16
Pg
or £2 =25+ 127 +2.0)-(.203 +.16)

pg
=5.77 - 363 = 5.407 m of fluid. Ans.

Problem 6.9 A pipeline carrving oil of specific gravity 0.87, changes in diameter from 200 mm
diameter at a position A to 500 mm dlamerer at a position B which is 4 mncrves at a higher level. If the

pressures at A and B are 9.81 N/cm” and 5.886 Nicm® respecie!v und the discharge is 200 litres/s
daemuthzlaudhedddm of flow.

- Solution. Discharge. @ =200 lit/s =02 /s
g.ofod = .87

s pdoraoil = 87 x 1000=870-"%
: m

y lllf-i L-.._

Given = Al section A, D,=200 mnmm= 02 m

At & _‘
Area, A== O = <02
. O 2 )

=1.0314 mz é’f‘f}

0, =9.51 Nem® OF g

=981 x 10* N/m? Qv
If datum line is passing through A, then

Z, =0
A
Vy=—=—"_ =6369 m/
i T T |7 ;
Al section B, Dg =500 mm =0.50 m
R
Area, A= Dy’ = -Z- (.5) = 0.1963 m?

pg = 5.886 N/iem” = 5.886 x 10* N/m>




amd 8. Ps. Vy 8y WT comresponding values at secuon (2).
Applying Bernoulli™s equanion at sections (1) and (2), we get
"G BN W

pe 28
As pupe = honrontal, hence 7, = 2,

o Ve
R *— e -
PE 48
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Substituting this value of pl';)' £2 in the above equation, we get o
R . '

va W
A 0 ol oo dulle (6.6)
g ¢
Now applying continuity equation at sections | and 2

ot M |
a,

AVy =W, OF V=

Substituting this value of v, in equation (6.6)

Co-efficiem of ventunmeter and its value 1s less than

where Cd

Value of ‘h’ given by diftcrential U-tube manometer

Case 1. Let the differential manometer contains a liquid which is helVil'“
through the pipe. Let

5y, = Sp. gravity of the heavier liquid
S, = Sp. gravity of the liquid flowing throt
v = Difference of the heavier liquid colu U-t

Then | h-—l’|'-§i-|]
J

.......
.......

5

o

Case II. ll_' the differential manometer contains a hquid which is li .
through the pipe, the value of 4 is given by

.




!

ho v |

S |
R

§, = Sp. gr. of highter Liguid i U-tube

w here
§ = Sp. gr. of fluid flowing through pipe
= Difference of the lighter liquid columns in U-tube.
Case 111 Inclined Venturimeter with Differential U-tube manometer. [he above two cases are

enturimeter. This case is related 10 inclined vmuinm hnm differential
he differential manometer contains heavier hiquid then A is given as

0 ' ' S
hr["' ’:']_(P“’::] = X [“"’""" ] ‘6l|’
g P 3,

Case IV. Similarly, for inclined venturimeter in which differential manometer contans a liquid
which 1s hghter than the liquid flowing through the pipe, the value of A 1s given as

]
,,.....(.-.m.,,]_(a,\z,).,[.-.%, o
Pg WA
Problem 6. 1,0/A horizontal venturimeter with inlet and throar saw ~w: _J cm and 15 cm respec-

ively s used to measure the flow of water. The reading of d"% rennai . anometer connected 10 the
inlet and the throat is 20 cm of mercury, Determine the rate of ¥ ~. 7 «e C; = 0.98

given for a horzontal v
[ .tube manometer. Let |

Solution. Given :
.t S, ﬂ:*-}é’t-}m:‘-md
Dia. at throat, d,= 15 cm

‘z'-} x 15° = 176.7 cm®

C,2098
Reading of differental n..monicter = 4 . 20 om of mercury.
. Difference of pressure |i~ad i viven by (6.9)

- h=.r[§-‘£-—l]
S

o

where S, = Sp. gravity of mercury = (3.6, §_ = Sp. gravity of w

& : = 20 x 12.6 cm = 2.52.0C|n Ofm‘it;"‘ﬁ

/A

L 1

" ilr‘lI.I

I'he discharge through venturimeter is given by eqn. (6.8)

Q=C
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& 1 .

" & )

o TF -.'I_r i
. i G |
LS N [ S
e ‘*'ifi R 0T 4 %

- % 1.-."‘ .:r ..' 'i Al ; ! ,I | | .' l -**I“ “ r-r | j:__,:"i.a I; J‘
e IR ABEE Wl i Al
86067593.36 86067593.36

" J2996369 - 312229 6844

_ 125756 cm’/s = 1%1739 lis = 125.756 lit/s. Ans.

000
Probiem 6.1 An oil of sp. gr. 0.8 is flowing through a venturimeter having inlet diameter 20 cm
and throat diameter 10 cm. The oil-mercury differential manometer shows a reading of 25 cm. Calcu-

late the discharge of oil through the horizontal venturimeter. Take C,; = 0.98.
Sclution. Given :
Sp. gr. of olil, S =08
Sp. gr. of mercury, S, = 13.6
Reading of differential manometer, x = 25 cm

S5
. Dafference of pressure head, h = x [E'L— :l

0

=29 [%3;89_1] cm of o1l =25 [17 - 11 = 400 cm of o1l.

Dia. at inlet, d, = 20 cm

2 g- x 20% = 314,16 ém?
& 19° = 78 54
Cd= 0-98
- The discharge O is given by cqaaton (6.8)
or L =C; -——-f‘u? =X J2gh
Vai — 4
_ 0.08 x 314.16 x 78.54

(314.16)° —(78.54)°

2142137568 _ 2142137568 4
98696 — 6168 304 y

= 70465 cm’/s = 70.465 litres/s. Ans.
Problem 6.12 A horizontal venturimeter with inlet diameter 20 cm and thi

used o0 measure the flow of oil of sp. gr. 0.8. The discharge of oil through vent

Find the reading of the oul-mercury differential manometer. Take C 4= 0.
Solution. Given : d, =20 cm

15
o i

. AgF
METLC.
T

)

B : . | ':,h:;.‘l: . _
=1 .II.I

- b
.n;.*l | L

n
. o 20° = 314.16 cm?

¢ d3=lOCm
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» — . | I_ J,. -li‘. .
L At (0.8), L’ = ( i . e . \'kh
\‘1; o ‘J!

mll-ihlﬁ x I8 S" PR J 17 1068 .’FP'J"

60 x 1000 = 98] X ~p= 1 _‘ L X981 x h
V(314.16)" - (78.54) W )
Jh = = 17.029
107106878
h = (17.029) = 289.98 cm of oil
S5
But R = E:“

where S, = Sp. gr. of mercury = 13.6

§ =Sp. gr. of o1l = 0.8
r = Reading of manometer

used 10 mcamrtﬁwﬂmvofmr ﬂlemmatmktu 17.658 Nfem® and the vacuum pressure at
the throat is 30 cm of mercury. Fin! the Jischarge of water through venturimeter. Take Cy = 0.98

Solution. Given
[ ha. at inlet.

20 \ 11l

=
f

-} x (20)* = 314.16 cm*

10 cm

a, = ; x 10° = 78.74 cm?

17.658 N/em? = 17.658 x 10* N/m°

I a. at throal. d-;

>
I

| 4

] =

D for walter

i

- — i o - ———— e ————
|_‘ -

m | pg Q81 x 1000

I

- 30 cm of mercury

= = 0.30 m of mercury = - 0.30 x 13,6 ’ iv n

it ', y
N L= I
|' : i-"t:‘.*' I et -
T -{H: ‘i
B i - T
] -.IJ': "1’IE:| hrf.?: E -;1" *
_h'F ._ i'L"r."II.-F.F' -_' , ] i
ST 1) '

h _h'll"_ &
44 y. 41
; i aid F
1




W Y
P esc el bl “hw- Fi w IR (- 408)
i " B

I8+ 408 = 2208 m of water = 2208 cn of waler
P e g (0 0 piven by eguation (6.8)

| TRl .
“‘ “‘

Y1416 x 78.54

w DUN % - 2 . Jf;r‘iil v I
J(Jll‘.lb)! -~ (78.74)

. JOVIRRITZL 165555 cm'/s = 165.555 lit/s. Ams.

M
Poablaim 6 14 The inlei and throat diameters of a horizontal venturimeter are 30 cm wnd

LU VRTPRY T - d Nowing through the meter is water. The pressure iniensity & mlet 12
;"t "TJ :/?::'“»:;30 l::' W':i' :u“;il:arﬂ.l:rehhea: at the throat is 37 cm of mercury. Find the rate of flow
Lo (Al 4% of thwe differential head is lost between the inlet and throat. Find ¢ ' o the value of
o W VR el

Bolution. Cuven

LMA o u‘ml dl = A0 cm

a, = -5 (30)" = 706.85 cm’

dy = 10 om
g (10 = TR S o’
4
py = 13734 Niom = 137734 x 10° N

2 = 37 e ol moereury
A
AT x 136

B e [} Of WAET
()

DafTerential head, hw plpg = palpe
w140 - (- 5.032) = 14.0 + 5.032

= 19.032 m of water = 1903.2 cm

4
Head lost, hy=4% of h= —— x 19032 = 0.7613 m

1 OO

:F..rh 1;.l ]
IR
BRI -
i 4 r -i III' *u-
o SRR R
R BRI Ty
| APATEM 7| Ly
i g B B ] »h E ---_-,'I"'r.-,l -
h=h 19.032 - 7613 e
1 ’. . ‘ L3 N -"‘_l; : '-._" b
( d m S o . @ 3 ﬂ TR W S T i a ——— = 0.% ..;_"- 1.'-‘-!. | E
) 19.032 i
L |-T ‘i.-‘ Atk
e el
:Ij g Ll 'I-il
|"": |

=~ 5.032 m of water




098*1-:"((\8*:-:"8_,‘34! 2 x981 19032

J(706.85)" —(7854)°

o & .
___NOZ2418  _ 1496928 cn’ls = 0.14969 m'/s. Ams.

J4996369 - 6168

P N LR W e | | -

P OB E‘ ol i‘ k" L .; z:rh‘_! I E. . tt k * . | - ' : -.1'
"-i'- e S . 34 e = .

o S TRem s 4y e _ Y

Problem 6.15 A 30 cm x 15 cm venturimeier is inseried in a vertical pipe carrying water, flowing
in the upward direction. A differential mercury manometer connected to the inl-t and throat gives a
reading of 20 cm. Find the discharge. Take C; = 0.98

Solution. Given :

Dia. at inlet, d, = 30 cm

a, = — (30)° = 706.85 cm’

4
Dia. at throat, d, =15 cm
4::2='--4"‘£ (15)° = 176.7 ew”

8606759336

J4996363 312229

= 125756 cm’/s = 125.756 |

Problem 6.16 A 20 cm x 10 cm venturimeter is inserted i nl
the flow of oil is in upward direction. The difference of M
50 cm. The oil mercury differential manometer gives a read -
discharge of oil. Neglect losses. n*ﬂf
Solution. Dia. at inlet. d, = 20 cm lé

"" SR
N ). d
R o

" ?
- (207 =314.16 cn

10 cm

a,

Dia. at throat, d,




T e ‘ﬁ.;l.. L'ﬁ‘i 3 n‘,

"I .“,h-.;._f;. ._.-.ul.b.latl - il*"-ﬁ

t -- b

g, = -. (IU): = 78.54 cm’ \ S
4 4 |

Sp. gr of oil, 3y = 0.8
S =130

Sp. gr. of mercury, .
Differential manometer reading, X = 30 cm

5

! o
ne= ——*p|+f|)'[,g*:1]#‘ § #'l
Pg P& o e

= 30 [Eﬁ - l] =30(17«1]=230% 0= An0) cm of oil
. s
Cd= I 0
a,a
The discharge, 0=C, -———l—'—-z——i— X J28h
a, = 4;

;](314.16)2 ~ (78.54)°

_ 23932630.7 _ 2872595 cnidle = 7%.728 litres/s. Ans.

304

Problem 6.17 In a vertical pipe conveying oil of specific gravity 0., two pressure gauges have
been insialled atr A and B where the diameters are 16 cm and Smnmy.Awa
The pressure gauge readings have shown that the pressure at # 1s greater than at 0.981 Nfcnt'.
“HNeglecting all losses, calcutare the flow rate. If the gauges at A and B are replaced by tubes filled with
the same lLiguid and connected 0 a U-tube conmtaining mercury, calculate the difference of level of
mercury in the two limbs of the U-tube.

Solution. Given :
Sp. gr. of oil. 5,=0.8
Density, p=0.8x 1000 = 800 — kg
Dha at A, D,=16cm=0.16 m 5
o A= 2167 = 00201 m? B B
Dia at B, Dp=8cm=0.08m ety T At
Area at B, A, E (.08)" = 0.005026 m’

(i) Dnfference of pressures, p, - Py = 0.981 N/cm?



Now applying continuity equation at A and B, we gel
VA X AI - VB X Az

I 2
V, x —(.16)
ax4 _ .__A___‘.‘_E.____ > 4V
or VB = y = ~ P A
: ~(08)
4

Substiiuting the value of Vg in equatioa (i), we get

Rate of flow, B =W N Fig. 6.9 ®)
(1i1) Difference of level of mercury in the U-tube. G i.,:'f;i’ T
Let h = Differcnce of mercury level. sk el
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Problem 6.18 Find the discharge of water flovang through a pipe 30 cm diameter placed in an
inclined position where a venturimeter is inserted, having a threat diameter of 15 cm. The difference of
pressure between the main and throat is measured by a liguid of sp. gr. 0.6 in an inverted U-fube which
gives a reading of 30 em. The loss of head betweer tme main and throat is 0.2 times t@&m

the pipe.
Solution. Dia. atinlet, d; = 30 cm

vy &r B
3,

a; = ; (30)? = 706 85 cm’

Dia. at throat, dy =15 cm

a, = -:- (15) = 176.7 cm’

Reading of differential manometer, x = 30 ¢m
Difference of pressure head, & is given by

Also hmx I_LSL
S,
where §;,=0.6and S, = 1.0
=30[l-—%§-:] =30 X .4 = 12.0 cm of waler

£\
. r-l‘w‘dmg=02'xﬁnmﬁudﬁpzﬂl:\§;)




Substituting thes valae of v, m equation (1), we get

1. V : i-: .
120 ¢ — %] 4= clllO-b-f-z—[-g{-l]:O

g\ 4 iz 2z L 16
Of j:l s - ﬂ =~ 120 or %i 12.0
2z 22
Ix981x120
1
V.= —— = 1574 crtv/s
gt 095

Dhscharpe = G,V

= 176.7 x 1574 cm'/s = 27%) em’) = 27.8 litres/s. Ans.
Problem 6.19 A 30 om x I5 com vemturimeter is provide i w & < '.cal pipe line carrying oil of
spectic graviry 0.9, the flow being upwards. The differ-r » i« elrvation of the throat section and
enirance section of the vemturimeter is 30 cm. The diff crer ual [ aube mercury manometer shows a

-




| 2
(i) The discharge, Q o o1 Tﬂé_: .,/ gh
“l -
2 0.98 x 706.85 x 176.7 _ Ax981%352.77

(706.85)" - (176.7)°

1018322199
T
= 148.79 litres/s. Ans.

(ii) Pressure difference between entrance and throat section

h:(ﬂH,J (23--1-:2):352.77 %

= 148790.5 cm’/s

P8 P2

or (—P-L-&) + 2, -2, = 352.71
Ps P8

But :-:2—-:,-:3-0(:111

[ﬂ- P ] -0 = 35277
Pg PR

Fig. 6.11

Pr_ P2 _ 352 77 4 30 = 38277 cm of oil = 3.8277.m of oil. Ans.
Pz P8

or p, - p,)zlﬂ‘ﬂxpg

But densaty of oil = Sp. g.dml:-«l(lﬂkg’m

= 0.9 x 1000 = %00 kg/cm’

(p, — py) = 38277 » 900 x 9.81 -‘Ez-

3379.,

L)

Problem 6.20 Crude il oy spc (/. gravity 0.85 flows upwards at a volume rate of flow Qﬂm
per second through a vertic ! venturimeter with an inlet diameter of 200 mm and a throat d al ﬁ 5‘&4 :

100 mm. The co-efficient of a. .charge of the venturimeter is 0.98. The vertical dzstance
pressure tappings is 300 mm.
(i) If two pressure gauges are connected at the tappings such that they are positioned ¢
of their corresponding tapping points, determine the difference of readings in N/
sure gauges.
(i) If a mercury differential manometer is connected, in place of pressure gaugﬂf

such that the connecting tube upto mercury are filled with oil, determine the differes
the mercury column.

Solution. Given :
Specific gravity of oil. S =085

N/em?® = 3.3795 N/em’. Ans.

;:h

..":.i.-
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e
R
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Ay

"‘3 ) '.,J d 1 1rchar L e, bk

. "‘)cng“y_ ) = ﬂ H‘ M "nﬁ’ 'p lﬂ] "/“‘
Lechange, () = 60 litre/s
\ _
. e 0.06 m'/x
OO0
Inter din oy = 200 mm = 0.2 m
[ _
Area. () = r (*2)3 « 0.0314 wy
Threat dia, dy = 100 mm =01 m
. Area, a, = -:’: (0.1)" = 6.G0785 1’
Valve of € AL

crection (1) represents infet and section (2)
renrese is throat. Then

(i) Lifference of reading. in N/rm of the two prruure gauxu

The discharge Q is given by,
e .
= (d F‘J-: X ﬁ;ﬂ

093x001l4x000783

or r 1 006 =
e 3{103:44 000785

3 E
'''''''''''

1
But “or a vertical ventunmeler 1= (—{-L-!-
Py

2.908 = (p + 2
PL
L,I———L =2.903+Zz"‘?.|“2.
= 3298 m of oil
Py =Py = pg x 3.208

850::9.81!
m #

= 8§50 % 9.81 x 3.208 W/m? =

= 2.675 N/em®. Ans.



»

(if) Difference in the levels of mercury columns (i.e., x)

18
The value of his given by, h=x|-% ~]

S

&

13.6
2908 = x| ——=]]| = - 1] =
1[0115 ] x[16-1)=15=x

2.908

15

Problem 6.21 [n a 100 mm diameter horizonta! pipe a venturimeter of 0.5 contraction ratic: he-

been fixed. The head of water on the metre when there is no flow is 3 m ( gauge). Find the rate of flow
for which the throat pressure will be 2 metres of water absolute. The co-efficient of discharze is .97
Fake atmospheric pressure head = 10.3 m of water.

Solution. Given :

X =

=0.1938 m = 19.38 cm of oil. Ans.

Dia. of pipe, d, = 100 mm = 10 cm
n
Ama, a, = “'i" dlz = "'E' (]0)2 = 78.54 ;Tl'l'lz

Dia. at throat, dy=05%<d;=0.5%x10=5cm
Area, a, = -E- (5) = 19.635 cm”
Head of water for no flow -=£-=3:n(gp;=3+ 103=133 mabs.)
=h='2'm of water absolne.

P2

78.54 x 19.635 |
- b 4 - S — P O81 x 1130
;](73.54) -(19.635)°

_ 222731817 _
76 i B, 2 il aeaie KA
6.7.2  Orifice Meter or Orifice Plaie. It is a device used for measuring the i2e of flowofa

i L i et

compared to venturimeter. !t also works on the &

sists of a flat circular piaie whick has a
' with the pipe. The orifice diameter is kept gene ally 0.
gh it may vary from 0.4 10 0.8 times the pipe diameter.
anometer is conncaFd at section (1), which is at a distance of about s

ol
J 8 L i |
l},:ﬁ ;
.
Y
mnce

fluid through a pipe




i g
= . = piessure at section (1),
v, = r:bcit}‘ at section ('L
2, = area of pipe at section (1), and

PIPE ORIFICE METER
o,

&)

JIRECTION OF FLOWE

- i
vt

A gl ey = Rl

T

Fig. 6.12. Orifice meter.
s oo @, are corresponding values at section (2). Applying Bermoulli's egu..aon at sections (1) and

- t“-*l
d
¥
+ — -
«2
”
- { ;l & r—
» " — e ——
> .
. 4 9
L
. .'1
50 31  Basmante 2
?

Now sectan 125 1s at the vena-contracty and a, represents the area at the

e aea of oiziice then, we hayve

‘e
F - ] -
L 3 - — -

where (= Co-efficien: of contraction
iy’ G, =ay X C
577 ¢ Oanuity eguaion, we have

a
ay =ay, or v =-—un=
“
Subsurating the value of v, in equation (¥), we get

2

.ZCI

¥

Vy = 23h + ﬁ—"rj-
d,

L



l": = ad 9("1 [t 288 140 i}

o AEN)

where C, = Co-efficien: of discharge {o. orifice meter.
The co—cfﬁcncm of discharge for vrifice meter is much smaller than that for a

L?"Y‘ 6.22 Ar orifice meter with or fice diameter 10 cra is inserted in a pip
pressure gauges ﬁm'd upstream «nd downstream of the orifice m:t

19.62 N/cor® and 9.81 N/em?® respectively Co-efficient of discharge for the ¢
C.6. Find the discharge of water through pipe.

.

':.

*,33"!
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ﬁ'on Given

Iw cLednanics e

|
d '."'.J.

S Sy = T
-:-.-—- -ln--ﬁ-l-l-_h - - S —

1. oFf oninice, dy
i 'lr‘:‘:... “ﬂ
f : 'lr I\if‘ . dl

i
:

1
'5_4-
-
=

h . -
IO iy & =~ (?",' = ‘l‘ 16 omc

19.62 N/em”®

= 1962 » 10°

O m of water < 1000 cm of water

" Qh1
Ao xIO = 20 m of watex
PE 1000 x 9.8
e P, 981x10°
Stmilarly —*. = = 0m » water
b i o¢ 1000 x 981 o
h=L _ 22 _290-120=1
P8 Pg
C,=056

che discharpe. s given by equation (6.13)

Tioblent .23 An orifice meter with or’fce dxanﬁn 15 omis inserted ina
The pressure difference measured by -

Solution. Given -

Dia. of orifice, = 1S cm
Area, ag = -} (15)° = 176.7 cm’
Dia. of pipe, d, = 30 cm

A .
Area, a,=— (30)2 = 70685 cm
Sp. ¢r. of oil. S, = 09
Reading of diff. mancmeter, x = 50 cm of mercury
S
Differential head 3 4 s = S0 ,'-l—}-( -
\ 09




| '#;T*t
i i“b“h F‘lﬂ &hﬂ“\‘ r' ’,#*gf *
. Ni ,

=50 % 14.11 = 7055 cm of oil

The rate of the flow,  1s given by equation (6.13)

F o el Ao -
' ;
it et il . e

28h

d a,d
Q=C,. 2'2
dy = dy

176.7 x TO685
s ¥ of 2 4 98N 2 FH

(70685)* ~(176.7)’

94046317.7%
e 137414.25 con’’s = 33748048 Wtreis. Ao

/
6.7:5’/ Pitot-tube. It is a device used for measuring the
velocity of flow at any point in a pipe or a channel. It 1s based on
the principle that if the velocity of flow at a point becomes zeso.
the pressure there is increased due to the conversion of the kinetic
energy into pressure energy. In its simplest form, the pitot-tube
consists of a glass wbe, bent at night angles as shown in Fiz 6.13
The lower end, which 1s bent through 90° is directed in the up-
stream direction as shown in Fig. 6.13. The liquid rises up mn the 3 g -l
tube due to the conversion of kinetic energy into pressure energy. =~ @ — 2~ e
The velocity 1s determined by measuring the rise of liguwo m e
Consrder two points (1) and (2) at the same leved sa stachi 4« , o, 0 w0 om0
the prtot-tube and pomnt (1) is far away from the tube.

Let Py = intensity of pressore > po-~ 1)

vy = velocty of Low x (14
P, = pressime At poind )

v, = velocity & poue O whach w zemn
H = depth of iube m the Jaguad
h = asc of iquic  the tabe dwrve e Gor s
Applying Bernoulli’s equalicm at puints (1) and (2), we pet

= ().64 x

" ‘2
23
But z, = z, as points (1) and (2) are on the same line and ». = 0
14?
pg
p

p; = pressure head « (2) = (h + H)

Substituting these values, we get
h= i OF V= JZ:ﬁ

“3
-8
This 1s theoretical velocity. Actual velocity is given by

‘

[ ﬂ“-““ /




Wi o Cor oot oy '"ll“ TS
Veloo ity ol any paind ye .‘i’?‘h (6 14)
L v doeity of Dow in o pipe by pltot-tube. For finding the velocity at any pownt in a pipe by petos-
e, e HOVMINE ArTangamenis are au‘"pl(‘d
o shong with a vertical plezometer tube as shown in Fig. 6.14
Pror tabe coamected with prezometer tube as shown in Fig. 615
] Vot o verccal prezometer tube connected with a differential ['-tube manometer as
| 4
| v
h
Tve e e JISEE
Boborgn . v sk
Ly oo =
]r2=Z=== 2282 .
' Fig. 616
l
SR T 1Y mtau, wouch oome. < of tv0 can olar concentne tubes oae ,
4 o8 300 i 1wmushmnu'i.£l“.lmmdhm*

ok wwhere the afy ace of pressure head A" is M

S,
Q. Y o QU vy L 11m h..l o ']

L]

S J SN
| : Coe o el s acea ke conce of @ 300 mm pipe line has oo
g aot ey perondicklae to i, The mean velocity in the pipe is 050 of 8
Co e ol the pipe (F the pressure difference be
ol Take the co-efiicient of pitet tube as C, = (.98

il A0 L BHven |

via of nox d = 300 nm = L 30 m

DML, O jaesse head, ho= 60 nun of water = 06 m of water

C, = OL98
Mern velogity, V = 0.80 % Central veincity

Cetanal ul Wity 15 given by equauun (6.14)
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ProblemB.2S / ind the velocuty of the flore of an ol through  pape. wivom i ¢

| - . bemsdwmer W L o tadn o ' {7 ru
Feremnial U-twle manomeicl OO TR ted 10 Ine iwe ATy . * b

a2l B B B
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Solution. Laven

hidesam v of mo *

(i1 of mercury level, te 10O ma=01m
:"i;‘ "_'1 oo t“‘, S' s U k.
S g of mercary, S, 136

C =098

S 120 1| =18mat
| ' [ Y - DN = a. 0D ..
Daff . of pressure Lead, h=2x 3 i J o o8 )

W -

Vetocity of flow =C, J2th =098 (2 x9BIXib # 54> o _an

w rhﬂ Sand W2 553

Probiem 6.26 A pitor-s.atic tube is used to measure the velociry N\ 0N L pUN _
\ ; - . - \ £ 1% % Al F al 4
Yoressure head s 6 m and stanc pressure head is Sm. Calculale | eV o " o 0" sty (0

adﬁﬂ-ﬂ‘u of tube equal 10 0.98.

h,=06Gm

h=5m

- h=6-5:1m

V=, Jph =098 " x98Ixi =43 uds Ans

Vdocav
Pld:ﬂ A sub-marine moves Honn ally in sea asd has 1ty anx Ty oo W&‘”‘
, ¥ o3k A8 | K
water A puiot-tudve propeny places. just i | a-: '.wm-d.&m < - i 1
rwo lumbs of a U-tube containin @icr, oy, 20 N70N m"“'f nercwry level is jound to be | : ”?‘”u
the 5 ced of the sub-marire snow.’ e th.. w P l" mercury is 156 and 321 of 304 '“1t e ?:

# " 1 "

wiln r A \ walry o i
: " f}, £l ("_’Iff' h (4.7 | ’:Fﬁu"ﬁt i f
Solution. Given e

f

1-
> 1_ 8

D! of mercury level, =170 rum =017 m
SP. gr. ol mercury, >, = 13.0
SP. pr. Of sca-waler, S‘ = 1.0

ey 136
h =) I'h\'! -1|=017 | === =1}]= JU8} mw
| » | '

Ve 20 = J2x98Ix2 (3 =639 uh

(). “)l)((i)l

. L &
000 m/bir = 23,01 Knvhr.

Zx;l'.bl& A6.28 A plivi-tube is inserted 11 a pipe of 300 mn dicmeter The 58
mun “f ”“"H"“ (Yadcuunt ) The stagr ation pressure ¢t the Cenlre d lh

-4
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o Wuﬁw | i v S g ikl
,‘; ol is 0.981 NVem®. Calculate the rate of flow of water
dow is 085 times the central velociry. Take F, = ()98
Solution. Caven

il

g ".
- =ik
1

b

RSP ER y  g o
bo o il T |

through pipe, if the mean velocity

of

Dia. of pipe, d = 300 mm =030 m
Area. a= : d* = = (3) = 007068 m’
Manc pressure head = 100 mm of mercury (vacuum)

* I--'-(p* X 13.6 =~ 136 m of water
(XX)

Stagnation pressure = 981 N/em® = 981 x 10° N/m?

981x10°  981x10*
Stagnation pressure head = v =

PR 1000 x 98]

h=Stagnationprmm'ebead-Slaucprmmhuﬂ
=1.0-(-136)=1.0+ 1.36 = 2.36 m of water

=1lm

Velocity at centre =C, J2gh
= ().98 x 1\/2 X98I%x236=60'%), &
Mean velocity, V =0.85 x 6.668 = 5.6678 m/s

Rate of flow of water

{m 1s constant and can be t s

L ] 'I‘ﬂ*‘ = 3
T ,'} 'ﬂ LI
. N ' -
) ;- '? P, LF : i
o il g L .
-.l- r". C

l%quulmn (6.15) 1s known as the momentum principle.
Equation (6.1 5) can be w

by rten as F.dr = d(my)
,:,;, I h 1S Known s the impulse-momentium equation and states that the 1my

I lu;d Ol mass m ini a short interval of lime dt is equal to the change of mor
5 101¢e. F
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Force exerted by a flowing fluid on a pipe bend

The impulse-momentum equation (6.16) 1s used to determine the resultant force exerted by »

(lowing flud on a pipe bend
Consider two sections (1) and (2), as shown in Fig. 6.18 ﬁi\ ,
Lot v, = velocity of flow at section (1), : O
p, = pressure intensity at section (1),

A, = arca of cross-section of pipe at section (1) and
Vay Py Ay = comresponding values of velocity, pressure and area af secthom ()
Let F, and F, be the components of the forces exerted by the flowing fluid on the bend w +-and
yv-directions respectively. Then the force exerted by the bend on the fluid in the directions of « and »
will be equal to F_and F_ but in the opposite directions. Hence component of the force exerted by
bend on the fld n the t-dlrtcuon=-F and in the direction of y = - F_ The other external forces
acung on the fluid are p,A, and p,A, on the sections (1) and (2) respectively. Then momentum
equation in x-direction 1s given by

MMmmMnhMJ:nM~d_hM

PA; — pyA; cos 8 - F = (Mass per sec) (change of velocity)

= PQ (tnal veloonty i the dwecnon of x
- Initial velocity in

PO (VousB-V))

Fe=p@ (V) - V,cosehp,A, p2A; cos B
bmularly the mome. im quu....i g )'-dlrecuon glves

F pQ (— V, sin 9) - PyA, sin 6
Nuw the resultant force (F) acting on the bend

- [ L

w 1 ] B
. -_: I . -_E . b J
" E o ‘l_'. E = 'lr-r." i I
é. " N 'l . _ I' k - [ 5 |
g (. = . i g
i L L = 3 N B
Rl Ii#-"%ﬂ‘- ',‘ 'Ji'hlrh i - . e
i e iR ¥ gmegth. bt P
- - - o o b J '
r 1 Sy

ng bend is connected in a pipe line, the di

and 300 mm respecuwb Find the force exer
et to bend is 8.829 N/em® and rate of flow of
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