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Fluid Mechanics

Q. 1. 1) A 150 mm diameter pipe reduces in diameter abruptly to 100 mm. if the pipe carries water at
30 liters/sec. calculates the pressure loss across the contraction and expresses this as a percentage
of the pressure loss to be expected if the flow were reversed. Take the coefficient of contraction as
0.6

Given data,

Diameter of large pipe D;= 150 mm= 0.15 m
Diameter of large pipe D>= 100 mm= 0.10 m
Discharge Q= 30 lit/sec= 0.03 m’/s

Coefficient of contraction = 0.6

= 0157 — 0.01767 m7

H= | =

Arecof large pipe — Ay — iD-l: —

Avea of Smailpipe = A, = ED:: =£ x 0,107 = 0.00785 m?
From continuity equation we have,
AVi=A V=0
Q 003 m Q 003

B = 1.697— V=—= =332m/

1=, T oo1767 s * = 4, 0.00785 mis
Applying Bernoulli’s Equation before and after contraction,
S AT Ay
pg 23 pg g But Z;=2,
Head loss due to contraction is given by,

_1’33[1 ]3_ 3.822 [1 1]3_033
e =55 e, “2x9sLlos -
Substituting the value in Bernoulli’s equation,
l'E}J. -":rl P: '[_:r: i~y ar g i
S+ 4z =242 47,+033 & Py—P,=0.909N/Cm?
/L g /L 28

: S09-N/Cm?
Pressure loss across the contraction="-29% /€
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2) Show that the two dimensional flow described by the eq © =% T 2X° 2V irrotational. What is
the velocity potential of the flow? If the density of the fluid is 1.12 Kg/m’ and the pressure at a point

(1,-2) is 4.8 KPa what is the pressure at point (9, 6)?

@ =x+2x% 2y?

Laplace Eq" gives,
d%p 8% A30x + Zx% — 2y?) 3%y + 2x* - 2v%)
s +—==0 = 3 + 3
dx=  dy- dx- dy-
3x 1 257 290 +§-::x .2x2  2y3) @ . 2 Ay
- - f—{1+4x) + —(—4y
dx- By~ €x / 7 2
=4+(-4)
=0

Laplace equation satisfies therefore the flow is irrotational.

Now Velocity potential of the flow= (@)
o apl ool a_ ol L sp
—_— = —=— e oo gyt TEE e e o N
dx  dy "5;-_5_1.'--x+'—x £} )--6 =(—4yv) 0= —dyx+c
00 ac 80 -do . .
a: —4X+6—11 51135 —?— —.__l +4})
; 5 cc ac
—1l+4x)=—dx+— o —l=— nc=—v & 0=—dyvx—7v
v dv : - )

Given, Density= 1.12 Kg/m’'x, y) = (1, 2) P=4.8 KPa

™m L i
=943— Vat (98 =yu-+v
3

-

Bat(1,2) =Jul+v

P, W T, P P, = 4.78k
= — S e =, K4
fe 2 23 pg - =

3) Given Data,
Tube diameter= Imm
Surface tension coefficient= 0.0712

We know that,

2ocos8 2% 0.0712 % cos0 . 01424 _
~h= 1 wh=—gre ~h= 0.02mor 2 Cm
28T 1000 x 9.81 x5 /1000 :

h =
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True Water Height:

True Water Height = H—h . Hy = 100 — 20 = 80 mm
Q.2. 1) the stream function for combined flow is given by,

a. =8
w=FK6 — K8, =6 ——6

| H

Considering the point P, f2 =2 and *is calculated

| =

tanfy = - =05 2 & = 26.6°

ud

§

Substituting the value of G1andbs 1y apove equation we get,

4 B
EI.'J_._,=__)—_|_>(G.4EI—__)—_F>(

Ll S

=

The general form of the stream function in rectangular co-ordinates can be written as,

o [ xta ] Q:[ x—a ] . Q:[ ¥ ] Gz [ ]
U= sl T aeloramrzl ¥ oo lermroz| § E | o d=
7 lat i+t Imla+ai+st Im La+a?+yt Im Latai+yt

Here given data,

_m? 4+}13 S L .

=3 & = . a=2andatpx =10, y =2
IfTo+2 4 0-2 3 [2 4 1-2 17714 4 114 " )
w5zl - 6 E - 5] - 5] - 02

Resultant Velocity

V=-yul | v2=+0.272 10" =0.27m/s

2) Given Data,

1

b

D .
R—e————-0&n
2z : Length of tank= 1 = 1.2 m Pressure P= 14 Kpa
» bead no P LAX10° 14000
- Py T h=—= s h = R L I A
essure Head h g 1000 %931 L = 3810 1
(i) Horizontal component of Force,

F. = pgAh

Where A= area projected on vertical plane=0.6x1.2=0. 72m’
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= ., . 0.0 . : :
h=1l42+— =142+03=1/2m

Fx=100X9.81 X0.72X 1.72 =12148.7 N

(ii) Vertical Component of Force
Fy= Weight of the water enclosed or supported actually or imaginary by curved surface ABC
=Weight of the water in portion CODEABC
=Weight of the water in CODFBC-Weight of the water in AEFB

But Weight of the water in CODFBC= Weight of the water in (COB+ODFBO)

e ml.67
PG [T+ EO+0D| = 2=1000 = 9.51 T+ 0+ 142 =2 =1722636 N

Weight of the water in AEFB= P9 [Area of AEFB]x2 = 1759.91N
~ F,=17226.36 —1759.91 = 1546645 N
Q.3.1)
Given data,
Length of pipel = L; =100 m
Length of pipe2 = L, =100 m
Total rate of flow = Q = 2000 lit/min = 2 m’/s
Co-efficient of Friction = f1=£>=0.02
Let Q; Q- are rate of flows in pipe 1 and 2 respectively Q = Q; + Oz but Q=2 O,
30:=2 0,=0.66 m’/s 2= Q,+0.66= 1.34 m’/s

Q,=1.34 m’/s 0,=0.66 m’/s

ALY AR
T Dy x2y Dix2y

The equation reduces to,

A
Dy I

Now Gy = %Dﬁ x
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Applying Bernoulli’s equation to a and b

PV P, T,
E+—g+7l_g+—g+z_,+r!r
0.4. 1) Given,

U _m

=)

Substituting the value in Von Karman integral Equation,

o alce 5 1 _ﬁl;__ 1 a ¢ ¥ 1 ey
== BT - Ty == B]7-(2) 7| ar
U2 ox _J.;. [c:-] [ 5 |¥ =5 J.;. [a] ) |@
To yL7+1 2741
U ~ax (L)t (Ze1)s¥
L\T o 7 J

By solving this we get,
g 785
pU? " f2dx

. - U-’! L-Li
Now, ""9 B

But the value of fo for turbulent boundary layer is given,

1y

TR EL
5 = 0.0225pU2 [ ]
Sl PY T

Equating the two values,

7 aé&
—_ U—
72PY 3%

1

[T L

= (.0225p02 [ ]
pUs

L,
. =02314(£) Tox
By solving this we get, all

Integrating we get,

sl A
'ﬁl = 0.2314 [il dx — c Where c is the constant of integration
1 pU;
+1
4
10 .

—03?[(*‘1 xs

We get
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Substituting the values of delta in equation we get,

_CGS??F”:[ - ]1
fo= ™ 2 lpUx
Drag Force Fp:
L -1 Crow 1Ys 1
Fp=| 7 %b xdx:J 0.0577% [— S bdx
) o £ _,C‘U.X' ¥ /5

By solving this we get,

- 1
0T ’5 &,
F, — 072 F‘._j [p._JU] bl {=

Drag CO-efficient Cp.

F
CLJ:]L Where A=L=b
SpAU?
oU* 1u1¥s s
0.72p 54 ﬁ] X b %
C.':': = 1 =
EPAU'

By solving this we get,

0.072 ,
R 5

B

2) Given Data,

" Distance of C.G. from free liquid surface =x+0.61

"= Distance of C.P. from free liquid surface=x+0.686

We know that,

. G T
h=—=+h

Al

+0.686 v.19 + [x+ 0.61]
e (18 = X .
* 148 x [x + 0.61] © =

o 012 )
s x+ 068 =——m—+ x+ 0481
x4+ 061

) 012
=~ 0076 =

- :-' -4 - e
1061 x +061) 0076 =0.12
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By solving this we get

X =0.97m
~h=x+06l=097+061=158
Force exerted on submerged surface

Totalforcengh‘ﬁ = 1000 %981 x 148 x 1.58= 2293 KN ... .. ... ... Ans,

0Q.5. 1) Assumptions:
(i) The fluid is incompressible
(ii) The flow is one dimensional
(iii)  The flow is steady
(iv)  The flow is independent of any variation in z direction
(v) Body force per unit mass are zero
Fx=Fy=Fz=0
From continuity equation,

du dvr  dw _

—+—+—=0
dx dy dz

From Nervier stokes equation in x- direction,

du dv dw du 18P u

i L2 I3 §:u+6::"+6:u'
Yox ey ‘Woz "ot X pax  plode 3yl oz3
0 10P 1 8%u
T pdX pléyt
8% _18F
We get “% Integrating we get
du L14rP
—_— =y —-r
dx  pdx- 1

Again integrating we get,

1oPy?y?
= ——— Vv a
Y axax 2z TV TE

Where cl and c2 are constant of integration

Boundary conditions are,
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(i) At y=0u=0 c2=0
(ii) At y=b u=v
14arF ,

=____}.J: + C-]_}_J B C‘l =
2udX b

Substituting the values of ©1 #4Cz

1 9P,,

2) Consider a fluid element of length dx, dy, dz in the direction of x, y, z. let u, v, w, are inlet velocity
components

Mass of the fluid entering the face ABCD,
= p xvelocity in Xdirection ® Avec of ABCD = puldy x dz)

Mass of the fluid leaving the face EFGH

| . d ) !
=puwidvx dzl + —puldyvx dzidx
Ul | 6/(”91 a J

Gain of mass in X direction= Mass through ABCD-Mass through EFGH

; X d ) aif
= puldv xdz) — puldvx dz) + —puldvx dzldy = —— {puldrdvdz
UL J funa? J ﬁxﬁ‘ ANy 4 A% o) 3

Similarly,
The net gain of mass in Y direction and Z direction are given as,

g ., B,
Inydirection= — I (pv)dxdydz, Inzdirection= — T (pw)dxzdydz

Net gain of mass is given as

' a . . a . .
= — |—i{pwldxdvdz + —{pv)dxdvdz + — {pw)dxdvdz
ax PHAEe. gy PHAT gz PWIARE ]
a . Y+ a n a ] . e
= —|—1 — g —1 7 Vs
X yaury 3y P )] az_pu,l dxdyd

Since the mass is neither created nor destroyed in the fluid element, the net increase of mass per unit
time in the fluid element must be equal to the rate of increase of mass
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Mass of the element=F"*%32

LI T
_ o —(pdxdydz)
Rate of increase of mass with time = ¢t

Equating the two expressions we get,

B a . d d

=— Efpu}+ai\pz"}+aipu'} dxd_rdz:a::;pdxd_rdz}
LI P
o T o ew 3y (ov) + =~ (ow) =

If the fluid is incompressible,

du v dw

Q.6. 1. Boundary layer separation:

When a solid body is immersed in a flowing fluid, a thin layer of fluid called the boundary layer is
formed adjacent to the solid body. In this thin layer of the fluid the velocity varies from zero to free
stream velocity in the direction normal to the solid body, the thickness of the boundary layer
increases the fluid layer adjacent to solid surface has to do work against surface friction at the
expense of its kinetic energy. This loss of kinetic energy is recovered from the immediate fluid layer
in contact with the layer adjacent to solid surface through momentum exchange process. Thus the
velocity of the layer goes on decreasing. Along the length of the solid body, at a certain point a stage
may come when the boundary layer may not be able to keep sticking to the solid body. If it can not
provide kinetic energy to overcome the resistance offered by the solid body, the boundary layer will
be separated from the surface. This phenomenon is called as boundary layer separation. When a
solid body is immersed in a flowing fluid, a thin layer of fluid called the boundary layer is formed
adjacent to the solid body. In this thin layer of the fluid the velocity varies from zero to free stream
velocity in the direction normal to the solid body, the thickness of the boundary layer increases the
fluid layer adjacent to solid surface has to do work against surface friction at the expense of its
kinetic energy. This loss of kinetic energy is recovered from the immediate fluid layer in contact with
the layer adjacent to solid surface through momentum exchange process. Thus the velocity of the
layer goes on decreasing. Along the length of the solid body, at a certain point a stage may come
when the boundary layer may not be able to keep sticking to the solid body. If it can not provide
kinetic energy to overcome the resistance offered by the solid body, the boundary layer will be
separated from the surface. This phenomenon is called as boundary layer separation

2) Methods of preventing separation of boundary layer: when the boundary layer separates from the
surface, a certain portion adjacent to the surface has a back flow and eddies are continuously
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formed in this region and hence continuously loss of energy takes place. Thus the separation of
boundary layer is undesirable

The following are the methods of preventing the boundary layer separation

o~

Suction of the slow moving fluid by suction slot

N

Supplying additional energy from blower

w

. Providing a bypass in slotted wing

A

Rotating boundary in direction of flow

“

Providing small divergence in a diffuser

6. Providing the guide blades

N

Providing the trip wire ring in the laminar region for the flow over a sphere

Q.7. 1) Given Data,

P,=1.2 Kg/cm’

We know that,

(2, +1)Sy + iy = RSy, + 2,5, + hy= Py +p19hy = pughy+ Py

P.+p,gh, —paghs+ Ps — P, + 0.4 % 0.8 1000 9.81 — p.gh. + Ps
117.72 KN+ 3139KN = P, + 0.1 % 9.81 x 13.6 x 10° + 9.81 x 1000 = 0.15
117.72 KN+ 3139 KN = P+ 13.3416 x 10% + 1.4715 x 10°

11772 KN+ 3139 KN =Py + 1481 KN

1208 KEN=P; + 1481 KN

Pp = 1060459 KN oo v iee e L ARS,

2) Given Data,

Viscosity: * = 03

0 =20-—==20 x 10 3m3/s
ZBC

Discharge: *
—_ I
Density: p =126
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Pressure: Tt =290 Kpa

Velocity at inlet end,

¢ 20 x1073m3/s
=== PR
£ 10.1)- XE

= 2546 m/s

1.2ex2.546 %01

g = 2Y0 _ LZex28xM _ 3cpag

. . g 1 ]
For laminar flow Reynolds number is, # a2

As the Reynolds number is less than 2000 therefore the flow is Laminar.

For laminar flow,

Vi 2.546

Uptean = e Tk T

1.273m/s

Shear stress,

F
Butt=— thereforeF =1x A=
!

3) Convert the following

1. -200 mm of Hg into Kpa
P =pgh
P =136x9.81 x10% % 200

P=2668KEpa.... . e AN

22.266 X %ﬂ.l: = 314776 KN

e ARS,

As atmosphere is at 101.3 Kpa Pressure is 74.62 Kpa bellow atmosphere

I1I. 125990 Pascal into meters of oil column
P =pgh
1.25990 = 10% = 9.81 = 0.8 x 10% xh

h=168.051m 0F 0il i ier ve e i vae virvae v

Ans,
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