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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=0.15m
Diameter of large pipe D,= 100 mm= 0.10 m
Discharge Q= 30 lit/sec= 0.03 m*/s

Coefficient of contraction = 0.6

% 0.15% = 0.01767 m?

=] E

Areaof large pipe = 4y = iﬂiz =

Areaof Smallpipe = Ay =—D," =-

2 % 0.10% = 0.00785 m?

= E

From continuity equation we have,

A1V1=A;V2=Q
Q 003 m Q 003
aV == = 1697 — V== =3.82m/
1=, T 001767 s 2 =74, 000785 mis

Applying Bernoulli’s Equation before and after contraction,
AT Ly, Ay
PE <8 il But Z,=2,
Head loss due to contraction is given by,

V,* [ 1 ]3 3.821 [ 1 1]: .
h,= —— = ——1| =0.

©~ 2g lcC 2x9.81106

Substituting the value in Bernoulli’s equation,
T P, W . "
—+—+I=—+—-+Z;+033 & P —P,=0809N/Cm-
s 24 gL 24

Pressure loss across the contraction= 2-292 &/Cm*
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2) Show that the two dimensional flow described by the eq ¢ =* T 2% 255 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,

e . 8¢  #x+2x7-2yY) B a%(x + 2x2 — 2y%)
ax2  ayr 7 dx? g2
A {x + 2x% — 2v%) % A (x+2x2—2y%) 9 . a . s
= = - 1 ' — Y
ax2 a2 gx T Ty T
=4+(-4)

Laplace equation satisfies therefore the flow is irrotational.

Now Velocity potential of the flow= "®
6 dp 40 a3, ol T P
—=— o —=—(x+2x7 -2y s — = (—4) ~n 0= —4yx
ax 8] “ox \gg I P g (gl = S0
a0 dc 90 —dp .
a:—ﬁh +5—1 LJ’lLIE—?——.__l'F*}l)
B . dc dc
—(14+4x)=—dx+— 2 -1=— 2c=—y 2 0=—dyx —y
ay ay - L

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

e — o m iy /.9 — " m
JatilZ2) = Ju -+ v° = 9.43? Voat (9,6) = u+ v = 44.1?
P, W W P
—_— = S —_ - + —
pg g 2g pg

o Py =478kpa

3) Given Data,
Tube diameter= 1mm
Surface tension coefficient= 0.0712

We know that,
2ocos8 2% 00712 X cos0 . 01424

n= W= W

= s h= . ~h=002mor2 Cm
Pgr 1000 x 9.81 X = /1000 4915
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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,

0 =K - K6, =206, -2,

T

Considering the point P, %2 =2 and %is calculated

1
tangy =5 =05 ~ 8 = 26.6°

A

Substituting the value of #2982 jn above equation we get,

2 T

4 v T
EI.'J_._,=__)—_|_KG.=1-'5:I—;E_K;

AL L

The general form of the stream function in rectangular co-ordinates can be written as,
_ @ [ &Ta ] Gz [ x—a ] > Q:[ ¥ ] Gz [ ¥ ]
U= "% 2|7 = =] i 1ez| T
L7 LasasT e £ LxTas+Ty- L7 L+ a®a e 4 Larasa)y-

Here given data,

?}13 F¥1 -
& =3 6 =4 . a=2andatpx =0, vy =2
37042 417 0-2 37121 4 [-2 1 (141 4 [14 ~N
“=E[23+23]_E[ﬁ]=E[§]_E[?]=E[E]_E[E]=U'“?m’5
3 2 4 2 3721 47021 172 2

o 1z -
R=—-=—=106m
2 Length of tank= | = 1.2 m Pressure P= 14 Kpa
» bond ho b 14X 10* 14000 e
. Dy T n=—=— =M= Sl = AL TY
ESSUTE Meaad N g 1000 = 9.81 1 3810 1 1

M Horizontal component of Force,

F. = pgAh

Where A= area projected on vertical plane=0.6x1.2=0.72m?
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_ 0.60
R=142+—=142+03=172m

Fx=100X9.81 X0.72 X1.72 =12148.7 N

(i) 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)

| s
[T

b
x 2 =1000 % 9.51 +06+142|x2=1722636 N

T
28 T-l‘ EQ+ 0D

Weight of the water in AEFB= P9l47ea of AEFB]x2=1758.91N

~ F, = 1722636 — 1759.91 = 15466.45 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 = f;=f,=0.02
Let Q1, Qy, are rate of flows in pipe 1 and 2 respectively Q = Q; +Q, but Q=2 Q-
3Q,=2 Q,=0.66 m*/s 2= Q;+0.66= 1.34 m®/s
Q:=1.34 m%s Q,=0.66 m*/s

CARLIVT 4L
F T Dyx2g D,x2g

The equation reduces to,

I"J:j_: B '[_:r::
D, D

Now Qy = iﬂif XV,
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Applying Bernoulli’s equation to a and b

B, T P, W
=+ S I =—+
pg 24 2

+ ZF.J + ';E_."

Q.4.1) Given,
U s
. 3)

y a [ 2 1 1"‘ Vo L7 a re v 1.'__ are Lo
mal[B -0 - B-0)]
i_i- 171 - y27H
pU?  3x @+ 1)8"77 @+ 1) 877

By solving this we get,

T, 7488
pU?  7208x
4 BF
= U- ik
Now, '“‘g

But the value of *@ for turbulent boundary layer is given,

1y

S B T7%
= 0.0225p07 [—]
Ty 2 oUS
Equating the two values,
L o228 ~ 00225007 [ i ]1'.;'
72P% 5 T PY LU

A

=02314(£) ox

s

By solving this we get,

Integrating we get,

17,29 f
0=
1 =0.2314 [—) dx + c Where ¢ is the constant of integration
=+ 1
4
1 .

=037 [( ) h]xi-s

We get P
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Substituting the values of delta in equation we get,
- 1
pU T 1 175
To = 005777 [,ﬁ]

Drag Force Fp:

[~ ) & pURT w17 1
Fo= | Toxbxdr=| 005775 [ ] ——bdx
E.

0 = x /5

plUx

By solving this we get,

Drag CO-efficient Cp.

Fp
Co&iz Where A= L x b
5pAU?
TR EE 2
072x 8- x[L] xpxiTs
2 ol
CD = ]. T
5pAUT

By solving this we get,

0.072 ,
D: 1, e T TN DR A | 1 &)
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,

. x +0.686 = 0.18 + [x+ 0.561]
SA e = e x [k +061]

o 012 )
nx+ 0688 =———4+x+081
¥+ 0.61

. 0.1z
~ 0.076 =

2 406D 076 — 0.12
TTo0el W +0.61)x 0078 =0.1
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By solving this we get

X=0.97m

W h=x+061=097 +061 =158
Force exerted on submerged surface

Total fOfCEZ’Q‘g‘HIE = 1000 x 981 x 148 x 1.58 =2293 KN ... v o ARSE,

Q.5. 1) Assumptions:
() The fluid is incompressible
(i) The flow is one dimensional
(iti)  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 + av + dw _ 0o
dx dy 8z

From Nervier stokes equation in x- direction,

61¢+ Mﬁt“+ _611'+§1¢_F 18P §:u+§:i"+6:u'
Yox Ty Wz Tar T ¥ T pex  plaxd  ay? | 9zt
o__LoP u[o%u
T pdX  play?
Bt _ 12F
We get 9%°  #9% Integrating we get
du 14d°P +
_— = g
ax  pax’ 1O

Again integrating we get,

1P v*y* .
u= P 65’(’5?4_ oV + s

Where cl and c2 are constant of integration

Boundary conditions are,
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(i) Aty=0u=0c2=0

(i) Aty=b u=v
18P
l 5]51 - , U+Eﬁ U—
:EEU' +C-1!.J C‘l :T
Substituting the values of ¢1 @14Cz
18P,
_lap | U‘l‘ﬁﬁu-‘
C2pax- B
v 1/ \BBe 2 . .
u=gy+5o(=32) oy =3 dns

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 % velocity in Xdirection X Areaof ABCD = puldy x dz)
Mass of the fluid leaving the face EFGH

k)

= puldyx dz) + — puldy x dz)dx

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

y i a B a .
= puldy xdz) — puldyx dz) + —puldyx dz)dxy = —— (pu)dxdydz
auia? J— puid’ J ﬁ/fp ] J X o) .

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

a . d

Invdirection= — e (pv)dxdydz, Inzdirection= — E (pw)dxdydz
) - ) 2 )

Net gain of mass is given as

a . . a . . a .
=~ |3z Louw)dxdydz + 5—1 lpvldxdydz + e (pw)d xaj.‘az]
0 N BB
= — 1 o | :'" -1 F £ ".1 Z
Y o) oy o) ﬁz"'m” 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=""%+"4=

QI‘;‘}.G‘ dz

Rate of increase of mass with time = é: )
Equating the two expressions we get,

g Ve e @] dvaves = 2 Codvdvds)
= 1 ' (AVAEZ = — avaz

ﬂ,f ou,l ay Lot 7) 3z Low) | dxdyd P pdxdyvdz)
% 2 L0 PN v
35 T ax ! fm) ay cu,l P ou)—
If the fluid is incompressible,
§1J.+5E"+511'_0 .
ax 5_1_1 d= 3 duied cbadadadutediion

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

1. Suction of the slow moving fluid by suction slot

N

. Supplying additional energy from blower
3. Providing a bypass in slotted wing

4. Rotating boundary in direction of flow

5. Providing small divergence in a diffuser
6. Providing the guide blades

7. 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,

:::21_ + .F;!}L_ +hy = .;!553 +Z,5, +h, =Py +pighy = pgho+ Fx
Pi+pighy=p2gha+ P =P, + 04 x0.8 = 1000 % 9.81 = p.gh-+ Py
117.72 KN+ 3139 KN = Py + 0.1 x 9.81 x 13.6 x 10% + 9.81 x 1000 x 0.15
117.72 KN+ 3.139 KN = Pg + 13.3416 x 10% + 1.4715 x 10°

11772 KN+ 3139KN = P; + 1481 KN

120.85 KN =P + 1481 KN

Pz = 1060459 KN v i v v v L ATLE,

2) Given Data,

Viscosity: # = 92
. =202 =20 x107%3m3/s
Discharge: ¢ s5¢
— I e
Density: © = 126
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Pressure: 71 = 270 Kpa

Velocity at inlet end,

Q 20 x1073%mifs
W=0=——"—7=2546m/s
A 10.1)= = 1

gvD  1.2ex2.546m]

| | R, =fR_1E02SN_ 30544
For laminar flow Reynolds number is, . =

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

For laminar flow,

Vidas— 2546~
Urean =5 =—5—1.273m/s

Shear stress,

u 0ok 1287 (sl el
= | — = . = Al.h ;'.":I'} =
TEHER 0.05 v/
F T, )
Butt=—therefore F =1t x A =22.266 x Eﬂ'l_ =314 776 KN ... ..... Ans.
gl

3) Convert the following
I.  -200 mm of Hg into Kpa

P =pgh

P =136x9.581 x10% x 200
= 2068 KPa o v e v e v vee ee e e 2 ATLS,

As atmosphere is at 101.3 Kpa Pressure is 74.62 Kpa bellow atmosphere
Il. 125990 Pascal into meters of oil column

P =pgh

1.25990 x 10°® = 9.81 % 0.8 x 10°® x h

h=1600mof 0il . e e v e o ATIS,
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