










































































Boundary Layer Theory,

Drag and Lift

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution
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T2 : Solution

Given:
Ist velocity profile

- LY

_BU(y ) Y(xY
or Y= 1% 2%

Differentiating w.r.t y, the above equation becomes,

du  3U 1 U (yY
- = — | X
dy - 275 275

Mo (8_] _ 3U_8U(0Y 1_3U
y=>5 Who 28 2(5) 8 2

ou
As {@] . is positive. Hence flow will not separate or flow will remain attached with the surface.
y:

2nd Velocity profile
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As |5, =0 , the flow is on the verge of separage.
ay -0

3" velocity profile
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Hydraulic Machines

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

Given: (a) Velocity of jet, V

Angle at outlet
For the stationary vane, the force in the direction of jet is given as
F = Mass persec x [V, —V ]

50 m/s
25°

X 1x 2x

where, V. = 50m/s

1x

V, = -50cos25°=-45.315

2x
. Force in direction of jet per unit weight of water

Mass/sec[ 50— (-45.315) ] F
Weight of water/sec

V =50 m/sec

(Mass [ sec)[50+ 45.315]
o Fo= (Mass/sec)x g

1 95.315
_ ~[50+45.315|N="22"2_9 716 N
g[50+ 5.315]N="0 222 = 9.716

Force exerted by jet in the direction perpendicular to the direction of the jet per unit weight of the flow,

(Mass per sec)[\/w - ng]

Fy - g x Mas per sec
1 1 .
= LY =V ] = 5[0~ 50sin25°] (- V, =0, V, =50sin 25°)
_ —50sin25° 5154 N
B 981

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD




30

Mechanical Engineering e Fluid Mechanics and Hydraulic Machines IMRDE ERSY
—ve sign means the force Fy is acting in the downward direction.
Resultant force per unit weight of water = /F2 + F2
2 2
or F. = \(9.716) +(2.154) =9952 N
The angle made by the resultant with the x-axis.
F, 2154
y .
ane -« X=512%_00017
F. = 9716

6 = tan0.2217 =12.50°

(b) Velocity of the vane = 20 m/s

When the vane is moving in the direction of the jet, the force exerted by the jet on the plate in the direction
of jet,

F = [Mass of water striking/sec] x [V, -V, ] (V- ) sin 25°
where, V.. = Initial velocity of the striking water
= (V-u)=50-20=30m/s
V,. = Final velocity in the direction of x (V- u) cos 25°
= —(V-u)cos 25° =30 x cos 25° =-27.189m/s
F. = Mass per sec [30 + 27.189]

Force in the direction of jet per unit weight,

Mass per sec [30+27.189]
x Mass per sec xg

_ (30+27.189)
- “—ggr = 582N

Force exerted by the jet in the direction perpendicular to direction of jet, per unit weight

]
F, = 5[‘@ ~Vay ]

where, v 0V, = (V= u) sin 25° = (50 — 20) sin 25° = 30 sin 25°

1
_ 1 [0-30sin25°] = —1.292 N
F, = g8l in25°]

Resultant force

(6829 +(1.292F =5.917 N

The angle made by the resultant with x-axis,

1.292
= ———=0.2217
tan 6 5 809
0 = tan10.2217 = 12.30°

Work done per second per unit weight of flow
= F, xu=5.829 x 20 =116.58 N m/s

Work done per second 116.58

= =0.116 kW
1000 1000

Power developed =
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T2 : Solution

Given:
Velocity of jet, V, = 35m/s
Velocity of vane, u, = u,=20m/s
Angle of jet at inlet, o = 30°
Angle made by the jet at outlet with the direction of motion of vanes = 120°

Angle B = 180°-120° =60° U, Outlet velocity
(a) Angle of vanes tips. =iV <~ triangles
From inlet velocity triangle, v o

vV, = V. cosa=35cos30°=30.31m/s N ° ;ﬁﬁgﬂno?f

vane

V, = V,sino=235sin30°=17.50 m/s

V,, 1750
V. —u, 30.31-20

=1.697

—
oy}
>
D
1l

Motion
of vane

0 = tan' 1.697 = 59.49°

By sine rule L = i
’ sin90° sin®
Ve 1750
o 1 7 sin59.49°
fe—uy—
| V |
17.50 ' " " Inlet velocity
Vv, = m=20.31 m/s triangle
Now, vV, =V, =2031m/s
From outlet velocity triangle, by sine rule
Vio | -
sin120° ~ sin(60°-0¢)
2025 20
o 0.866 ~ sin(60°-9)
20x0.866 .
i °_¢) = ———— =0.852=sin(58.50°
sin (60° - 0) 5031 ( )
¢ = 60°-58.50°=1.5°
(b) Work done per unit weight of water entering = a( wit m/z)XU1 (1)

vV, = 30.31m/sand u, =20 m/s

wi
The value of V_ is obtained from outlet velocity triangle
vV, = V,cos¢—-u,=20.31cos 15°-20.0=0.30m/s

w2

1
Work done/unit weight = ﬁ[30.31+0.30]x20=62.41Nm/N
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Work done per kg
Energy supplied per kg

(c) Efficiency

6241 62.41x2x9.81
= : - 99.96%
V2 36x 35 °

29

T3 : Solution

Gross head, /—/g =220m, Nethead, H=200m, C,,=0.98, N =200 rom, power = 3.7 MW, u,=u,=u

Given: Yo 0.46,D="7
V,
Speed of jet at vena contracta i.e. max. speed of jet
V., = C, \2gH
«— V=V, — o /_/__
- 098 /2% 9.81x 200 — U v, P
= 61.4m/sec -
Speed of wheel
U= 046xV, 2
= 0.46 x 61.4 = 28.24 m/sec V., /
V2 * Vf
nDN . ]
u:6— = 28.24 [u=u,=u) B o=16°. ,C \D
| u; Vo
D= 28.24 x 60
- wmx200
D = 2.697m
Vo=V, = V,-u
= 61.4-28.24
= 33.16m/sec

V,=V,cos16-u
= 33.16 x cos 16 —28.24
V = 3.635m/sec
Blade efficiency,
20(Vyg + Vo) _ 2x28.24 (61.4 + 3.635)
V2 - 61.42
n, = 97.5%

Hydraulic efficiency

U(Vigr + Vo) _ 28.24(61.4 + 3.635)
gH 9.81x 200

=0.936 = 93.6%
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T4 : Solution

Given: Gross head, H, = 500m
H, 500
Head lost in friction, hy = ?g = 3 =166.7 m
Net head, H = /—/g— h,=500-166.7 = 333.3 m
Discharge, Q= 2.0mds
Angle of deflection = 165°
Angle, ¢ = 180°-165°=15°
Speed ratio, = 045
Co-efficient of velocity, C,= 10
Velocity of jet, Vi=C,\20H =1.0x+/2x9.81x333.3 = 80.86 m/s
Velocity of wheel, u = Speed ratio x 2gH
or U= u;=U, =045x {/2x9.81x333.3 =36.387 m/s
Vi = V,-u, =80.86-36.387
= 44.473m/s
Also Wy = V,=80.86m/s

From outlet velocity tringle, we have

V, = V, =44.473

n =

V,coso = U+,
or 44.473cos 15° = 36.387+V,
or VW2 = 44.473 cos 15°-36.387
= 6.57m/s

Work done by the jet on the runner per second is given by equation as
paVi[V,, +V, |xu = pQ[V,, +V,, |xu (-aV, =Q)

= 1000 x 2.0 x [80.86 + 6.57] x 36.387 = 6362630 Nm/s
.. Power given by the water to the runner in kW

_ Work done per second _ 6362630 — 6362.63 KW = 6.36 MW

1000 1000
Hydraulic efficiency of the turbine is given by equation as

2[ Vi, + Vi, [xu  2[80.86 +6.57]x36.387
V2 80.86x80.86

0.97310r97.31%

My
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34 Mechanical Engineering

T5 : Solution

Inlet diameter,
Rotational speed,

Area of flow,

Net available head,
Velocity of flow at inlet,
Velocity of whirl at inlet,

e Fluid Mechanics and Hydraulic Machines IMBDE ERSY

D, = 10m
N = 400rpm
A = 0.25m?
H = 65m
V, = 8.0m/s
V,, = 256.0m/s

Flow is radial at outlet i.e. velocity of whirl at outlet, V,, =0
Let the peripheral velocity at inlet and outlet be u, and u, respectively

Discharge,

_IDN _ mxtx400 oo
“="60 T 80 "

Q=AxV,=025x8=2m%s

Power developed by the wheel is expressed as

Hydraulic efficiency,

T6 : Solution

Given:

Head,

Hub diameter,
Speed,

Vane angle at outlet,

Flow ratio

From the outlet velocity triangle, VW2 =0

P = pQuV,,-u,V,,)
= 1000 x 2 x (20.94 x 25 —u, x 0) x 1073 = 1047 kW

UsViv1 = UpViyp %100
N, = gH
20.94 x 25 -u, x0
L 100 — 9
- [ 9.81x 65 ]X e
H= 12m
D, = 035x D, Where D, = Dia. of runner
N = 100rpm
o= 15°
- Vi =0.6
\J2gH
Vi = 0.6x.2gH =0.6x/2x9.81x12 = 9.2 m/s

vV, v
2 1 (.. — _
tano = =, (v, =V, =9.2)
9.2
tan 15° = E
9.2
= =34.33 m/s
Y tan15°
But for Kaplan turbine, u, = u,=34.33
[www.madeeasypuincations.org MRDE ERSYH ©Copyrigh9
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N g the relati Dy x N 3433 nx Dy x100
ow, using the relation, up = 60 or 34. =760
60x34.33
= ——————=6.56m
Bo nx 100

D, = 035x D,=0.35x6.35=223m

Discharge through turbine is given by eq. as

Q= g[ng -0 xv, :%[6.552 ~2.8]x9.2

- g(42.9026—5.29)><9.2 =271.77 m%/s

T7 : Solution

Given:
Head, H= 25m
Speed, N = 200rpm
Discharge, Q = 9cumec =9 md/s
Efficiency, Ny = 90% =0.90 (Take the efficiency as overall n)
. . Work developed [P
Now using relation, Ny = =
Water power pXxgxQxH
1000
P= prngxH _ 0.90x9.81x1000x9x 25 —1986.5 kW
0 1000 1000

(a) Specific speed of the machine (N,)

NyP  200x~/1986.5

Using equation N, = T o572 =159.46 rpm
(b) Power generated P = 1986.5 kW

(c) As the specific speed lies between 51 and 255, the turbine is a Francis turbine.

Given: Q = 0.04mds
Hg = 20m
pgQH
f= 0.015
[ = 100m
D= 0.15m

Ny = 70%,n,=0.7
41102  4x0.015x100x(0.04Y

h, = 05 = 5( ) =10.534 m
12D 12x(0.15)

Hpee = Hy+ hy=20m + 10.534

net
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= H. = 30.534m
ngHnet
1000
Ny = p
1000 x9.81x0.04 x30.534 KW
1000
0.70 =
P
P 9.81x0.04 x30.534 KW
0.7
P = 17116 kKW

Hence power required to derive the pump is 17.116 kW.
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