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HYDRAULICS- Coaching Notes (Nov. 2016)

PROBLEM 11:

A triangular gate 1.20 m base and 1.80 m. high is placed on the face of a dam as shown in the figure. Its
bases is hinged and the vertex is attached to a cylindrical buoy whose weight is 440 N.  The external
diameter of the buoy is 1.2 m. and the weight of the gate is 880 N. The mechanism is such that the buoy
will open the gate if the water surface will rise higher than 4 m.

440 N

@ Compute the hydrostatic force acting normal to the gate.
® Compute the location of the normal force form the hinge of the gate.
® Whatis the length of the cable when the gate is about to open?

Solution:
@ Hydrostatic force:

P = ¥y h A
1 $810(3)(1.2)(1.8)
B 2

P = 31;784.4 N -

= Tb4t
@ _Location of normal force: SNS6.4d = W : h = 3.0m
_19 3.¢
LZTAy
o= 1.2(1.8)3/36
- 1.2(1.8
42—1(3.6)
e=0.06 M

(\ , Location from the hinge = 0.65 m./_,f

® Length of cable when the gate is about to open:

SM, =0
880(0.60) Cos 56.4 + 31784.4(0.65) = T (1.8) Cos 56.4°
T=21034N 2

21034 + 440 = 9810(%) (1.2)2 h Zf\f e
h=194m. /

Length of cable = 4 - 288 -4 m
Length of cable = 2.06 m. .
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PROBLEM 12:
A rectangular barge weighing 200,000 kg is 14 m long, 8 meters wide and 4.5 meters deep.

1t will transport to Cebu 20 mm diameter by 6 meters long reinforcing steel bars.

@ If a draft (submerged depth of the barge) is to be maintained at 3 meters, how many
pieces of the bars can it carry if density of salt water equal to 1026 kg/m3 and steel
weighs 7850 kg/m3.

@ What is the draft from the barge when one half of its cargo is unloaded in fresh water?.

@ If the draft of the barge in fresh water is equal to 2 m., determine the number of bars that
It can carry.

W,;=200,000 kg

Solution:
@ Pieces of bars:
X = no. of bars

W, = Eﬁf—zﬁ (6)(7850) x

W2=14.79 xkg (wt. of steel bars)
Wi+ Wo=BF T tv=
200,000 + 14.79x = 3(8)(14)(1026)

X=9786 no. of bars ,
N ———— 1

@ Draft from the barge:
Total weight = Wy + W,
W= 200,000 + 14.79(9786)
W=200,000 + 144736

W=344736 kg (cfsfer) weight)
When the barge is at the fresh water
the total weight is only Wh.

144736
2

Wa=200,000 +

Wa = 272/368 kg ~
BF.=Wp=272368 5 <) ® NumbeF, [ bars thatl@an cary: .

V=
= ars

d=2.43m, (draftin fresh water) /
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PROBLEM 13:

A rectangular barge weighing 200000 kg is 14 m long, 8 m. wide and 4.5 m deep. It will
transport to Manila 20 mm diameter; 6 m. long steel reinforcing bars having a density of 7850

kg/m3. Density of salt water is 1026 kg/m?.

@ Det. the draft of the barge on sea water before the bars was loaded.

@ If adraftis to be maintained at 3 m., how many pieces of steel bars could it carry?
® What s the draft of the barge when one half of its cargo is unloaded in fresh water?

Jolutiory :
® Draft of empty barge on sea water:

r
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200000 = 14(8)(d)(1026)
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No. of bars loaded:

Steel bars

= 200000 + W,
8(14)(3)(1026) b ZOOOOCLWb

Wp =144736 kg -

.
seassene,

e W i
o

&
S
St e -;‘?
phiw

[ R

o ..:!H -.'ﬂ"}
R
s

Wh

. e e = i :F-'-# o o __q-:‘;'

e R Wl e ey '-:-;‘:\-'"'-f"'"'"' - i
e

7 (0.02) 2 (6) N (7850)

144736 = 7 (0.2) 2 (6)(7850) N

N = 9782 bars -
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Draft of barge on fresh water when one

half of its cargo is unloaded:

200000 + 5 (144736) = 8(14)(d)(1000

d=243m. ~°
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PROBLEM 14: | |
A triangle having a base of 1.20 m and altitude of 1.8 m wholly |mmers_ed In water, its base being in the
surface and its plane vertical. If the triangle will be divided by a horizontal line through its center of

pressure.

e —
——

® Find the pressure on the lower area of the triangle.

® Find the pressure on the upper area of the triangle. |
® Find the ratio between the pressures on the two areas of the triangle.

Solution: |
® Pressure on the lower area of the triangle.

[
e'—*gg' & =2

S ;}y . Bl
Ig = 36 ‘

g =0.1944 if"
1.2)(1.8
Ss=(__)'2(__)_(06)
Ss= 0.048 ms
0.1944

P1=0.324 y
P4 =0.324(9.81)
Pi1=3.18 kN /

@ Pressure on the upper area of the triangle. ® Ratio between the pressures

298 0.9(0.6 on the two areas of the triangle.
P2 = 7(0.45)(0.6)(0.9) + ¥(0.3) ' 5 ' Py ] 0.324 =/1 \
P,=0.324 y P2 0324y (" /
P, =0.324(9.81)
P,=3.18kN -

c——"’""/_
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Qres (NOvV. cVi10 0 0@ @@
PROBLEM 15:

A vertical rectangular gate as shown is 2 m. wide, 6 m. high is hinged at

the top, has oil (sp.gr. = 0.84) standing 7 m. deep on one side, the liquid

surface being under a pressure of - 18.46 kPa.

® Compute the hydrostatitc force acting on the gate.

® How far is the force acting below the
hinged.

® How much horizontal force applied at
the bottom is needed to open the gate.

Jolutiorn :
@  Force on the liquid on the gate:
. 18.46
h equivalent = 9.81(0.84)
h equivalent = 2.24 m.
P=vhA
P =9.81(0.84)(1.76)(2)(6)
P=174.04 kN _
@ _Location of force below the hingea:
_19
°TAh
_(2)6)312
°=2(6) (1.76)
e=1.705

Location of force below hinged = 3 + 1.705
L ocation of force below hinged = 4.705 m. -

® Horizontal force needed to open the gate:
ZMO = ()
F(6) = 174.04 (4.709)
F=136.48 kN -
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PROBLEM 16: | | |
A rectangular channel 5.6 m. wide by 1.2 m. deep is lined with a smooth stone, well laid and has a

hydraulic slope of 0.002. Using ~ n= 0.013.

@ Whatis the capacity of the channel in m3/s. | |
® What savings in earth excavation could have been offered by using more favorable proportions but

adhering to the same delivery and slope. | |
® What savings in lining per meter length by using more favorable proportions but adhering to the

same delivery and slope?

Solution:

® Capacity of channel:
A=5.6(1.2) =6.72 m2
P=12(2)+56=8m. -

e e s i e s 3
- L]
- -
B = - -
L]

o
-J
N
|
O
Co
g
=

®  Savings in lining per meter length:

e
;

| 275 12
Q=_(5.72(0i»4)__ (0.002_)__ o058 /s .

0.013

@ Savings in earth excavation by
using more favorable proportions:
Use most efficient section.

[b=2d
T I
“A=zbd |
A=2 2 ] ;
A RZ3 g2 - b=2d ) Lining of old channel =_[1 2(2) + 5-6]( 1) ;i._
Q= —— Lining of old channel = 8 m® ]
1 |
2050 = 207 (02 (0.001)" Lining of new channel P
_ 0.013 - [1.794(2) + 3.587) (1 f
d=1.794 M =7.175 m2 |
b=2d=2(1.794) = 3.587 m. -
Savings in excavation: Savings in lining =8 - 7.179 |
Savings in lining = 0.825 m¥m. L
Savings = 5.6(1.2) — 1.794(3.587) WY i g = =

Savings = 0.2849 m?2
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HYDRAULICS- Coaching Notes (Nov. 2016)

PROBLEM 17:

A square frame 3 m by 3 m in dimension is submerged in water vertically with its
top 3 m from the surface. If oil (s = 0.80) occupies the top meter, ﬁgﬁ;_ﬁ:frzs@m}

® Determine the horizontal pressure acting on the frame.
@ Determine the pressure at the top of the gate.
@ Determine the pressure at the bottom of the gate.

Solution:
@ Horizontal pressure acting on the frame:

P=yhA

=1(08)+2+1.5

h=43m
P =9.81(4.3)(3)(3)
P=2379.65 kN -

@ Presgygg at the tog gﬁ the gate:
P =9-79(0.8)1 + 9:79(2)
[Lc P=27#tkPa - 2.7 47 IPa

® Presglzgﬁ at the bg}ttg[n of the gate:
P = P = 9:79(0.8)1 + 9:79(5)
p,=P=5678kPa , 5¢ 70 /P4
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PROBLEM 18:

Piston A has a cross-section of 1,200 cm2 while that of B is 800 cm2. B is higher
than A by 2m. If the intervening passages are filled with oil having sp. gr. of 0.8
and a force of 4 kN is acting on B,

@ What must be the pressure at piston B.
@ What must be the pressure at piston A.
® What must be the force exerted at piston A.

Solution :
® Pressure at piston B: Erce
PB (800) =4,000  fresure = ———
7YYeq

PB =5 N/cmZ
PR =50,000 N/m2 .

@ Pressure at piston A:
PA = PB + wh
PA = 50,000 + 9810 (.8) (2)
PA = 65696 N/m2 -~

® Force exerted at piston A:

65636 (1200)011’“
" (100)2 cmymt.
P=7883.52N /
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PROBLEM 19: |
The radius of the tube as shown in the figure is 1 mm. The surface tension of

water at 20°C is equal to 0.0728 N/m. For a water-glass interface 6= 0.

I

e ——

. . . 0

@ Compute the capillary rise in the tube in mm. '

@ Compute the total force due to surface N/ |
tension. | A

@ Compute the weight of water above the i
surface due to surface tension. Bl gEESE

| st ol

Solution: | - [N

© Capillary rise in the tube in mm: ey

25 Cos 0
h=s——

: par |

- 2(0.0728) Cos 0

~ 1000 (9.81)(0.001)
h=0.0148 m.

h=14.8 mm.
mrr:/

@ _Toftal force due to surface tension:

F=ondCos 6
'F=0.0728{2k) (0.001))Cos 0°
F=4.57 x {04 N—2]

@ Weight of water:

W=y Vol =9810 rt (0.001)2 (0.0148)
W=456x104N -
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PROBL EM 20: | | h ﬂ 2 7R &
A1 x 1 x 1m. tank is 50% filled with oil (sp.gr. 0.82) and the W =
remaining is water. When it is translated verticallyupward at | {] . o ° [}
5.10 m/s?. 1

@ Determine the pressure at the bottom. |
@ Determine the velocity at the orifice 50 mm diam. located

at the bottom of the tank. | |
@ Determine the discharge if the coefficient of discharge C is equal to 0.6.

e e e R
e R e e e ;

& ; e i s e
e A e e ok s A P e

1.0

St Ty B S e =
e e e S e e

Solution:
@, Pressure at the bottom.

P=Pstaﬁc(1 j_g)

} 3 UWpWATY
- -5 DoWHRWAD

o

P static=wh
h=0.5(0.82) + 0.5(1)
h= 0.91 m.

2.10

P=981(091) (1+5gr)=13.57kPa

O
n

@ \Velocity at the orifice 50 mm diam.
located at the bottom of the tank.

h=001(1+ g;? )

v=l2gh ,-

V'=~/2(9.81)(1.38) 10—
V=520m/s .

it
L]

S
. - e e

o
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R
n ‘ i L1 s .

- e
h b g o B, I o
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"y et -
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e S e
i iy A e
. i S o R H-':.-.."E':‘“-
o bR S b A
- n . . 5
= i ; 1:-?‘- SR U‘Cb}:'."ﬂ*:' *

@ Discharge if the coefficient of
discharge C is equal to 0.6.

Q=CA~2gh

o = 060(m)(0.05"

Q=0.0061 m3/s ~/

2(9.81)(1.38)
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PROBLEM 21:

The cross section of a right triangular channel is shown with a coefficient of roughness n = 0.012. If the
rate of flow = 4 m3/s.

@ Calculate the critical depth.
@ Calculate the critical velocity.
® Calculate the critical slope.

Solution:
@  Critical depth:

2d.d
A= ;Czdcz

A=(1.267)2
A =1.605 m2
B = 2(1.267)
B=2534 I

/- ~ [2:81(1.605)
=\~ 2534

Ve=249m/s .
&

@  Ciritical slope:

P=358 M Sc=0.0026
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PROBLEM 22: o
A jet of water 250 mm in diamet

ot on the stationary plate. |
?g Jm/s 1 the same direction as that of the jet, find the force exerted by the

% -

— -

er impinges normally on a flat steel plate. If the discharge is 0.491 m3/s.

@ Find the force exertec! by t
® If the flat plate Is moving @

©) jl?tr?; égfpﬁlaattee.moving 2 4 m/s in the same direction as that of the Jet, find the work done on the plate

per second.

Solution: | |
@ Fiorce exerted by the jeton the stationary plate:

F=R

Q Y
-R='-§—/"(V2-V1)

Q=AV
TU
0491= 7

11%10942/15(9;”4(0 - J - looo(%)(o.lﬂm(ﬁ%}m (1)~

-R=""981 _ : |
R=4.91 kN = 4:6[0%._7“} N = 4Q\FM (Qﬂﬁ)

(0.25)° y,

V,=10 m/s \§

® Force exerted by the jet on the plate: e VM

!
S
=

_RX .
491(9.81

-R=7 0 81 (4-10)

R 5/2.946 B I
fork = 2.945,(1000)(4) Work= TV 1 N
ork = 11784 Nem/s F= |boo (%)(b.u;\ (,0,4) /mﬂ | Few 15 N

Worg = 1 AEHs ({)= 3068 ¢ EX (y0)
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PROBLEM 24:
A piece of wood floats in water with 50 mm projecting above the water surface. When
placed in glycerine of sp.gr. 1.35, the block projects 75 mm above the liquid surface.

@ Find the height of the piece of wood.
@ Find the sp.gr. of wood.

@ Find the weight of the wood if it has a cross sectional area of 200 mm x 200 mm.
J___‘_A .

Solution:
@ Height of wood:

W =9.81(A)(h - 0.05)
S h(9.81)(A) = 9.81A (h - 0.05)
Sh=h-0.05
W=9.81(1.35) A (h - 0.075)
Sh(9.81) A=9.81(1.35) A (h- 0.075)
S h=1.35(h - 0.075)
h-0.05=1.35 (h- 0.075)
0.35h = 0.05125
h=0.146 m. .
@ Sp.gr. of wood.
Sh=h-0.05
S (0.146) = 0.146 - 0.05
S=0.658

.

@ Wt of wood. < )
W= 9.81(0.658)(0.146)(0.2)(0.2) oy W X

W=38N -~
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PROBLEM 26:
A pipe network consists of pipeline 1 from A to B, then at B it is connected to pipelines 2 and 3, where it

merges again at joint C to form a single pipeline 4 up to point D. Pipelines 1, 2 and 4 are in s_eries
connection whereas pipelines 2 and 3 are parallel to each other. If the rate of flow from A to B is 10

iters/sec and assuming f = 0.02 for all pipes, compute the following:

Pipelines Diameter Length
1 200 mm o 3000 m.
2 300 mm g 2200 m.
3 200 mm o 3200 m.
4 400 mm o 2800 m.

® Rate of flow of pipeline 3.
® Rate of flow of pipeline 2.
® Total head loss from A to D.

Solution:
@ Rate of flow of pipeline 3:

Q1= Qo+ Q3] - o-ogze,FL@?“

Q=0 =

| hf2 = hfs :
0.0826 fL (Q2)2 0.0826 f L (Qa)
02F  ~  (Daf ® TotalheadlossfomAtoD: = Nf, +0f, Fhy
r;_ 0.0826 fl Q12|
2200(Q2)2  3200(Q3)? 1= DS 1
03° =~ (02 ———1770826(0.02) 3000(0.01)2
| hfy = :
(0.2)
Q22 =11.045 Q32 hfy=1.55m.
Q,=3323Q; — &
Qz- Q2+ Q 0.0826(0.02)(2200)(0.00769)2
0123323 1.®) hf = 0.3
001=3323Q3+ Q3 subtt . @ in®) _ |
Q3 = 0.00231 h B hf,= 0.088 m.

Q= 2.31 liters/s <~

hfa

- Q.0826(9.02)§2800)(0.01 )2
in pipeline 2. N (0.4)
@ Rate of flow In pipell 0045 m

Qr=3.323 Q3
Q=3.323 (2.31) Total/;e;;;ss from A to D:
Q, = 7.69 liters/sec. HL = hfy + hf + h

HL =1.55 + 0.088 * 0.045
HL = 1.6838 m.

-

-
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PROBLEM 28: o | |
The three reservoirs A, B and C are connected by pipelines A, B and C respectively. the elevation of

reservoir A is equal to 200 m. while that of C is 178 m. The discharge flowing towards reservoir B is 0.60
3/s. Reservoir B is higher than that of C.

Pipes Diam. Length Friction factor "f"
A 800 mm 1500 m 0.0158
B 600 mm 450 m 0.0168
C 450 mm 1200 m 0.0175

® Compute the rate of flow out of reservolr A
® Compute the rate of flow towards reservoir C.
® Compute the elevation of reservoir
Jolution :
@ Rate of flow out of reservoir A:
L o
" 0.0826fL.Qp2
K|
- [ 2
_ 0.0826(0.0168)(450)(0.60)« _ >89 m
(0.6)°
hfy + hf3=200-178
hfl + hf3 =22 m.
0.0826(0.0158)(1500)Q12 0.0826(0.0175)(1200)Q3% _ -
(0.8)9 (0.45)9
5.974Q12 + 94Q3¢ = 22 ‘_® ® Rate of flow towards reservoir C:
= Q1-0.60
=Q1-Q2 Q3= Q1
N S) Q3 =1.0135-0.60
Q3=0Q1-060 —(2)

.. Q3=0.4135m3/s -
5.974Q12 + 94(Q1 - 0.60)2=22 <u¥st. @ " 0)

5.974Q12 + 94(Q12 - 1.20Q1 + 0.36) = 22

@ Elev. of B:
99.974Q12 - 112.8Q1 + 33.84 = 22 - 0.0826(0.0158)(1500)(1.0135)2
1= 5
99.974Q12- 112.8Q1 + 11.84 =0 (0.8)
1 : hf{ = 6.14 m.
Q12-1.13Q1+0.118 =0 Elev. of B =200 - hf{ - hf2
1.13 + 0.897 Elev. of B=200-6.14 - 2.89

Q=== =1.0135mYs . Elev. of B=190.97 m. -
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PROBLEM 29: | |
Two reservoirs A and B have elevations of 250 m and 100 m respectively. It is
connected by a pipe having a diameter of 250 mmg and a length of 100 m. A
turbine is installed at point in between reservoirs A and B. If C =120, compute the

following if the discharge flowing in the pipeline is 150 liters/sec.

@ Headloss of pipe due to friction.
@ The head extracted by the turbine.
® The Power generated by the turbine.

Jolwtiory

(D Headloss of pi QL

10.64LQ1.85
hi="C1espasr |

"Q=0.15m3/s

10.64(100)(0.15)1.85 250 mim ¢
hf =~ (120)185(0.25)487

hf=3.87 m..

El 250m

]
150m
| El. IOOm i

pE.E bek b KA

@ Head extracted by the turbine;

V
%}%’”—"‘ /%*/;Bf r 2 8E) L
+0+ & 3.87 + 250
° T;mﬁ

HE =150 - 3.87 0
HE 146.13m. -

® Power generated by the turbine: dE = 403 m (@ g)
| Power = QwE]
Power = 0.15(9810)(146.13)
Power = 215030 watts
Power = 215.03 kW
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HYDRAULICo- & —  ——————

PROBLEM 30:

A rectangular SCOW
its center of gravity is 2.7 m. a

w 9 m. wide 15 m. long and 3.6 m. high has a drait in sea water of 2.4 m.
bove the bottom of the scow.

@ Determine the initial metacentric height.
® |f the scow is tilted until one en

the center of buoyancy. o
® Determine the final metacentric height.

Solution:
@ |Initial metacentric height MG

g =0 (upright position)

__(92
MBo= 12,4y (1+0)
MBoz 281m. .
Alternate Solution:
[
MBO = _\7
~15(9)3
I=42
[=911.25m* (moment of Inertia about
the longitudinal axis)
V= (2.4)(15)(9)
V=324 m3
911.25
MBo = ~324
MB,= 2.81m. .
GBy=2.7-1.2
GBO =15
MG = MB, - GB, |
MG=281m.-1.5

MG=131m.
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PROBLEM 30: (CONTINUATION)
@  Sidewise shifting of the center of buoyancy:
1.2
tan 0= iE
0=14.93"
X
Sin 6= 175°
[ tanZ 6
MBgz V [1 T 7 ]

2
MB,= 281 [1+ 293

MBo,=2.91 m.
xg=2.91Sin 14.93°
xg=0.75m. -

@ Final metacentric height.

~(9)2 tan? 14.93°
MBo="1202.4 (145 )

MBo=291 *
MG = MB, - GB,
MG=291-15
MG = 1.41 m
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PROBLEM 31: |
An open tank, 10 m. long, Is supported on a car moving on a level track and uniformly

accelerated from rest to 30 kph. The tank was filled with water to within 15 cm. of its top,
when it was accelerated.

®
@

Compute the acceleration of the car. | | .
Find the shortest time in which the acceleration maybe accomplished without liquid

spiling over the edge of the tank. | |
The height of water is 1 m. when the tank is at rest. Determine the total force acting on

the bottom of the tank when the tank was accelerated if it has a width of 2 m.

Solution :
Acceleration of the car.

Shortest time in which the acceleration maybe accomplished without liquid spiling over

the edge. Vo= Vi + at

ane 833=0+0.29

30000 _

Total force acting on thé bottom of the tank if the width of the tank is 2 m.
P1= Y hq
Py=9.81(1.15)
P1=11.28 kPa
P2= 1w h2

P> =9.81(0.85)
Py =8.34 kPa

Pi+ P
o i 2 I

F= 11‘28; 24 (10)(2) = 196.2kN 7

PROBLEM 32:
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PROBLEM-33— Mok

An open cylindrical tank having a radius of 0.30 m. and a height of 1.20 m. is filled with water at a depth of
0.90 m.

® How fast will it be rotated about its vertical axis if half of its volume_ IS spillgd out?
® How fast will it be rotated about its vertical axis so that no water will be spilled out? |
® How fast will it be rotated about its vertical axis so as to produce a zero pressure with 0.20 m. from

the center of the tank.

Solution:
® Speed of rotation so that one half of its volume is spilled out:

2 2 2 , ‘

030y ~n(0.30)(060) my-12) _ 0 50m03012090) = Veirsinal - Vairi sy = Vsp
2 2 2

0.045y - 0.027 - 0.5(%)(y - 1.2) = 0.0405
0.045y - 0.5x2 (y - 1.2) =0.0675 —()

x2=ky ER- OF PanAnoLa R

when x = 0.30 .
03012 = ky M

0.09 | 20.3)2
P 6= ®“ (0.3)

y 6="219.81)
when x = x o = 18.68 rad/sec
y=y-1.20 _ 18.68(60)

0) o -
21T
X% = Ky - 1.20) ® = 178.34 rpm
B 09 y-120) %)

0.045y - 05x2 12)=00675 Sakst. @ n (1)
0.045y - d 0'09y -1.2)° =0.0675

0.090y2 - 0.09(y - 1.2)2 = 0.135y

0.090y% - 0.09y% + 0.216y - 0.1296 = 0.135y

* 0.081y = 0.1296
y=1.bm. /
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PROBLEM 33: (CONTINUATION)
@ . Speed of rotation so that no water will be spilled out:
wr |
Y="9q =
: 20 12 ot W
- ®(0.3)
0.60="519.87)
o = 11.44 rad/sec
~11.44(60)
(D — —
2T

®=109.21rpm

®  Speed of rotation when-x=0#5:
x=0.20m
-x=0.30 =Y
y=y
y=y-1.20
(030)° _(020° 4y gpp
vy "y-1.20
0.09y - 0.108 = 0.04y
0.05y = 0.108
y=2.16 M
o
y= 29
0 (0.30)2
(2.16) = W
o =21.70 rad/sec

_ &70(60)
2T

® = 207.22 rpm

W
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PROBLEM 34:

A 1.8 m. diameter closed cylinder 2.7 m. high is completely filled with glycerine sp.gr. is 1.60
under a pressure of 245.25 kPa at the top. The steel plates which form the cylinder are 15
mm. thick and can withstand an allowable tensile stress of 82404 kPa.

@ Compute the max. pressure at the bottom of the tank to resists hoop tension if it is
rotated about its vertical axis.

® Whatis the equivalent height of imaginary water at the top of the tank on its sides?
@ Whatis the max. speed in rpm that can be imposed on the cylinder?

f
Solution : r=PP | 5 P< 2t
@ Max. pressure at the bottom of the tank: L &l p

Consider 1 m. strip T=St(1) bz (O_%) (qu
2T=Pp(1) T=82404(0.015)(1) ~ — 7
- P (1.8)(1) T=1236 kN P =73 Ifs

o 1236=09 P sl B
T=909P P=1373 kPa

Closed

R s,

@ Equivalent height of imaginary water at the
top of the tank on its sides:

| | ;t f_ i ;'F’_ _n— .._ |
Equivalent. 2%4 I P St . .

1373 =245.25+9.81h + 2.7(9.81)(1.6)
Y h=11064 m. -

- _ 24525 _p
Equivalent ht = 110.64 + =35 5 19
Equivalent ht = 135.64 m.

@ _Max. speed in rpm that can be imposed on the cylinder:
| ) aiZ r2 _
y= 2 q

—a? (0.9)2
11064= % 9 g1}

w=51.77 rad/sec.

51.77(60)

Wn=—
2T

=494.4rpm
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PROBLEM 35:
A block of wood is 20 mm thick floating in seawater. The

specific gravity of wood is 0.65 while that of seawater is 1.03.
Find the area of a block of wood, which will just support a
man weighing 80 kg when the top surface is just at the water

surface.

Solution: LTy=0 /T"J,

80 + Wy = BF

80 + 1000(0.65)(A)(0.02) = 1000(1.03)(A)(0.02)
A=10.50m? <

PROBLEM 36: |
A wooden spherical ball with sp.gr. of 0.42 and a diameter of 0.30 m. is dropped from a

height of 4.2 m. above the surface of the water at the deep end of the swimming pool. If the
ball barely touch the bottom of the pool before it began to float, how deep is the pool at that

point?

" Spherical ball
Solution:  Posihve Werke = Negative Work |
Vol. of ball = » mr
3 4.2 m
.

Vol. of ball = n(0.15)° =0.014 m’

Weight of ball:

W=V (Sg)

W =0.014(9.81)(0.42) —

W =10.05768 KN ., \Positive work = Negative work
W(4.2+h) =BF(h)

Bouyant force: 0.05768(4.2 + h) = 0.1373h

BF = Vs h=3.04

BF = 0.014(9.81) Depth = 3.04 +0.15

BF = 0.1373 KN Depth = 3.19 m.
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PROBLEM 37: -
An orifice at the side of the tank is located 1 meter above the bottom of the tank which IS

resting on the ground. The jet of water strikes a distance of 2.75 m. hqrizontally away from
the orifice with C, = 0.98. The height of the tank is 4 m. and it is filled with water 2 m. depth

and on top of it is another liquid having a depth of 1 meter.

—

@ Determine the velocity of the jet.
® Determine the equivalent constant head of water that causes flow out of the tank.

® Determine the specific gravity of the liquid.

Solution:
® r¥Ve!c:acity of jet:

)
y=7 gtzj T

- 2.75=V(0.45)
V=6.11m/s -

@ Equivalent constant head of water:
V=C\2gh |

6.11 = 0.98/2(9.81) h
h=198m. _

@ Specific gravity of liquia:
h=1+1(sp.gm)
1.98 =1+ sp.gr.
sp.gr.= 0.98 _
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PROBLEM 38:
The length of weir of a reservoir is 200 m. long. After a heavy down pour the depth of water

over the weir was 4 m. The total discharge through the weir was 1,000,000 m9.

® Compute the average rate of flow of the water, until the flow over the weir lasted.

@ How long did the flow over the weir lasted?
® What is the depth of water after 300 sec. when the discharge through the weir is only

540000 m3.

Solution: : T i
@ Avera ger ate of flow: &CN{ = @ R @ ¥ 1o - = 3  &|
Ja1=184LH32 | -
Cr = Q1 = 1.84(200)(4)3/2
Q1 - 294‘4 mSIS Ak ,
Q= Q2= (1) 84(200)(0)3/2 s L_QOO';;“"W -
Q2 =

+
Qave = %@, = 1472 m3/s -

&mmmﬁmxmmammmmhmﬂmmmﬁ

@ __Time the flow over the weir lasted:
Volume

Qave |

~ 1000000
t="9472
t=679.35 sec. .-

1""-—.

peri B e el e, T ™ Y™ o S o ) -
__.- ,-'-. - e A ] i-.—i-"' e e S o

® Depth of water after 300 sec:
Vol

=73

200 = 5&&0000 _
dve i s Y

Qave = 1800 m3/s 5 L=200 m

Q1 = 1.84(200) H3/2

1800 = 1.84(200) H3/2
H=288m. —

S ettt e
S AR S DR SR

PRI AT

‘-I-:dm-\.
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PROBLEM 39:
A jet of water 250 mm in diameter impinges normally on a flat steel plate. If the discharge is

0.491 md/s.

® Find the force exerted by the jet on the stationary plate.
® |f the flat plate is moving at 2 m/s in the same direction as that of the jet, find the force

exerted by the jet on the plate.
® If the flat plate moving a 4 m/s in the same direction as that of the jet, find the work done

on the plate per second.

!.r Oé(abf?f .
| @ Force exerted by the jet on the plate:

_Q
V=12

0.491
T 9
— (0.25
025

\/ =

V=10 m/s

@ Force exerted by the jet on the plate if @ Work done per second if the plate is
the plate is moving at 2 m/s in the same moving at 4 m/s in the same direction as

|, direction at the jet: ﬁ:efea T
F=pA(V-V1)2 | [t el )
F=1000 (7 ) (0.25)2 (10 - 2)2 F=1000 (%) (0.25)2 (10 - 4)2
F=1767 N
= 3142 N
£= 3.142 kN / Work done = 1767(4)(1)

Work done = 7068 N.m/sec.

-

[’\Jtﬂu::- :}:\.’ / ;
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A rectangular canal is to discharge 1.86 m3/s per meter of width, with @ minimum energy
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content. The channel is 12 m. wide and n = 0.017.

®
@
©)

What slope would be necessary to maintain this depth and rate of discharge?

energy gradient

Compute the minimum energy content.
Compute the corresponding depth.
Solution:
Min. energy content:
g=1.86 md/s
5 i -
=3 Evin
2o
29 "3 E
E
/B
qg=AV
29 E
186=d: (1) \[ "5
2 29 E
186=5 E(1) \/“5
(9.81) E3
7.7841 = 22 2
=1.0598 m.
Corresponding depth:

dc= % (1.0598)

dc= 0.71 m. 7

Visit For more Pdf's Books

@ Slope to maintain this depth:

Q=AV
1.86(12) = 0.71(12) V

V=2.633m/s

%!
A \/______ ___‘5 k 55/2-
R=5p
12(0.71)
R=12+2(0.71)
R=0.635

\/ = % R2/3 S1/2

~ (0.635)23 8112
2633=""0 017

S=0.00367 -
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PROBLEM 41:

A trapezoidal canal with a bottom width of 1.5 m. and with side slopes of 2 horizontal to 1
vertical has a velocity of 1.2 m/s. If the depth of flow is 2.4 m. and has a slope of channel
bed of 0.000212, compute the following.

@ Discharge of the canal.
@ Roughness coefficient of the canal.
@ Shearing stress at the boundary of the canal.

Solution:
@ Discharge of canal: M
(1110 + 1.5)(2.4)
A= 2
A=15.12 m2
Q=AV
Q= 15.12(1.2)
Q=18.144 m3/s

1 1/ 3 ‘)7_
@ Roughness coefficient: —7 N =% h 5
P=1.5+2(5.37)

@ _Shearing stress:

P=1\223 ’E='X’wF\iS_
=5 “17=9.81(1.24)(0.000212)
15 19 T =0.00258 kPa
R=1223 v = 2.58 N/m?
R=1.24
R2/351/2
V="""

N
f 0= (1.24)2/3 ((_).0_00212)1/2
e n

n=0.014 -~
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PROBLEM 42: ) N

1

A trapezoidal flume of most efficient proportion has a base of 1.5 m. lts full discharge is 3 m3/s. If the ’
same material is used for a most efficient rectangular section.

eyt € P Wayntisy of P Iatd

@ Compute the average depth of the trapezoidal section.
@ Compute the normal depth of the rectangular section.
® Compute the decrease in the discharge.

Solution: |
@ Ave. depth of trapezoidal section: a

d =b Sin 60°

d =1.5 Sin 60° (3 +1.5)(1.299)

d=1.299 m. B 2

B=2b A =2.92275 mZ2

B=2(15)=3 " — A "ﬂﬂ"\

+ verage depth=57 =
A= (B 2b) d B
2.92275
P = 3(1.5) Average depth = — 3
P=4.0Mm Average depth = 0.974 m.

@ Depth of rectangular section:
For trapezoidal section:

ol ® Decrease in discharge:
- A 1
m = a—— | - _C_!
- r { 15 2
R= 1'2299 =0.6495 || ||| 1,125
Q:AV %: e 2
R=0.5625"
2/1351/2
_AR ns b= 2(1.125)
\ o11 b =2.25M
| 3=2.92275(0.6495)23>— | ko ERyLN
- A = 253125 m?
= =1.3688 | Q- ARZ3STZ
L S n
For the rectangular section (most efficient) - g1
P=45M Q = 2.53125(0.5625)2/3 ——
b= 2dd | WJFQ = 2.53125(0.5625)2/3(1.3688)
l =§] Q=2.36 m3s
45=2d+b
45=2d+2d

d=1.125m.
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PROBLEM 43:

Water flows over a spillway into a rectangular channel forming a hydraulic jump in order to

dissipate mechanical energy. The spillway and the settling basin is 20 meters wide. Before
the jump the water has a depth of 1 m. and a velocity of 18 m/s.

@ Determine the depth after the jump.
@ Determine the velocity after the jump.
® Determine the Froude No. after the jump.

Solution:
@ , Depth after the jump:
q2 _dqda(d1 +d2)
e B 2 )

L0 O

(1+d2)
08 = (1) d2 9

: —
QO
N

q=A2V?2
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PROBLEM 44:
A trapezoidal masonry dam with vertical upstream face is 6 m. high, 0.6 m. at the top and 3 m. wide of the

bottom. Wt. of concrete is 23.5 kN/m3.

@ Find the depth of water on the vertical upstream face if the pressure at the toe is twice the average

pressure at the base.
® Using the computed depth of water, compute the hydrostatic uplift force if the uplift varies from full

hydrostatic pressure at the heel to zero at the toe.
@ Compute the factor of safety against sliding if the coefficient of friction on the base is equal to 0.80.

Consider the hydrostatic uplift.

Solution:
@ Depth of water:
P=v%hA
h

P =9.81 (5 ) (h)(1)

P =4.905 h?

W =0.6(6)(1)(23.5)

W1 =84.6 kN !

_o(3) _

o= (1239 @ Uplift force:

Wo=211.5kN % h = 9.81(5.94)

Bl s 994 B %y h = 58.27kN/m?

R=296.1kN U= 5—8'2;_7(31

RM = 84.6 (2.7) + 211.5(1.6) U=8741kN -

P = 5661'782 N ® Factor of safety against sliding:

OM=P (g ) _ !J_

2

OM=:4'9035 f (h) R = 296 1- 87 41 -
R = 208.69 kN

OM = 1.635 h3 P = 4.905 h?
P = 4.905(5.49)2

2RQ)E{S T(ﬁM :Sggd& 1.635 h3 Byt

-\ 1) = 000.04 - 1. 0.80(208.69

h=3549m. _ FS-—1£7W1

F.S. =113

Visit For more Pdf's Books
P OOk S O EO I e e e ——




Visit For more Pdf's Books
Pdfbooksforum.com

HYDRAULICS- Coaching Notes (Nov. 2016)

PROBLEM 45:
The crest gate shown consists of a cylindrical surface of which AB is the trace,

supported by a structural frame hinged at C. The length of the gate is 10 m.

@ Compute the horizontal force acting on AB.
@ Compute the vertical force acting on AB.
® Compute the location of resultant force horizontally from C.

Solution:
@ Horizontal force acting on AB:

Fx=v h A
Fx = 9.81(4.33)(8.66 x 10)
Fx=3678.93 kN —

® Vertical distance of Fx from A ,.%-»
_8.66
-3
h=2.89m.

Area ABD = Area ADBC - Area ABC
1 n(10)%(60°)
Area ABD =7 (5 +10) 8.66 - ™ 3p°

Area ABD = 12.59 m2
Fy = 9.81(12.59) (10)
Fy=1235.08 kN /

® Horizontal distance of Fy from C = z

From similar triangles, ok TN, = 6
z 289

3678.53  1235.08 B (n)=Fy(2)

Zii8.67m. 2167855 <E“S_:E> =237 68 (:3_-)

2= 8.6Im (an)
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LEM 46: - . :
;\R\thical tube 3 m. long with one and closed is inserted vertically with the open end down,

i | th of 1.0 m. Assume absolute
i tank of water until the open end is submerged to a dep | |
:antﬁoaspheric oressure is 101.5 kPa. Neglecting vapor pressure, how far will the water level in

the tube be below the level in the tank?

Solution: »

| ot A = cross-sectional area of tube

[Prvi=Pa Ve

P1=101.5 KN/m?

Vi=3A .

P,=P1+ wh ¢

P,=101500 + 9810x -

Vo=(2+x) A

101500(3A) = (101500 + 9810x)(2 + x) A
304500 = 203000 + 19620x + 101500x + 9810x2

x2+12.35x-10.35=0
x=0.787m. -

e '
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PROBLEM 47:
A circular aluminum (n = 0.020) channel 2.44 m. in diameter has a Froude Number
of 0.50. in uniform half-full flow.
®  Compute the critical velocity.
@  Compute the channel slope.
@  Compute the specific energy.

T e T i

Solution:
@ _Critical velocity:
gA
Vg = '\ QB_
- n(1.22)?2
AR
A=234m"
B = 2(1.22) ’
B =244 m. R = 1
] _\/9.81(2.341 2 44
Ve="\/" 244 ol &
Ve=3.07m/s R=0.61
TR - R28s112
@ Channelslope: V= - IS R
fF V] - (0.61)2/3g1/2
" \Jodm 1.539="""6 020
| V ] S=0.00182 -
B
B €) Specn‘" ic energy:
v vz
D =T e ot E"29 + 0
9,081(2.34) -
244 . ;.33851 2 4122
V=1.535m e
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PROBLEM 48: o T

If water flows full in a trapezoidal canal having a base width of 1.8 m., width at the top of 2.8 m. and »
depth of 1.2 m. Slope of channel bed is 0.002, coefficient of roughness is 0.012.

@ Compute the rate of flow in the canal.
@ Compute the critical depth.
® Determine the type of flow.

r

Solution: i - Rl/‘s C Th
® Rate of flow: (R AY = 0

8 |
A= 2.8+12.8 1.2 _ 9 76T
P=1.30(2)+1.8 =441 =

[
213 Q112
- B_ Q — AR‘ = S —
R=Pp | N
276 L - 2.76(0.63 )2/3 (0.002)12 “ mmﬁimgmmf
R="71 Q= 0.012
' = s
R=0.63h/\ Q=7.56 m/s

@ Critical depth:

T A= 1 11 m. Visit For more Pdf's Books
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PROBLEM 1:

Assuming seawater to be incompressible (w = 10070 N/m?),

3200 m. below the surface of the ocean?

Solution: $=W- = 16,070 X 3260

what is the pressure in bars,

p = 32224000 N/m? 1 bar = 100 kPa
p = 32224 kPa p=2322.24 bars .
PROBLEM 2.

A gage on the suction side of a pump shows a vacuum of 250 mm of mercury.

@ Compute the pressure head in meters of water.
@ Compute the pressure in kPa.

® Compute the absolute pressure in kPa, if the barometer reads 725 mm of Mercury.

Solution:
@ Pressure head in meters of water

h =-250(13.6) = - 3400 mm = - 3.4 meters of water -

@ Pressure head in meters of water
p=wh=9.81(-3.4)= -33.354 kPa -

@ Absolute pressure
Pa _ 10135632
725 760 l
Pa = Q_@Ea q(p (f” Pab; = F’gaﬂe t Ffﬂw\
P =-33.354+96.69(

abs

abs = 63.39kPa (abSO[Ute) % pe

‘i‘
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PROBLEM 3:
The pump in the figure discharges water at 30 liters/sec. Neglecting losses and elevation changes.

Assume unit weight of wateris ~ 9.79 kN/m3.

@ Determine the energy added to the water by the pump.
@ Determine the power delivered to the water by the pump.
® Determine the mechanical efficiency of the pump if the power input recorded is 27.34 hp.

Solution:
® Energy added to the water by the pump:  B-E.E. bt (O x®:

0,030 = %(0.10)2 V.

V1=3.82mls =
J ;- i

0.030 = %(0.04)2 V,

Vo=2387mls -

(3.82)2 409
3'28g2 9127% ol (232897)— irg tom 9 sl "V/ﬂ’

HA=357.31m. -

@ Power delivered to the water Qy the pzmp:

['Power Q}@E@ﬂr y= N7y

Power = 0.030 (9790)(57.31)

Power = 16830 watfs
Power= 16.83 KW /1

oulf « prwey

® Mechanical efficiency of pump

16830 P Fde w4ty

Output hp = 746

Output hp=22.56 hp 41— P
22 o6 % _ lout L
Eff = 82.52% a _—

—
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PROBLEM 4: o | -
A sharp edge orifice, 75 mm in diameter lies in a horizontal plane, the jet being

directed upward. If the jet rises to a height of 8 m. and the coefficient of velocity is
0.98.

@ Determine the velocity of the jet.

® Determine the head loss of the orifice. - | | |
® Determine the head under which the orifice IS discharging neglecting arr

resistance.

Solution:
® Velocity of the jet:

@ Head loss of orifice:

Y-
HL

Vi

=g

1

Cv2

N

@ Head of orifice:
H=0.33+38
H=833m. .
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PROBLEM S: | | |
An orifice 150 mm in diameter, having a coeff. of contraction of 0.62 discharges oil

(sp.gr. = 0.80) under a head of 7.50 m. The average actual velocity of the jet is
11.65 m/s.

Compute the coeff. of velocity.
Compute the headloss of the orifice.
Compute the diameter of the jet at the vena contracta.

©E

Solution:
_Coeff. of velocity:

11.65 = Cy/2(9.81)(7.5)
Cv= 0.96

S

@ Head loss:
8

= (1)

Comese [ 1
HL = 29.81) [(0.96)2 '1]

HL = 0.59 m.

@ Dia. of the jet at Vena contracta:

a _C. Co = Aryea of T’IHJHH!
A MNea cf orIfICR
2 2
nd” _ m(0.150) (0.62)
4 4
d=0.118

d=118 m.

-’
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PROBLEM 6:
The absolute viscosity of the liquid is 1.8 x 10-3 Pa.s and its sp.gr. is 0.90.

® Compute the equivalent kinematic viscosity in m2/s.
@ Compute the equivalent value In stokes.

@ |If the viscosity is 0.0126 stokes what is the equivalent kinematic viscosity in
m2/s.

Solution:
@ Kinematic viscosity:
V= F
p
~ 1.8x10-3
V= 0.90(1000)

v=2x106m2/s .

L

@ VIn stokes

_ ~|__1stoke ] | STOLE = 6 e
V=2x108 |07 73 i

V=0.02 stokes .

@ Kinematic viscosity:
Kinematic viscosity = 0.0126 (10)-4
Kinematic viscosity = 1.26 x 10-6 m2/s .
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PROBLEM 7: | | |
During a flow of 500 liters, the gage pressure is +68 kPa in the horizontal 300 mm supply line

of a water turbine and a - 41 kPa at a 450 mm section of the draft tube 2 m. below. Estimzte
the horsepower output of the turbine under such conditions assuming efficiency of 85%.

@ Compute the total head extracted by the turbine.
@ Compute the output horsepower of the turbine. |
® Assuming an efficiency of 85%, compute the horsepower input of the turbine.

Solution:
@ Total head extracted by the turbine:
Q1= Q2=0.50 m3/s
050 \Vp=0-50
w T T 49"
—(0.3)° T

: - 2444
Va4 =7.08 m/s |

B.E.E. belt A AP

Vi2 P Vo2 P
— +— + =5 +— + Lo+ HE
2g +%, i 29 W 2

(7082 68 . (3162 41
2081 t9810 t27 2081 "981 HO*FE

HE.=15.16 m. ,

@ Output horsepower of the turbine: @ Horsepower input of the
[ turbine:

QwE|
P = 7?6 ]x “f4- — Durput pewer Eﬁ_Othut

| ~ Input
] 8 ’
P = 0 50(987126)(15 16) finput] o

0.85 =
HP = 99.68 input hp t h’"f“gf 9’7!;8 .
HP = 99.68(0.85) Input hp = 93.06 f1p

HP = 84.73 output hp
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PROBLEM 8:

Assuming normal barometric pressure, how deep Is the ocean at point where an air bubble,
upon reaching the surface, has six imes the volume than it had at the bottom?

Solution:
W = 10104 N/m3 for salt water (sp.gr. = 1.03) |
Using Boyle’s Law: P1 = 101.356 kPa (barometric pressure)

E’1 Vi=P2 V2 |

P, = 101.356 + 9.81h(1.03)
P, =101.356 + 10.104h —/
P, =101.356 —7|“¥9
Vi=06V2 ~
101.356(6)y5 =[101.356 + 10.1041 (V)

2C P

i

h=50.16m -~

—

PROBLEM 9:

s

AL ot et - e e e ey e e e :F"-:'::-?l'\'.‘i& e e e
e e e e e e o e o 1 B RO e e e R e e e
‘k::;':'.-"H'"-‘t5':’.5}":53565.‘5;:-‘-55:5:5:-'.":?:': R Ve s R R "Eﬁhﬂ?&ﬁi{:ﬁﬁk'm»ﬁ?a%*w

A R

A vertical tube 3 m long, with one end closed, is inserted vertically with the open e_nd down,
into a tank of water until the open end is submerged to a depth o]‘ 1.2 m. Neglecting vapor
pressure, how far will the water level in the tube be below the level in the tank?

Solution:
Boyle’s Law:
P1Vi=P2 V2
P{=101.356 kPa

V1= (3)(A)

P, =101.356 + 9.81x

V2=(1.8 + x)A

Substituting,

101.356(3A) =]101.356 + 9.81x{1.8 + X)X
304.07 = 101.356 + 9.81x(1.8 + x)

304.07 = 182.44 + 119.01x + 9.81x2
9.81x2+ 119.01x-121.63=0
Xx=0948m -

=

Visit For more Pdf's Books

Pdfbooksforum.com —






