© 1136 HYDRAULICS AND FLUID MECHANICS

WATER OUTLET

Fig. 25.12 Air lift pump

pative Example 25.1. An accumulator has a ram of 0.2 m diameter and lift of 6 m. Water &
" a pressure of 5900 kN/m’. Find the necessary load on the ram und the capacity of the
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Solution:

of the
The pressure of water oduced by the lling ram of the accum ise‘l“",toctz-%ﬂ—gs"—"me—_'—
water supplied to the machine. Thys e pressure head H when the loaded ram is falling 15
v

800x10%x(1-0.05) .

2 (n/ay03) x9810
= 1096 m of water
the pump
S
=9810 x 30 x 107 x 1096

F320 553 W = 322.553 kw
‘@wer supplied by the accumulator
—— 1 Mmulatos

= weight x distance moved/second
— (800x10% x0.95)x 6
et o) L

90

A =350667 W = 50.667 kw
-. Total power delivered to the machine

= (322.553 + 50.667) = 373 22 W '\/

-3. 4 power of 30 kW is required to be applied 1o the ram of a press from an
mm diameter pipe 1500 m long. If the loss in lransmission j

"th 1200 kN. Take Darcy's f for pipe as g, 0

Power supplied by

Let H be the head supplied by the accumulator and ¥ be the veloci

e _2H _fV2  0.04x1500xp2
fifhen - P =100 ~2ga = 2x9.81x0.10
5 y e

V2 = (6.54 x 101 |
V = (2.56 x 102) \JH - |
Q=a¥ i | ‘ |
e i fgﬂg)(om)?ﬂiﬁxlﬂ")ﬁ A
WHA e dge a4y

i of flow in the pipe.




HYDRAULICS AND FLUID MECHANICS

| ‘ D*=025
| 2 ' e p=05m
ie. the dianfeter of the ram of the press = 0.5 m- _

s of the ram_ of a differential accum

Hlustrative Example 25.4. The diameter of the two
er is 9810 kN/m? when

150 mm arfd 130 mm, and stroke length is 1.2 m. If the pressure of water i o The
cither at rest at the upper end of the stroke or the load is moving with uniform velocity, what vy bc“'

| weight of the loaded cylinder? How much energy can be stored in this ac.‘Cumu.’aror? What wijy be'&i
| diameter of the ram of an ordinary accumulator 10 move the same load with the help of the sap, Q
| pressure? Wl
| Solution: .

B Area of the brass bush or sleeve

a= %((0.15)2- (0.13)2) = 4.4 x 10 m’

" -, Weight of the loaded cylinder is
W=(@xa)
= (9810 x 4.4 10 = 43.164 kN

Energy stored in the accumulator \/

=M

= (43.164 x 1.2) |
?SI.SkN.m=5I.8x 10%J :

AN,

For an ordinary accumulator
W=pxA

43.164 = 9810 x %xD’

D =748x102m

=748mm ~75my,” |
N Illustratiy€ Example 25.5. A hydraulic accumulator has sliding ram of 500 mm diameter
slides through 10 m in 4 minutes during its working stroke, while weight on the ram includin
is equivalent to 400 kN. The pump Wf—&%m% rate and packing friction
total load. Determine (i) pressure intensity of water; (ii) power delivered to machine SUPE

- (iii) power required (0 drive the pump having efficiency 76%
_ St iy




Eaem A

fkiog fiction, = 5o (AR NS

i

=700 X400 = 20
.. Net load on the sliding ram

= (400 - 20) = 30 .

(7) Pressure intensity of water

gl :
0.156 = 1938.78 kN/m? A

(i) If Q is the total disc f A " : : :
the pump and /1 s the stroke length of the goquinsr. (e machine, ¢ s the discharge of water supplied by

er
€ accumulator ram, then

Ah =(Q-g)4 ' A
“Ol' 0.196 x 10 =(Q“0-01)X(4x60) )S\Q( C{ v
‘ QO =0.0182 m¥s 2 93\(5‘(‘ LA % =
merefor? power delivered to the machine — 2 5’ 1(&.

=PxQ
= 1938.78 x 103 x 0.0182
=35286x 103 W

3 .' =35.286 kW_ N
3 (iii) Power required to drive the pump
& ~ -

n
1938.78x10° x0.01
0.76
=255l x 10°W

: 3 5.6. An hydraulic intensifier supplying water to a hydraulic press gels water
; _mtrlf)ﬁx’a:lplzé L 50’5::1:0_ It has to intensify the pressure to 40 000 kPa. The stroke [

, ::g”g' - ::a't: it 2 m_and its capacity is 24_litres. Find the diameter of the ram and the external
weter of the sliding cylinder of the intensifier.

d H is the stroke then the capacity of the inten«;
the cross-sectional fthe fixed ramwa" S v N > capacity ntensifier
| =(ax H)=24x107m
e 2
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HYDRAULICS AND FLUID MECHANICS

LR |
~ TNlustrative Examy 7. An intensifier has a ram of diameter 0.2 m and sliding E
~ diameter 1 m. Cal the pressure of water on low pressure side if the pressure of wﬂ%

o j pressure side is to be 24 500 kN/n. The loss due to friction at each of the packing of the intensigel
e qflotal pressure on each piston. '

* ' Solution:
p, Force on the end of the sliding cylinder
; : ‘ ' = pA 8
| 5% of it is lost due to ﬁwﬁﬂg g
| Thereforq net force on the sliding cylmdcr

Again 5% of this force F is lost due to friction at the packing between the fixed ram and the Sliding
cylinder. '
Thus net force on the fixed ram
=Fx0.95
7 . - -
Also if p, is the pressure intensity on the fixed ram and a is its cross-sectional area, then

o Fx095 =p xa
lt ' or (p x4 x095)x095 = pyxa

or  px %x(i)’x( S = 24 500 x %x(o.zy

p = 1086 kN/m? /

mple 25.8. Water, to a hydraulic intensifier with diameter of sliding ram and fixed
'baing 25 mm and 100 mm respectively, is supplied through a pipeline 80 m long, 50 mm diamela
)’s f = 0.0225 under a head of 12.5 m to fixed cylinder. During working stroke the slidig
4 08 m in 30 seconds. Determine (i) pressure head delivered at out let of fixed ram, (ii) power
intensifier during working stroke. (iii) Revise these figures if each packmg is assM h,-
f 5% of imposed load. ,.; !

'alidhs ram
M“‘ZSO mm = 0.25m
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bE 0.0225x80x(l.3lx10“’

)2
12,1 x (0.05)5
| =0.82m :
The pressure head of the low press liquid in th fi ovli
i LR (1‘_\2_5 = 0.82_3) =Ssure ( € lixed cylinder
=11.68m

() Therefore the pressure h ivered at the outlet of the fixed ram
Ay
I H2 =5f 1 ( A;)

0.00785

=73.06 m
i) The discharge of the high pressure liquid delivered by the intensifier

0 -0,3)

0.00785
= 1.31 x 103
bakx g ( 0.0491 )

=2.094 x 10 m¥s
efore power delivered by the intensifier
e =wQ, Hy
= (9810 x 2.094 x 10 x 73.06)
=150.08 W

ince there are two packings and each packing offers a friction of 5% of imposed load, the
ad delivered at the outlet of the fixed ram
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aple 25.9. In a testing machine the force is applied 10" specimen j
of 0.25 m diameter. The Tcaximum force required is 1 000 kN and |
be taken as an additional 50 kN. The water is supplied from an gcey,,
a loaded plunger 1.125 m diameler. Find the necessary |y, t -
of 20 kN to its motion. SEN. g

vertical cylinder with
~tion causes a re.sistance

ST ;ﬁfhgml pressure required on the ram
ad =(|000+50)=|050kN

. Pressure intensity required to be developed at the ram ©

_ 1050 _51390.4 kNim?
(n/ 4)(0.25)2
en the net force is

f the machine

T L

: !7 # .ijl' i 4 |
e = ’—Let W kN be the load on the plunger, th (W —20) kN.
B The pressure intensity developed by the plunger of the accum

: : =20

2 e SR
= (n/4)(1.125)°

ulator

Thus equating the two, we get
213904 = _%(:—21—%)—2—
ot .

i e/ w£2128248kN 7
strative Example 25.10. Find the power of the molor 10 drive the plunger of a hydraulicp
ram plunger are 150 mm

N to a heighrof 1 m in 10 minules. The diameter of
Take stroke 02 Z?unger as twice of diameter of the(ranm;)

[~ ‘, the DIESS PS5 mond

= _(_I_O_xl(f_)_f_‘ = 16.67 N-m
. ‘ 10 x 60
1e motor required to drive the plunger
o = 16.67 N-m/s = 16.67 W
W as the ram is lifted through 1 m

. [%(O.IS)Z-ﬂm:'

splaced during each stroke of the plunger

& 2 i ’
,‘_I: = ."! } bt

o .“.-'.:‘ %Lb-hi: ,!‘.L
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trative ExAmple 25.1 1143
Mlustra’ le 25.11. A hydrayi;

with sizoke Iength of 250 mm, Weinps "% @ ram of 150 mm diameter and plunger of 30 ™
r d distance

z{,'gmelt,’r'. - £
Lo ; =i ight
1.2 m in 20 minutes. Determine (5 theexened by press ram amounts to 5886 N an f st kes
mber of SIro

moved is
peﬁo/"’;‘:m‘he plunger: (iii) work done by the Jorce applied on the plunger, (i) nu

Solution: Press ram; and (iv) power required to drive the plunge’

Diameter of ram D

Il

150 mm =015 m

Area of ram A

n
2 0192=0.0177 m2

]

piameter of plunger d =30 mm =003
- i

Area of plungera = =~
ger a : (0.03) 2= 0.00707 x 10! m?

Weight exerted by press ram
W = 5886 N

. (i) Force applied on the plunger

ROE

=
o _(000707x107") oo
| 00177 |
1 =23511N -~
~ (i) Stroke length of plunger x =250 mm = 0.25m
Distance moved by ram y=12m

¢ of strokes performed by the plunger
Ay

ax
” 0.0177x1.2
0.00707x 107! x0.25
—
= 120.17 = 120 0

(iii) Work done by the press. ram
_ (5886 x 12)Nm

— 7063.2 N.m

ed to drive the plunger i
the plunger p o vois

Therefore numbe

n

s equal to the work done by the press ram per second.

~ (iv) Power requir

Thus power required 0 drive

7063.2 ,
O |

20x 60 /
_5.886 W ;
) S - : oa
G 7 hydmul € lift raises ahd i ked
ustrative Example 2512 2 % g 0.6 mper 360 i et from an accumulator which is
2 minutes, the spezdbofahﬁ ng be;,g preS-W’e of waler 1S 3 450 kN/m°, the efficiency of lift is 75
antly charged bY@ P | Aok Mg

d of 80 kN through a height of 12 m once



