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Sowe eo RS J-g_—_—lq g'ﬂ 1 m_:‘t?..qp . _ Reciprocating Punps
:fﬂwxfa%ﬁ;c_ *:in_ oy 5 ¥ L\ The reciprocating pumps may be classified as discussed below :
: i L o ®L0 L'cL""”‘{ v 7 y’ﬁcﬂﬂmm‘ of waser . :

; A -1_:_'-“‘*:‘-% =i pipe Riwe a) single actin .

NG ere BRI TS e e S
Qy Reciprecating Pumps "= <:iv - e A
e e s " () double cylinder pump, and

J.m;mﬂwrmxmyc‘w“hﬁm&_ ——{c) triple cylinder pump ctc. - ST — s
¢ Amhywmhzmqnmﬂmﬂhmqhmzwmw ymﬁﬁmqwm- ;
um-wmamm@p—qumhﬂmth {u}wﬁ-r —r —
the Saction and Delivery Pipes due in Aceelerction of the Piston. 10. Effocs of Acceleration of the Pissen o L g
e e e P e b - O b amvur el ettt
v : by : h .
NrFMIlMMqi:hh*—Ih”leﬂmhi-'grﬁmﬂ o ey e g g i 5
rm;::mmﬁrm,m»m 18 Flow of Water into and from the Air ‘ of Centrifugal and Reciprocating Pumps C,.-L-
Vezely - M‘l.m ] - ] s = .
mﬁrﬂﬂﬁ—ﬂcﬁ’?ﬂ,‘éq‘mmm’:pﬂmfm“ﬂm Mﬁﬁmhmﬁﬂlmmmﬂlmmj
36.1 lm et S.Na Centrifigal pump Reriprocating pump
g Amnumin:pm:p.miuﬁuﬂmhnmﬁunrhfdhwingmuﬂpminﬁg, #{M iy Sion. bacaus of Fox mersbar mum because of-more
H . (. ﬂsqpﬂ-: il T arre— - Id.m - o ——
\/‘ 5 / Toul weight of the pump is less for 2 given | Jefil weight of the pamp is more for a given
1~ Daltvery pips a d‘-:hw- A Sischarge. . ; L<ElE ]
Hy E B il e o
. 15 - rod = G 3. | Suitable for large discharge and smallr hesc. | Suinble forlss discharge and higher beas.
. = e En - . - — - 10e 4. | Requires less floor ares and simple foundasion. | Requines more fioor ares and comparatively
Hy E mh Fr /-# Lrss wesr andd tear, _,_-—-—'—'_"_-_'_"'_,-ﬁ'l“““- L TR
E g 6 | Maingnesce costisless. f,)hﬂlﬂhl‘ﬂ-
Ee 7. | Con handle dirty water. : ’ ‘c-m_ bare dirty waer.
I o e & Can ron st higher speeds. i Cannot ran s higher speeds.
oy R P‘:"""':‘:"'"'" b " 9. | Radelivery is continacms. i Iis diivery is pulsating.
- A cylinder C, in which & pision P works. morvement piston is obtained by a i ;
CoRBECTING TOd. which Connects the pision and the rotting crank. M| Noair vesselt we sequired. _,..asr'-u.nm_ !
2. A suction pipe, connecting the source of water and the cylinder. 1| Thesston the cankshat is uaiform. Thest on the crgsiahalt is not weiform
3. Adelivery pipe, iato which the water is discharged from the cylinder. : b ! 1. | Operatt s Faie siempis. Miach care i required in operation.
4. A suction valve a, which admits the flow from the suction pipe into the cylinder. s Ly -
£ Meeds priming. e e nod heed priming.
3. A delivery vaive b, which agmits the flow from the cylinder into the delivery pipe. '1;2 il T e
5 . I 2 - _____-—"'_"-_' ﬂlkm,.
During the suction stroke. the piston P moves towards nght (Le.. from U 1o 130), thus crealing 3t has lems efficiency. tiaid
vacuum in (We CYNIET. THis vacuum causes the suction vaive @ 10 open and the waer enters the '1 '
cylinder. Duri the delivery stroke, the piston £ move 1owards left (ie.. from 180° 1o 360°) thus ¥ -
increasing pressure in the cy ,mmimmﬂkmrﬂw;mwm ﬁ-d-mh
delivery valve & 1o open, and the waier is forced into the delivery pipe. i’ Consider a single acting reciprocating pump .c., s pamp, in which the water is acting on one

. reciprocating pumg is akso called a positive displacement pump, as it a definj : .
quantity of liquid during the displacement of its piston or plunger. This is why & recTprocating pump side of the piston oaly) a3 shown in Fig. 36.1.
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Let L'!-Mn{lﬁqmurpuui;-uu_s_. -
A = Cross-sectional ares of the piston in square metres., 2nd
& = No. of revolutions, per minule of the crank. —

- Discharge of water in one stroke

mmumM.\/f%.ﬁ Fo '*;{vvz»ﬁ. o o
If the i

. iprocating pump (ie., a pumg, in which the water is acting on
both sides of the piston) the discharpe is H&E&mm f
purmp. Thi isdumhmrinadm_@k__ﬂm__ﬁ I on one side of the
pisian and delivered from the other side during the same siroke. These iwo processes (i.z., suction on
ane side and delivery from the other) are reversed during the return sioke. Therefore the discharge of
2 double acting reciprocating pump;,

\/Q= -2[_‘1'”_
. .,
{E}fﬁ.nﬂlullmp o L— By

In the last anicle, we have obiained the relation for the discharge of a single acting and double
acting reciprocating pumps. But in practice, the actual discharge is less than the i :

{2 s e mmﬁ*&ﬂ%ﬂfm?w
theory T similr 1o that which discussed Tor cociicient of discharge in Ari.

366 Nepative Slip ufthePunq_! Q_L_,‘ﬁiqb S~ e - G"t:kf.'_

Sometimes, the actual discharge of a reciprocating pump, is more than the theoretical discharge.

In such cases, the coefficient ol discharge will be more than unity, and the corresponding ship is known
= Df :m "w‘ —— e —— .
s negative shp of the pump. S M

This happens. when the sucum%p: is long and dcTh':% pipe is shoet and pumennin_E at
high speedsiThis causes the delivery valve to open before completion of the SUCHOR SIroke and some
mﬁﬁnﬂ into the delivery pipe, before the pision commences its delivery stroke.

Example 36-1. A single acting rediprocating pump has a plunger of diameter 300 mm and
sirgke of 200 mm. If the speed of the pump is 30 r.p.m. and it delivers 6.5 litres/sec of water, find the
coefficient of discharge and the percentage slip of the pump.

Solution. Given: D = 30 mm=0Im: L=200mm=02m N=30rpm.and 0, = 65
Titres/s = 0-0065 ms.

Coefficien: of discharge

We know that the area of the plunger,

A= % x (D = 5 x (03 = 00707 m*

T LAN - 02 = 0907 x-30
Lo W

= Coefficient of discharge, C, = % = u—_"r: “;, Et: =092 Ams.
F_‘_‘_"""_“-|_|_,_I—'_‘-_l—'_ i

and theoretical discharge, = 30071 m'ss

: *4.5 2 maner of f3ct, the discharge of a double acting mnipmu_iusuwisnumtnhohmﬂcuﬁn_;wm.
because some area i3 blocked by the connecting rod. However, this area being small a1 compared 1o the discharge

is neghected.
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Feciprocating Pumps

Percensage slip

" We also know that pescentage sii

: Co= Qo BOOM - OO0GE . ornc . sen
~00071 b Ans.

Comsider a reciprocating pump, figst sucking 2 hiquid (through atemm pipe). and then
delivering the same (through the delivery pipe). ~ ~ "~ = -~ & TRat
Let H, = Suction head of the pump in metres,
e H,; = Delfivery bead of the pump in metres,
A = Areaof pision in m’,
w = Specific weight of the liquid, and
@ = Discharge of the liguid in m’/sec.
We know that force on the piston in forward stroke
= w.HA N
and force on the pision in the hackward stroke
= wh,A KN
- Workdone by the pump = wi(H, + H,) kN-m
and theoretical power required Lo drive the pump
.= wiXH + H) kW
- Nul.Tbea:mIpownr.r:qui.rﬁdmdﬁve&emwﬂhmﬁul&l&mﬁcﬂ.mhtﬂvm
SE5. —_——— -
Example 36-2, A double acting reciprocating pump has a stroks of 300 mm and a piston of
digmeter 150 mm. The delivery and suction heads are 26 mand 4 m respectively including friction
heads. If the pump is working at 60 r.p.m.. find power required to drive the pump with 80% efficiency.
thﬁui.-mm-fu-lm;n = 150 mm =015 m; H,; = 26 m; Hi=dm N=60rpm
andT = B0% = O:E. A : 4
We know that area of the piston,

'4-%:::9}’:5:(&15}*:0{}1??:;.1

and theoretical discharge of the double acting pump >
UAN 2 x 03 x 00177 x 60
Q = ragyeen 60
-". Theoretical power to drive the pemp, "
i wQH, + Hy=981 x 0011 T @ + 26)=324 kW

= 0011 m'ks

and actual power . =%=l-05 KW Ans.
EXERCISE 3.1
L A single actimg reciprocating pump, having a bore of 150 mm diameter and & stroke of 300 mm
length di 200 litres of waler per minute. Neglecting losses. find (7) theoretical discharge in
lizresimin (Fycopfficient of discharge. and () slip of the pump. [Ams 210 litres/min; 095; 5-7%]




2. A single scting reciprocating pemp kaving cylidner diameser of 150 mm and sroke :
““mmﬂnyﬁﬁﬂuﬁﬂmﬁmummudﬁu:zﬂ:ﬂ_m
crank rotses 160 rpm. i {Ama. ?5:5 kW)

3. A double acting reciprocating pemp of plunger diameser 100 mm and stroke of 250 mm length is
dwmw:nﬁﬂmmmhwmwuhﬁnum.uhmi;muﬁqa
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Fig. M1, Indicalor diagram. + !
We have seen in the previous aricles, that the pressure in the cylinder, during the suction stroke,
is bess than the aimospheric pressure; whereas during very i the FFESSTTe e cylinder,
s moge han the aimospheric pressure: i

Let A, = Suction head of the pump.
1 H,; = Delivery head of the pump, and - ;
- L = Length of the suroke. : : :
1mﬂwgﬂmwwnﬂimm
diagram 50 obiaincd s known as an indicator diagram as hRg WL - = —
The ling{ef, atmospheric pressure head and the Jine ab represents the head

during suchion ;. winch 15 belfow the atmospheric pressure head by H.
wwﬂwmﬁumwwmﬂwﬂ&
R ?’M = wxt, + H =LK @, + H) |

It is thus obvious, that the indicasor diagram. of a reciprocating pump represents the work done

(1] i i -
%_drm in the Suction and Delivery Pipes dus um«tm;

Pigton

i @

' Romngowke - = -
At ST He ol st e g . s

vemem s oo o Fige 36D Pistonsand-conk. o
We have scen in Art. 36-1 that the pision is conmecied to the - otating crank by 3 o
hMMMMﬁ:ﬁnwﬂlmnmfm_ﬂh!mmmlw‘

i

. s 'i-.- |ﬂ' = wr
velocity of the piston will ot be unifiorm s all points. Bt will be-zero atits exmeme ends, whereas it

naimom ol its centre as shown in Fig. 36-3. .
ﬂhw the piston will have an acceleration at the beginning and a retradation at end of cvery
mmm;lﬂlﬁnl'udm&ﬂ:pismm‘uuhﬁuﬂmhlﬁqﬁm
uﬂmﬁrhummmaﬂmmmm a reciprocating pump lifting water -

A G

i lﬂ:’ '.-I.--:'_.“"‘.' e :p!'.l':f.j_"‘:é Amu!ﬁ!:]:ﬂinﬁ:r.
_ “:;9“ F};’* anmﬂ_crlﬂhpp:.
b LI w = Angular velocity of the rotating crank in rad/s,

r = Radius of the rtating crank, and
I = Length of the pipe.

Let the rotating crank start from A (known as inoer dead centre). Aflerlsﬁ:mds.leill'l:an;gle.
by the rotating crank be 8 radians. Such that T e e

and displacement of the piston in & seconds,

e I=r-réos@=r—rcos W
W re o e vcocky of e poon.
-.‘-Jl;é-ﬁrsin_u

; dt
7 Sincethe fowof water inthe pipe s 1o the flow of water in the cylindes, therefore velocity
ofnw_._ln'te'p‘q: = 2 4 [

= - A y A -
; /-:_x\?ch:ﬁtyc_l'pimnnuxnr:mﬂ
. A
t#ﬂﬂm&mhwm=;:¢m’rmu
Now weight of water in the pipe = wal ™

o Ihnurnrilhpip 2

e — -
4 N X v : " ‘d

=T e -Tu—‘xﬁ:rﬂﬂ ; = L
J;H_hwuhiﬂyﬁmuum - R
e s Acctletionforee wl A, 2, oo o

= Ak i = Arex. T a
N/ sctrion pesse ead, H, = ST LTI [ L & 7y cox o0
y -iui;ﬁirml 0= )
Cor. | When § = 0 (ie.. & the beginning of swoke),
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of the piston. We have also scen that at the beginning of the suction stroke, the pressure head is below
the atmospheric pressure head by (H; + M), Hg is the acceleration ~ressure head. In the
middic of the suction stroke, the pressure head is below the atmospheric pressure head by H; (as the
mﬂmiunm:hﬂ:ll.th'. = U,uh:.ﬂ--h'—'huﬁum%.
head is below atmospheric pressure head by (H; = M,). Therefore we can modify the Wadicator
diagram, for the suction stroke. a3 showmin Fig. 364.., -

4

nl
H
!

Fig. 364. Effect of acceleration of piston on the indicator diagram_ - .

Similarty, at the beginning of the delivery stroke, the pressurc bhead is above the stmaospheric
pressure by (Ha + H, . lnﬂ:miﬁhdﬂ:ﬂwmﬁgﬁumhﬂdhmﬂm
atmospheric pressure head by Ha. Al the end of the delivery stroke, the pressure head is above the
almospheric pressure head by (Ha — Ha). Therefore we can modify the diagram for
delivery s as shown in Fig. 364, e B -
HSQ’IH;#MM@M&;M having plunger diameter 125 mm and
o is drawing waler from a depth of 4 metres from the axis the cylinderar 24 r.p.m.
: wﬁmnrdmdmpipth'ﬂmw?imm.w_
on the piston a: the beginning and end of the suction stroke. if thedaeameler zeads 103 m of water.
" Solution. Givén © D = 125Wm =0 T23M L= 300 mm = 0-3 m; or crank radius (r) = 0-3/2

=015m {W%M__M length is equal 1o twice the crank radius): Hs=4 m:N =24 rpm.
I=9m;d=75 mm; ™ and barometer zeading (H) =103 m. B

Pressure head at the beginning of the suction stroke
We know that area of the plunger.,

A= Ix @ =FXOF =00Bm
Similarly area of the suction pipe. i Ve B :
o= x @ =F x (00757 = 00044 m?

i

and angular velocity of the crank : ;
o, _ 2N 2 x 24 Lo »
N S
- Accelcration pressure head. o : !
1_A .9 _oun i s
o H,-xlx‘xhtr gy T x{l?&] x.0-15 m

LWk 3o
We also know that pressure head on the piston at the berinning of the
4§ Humoa = H = (H, + H) = 103 = (4 + 24) = 39 m Am.
Bresswre head at the end of the suction stroke Foipal
We also know that the pressure head, on the pision, at the end of the stroke,
Hyoa= H=(H, - H) =103 = (4 - 24) = 87 m Ams.

= -

of Friction hﬁeSntﬁu-udDeiwl’hﬂlhlmw L.
*. We have seen in Art 133 that whenever the water is flowing through 5 there is always
some foss of head due to friction of the pipe, which offers resistance 10 the flow of walter. Similary.

& The Wi 15 Tlowing through the suction and delivery pipes, of a iprocati there will be
mhuﬂhnidwmmmcﬂﬂz_wmﬁgmﬁﬁim' waler
Irm & Sump. o - F T -
Let «"A = Area of the cylinder or bore,
D @ ~/d = Diameter of the pipe,

~a = Areaof the pipe,

0 = Angular velocity of the rotating crank in rad/s,

7 = Radius of the rotatory crank,

' . /1 = Length of the pipe,

@ ()] /= Coefficient of friction, and

/¥ = Velocity of water in the pipe
Wthﬂww

= @r sin & = @ sin B
< Velocity of water in the pipe at that instant,

‘-”vn%*wﬁnﬂ
\\f:kmﬂuuﬂ#nfheﬂd:mﬁ;ﬂm
W 47 fa ;
"f'%a‘-"m[:“_“?“”j v
quMlﬁaneﬂmufﬁﬂlpEc/’ﬁ:L_thmdiw:hehqmu

L Ll .

middle g8 end of the stroke one by one. y .
At the beginning of the stroke, © = 0, Therefore the velocity of water in the pipe is zero,
consequently there is po loss of bead due 1o friction. T i
2. Atthe middie of the stroke, 8 = 90°. Therefore sin 8 = I, Therefore the Ioss of head due 1o f
r. . A e R—— - v Y, ——
o 3 i P VindhTuy
; te A -ﬂ é. T FRIV % ]
o ocaiouy ety ke o




Reciprocating Pumps
3. At the end of the stroke. 8 = 180F. Therefore the velocity of water i the pipe it zero,
mﬂjlﬂhmlﬂﬂwmmfﬁtbﬁ/
MNow Mﬁfﬁ?ﬂhndmwim ‘Hj‘?ﬂwﬂrﬁMM1m
indicator diagram. )
In the tisction stroke -
1. Atlthe hngmmng of the suction stroke, Hyis zero. Therefore pressure head will be bcm
l‘.'hl:atmdspﬁerlc pltssu:ehﬂdby (Hs + H,}
2. lnlhemutll:nfttcm:lmsuoktHu:szem MWMW»wmnumm
atmospheric pressure head by U-g + Him
3. Al the end of the suction siroke. Hy is zero. Therefore pressure head will be below the
atmospheric pressure head by (H: — Ha).
In the delivery stroke
‘1. Althe beginning of the delivery stroke, Hyis zero. Therefore pressurc head will be abave
the atmospheric pressure by (Hy + Hal. ¥
T Eﬂmmﬂco{ﬂﬂdﬂluwﬂ&ﬂqlsmmmmmuhm\‘m
" atmospheric pressure head by (Ha + Hj- - I
k5 .Futlheenddhklumlmmw-sm_mmwmllhmh_
mnwspl:uacpmssurch:adbﬂm - Ha)-

Fig. 36-5. Efﬂlo{fmhmﬂﬂtmmﬂﬂdﬂﬂ!ppﬁﬂilhmdmm -

Now we can again modify the indicator diagram for suction stroke and delivery stroke
in 365.
mwmﬂwkadﬂummmﬂdmﬂunﬁmenmh:
length 300 mm. The suction pipe is 100 mm digmeter and § metres long. The pump draws waler
mubehwlhtﬂudﬂaﬂ:aﬂ?rmﬁdwmwmﬂm
1. at the beginning of the suction siroke,
"2 in the middle-of the suction Stroke. and—— ——
3. at the end of the suction srroke. o ado
Take f = 004 and atmaspheric pressure head = liki-metres
S'Hf_' Given : D = 200 min=02m:L=300mm=03 mumﬂr@_‘l’}':ﬂ‘.ﬁ
s&lSN{mmwbuqﬂhwmmmd:lfmm-Glﬂ
H, =4 m; ¥ =30 rpm; Sf=00] and & = 103 m.

-

mw ) b 611

1. Pressure head at the beginning of the suction stroke
We know that arca of the plunger,
A--x(m’__xmn = 003142 m’
smﬂlrlymurmmprpc. —— .w—____'_ )
a=§x{¢‘-§x{ﬁt}‘=ma5m’ 2
mN  2mx 30 . '
mmph'vdudlrdcnnh ey ="x radls
- Acceleration pressure head,

H:ix—xu‘ %xmmﬂ—;:xmfxﬂljm
=48 m “‘ :
Weinuwﬂﬂthcpmsmluadmd:p&:m um"ﬂginningnf:hcswk:
i H,a.--”___[_.:_HJ 103 = (4 + 48) = 15 m Ans.

¢ Pressure head in the middle of the suction stroke

We know that the velocity of water in the suction pipe in the” middle of the stroke
0031 42
0007 BS

v A X ow sin B =
a
and loss of head due to friction in the suction pipe.
H, _-5% 4 ”zﬂflg.ﬁ.“:uﬁ iEm:.’
~ Pressure head on the piston in the middle of the stroke; -
Hen = H = (H, + H) - A H =0
= 103-{4+Dﬁ]=51mnu.
3. mwnﬁﬂfﬂumm
Wahnnﬁhmhﬂmumumwmm
: ' Hea = H = (H, - H)- - R Y
[ =103 - {4 -~ 483) = 1] m Ans.

36-5. A single acting reciprocating pump has g stroke of length 150 mm. The suction
-5 metres long and the ratio of plunger diameter io the suction diameter is

Xxxx0]5x 1=188ms

=06 m

The water

in the prowp is 2.5 metres below the axis of the pump cvlinder, and the pipe the sump

and pump cylinder is 75 mm diameter. If the crank is running at 75 r.p.m. find the on

g f-l‘.l nn\rhmq'ﬂumh rake, (b)in smiddle and
L 5]

Ghu L:Im_tﬂ-lﬁnwcﬂmﬁu{ﬂtﬂlﬂ-Mnmm
length is equal 10 twice " - Plungerdiameter 4 e —
. the crank radius): ;’. ”""Su:l.nndi:nm Sﬁ&m:ru

‘[5]‘ 9" M =25m; d =75 mm =007 m; N= 75 rp.m. and f = 001

T | -
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fﬂimuixhw#ﬁmm .
w:muhwm:ﬁ&ﬁ ETLR L RER T L

s u:—._Hf:th -12.]-5:-'_‘ 5L M wo
; P A g g
and =—-xZ i
w—ﬁ' £ - x o'r 981 9 X ﬂ"'.f-?‘m“

g =63m-
.*.hmhdum:phmhubqi-iqufm
H-_-—H-{H,-}H_}:u_lf«-fz-j+r_&3_‘_i=.ﬂ'-!-!ﬂ
= 88 m(vacuum) Ans
(b) Pressure head in the midele of the suction stroke g
mmhmmdmnummmumumm
v:éxﬁﬂnﬂm%xz-juxmxlﬂlm"ﬂ‘
and Joss of head due [0 friction in suction pipe, i
4 x X 75 x
. HI‘%‘ zn:;m?:m?sw-'u'
+- Pressure head on the piston in the middle of the stroke,
Hugon = H = (H, + H) =
=H-(25+00=H-27m
-2-‘?m_{1_ramum) ‘Ams,
{€) Pressure head in the end of the suction stroke i
Weﬂsukwwﬂ;pﬂ:prmmh:dmhp‘ﬂminﬂ::ﬂﬂfhm
Hugon = H =, ~H) =H-(25-6NaH+38m
= 38 m (gauge) Ans.
3611 Maximum Speed of the Rotating Crank
It has been experienced that the continuou:

A H, =0

i

whenever - ht _pipe
sEparation may take place in the
by one.

c
. T h‘mm Q L_ ’ & ._‘....
'w=hwnpnln.dm_36-1!muumtqimh;nﬁmhmh.hmbudkhh.
the atmospheric pressure head by (H; + Ha), where H, is the suction head and M, is the acceleration

pressurc Lh:beenmpnﬁmeﬂﬂhf-fondﬂmmﬁww-mm
(e, Hy+ Hy) “ees mﬁﬁmm:ﬂ-m+mu:
continuity of flow will siop, a1 the separation place; because the water will commence
mmhudﬁmuuﬁnhhﬂubphuuhnmum‘

“FrEg i 4 H*sﬁ-ﬁ,*ﬁ.)'""";‘:ﬂ.:__

ﬁmm%hﬁhwhaulﬂfﬂiﬁhm#mm
scparation & the beginning of the suction stroke, the acceleration pressure head should be fimited.
‘We know that the acceleration pressure head, B i EER.

Ho=ixl ot
a ’ a

whtfhﬂthﬂlﬁo{ﬁ:ﬂﬂiﬂnp"pﬂ il Ty e ":‘_- . _...1- "

TR A e

Pumps &13
ion in delive v pipe (3~

‘#ehuﬁu::mmmmhudhhﬁ:ﬁmﬁp:uutﬁemddm
dﬂhwmk{ﬂ+ﬂ,-ﬂ.}.lhﬂmﬂm-hmhmﬂwﬂmmiuhﬂu
mhﬂhhﬂnn!ﬁmﬂfm.ﬁemuiwﬂﬂwﬂmaﬂhmﬁm
MHm‘mnm“mmmnw
h,ﬂur i,

-+|-;_ o H"-Hi-H‘-H'

umﬁmumumm&mmmmﬁm-&mmw.m_
value of { is ke as the length of the delivery pipe. : e ol

nﬁ'ﬂ"ﬁimnmu-m-mpwiswmmxm'
ll'rm,ghmhulypﬁﬁfddimpipu.?wtypiﬂlddimypipﬁnminﬁ;.ﬁﬁ-ﬁtnj'nd
(blhﬁgmujhﬂmﬁuh&nmﬁd.udmthhuxtnu B &g~
Mlnﬁm-hﬂmhﬁﬂhmnaﬁg.ummm
IMMﬁllhmnmhMﬂhﬂmmnhm
obvious, that there is always. a possibility of separation taking place at 8. In
Fngﬁ*S{b}ﬂtpip:'ﬂﬁ;n‘lidhudamm._mwﬁisbmmh:w.
lnthism:,ﬂ:r:ignliubpmﬂbililynfmaﬁnnukhgplmmﬂ:hm
this paint there will be considerable delivery head. It is thus desirable to lay
the delivery pipe as shown in Fig. 366 (&) in order to avoid cavitation.

A lictle consideration will show, that 1o limit the aceeleration pressure
head. we have to limit the value of w (ie.; angular velocity of the rotating
ﬂmkauﬂl_memwngsmmﬁmmzamuhn:lmry of the
crank,

Fig. 36-6. Typical
delivery pipes.

2nV

- &0

therefore to limit the valee of @ means to limit the value of N Le., speed of the rotating crank, Or in

other words, we may find oot the maximum speed of the rotating crank in order to avoid separation,
Nole : If no deails of the layout of the delivery pipe is given. then the layout as shown in Fag. 366 (&) is

assumed.

Example 36-6. A double acting reciprocating pump runs at 90 r.p.m. The diameter and stroke
are .’EﬂmmdlﬂmmpcaiwbzTkmimp.ﬁprirqﬂﬂﬂmdimuﬂﬂﬂwdjmfmg.ﬁﬂﬂhﬂ
fhem&mumﬂﬂﬂﬁ:ﬂﬂﬂucﬁmfﬁ&mmgmnirwndi:ﬁmdnm‘umuﬁmmnﬂmaf
warter absolute,

Solution, Given : & =90 rpm: O = 100 mm =01 m; L =250 mm = 0-25 m o crank radius
(r}sﬂ»m-0]25m{bmuse:uuhlmﬁh‘unqm!mlwinummkmdius}:d=IGBm-DIm;
I=5mﬂldH_.= 2m.

Let H, = Maximum permissible suction lifi.

We know that area of the piston,

A=§x (0 = ; x (0-1)! = 0007 85 m?

Similarly, area of suction pipe,

a=3x@ =% x (01 = 000785 m
and angular velocity of the crank,

LY o=

nN I x %0
60 60

= 342 —adis




.I . " '
; b A rm S 000788 - . ame
.H_u;x:x rtmxmxwx_ﬂlhm
=565 m ; 3.5
We know that scparation head (H,,), B - = .
1=H - H, - H, =103 - H - 564 lAssaing H = 10:3 m)

= 465 - M, .
L e— Q')
T.A:hgkacﬁum&:mmfhgmfﬂrhmdrmuﬂhmn
a stroke of §50 mm. Jt memﬂfrmampjmhbwﬂwm a
pipe 30 mm diameter and 4-5 m long.

simple harmonic motion, . -~
Solution. Given : D=80mm =008 m: L = Iﬂm-ﬁlim:wcmrkrﬂiul‘,daﬂ-lm
=[H)?_sm:H,-3m;d=mm=ﬁﬂ3mg=4-$wmlimmmhhﬁﬂ:w
pressure = 80 kPa = B0 kN/m® or separation pressure head below the aimospheric head
80 x 10 :
s A A
Let H, = Acceleration pressure head,
W= Angular velocity at which the pump may be operated without
separation, and
N = Mazimum speed of the pump,
We know that arca of the plunger,

A-Ex(.ﬂ)‘-;x{u{lﬂ}!-}m:t 107 mt

=582 m

and ares of suction pipe,
a-fx(ﬂf:%xmﬂ}fﬁl}m: 10° m
We know that the scparation head,
He=H-H -H,
or H_:H--H,wH,-{H—H";-H,=5-2~3-5-2m

Wea&nlmwm:accdmjonprmmhﬂdm.}.

b oA w5 W =3
o B | - ] W —— e e »x 0075
N N A e v Tl

= 025
W= S52U52212 o w=iénds
We know wnat angular velacity (o),

_ InN o Srpm AR
4-&—-—'!.TID-IO$H o N o105 438rp

O L— 615

36-8. A single acting reciprocating pump of 250 mm diameser and 500 mm stroke
Water through a 100 mm diamicier eriical delivery pipe 10 a tank situated at 15 metres above
30 metres horizomally from it. Find %Lwﬁzmmm presiure

1o 23 kPa, when the delivery pipé is :
{i) vertical from the pump and then horizonial upro the tantk,
{ii) horizontal from the pump and then vertical upto the jank
Assume atmosphere pressure head g3 [0-3 m.
iven : D = 250 mm =0-25 m; L = 500 mm = 0-5 m or crank radius {r) 0-5/2
=025m:d, = .:MnuH,ulSnulmwrvenwdclimypipe:|5m-.L.=ngmur
Mmﬁw#:Jumq:-rmdlmﬂ!ordﬂimypdpc{m-E5+3ﬂ=ﬁm:Scpuﬁm

-

. Py B x 10 _ i
W?J-nmranmmmmmﬂuw m.ﬂz:!m
and H = 103 Y

speed for the pump, when the delivery is horizontal from the pumpr-and then vertical upto the
tank :
Lat H, = Accelefation pressure head,
@ = Safe speed of the pump in rad's,
N = Safe specd of the pump in rp.m.
We know that area of piston
A= 3 x 0 =3 x 025 = 0049 o
and area of delivery pipe,
¢-;xw,f =3 * @1 = 000785
ﬁhﬂw-ﬂhmhmw_].
2-1-H+H,,-Ht- 103 + 15 - H, =253 - H,
" H,=23-23=2 Hhie |
We also know that accelerilion pressure head (2,), 3
i A AR - S .. s
1 'xnum’r 281 * DooTas * @ X 028
a T|7e°
@ = 2717=3208 o o= |79 radks
w:tmhlwmitytm
i v 179

+Hlﬁ=‘ﬂkl0$ﬁ or H-HE F_II:.ERL Ang.

fﬁ::“ﬁ'h” when the detivery pipe is vertical from the pump and then horizontal upio

In this case, will 1ake he vertical pipe. Therefore we shall
- . : at the bend after ¢ wcal pipe. K. Vg
mﬁmﬁgﬁi—;gﬁﬁ‘?mmmhuumﬁmhﬂﬂ“}.
I-JlH-H,-IDJ-H

{ ]
o H = 103-23=80m

BT LD et
ey




N i - e

T Sy T
L - xm‘r_:_m XWHEIII X u‘___x s -
= 717 of :
o o= BT3=1116 or
We know that angular velocity (w),

6= F =010 N o NS * st

EXERCISE 3.2

planger of diameser 150 mm and suoke of length 40x

Lﬁ‘m‘lﬂi—iﬂlikﬂhﬂ_‘ilhﬂﬂlﬁ:!mlﬂ‘“ﬁ"dﬂlﬂﬁm

m;:mhdulﬂ-ﬂm.ﬁ-dhmhumhpim-hmm
. : C (AR 1 RO )

O = §06 radk

e T e

A The : i i i i
m;w_smdawmwa;mn IanM!tGmmuiuIy.

Ammmnﬁmmmruz-jmwmwmmmmmaIﬂr;nmufnn :
. ; : (Ans. 78-S r.p.m.
4. :;:::‘;Tﬁmgrmg pump has stroke length of 300 mm and plunger 1:|im-m=u.-.n:n‘ﬂ;trg:-nuﬂ.lr|-;|I
is num.a.ndlhemm'mmpci:ﬁmuhm; If the separation place :
peessure head of 35 metes. determine the maximum of the . nu-dmu s

v speed of the id separati
T&aumwhu:uﬁwhpdgmywu of water. g Ium:s. sa-ﬂr:::i

Weld ApVesels ] . . 5.

Anairmlistmirm:huddﬂn‘berhn' wemn;- i ils base, through
5 ' an t i
mrﬂm-mﬂwmmmnmmv:mmkﬁHMm:khmwmﬂr“mhm

Fg. 367, Air vessels fitled 1o the suction and deji [
The zir vessels are fined io the suction p _“'" Id‘h"‘?’“""
mmgupcmdd:itunrmﬂuumlhuylhdnurmepum

as shown in Fig. 36-7. The object of fitling e air vessels isdp obtain a uniform discharge from a
&£ Ll

T T,

mprr T & e

Aeciprocaing Pumps

reciprocating pump. Consider an air vessel fitied 1o the delivery pipe & shows in Fig. 34-7. During
the first half of the delivery siroke, the piston moves with acceleration, thus forcing the waler inig
the delivery pipe with a velocity more than the mean velocity. The excess flow of watcr, flows ioh
the air vessel thus compressing the air inside the vessel. During the second half of the delivery stroke,
the piston moves with retardation thus forcing the water into the delivery pipe, with a velocity less
than the mean velocity. The water, stored into the air vessEl, then starts flowing o the delivery pipe,
thus making up the deficiency of the Now. e

Thus the discharge in the delivery pipe, beyond the air vessel, is more or less uniform. But for
all practical purposes. velociry of water in the delivery pipe, beyond air vessel is iaken 10 be uniform.
Similarly, on the suction side the water first flows from the suction pipe into the air vessel (during
first half of the suction siroke) and then from the air vessel 1o the cylinder (during the second half of
the suction stroke), Thus for all practical purpose, velocity of water in the suclion pipe upto the air
vessel is also taken to be uniform.

Example 36-9. A double acting pump has a cylinder of 200 mm diameter and stroke of 400
mm. The pump delivers water 1o a height of 10 meires through a pipe 36 metres long and 150 mm
diameter at 40 r.p.m. Find the pressure in the cylinder at the beginning of the delivery stroke, if a
large air vessel is fitted in the delivery pipe al the same level of the pamp. bur 3 metres from the
eylinder. Take f= 0-008. :

Solution. Given : D = 200mm= 0-2m; L=400 mm = (-4 m or crank radius () = 0-4/2
=02m; Hy= 10 m; { = 36 m; d, = 150 mm = 0-15 m; N = 40 r.p.m.; Distance between the pemp
Jevel and air vessel = 3 m and f = 0-008.

We know that area of the cylinder, .

| A:Exfpfs'gxm-ﬁ:nﬁmmlnf
and area of the delivery pipe.
a= 3 X (@ =7 x 015 = 001767 m’
Since the gir vessel is fitied to the delivery pipe, at a distance of 3 metres from the cylinder,
therefore

1. there will be an acceleration pressure head in the delivery pipe for a length of 3 metres.
2. there will be a loss of bead due to friction in the delivery pipe for a length of 36 -3 = 33

meires.
We know that angular velocity of the crank,
¥ I x 40
T = 4-19 radi
and acceleration pressure head,
I A o3 D6l e rgpd
H, = - x < ® wir 55" Soryey < 1 x 0-2m
= |9lm
Wthmmﬂﬁgvdmityﬁminﬂuddim}'#.
r:tﬂ - 2LA 1" of dosble acting pump)
a 6xa
e _-2 v 04 % 00314 x 40
> P @xo0i767 -0 ™
r -5
So—




618
mmuwdmmﬁﬁminiimwm.-

pr =ﬂh§_xMKHrm5]1
I 2pd 2% 981 x 015
in the cylinder at the beginning of the delivery stroke,
=Hy+ Ha+ H= 10+ 191 +032 = 1223 m Ans.
M-I&Ash—;kmﬁuu&rmﬁgmbmm&eaﬂqﬁdnf”ﬂtﬁfm"m&
:';Juq(.’J'-jmuhm]-jm?mﬁﬂ@mmﬂm;mu.@rpfuyn
i 25 mm and stroke 225 mym, Thmmwdnﬁurypipﬂ

are 75 mm diameter and 3-5 metres and 13-5 metres fong respectively. There is a larpe air vessel
placed on the dﬁmqmwmrwam But there

i3 no air vessel on the suction pipe. If
leparation takes place ar 90 tPa below ammospheric pressure, find

() maximem speed, Mwhkhﬁwmnpcmmwﬂhmwumhh;ﬂmg and

{b) power required to drive the pump, iff=000.

Negleet slip for the pump.

Solution. Given:w=11-8 kNfm" = |1-5m; H, = 2.5 m; Hy=9m;
L =225 mm = 0-225 m; ar crank radius (r)=022572 =
{;= 13-5 m; Separation pressure below the atmospheric

below the atmospheric pressure head (H - )=

=032 m

D=1 mm=0125m:
2SS md=75mm=0075m: [, =3.m:

pressure = 90 kPa or separation pressure head
90 x 10
=T-6 m and = 3
18 x 107 st ~ o1
fa) Mazimum speed. with which the pump can run without separation laking piace =
Let H, = Acceleration pressure head,

w = Angular velocity at which the pump can run without
separation Laking place, and

. ; H=Mazi|mmspcodnnh:purnp.
We know that area of plunger,

A-Ex(ﬂfn%xml'}j}!=ﬂ-ﬂ12}m"’
and area of suction pipe,

azgx{d}!=§xmﬂ?ﬂl=mmt
We know that the separation head,
H.,,BH-,H"'-H,

Hy=(MH-H,)-H =76-25=5m
We also know accelerntion pressure liud't‘H_J.

A 3

5!-%x;xm'r=%xu;—cgﬂnmix?llﬁ
= 0112 o
o = 5101122455 or © = 675 radks
chmmmﬂmiy{ﬂ

2xN 675
&5 = w.au-tl.:ﬁhr or H'ﬂ-lﬂs 643 rpm Ans.

e Lr 6§2-12 vP™
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.fb} Power required 1o drive the pump =
that the discharge of the pump.
o LAN _ 0225 x G013 x 643 _ non g
il CE &0
. Velocity of water in the delivery pipe,
yE n—'—nm-mwﬁ-
; i ill be no
i ir vessel i nwﬂwpun‘xpu:s.mrmﬂm.?gﬂl
Si"_':‘ m::ﬁ::ullmy::.uﬁ::?:mt consider the loss of head due to friction only.
acceleration
. Loss of head due to friction, !
4l 4 x002x 135 x O _ .,
Hu="3.4 =7 2 x 981 x 0015 s
Sincl:mhmﬂrvmimﬁcsuﬂiﬁ:pip-;.ﬁmdmﬂ#eﬁﬂbﬂmsolhmmm riction.
Butweﬂdlmﬁﬂﬂ::mhmr:admlyu...lf_ = 5'! m
.-‘Tuﬂhud.wﬁmtwﬁmm:ptmhamm
H= (M, + H) + (Ha + Had + (Hg + Hy
=25+ + (51 +0)+(0+034) =169 m
pawer required to drive the pump,
- 2 P= wOH =98] x 0003 x 1694 = 0-5 kW Ans.
i is
.of the Rotating Crank with Air Vesse ; b
i ms::dmi&ﬂmw fitting air vessels, m:vdnc':tyofwatcrlin&m sucmn;:iﬁ
:Tmm{u.lu:knghnﬂ,hﬁg.Bﬁ-S)isun'mTM_mkmmuﬂmmd:a
mm’ of waser will take place in the suction pipe beyond the air
vessel (i.e., for alength of L' in Fig. 36-8). : . §
Wrmﬁﬁmaﬂmﬂﬂﬁnmmﬂmﬂu
uhphmh&edeﬁmyﬁpumuﬂrvmd(u.fwnumd:‘fj
in Fig. Hl.mﬁu:itydminﬁr:ddivﬁrpip:bqwmﬂ
vessel {i.e., for a length of Ly in Fig. 36-8) is constant.
Thus for finding out the maximum speed of the crank we have 1o B
limit the bead. ie. . 2
T Hgp=H - [H, * (H, for 1Y + (Hy for 1))
i delivery pipe, may
The constant velocity of waler, in the suction or
hmuwimmmunmwumuni
P Now consider a reciprocating pump filted with sif vessels 0n
suction and delivery pipes as shown in Fig. 36-8.
Lzt L = Length of the stroke.
2 A = Areaof the piston,
N = Speed of the pump in rp.m.,
@ = Angular velocity of the crans,
a = Arcaof the pipe,
= et r = Radius of the crank. and ,
- v = Velocity of water in the pipe.

.],

ESmm ==

Fig. 35 A vessels fited
" e pipes-
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Reciprocating Pumps
For single octing pump ;
W:knwﬂuﬂ:dischg:tfuhﬂelctn[m
0= X
60
and velocity of water, ve g -_A_KE
a 6xa_ a &
g E 2xN ! £
ML-hmsﬁ—aH=%-mmw.
}xﬁ A
Fm = % " — H
a 60 ax 4
For double acting pump
wcumuummur:mwm 3
_ AN :
60
and velocity of water, '1--"E=—;"'L'-'1'—-""r—=-21“'--:t-cH
a 6&xa a &0
Substituts = AR - 0, i
ubstiuting, L = 2r, @ mptﬂ—hmth:ameqmm.
]
2r x —
¥ouo—— zx I-EXE
a - oE a x ]

Example 36-11. A single acting reciprocating i
: pump has a plunger diameter of 2
.s;r_-;i:f &ngﬂ;f‘ﬂﬂ mn, The suction pipe'is 125 mm diameter and l;':em Im;:w%: amm;
of 3 metres. An air vessel is fitted to the suction pi i % . i
g pnsin s a Phit n?nmmumrﬂSWﬁmﬁecijrw
dwﬂmm:ﬂ-w!-immm
Solution. Given @ D=250 0-25m; L o e
- Ry D= mm = m; L = 450 mm = 0-45 m or crank radius (r) = 0-d
=025m d =125mm= 0125m: ! = III'II;H]‘JITJ;L"-’.‘EWI‘;=I&jm{g= Ililjrill'?F
Huep = 25 m and f= 001, I
Let © = Speed of the crank in radis, and
: N = Speed of the crank in r.pum.
S1mm3mairvmﬂﬂmdmmmm.mrm
1. There will be 2 loss of head due 1o friction in the suction pi
Bucuion
for a length of 10-5 metres. e
L There will be an acoeleration
for a length of 1-5 metre.
Wekwmdtmphmm.

_ : A:;x{qfn:;x_m_zﬂ'-:mim’
and area of the soction pipe.,
a=_f— % {d}i-"% x'{b_lisf = 00123 m?

pressure head in the suction pipe

~ Welocily of water in the suction pipe of single acting reciprocating pump,
L ____DDlEI » w = 0-286 & mfs

A or
vea X x " oo -

We know that the loss of head due to friction,
001 x 10-5 (0-286 w)’

44 x
W g = IR I X OIS

and acceleration pressure head in the suction pipe for a le- gth of 1.3 metre,
15 0049 1

981 3

* 00123

= 0014 o'

FUSRN . S T x o x 0225
] B a

= 0137 o i)

We know that the separation head (H,)
25 = H-(H, + H, + H) = 10 = 3 + 0137’ + 0014 &)
=7 - 0151 &
7 =25
= = = = 546 radls
A W= =08 o o
We know th = angular velocity (w),
2N i 546
-1 5-4ﬁnﬁ=0i0‘5ﬂ or N 2105
/ ple 36-12. A single-acting single-cylinder reciprocating pump is installed 3-5 metres
the waterof @ sump. The suction pipe is 200 mm diameter and 10 metres long. The pump

exlinder is of 300 mm diameter ond 500 mm stroke. Find ]
{a)  the speed. ar which the separation may iake place at the commencement of suction stroke.

{B) the change in speed of the pump. if an air vessel is fitted on the suction side 2-5 metres

above the pump warer level
Assume (i) barometric head = 10-3 metres of water, (ii) f = 0-0{ and, {iii) separation occurs at

2.5 metres of water absolute. .
Solution. Given : H, = 35m: d = 200nm = 0:2m: { = 10m; D=300mm=03m:

£ = 500 mm = 0-5 m or crank radius (7)) = 052 =025 m; H= 103 m; =001 and H,, =2-5m.
_ @) Speed ar which the separation may take place without air vessel
H, = Accelerafion pressure head,

@ = Angular velocity at which the separation may take place al

the commencement of the suction stroke, and

N = Speed of the crank in r,pm

We know that the area of pump cylinder,
A= 2 x @ = 3 x 03 = 00707 m’

= 52 rpm. Ans.

Let

rd
and arca of suction pipe, i

W
ia =
I

i
-’E'x:ﬂ‘-{x{mfnmurn‘
Wek:mﬁatuﬂmhnlﬂi-

H,,= H - H, - H,

H#=H-'Hs-"

= 103 =35 -25 =43 m
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Reciprocating Purmy feciprocating Pumps . g ~
We alsc know that acceleration pressure head (H,,, : - Fo ;.-.m::g:; of the crank. 5 by
i = Angular ve
alyhy gy 10 JONT g S i of i coank, 3
£ a 981 ~ 00314 e i i
- o574 & e e SR
W' = 410574 = 749 or © = 274 rads . o g;m«mm-
We know that angular velocity {w), fﬁl mwgrmhﬂ'ﬁ
eV T We know thal in the middle of
- - 2-74-'E]—=0-105Hwﬁ=m-lﬁlnp.m,ﬁ pa%!w
Change in the speed of the pump with air vessel P
Simctbr.airvﬁmisﬁnadinummiﬁnpipeIﬁmu uﬂ'loﬂﬂ“naﬂdﬂ:mfmum. -
above the sump water level, therefore s H =£=%{EKW
L. There will be loss of head due 1o friction in the suction : 1‘.34_ hrmritau‘!' equal 10
pipe for a length 2223 _ 214 m. We also know that area of a paraboia is nU
35 o : = 2 x Base x Height
2. There will be an acceleration pressure head in the
suction pipe for a lengthof 10 ~ 7-14 = 2-86 m. stroke 2
We know that velocity of water, ApAE ETY 2 41 A
: i == %X=|7 . et -
vl o 0O0T7  wx02s .= WO of the delivery pipe will be given by the reiaion
a = 0314 ] . mwdhm-:rmﬂﬂtfnmw
= a Note : The po =
018 w'mis p:nﬂti“ﬂf]

and loss of head due to friction,
. K s aion with Alr Yessels i ; = almration .
ork Done against Friction is fitted to @ pipe. there is poaccicrats

£ 3 16 jir wessel ” - iftin
3 wf &N AT E o lifung
H, = ;g: _4x ﬂl-ul :. :IJ:( {g; 8wy _ mlﬁg. 3610 ‘We have seenin Aﬂ{,ﬁ]:;cﬁ:ﬁnmﬁ:m“‘mﬂ Mow consider a reciprocating puing
; of water, and hence there
Wcﬂmkmmuunmdummprmumh:adinﬂnmjp; water from a sump. Area of the cylinder,
I A 2 286 _ 00707 ; 31 ; crank. . ~
o= X G = 551 % oaig X @ X025 = 0164 & gl 0= Aagular velocity of thgermak. . ._-
and the separation head, (H,,), { = Length of the pipe. :
25=H-(H +H + H) a = Areaof the pipe.
A £ sent of friction, and
\_E 3 =103 - (35 + 0164 ' + 0002 @) =68 - 0166 w’ f = Coefficicat of fric '.P‘-P‘:
68 — 25 = Diameter of the sucuon pips- - :
w = 0166 =259 or w=5] ralis _ : . . :m“h: ,mil’ofwmwimairvtm““mcp‘w‘
We kmwmunmuhrvelmi[y{ml w‘w‘-’mmhmlﬁu A o
1 2N 51 I 5
S1= g =OI05 N o N=oSu@6rpm Ans .
willI!leimefesﬁngmhmwmlﬂumguhrﬂhcilrufmemﬂigmmsimmfmmﬁ-l Lﬂiﬁfmwmm
r.pm. 10 455 r.p.m. by fitting air vessel b fa  or
: | = X N Y
ork Done against Friction without Air Vessels ; Fys=d ~ = Lﬂ 3 o
srﬂvesnminﬂnﬂﬁrl!.&matmheginninglndmduflmumhmlmuﬁ:ad stroke against friction
:Ju:tarrmmmm:krmlmsorhmdisanlyinMmkidlcnfmm‘m:havezkomin and Wk gy o f
AL 36-12, that in the indicator diagram, the pressure head due 10 friction s a parabola, Now consider :«J,..‘*ﬂ.iﬁ"- "
] L 13- ¥ )

aratri;m.um:pmli!‘tingwm&mnm,
Let A = Area of the cylinder,




fa) no air vesvel js mnimn’f&jlaim-grdrmmf:ﬁ::dmmcmﬁiuqﬂhmp.
Asslime] = Du%. >
Soluthon. Given : N = 60rpm;D=250mmat2S m L= 509 mm = 05 m or crank racdis
(=052 =025md= ICHmnz'ﬂ-im:d=Sﬂmlni_f=ﬂ-Dl.
Power required i overcome friction of the delivery pipe, when no gir versel i firted
We know that arca of plunger,

A=§x(m3=§xmzs;’-0m91 m

and area of dehvery pipe,

u:;xm-‘-:"‘_:x{mf-&m?.%m! K
3 ' . f
- Dischargz of the pump, \:E:" A
. Q=—M—@=gs—§u—_l_x_ﬂzm [njjs -
&0 &0 _]
We also know that angular velocity of the crank. P
W7 R
on N BXD o e 7N
and maximum velocily of water in the delivery pipe, ;
v=£)tmr=-g-g.ﬂ-x X 025 = 982 mis
a 0007

- Loss of head duc 1o friction, el -
LAN oyl & _ A4V 4 x 06 x 50 x 982y P "f‘i""‘t_* ]
e—pe R T TR it 4.
andpurwrcquiredmmum' i '

e

-

We know that average velocity of water i the delivers pipe,

B o DO " o
va = rgpres = M8 mh v_%xﬂy

and loss of head due v, © 0, g, i

1
= Y _ 4 x 001 x 50 x 3 ol
Hr= e 2 X 981 x O i 2

- Power required 1w overcome friction of the delivery pipe,

P = wQH, = 981 x 0025 x 103 = 2.53 kW Ans,”
3617 Work Saved aﬂllé;cthn by Fitting Air Vessels

The work saved against friction by finting air vessel, may be found out, first by finding out the
work done against friction -vithout air vessels, and then subtracting. from it the work done against
friction with: air vessels_

A = Area of the cylinder,
L = Length of the stroke,
8 r = Radius of the crank,
!= Length of the delivery pipe,
A d= Dh:nmofﬂ‘lcdnli‘!trrpi’pc.
@ = Anguhrvchci:ynfu:umkinmd!s.md
N= Spcﬁdofﬁlcﬂankinl.p.m.
Wctmthﬂtbl\'dmlyufwmrmmnmpc.mmairvssd.

A
iy
[}
mdluuu!hudmpcwfricﬁm,

4 44w
= 2gd -m(n % x}l
- Work done per stroke against friction ke

f\//-ﬁ:fﬂ[f‘-x#“-’j g

pdja " x =
We also know that the maximum velocity of water in the delivery pipe without air vessels,
— e

A
V= = a i " o
a e B g - T e ,.315‘_;
nndhssuﬂr.dductufricljm L_,,- r -
o= Y2 _ a1 (A

1= 2%d " 24 (E s
We also know thar work dope per stroke againet friction,
s —
{27 '
] 1f L 'y y % (f * mr]l w1}

. Saving in work done per siroke




¥

fi : Double acting reciprocating pump.
A = Arca of the cylinder,
L = Length of the crank,
r= R.I:E.l.lﬂfﬂl:ﬂl'qh. :
I = Length of the delivery pipe,

a = Areaof the delivery pipe,

N = Speed of the crank in r.p.m.

W:hmmuu:veloci:y:gf_wﬁndnpwwmwm

e
W o e g x
and loss of head due 1o friction, w
- (24 o
._.”,- HI'% 2pd | a *x
= Work done per siroke against friction,

'.{’ .‘_ﬂ _ﬁixw

Fadie zgd[a TT

~We know that the maximum velocity of water in the delivery pipe, without air vesscls,

e p-i!vﬁ?
- PR % o
and loss of head due 1o friction,
! B =j&’::i dxur
& = 25 M(ﬂ
“w /Wealso know that work done per stroke against friction,
A i |
A T_“m_ -..__
o . W,-Exm[axw]l
- Baving in work done per stroke
Wy - W,

Radiprocating Pumps

WMmMWWﬁmAJh Mwﬂéﬂﬁf
4 ‘bj'ﬁrﬁngdrmuk. v 319, 2_?’.

o = Diameter of the delivery pipe,

o = Angular velocity of the crank in radfe, and

[. e

Asciprocating Pumps 827
36-13 Flow of Water into and from the Air Vessel ﬁmmﬂubdjnrﬂ‘tpenfu&hﬂ

wchav:mm’ﬂAn.3-6-T3matdtvulocilyufwminlhcd:!ivaypip:.bcmmﬁrm
ismuam.BuﬂheHxhyurmﬁmﬂmcylhd:rmmeajrmlhmbjeummmdmﬁm
anﬂmmmbhwwshﬂhﬂm:hcﬁteafﬂaunfmiu:ulmﬁ'm!h:airvmdﬂthdm
ﬂmddimypipcnd‘lﬂn;inmw;ﬁugwm

mm.mmmmimmmrumﬁmmwmmmmm
delivery pipes. Let us consider discharge from the cylinder to the delivery pipe. We know that the -
vqh:ityu{minhddiw}-pipefmmetﬂhﬁ::mn:ﬁwmd ?

-5 * U 5in @
a
= Discharge from the cylinder, 5 e

=ax % X @ sin @ = Adv sin 8 )

We also know that the velocity of water in a single att:';g reciprocating pump beyond the air

=d‘£“—r'
a "

. Discharge in the delivery pipe beyond the sir vessel
A or  Awr
: =ax T e (73]
A little consideration will show, that the difference of the above two discharges will be the
discharge, into or form the air vessel,
<. Discharge into the air vessel,
Q= Disdm-g:fmlrnqum-msﬂwgcb:ymﬂﬂnm

= Awr sin § - A0

= Atk (5in B - = 11

Note : I we'consider the Mow, into or from the air vesse] fitted to the suction pipe, ihen the above condition
i$ reserved, Le.if the equation (iii) sbove works out 1o be sve the discharge is aking place from the air vessel.
But if this cquation works out 1o be -ve, the discharge is taking place inlo the air vessel,

25-19 mum.humm&auvmmummqﬁpﬂ.mm
Acting Reciprocating Pump
Cmu&rlhﬁhtﬁngmwmm.mmﬁmmmsmbmhwcﬁmuﬂ
delivery ﬁpu.[aumﬁdu-hﬁﬂwnﬁnmakqﬁnhwm:delimm
Wekrwfh:ttuvehﬁryurminlhcﬂdfwypipzfmtbccﬂimurupmu:aiw
- v sin 8
a
- Discharge from the cylinder

:uxixur::‘nﬂ:Amrsinﬂ i)




|
\
\ wu.&«nuu:mufmufmm;ﬁmuﬁgmwuam
R iiicd
= —
a 3
1

Dimmhﬂ»d:ﬁwﬁ:h:ymﬂu air wesse!

i -axz"'-x,!-w (7]
a ] b
A:iummmmm.mmdiﬂmﬂﬂ:ﬂmﬂwﬁmmﬁuum

discharge into of form the air vessel.
' - Discharge into the air vessel,
o= Discharge from the cyfinder
- Discharge beyond the air vessel
2Auwr
5

= Awr sin 8-
it . A TE ; .
= Awr |sin § - = iif)
n .
lftrtabow:cquaﬁmmﬂmmbt*milmmmhdmwkuﬁuﬂmimm

.;airvem:l.Bmifmqmmmmu—mnmmmmwhmpmﬂm

i the air vesszl.

! Nm.lrwmmmnmm«mmirmmmmw pipe. then the gbove condition
! 18 reversed. i, if the equation (i) abowe works Gt 10 be ++¢, the discharge is taking place from the aif vessel
| Burif this equation work oul 1o be e, the discharge is =king plsce inbo the air vessel.

! l‘.:r.mpitJHﬁ.Adpuﬂrmm-mﬂ}rncminxpmpmﬂbomeflﬁmmdnmhd
[j‘jﬂmr.The‘nnrn"mpipeM-.tn.:Ennmrpﬂiﬂmtmdisﬂrwdwﬁﬁmdrwndﬂeumﬁlnh

:.Ltﬁﬂilk angle, a which there is no flow of water fo or from the vessel.
Assame the crank speed as 150 r.pam and plunger has simple harmanic motion.

: Sﬂuﬁm.Ghr:n:ﬂ=I?Sm:bl?im:{.-&.‘ﬂmm=l)-‘.’-5mnrcrar&rﬁus(ﬂﬂ}.!m
| =0-175 mand N= 150 rpm.

5 W know that anca of bore,

s ,,_Ex[mugxmnsfst}um m’

and angular welocity of the crank,

w::mmmmwfmmmwmm
JA:r'Ixﬂ-Dzdx“tSmelT!n:wz e

and discharge hevond the air vessel '
= Awr sin © = 0024 x (58) x 0175 sin @

= 0066 sin @ m's i)

L]
mnﬁmm:‘nﬂwmwﬁm thee air veszel, the above two discharges should b equyy
0-666 3in B = 0-D42
p sin® = 00420066 = 06364 :
E_** 8= 395 o J405 Ans
17. A 100 mm dicmeter suction pi ing reciprocating
ZMMM(ndﬂﬂmﬂrﬂekﬁﬂdwﬁmmmnfmmIMr$mTq
uwgwmmmummmmmgﬂ&émqﬂ
Hyurmﬂn!wn&.whnmm.w'. 90° and [20% with the inner dead centre. mt
Solution. Given : £, = 100 mm = 0-1 m; D = 200 mm = -2 m; L = 400 mm = 04 mu'crnri
racius (/) =042 =02 m; and ¥ = 120 r.p.m. :
Rase of flow of water when the crank makes an angle of 30° '
‘We know that arca of bore,

A-%:(ﬂ}’t%x{ﬂ-i}’=0-ml4 m

and angular velocity of the crank,

N _ Imx 120
a0

»
- g e = 4n radfs
= Rate of flow of water, when 8 = 30%,
Q= Aw[sinn-—%)
3
= 00314 x 4x x 02 [ﬁnjﬂ“—i}m%

= 0:0789 (05 - 0637) m'ss
= - 00108 m's = — 10-8 litres/s  Ans.
Since the result work out 1o be —ve and we are considering flow in the suction pipe, there
the discharge is taking place into the air wessel. Ans. . i

Flow of water when the crank makes an angle of 90°
ﬂnwmuutmﬂﬂwdm.ﬁmﬁ = 9"

ooifer ]

BMJM-K"KKBI[ﬂnW-%]m!ﬁ

*This may also be found from the relation of discharge 1o or from the air vessel. ix..

. 0= Awe t- ’- fl
For ng fow of water 19 or from iy et s equaie this equalson 1o DEN0.
R &[ﬁ.a-%]-u :

-fﬂﬂ--lzu = i
£ e  ADividing both sides by At

sno=2 006 0
— = 95 o 1405° Ams.




Reciprocating Pumps
Q= 00789 (10 - 0-637) m'%s '
= + 00286 m's = + 286 lires/s
Since the resull works out 10 be +ve and we are considering Mow in the suction pipe, therefore
the discharge is taking place from the air vessel, Ans.
Rate of flow of water when the crank makes an angle of 120°
We also know that the rate of flow of water, when § = 1207

o=y

= 00314 x 4m x (2 sini'm“-%]m“h

o= 00789 (0866 - 0-637) mls
.=+ 00181 m'5s = + 18] litress

Simﬂ:mullwutsm:ﬂmbemmdwmm:ﬂdcm; {low in the suction pipe, therefore
the discharge is taking place from the gir vessel. Ans.

EXERCISE 363

1. Ammmummmﬁmmmmmmmm
dmws'nhr&masumlﬁmbﬂuﬂtmllwlﬂmm&mh'upipm
Ahlcﬁvusdhﬁmdmumﬁuch:mmem.mﬂumimwﬂm
puamp, in order 1o avoid separation, which takes 8 presaure head of 2-5 metres, i the barometer
reads 10-3 metres. Take 4f = 0025, (Ans. 107-6r.pm)

L asi-drlcﬁumﬁpnmh;pummumwzur:ﬂ!mmummdm:nrﬁmmm
dr.‘:i-vaypipeismmw.uﬂimmdm,ﬁmﬂ:mnmhrimuﬂin;mﬂ:
mlw&:mif#mmamwmﬁhﬁm, (Ans 31-5 k'W)
b8 admbh:th;minmthumnmdﬁmﬂnmmsiu-TMplmhIsu
mdhm-ﬂﬁmhq.mmpiuhlmmmimﬂum.w
Mmdlhrhnzﬁumhirmul:w&pmiﬂuunﬂﬂ'.ﬂrmIm‘ﬁmlhimﬁ
cenire. Take speed of the pump as 120 rp.m. [Ana 433 Etress (inio the sir vessel); 12-54 lires's
{froen air vessel), 8-04 litreshs {From air vessel)]

QUESTIONS
Whumﬁpmﬂﬁgmﬂlhdnpmﬁiuﬁqﬂmmm?
Diﬂngﬁmhummefﬁcﬂﬂmmdﬂimhmﬁpmﬂm
Explain the working principie of reciprocating pump with sketches,

Show that the maximum acceleration head. in a reciprocating pump, without air vessel is
. given by the relation :

oo

Hy = { x d x wir
F a2
whers [ = Length of pipe, :
4 = Ratio of cylinder area 1o pipe ares, and
@ = Angular velocity of crank shaft.

L8 mh‘mh'h:mm.mqiﬁh-_imhnddu?
& Elﬂlhhfmﬁud&uﬂhlm”

e

T

Aeciprocating Pum. s 631

ORJECTIYE TYPE QUESTIONS
A reciprocating pump is suitable for

() less discharpe (&) more discharge
- {c) higher heads () both ‘a” and c*

The slip of a reciprocating pump is: -

(a) ratio of actual discharge lo theoretical discharge

fbjpﬁmﬂmﬁdwpmmui:ﬂdi&dwp
(cjdiﬂmdmmﬂﬁmwmmﬂmge
{d) sum of theoretical discharge and actuad discharge

Air vesscls are used in a reciprocating pump to
(@) smoothen the Mlow (b} increase the flow
{c) reduce acceleration head () all of these

By ﬁuin;airH&dhﬁtmﬁplmﬁn;pump.&ncisﬂm:smnﬁn;inpm.m

saving in a single acting reciprocating pumgp is '." "

(a) 39-2% (b) 43-3% (c) B48%
ANSWER

1.{d) i) 34c) 4. (c)

(d) B3-4%
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