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pes can be manufactured in many Ways. Pipes can e p, -
i e g ST ke welding, q“ﬁmﬁ_%mm» pipe with a line of joint js known g mon.ﬁa“h
N ] P as seamles .
A pipe without __M,.n w_. h.o_a __M “mﬂw usually made of cast iron, wrought iron, steel, Copper, iy
e, rabber, P.C (polyvinyl chloride) et. o
gﬁnﬂ.%ﬁﬂ?ﬁlﬁﬁﬂ are different Qcam e Fpipe mz.m :mm These are emp ._ownn for varioys E&a
in a pipe line. Various pipe fittings and their point of applications are shown in fig. 8.1,

4 % I-hht.\.&g!.:hlﬁm

8-2. Definitions Regarding Pipe Flow . |
/\ - I. Wetted Perimeter—Length of cross-section of a pipe or n}.h::m.- in contact with liquiq o ,
wetted perimeter. It is denoted by P. S. 1. unit of wetted perimeter is metre, i |

2. Wetted Area—Area of cross-section of a pipe or channel in contact with ligquid. 1 i dencieg b W

A
3. Hydraulic Mean Depth or Hydraulic Radius—it is ratio of wetted areq 1o its wetted Periny
It is denoted by m. Therefore, hydraulic mean depth, '

(a) Circular pipe running full—Consider fig. 82 (a).

Wetted area, A= m%
Wetted perimeter, P="nd
T2
. —d
<+ hydraulic mean depth, ~ m=A4_4" .
P nd
d
5o, = 2
- om=<
(®) Circular pipe running partially filled—Let 7 be (he radius of the pipe. Consider fig. 82 ()
2
Wetted area, A= We-ms 8)
Wetted perimeter, P=rp
2
4_5®-sing)
m= —=
P T
S0, _ h = sin@
(€) Rec ] :
c tangular nrwu__n_.lOcEanq
fig. 82
Wetted ares, t] g. 82 (c).
fnn&_un._.aan_.. P=p4op

v

m= — |
] P |

P g

through Pipes
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Fig. 8.2 (a, b, c)
3, Hydraulic Slope or &&%&En:m Gradient—It is usually denoted by i. Hydraulic slope is the ratio
¢ head loss due 1o friction /irin the pipe flow to the length of pipe, Thus,
o
. head loss due to frictjon
= ———— P TR
hydraulic slope length of the pipe
h r
or =

83. Froud«#'s Experiment VP

When liquid flows through a pipe, flow is resisted by rough surface of the pipe which offers frictional
nsistance. There is loss of energy of the liquid. It is known as JSrictional head loss. 1t is denoted by &y

Actually head loss of the liquid is due to frictional loss between layers of the viscous liquid. Velocity
of liquid is zero at the surface of pipe and increases to maximum at the centre of pipe. Variation of velocity
of flow is parabolic. So, it can be concluded here that frictional loss is by virtue of viscous resistance.

Froude conducted series of experiments to determine frictional resistance offered to flowing water.
He arrived at following conclusions—

(i) Frictional resistance is directly proportional to the square of the mean velocity of flow.
(ii) Frictional resistance per unit area of the surface is constant for long lengths.

(iii) Frictional resistance depends on nature of the surface,

Therefore, frictional resistance,

R=f" 4V

TR

e L G

.

Nt e 2.
Sy Susg

or
Where

,\..uEomosm__.nmwgaouo_.:::EonnaEuwﬁqﬁwﬁ_cﬁ._«\
(Froude’s frictional coefficient [ML™])
A = area of wetted cross-section
84 " ¥ = mean velocity of flow
&wﬂw\ Loss in Pipes Due To Friction Lo1h suf %1&6 NP
oY ~ Weisbach Equation) . .
ty "Sider g horizonta] pipe of diameter 4 running full of liquid of density o Let ¥ be the mean
*the flow, Refer Fig, 5.3,
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Two piezometer tube are fixed / distance apart at J and K.

A
Pressure heads at these points of the pipe ar¢ . and og
n J and K, so difference

f energy takes place betwee !
e Il be /y. Now applying

between pressure heads at two points wi
Bemoulli's theorem between Jand X,

2 2
A +MI+ .m.+.—\|.+N+} '
. Z = Fig, 8- |
g 28 pg 28 4 283 ,

Velocity ¥ is same because cross-section of pipe is uniform and height Z is also same becays, i
is horizontal. So, ,

og pg T H A

We know from Froude’s experiment that,
frictional resistance = friction resistance per unit wetted area per unit velocity x wetted ares x |
(velocity)?
or R=/f"xndl x W £
ot M,; be the area of cross-section of the pipe then net force responsible for flow of liquid betwen
|

P_P _
_
_

, il
F=i-p) A= (a-P2)— A |
As liquid flows without acceleration so two ferces should be in equilibrium, thus
F=R
equating RHS of eq. (2) and (3),
nd?
(1-p2)—— =f"'xndl x V2
4 wr\_.
,dv?
% p—-p2= J'x 7 ® v\m
o
or n_p g At
PE Pg pz d
from eg. (1), = hxﬁwn
Pg d
Putting h _ h
Where f Pg  2g
re f is coefficient icti — ity:
fficient of friction or Jrictional factor, which is a dimensionless quant
So, S aw?
b= 32>
g d

j lwe of 4f is given inste
Note—1. .qoimzs.m.u ,.E ) 8iven instead of f. Therefore
3. Cogfficient of friction and Reynold number are related n\“ \w. \M“waa are

* x&

I

()

pead loss due to friction, flrp = ——

—_— 241.

Y1 %
2gd

-(4)

advised to take care,

_16
SR
N {for Ry upio 2000)
00791
S~ i
N : or Ry = 4000 to 10%)

0.05525
Jf = 0.0008 + o737

(for Ry > 10°)

N
§5. Chezy's Formula . ( Ltnsad \..:\ 0 Q@
Chezy’s formula of fluid flow may be (ised to determingthead loss due to friction.

We have derived that head loss due to friction,

_am?
= 2gd
hy d 2
But, a8
ut V- P g G A1)
h
But 4\ = i = hydraulic gradient
d
i Eum = hydraulic mean radius
- from (1), V= mi NW
N
or V= ./\ﬁ“m.s@
S
Chezy’s formya, ey 5l2)

Where /\hﬂw = C = Chezy's constant .

Note that Che

wo— nn_wq:m:maﬂ.\.

.
—ucw 0

dig g4
1§ diamete,

F
Or new smooth pipes

'd rough pipes

2g

Zy’s constant depends upon coeflicient of friction £ Following expression is suggested

— Il
£=0-005 ﬁ_ +w|mMW =0-005

f£=00l ﬁ

of pipe in metre (m).
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7 i i Il of
.onfal pipe of 20 cm dianefer IS rinning .\.E Water
Example 1 : A 200 m long ‘E._Ns.h“_‘%:.g?.snan mean depth and hydraulic slope i uaﬁﬁ ,

242

* Determine head loss due 10 i ' formula also. :
velocity. Dt N € = 59 then find heai 1055 13 Chew m% _ (Cpagy
o no,._4=o= + Head loss due 0 friction by Darcy’s equatiot,

Solution :

411yt
hr= 2gd

where /=001, /= 200 m, V=3 mfs, d=20cm= 02m _

4x0-01x 200 x 32 1535 m _

|\|I|| = .
b= T72%9-81x0-2 ™

A4 |
Hydraulic mean depth, m=p ,
Wetted area,
a=% x =2 %022 = 0031 m’

Wetted perimeter, P=nd=nx02m

0-0314 !

m= 102 =005 m Ans

hy  18:35

Hydraulic slope, i= T =20 0-09175 An

Chezy's formula, ¥ = C V(m.i)

h
But ,\uw__ém.qu%__.uuw.suo.oma
h

h S

mume/\o.axﬂ\ or 9=59% x 005 % -~
k 9x/ _ 9 x 200 A
- b= S 005 59 x0.05 O™ .

, )
Example 2 : Frictional loss in pipe running with water is 37:08 m. Diamefer and aﬁﬂ.?. it
pipe are 15 cm and 3600 m respectively. If rate of flow is 20 s then defermire coefficlent e p
© 4
Solution : Velocity of flow, = 2 = -3 1132 mfs
O a a2 e ﬁxﬁc._mvu
: 4192
Usi =
ng, \N\.l NW&
F
Cocfficient of friction, = hr2ed
41y? .
(]
/= 37-08x2x9.81x0-15 A
ax3600x (11322 09057

y Through Pipes
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cample 3 ¢ A galvanisd iron pipe is E..Q__E.h\an 16000 cubic e

wai
ore than 2 11 per 100 11 length. Determine radiys of the pipe E\Enﬁﬂ.q.w““ M.“.a\ah“m h«m& %Mw.w
n De e

pot I
Solution : Here Q= 16000 em¥s =16 x 1073 mYs R8T
Let d be the diameter of pipe
g 4
ity, _\u|u_ox_0|ux.l
<.Q_Qn_q a :N\N
vt
Using, b= ed
,_ 4x0:005x100 (16x10° x4
= 2x9-8Ixd nd? .
d>=212 %107
d = 0116 m, so radius = o%m = 0-058 m Ans.
Example 4 : A 50 m long pipe of 300 nim diameter is carrying water al 5 m/s velacity. Determine
head loss due to friction. Use Chezy’s formula. Take C = 60. (UPBTE 2002)
,\a_ﬁmo: : Flow velocity by Chezy’s formula,
v =CNmi
by b
T TS0
A _nd*/4 d 03
= —_—= =—=— = (075
m 2 d 7 4 0075 m
<. Hence, 5 = 60,/(0-075 x hy /50)
head Joss By = Hx 0 _ 4629 m Ans
U= 0r 0-075

Easwés_uk. 5 : Diameter of a 400 m long pipe is 30 cm. Water is being discharged af 150 Us rafe.
"8 Darcy’s frictional coefficient f = 0-01 determine pressure difference between ends of horizontal

Pipe, k
N.\m,o:m end is 4 m above other end then what will be the pressure difference? (UERTE)
Olution : Here o =30 cm = 03 m, @ = 150 #s = 150 x 107 ms

. -3
<a_09€ of flow, y= g _1s0x b0~ _ Mm =212 m/s
A @ 2
—x0:3
a x
2
,2 . 2
Head Jogg _ At _4x001x400x(2 1D 2sm
: b= gd | 2x981x03

-

TR

g
= &

e o e o
T

i S T

NTI e A

Sremeey

S,

e wgh i gt e

i
g

g o S N

foihiias 53 o F
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2 e
pressure head difterence. )
p (m=p)
il =k
pg PE .
| re difference p=pgxly= 1000 x 981 %1223 = 119976 kpq A
.. Pressu d . ng,
. g bove, )
head difference when one endisdma »
HESHES h=ho+d=1223 +4= 1623 m
_ Now, pressure difference,  p = 1000 x 981 x 16:23 = 159216 kPa Ang,
64 . , .
Exgmple 6 : Derive relation f = ‘N Jor laminar flow in a uormal pipe where f SE. R
coefficient of friction and Reynold’s number. R 1 [UPBTE 2999
salution : According to Hapen — Poiseuille equation for laminar flow in circular pipe, the pressure
* -difference between two points of pipe,
. 2ulL
A-Pn= " -{)
bnﬂmam:w. to Darcy — Weisback equation head loss due to friction between two points of a pipe’s
gl o - > 5
afl y2 "
ﬁ b= "ogd
! But r.\ u”lhlnwlh and assuming 4f = f,
| we have Ak e E
Pg pPg  2gd
. awrt 0
< OT - = — o
Pr—p 2d
Equating RHS of eq. (i) and (ii),
fiov? M
2d 4
- e
p¥d prd/p
] >
=X :
.gkw..haai?:nh_. ‘200" st S . E\u—&&.
ipe of 200 min di ; r at 25
| D tme head loss due 1o friction. wmeter is discharging wate: (UPBTE 200
_ ) woiaon ¢ Here'/ = 60 m, d =206 mm = g2 m, =25 mss

o Through Pipes
| S 0 245
.ﬂ_‘.mnzozm_ coefTicient, \.n 0:005 _+M_,
| o (New pipe)
= 0. !
| and f=0:0] _+WWM
(OId pipe)
_ —_ = 0005 1+—" |
[ —\=0.
| For new pip J 35w0.3 | 0-0057
aa1?
Now head loss, by = 24
_ 4x0-0057x60x(2-5)2
2x9-81x0-2 =218 m Ans.
1
- . =00l 14+ —— |=p.
For old pipe : / ﬁ uuxo_uw 0-011
4x0. .5)2
Now head loss, by = =001 x60x(2-5) =420 m Ans.

2x9.81x0-2
. Energy or Head Losses of Flowing Liquid

When g liquid, flowing through a pipe, suffers change in velocity either in magnitude or direction,
aturbulence is created due to formation of eddies. Some part of the energy possessed by liquid is converted
into heat. This is termed as ‘loss of energy or head’.

Since loss of various types of energy vary with square of mean velacity therefore, losses are
expressed in terms of ‘velacity head’.

All types of energy losses are classified as follows—

. I, Major energy loss—Head loss due td friction is major energy loss. Darcy — Weisback formula
s used to determine major energy loss. )
2. Minor energy losses—These are caused by change in velocity.
(i) Head loss due to sudden enlargement of pipe
(i) Head loss due to sudden contraction of pipe .
(iii) Head loss on entry to a pipe-from vessel :
(iv) Head loss due to obstruction in pipe
(V) Head loss due to bend in pipe
(vi) Head loss due to gradual contraction or enlargement of pipe
(vii) Head loss at exit from a pipe.

861, Head Loss Due To Sudden Enlargement Of Pipe 3

Consider 3 Pipe as shown in fig. 8-4. Cress-sectional area of the pipe suddenly expands from- g to

a . B
2 Due to syqqen enlargement liquid suffers turbulence and eddies are formed near comers of expansion.

Heag : .
loss due to sudden enlargement is due to formation of eddies. .
& Vi, ay, p| = velocity, cross-sectional area and pressure intensity at section 1-1

%ﬁ??@ﬁ\

}V
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> :

velocity, cross-sectional area

Vay a2, p2 = s 5

and pressure intensity at section —
(a3 — @) = area of eddies
p = pressure intensity at eddies
Now concentrate on liquid contained within sections a1

E. .....—...

l-land2-2.
Net force on this liquid,
= pray-pray - plaz - apd
but by experiment it is found that
P = A
; Net force on liquid = py a3 — p| a; — py(az — })
a (p2-p1)
Let W be the weight of the liquid flowing per second. so. from
W=pga Mi=pgmh
As flow velocity changes from V) to V5,

W
So, momentum of liquid at section 1 — | = M Vi
. 4
Momentum of liquid at section 2 — 2 = M Va
4 )
Thus, rate of change of momentum = —, V- R V>

g

; 8 b4
Force on liquid between two sections =

PRIV pgapl

alp2 - py) =
g &
s (m-p) _hh n
pg gz
Suppose hg; be the head I
ston e b 055 due to sudden enlargement, Now applying Bernoulli
A PV
pg 2¢ Thi=—=+ X 5
. g pg 2g T2 heL
assuming centre line of Pipe as datum ling
2
b + —\,_- = h + m
P& 2¢  py 35 thu

Eddies _
[ )

i

(where p = density of liqu)

P b pgaty by

Rate of change in momentum

W)

's theorem d

Hydraulics & Hydrauljc Mact, _
e
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h =
. EL NN NN pg

From relation (1),

-(2)

hence head loss,

This expression was obtained by two scientists therefore known as Borda — Carnot equation.

Discussion—Sudden enlargement in the pipe should always be avoided. For example, area at
section 2 — 2 is four times the area of section | — 1, i.e. a3 = 4ay
so, from continuily theorema;V; = aV>
or h\N = B.
4
.. head loss due to sudden enlargement,
W-h/9:_9 W
he = 2g “162 g
Therefore, more than half of velocity head at section 1 — I is lost due to sudden enlargement.

(&\N Head Loss Due to Sudden Contraction Of Pipe
the .ggmmxmm shown 1 fig. 8-5. Cross-section area of
Pipe suddenly reduces from a)toa.
It can be seen that cross-section of flow reduces from a)
A vena — contracta, Flow area thereafter increases to a.
ﬂo%m *,oM:m on liquid between section C — C and section
Sudden nz_m” ¢ understood that loss of head is actually due to
Bement between vena — contracta and smaller pipe.
Therefore, head loss between C — C and 2 - 2,

10 g,

2.2,

2
he = = Nuwv : _, .
Using Continuity equation,
ackc=aV
But eﬂn = C, = coefTicient of contraction

.
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== - } 4 Head LOSS Due ..ﬂO OUMﬁﬂ:n.mO: In Pipe &
A = e d.o\:.mmﬂw_”_:" O%M_M_H._Mﬂwdm__“nﬁwwo vf.ﬁ” as mﬂss.z in fig. 87. Such destructions are usually due 10 mua
.. +ion of gasket. ! - when valve is partially opened -secti :
) 2 néﬁn”ﬁ___ws.nn by sudden enlargement immediately. Y Opened cross-section of pipe contrac firs ..hl
Yoy and Lei a = area of cross-section of pipe F?\ w. M
o . b = Ce a, = maximum area of obstruction e
therefore, 2g I’ = velocity flow in the pipe .w w
Hence, head loss due to sudden contractian, v, = velocity of flow at section C — C of obstruction wm m
_ 2 2 Now applying continuity equation, i m
b= n||_ % aV=(a-a) ¥, x C, l_ S )
o 87
C. = 0-62-in above equation. ’ _\r_ o = Vo e T T /
ituti = (-62-m N = i
Substituting C, 1 q . s m or Ve (a - 4y)C, I_.' 4 “
_ 4 e ; {
bebiligs be= ﬁlc.mw ..@ 2 § where C,= coefticient n.;. 3:&.5:.0: I\_.v - m“\‘
g Head loss due to obstruction which is same as head loss due 2% £
p? to sudden enlargement, 4 —i —- — — mw
- 037155 b i it
or \nn NW AVn. - ~\v~ —O mm
. . . hog = Fig. 87 ES
But in practice head loss due to sudden contraction, 2g £5
T 'z Vv 4
. h,=055— a. -V
c 2g (a-ay)C.
: o or hop = 2g
8-6-3. Head Loss On Entry To A Pipe From a Vesse! .
When liquid enters into a pipe from a tank or reservoir some loss of | a i y?
head occurs at entry to the pipe. The flow pattern of liquid is similar to the | hos = (a-a)C. _ 2%
head loss due to sudden contraction as shown in fig. 8-5. la—aglte g
Loss of energy on entry to a pipe depends om type of entry as shown Average value of C, is taken as 0-65 which should be used to calculate K.
in fig. 86. 2
a
For a sharp entry the head | i v . (@ - ap)C, ] et
oss at entrance is taken, 0.5— a=a)Ce
2g : 2
For a be} " y2 head loss, hos=K 5
or a bell-mouthed entry the head loss at entrance is taken, 0.05— o8 i
For a projected pipe into th = LB65, 4 i
2 Pipe into" the vessel, head loss at entrance is taken, --ead Loss Due To Bend In Pipe
v nﬂau’ma}l. sd o flow nassase 16 change the direction of flow. Change in direction of flow
0.787- . . al provided in a flow passage to change the dire <
2g where ' is velocity of flow in the pipe. > &v& o oAl o
ath of liguid * jens y , d that in bends, elbows, Tee — pieces the eddies
However, an entry j I quid as shown in fig.'8-8. it should be noted that in . X
ntry into En.u__x IS assumed sharp and head loss, ire formeq same way as in case owucang enlargement. Like amy other minor loss. the head loss due to
- ed EAIY bend ; , Iz )
: (c):Project® Y 2 function of 5. where " is the mean velocity of flow. :
o Fig. 8 ¢ ) Ry
i N
‘“ \
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Where K is a constant whose value is less than o__n“ Value of K d
and (i) ratio of diameters at two ends of gradual pipe. ¥, and 15

epends upon (i) angle of divergence
2 be mean velocity of flow ar Iwo gradual

ends. B o
For gradual contraction the value of K is very small. Therefore. for 3 gradual contraction without
(c) Tee A charp comer 1055 of energy can be neglected. But sometimes following formula is used.

2
Vanes = 0-05 v
hee =005

’ 2
JJ | Where }* is mean velocity of flow at small end of gradual contraction,
| 867. Head Loss At Exit From A Pipe
When a pipe discharges into a large reservior or into atmosphere, the hinetic energy available at the
(d0 Obtuse Angled Elbow )RR St e end of pipe is lost. If I/ be the velocity of flow at the end of pipe then head loss due at the exit,
Fig. 88 \ =
gy = NW

_\N
) (a) Head loss due to bend, |/ig = knlh

Exit end from a pipe is assumed of infinite area of cross-section A 2 = . which resufts Vs = 0. Thus,
Where value of K = 02 to 0-3. However, average value of K is taken as 0-25 for the ratio of i applying formula of head loss due to sudden enlargement,

] . of curvature to the radius of pipe R/r greater than 5. | {4 -
(b) and {c) Head loss due to right-angled elbow or Tee piece, hey = uh-
) y2 here V) = V and V=0,
hg = sin? 90° 2z
g y?
I ey = —
. or l/ v . %
| hp = — E 5 .
| 2 | ¥7. Hydraulic Gradient line
(c) Head loss due to obtuse ~ angled elbow, -1 Consider fig, 8.9, Two tanks are jdined by a pipe of uniform cross-section. Liquid flows from tank
: PPN 2 f0 tank — 2, Piczometer tibes are fitted at various points of the tube. Height of liquid in plezometer
hpg = sin®6— :
fuby .
2g i € shall giye Pressure hreads .D\M at these points. Join liquid surfuce of each piecometer tube. We obtain
| Above losses may be reduced by wsin i i -section © U Strgj, ;
. g a grid of deflecting vanes across the cross 8ht sloping 1 . . dient line (HGL), piezometric line, hydraulic
as shown in fig. 8-8 (e). Value of X then, is not more than 0-15, brade gy or ?..r o SR hnpteaaslpuipayc grecior

866. Head Loss D - it essiire grade line. T
a . I . - ni . . - 0
o ue m. mwmnmcw_ Contraction or ms_mﬁm:..m:,ﬁ Of Pipe - ot | i .W__vn IS very long, then minor head losses will be __mm_wm_c_n as Saveﬂa to L_M %wwu: ue
of e otenergy of flowing liquid can be minimised by employing gradual contraction ©f en z €N, hydraulic gradient line shall pass through the liquid surface of bot Sw_ -y
Pipe in place of sudden contraction or enlargement. OW assume 4 datum line passing through bottom of tank - 2. Height of centre linc of pipe Z at any
(=] -~

Reason is obvious. Formation of eddies responsible for head loss is eli P

Uo__: mm
Statj Z+-+ - point of the pipe
e tic head of the liquid. Sum of static hewd and pressure head pg) AP 4

e i e

: pipe.

., For gradual enlargement, § : rbine:
o loss is given by, ) L for example divergence cone of venturimeter or draft tube Of

A
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Lol x T . ! _
v : (H + 2)-H +2) = difference in height of liquid surfaces in tanks
Bu = h

i _ .
05K ATWIE OSVE AT 0y -1 arid i
2 ) o B

= - +

e

pischarge Through Pipe Into Atmosphere
1

pe line of uniform cross-section
hown in fig. 8:11. Pipe discharges |.

89 :
i Consider a p1
o tank as S

d =diameter of the pipe
/=1ength of the pipe

¥ =flow velocity
f=coefficient of friction

2
Then, 0-5% = hgy = head loss at entry point 4.

4qr?

—F— =, = head loss due to friction in pipe AB.
20d iy = hea

2
/7
LZE =hgy = head loss at exit point B

Now applying Bernoulli’s theorem at point 4 and B,

] T2
v: o4yt v
2g  2gd 28

ermine flow velocity.

Note—1. This equation can be used to det .
. determined as diameter 1S also known.

2. Once V is known discharge of liquid can be

2

3 Vertical displacement between TEL and HGL is 27
eter is connected 1o a reservior. Pipe discharges

nosphere, H v etermine di water. Take f= 0-01
' 1 ] f nine discharge 0fn after. ﬂ’i(.’f
tmosph . Head ()_fW(tter is 4 min ”le reservior. Deter & ( )

"eglect head loss at entry and exit.
Solutiop : Applying Bernoulli’s theorem a

w;\,/éa mple 8 : A 196 m long pipe of 100 mm diam
erin

t entry and exit of the pipe,

H=Z+ 5, *h

. B

W
Lo

AN TR
b

L e

_....,...,.,.,,_,___‘_“___‘__
e e ——— g
. T T T

o e AL W

i
|
|
|
{
l
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|
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|
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—

is assumed as datum line.

HT =

Let centre line of pipe
then Z = 0. now

4= 2g d
A 5 4.x0-01x196
4x2x98 =) ._+ B o ]
flow velocity. ¥ = 0994 m/s,
3 = n 2
~. Discharge, ’ Q=VFxa=099% x 2 x (0-)

0-0078 m3/s
Ang,

7\...5:%? w....‘uga3E:w:E.‘.E__S\E.qm&.E.niﬁma%Q:wn.E:EQQ:b.:&niE E_E
discharges water. Surface of water of reservior is 200 m above the centre line of Pipe. Betermiy,
discharge through the pipe assuming 4f = 0-02 and neglecting minor energy losses. Determine pressy,

head at mid point of pipe also. (UPBTY)
Solution : Here /=5000m, d=80cm=056m and 4f=0-02

4/1¥?  0-02x 5000 x V2
Head loss due to Emao? &\ = 2ad S 2%0.81x08

or he= 6371 12
where V' is velocity of water.
If pipe discharges water into atmasphere theh head loss at exit

5

T
T
Now, applying Bernoulli’s theorem between ends,
R
H= }\+ M
WA
or 200 = 6371 V2 + —
2g
V=558 m/s

n
a= —~ x (0-8)2 = 0-502 m?

4 Ans
Q = aV = 0:502 x 5:58 = 2801 m/s
Head loss due to friction upto mid of the length,

Cross-sectional area of pipe,

hence discharge,

IChing, __

rhrough P pes

4raipt .
= T Q025000/2)x 5552 .-
& 2x9-81x0.8 . g
=9918 m ¥
i i’ ; Ans.
Now, applying Bemoullls theorem between entry and mid point of the pipe,
2
H= }\m +h+m\|
Pg 2
pressure head at mid point of the pipe,
2
L Hen -
Pg 1 2g
s (5-58)°
200 - 9918 - 2x0.8]
=99234 m 7
Rﬁﬁ\« 10 : A 5 km long pipe line of diameter 0:3 m discliarges water into atmosphere. Other
ad of the pipe s connected to a reservior. Water flows at 1 m/s velocity through pipe. Determine total
Jead loss in the pipe. Take 4f = 0-04 and assume sharp entry from reservior 10 pipe. Determine discharge
of water also. (UPBTE)
Solution : Let ¥ be the velocity of flow. Head loss at entry in pipe from reservior,
0-5/2
= ||mm
o afart
Head loss due to friction = Imm "
. sl
Head less at exit from pipe = 5 <
0-sv2 aar? 12
Total head loss = — + 2gd 28
2 0-04x5x10° 4
st ] gl 5
= NW l N x9-
Ans.
= 34-1 m water column
. T . 2
Cross-section area of the pipe, a = 7 (03)* = 00706 m
Ans.

. 3s

*+ Discharge, g=aV= 00706 x | = 00706 m
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Pipes
mmugh ,
fo

Q/‘ m[al l wd d-

id

putting hy = £} in efficiency

;.
Therefore, pover transmission through q Pipe s maxinum whep head logs 4, B
, S due

Maximin efficiency of supplied power

- - - l
lo friction is one- ‘

Mmax, =

H—H,B_.z i. l
H :"5=66-67% L

413, Water Hommer

‘A flow through a pipe possess momentum (

trough pipe is suddenly brought to rest

pduces to zero instantaneously. It causes aenerati
High pressure wave create noise known as knockin
die o sudden closure of flow is known as waute

Such high pressure may even cause

wile designing pipe. Generation of high pressure depends upon veloci
fthe pipe, density of liquid and elastic properties of pipe material.
Detailed study of water hammer js beyo

tuly of gradual closure of pipe.

MV) due to mass M and velocity V. If water flowing
ng valve or by other means, the momentum of water
on of high pressure waves which travel along the pipe.

by closi

g. Therefore, the phenomenon of sudden rise in pressure
r hammer or hammer blow. '

ng of pipe. Therefore, water hammer must be considered !
ty of flow, speed of closure, length ’

bursti

nd the scope of this book, However, we shall limit to the

Let a = cross-sectional area of the pipe
I = length of the pipe i
P = density of the liquid l
V' = velocity of flow of the liquid
{ = time taken to close the valve
pg.al j
Mass of liquid, M= @ ?
Rate of decrease of velocity | %
t ot : |
But force, F = Mass x Rate of change of velocity ;
. al v
- Force _ PE r
g f

P F - pg'a'] X _Ii b'e -]— = {
essure intensity, prE GirRng t a g t
heHCe ) = plv \//‘ :
! ) ; ion. Pipe -
. lar cross-section. £ip |
b Exap, . . : (o friction of a pipe of circu b o 3
" " ’”‘fle " e et e '(m;:? (;/-.{ through the pipe. Tuke f =10 oL *.
Ak, Wareter and rate of fiow ¥ (UPBTE, Rajasthan) |
: P B
solu“on : Discharge, Q = 28 I/s = 28 x 10 > s

.
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