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*» Analysis of Pipe Flow
“*Reynold’s Experiment
**Laminar Flow

s Transition Flow

s Turbulant Flow
“*Reynold’ Number

.
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“* Ry= VD/ Kinematic Viscosity

“* R\= Inertia force/Viscous force

% <2000 LF, > 4000 TF

» Darcy Weisbach Equation

*H; = fLV4/2gD

» Hydraulic Mean Radius R = A/P, S= H{/L
% Chezy’s FormulaV = C (RS)2

¢ Manning’s Equation V= (1/n) x R%3 S1/2

.

&

L)

L)

&

L)

L)

&

L)

L)






s Energy Losses in Pipes

¢ Head loss due to sudden enlargement = (V1-V2)?#/ 2g
* Head Loss due to sudden contraction = K V?/2g

% K= ((1/Cc)-1))?

¢ Entrance Loss = 0.5V?/2g

% Exit Loss = V?/2g

% Bend Loss = KV?/2g

s Head Loss due to Gradual contraction or enlargement =
K (V1-V2)?4/29

.









» Coefficient of Friction f = 64/R,, for Laminar flow
(Ry less than 2000)

% Coefficient of Friction f = 0.316/R\Y# for Turbulant
flow (R more than 4000)

**Problem Find the head loss due to friction In pipe
diameter 25 cm and length 60 m, through water is
flowing at a velocity of 3.0 m/sec Using Darcy’s
formula and Chezy’s formula. (C=55, Kinematic
Viscosity = 0.01 Stokes. (R=A/P: S=Hf/L)

“* Ry = VD/Kinematic Viscosity = 750000, f= 0.0107
“* H; = fLV?/2gD = 1.182m; Hf= 2.856,V = C (RS)?

-



Problem: Calculate the rate of flow of water through
a pipe of diameter 0.3 m (due to Friction) when the
difference of pressure head between two ends of pipe
400 m apart Is 5 m of water. (f=0.036)

“*H. =fLV?/2gD, V= 1.429 m/sec,

% Q=AV=0.101 m3/sec

*» Flow through Long pipes

“*(Hp +Z5) — (Hg + Zg) =H = Hentry+ Hy+ Hexit

«»Water level difference between two tanks = sum of
losses

.



“*PIpes In Series
s H = Sum of losses

+Q =A1V1 = A2V2 = A3V3

<*H= Hentry+ Hfl + Hsc + Hf2+ Hse + Hf3 +
Hexit

“ Equivalent Pipe (H, = H ;+H .+ H|5)
oL=L1+L2+L3

“*Dupuitt’s Equation

L/D°>=L1D1°> + L2/D2°> + L3/D3°

.






¢ Pipes connected in Parallel

o Q=01+0Q2

¢ Losses In Pipe 1 = Losses In Pipe 2

¢ Siphon

¢ H = Sum of losses = Hentry + Hf + Hexit

» Application of Bernoulli’s Equation to find summit height
¢ Hydraulic Gradient Line

¢ Total Energy Line

.












¢ Branched Pipes
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When three or more reservoirs are connected by pipes having one or more
junctions. (Q1=0Q2+ Q3: Bernoulli’s Equation)

p/w + V2129 + Z, = p,lw + V229 + Z,

Problem: Three pipes of lengths 800 m, 600 m and 300 m and of diameters
40 cm, 30 cm, 20 cm respectively are connected in series. These pipes are
to be replaced by a single pipe of length 1700 m. Find the diameter of
single pipe. (Dupuitts egn

D= 26.65cm, L/D> = L1/D1°> + L2/D2> +L3/D3°

Problem: A main pipe is divided into two parallel pipes which again form
one pipe. The L,D of First pipe 1900 mand 1 m, L, D of Second pipe 1900
m and 0.8 m. Find the rate of flow in each parallel pipe, if Q = 2.5
m3/sec.(Q=0Q1+Q2, Hf1 = Hf2) Take f1 = f2 =0.02

Hf = f L V%/2gd

.






¢ Problem: A crude oil of viscosity 0.9 poise and G = 0.8 Is
flowing through a circular pipe of diameter 8 cm and of length
15m. Calculate the difference of pressure at the two ends of
the pipe, if the rate of flow of oil is 4.17 x 103 m3/sec. (566.98
Kgf/Sg. m)

“ V= Q/A =0.82 m/sec P1-P2 = 32 x Dynamic Viscosity VL/ D?

*» The rate of flow of water through a horizontal pipe Is 0.3
m3/sec. The diameter of the pipe is suddenly enlarged from 25
cm to 50 cm. the pressure intensity in the smaller pipe is 1.4
kg(f)/cm?. Determine the loss of head due to sudden
enlargement and pressure intensity in the larged pipe.

..



* V1=6.115 m/sec, V2 = 1.52 m/sec

“ H=(V1-V2)?/2g =1.07m, Z1 =22

“pfw+ V229 +2Z, =p,iw+V,429+2Z,+H_

“* p, = 1.47 x 10* kgf/sq.m

** Problem: A 200 mm diameter of pipe reduces in diameter
abruptly to 100 mm diameter. If the pipe carries water at

25x103m?3/sec. calculate the pressure loss across the
contraction. Take Cc = 0.6. (V1= 0.795, V2 = 3.18 m/sec)

» Head Loss due to sudden contraction = K V,2/2g = 0.22 m
» K= ((1/Cc)-1))?

* p/wW+ V229 + Z, =p,/w+ V220 + Z,+ H

% pl-p2 = 0.707 x 103 Kgf/sq.m

.
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ODbjective Questions




GATE-1.

GATE-1.

GATE-2.

GATE-2.

In flow through a pipe. the transition from laminar to turbulent flow

does not depend on [GATE-1996]
(a) Velocity of the fluad (b) Density of the fluad
(c) Diameter of the pipe (d) Length of the pipe

Ans. (d) It is totally depends on Reyvnolds number = o

ir

The welocity profile in fully developed laminar flow in a pipe of
diameter D is given by u=uy (1-4r%/D*), where is the radial distance from
the centre. If the viscosity of the fluid is p. the pressure drop across a

length L of the pipe is: [GATE-2006]
pip L 4 pmi L S L - 16pa, L
B — e (c) — =
D el D ' D
Ans. (d) By Hagen-Poizewlle law. for steady lammnar flow in circular pipes
eu —P r
r=—fi— % = —
or ax 2
du &P r
.'u_ = —_— —
ar dx 2
{—8r )i Bor i 4 i
i —— | =—.— e =gl 1 ——
Ml 2 : e
—16ul
po o [(—) sign is due to drop]



GATEA.

GATEA.

GATE-S.

A fully developed laminar viscous flow through a circular tube has the
ratio of mazimum velocity to average velocity as [IES-1994, GATE-1994]

(a) 3.0 (b) 2.5 (c) 2.0 d) 15
Maximmm velocity

Ans. (¢) Ratio = ok DFH} for fully developed laminar viscous flow
Average velocity

through a circular tube has value of 2.0

For laminar flow through a long pipe. the pressure drop per unit length
increases, [GATE-1996]
(a) In linear proportion to the cross-sectional area

(k) In proportion to the diameter of the pipe

(c) In inverse proportion to the cross-sectional area

(d) In inverse proportion to the square of cross-sectional area

. 3
GATES. Ans. (@) 251280, 1 ;e L
L ) I A°
GATE-6. In fully developed laminar flow in a circular pipe, the head loss due to
friction is directly proportional to...... (Mean wvelocity/square of the
mean velocity). [GATE-1993]
(a) True (h) False (c) Insufficient data (d) None of the above
32 pul

GATE-6. Ans. (a) he=

pgD?

.



GATE-3. Fluid is flowing with an average velocity of V through a pipe of
-1
diameter d. Over a length of L. the “head” loss is given by h, = _;II'T B
" 2gx

The friction factor, f. for laminar flow in terms of Revnolds number

(Re) is........ [GATE-1994]
64
GATE-3. Ans. —
Re

GATE4. Water flows through a 0.6 m diameter, 1000 m long pipe from a 30 m

GATEA.

overhead tank to a village. Find the discharge (in liters) at the village
(at ground level), assuming a Fanning friction factor f = 0.04 and
ignoring minor losses due to bends ete. [GATE-Z001]

Ans. (0.834 m¥s) h, =L QOVXIONOXT o oreAH = H—h, =30—h,
'~ 2gD 2x981x06 - -

-

2 0.04 %1000 = F7*
V= J1gAH OrAH =—=30—h, =30- —~ T =295m/s
£ 22 -’ 1%081x06

xD? 0.6)°
Q=IH=F:-:TT=2_95:{M

=0.834m’ /5



GATE-5. Water at 23°C is flowing through a 1.0 km long G.L pipe of 200 mm
diameter at the rate of 0.07 m%s. If value of Darcy frietion factor for
this pipe is 0.0Z and density of water is 1000 kg/m?® the pumping power

(in EW) required to maintain the flow is: [GATE-2009]
(a) 1.8 (b) 17.4 (c) 20.5 (d) 41.0
GATE-6. Ans. (h)
fLv?
=3
gD
i BfLQ;
rgD®
y 80.02 %1000 x {l:l.:[]_l"} _25130
' x981x(02)
Power =pq(l h,

=1000x9.81x007=x25.30 W

.



O1. In Hagen-Poiseuille flow of wviscous liguid,
one of the following pairs of forces strike a

balance

(2) Inertial and viscous forces
(b) Pressure and viscous forces
(c) Gravity and viscous forces

(d) Imertial and gravity forces

. Awasz {E»)

Sol: FHagen-poiscuille lawvw deals withh head loss in
Ilaminar flow where viscous forces will gowvern
the resistance agoairnst flosww .

ASsvccording to Flagen-proiscecuille Laows
E— By, — Py — SZpaNEL
o= r>=

- Hagen-poiscuille law involves balancing of
Pressure and viscous forces.




2. The Reynolds number of a flow is the ratio
of ' |

(a) Gravity forces to viscous forces
(b) Gravity forces to pressure forces
(c) Inertial forces to viscous forces
(d) Viscous forces to pressure forces

R e, s = o a— e
s IR s e—
S




03. The dimensions of a pressure gradient in a

fluid flow are

1 N
(a) ML'T? (b) ML>T"
=22 -
(c) ML™°T (d) MIL3T2
4
O3, Ans: ()
Sol: Pressure gradient — =St S ( . mﬁ] - M
dx s
— l-cgiﬁtci = kg /m*. sec”
IDimensitonal formmula of % = MAL=T 2

.



0.

For a steady incompressible lamijlar flowr
between two infinite parallel stationary
plates, the shear stress variation is =~ | |

(a) linear with zero value at the plates )
(b) linear with zero value at the center tfoe
(c) quadratic with zero value at the plates

T ——

(d) quadratic with zero value at the center

g, Axmsz: {I»)

emanl=




Two Miarks Questions

The shear stress in a fully developed laminar
flow in a circular pipe is

O1.

= o

(a) Constant over the cross section

——

(b) WVaries parabolically across the section
(c) Maximum at the pipe wall

(d) Maximum at the pipe center line

ol. LTSS {-ﬂ}

gol: The resistance against Laminar flow is due to
wviscosity. Further, this resistnnce is maximuarm
at pipe boundary-.
s Im Iaminar 1o shecar sStressces varies
limearly with Zero at centre and masxcinonourss at

T s
pipe wall h I< q;
T v




02. Flow rate of a fluid (density = 1000 kg/m’)
in a small diameter tube is 800 mm?/s. The

length and the diameter of the tube are 2 m
and 0.5 mm, respectively. The pressure drop
in 2 m, length is equal to 2 MPa. The
viscosity of the fluid is '

(a) 0.025 N-s/m*>  (b) 0.012 N-s/m’
(c) 0.00192 N-s/m> (d) 0.00102 N-s/m"

.



02, Ans:z {c)
Sol: Geivern ot s

- = | F
Density of fluid = 1000 mE,

Flow rate through pipo
(D) = BOO mm /sec
Q=800 > 10 m /scc
Length of tube (L) = 2 m
Dia. Of tube
(I2) = 0.5 mum=—0.5>=10"" m
Pressure drop (AP) — 2 MPa = 22 > 1O A
By Hazen — Poiscuille eguation,
The pressure drop in pipe flow
(AP) — 32ZpVEL _ 123 H?L
I>= el "
2105 128 2 1 > BOO =< L~ = 2
{o.s=<10"")"
e o= 0,00 192 MN-sec/1Tn”




04. Water is pumped at a steady uniform flow
rate of 0.01 m’/s through a horizontal
smooth circular pipe of 100 mm diameter.
Given that the Reynolds number s 800 and
g is 9.81 m/s’, the head loss (in meters, up to

. one decimal place) per km length due to

friction would be

.




04. Ans: 66.1
Sol: : ;.
Length of pipe = 1 kmm = 1000 m
Given R. = 800 < 2000

fév? Eﬂ‘sz

ng T gds

~ the flow is laminar

64 64 )
F 1 ] ﬂ 5 f_ — —ﬂuﬂ. .
or laminar flow = 300 8

8 % 0.08 x 1000 x (0.01)>
n® x9.81x (0.1)°

h, =

..

= 66.1 m"-_



One vViIiark Questions

If bulk modulus of water is 2x<10%* kgf/cm?

01.
(19.62 < 10¥ IN/inn”), then water hammer
wave celerity through a rigid pipe line will
be  m/s.

Ol. Aamss 100

Sol: For VWater harmmrmoering rigid pipo=s

Celerity of vwawe, € = r‘

=2 Jlg G2 =< 10"

| s lele

= tqm T =

Fl == Bulk rmvodulus of elasticity of vwater, N1
P = rmass density of woaten, | B e

=]




02. The loss of energy at the exit of a submerged

pipe 1s
s + 2 O SV =
@) >e _ (b) o
b ¥ ol Bk~ v
1.5 d) 2.0
(c) oy (a) e

O2Z. Amsc ()
Sanllz

It 15 a casce Oof sudden expansion where Wy =
Vi Wy == D

=:,_h__{_""-"’_. — W,
23z
=
2=

.



03. “Eddy viscosity” means that it is

(@) A physical property of the fluid

(b) Same as the kinematic viscosity

© Always associated with laminar flow

(d An apparent wviscosity due to turbulent

nature of flow

A EH . Mawnss i)
Haols Iz tuarbhualaemnt flowvw mamuarmbher ofF cddclies=s  wmrill B

Prrasamt duae o dmnter rmixing or haoags  nsmoessacl
rrnostiorm of fluid. Thesae cddies wwill comwuse lossss

o heoad. T.ossces oare groemeramallvys oluie o
Ccldymamic or mmolecwuloar wiscosity Dy drs loaryrsirnsaer
Tlowvww. Effect eddieos is mesgpligible iy loazrmirzaasr

Fims prroscrnce o cddies causse loss oF

R
a—rm |l Le=cfll =l ol w

Fne=sncl R trariralaeral W ik o=

R T T2 o T

e FEaclclne wismcoaersitones
Ty Truarioizlarit raxsatrares «»f Flaswemr

s SR S P IrFaAaraeEll Wi coarpsitsns cduines




04 1 :
- Water s pumped through a PpIpP€ 1‘“"33“) .y
height of 10. 9. #t the~rite ‘'of '0.) 10 /sec.

FI'i":tit::ﬁnzml and other minor losses are > m
Then the power of pump in kw required 1S

"‘--_._____‘_-__._._'

D=3, Aamum: 15
Sol: € aivermn «dzata
FX == 1) 17
€3 = .1 T Ssec
hy=— 5
P o=
B> v O C(FL -+ n, D> W
w— oy CEL + )
3 Y 3= O.1 5= {10 -+ S) = H]1 > .1 >= 15

= . TIS KWW — 15 KW




05. The friction factor for a turbulent flow in

smooth pipes varies

(a) Inversely as Reynolds number

(b) Directly as Reynolds number

(c) As square of Reynolds number

(d) Inversely as Y - power of Reynolds

number

.



06. The stresses that arises due to fluctuations in
the velocity components in a turbulent flow
are
(a) Euler stresses (b) Limit stresses
(c) Reynolds stresses (d) Principal stresses

06. Ans: (c)

Sol: Reynold’s stress = — (pu'v")
Where u' & v’ are fluctuation components
velocities in  ‘x* and ‘y’  directiorl
respectively in turbulent flow.

..




07. The head loss due to sudden expansion 1is

expressed by
A V¥, \
| 2 b) J
WEZ ot
(C) (Vll —VE) (d) (Vl - VE)
g 2g




a7. Ans: (d)
sol: Since there

is sudden change in the cross-
sectional area-of the flow passage, the liguid
emerging from the smaller pipe is not able to
follow the abrapt change of the boundary.
Conscguently at this sScction thhe 1 onwnr
separates frormm the boundary, forming regions
of separation in which marbulent eddies are
formed which result in the loss of energy
which is ultiTmately dissipated as hoeat.,

1) ' (2>

-

|

A

> 2

=y




08. In the siphon shown in figure below

assuming ideal flow, pressure Pp
Py

A A
- - - -
[ ]

3 AU

(ﬂ) =P (b) < Pa




AR rar v,

‘E‘I‘P]}"ing Boermoulia™=s Lt IO T botwaeasn
Section A and section B (neglecting lossces)
=X =
T = 5 ¥ =
W - " n as Pipc is of constant is dia
gy == o
oty i Py L
w 8 4
=i P = P.a
B R o T

A= VS ITIOorve up proessure will decronsa
Foimnt B 152 abowe thhae HOCFL, anad it is a3 Swuarrarrait
s the pressure at this point is thhe least.




09." Flow in a pipe can be expected to be
turbulent when the Reynolds number based

on mean velocity and pipe diameter is

(a)=0 (b) < 2000
(c) > 3000 (d) > 100

09, Ans: (<)
Sol: In general for flow through circular pipes
It R = 2000 Laminar flow
2000 = Rs = 4000 Transitional flow
Re = 4000 Turbulent flow

OfF the given, optltions “ i the most
aAppropriate answer

.



12. The friction factor of laminar liquid flow in a
circular pipe is pProportional to

(a) Reynolds number

(b) Inversely to the Reynolds number
(c) Sqguare of the Reynolds number
(d) Square root of the Reynolds number

12, Ans: ()

s e = oo —
Sol: © =y =y




13,

While deriving an expression for loss of head

due to a sudden expansion in a:pipe; in.

addition to the continuity and imp;_ﬂge..

momentum equation, one of the following

assumptions is made:

(a) Head loss due to friction is equal to the
head loss in eddying motion - 24

(b) The mean pressure in eddying: “ﬂ;.i:.id is’
equal to the downstream pressuré'“ L)

(¢c) The mean pressure in eddying ﬂuld.s is
equal to the upstream pressure

(d) Head lost in eddies is neglected

.
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14. If a single pipe of length L. and diameter DD is
to be replaced by three pipes t_}f‘_ same
material, same length and egqual diameter d(d
= D). to convey the same d and ID are related

by
D D
) e 3 b)) N
D D
<) dz—_“:a—zﬁ ) d=23_:2

4. Anx: L=y

Sol: Far Pipos in parallel

A e N

“11':
wWhere n = na. of Pipaes in poarallel
d = dia of each Pparallael pipae
D — dia of single pipe which is
Sonwverted to prarsasllel Commnmecticorn of
mumber of small pipes of dis “<d®




15. Three IesServolrs Ve B

and - C'  are
interconnected by pipes as shown in. the
figure. Water surface elevations in' the
reservoirs and the Piezometric head at the
Junction J arec indicated in the thurﬂ

EL 200 m Pj
IeZometric EL.180 m

EIL. 140 m

Discharge Q1. Q2 and Qs are related as
(2) +0Q2z = Q3 (b) Qi = Q3 +Q;
(c) Qz = Q1 +Qs (d) Qi +Q>+Q3 =0

.



15. Ans: (a)
Sol: At Junction *J’

inflow = outflow,
Ha (200 m)=H; (160 m), flow Q, from A — J
Hp (180 m) > H; (160 m), flow Q, from B — J

H; (160 m)> He (140 m), flow Qs from J — C
O+ Q=0

.



6. For steady incompressible flow through a
closed-conduit of uniform cross-section, the
direction of flow will always be :

(a) from higher to lower elevation

(b) from higher to lower pressure

(c) from higher to lower velocity

(d) from higher to lower piezometric head

.



16, Ans: (d)

Sol:

®= Fluid flow direction always from higher
total energy head to lower total CNergy
head,

* Total energy head iz sum of plezometric
head (elevation head + pressure head) and
velocity head.

= For uniform ¢/s of conduit, velocity is
same.,

L

Hence piezometric head difference makes
fuid to MNow.

.



Two Marks Questions

01. An old pipeline which has relative roughness

K

D = 0.005 operates at a Reynolds number

which is sufficiently high for the flow to be
beyond the vwviscous influence and the
-corresponding f = 0.03. The power increase
required to maintain same rate of flow if “f
increases to 0.0375 would be about

(@) 2524 (b) 50%%
() 75245 (d) 100%%

.



01, Ans: (a)

Sol: increase in friction fnctor
0.0375=0.03

B
We know, P = v.Q.hy

As Q" is constant Pechy
hy o friction factor

Increase in ‘power required to maintain
same flow rate = 2504

..

=0.25 = 254



2 A 1S cm diameter pipe is joined to a 30 cm
diameter pipe by a reducing flange. For water
ﬂuwing at a ratc of 0.115 m’/s, the head loss
When water flows from the smaller to the

largﬂl‘ diameter pipe 18 ]

.



Trr.

Auarn== 1 .2E 1%
ol Crirvwery clmtans

Iy == JdF cxxn — . J mun
FThg == J 5 gy — F_15
CD = . 115 msSscc

i»
T, 41

R E—m—

Tlsing contimuity cguatiomn

P = Mug™W gy = MV
vz—-f:= n'l:::'{:.;':':—'l_ﬁ-z’?mr’_-i
= .
L p— -;-:-—’_ — “G'"' 151 — G.SO08 s
3 = (0.15)

Flend loss duae to sudden enlargerment
vy — v )=
2=

(G.SO08 — 1L .62 7>
— .1
FETE -1

Ht..:

_



OS5.

Fill up the blank:

Due to ageing of a pipeline, its carrving

capacity has decreased by 259. The
corresponding increase in the Darcy
Weisbach friction factor fis %.

OS5 . M runsm= Sdh“S5
e =

W o diwva—en il ®om =
I rceammes itk ddischymrires = 2 ST,
o= «>F Ihcacd,.

Eay o= 3T Eng = OO > — AN
f'-'I:!. —q'!"?
<l — A
£ <>
AF o r=soany
*
<l

T--"Eﬂ%

= Amncliassmte—sm thaes ele=acsrason =




06. A farmer uses a long horizontal pipeline to
transfer water with a 1 H.P pump and the
discharge is ‘Q’ litres per min. If he uses a 5

H.P pump in the same pipe line and
assuming the friction factor is unchanged

the discharge is approximately

(a) 5Q () V5Q

(©) V/5Q d) ¥5Q

.



D6, Ans: (d)
Sol: Given, constant friction factor. Friction factor
refers to turbulent flow.
Power = Sp.weight = discharge= Head loss
P = 3. 0. hr
Where,
he= Darcy"s head loss

fL.VE  BALO®

2eld wigD?
P oc O hy
P o q_[:_]li — Pro II:_:I-E'




07. The head loss coefficient in a sudden
expansion shown in figure below is

proportional to




O7. Ans: (b))

-
HSol: Head loss, h {V] o vi-}_

Q- AI"E,..F]_ '=-lﬁ|-g._'1'|||'r_=

T 7T
Fﬂl-‘u’l =IDE.V=
A%V, = 2 W =
h, == "'-..-" 1__'-‘_]
23
W5, "
hy, =—1—] 1
- 2 I_".l-"]
=
I:ii
P, h]__'I:I: 1 l::':‘]




10. A fire prﬂtect{on system is Suﬁplie'd fﬁ:ﬁna
water tower with a bent pipe as shown 'in the
‘figure. The pipe friction f is 0.03. Ignoring
all minor losses, the maximum dischafﬁg;f*és
in the pipe is G S

(a) 31.7 lit/sec (b) 24.0 lit/sec
(c) 15.9 lit/sec (d) 12.0 lit/sec

.
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Common Data for Questions 11 & 12

An upward flow of o0il (mass ‘density -
800 kg/m’, dynamic viscosity 0.8 kg/m-s)
takes place under laminar conditions in an
inclined pipe of 0.1 m diameter as shown in
the figure. The pressures at sections 1 and 2

are measured as P; = 435 KkKN/m?® and
P> = 200 kKN/m~*. _
>
1. s y \..-""'




11 The discharge in the pipe is equalto
00 ()01

i i
k

OuMals @olsis

.
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12. If the flow is reversed, keeping the same |

discharge,  and the pressure at section 1 is
maintained as 435 kN/m’, the pressure at
section 2 is equal to 6 Foasaiq o Ll
(2) 488 KN/m®  (b) 549 KN/m’

(c) 586 kKN/m” (d) 614 kN/mz'_'

.



12. Ans: (d)
Sol: For the flow reversed, by using

equation between (2) and (1)

2 3
£L+Z, +EL=.£L_|.11 b b
pg 2  PE 2g
P . 435=10"
L3 2 n45° = .
ok o R00=9.81

P +3.536=55.428 +26.408
ROD=9 .81 .

. P2 = 614.5 x 10° N/m® = 614.5 kPa

+0-+h,




14. Water flows through a 100 mm diameter pipe’
with a velocity of 0.015 m/sec. If the
kinematic viscosity of water is 1.13x10°°
m?*/sec, the friction factor of the pipe material

is
(a) 0.0015 | (b) 0.032
(c) 0.037 (d) 0.048

.



(4. Ans: (d)
gol: Given glmitaz:
Type of fluid in flow through pipe = water

Diameter of pipe (D) = 100 mrm = 0.1 m
Velocity of water flow
(WD) = 0015 mvscc

Kincmalic viscosity of water (w)
= 1.13 » 10" m“*/scc
FReynold™s Number (Roa) = M.
iy

OD.OD1LS = 0.1

1.13 = 10"%
Reynold®s number is less than :critical
Reynold’s number wvalue Z2000. Hence fluid
flow is laminar.

For laminar flow,

- 1 327.4323

Dﬂ.rﬂbf‘.ﬂ fl—_ir_'.-l:ilﬂln f'.ﬂq:f_gr {f} == o< —_— o<

| S 1327 .<4+33
= 0.0482




16. A 2 km long pipe of 0.2 m diameter connects

two reservoirs. The difference between water

" levels in. the reservoirs is 8 m. The Darcy-

Weisbach friction factor of the pipe is 0.04.

Accounting for frictional, entry and exit
losses, the velocity in the pipe (in m/s) is:

(a) 0.63 (b) 0.35 (¢)2.52  (d) 1.25

.
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17. An incompressible fluid is flowing at a steady
rate 1n a horizontal pipe. From a section, the
pipe divides into two horizontal parallel pipes
of diameters d; and d> (where d;= 4d,) that
run for a distance of L. each and then again
join back to a pipe of the original size. For
both the parallel pipes, assume the head loss
due to friction only and the Darcy-Weisbach
friction factor to be the same. The velocity

ratio between the bigger and the smaller
branched pipes is

.
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19,

A pipe of 0.7 m diameter has a length of

6 km and connects two reservoirs A and B.
The water level in reservoir A is -at an
elevation 30 m above the water level in
reservoilir B. Halfway along the pipe line,
there is a branch through which water can
be supplied to a third reservoir C. The
friction factor of the pipe is 0.024. The
quantity of water discharged into reservoir
C is 0.15 m’>/s. Considering the acceleration
due to gravity as 9.81 mvs® and negle _'T
minor losses, the discharge ((Gn ma.-"s;.) -
the reservoir B 1s

SAinto



19, Ans: 0.56 to OS5

Sol:
By continuity ecquaticom:
(2o = Oy + e
s, = D+ 0. 15
For thhe flow from reservoair (A) to the
reserwvolr ()
= =

ILoss of head = L "fﬂ'c}f - fn-fpn J:'-:'

12 . 1= 12,1 = <,

30 o 0.024 = 3000 = (2, +0.15) L, 0024 = 3000 = =
o 12 1o 7)) 12 1{0.7)F

Simnplifying
QL +0.150Q,, —0.413 =0

e D= 0.5 T2 m fsec
(considerced positive valuc)




O1.

Five Wiarks OQuestions T rio

Two pipes A and B are connected in parallel
between two points M and ™ as sh-:-wn in the
figure . Pipe A is of 80 mm dlamet-:r 9(3{1 I
long and its friction factor is 0.015. Plpé "fE! is
of 100 mm diameter, 700 m long and its!
friction is 0.018. A total discharge of 0.030
m-/s is entering the parallel pipes thrﬁught
the division at M. Calculate the discharge in
the two pipes A and B.

-

— A Fa =—=0.015
BO mm dia, 900

1 OO e dia, 700
— B fp—=—0013




01. i

Sol: Total discharge, Q=0.030 m%s
Let Qa and Qp be the d:scharges in plpe A
and B re.spectwely

QU A £,=0015
: 8ﬁmmdja,9mﬁ;

I'I]ﬂmmdia,?ﬂl}m. .
—

Length of pipe A, LA = 9[]0 m
Diameter of pipe A, dy =80 mm - . ..
Friction Factor of pipe A, fy = 0.015. e o

..

= Qa=0.01 m¥/sec

Friction factor of pipe B, fzg = 0.018 1

Diameter of pipe B, dg = 100 mm
Length of pipe B, Lg = 700 m
Q=Q, +Qs :
Head loss across pipe A = Head Stan 3
pipe B ( parallel pipes)

. 8f,L,Q} _ 8fzLsQp
Uonlgdl, n'gd
:O.Ulixﬁ'qui _ 0.018x700x ﬁ

' 0.08° _ 0.10°
= Qu=055Qs o
Qa+Qs=003 '
0.55 Qg+ Q=10.03

0.03

=" ~0.02ms
=15 sk







