12.4. MINOR ENERGY LOSSES 4

f‘ {
Whereas the major loss of energy or head is due to friction, the minor loss of energy i uc | e {
(or head) includes the following cases: L“‘\—'ff‘
alasl @] esiaggla

1. Loss of head due to sudden enlargement,

Loss of head due to sudden contraction,

Loss of head due to an obstruction in the pipe,
Loss of head at the entrance to a pipe,

Loss of head at the exit of a pipe,

Loss of head due to bend in the pipe, and
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Loss of head in various pipe fittings.

12-4-1 Loss of Head due to Sudden Enlargement

Fig. 12-4. shows a liquid flowing through a pipe which has suaden enlargement. Due to sudden
enlargement, the flow is decelerated abruptly and eddies are developed resulting in loss of
energy (or head).

Consider two sections 1 — 1(before enlargement) and 2 — 2 (after enlargement).
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Let, 4, = Area of pipe at section 1-1. @ @

_ g D} (where D, is the | @t/’/}/r// 1 7Y
diameter of the pipe). _i— % . - | v,
1 o _ - - - -
p, = Intensity of pressure at section (D)) pi__:f ; g Do A_,_Péﬂ )
o _ | @\ | |
V, = Velocity of flow at section 1-1, ! ‘_:'_')1_) — v
A4, (: T D; ] . p, and V, = Correspond (D f 2
o B Eddies
ing values at section 2-2, Fig. 12.4. Loss of head due to sudden enlargement.

Py = Intensity of pressure of the liquid eddies on the area (4, —4,). and
I, = Loss of head due to sudden enlargement.

Applying Bernoulli’s equation to sections 1-1 and 2-2, we have:
2 2

Py zZ; = £y £ + z, +Loss of head due to sudden enlargement (/1,)
w  2g w  2g
y o= =)

e

2g



Example 12.8. At a sudden enlargement of a water main from 240 mm to 480 mm diameter, the
hydraulic gradient rises by 10 mm. Calculate the rate of flow.

Solution. Diameter of the smaller pipe, D, = 240 =mm =024 m
Diameter of larger pipe, D, = 480 mm = 0-48 m

Rise of hydraulic gradient, i.e.

[& +:2j —(&4— :1] =10 mm = 0-01 m
w W .

[The term [E + :] prescribes the hydraulic gl‘adien‘r}
W )

Rate of flow, O:
Applying Bernoulli’s equation to small and large pipe sections (1-1 and 2-2), we get:

2 2
Py W +z; = Py L3 + z, + I, (i.e., head lost due to sudden enlargement) ..(7)
w  2g w  2g
1732
But, h, = @27»7/2) ...(ii)

From continuity equation, we have:

4.7, = 4,1,
T 2
4y, 7% D, Y
V]_: 22:4 )(sz[_zj XVZ
4 EXDIE Dy
0.48)"
or, vV, = [@j x V, =4V,

Substituting this value of ¥} in eqn. (i7), we get:



_ A -1 9y

h =
’ 2g 2g
Now, substituting the values of he and 7 1n eqn. (i), we have:
2! +(4V2) bz = Py "2 Vz + 2, +9V2
w 2g w 2g 2g
2 2 2
or. v, ¥y 9% _ [p3+:2] (&-F.'l]
2g 2g  2g w W
2
or, % - 0.01
28
0.01x2x9.81\"
or, v, = ( : c : J = 0.181 m/s

Rate of flow, O = 4,0, = g x 0.48% % 0.181 = 0.03275 m’ /s (Ans.)



Example 12.9. A horizontal pipe 150 mm in diameter is joined by sudden enlargement to a 295
mm diameter pipe. Water is flowing through it at the rate of 0-05 m3/s. Find: (i) Loss of head due
to abrupt expansion, (ii) Pressure difference in the two pipes, and (iii) Change in pressure if the
change of section is gradual without any loss.

Solution. Diameter of the smaller pipe, D; = 150 mm = 0-15 m

Area, 4, = gx 0.152 = 0.01767 m>

Diameter of the larger pipe, D, =225 mm = 0-225m

Area, 4, = g x 0.225% = 0.03976 m’

Discharge, O = 0-05 m’/s
(i) Loss of head due to abrupt expansion, /z,:

hg — (Vl B VZ)
28
where, V; and V, are the velocities of flow m the smaller and larger diameter pipes respectively.
V= O = 0.0 =2.83 m/s
4, 0.01767
v, = Q = 0.05 =1.26 m/s
A4, 0.03976
2.83 - 1.26)°
Hence, h, = ( ) = 0.1256 m (Ans.)

¢ 2 x9.81



(77) Pressure difference in the two pipes :
Applying Bernoulli’s equation at the smaller and the larger pipe sections, we get:
2 2

ﬂjLV—jL,1 =2 +V—+_2+ﬁ;r
w  2g w  2g
- 2 2
or, [M] Nl h, [+ z; = z,. the pipe being horizontal]
W 2g
: [pz % ] _ 28321267 os6 0202 m of water (4
o W 2 x9.81 ST (Ans.)

The positive sign indicates that there 1s gain in pressure. Thus, although there 1s an energy
loss, the pressure increases across a sudden flow of expansion.

(7iii) Change in pressure with gradual change of section :
If the change of section is gradual without loss, then, gain in pressure,

2 172 2 2
PP n =7 = 2.857 1.6 = 0.327 m of water (Ans.)
W 2g 2 x 9281




Due to sudden contraction, the stream lines converge to a minimum cross-section
called the vena-contract and then expand to fill the downstream pipe (Fig. 12-5.)

Let, A_ = Area of flow at section q) @
Cc-C, @

V. = Velocity of flow at | i
I

I
C
section C—C, f?l“ I
4, = Area of flow at section v | f

I
1
v, |
2-2, —>D —> > 7 <“— D, >y,
1
I

AT |p,.A
V, = Velocity of flow at P Pr’2 y
section 2-2, and i
I
|

/i. = Loss of head due to !

sudden contraction. d) @ @

Loss of head due to sudden contraction
Vena-contracta
= Loss up to vena-contracta + loss due to -
sudden enlargement beyond vena-contracta ig-12.5

abal gl i
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N2
or, . = Negligibly small + M .. ()

2g
2 2
Pl (5 S
€ 2¢ | C,
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Example 12.13. A horizontal pipe carries water at the rate of 0-04 m3/s. Its diameter, which is
300 mm reduces abruptly to 150 mm. Calculate the pressure loss across the contraction. Take
the co-efficient of contraction = 0-62.

Solution. Diameter of the large pipe, D, = 300 mm =0-3 m

Area, 4, = gx 0.32 = 0.0707 m?

Diameter of the small pipe, D, = 150 mm = 0'15m

Area, 4, = Ex 0.152 = 0.1767 m>

Discharge, O = 0-04 m’/s.
Co-efficient of confraction, C. = 0-62
Pressure loss across the contraction, (p, —p,) :
From contmuity equation, we have:
4,V = 4V, =0

vV, = O _ 00 = 0.566 m/s

4, 0.0707
and, V, = O = 0.04 =226 Vs
- 4, 0.01767
Applying Bernoulli’s equation before and after contraction, we get:
2 2
&+£+:1 = &+V—2+:2+hf_ ...(7)

w  2g w  2g



But. z; =z, ...because the pipe 1s horizontal and head loss due to contraction (/) 1s given as :

2 .2 2 2
h. = L —1 V—z = [L — 1} X 2.26 = 0.0978
< |c 2¢  10.62 2%9.81

c

Substituting these values in eqn. (7), we get:

2 0.566° Py | 226

= + + 0.0978
w  2x98I1 w  2x981
2 2
D Py 2.26 £ 0.0978 — 0.566
W W 2 x 9281 2x 981
= 026+ 00978 — 0016 =0-3418
Hence, Py—P, = wx 03418 =981 = 0-3418

= 3-35 kN/m” (Ans.)



Example 12.15. When a sudden contraction is introduced in a horizontal pipeline from 500 mm diameter
to 250 mm diameter, the pressure changes from 105 kN/m? to 69 kN/m2. If the co-efficient of contraction is
assumed to be 0-65, calculate the water flow rate. Following this if there is sudden enlargement from 250
mm to 500 mm and if the pressure at the 250 mm section is 69 kN/m2, what is the pressure at the 500 mm
enlarged portion ?

Solution. Diameter of the large pipe, D; = 500 m=0-5m
Area, 4, = Ex 0.52 = 0.1963 m*
Diameter fo the small pipe, D, = 250 mm = 0:025 m
Area, A, = Ex 0.25% = 0.04908 m’

Pressure inside the large pipe, p; = 105 kN/m?
Pressure mside the small pipe. p, = 69 KN/m?

Co-efficient of contraction, C, = 0:65

¥ ® ¢

p, =105 kN/m 2 .
Py =69 kN/m py="1
D =05m D;=025m D,=0.5m
1 -

|
|
|
| g
I
|
|
:

1 1
| |
I |
1 1
| |
D,=025m | |
| |
| |
1 1

P
®



(i) Flow rate, Q :
Head lost due to contraction 1s given by:

2 2 2 2
h.= 43 (L — 1.[}] = i [L — 1.0} [Eqn. (12-3)]
-~ 2g10.65 2¢ 1 0.65
= 0.2899 £ ..(7)
2g
From contmuity considerations, we have:
AV, =A4,V,
A /4) x D?
v, = 4 Vz—(n ) x D5 < 7,
4 (m/4)x Dl
0.50 4
Applying Bernoulli’s equation at 1-1 and 2-2. we get:
2 2
ﬂJrIiJr:1 Ly +z, +
w 2g w  2g
But, Z, = z, ...the pipe being horizontal.

2 2
ﬂ+£ = &+V—2+h’c

w  2g w  2g



2 2
ﬂ+£:&+V_2+hf
w 2g w  2g '

Substituting the values, we get:
2 2 2
105 N 7, /4 _ 69 V. + 0.2899 Vs

= + 2 :
981 2x9.81 981 2x981 2 x9.81
. sz _ 2 4 2
or, 210+E = 138+ 75 +0.2899V;
S , V5 >
or, 72 =1.2899V; — Te =1.22747V;
V, =766 m/s

Hence, rate of flow, O = 4,V,=0-04908 = 7:66 = 0-376 m’/s (Ans.)
(i) Pressure at the enlarged section, p, :
Applyig Bernoulli’s equation at the sections 3-3 and 4-4, we get:
2 2

|
LT Zy = Pay Vi + z4 + I, (loss of head due to sudden enlargement)
w  2g W
But, p; =69 kN/m?
Vy=V,=7-66m/s
V,="n :§:E:1.915 m/s
4 4
Z3 = Z,
Vi -V,  (7.66-1.915)
And, h,= s 7o) _( ) m=1.68m

2¢g 2 x9.81
Substituting the values in the above equation, we get:

60 766 _ p, +(1.915)3+

+ 1.68
981 2x981 981 2x938l

7033+2.99 =24 10187 +1.68
9.81

or, ps=80 kN/m* (Ans.)



Refer to Fig. 12-7. The loss of energy due to an obstruction in pipe takes place on account of
the reduction in the cross-sectional area of the pipe by the presence of obstruction which is
followed by an abrupt enlargement of the stream beyond the obstruction. Head loss due to
obstruction (Aobs.) is given by the relation:

2 1

|

|

c |

A & !
one. = | z K v
obc. Cc(A-a)] 26 —)-*Arﬂaa@ —>

|

* 1

|

1

1

where, A = Area of the pipe, d = Maximum area of obstruction, and

V= Velocity of liquid in pipe.
12-4-4 Loss of Head at the Entrance to Pipe
Loss of head at the entrance to pipe (A1) is given by the

relation : h; =0.5 —

where, V= Velocity of liquid in pipe.
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12-4.5 Loss of Dead at the Exit of a Pipe
Loss of head at the exit of a pipe is denoted by A0 and is given by the relation:

VZ

h0=ﬁ

where, V= Velocity at outlet of pipe.

12-4.6 Loss of Head due to Bend in the Pipe
In general the loss of head in bends (Ab) provided in pipes may be expressed as:
VZ

ho - k E
where, V= Mean velocity of flow of fluid, and

and, k= Co-efficient of bend; it depends upon angle of bend. radius of curvature
of bend and dlameter of pipe.

12-4.7 Loss of Head in Various Pipe Fittings
The loss of head in the various pipe fittings (such as valves, couplings, etc.) may
also be represented as :
VZ
hfitting =k E
where, V= Mean velocity flow in the pipe, and k= value of the co-efficient; it
depends on the type of the pipe fitting.



Fig. 12-15 shows a system of pipes in series.

abal | sy

YOUR WY TC SUCCESS

As the rate of flow (Q) of water through each pipe is same, therefore,
Q = A4V =41, =45V,
Also, The difference in liquid surface levels = Sum of the various head losses in the pipes
3

ie, Ho= Iy+hy +h +hs + D+ + Z_ﬁg 0
2
where, i, = Head loss at entrance = 0.5%;
2
h o= Head loss due to friction in pipe 1 = —4flL1V1
05772 Dix2g
i. = Head loss at contraction = — 2
2
hf = Head loss due to friction in pipe 2 = 4hLV,
2 D,x2g
v, -V)*
i, = Head loss due to enlargement = (1'2—3)
g
2
f?f = Head loss due to friction in pipe 3 = —4f—”L3V3
3 Dix2g
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N

33
kL 3

Fig. 12.15. Pipes in series.

Substituting the values 1n (7), we have:

VZ
H = Iy+he +h+hg + 0, + Dy -

o
L]

05V AALIY 0.5V 4HLVy (o =Va)  AGLYY V5

2g Dix2g 2g Dyx12g 2g
If minor losses are neglected, then above equation becomes:

o= ARLIE | ALLYVS | ALLYS
Dix2g D,x2g D;x2g

If, fi = L, =/;=/ then:

Dyx2g 2g

.(129)

.(12:10)



Example 12.22. Three pipes of diameters 300 mm, 200 mm and 400 mm and lengths 450 m, 255 m and
315 m respectively are connected in series. The difference in water surface levels in two tanks is 18 m.
Determine the rate of flow of water if co-efficients of friction are 0-0075, 0-0078 and 0-0072 respectively
considering:

(i) Minor losses also, and (ii) Neglecting minor losses.

Solution. Pipe 1 : L, =450 m, =D, =300 mm = 0-3 m, f; = 0-0075
Pipe2:L, =255m,D,=200mm=02m,f, = 00078
Pipe 3:L; =315m, D; =400 mm = 0-4 m, £; = 0:0072
Difference of water level, # = 18 m.
(/) Considering minor losses :
Let ¥, ¥, and V; be the velocities in Ist, 2nd, and 3rd pipe respectively.
From continuity considerations, we have:
AV, = AV, = AV,

| 4) x D ' 03Y
y, = 4n _ 4)><D12 XKZD—EX’T’E:(O_] v, =225V,
4, (n/4)xD; D3 .02
AV, (n/4)x D? D? 03Y
and, v, = 21 lzx;fl:—lzxrq:f—] v =0.5625 7
4 (n/4)xD; D: L0.
=12 2 2 2 2
We know that: H = 0-5% + ARLY, + 0.57; + 411V n 7, )
2g Dyx2g 2g D,x2g 2g
2 2
+ 4151575 + £ ..[Eqn. (12:9)]

Dyx2g 2g



057 , 4x0.0075 x 450 x v L 05x(2.25 7)) , 4x0.0078 x 255 x (2.2577)

18 =
2g 03x2g 2g 02x2g
, (2257 - 0.5625 V) , 4x0.0072 x 315 x (0.5625 ) , (05625 )
2g 04x2g 2g
18 = Zl (0.5+45+2.53+201.4+2.847 + 7.176 +0.316)
°© 2
~ 25077
2g
or, V= JISX_E <981 =1.166 mV/s
259.77

Rate of flow, O = 4, = V, = (n/4) x 0-3% x 1:166 = 0-0824 m’/s (Ans.)
(77) Neglecting minor losses : ) ) )
We know that, H= thhh + 412V, + e ..[Eqn. (12-10)]
Dy x2g D,x2g D;x2g

V2 {4 x 0.0075 x 450 4 x 0.0078x255x2.25° , 4x0.0072x315 x(0.5625)*

18 = +
2g 03 02 04
2 2
_ (45 +201.4 +7.176) = 253.57 x n
2g 2g
or, vV, = \/18><-2><-9,81 =1.18 m
253.57

Discharge, O = 4,7, = (n/4) < 0-3” < 1:18 = 0-0834 m*/s (Ans.)



