So that means I know the head losses that is what 1s computed here by substituting this

value. There will be minor losses like bend losses, valve losses, the entry and exit losses

all the components, this entry and exit loss we do not consider it here only the bend loss

and valve loss we compute it which we have these values.

Major pipe head loss (due to friction):

Minor losses:

VL
(hl)p_ 75
by, = 0018 158" 1922
(N 2 0.5
kg.m
= 287.88 —————
8 88kg.sz/m

(h));, = bend loss + valve loss + entry + exit

& &

(hl)m = Kpena E + Kpaive E

(Refer Slide Time: 50:39)

Example |

2o
(") = Kpena 2 | h:a.‘lrvz

4

156)2 158)
- 04, ”7] T

ka.m
278 q .”,
kg.s*/m

+(1)

(1.58)*

2

° . I
i /1—“.-.
o. PN Device

Pump

If are considering that the loss components will get it this much is the minor losses.

Now we are substituting Bernoulli’s equations, the modified Bernoulli’s equations to

compute what could be the pressure. So I am not going more detail as you can read this

ppt to get these details.

Minor losses:

& &

(hl)m = Kpena E + Kyaive E
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(1.58)2 (1.58)2 (1.58)2
—+ (04— + (D

kg.m
kg.s?/m

= (0.4)

= 2.25

Pressure at B (using Bernoulli’s eq):

P, V2 Py  V§
?"‘TA"‘QZA =?B+7B+9ZB + (h)r
P P

?B = ?A-FQ(ZA —Zp) = (h)p — (W)

(Refer Slide Time: 50:57)

Pay iRy o h )
8 = o + .(](ZA e /,,',‘) = l.h.')p = (h )m
PP

Py =Py +pg(Zy — Zg) = plhy)y = p(hy)m
Py = 689.476 X 10° - (1000)(9.81)(322sin5%) - (1000)(287.88) — (1000)(2.25)

P, = 124KPa

i |—illo
o_l/Y“: e Device

Pump

So once know it then you can compute the pressure. Just substitute the value then
compute the pressures. So it is quite easy job now once you know that.

Pressure at B (using Bernoulli’s eq):
P Py
—=—+g(Zy—Zp) — (), — (h)m
p P
Py = Py + pg(Zy — Zp) — p(hy)p — p(h)m
Py = 689.476 x 103 — (1000)(9.81)(322sin5°) — (1000)(287.88)
— (1000)(2.25)

P, = 124KPa

(Refer Slide Time: 51:09)
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Example 2

A pipe of 0.7m 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 reservoir B, Halfway along the pipe line, there is a branch
through which water can be supplied to a third reservoir (. The friction factor of the pipe is 0.024. the quantity
of water discharged into reservoir C is (.15 m¥s, considering the acceleration due to gravity as 9.81 m/s* and
neglecting minor losses, the discharge (in m*/s) into reservoir B is (GATE 2015, Civil)

classiication
One dimensional
Steady flow
Turbulent
Incompressible flow
Homogeneous fluid
Friction flow

\ mmul‘v!mw

Minor losses are neglected

Difference of elevation between water surface in the reservoir is the
") @ BunofFiction losses

Now you take it the second problems which has the GATE 2015 problems is that the
pipe of 0.7 meter diameter has a length of 6 kilometer connects the two reservoirs okay
and the water level in the reservoirs is 30 meter above the water level of reservoir B
okay. Halfway along this pipeline there is a branch. Water is supplied to the third

reservoir C. Then friction factors of the pipe is given.

The quantity of the water discharged into reservoir C is given it. Considering this
accelerations due to the gravity this value neglecting the minor loss the discharge into
reservoir 1s what, okay? That is what is the questions. If you look it that you draw the
sketches that is the 6 kilometer, this D is given and you have a 0.15 this the discharge

what is coming.

If this 1s a Q amount of discharge this will be Q minus this point okay. So you know
this part. You also know these two reservoirs having the elevation difference of 30
meters. That means, this much of energy loss has to be there. Otherwise, these two
levels cannot be maintain it. So when flow comes from this pipe of a Q amount of the
waters which is passing through this point one pipe on this, but total head losses, total

energy losses from through these pipes would be the 30 meters.

Then this too have a 30 meters elevation difference will be there, because velocity at
this point and this point will be the zero. So the total these values will be there or I can
say it, it will have a some sort of the hydraulic gradient or energy gradient like this. So

we need to try to know it that how what could be the Q value such way that we will
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have the energy losses of 30 meters when passing through these 6 kilometer long pipe.
For that f is given to us okay. We know this the length, we know the f factors value is

given.

(Refer Slide Time: 53:36)

Example 2 Given

friction factor = 0.024
Length (A - mid section) = 3000 m
Length (mid section - B) = 3000 m
Diameter E

\
Veloerty Distribution

Considering average velocity V,

'y
VE

So we just substitutes to compute head loss because this amount is a Q amount of waters
and this pipe will be Q minus 0.15 okay. So you will compute the head loss. That is
what we have derived it and you compute this head loss components. Sometimes we

write in terms of Q or you can write in terms of V, that 1s not a big issue.

Given:

friction factor = 0.024

Length (A - mid section) = 3000 m
Length (mid section - B) = 3000 m
Diameter = 0.7m

Head loss (Darcy Weisbach Equation):
f LV?

Hy = 2gD
JL (%)2 fLQ?

002 (o)

8fLQ*
f= gTL’ZDS

(Refer Slide Time: 54:02)
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Example 2 Give
friction factor = 0.024
Length (A - mid section) = 3000 m
Length (mid section - B) 3000 m
Hyy + Hyyy = 30m, Diameter =

BLa; , 8L}

— —=30m
gneD? - gntD?

8(0.024)(3000)0%  8(0.024)(3000)(Q - 0.15)*

—— e ——— ik ——— 30m
(9.81)m*(0.7)° (9.81)m=(0.7)

, 034258 .
20°-030-0823=0 2 Q=—"— =0 =072m/s

Discharee in reservolr B

0z =0.72-015=057m"/s

VOB O G

Considering two portion of pipe I:
Hep + Hep = 30m
8fL,Qf N 8fL, Q%
gm?D> = gm?D>
8(0.024)(3000)Q* 8(0.024)(3000)(Q — 0.15)> B

= 30m

8072075 (9.81)72(0.7)5
20% — 030 — 0.823 = 0
0.3 + 2.58
=0 = 2

> Q =0.72m3/s
Discharge in reservoir B:

Qg = 0.72 —0.15 = 0.57m3/s

And you can compute the energy losses and this should be equal to 30. That is what I
was discussing. That is the key point of these problems, okay? The energy losses of this
factor and this part should have. This is Q amount of discharge is going. This is Q minus
0.15. So you get this value. If you solve it, you will get the Q value and if know this Q
value you can compute the Q. The tricky of these problems, the hints of the problems

is only this ones nothing else.
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[wo reservoirs are connected through a 930 m long, 0.3 m diameter pipe, which has a gate valve. The pipe
entrance is sharp (loss coefficient = (.5) and the valve is half-open (loss coefficient = 5.5). The head difference
between the two reservoirs 1s 20 m, Assume the friction factor for the pine as 0.03 and the acceleration due to
gravity as 10 m/s?. The discharge in the pipe accounting for all minor and major losses is __(in m¥/s)
Rlow dliscifioatic (GATE 2015, Civily

One dimensional

Steady flow

Turbulent

Incompressible flow

Homogencous fluid

Friction flow

Assumnbons

* Flow will take place due to total head of 20m
» Difference of elevations between water surface in the reservoirs is the sum of major losses (friction) and

)0 painer lasscs (entry, cxit, contraction, expansion, valves, bends, clbows etc.)
RN “

Another the third examples. Okay, two reservoirs are connected with a 930 meters. That
is the GATE, again this 2015 paper. The diameter pipe which has a gate valve, okay it
is having the valve here, okay. The pipe entrance is sharp. The loss coefficient is given
it. The valve is half open. Loss coefficient also i1s given there. K is given here. Here also

K is given. The head difference between two reservoirs is given it.

Again same problems, okay. Assuming the friction factor is given. Acceleration due to
gravity is given. It is approximated here and you have to find the discharge accounting
all the major and minor losses. If you look at these problems is exactly for the problems

what we discussed it, nothing else, okay. Here we have a major losses and minor losses.
All these losses we will equate it to compute, find the total energy losses which will be

the 20 meters, that is the problem. The f is given, the K values are given. So you will

write in terms of this and compute it what will be the.
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Example 3

friction factor 0.03
Length (pipe) 930 m
Diameter 0.3m

Loss coefficient (value) = 5.5

Loss coefTicient (entry) 0.5

Loss coefficient (exit) no loss (=1)
Total head loss

Velocity Distribution

Considering average velocity V.,

Hyoss = major loss + minor loss
Hyoss = [riciton loss + entry loss + exit loss + valve loss

H,

» @ r"l'“ ‘L A

We will use this energy losses, frictions losses, entry losses, exit losses, valve losses,

all components are there.

Given:

friction factor = 0.03

Length (pipe) = 930 m
Diameter = 0.3 m

Loss coefficient (value) = 5.5
Loss coefficient (entry) = 0.5
Loss coefficient (exit) = no loss (=1)
Total head loss = 20 m

Velocity Distribution:
Considering average velocity Vavg
Head loss (Darcy Weisbach Equation):

LV?
2gD

Total head loss:
H;,cc = major loss + minor loss
H,,sc = friciton loss + entry loss + exit loss + valve loss
fLV? & V2 V2

Hipss = Zg—D + Kentry E + Kexit E alve E
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a | ),
Example 3

tal head loss friction factor = 0.03
Length (pipe) 930 m
Diameter = 0.3m
5.5
0.5

Vv 2 ' I 2 : V 2
T !r“,')_+ hme}’ ‘1'.11:.52)_ A
“y el «d Loss coefficient (value)

Loss coeflicient (entry)
, (003)93002 V2 P rr'V: Losscoelﬁcienl(cxil) no loss (=1)
0= 203 +(0.5) T +(1) T +(5.5) % Total head loss = 20m

409 = 9302 + (05)V2 + (1)V2 4 (5.5)12

V=2m/s

T . 4
/= DXV = 01413 m'/s

And if you substitute it you will get the velocity and you will get the discharge. So the
substituting this value and all you try to understand it. It 1s okay, it is not a very difficult

task for you.

Given:
friction factor = 0.03
Length (pipe) = 930 m
Diameter = 0.3 m
Loss coefficient (value) = 5.5
Loss coefficient (entry) = 0.5
Loss coefficient (exit) = no loss (=1)
Total head loss = 20 m
Total head loss:
29D entry 5 exit 5 g value 5 o
2
0= (0'023;82(;)11 +(0.5) g + (1) g + (5.5) g
40g = 93V* + (0.5)V* + (1)V2 + (5.5)V*>
V=2m/s
Discharge:

Q=AXV =-D2xV =0.1413m3/s
- .
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And with this let me finish this lectures with giving acknowledging their contributions
having so beautiful ppt and illustrations for you delivering this lectures of fluid
mechanics. Really I enjoyed lots delivering the lectures because it has a lot of

illustrations, lot of examples and all. And then this there are the summary.

(Refer Slide Time: 56:42)

Summary of the Lecture

v

1. Experimental Setup for Losses in Pipe
— /
2. Minor Losses in Pipes

+ Loss due to Entry and Exit

+ Loss due to Elbow and Tee
* Loss due to Gate Valve and Globe Valve

3. Derivatioaferttinerly

4

As you know it we discussed about the minor losses of the pipe. We also showed you
the experimental setup. We also derived the minor losses how to these more importantly
the energy and hydraulic gradient lines which need to be drawn it and also you can use
the control volume concept and you try to understand the flow. It is not microscopically
also the gross characteristics wise. With this let me thank all of you for this attention.

Thank you.
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