APPLIED HYDRAULICS

CHPATER 5:
PIPE FLOW



Pipe Flow

* Introduction

 Reynolds number

* Velocity Profile

* Pressure Drop and Head Loss
* Horizontal and Inclined Pipes
 Moody Chart

* Energy Equation



Pipe Flow | Infroduction

In the pipe flow, there is no direct atmospheric flow and there would be
hydraulic pressure only.

Pipe flow has pressure (above or below atmospheric), while, open channel flow
is always at atmospheric pressure.

The fluid is usually forced to flow by a
fan or pump through a flow section.

This should not be confused with
open-channel flow where flow is
driven by gravity alone.




Pipe Flow | Infroduction

The terms pipe, duct, and conduit are usually used interchangeably for flow
sections.

Rectangular
duct

Circular pipe

Water -
A0 atm

In general, flow sections of circular cross section are referred to as pipes.
Flow sections of noncircular cross section as ducts.
Small diameter pipes are usually referred to as tubes.



Pipe Flow | Reynolds Number

Reynolds Number

. . . : Re = Inertial forces
The ratio of inertial forces to viscous T ——
forces _ pVaig L2
MVayg L
. ! . P‘/ang
In a circular pipe is: = m
V XL _ Yawe L
Re = VvV
U . . .
v is kinematic viscosity
I/ is average flow velocity dynamic viscosity u
L is characteristic length of the geometry the density of the fluid p

or hydraulic diameter D,,.

(L = D or diameter in this case)



Pipe Flow | Reynolds Number

At large Reynolds numbers, the
inertial forces are large relative to the
viscous forces, and thus the VISCOL:IS Re Inertial forces
forces cannot prevent the rapid €
fluctuations of the fluid (Turbulent

Viscous forces

2 12
flow). _ Playg L
MVayg L
At small or moderate Reynolds — PVﬂVgL
numbers, however, the viscous forces [
are large enough to suppress these Vang
fluctuations and to keep the fluid “in 7

line.” (Laminar flow)



Pipe Flow | Reynolds Number

Hydraulic Diameter

V x Dy, 44
= Dh = —
e v PW
Circular tube: @
Where A is the cross-sectional area of the pipe and 4{175*;4;-

D is its wetted perimeter.

Pipe Flow Re = 2300 laminar tlow

= Re = 4000 transitional flow
Re = 4000 turbulent flow

Rectangular duct:

dab _ 2ab

h— 2(a + b) T a+b

Open Channel Flow

Laminar flow : Re <500 (viscous > inertia)

Transitional flow: 500 < Re < 1300
Turbulent flow: Re > 1300 (inertia > viscous)




Pipe Flow | Velocity Profile

Consider a fluid entering a circular pipe at a uniform velocity. Because of the
no-slip condition, the fluid particles in the layer in contact with the surface of
the pipe come to a complete stop.

The no-slip condition assumes that at a solid boundary,
the fluid will have zero velocity relative to the boundary.

This layer also causes the fluid particles in the adjacent
layers to slow down gradually as a result of friction.

To make up for this velocity reduction, the velocity of the fluid at the midsection
of the pipe has to increase to keep the flow rate through the pipe constant.

As a result, a velocity gradient develops along the pipe.



Pipe Flow | Velocity Profile

The region of the flow in which the effects of boundary are felt is called the
velocity boundary layer or just the boundary layer.

Irrotational (core) Velocity boundary Developing velocity Fully developed
The thickness - f th|5 boun dary flow region I\-. layer ’ff" profile velocity profile
layer increases in the flow direction
until the boundary layer reaches
the pipe center and thus fills the

entire pipe.

< Hydrodynamic entrance region————— *[*——~7 — *

Hydrodynamically fully developed region

The region beyond the entrance region in which the velocity profile is fully developed
and remains unchanged is called the hydrodynamically fully developed region.



Pipe Flow | Velocity Profile

The velocity profile can be rewritten as:

The maximum velocity occurs at the centerline and is
determined by substitutingr = 0

Umax = 2 Vavg



Pipe Flow | Velocity Profile

Example 1

Plot the velocity profile if the average velocity is 10 m/s and the pipe diameter is
0.5 m.



Pipe Flow

Solution

Velocity Profile




Pipe Flow | Pressure Drop and Head Loss

The pressure drop AP is directly related to the power requirements of the fan or
pump to maintain flow.

R? (dp
Vavg =~ g \ @

w Dynamic viscosity

The pressure drop in a laminar flow by

- Ty HeE he lenEtms d—p—PZ_Pl—Constant
integrating from the —— on the length L: dx T

Then substituting it into 17,4, expression, will be resulted in:

The Sl unit for pressure is the pascal (Pa), equal to 8/1LVavg _ 3Z.ULVOng

one newton per square metre (N/m2 or kg-m-1-s-2) AP =P, —P, = R2 D?



Pipe Flow | Pressure Drop and Head Loss

The pressure drop is function of the viscosity of the fluid, and AP would be zero if
there were no friction.

SuLlVapg  32uLVgyg
R2 D2

AP =P, — P, =

In practice, it is found convenient to express the pressure loss for all types of flows

(laminar or turbulent flows, circular or noncircular pipes, smooth or rough
surfaces, horizontal or inclined pipes) as:

AP V2
Pressure loss per unit lengthT = % azvg

L pV2
Pressure loss: AP; = 5'0 ;wg




Pipe Flow | Pressure Drop and Head Loss

L pV2
AP, = L PVavg
D 2
PV
;wg is the dynamic pressure and f is the dimensionless Darcy friction factor.

Friction factor (/) for fully developed laminar flow in a circular pipe is:

64 64
pDVavg Re

f=

This equation shows that in laminar flow, the friction factor is a function of the
Reynolds number only and is independent of the roughness of the pipe surface




Pipe Flow | Pressure Drop and Head Loss

Pressure loss (usually caused by friction during fluid flow) is non-recoverable.
As it will be transformed to thermal energy (heat).

Pressure drop due to the difference of static pressure (different elevations)
between two points is recoverable (gravitational potential energy).

Therefore, the pressure drop and pressure loss are equivalent if:
(1) The flow section is horizontal
(2) The flow section does not involve any pump or turbine,
(3) The cross-sectional area of the flow section is constant, and
(

4) The velocity profiles at sections 1 and 2 are the same shape.



Pipe Flow | Pressure Drop and Head Loss

The head loss (h;) for both turbulent and laminar flows can be calculated as:

AP L V2
Head loss: h; = b f= v
&) D 2g

The head loss h; represents the additional height that the
fluid needs to be raised by a pump in order to overcome the
frictional losses in the pipe.

V2
Fressure loss: AP, =f % ;—:'”E-

Head loss: h, = PE

The required pumping power to overcome the pressure loss is:

By = g AP = Q[)&thL] = Qyh,
14

The power lost by hydraulic jump is:

y = Specific weight of water

P =yQAE -
m3 N Nm {
e i e

s m S

Q = Discharge




Pipe Flow | Pressure Drop and Head Loss

Friction factor for fully developed laminar flow in pipes of various cross

The friction factor [ relations are BN LTl tRAYNY

given in the table for fully developed [reqsw— o - et e
laminar flow in pipes of various cross L,IZ/—\ - oroome
: =
sections. (@Q/
Rectangle a'th
1 56.92/Re
2 62.20/Re
The Reynolds number for flow in these 2 O e
. 5 . 5 72 .80/Re
pipes is based on the hydraulic e 82 321Re
20 96.00/Re
: 44 :
diameter D, = — , where A is the /b .
PW 2 Egggrg:
cross-sectional area of the pipe and p e
T6.60/Re

78.16/Re

is its wetted perimeter.




Pipe Flow | Horizontal Pipes

The average velocity for laminar flow in a horizontal pipe is:

B AP. D?
Y9 32ul

32uLV,

AP < Y

a

Then the flow rate for laminar flow through a horizontal pipe of
diameter D and length L becomes:

APmtD*
X A =
2297w 128uL




Pipe Flow | Horizontal Pipes

Example 2

Water at 40°F (p = 62.421b/ft3 and u = 1.038 x 103 Ib/ft) is flowing
through a 0.12-in- (or 0.010 ft) diameter 30-ft-long horizontal pipe steadily at an
average velocity of 3.0 ft/s. Determine:

(a) The head loss
(b) The pressure drop, and

(c) The pumping power requirement to overcome this pressure drop.




Pipe Flow | Horizontal and Inclined Pipes

The average velocity and the flow rate relations for laminar flow
through pipes are, respectively:

_ (AP — pgL sin6)D?

_ (AP — pgL sin@)mD*

Vavg 32l

_ . AP TD?
AT ipe: V= .
Horizontal pipe: \ 128l

(AP - pgL sin )z D4
128l

Inclined pipe: \/ =

Uphill flow: 8 >0 and sin 8 > 0

Downhill flow: @ <0andsin @ <0

128ul

In inclined pipes, the
combined effect of pressure
difference and gravity drives
the flow.

Gravity helps downhill flow
but opposes uphill flow.

Therefore, much greater
pressure differences need
to be applied to maintain
a specified flow rate in
uphill flow



Pipe Flow | Inclined Pipes

Example 3

Oil at 20°C (p= 888 kg/m3 and u= 0.800 kg/m - s) is flowing steadily through a
5-cm-diameter 40-m-long pipe. The pressure at the pipe inlet and outlet are
measured to be 745 and 97 kPa, respectively. Determine the flow rate of oil
through the pipe assuming the pipe is:

(a) Horizontal
(b) Inclined 15° upward, and
(c) Inclined 15° downward.

(d) Also verify that the flow through the pipe is laminar.



Pipe Flow | Moody Chart

Friction factor (/) for fully developed laminar flow in a circular pipe is:

64u 64

f — —
pDVavg R,

The friction factor in fully developed turbulent pipe flow depends on the
Reynolds number and the relative roughness K, = e/D, which is the ratio of the
mean height of roughness of the pipe to the pipe diameter.




Pipe Flow | Moody Chart

All results are obtained from experiments using artificially roughened surfaces.

(turbulent tlow)

Although it is developed for circular pipes,
it can also be used for noncircular pipes by §8 i-:;gfiii::jv?fj:;ﬂJi‘r‘-g MOODY DIAGRAM ]
replacing the diameter by the hydraulic S P———

diamete I. Relative Friction

Roughness, Factor,
elD f

0.0* 0.0119
0.00001 0.0119
0.0001 0.0134

Ny ,
Find relative roughness curve.

£ [fY]
D [ft]

B
_!! ’

&

Seiii iiiiiiiil sl
1

St .,==mm|§E !

ll"ll !l!!!!!!‘!llllllll 2
00,
g !!! z === :l :

0.0005 0.0172
0.001 0.0199
0.005 0.0305
0.01 0.0380
0.05 0.0716

Relative Roughn&s

2) Follow curve to appropriate

* Smooth surface. All values are for Re = 10°
and are calculated from the Colebrook equation

| ] | o B L
]\‘C\"]LHLL\' numper ‘.'L’!'ilk'é!l [LHL‘.




Pipe Flow | Moody Chart
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Pipe Flow | Moody Chart

Observations from the Moody chart:

For laminar flow, the friction factor decreases with increasing Reynolds number,
and it is independent of surface roughness.

The friction factor is a minimum for a smooth pipe (but still not zero because of
the no-slip condition) and increases with roughness.

- 3 -
— ];.EE__mnur “~_  Fully rough wrbulent flow (f levels off)
S /D =0.01

At very large Reynolds numbers the friction |
factor curves corresponding to specified ~ |Transitional
relative roughness curves are nearly
horizontal, and thus the friction factors are L Smooth turbulent
independent of the Reynolds number

0.001%
-




Pipe Flow | Energy Equation

The energy equation (Bernoulli Equation) in the pipe systems can be written as:

PV P, V3

0g + Zg + Z]_ + hpump — 0g + Zg + Z2 + hturbine + 2 hL
hpump is the pump head delivered to Pressure is defined as the force over area
the fluid, N N
hwurbine is the turbine head extracted = i <W> = Pascal (Pa)
from the fluid,
> h; is the total head loss between For incompressible liquids, we have:
sections 1 and 2, P =pgh =yh

V/; and V, are the average velocities

at sections 1 and 2, respectively. h is the height of the liquid column.



Pipe Flow | Energy Equation

The total head loss is:

VZ
2 hL — + Kbend + Kexpanswn + Koutlet + Kturbme X5

Turbine

’ "'.I _— VALVE f 007
g : Mo AL TURBINE NI.FIII._.I LiE
1]




Pipe Flow | Energy Equation

P V2

EGL (Energy Grade Line) is the total head and measured by pitot tube. E+5+Z

I P, Vi

— L e — 7,

pg 29 pg 29
If the velocity increases, then the
piezometric head must decreases

regardless of any changes in elevation.

HGL (Hydraulic Grade Line) is a line
representing the total head available
to the fluid - minus the velocity head
and measured by piezometers.




Pipe Flow | Energy Equation

Negative P

~ _—HGL
//anili\'c P

HEGL and EGL

P
Plezometer - / Positive

Stagnation tubg.-—" B

y is always positive, so pressure is
negative — vacuum or pressure is
below atmospheric




Pipe Flow | Energy Equation

2
Yz above the HGL.

The EGL is always a distance >

These two lines approach each other as the velocity decreases, and they
diverge as the velocity increases.

The height of the HGL decreases as the velocity increases, and vice versa.

For open channel flow, the HGL coincides with the free surface of the liquid,
2

] . V.
and the EGL is a distance i above the free surface.

At a pipe exit, the pressure head (gage pressure) is zero (atmospheric
pressure) and thus the HGL coincides with the pipe exit (Gage pressure is
measured relative to the local atmospheric pressure).




Pipe Flow | Energy Equation

Frictional effects causes the EGL and HGL to slope
downward in the direction of flow.

A component that generates significant frictional
effects causes a sudden drop in both EGL and HGL at
that location.

The pressure of a fluid is zero at locations where the
HGL intersects the fluid.

The pressure in a flow section that lies above the HGL
is negative, and the pressure in a section that lies
below the HGL is positive. /

P

ositive P

Positive>\




Pipe Flow | Energy Equation

Example 4

A large tank open to the atmosphere is filled with water to a height of 5 m from
the outlet tap. A tap near the bottom of the tank is now opened, and water
flows out from the smooth and rounded outlet. Determine the maximum water

velocity at the outlet (no loss).




Pipe Flow | Energy Equation

Example 5

What horsepower must be supplied to the water to pump 2.5 cfs at 68°F from the
lower to the upper reservoir? Assume the pipe is steel (Assume entrance loss
coefficient is 0.5, exit loss coefficient is 1.0, and the relative roughness is 0.0002).

Sketch the EGL and HGL.

Elevation = 150 ft

S
0//
N3

Elevation = 100 ft 000
v

\

P on =
L = 1000 ft, D=8 in Elevation = 40 ft




Pipe Flow | Energy Equation

Example 6

In a hydroelectric power plant, 100 m3/s
of water flows from an elevation of 120
m to a turbine, where electric power is
generated. The total irreversible head
loss in the piping system from point 1 to
point 2 (excluding the turbine unit) is
determined to be 35 m. If the overall
efficiency of the turbine—generator is 80
percent, estimate the electric power

output. Generator
= 80%

Hturbine—gen




Pipe Flow | Energy Equation

Example 7

A piezometer and a Pitot tube are tapped
into a horizontal water pipe, to measure
static and stagnation (static dynamic)
pressures. For the indicated water column
heights, determine the velocity at the center
of the pipe (Hint: V2 =0).

Streamlines

Stagnation
point

Stagnation point
Vst = D




Pipe Flow | Energy Equation

Example 8

The flow rate in a Siphon is 150 L/s. What is the head loss between points 1 and
3? And if 67% of the head loss happens between points 1 to 2, what would be

the pressure head at point 2?




Homework 5

Q1. The discharge of water in this system is 20 cfs. Is the machine at A a pump or
turbine and what is its horsepower (f = 0.0135, K.trance = 0.5)?

Hint: assume A is a pump. If hp < 0 then, the assumption is not right.

Steel pipe I




Homework 5

Q2. What is the maximum height that the jet could achieve if water is flowing
from a hose (attached to a water main) at 400 kPa gage (no head loss).

Water jet
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Pipe Flow

* Pipes in series



Pipe Flow | Pipes in series

When two or more pipes of different diameters or roughness are connected in
such a way that the fluid follows a single flow path throughout the system, the
system represents a series pipeline.

P, VP P, V5
+ + Zl —_ + + Zz + z hL
Yy 29 Yy 29

Q:V1A1:V2A2 aSA1=/:A2 — V]_#:Vz

2 hy, =h_in+hp + 0 _join +hpo + R _our



Pipe Flow | Pipes in series

z hy, =hp_in +hps +hp_join + hpa + hy_out

h _ (Vl - Vz)z
L—join —
29
2 ) 4 2
Q @ 2 _
h --—(Al AZ) _Q nD{ nDj _ 44 2 5 1 1\°
e 29 29 = 2972 ¢ 57 T

e
SI:0.0827
ES: 0.0251



Pipe Flow | Pipes in series

Example 1

Calculate the flow rate if D =0.6m, L =300m, K;,, =0.5, K,,; = 1.0, f;
= 0.026and D, =1m, L, =240m, f, = 0.016, H = 6 m.




Pipe Flow | Branching pipes

Consider the case shown in the following figure, where three reservoirs are
connected by a branched-pipe system.

The problem here is to determine the discharge in each pipe and the Total Head
(or Total Energy) at the junction point (here point D).

The solution will be obtained by solving
the energy equation and continuity
equation.

Flow out of

Flow goes into junction
junction (Continuity)




Pipe Flow |

P, VZ?
— L7
Y 29

P, V2
a7,
Y 29

Branching pipes

P, Vg
:7+E+ZD +hL,A—D
P, V3

D
:7+E+ZD+hL,B—D

= — T35 Ly—Hrq = — X —
Zy ¥ + 29 +Zp+hpap —Zy r.da = fap Dop - 2g
HT,ju;lction
Pp Vg Lgp VBZD
= — T Zg — Hpg4 = X
Zp Y + 7 +Zp+hyg-p — Zp r.da = fBD Dop 29
HT,ju;Lction
PD Vlg LCD VCZD
= —t = Zc— Hp g = X
Zc ¥ T 7 +Zp +hyc-p — Z¢ r.da = fcp Doy 2g

HT,junction



Pipe Flow | Branching pipes

It is usual to ignore minor losses (entry and exit losses) as practical hand
calculations become impossible (fortunately they are often negligible).

One of the problems is that it is sometimes difficult to decide which direction
fluid will flow.

If the direction of flow is not obvious, a direction has to be assumed.

If the wrong assumption is made (no physically possible solution will be
obtained), then make another assumption.

Up = Q4+ Q¢

Up + 04 =0




Pipe Flow | Branching pipes

Steps:

2
1. Assume a value of the Total Head (g + Z—g + 7) at the junction,

2. Assume value for friction factor f

3. Find velocity V
4. Compute Flow rate (0 and Check to see if continuity is (or is not) satisfied.

5. If Q,yt > Q;,, then lower guess of head, and if Q,,; < Q;, then larger guess of head.



Pipe Flow | Branching pipes

Example 2

Calculate the flow rate if:

L; =3000m,e;/D; =0.0002,D; =1m,Z; =30m
L, =600m,e,/D, =0.002,D, =045m,Z, = 18m
L; =1000m, e3/D; = 0.001,D; = 0.6m, Z; =9m




Pipe Flow | Branching pipes

Try i e/l Guess T Flow Direction Qfout)-Qlin) Check Point
0.0002 3000 N 2: 0.014 &1 7 Inta Junction .B08: A 208314132 001429
Try 1 g00 K .15 2: 0.024 : QOut of Junction T 278! .3 Mot close yet 787 683! 0.02365
0.02 d COut of Junction 287 0.8112 7223650 0.0198
0.01429 &1 Inta Junction B57 .300¢ F098.732 0.014336
Try 2 g00 0.1 .15 2 0.02365 : QOut of Junction 83z 307 0. Mot close yet  B69466. 0.02363
0.01958 COut of Junction 2 9RA: B4 701799 502 0.0198
0.014336 &1 . Into Juncticn 5328 1.2032 32775.297 0.014336
Try 3 g00 0.1 .15 24 0.02363 : A QOut of Junction 3 0.3283 Close encugh  929407.2842

0.0198 R: COut of lunction 3. : 0.B675 1841867 .629

V, = 1.532m/s Q. =12m3/s
V, = 2.065m/s Q, = 0.32m3/s

V3 = 3069 m/S Q3

1
o
o0
(@)Y

=
w
S~~~

05}



Homework 6

Q1. Determine the dischar inor losses.
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* Pipe network



Pipe Flow | Parallel pipes

A combination of two or more pipes connected between two points and
then rejoins.

So that the discharge divides at the first junction and rejoins at the next is
known as pipes in parallel.

Reservoir B

Reservoir A

u=2lm




Pipe Flow | Parallel pipes

The energy equation between point 1 and 2 can be written as:

P, V? Py V#
S+ L4 7, =—+=+Zg+h
y 29 4y 29 TFOH

Applying the continuity equation to the system

Qa=01+0Q,+01=0p

Here the head loss between the two junctions
is the same for all pipes.




Pipe Flow | Parallel pipes

fin

L1V1
D129

L 1 Vl2

hoo

fa75-

LZVQ
DZZg

D:2g

L, V}

H
D22g

L3 V32

'Dy2g

Ly V7

3——— —
D329

3



Pipe Flow | Parallel pipes

Example 1

With a flow of 20 c¢fs of water, find the head loss and the division of flow in the
pipe from A to B. Assume / = 0.030 for all pipes.

L = 3000 ft
D = 14in.

2 q g ! v 2 SN E vy = e 1 o
‘ : e . 1 ’
S e R s < x
2000 f = 4000 f ¥
t o AN el A | 3 A
e ; 2 y 4 Tl ] Sup B I B h‘. N i "r"
¥ Ul S i L] > kg
. PRI i i R
¢ e e -
- A
3 Wiy A . !
r
i
¥
¢

24in. |D




Pipe Flow | Parallel pipes

Advantages of a parallel system over a single pipe is continuous operating of the
system and cost of maintenance.

The parallel piping system can be kept in continuous operation without failures
unless all of the parallel pipes in a system would fail at the same time.

The initial cost of a parallel pipeline maybe higher than a single one, however, the
maintenance and operational costs is much less than the series systems.

The engineering decision about weather many small pipes are better than a large
one depends on the conditions of application in which the underlying fluid
mechanics is a major player.




Pipe Flow | Parallel pipes

Number of small pipes with radius r which V- R :
are equivalent to one large pipe with \r
radius R:
a =4 Laminar flow
a=— Turbulent flow
For example, the total flow rate in five R\
pipes of radius 1 in is the same as in one 5= (T)
pipe of radius 1.495 inin laminar flow
and 1.495 in in turbulent flow. a =4 Laminar flow R = 1405

=

19
a=— Turbulent flow R = 1.809



Pipe Flow | Pipe Networks

The most common pipe networks are the water distribution systems.

These systems have one or more sources (discharge of water into the system)
and a number of loads such as household and commercial establishment.

The engineers is often engaged to design the original system or to recommend
an expansion to the network.

Treatment plant

l

./.)

Water Service lines




Pipe Flow | Pipe Networks

The solution of pipe network problems must satisfy three basic requirements:

Continuity must be satisfied. The inflow at each node = the outflow at each
node.

Inflow = outflow at nodes

Q,, = Q;. +Q.

Z hL—Loop =0

hpa—pthpp—c=hpa-p+hypc

Z hi—1oop = hpa-p + hip—c thpap+hpc=0

+ —




Pipe Flow | Pipe Networks

_fLVE fL QZ_[ 8.f.L

h, = — — 2:[( 2
L7 D 29 D.2g A2 g.D5.n2]Q ¢

zhL—Loop =0 _)ZKQZ =0

More general form of this equation is:

ZKQ’”=0

Based on the Darcy-Weisbach equation n = 2 and based on the Hazen-Williams
equation n = 1.85




Pipe Flow | Pipe Networks

Hardy Cross Method
Assume values of Q, for each pipe
Calculate Y h; = KQ?

If ). h; is zero, then the solution is correct. If not, the correction factor A should
be applied.

n 2
Calculate the correction factor A A= — 2.KQa 9 A LKQ: 1 Xxh
YInKQg ™| 212K Qq| 2y %
a

Then, Qa,new =(Qq tA

Repeat steps until A becomes smalland ), h; = 0




Pipe Flow | Pipe Networks

Example 2

Neglecting minor losses in the pipe, determine the flows in the pipes.

Pipe AB BC CD DE EF AF

Length (m) 600 600 200 600 600 200 200

Diameter (mm) 250 150 100 150 150 200 100

Roughness size of all pipes = 0.06 mm




Pipe Flow | Pipe Networks




Pipe Flow | Pipe Networks

Loop 1

Path

e

Qa (Lit/Sec)

0a (m"3/s)

A

Re*10n5

k

Delta (Lit/5)

AB
B-E
F-E
AF

0.00006
0.00006
0.00006
0.00006

0.00006
0.00006
0.00006
0.00006

0.00024
0.0006
0.0004
0.0003

0.00024
0.0006
0.0004
0.0003

120.00
10.00
-60.00

-100.00

0.1200
0.0100
0.0600
0.1000

0.0490625
0.00785
0.0176625
0.0314

0.0490625
0.007 85
0.0176625
0.0314

6.1146
1.2739
5.0955
6.3694

797.83
33911.39
11240.49

837.45

79275
31099.22
11436.54

84778

0.00006
0.00006
0.00006
0.00006

0.00006
0.00006
0.00006
0.00006

0.00024
0.0006
0.0004
0.0003

0.00024
0.0006
0.0004
0.0003

0.0490625
0.00785
0.0176625
0.0314

0.0490625
0.00785
0.0176625
0.0314

0.01543
0.01875
0.01726
0.01616

0.01543
0.01875
0.01726
0.01616

784.11
31016.51
1137970

835.58

784.11
31016.51
1137970

835.38

1423280

-0.80857

1456.17

-0.08639

1428.84

-0.00005

142714
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Loop 2

Loop 2 D (mm) Qa (Lit/Sec) Qa (m"3/s) Re*10"5 hL/Qa Delta [Lit/5)

50.00 0.0500
10.00 0.0100
-20.00 0.0200
-23.42 00234

Loop 2
0.0474
0.0074
0.0226
0.0260

Loop 2
0.0474
0.0074
00226
0.0260

1882.62
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Final Results




Homework 7

Q1. For the following loop shown, all pipes are 1 km long and 300 mm in diameter,

with a friction factor of 0.0163. if minor losses can be neglected, find the discharge
in all the pipes.

Due: First session after spring break (Tuesday, April 4t")

100 Lit/s 20 Lit/s

40 Lit/s 40 Lit/s



APPLIED HYDRAULICS

CHPATER 8:

DISCHARGE MEASUREMENT



Pipe Flow

e Instruments for Di
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The methods of flow measurement can broadly be classified as either Direct or
Indirect methods.

Direct methods involve the actual measurement of the quantity of flow for a
given time interval (Velocity-Area integration method).

Indirect methods involve the measurement of pressure change (or some other
variables) which in turn is directly related to the rate of flow.

Flow through orifice, venturi meters, and flow nozzles are all devices which
employs indirect method to measure the rate of flow in closed conduits.
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Orifice

An orifice plate is fundamentally a
plate with a hole machined through it
which is inserted into a pipe.

Magnehelic® Gage

Static
Pressure
Taps

As flow passes through the hole it
produces a pressure difference across
the hole (some of which s
recovered).

Orifice Plate
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How it works

As the fluid flows through the orifice plate
the velocity increases, at the expense of
pressure head.

The pressure drops suddenly as the
orifice is passed.

. Pressure
Differential

Orifice plate

Vena
contracta
diameter

Pressure drop
across the orfice (h)
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d: orifice diameter
D: Pipe diameter

h or Ah is the pressure drop

Venturi meters
and nozzles
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Example 1

A 15 cm office is located in a horizontal 24 cm water pipe, and a water-mercury
manometer is connected to either side of the orifice. When the deflection on the
manometer is 25 cm, what is the discharge in the system? Assume the water

temperature is 20C.
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Venturi Meter

Although the Orifice is a simple and accurate device
for the measurement for flow, however the head loss S —
for the orifice is quite large.

pressure taps
Bl

),
This device operates on the same principles as the Q=D D ﬁ: A |

Orifice but with a much smaller head loss.

Orifice Meter Parameters

Venturi meter

Inside of the venturimeter pressure difference is
created by reducing the cross-sectional area of the
flow passage.

As the inlet area of the venturi is large than at the
throat, the velocity at the throat increases resulting
in decrease of pressure.
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Electromagnetic Flow Meter
x

, C Excitation
It’s basic principle is that a conductor that Current
moves in a magnetic filed produces an

electromotive force.

Hence, liquids having a degree of
conductivity will generate a voltage
between the electrodes in which it is
proportional to the flow velocity.

—

Coils to gnerate magnetic field

Magnetic field -~ \ ™.

The major disadvantage of this device is '
itS hlgh COSt' Flow dlrecﬂeﬁn::' — \ '

[ (conductive flbid “~.. - ._
.. II — ":.'*1".:'"4::-.1 L e — F

Electric field induced  Voltage gage
by magnetic field
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Electromagnetic Flow Meter

—

A [
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Ultrasonic Flow Meter

Transducer

Ultrasonic flowmeters use sound waves to . S aia - Rl %
determine the velocity of a fluid flowing in a pipe.

Diameter

At no flow conditions, the frequencies of an
ultrasonic wave transmitted into a pipe and its
reflections from the fluid are the same. BEBOBbler effect is the change in

frequency or wavelength of a wave
Under flOWIﬂg conditions, the frequenCV of the for an observer moving relative to its

reflected wave is different due to the Doppler  source.
effect.

Wall Thickness

Transducer

The transmitter processes signals from the
transmitted wave and its reflections to determine

the flow rate. TRANSIT TIME ULTRASONIC
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The Acoustic Doppler Current Profiler
(ADCP) is a device that uses sound and the
Doppler principle.

The ADCP is commonly used to measure
water velocity and discharge in streams as
shallow as 1.0 ft deep.

o

Measurements of depth, velocity
profiles, distance, and direction
travelled are then combined to
calculate discharge.
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MAINSTREAM COMMERCIAL DIVERS, INC.

Complex calculations are involved ADCP Daa xtends beyond Bathymelric Mods since rive Acoustic Doppler Current Profile (ADCP)
On the Tennessee River Mile
3D Perspective

in the discharge calculation | s
requiring manufacturer software R
and a computer.

ADCP Downstream Cross Section

Calculation details are in Mueller
and Wagner (2009). o

This tool can measure water
velocities at a spatial and temporal
scale.
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It works by
Boat mounting an ADCP with transducers O St
beneath the water surface and moving - Finish

the boat across the river channel. \ _— Flow Velosiy Vectors

* Path of Boat on River Bottom

Converting the measured Doppler to
velocities.

Many data points can be measured
across the river as ADCPs measure
velocities in large parts of the water
column, and depths at many points
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It works by

Measuring velocities over a large part of the water column beneath the ADCP
continuously.

The velocity calculation is directly related to the
speed of sound in the water, which varies with
changes in: water temperature, salinity, pressure,
and, sediment concentration.

A temperature change of 5°C, or a salinity change of
12 parts per thousand, results in a speed of sound
change of 1%.
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