Preparation

\Wednesday, August 25, 2010
11:55 AM

class exercises

Hunter Rouse videos on viscosity
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3.1-2
V =Q/A velocity = discharge / cross sectional area

m/s = (m3/s) / (m?)
Reynolds Number = inertial forces / viscous forces
What would you expect to happen when this ratio is low?

high?

Re =D V/v for pipe flow v=up

Viscosity is the constant relating velocity gradient to shear
stress: \

t= pndV/dx Pa=Pa*s (m/s)/m
force per unit area = viscosity * velocity gradient
D = diameter for a pipe
R = hydraulic radius = area / wetted perimeter
L = absolute of dynamic viscosity (Pa*s)

v = kinematic viscosity (m?/s)
p =density (kg/m3)
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Pasted from <http://www.cheng.cam.ac.uk/research/groups/electrochem/JAVA/electrochemistry/ELEC/I2fig/laminar.gif>
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Figure 3.2 Velocity profiles of laminar and turbulent flows in circular pipes.
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Moody Dilagram {Plot of Colebrook’s Correlation)
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Pasted from <http://me.queensu.ca/courses/mech451/images/moody.qif>

note: right click and tell it to open the files to show the videos
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Measuring
Kinematic ...

%

viscosity

energy loss in pipes is caused by internal friction
(viscosity) and friction on pipe walls
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3.1,2

Wednesday, August 25, 2010
10:57 AM

In pipe flow we get two flow regimes, laminar and
turbulent; turbulent flow occurs at higher velocity
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7.

Reynolds number = Re =V D/ v =ratio of inertial to viscous forces
Where V = water velocity, D = hydraulic diameter, v =kinematic viscosity

v=u/p

Reynolds number is ratio of inertial to viscous forces:

Re=VD/v=VDp/u= VD p/ u=1inertia/viscosity

Above Reynolds # of 2,000-4,000 flow is turbulent
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Reynolds Number

Friday, August 22, 2008
12:55 PM

Class Exercise: Reynolds Number

Reynolds number = Re = V D/ v = ratio of inertial to viscous forces

Where V = water velocity, D = hydraulic diameter, v =kinematic viscosity
v=up
a) What are the units of the Reynolds number? What does each term mean in words?

b) What is the definition|of relative roughness?
c) What relative roughness lines have the most amount of flow per unit head loss? Why?
d) What does the "transition zone" transition between?

Moody Diagram (Plot of Colebrook’s Correlation)
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Answer:
V = Velocity (m/s)
D = Diameter (m)

= kinematic viscosity = p/p
= density (kg/m3)
=absolute viscosity (Pa*s) or (kg/(m*s))

e = kinematic viscosity = p/p in units of (m?/s)

Re =V D/n = units of (dimensionless) = ratio of inertial to
viscous forces

Dynamic or absolute viscosity is the coefficient relating the
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amount of shear stress caused by a velocity gradient:

o
T_Hﬁy

For example, what shear stress is placed on the walls of a pipe
when water flows through the pipe?

J
/

T
y dimension

shear stress, T

>/ oradient, P
&y
>
velocity, u
¥ dimension
boundary plate (2D) 4 ,
(moving) velocity, u

shear stress, T

Fluid i

gradient, —
i

L L LTI EFS T
boundary plate (2D)
(stattonary)

Relative roughness is the roughness/ pipe diameter
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Moody Diagram (Plot of Colebrook's Correlation)
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When the inertial forces dominate (high Reynolds
numbers) we get turbulent flow. When viscous forces
dominate there is laminar flow. The transition area is in
between. When turbulent flow is fully developed the
friction factor is no longer dependent upon Reynolds
number.

Head loss is related to the friction factor, smooth pipes
with low relative roughness have lower friction factors &
(if everything else is constant) higher flow rates.

Pasted from <file:///C:\Documents%20and%20Settings\Administrator\Local%20Settings\Temp\OneNote\14\Reynolds%
20Number.docx>
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3.3

Wednesday, August 25, 2010
11:25 AM

In hydraulics we use:
a) Conservation of mass, the continuity equation

Or flow in = flow out at steady state
Q = volumetric flow rate (m3/s) = A1V1=AsVs

b) Conservation of energy, mostly in hydraulic engineering this takes the form of
the Bernoulli equation:

z1 + p1/(rho g) + v1%/(2 g) - hiess = z2 + p2/(rho g) + v2%/(2 g)

in the form of energy per unit weight (J/N or head)

¢) conservation of momentum (mass*velocity)

/) Datum
S il

consider the forces in a pipe:
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Wx = weight of water in x direction
Fx = external force on pipe supports/holders

for axial (flow) direction:

sum of forces = -Fx + Wx + P1A1-P2A2 = rho (Q)(V2-V1)
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3.4

Wednesday, August 25, 2010

11:47 AM Note: best derived on board

3 . > IP-:
&+:1+—1+HG=&+;+—-+HL 3
pg 2g pg *© 2g

where:
Hs; = head gain, usually from a pump (m) = e/g
H; = head loss in the system (m)
pﬂ = pressure head. for the SI system p is in Pascals or Newtons/m?, p is the
or
density of water (1000 kg/m’), ¢ is the acceleration of gravity (9.8 m/s?):
for the English system pressure 1s generally converted to pounds force per
square toot, pg =7 = specific weight = 62.4 pounds force per cubic foot
72
= = velocity head (m)
o

The energy equation can also be expressed as energy per unit mass (J/’kg) if we

multiply by g:

,]
N n. "
E " E N g-1 + 1"UPHFHP B E i ? T g£=; ™ Wiurbine . €loss (4)

or energy per unit volume (J/m? = Pa) if we multiply the original equation by pg:

[ ] \i‘q

pI; pl
P i T T P&=) T p“}mm}? ~ P + 9] + PE=; + P€loss (5)

— —

Note that pressure 1s energy per unit volume. In hydraulics we typically use energy per

unit weight because it 1s more convenient.
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EGL, HGL

ednesday, August 25, 2010
11:51 AM

Question: the standpipes do not capture any of the
velocity head; how far does the water rise in the pipes?

Energy Grade Line = total energy per unit weight of the
water in the system at any point drawn relative to the
centerline of the pipe

Hydraulic Grade Line = elevation + pressure heads
drawn from the centerline of the pipe, as such the
height of the HGL from the pipe represents the
pressure head
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Energy Equation

Bernoulli's equation written using pressure and elevation heads is

2 2
W v
R TR 71

+ z7 = constant
g ¥ 2g v

Bernoulli’s equation is the energy equation we use in Hydraulic Engineering minus the head loss
term.

Head terms
Head Terms Grade line and position
elevation head zZ centerline of pipe
pressure head b between centerline of pipe and HGL
¥
velocity head vi between EGL and HGL
2g
piezometric head [ _2 .. HGL
t
total head viop EGL
H-= E"r ?‘i‘ z

Since all of these heads have dimensions of length, they can be shown on a drawing or sketch
(Fig. 4.1) that is drawn to correspond to physical dimensions. For flow in a pipe, z is usually
taken to be the elevation of the centerline of the pipe. A hydraulic grade line (HGL) can be
drawn to show the variation of the piezometric head. The distance from the centerline of the pipe
to the HGL is the pressure head. An HGL above a pipe corresponds to positive pressure while an
HGL below the centerline means that the pressure is negative. An energy grade line (EGL)
shows the variation of the total head. Since the difference between the total head and the
piezometric head is the velocity head, the distance between the EGL and the HGL is also the
velocity head. (The flow disturbance and the internal shear in the expansion are large enough
that Bernoulli's equation does not apply. The result is a decrease in the Bernoulli constant as the
flow goes through the expansion. These effects will be discussed further in conjunction with the
energy equation and flow in conduits.)
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Schematic diagram
Fig. 4.1 - Experimental Apparatus to Illustrate Bernoulli's Equation and Grade Lines

Draw the rise of the water into the piezometer and stagnation tube. If the stagnation tube is 10
cm long in the vertical direction, how fast is the water flowing through the system (assuming the
drawing is to scale)? Where is the water flowing most rapidly?, Most slowly? Where is pressure
the greatest? Where is pressure the lowest?

If velocity in the pipe changes, where does the energy come from?

How much head loss occurs in the system?
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Quiz
Monday, August 27, 2007
4:52 PM

3.3.2 At a firefighter's convention, a certain competition
pits two contestants in mock combat. Each 1s armed
with a fire hose and a shield. the object 1s to push your
opponent backward a certain distance with the spray. A
choice of shields is offered. One shield is a flat garbage
can lid; the other 1s-a hemispherical lid that direct the
water back toward your opponent. Which shield would
you choose and why?

Design the optimal shield for this fight! Draw a simple
diagram of it and explain how it works.

~
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3.5 Friction

Monday, August 27, 2007 ’L
4:21 PM \/ T /{) C YN
-
- /
?\5 - N NV
Screen clipping taken: 8/27/2007, 4:23 PM @‘S

The Darcy Weisbach calculates friction losses as:

A

N4

o

h, =k
D2

oG

where f 1s the friction factor. The friction factor is
calculated from the Moody diagram or one of several
curve fit formulas

Note: in tests we will use the Moody Diagram

The quantity h/L = head loss per unit length of pipe is
called the friction slope.
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Moody Diagram

Monday, August 27, 2007
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Walk through steps of the Moody Diagram

) Reynolds Number
) Relative Roughness Line
) Friction Factor

concept of fully turbulent flow where friction factor is no
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longer a tunction of Reynolds Number
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3.6 Other Head Loss Equations

Monday, August 27, 2007
4:35 PM

General equation format:

General Equation Format

All the equations for friction losses have the format:

v = kPP (13)
V = average velocity (m/s)

k = factor to account for empirical constants, unit conversions, and anything
else required

C = a flow resistance factor
R = hydraulic radius (m)

S = friction slope

x,y = variable exponents

The lining material of the flow channel or pipe usually determines the flow resistance

(or roughness factor), C.

Screen clipping-taken:-8/27/2007, 4:36 .PM

S, the friction slope = f/L in a pipe = head loss per unit length of pipe = slope
of energy grade line

Manning Equation, used mostly for open channel flow:

Ch3 Page 20



Manning Equation

The Manning equation is the
most used equation for open
channel flow such as irrigation
canals. The roughness constant

1s represented by the

Manning’s n.
21
vy = kpPs* g
1
L —
k = 18 1.49 for US units

of (ft. s) and 1.00

Figure 4-3 Moyie River above Izl near Eastport,

for SI units of (Ill_ Ialo—a = 0038 for B = 70
S) Figure 44 Boundary Creek above right aear Porthill,
Iéaho—n =0073 for R =400, dy, = 375 mm

" = 1s obtained from
tables and based upon roughness of the liner

S = slope of the grade, since
we have steady uniform
flow the slope of the
grade or channel is also
the friction slope.

Screen clipping taken: 8/27/2007, 4:37 PM

Chezy or Kutter's Equation is used for sewer design:

Chezy’s (Kutter’s) Equation

This is used for sanitary sewer design.

V = C.JRS (16)
T

-

where C can be calculated from an equation given in the text, Kutter’s equation

Screen clipping taken: 8/27/2007, 4:38 PM
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Hazen-Williams Equation

The Hazen-Williams Equation 1s most frequently used in the design and analysis of

pressure pipe systems. The coefficients are for water only in the “normal” temperature

range for water supply. It should not be used, for example, for hot water.

V= kCRYVSM
k = 1.32 for US Standard units, or 0.85 for SI units
C = Hazen-Williams coefficient from a table

Screen clipping taken: 8/27/2007, 4:39 PM

Screen clipping taken: 8/27/2007, 4:40 PM

Darcv-Weisbach (Colebrook-White) Equations
This equation is most commonly used for pressure pipe systems. However it can be

used for any liquid flow and/or for open channels. The equation is:

V= f%%geg (18)

f = the friction factor, this is generally looked up from the Moody diagram but
it may also be calculated from the Colebrook equation

A more typical format for the Darcy-Weisbach equation is in terms of the head loss.
The head loss 1s just the friction slope times the distance traveled or length of the pipe.

Replacing S by h; /L and hydraulic radius by D/4 gives:

= [38Rs = (19)
S
solving for h; gives:
LV
hy NI~ (20)
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=22 (20)
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Minor losses

Monday, August 27, 2007
4:41 PM

Sudden contractions in pipes cause excess turbulence and thus
energy loss, for minor losses of this type we calculate the head
loss in terms of multiples of the velocity head (VZ/2g)

Minor Head Losses

In addition to friction losses there may be a number of minor or fitting head losses.
Changes in directions, expansions, and contractions in the pipe all disturb the flow and
lead to increased head losses. The loss coefficient can be looked up in tables and

calculated as:

h, = E[fé + K:| (4)
- 2gLD
where T
K = the dimensionless head loss coefficient, if more than one loss is present

(e.g.. 3 pipe bends and one expansion) the K’s can all be summed.

Screen clipping-taken: 8/27/2007, 4:43 PM

Note: student should know what types of situations and
valves lead to more or less head loss

AL WIHCLL ZIVE LIST 1O LC TUCHL LIS 1USS.

1Y

P— >
>

-:’—bx‘
6 © o

Figure 6: Sudden Expansion
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Figure 7: Sudden Contraction

OR e o
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: E
A divergent duct or diffuser @

Tee-Junctions
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Y-Junctions

Bends
Figure 9: Local losses in pipe flow

Perpendicular square eatrance:

k =2 0,30

Perpendicnlar roonded encrance:
R/d 0,05 0,1 0,2 0,3 0.4

k 0,25 0,17 0,08 0,05 0,04

——

T Ar T

Perpendicular reentrant entrance:
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Perpendicular reentrant entrance:

k = 0,8

Skewed entrance:

k=0, +0,3 sinnp ¢+ 0,2 sj'.l'l2 o

4
g Iu,ﬁn

Suerion pipe with conical mouthpicee:

Ry = 0,60 0+ 1,20 a4 - X

without mouthpiece:

h, = 0,53D + 1,30 2

B

width of sump: 3,5 D

Strainer bucket:

10 with font walve

k = 5,3 withouvt foot valwve

Sctandard Tee, entrance to minor line:

k=18

Swdden contraction:

b B d (d.fn]z 0,01 0,1 0,2 L 0,6 {4,8
er”'m 0.5 9,5 0,42 0,33 0,25 g,l3
Spdden expans 1omn:
¥ i 2
1 “2 v, A 1.'12
ey T . ) 'y
Confusor:
2 2
hf, = k (‘U'.l - "'2 Yi2g
a® 20 40 60 80
k 0,1 0,28 0,32 0,35
Piffusor:
2 2
hE =k {vl - vy M2
o 8 15 30 45
k D= 3d[0,05 0,15 ©,5% 0,60
for D =24'9,11 0,21 0,51 0,60
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A E— ftor D = 2d°0,11 W,Zl 0.3l U,bU
Sharp elbow:
o’ 15 30 55 & 90
—— [ 4
K 0,024 0,108 0,26 40,49 1,17
d Bends:
T a® 15 30 45 60y 90
k for Bfd =1 0,01 0,08 0,17 0,27 0,53
a R
B;g>3 0,01 0,03 0,12 0,20 0,2
Gare valve:
'[' efD 0 173 /4 172 34
— k 0 0.07 0,26 2,06 17,0
Confusnr onklet:
o d/n 0.5 0,6 0,8 0,9
— s <4,
—r k 5,5 1 2,55 1,1
i Exit from pipe into stagnant water:
— E = 1,0
pDiffusor outler for Dfd = 2:
Frrs
—|d o o a” & 15 10 45
g
k 0.05 0,18 9.5 0.6
Pasted from <http://www.fao.org/docrep/X5744E/x5744egm.qif>
Tafle 2.6 Minor logs coefficients
Fitting K Fitting K
L L
Fipe entrance 90% smooth bend
Bellmauth 0.03-0.05 | Bendradius/D=4 0.16-0.13
Founded 0.12-0.25 | Bendradius/D =2 0.19-0.25
Sharp-edged 0.50 Bend radius/D =1 0.35-0.40
Frajecting 0.7a Mitered bend
ey - sudden B _ 450 0.05

[
-t
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e ey - sudden B _ 450 0.05
D,/D,=0.80 0.18 B _ g0 0.10
D,/D,=0.50 0.37 B _ 450 0.20
DE!D1=D.ED 0.49 b _ s0° 0.35

Contraction| Rl B _gpo 0.80
D,/D,=0.80 005  |Tee
D21D1=U-50 0.07 Line flow 0.30-0.40
DEJD1=D.ED 0.08 Branch flow 0.75-1.80

Expansion - sudden Tapping T Branch

_ d =tapping haole diameter 4
D_/D, =080
21 018 D = main line diameter | 1-97/d/D)
DEID,I:U-EU 0.57 Cross
DEID1=U-EU 0.92 Line flow 0.50

Expansicn - canical Branch flow 0.75
DEJID_1=DBD 0.03 d'EU]'WE
DEJD1=D.ED 0.08 Line flow 0.30
DEJD1=D.ED 0.13 Branch flow 0.50

|Gate valve - open |IZI.39 |Chechvalve—cnnuentinnal |¢.I:I

| 3/4 open |1.1E| |Checkvalve—clearway |‘|.5

| 112 open 4.8 |Check valve - ball 4.5

| 174 open |27 |Cock - straightthrough ~ |0.5

|Glnne valve - open |1l:| |antualve—hinged |2.2

|.Ang|e valve - open |¢.3 |antualve—pnppet |‘IE.5
|Elutterﬂ*_.fualue—npen |1.2 | |

| Walski (1984)

AWDM Online

http://www.haestad.com/library/books/awdm/online/wwhelp/wwhimpl/java/html/wwhelp.htm

Screen clipping taken:-8/30/2007,-10:09-AM
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double diameter

\Wednesday, August 25, 2010
2:00 PM

Class Exercise — Double Pipe Diameter

What happens to head loss when we double the diameter of a
pipe?

Assumptions:

. fully turbulent flow

- same relative roughness

« same discharge (Q)

. ignore minor loss terms

Answer:
The head loss in closed conduit flow is proportional to the
velocity head:

- VAL
26\ D

Friction factor is constant in fully turbulent flow:
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Moody Diagram (Plot of Colebrook’s Correlation)
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Solution:

Q1 =Q

V1 A1 — Vz Az

Vo=V A/A;

Doubling the pipe diameter increases the area by a factor of
four

Ay 4mDf 1
4

4,  4m(2D,)?

So the velocity in the larger pipe is % that in the smaller pipe.
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Head loss is proportional to the velocity squared and the
inverse of the diameter.

Vi/Vs =4
v fFL
IFI-1 —_—— f_)
Lo2g \D

Substitution, letting the constants cancel gives:
by (F:L) D,
‘ﬁiﬂ I'{E E;Il

So doubling the pipe diameter reduced the head loss by a
factor of 32!

=422 = 32
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double area

\Wednesday, August 25, 2010
2:02 PM

What happens if we double the area of the pipe rather than the
diameter?

Now V; =2 V,since Qis constant and Q = VA
For diameter we get:

A2=2A1
wD; _wDi
=2
4 4
7 = &l

hy _ (ViN' D, =
= ( ) = 2°v2 = 5.66
h, \V,/ D,

]
b

So doubling the area of the pipe decreases head loss by a factor
of 5.66
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