
class exercises
Hunter Rouse videos on viscosity

Preparation
Wednesday, August 25, 2010
11:55 AM
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3.1‐2 
V = Q/A    velocity = discharge / cross sectional area

m/s = (m3/s) / (m2)

Reynolds Number = inertial forces / viscous forces

What would you expect to happen when this ratio is low?

high?

Re  = D V/for pipe flow

Viscosity is the constant relating velocity gradient to shear 
stress:

 =    dV/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

  = absolute of dynamic viscosity (Pa*s)

= kinematic viscosity (m2/s)

 = density (kg/m3)
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Pasted from <http://www.cheng.cam.ac.uk/research/groups/electrochem/JAVA/electrochemistry/ELEC/l2fig/laminar.gif> 
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Pasted from <http://me.queensu.ca/courses/mech451/images/moody.gif> 

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

laminar

Measuring
Kinematic ...

viscosity

energy loss in pipes is caused by internal friction 
(viscosity) and friction on pipe walls
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Reynolds number = Re = V D/ = ratio of inertial to viscous forces
Where V = water velocity, D = hydraulic diameter,   =kinematic viscosity 



Reynolds number is ratio of inertial to viscous forces:

Re = V D/ V D / V D / inertia/viscosity

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

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

3.1,2
Wednesday, August 25, 2010
10:57 AM
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Class Exercise: Reynolds Number

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


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?

Reynolds Number
Friday, August 22, 2008
12:55 PM
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Answer: 
V = Velocity (m/s)
D = Diameter (m)

kinematic viscosity •
= density (kg/m3)•
= absolute viscosity (Pa*s) or (kg/(m*s))•

kinematic viscosity  in units of m2/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:

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

Relative roughness is the roughness/ pipe diameter
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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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Conservation of mass, the continuity equationa)

Or  flow in = flow out                at steady state

Q = volumetric flow rate (m3/s) = A1V1 = A2V2    

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

b)

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

2/(2 g) 

In hydraulics we use:

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

conservation of momentum (mass*velocity)c)

consider the forces in a pipe:

3.3
Wednesday, August 25, 2010
11:25 AM
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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)

   Ch3 Page 11    



Note: best derived on board

3.4
Wednesday, August 25, 2010
11:47 AM
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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

EGL, HGL
Wednesday, August 25, 2010
11:51 AM
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Energy Equation
Bernoulli's equation written using pressure and elevation heads is 

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 z centerline of pipe
pressure head between centerline of pipe and HGL

velocity head between EGL and HGL

piezometric head HGL

total head EGL

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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3.3.2 At a firefighter's convention, a certain competition 
pits two contestants in mock combat. Each is armed 
with a fire hose and a shield. the object is 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 is 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.

Quiz
Monday, August 27, 2007
4:52 PM
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Screen clipping taken: 8/27/2007, 4:23 PM

The Darcy Weisbach calculates friction losses as:

where f is 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.

3.5 Friction
Monday, August 27, 2007
4:21 PM
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Pasted from <http://img95.imageshack.us/img95/1958/moodydr8.png> 

Walk through steps of the Moody Diagram

Reynolds Numbera)
Relative Roughness Lineb)
Friction Factorc)

concept of fully turbulent flow where friction factor is no 

Moody Diagram
Monday, August 27, 2007
4:28 PM

   Ch3 Page 18   



longer a function of Reynolds Number
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General equation format:

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:

3.6 Other Head Loss Equations
Monday, August 27, 2007
4:35 PM
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Screen clipping taken: 8/27/2007, 4:37 PM

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

Screen clipping taken: 8/27/2007, 4:38 PM
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Screen clipping taken: 8/27/2007, 4:39 PM

Screen clipping taken: 8/27/2007, 4:40 PM
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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 (V2/2g)

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

Minor losses
Monday, August 27, 2007
4:41 PM
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Pasted from <http://www.fao.org/docrep/X5744E/x5744egm.gif> 
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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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Class Exercise – Double Pipe Diameter
What happens to head loss when we double the diameter of a 
pipe?

fully turbulent flow

same relative roughness

same discharge (Q)

ignore minor loss terms

Assumptions: 

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

Friction factor is constant in fully turbulent flow:

double diameter
Wednesday, August 25, 2010
2:00 PM
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Solution:
Q1 = Q2

V1 A1 = V2 A2

V2 = V1 A1/A2

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

So the velocity in the larger pipe is ¼ that in the smaller pipe. 
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Head loss is proportional to the velocity squared and the 
inverse of the diameter. 
V1/V2 = 4

Substitution, letting the constants cancel gives:

So doubling the pipe diameter reduced the head loss by a 
factor of 32!
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What happens if we double the area of the pipe rather than the 
diameter?

Now V1 = 2 V2 since Q is constant and Q = VA
For diameter we get:
A2 = 2 A1

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

double area
Wednesday, August 25, 2010
2:02 PM
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