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.

Module NO: ,

:.I2.7G
,

,

. . .:
-Module Title: _

, Hydraulics for Operators' .

(' j

.

. f _
t,
-Samodule Titil.ef

'.
.

. '..

.

. (

.

-Approx. Time '

. .

.

24 Hours ,

.

.

. .
.

Topic: Basic principles of hydraulics and their application
to water and wastewater systems operation.

.

-

,. ,-

e .
Instructional. Objective: .

. .

TO gain' familiarity with common fluid properties and their units and
.

gain the ability to use them in hydraulics calculations; to gain familiarity
witIAbommon flow measuring devices for open channel flow and for pressure
flow in pipes; tO gain familiarity with the continuity equation and frictional
head 'loss relationships -,as well as the ability to apply the to flow through .

pipes ana open \channels in general and tc%flow through sewers an pressure '
water distribution systems in particular.

:
.

.
.

.

.

.

.

. .

.

:...

,

'.
. ...

. .

.
, .

.

. .

,
, #. _

Instructional Aid's: . .

.

-

.

See'Next Sheet 0
--.../. .

. .
.

I .

, . .

.

.
. .

.-
. . , .

.

r
.

,

.

.

4 . , :, . .

Instructional Approach: J.
i. , .

, , ,
,

Lecture, Discus&ion, Zroblem Sessionf .. . ..
. ..

.

. .,
. . .

,

.

. .
Relerences: -,

,

.
. ,

.::t.i 4

.
tSee. Next Shee

.

--1-

. /-7--;.
.

.
. ,_

... .

. .

-
. .

... . , . .

4.0 cx ' ,. ,
- .0. - I

. .
1/4.-.....2k-

.

. .
.

Class Assignment .
.

'

.

,
.

.

.
...*

'
,

. CompletiOn of,prActicv prolil9ma which aren't finished in class.
. .

--, /

. .

.
,, 0. _

,
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Instructional Aids:

f
HandontsNo. A.1,1, A.2.1, A:2.2,

. B.1.1, B.2.1, B. 2,

J

A.3.1, .A.3.2..A.A.1

B.3.1,.
C.1.1,.C.2.1, C.4. , C.5.1,:- C.5:5s C.6:1",

D.1.1,- D.1.2-; D.24 , D.-2.2, D.3:1,- D.3.4, D.4.1 - 15.4.3,

' D.5.1 - D.5.3, D.6.1, D.6.2, 15.7:1, D.7.2
E.1:1, E.2.1 E.2.3, E.3.1 - E.3.3

Transparencies No. A,1.1, A.2.1, A.4.1,.B.2.1, C.1.1, C.3.1
1. i

, References -:

T- 4 . .

1) Chow, V.T., Open-Channel' Hydraulics, McGraw-Hill Book Co., New York, N.Y.,.
.

1959. , ., . .

,..

2) Clark, J.W :,, Viessman, W., Jr., & Hammer,114.J., Wa Supply and
Pollution Control; 3rd Edition,IEP,.. New York,.N,Y.* 19,77.

.

3) Fair, G.M., Geyey; J.C., & Okun, D.A., Water and Wastewater Engineering,
Vol, I. Water Supply and Wastewater Removal, Wiley, New York,- N.Y 1966.

4) John, J:E.A. and Haberman, W., Introduction to Fluid Mechanics,
Prentice Hall,, Englewood Cliffs, -N.J., 1971.

.5) Murdock, J.W., Fluid Mechanics and Itg Applications, Houghton, Mifflin,
Boston, MA.,.1976.

o

.
6) National Clay Pipe Institute; Clay Pipe Engineering Manual;, National

°Cay Pipe Institute, Atlanta, GA., 1968.

7) SiMon, A.L., Practical Hydraulics, Wiley, New York, I.Y., 1976.,

8) Spink; L.K., Principles and Practice of Flow Meter Engineering,
,th Edition, Foxboro Co., Foxboro,'MA.,-1958.

9) Texas Water Utilities Association, Manual of Wastewater_Operations,
4th Edition, Lancaster Press, Lancaster, PA-., 1971.
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Module No:'

12 G
.

.

.

Module Title:
-

-

,

Hydraulics for Operators .
.

.
.

. . . .

Submodule Title:
.

.
.

Fluid Properties . .

. -

110.

. , . ,

Approx. Time :, .t,
. 45 minutes

. . .

...

.

Topic:
°

Definitions and Units . .

.

-
.

(: k'.

a
Instructional Objective: 1-

..
.

: x

To be able 'to define pressure,Aensity, specific weight, specific gravity
,

and viscositYcelnd give common units used for each; and to be able to state .

Pascal's Principle. ' '

.. . .
. .

-

..).
,

,
.

. \
..

/ 0
. -

.
.

.
.

. ,

-
. . . ;

.
-

.
.

.

Instructional Aids: .

.

. .
.

Transparency No. A.1.1 ... .

Handout No. A.1.1
.

.

. , .

.

.

. ,
Instructional Approach '' . .

1.

Lecture-discussion
.

1 _.

,_ .
.

.
. .

.

I
i -.. .

..

,

.,

References: .

411 1. .

1) MurdoCk, J.W., pages -5'-7, 20 -26, 34-46 . ,

, ' 2) First,or second chapter of almobtany fluid mechanicd textbook
1 .

.
. ,

. .
.

- .

.
.. -

. - .

.

.

. .

,

.
..

, .

Class 'Assignme'nts: ,

-

, .

.

.
-, -

,

.
k. c

F

None

. , .
5 0
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4---.140dule No:

.I2JG,

Topicv
Definlions and Units

Page 11- .of 672 .

Instructor Notes: .Instructor Outline:

Handout No. A.1.1
Fluid Properties

2Tran4oarency No. A.1.1
Fluid Properties

er

r

V

1'

v

I. !Pass out Handout No. A.1.1 and mention 'that it'''*
will new be discussedf

discuss- each fluilproperty, its
meaning and its units,nsig the transparency
to focps attention-during the discussion.

Additional Notes:

4)

'1
1) It may be pointed.out,that.density and
specific weight can be used interchangeably
with the English units/lb/ft , eyen though there
is's-difference in meaning for mass and weight.
The difference between mass and weight may or
May not be discused qualitively at this point
as suits the individual instructor.

2) It may be pointed out that,other reference.
fluids besides water are sometimes used for
'specific

ti
e

3) As a common ex ple to clarify themeaning
of viscosity., brief discuss.Sse numbers for
motor, oil. Higher Sae numbers indicate higher
viscosity'and also indicate oils which.do not
pour or flow as readily.

4) Meanings, interpretations and significance
can be expanded uvon in the discussionito .

suit th particular,instructor and cl'ass..
)

a

t

1.
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Module No:
.

I2JG .

- \
$ .

.
.

.

ModUle Title:
.

: - '
.

'i., -

.

`Hydraulics for Operators', . 1.doe
. / .4"

V.

0, ,. 9 . .

, .

Submodule Titlelf'
.

.% -- _-'
Fluid Properties ,

.

.

.

Approx. Tilde .
.

..

il hour.
.

.

.. 'II.

t .

Topic: .

Pressure-Unit Conveisions . , ; .

,

-

l
..

.f--

Instructional. Objective:

To be able td
- any of the other:following
factors: psi, in. of

-.

. .
. ' .

.
.

r

.. . ,.
.

..

,

'
.

. .,

.

'-.
NO,'

1 . . . .

.

convert a pressure given in any of the faIow-ing units-io
units if given'an.appropriate set .of conversion

mercury; W, atmospheres, Pascals.
r

.

,

,

..
.

.

.

.

.1%

.

.

6

.

6

t
.. -.

, .

.-

- ..

... . - 1. 1
.

. '
.-: .

'4110 .
.

. .
.

, ,

. _../.
. .

, .
. .

Instructional Aids: : .......

-

..
.

,. .

HandOuts No.
.,

A.2.1, A.2.2
lb.

. %

_Transparency No. A.2.1
.

. _ .*

,

, .
.

t:,

.

)

..

i

. .

Instructional Approach:

Discuspion and

.

,
.

--%
.

,

-

I

,

___
, - f

'Problem Session -

. .
.

, .

.
.

. .
.

..---

. . . .. . .

References-: - ._. '

. i

. .

..!
1 .

:. . . .....- 7

' . .
. ..-

. 'i. V
. -

0 .. -

''

.0

. 4

C

'Class AssUgments: .
.

.

.

.

Any practice-problems .on Handout No. A.2.2, which were not completed

:. -in class
r . ...'

_

..)
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Module No:
.12

Instructor Outline:

Handout No.. A.2

-'Conversion fact

1

e -

\11.1.1

I. Pass out Handout No. A.211

II. Go through simple ca4ul6tionson trans4rency
No.' A.2.1,A.2.1, pointing but how the conversion

'factors on Handout No. A.2:1 are used.
Draw Attention to the fact that unit's in the
right hand column` can. be converted to units
in the left hand column by dividing by the
conversion fetor instead of multiplying.

III. Allow stuident,s'to workvn.piactice problems pn
Handout No. A.2.2.

-
r

4

J
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Module No: .

I2.1G

.

. .

,Module Title: .

f
.

Hydraulics far Operators
. .

.

-'

.

Submodule Title: ,
.

.

..
.

.

Fluid Properties . ,

.

.
1

Approx. Time

1 hour

..

Topic:
-

t..

e

. .

Ghuge and Abdolute Pressure

. .

.

I 1

Instructional Objective: .
.

N
I ' ,

To be able to convert gauge pressure to absolute, pressih5e-'and absolute '

pressure to gauge pressure, at the earths surface, for any vf the following
1

units, if given pressure conversion factors:. psi, in. o5 mercury, psf, -,

atmospheres, Pascals. - .

. i

. , ..
.

.

. . .i
(

' . ../ .i.
. OX

. . . ,

,
-, t

.. % .

-
.....,

4 ;

. .
. .

..

:

(
.

.

.

.

.

. .

-

,

.
.

.

,

.

InstruCtioi41--Aias: .

.

.
,

,

. Handouts No. A.3.1., A.3.2 .
.

. .

,

.. . -

, .

.

.

. ,
.

.

Instructional Approach: .
.

a
.

Discussion and Problem Session . .

. -
),-

.

. .. .

...,

.

. -
_

.

References: . .I ,

/

.

, ..

Murdock, J.W.; Pages 6-7 - . ...

0
.

.

,
.

,.,.'
. ,

.---
,

T 1., .

. -

. . ,

.., .

\ , . .'

i. ,. .
.

Class, Assignments .

A ,, 0

Any practice-lproblems on Handout No. A.3.2 which are not completed in class.
- ;

. 2 ,... : '

. .
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Page 8 of .5-2

Module No:
.*I2JG

Topic:
-Gauge and.Absolute Pressure

Instructor Notes:

0

Instructor Outline;

Handout No. A.3.1.
Gauge and Absolute
Pressure

Handout No. A.3.2
Practice Problems-2*

4

k

. Discuss gauge pressive and absolute pressure
guided by'the handout. Mgke sure that, the

class understands the relatipndhip among
gauge pressure, absolute pressure and
atm4pheric preseiire. .

II.
.

Allow students to Work ,on prectiee problems on
,Handout No. A.3.2

o

44.

II
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.
IA,

'Adule No: -Module Tftle: _

.

. .

'1,
L2JG Hydraulics for Operators

.

.

---..---:
,

1
.

Submodule Title: a,
, , .

F ,Properties
.Approx. Time - , .

. .
.

.

..

N. .

45 minutes ,
Topic:

. .'s,-. . .

Spzecific Gravity _ . . . ,-. _,---
.

' - -,
- t \ ,---. ,

.Instructional Objective: °. ,

.
.

-..____...:.
To be ableAto calculate the Identity of a fluid and it specific'

weight,if given its specific gravity. >
TO

,

)
.

.

..

,
, .

. ,

I;

.
.

.. .

,.

. 43. .

-
."

. .
. ,

.°
* .,-

,

.
: ,.

$: . -
..

,, I , ;it
.

i
*

t s

.--
.

o

.. ..

Insviuctional Aids: . +.

'Transparency Nb. A.4.1. "..

e Handdut No. A.4.1 1

., a
.

Instructional Approach: . , . 4 . .

. .

Discussion-and Problem Session
_

1,6
. 8 '

. ...* 4.

/ .
.

1
.

.
' ..

References:
. ..%

.

Murdock, J.W. pp 24-26' -
.

. '
,

:

.

.

. -
.

.

. . , .
,

. . .

. . .
.

.

ClasA Assignments: . 0
. .

e
.% : v

..--

Any problems on Handout,A.4.1.which Weren't completed in class

'- .

..-
. . / .
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, Module No: i2JG Topic:, Specific Gravity'

Instructor Note4: Instructor Outline: i

t

TransparlacKflo. A.4.1
Specific Gravity

flapdout No. A.4.1 . k
'Practice Problems - 3, .

O

411

-to
% .

.

Review the meaning of specific gravity and- it----
cuss -calculations of density or specifiF, weight
Or a'fluid of given specific -gravity:

,.-
, .

4:-:

. .

.II. Allow students to work practice problems:on .

Handout No. A.4.14. , .

->, 2'

.

Efl

1 °4

a

a

0

6

fi

C

0
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.0. 0

Module Nq: ." ,
.

I2JG

.
s

.
.

.

.
.

Module Title:
- '

..

,
.

.

.Hydr ulics for Operators .

..

, .

,

,

Submodule Title: '
. . .

. .

The Contiduity Equation . .

.

Approx. Time

30 minutes

.

.

.

:To ic: .
.

Conservaii ion. of Mass
.

-..---
_

.

.4 , t, . r

i
. .

.

.1

,

r.

.

. .

,
. .

J.
.

instructional Objective: " ' * #
.

(..

To be able to:1state iv words the steady flow ford andynsteady state form
;

d ,. equation i,of the cantinity equation for a flow system. .

J
.

.

. .
.

.

. . .

.
..

.

. .

, .. .
.,,, . ,

. .. .

. .. L
.

. .

:

.,

,

.

_

.

4 . .

.

Instructional Aids:
/

,

Hanclout.No. 13.1,1 . .
.

.
. v -.

. ,..

.

Instructional Approaah:
r

Lecture - discussion

. .

. .

,

.

.

_

.
. .

.

References:' .....,) - , C
1.

.

. Murdock, J.W pp. .112-115
, .

.
' .

,,

, f.
. .. . .

.. ,

.'h

.
, .

. _

,

Class Assignments: ..
_

. .

None
,

, ,

. 13 P.
.

......,,. ,. . _.
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Page 12 of 52
S.

Module No: I2JG Topic:

Instructor gates!

Handout No. B.1.1
Conservation. of Mass.

A
Ars?.

Conservation of Mass

4 ""/----`,

Instructor Outline:

4r

Discuss the general continuity equation and steady
state continuity equation and their' relationship
to the principle orconservation of_mass as out-
lined on the handout,

- -4, .),

,,0%

4.

/

t

3

a
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Module No:

I2JG
.

./
,

.

.

N
- .

, Mod Title:
.

.

Hydraulics for Operators
,

.

..

. .

Submodule Title:
_ ..

.

The Ccintinil cy Equation .

/
. . .

.

Approx. rime

hour.
.

t

P'

Toisic:
.

.

. , . **
VelOcity and VolumetricFlow Rate

1-..'"-"/

4 O.. -

.

.

Instructional Objeciie:

.

4 For a known cross
average velocity V,
ipne. In these calculations

) V,Q, andkor-A to appropriateJanits

.

- /
.

.

. ..
. .

6.'.

,.

GI

.

e

_ . .

.

.

sectional area-of flow, A, to be able to calculate either
or volumetric flow rate, Q; if given a value for the other

the student is to be responsible, forAdonverting
if necessary.

......

.

1
Ii .

.
. I' i, )

4

. .
. .

. .
... .

4 '. . .
.

. .

.. .

Instructional Aids: 6
.

,
.

.

. . ,
. .

,-71Transpaency No. B.2.1
.

Handouts No. B.2.1 , B.2.2 , A.2.1
e

.
' '

.

.

)

. .

r
.

. .
.

Instructional Approach:.
.

.

i
, .

.

. Discussion and Problem,SeSsion .' ,

.

.

.

. .

.

,..

liReferences: '-
.

.

,

'

,. Texas Waver Utilities As-dtns,. pp. 135-136
, .

, .
.

,
.

.
A
. .

ft
.

. ,

.

.

.

.

. A
.

. .

Class Msignments:
. ,

.

....: .. 4 .

-Complete practice problems on Bandoutlio.-B.2.2 if not finished,in class,

.

--..\ 15 -
6- , 'r

t
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Module No: I2JG Topic: Veloctity and Volumetric.Flow Rate

Instructor Notes; Instructor Outline:

1

HandoutNo- B.211.
Velocity and MANT-Rate

Transparency No. B.2.1
Velocity and Flow Rate

'Handout o. B.2.2
. Practice Problems -.4

Handout No. A.2,1
Conversion Factors .

)

t

6

Et'

4 0

Discuss volumetric flow rate and.average veloctity
as measures of flow rate and their relationship
to each other, using the handout and-transparency.

Allow, students to work on practice problems,,on
Handout No. B.2.2 Conversion factors from
Handout A.2.1 will be necessary.

.16

(

ti
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,

Module No °

.I2JG

I

.

, ,
.Module Titlels '

,

. t

Hydraulics fdr Operators .
. _

i

'e

... ..,

Suhmodule- Title: '.,

.

. A

, The Ontinuity Equation ,

,:$ . - -

.

, . .

6

Approx. Time

1 hour"
.-

_
.

.

- \ 0Topic:
, .4,-

Mass Flow R(te and Volumetric Fliow Ratte .
.

.

.

_ .

.

o

.

.
,

.
-

Instructional-,Objective: .

.
.

calculate
:

- , For a flow of water or wastewater, to be able to mass flow rate,
or volumetric flow rate,.Q, if given'aovalue f6r the other one, wherei could

be,lil tb/min1--tbisec, or Lb /hr and Q could be in cfs, gpm,.or MOD, .

,

4

.
..is . *,..

A
.

,:!.

,I

.

'
.

*
. .0 .

e .

, !,
-. ,

. S .

. .

.
. ,a.a .

.
.

1 ., * 1

,
, I

Y

.,- o

.
..

.

.

.
o co

16structional Aidsv. . -
,

, ,

1 %
,

Transparency No. B.2.1
.

.

-

Handout No: B.3.1 ;

.

.
, .

, (

. ,

. -

.

4

:

.instructional Approach:- I- bf

. .

..

t
..

, .

.- Discussion and ProbleMeSessiim . .

.

.
,.

.

.
. . , .

.

.

.
. .

References:
.

'-'Murdock, J.W. p.112 .

,.

.

.

. ,
1.

_
.

.

.
.

. , . . .

.

,

.

I. of

1

.

.

.

,

-
.

v i

.
. ,

Class Assignments: .

,- - .

. 0 4
.

,
f

. ,
,

,

.

Complete prActfce problems on Hatiout.'Ndo: B3.i if not finished in class,
. .'

1 7-
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. .

Module No: I2JG Topic: Mass Flow Rate'and Volumetric Flow 'ate

Instructor Notes: Instructor Outline:

Transparency No. B.2.1
Velodity and 'Flow Rate

H out J o. B.3.1

Mas _ Flow Rate

a

o .

4

I

I. Discuss mass flow rate and its relationship to
volumetric flow rate and.averagevelocityl'using
theseCond part of the transparency and the
first part of the handput.

_

0

II. Allow the students to workout the practice
problems on the handout.

.

c

r
1-4

1

V 4r
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Module No: I2JG

_Approx. Time

45' minutes

Module Title: Hydraulics for Operators

Submodule Title:

Flow Measurement

Topic:

Velocity by Timing Float Trvel',

'17;

$

-Instructional-Objective:
tZ

. To be able to cajculate the volnmetric flow, rate of w4eFsor Fastewater in an
-

open channel. or sewer if given tie time required for a float or-*e to travel a
specified distance and sufficiept information to'allow calculation of the cross-
sectional area of flow.

. Instructional Aids:
/

Transparency No. C.1.1
.-,Handout No. C.1,0.

4

O

_Instructional Approach: *a. ,

1

Discussion and Prob4m Session

I

1

References: , s,

Texas Water Utilities Assint, 'ijp, 135-136

'.416

Class,Assignments

Complete any practice problems np?finished in class.



'

./

O

r

.

.

Page /8 of 5 -2

Module No: I= Velocity by Timing Float Travel

k

Instructor Notes:
u

' Instxuctor Outline:

Transparency No. C.1.1
Velocity Measurement f

Hatidout No. 'C.1.1

Practice Problems 5
a

4

e

scuss the method of
w rate by timing a

on;the transparency.

Allow students to woxk onproblems on Handout

1

measuring velocity and thus
float's travell'as outlined

A
.11111!

.

P.0

3

,

ti

S.
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Module No'

I2JG

)

ModUle title:.

HydraNids lor Operators

Approx. Time

45.miliufes

1.

InstructiQnsal_Objective:

Submodule

Flow Measurel\ent

Topic:

Shdltp-Crested WeirGetmetry

To be able to describe rectangular and V-notch weixs and their uses and to
be-able to' I,ist precautions which should be observed in their setup and use.

ti

.

0

t
Instructional Aids:

Handout

'instructional ApproaCh:

Discussion

...References;

.Texas Water Utilities As'n, pp 136141
2) Spink L.K. pp. 263-272

I

Class Assignments: .

None
411.

1

. ,

i
7 .

4 e

1

1 .V



'941!&

.

4,

0

e,

s,

116dule No:

:i2JG

,'. ..

.. .
.:

,

Page 2

1 . .

Topic: ,

Sharp-Crested .Weir Geomet'ry',

Instructor Notes:
t

' Instructor Outlinel,

Hafidout No. C.2.1
Sharp-Crested Weirs

'

.r

I

4

Discuss rectangular and. -notch wEiSs, their
uses and.preOautions'in their use as outlined on
the handout.$

Ls.
.

22

P
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Page 21 of 52

Module No: .

. ,
.

I2JG .

,

. .

.

.

Mod 4e Title: , .

, .

1
.

.

latorsHydraulics forOpep
.

. ,

- ...

Submodule Title: '
. .

.

?low Measurement .

.

7,

-

Approx. Time
,

1 hour

.

.

,

Topic: .
.

-

Parshall Flume Geometry
.

.
- ...

.
.

..
1

- .

I

. _ .

4

. Instructs nal Objective: .

. .

, ,. . .

To be able to sketch aplan and elevation view of .a Parshall flume,
identifying the thro1/4. ANwidth and the locations fo measuring the upstream head \1..*

: and downstream head.

. . . : . .

. .

.

. . -

.- 4.01,, .
.

.\ i .

'. .. .

. , , -,

-. . \
. .40, 4.."-

. .. . . .

. . ...- a ,
' a.0.,' '...- .

,r,- . .

.

.

. . .

.... 4

InstructicittvaAidS: .

)

.

,
_. .

.

. .
,

. .

_
: N.'

0 Tr"ensparaku_No.C.3.1
.

. -

.
t

.

, -
.

.

.

4

InstructiOnaliApproach: . ,,
-,

,

...,

) X . .

.,Discussion and 'Sketching!' session
.

.

,

, ..

.

,'References: -- .

-. .- .

. .. f. ' -' " . i .
. .. . A

1) Texas Water Utilities Ass,%xl, pp 144-15A A
. -

- 2) Chow,..sV.T.. pp*, 74-80,, .! ; " .,

3) Spink, L.It., pp _272-283 -

... .t. ..-- .

.; .
; . . .

- Class Ass gnments:.-
. -

.

.
.r sy, .

. . .

. . .-. -

its
. .. . 4

None N -
* 2 3 .
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Page 22'of

Module No: I2JG Topic: Parshall Flume Geometry

Instructor Notes: "Instructor Outline:

Transparency C.3.1
Parshall Flume

I

Shp% the geometry of the Parshall flume,
its various.par.ts, and the location ofthe
gaging stations using the transparency.
Then have-the class sketch both views-of
the Parhallflamet labeling the various

r

/

4:.

it

24..

1

V

.

Q

140

ON,
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.

Maule No:
,

.

12.10, '

.

..---
. ,

. .

Module Title: .

...
.

l
..

Hydraulics for Operators ' N

0

Submodule Title:'
,

.

l
Flow Measurement ...

. -

0
Approx.. Time

.

1 hour

k .

'

.

Topic: ,

.

e
....,... ,

Parshall Fl me Operation. -'

, 40 /\ , 4 . .%
,4 N .

.
- 6 .+

Instructional Objective:. .

- , # .

To be able to list 'advantages 'and disadvantages ofce'Parshall flume as
compared,with a'sharp-crested .weir, to be able to define siibmergence.for a
Parshall flume, and to be'able to specify the'maximum value of submergence for'
which 'a Parshall flume can be used without a correction factor.'

.

, . .

J ... .

,..
. . ,

'4

:
`.

.,f
106

.

. .\ ..
:4$

.

'
1

.
et *

O. ' .
/

t
.

.. .

. . . . .
.t''Instructional Aids . .

,

...
.

Transparency No. C.3.1 . .
.

..

.
.

-. Handout No. C.4i . - , -
,

.
. .

.

:

dt-,.
.

.

Instructional Ajsproach: \ ,

Discussion .

-,,

,

. '- -

. .

. ,

-
. .

.
-

.

. . .2

.

I\ Reference-s: \ '

1) Texan Water Utilities Assin. pp 14Z-150 ' -

- 2) Chow, V.T., pp 74-80 ,
,., ,

. .

3) Spink, L.K., pp 272-283 . AI,
f

10 ,

, -.

\ -

. .

III
a

. ,

.

\ :
.

.

Clag Assignments:
i

4
.;

. , . .

.

None .

. "Or

,

,
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Module No: -
I2JG

Topic:

Pale 24 of 6f

Parshall Flume Operation

Instructor Notes: Instructor Outline:

TranpparenCy C.43.1
Parshall' Flume

Handobt No..C.4.1
ParshallFlume

s:t

40-

`t.

4

'

Discuss Parshall flume operation, including
advantag s and disadvantages as compared wijh a #
sharp-c efted weir ag. well as meal ing and ipter-
preta on of submergence.

tis

a

2'6

"e

.
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Module.No:
4. .

I2JG . ...
.

.' . . .

:.

Module Title:
-

.

Hydraulics for. Operators.
,

i
.

.

.
.

Submodule, Title: ,..T.:...

1 r
.

Flow Measurement- :,Approx. T1M'e.
1

1-1/2 hours
-

,

. .

.

'Topic:
'''.

,

. Weirs and- Parshall Flume7calculations .

-

Instructional Objective: 0

.

.

To be ab,,to determine the discharge of water or wastewater -over a sharp -,
,

-crested weir -or through,a Parshalr fi if-given the upstream head, the __
necessary information about size an eometry of the weir or flume and either
i monograph or table giving discharge as function of upstream head and size,i- -

° o

.

,
.. J

. . .

.

. t

t
i , . 4

.
. ..*6

6 6

.
.

.

.

. .

Instructional Aids: ,

-
.

,

. . e

Handouts No. C.5.1 -.C.5.5. .

. .

.,

.

-

,

.

..,

.

Instructional Approach.: .

.

,

Discussion and Problem Session "
.

,

.
....

, .

,...

/ .

.
_ ,

--

.
.

-

.-
, .

'References:
, .

-
,

. ,,-..-.

1) Texas Water=_Vlities Assin., pp 136-150 .___

2) Simon, A.L., pp 268-277
.

Alb
.

.

. it .
..

. s' e -
:?i--. ,

.

,

. , .
' . .

Class-Assignments:, -

,--
.

t -.1

Complete any, practice. problems hot-finiShed.in class
1

,

l

.

. ,

. /

.

0

2'7.
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Page 26 of

Module No:--
I2JG r

Topi\
Weirs and Parshall Flume

Instructor Ndtes: Instructor Outline:_

--- 7 '

Handout_No._C:5-.1

Weir and Parshall Flume
Discharge

. Handout No. C.5.2
Disch-irgelof sharp-crested
weirs =

.

Handout No. C.5.3
Flow in'AT-nnreb

1/4

Handout No. C.5.4
Flow-in Parshall Flume

Handout No. C.5.5
Practice Problems-6--

,mto

I) Discuss methods of determining the discharge
frop an upstream head reading of a sharp-

, crested weir or Parshill flume and. work
'examples.

0

_II) Allow students to work out the practice-problems.

28

law

a
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ra-ge 27 of 5 2.
. .

Module No:
. -
.

.

I2JG

,

. . .
.

Module Title: .

.

.
,

.,.

. : ' .4

Hydraulics for'Operatois . '

,

. . . .

.

. Submodule Title: .
-

. .

. . ,

-Flow Measurement 4
.

. -

Approx. Time

-

1 hour

,. .

Topic: -

Pressure Elow Measurement _ .

.... .

. ...

.

. .
. ,

,Instructional Objective: <
..

..

To be able to briefly ddlCribe the venturi meter, orifice meter, Dell tube,
and magnetic flow meter as devices foi presstire flow measurement and to be able
to compare them by giving advantagbs and dis advantages of each.

- --

.
'...

,

. ..

.

. . .

.

.

- , . , .- .

.
.

. .

.

. ..
.

,

.
.

f
. .

.
.

.

I

.
. .

Instructional Aids:

:

.

.
.

.

. .

Handout No. C.6.1 .

,

- .

.
.

.

.
.

. .

. . . .

Instructional Approach: ..,.

. .

Discussion

.
. -

. ,...

IP y

.

ReferenceS:., *-
'...

s -1) Teas Water Utilities Assin pp 150-155. .

: .

. Spink, L.k., pp 7-40/ 2)
. .

..

, .

, .

.

.

.
.. , -,

-

.. - -. .

.. ....-- .

,

.

.

/

/Claps ssignments:.

None

.
.

.

.

.

.
...'. .4

.

-

..

.

, .. A
t. ... ,

,
. .- ° -2 9 ..

. - .
.

o.
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Page 28 of 52 k

Module No:
I2JG

Topic:
Pressure Flow Measurement

Instructor Notes: Instruct6i ()Udine:

O

Handout No. C.6.1 Discuss the lenturi meter, orifice'meter; Daly
Pressure Flow Measurement, tube, and magnetic flow meter as devices for pressure

flow measurement as outlined on the hand6ut.

1

J.

a

rr

k

Y

30

41.

0
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rage 29

Module No: ,

...

I2JG
(

,.

..--J

Module Title ;.

Hydraulics.for Operators
.

/

.

.

.

.

$ubmodule Title: .

.

Frictional Head Loss,
)

.

,

Approx. Time
. .

.

1 hour
Topic: - . .

0

,
.

Uniform and Nonuniform Flow.. c
.

,

_ . .
.

Inseruction91 Objective: .

'

.

To be able to classifylpopen channel flow as either uniform or nonuniform
if given a descriptidn of the flow situation. -,

.
.

.

. . .,

..°
. .

.

.

I
--......

.
l

0 .

.
.

. . .

".

N

. .

.

.

.

. .

.
.

..

.

. _

Instructional Aids:

Handout No. D..1.I D.1.2
. .1

.
.,

..

.

.

,

Instructional Approach:. .

.

Discussion and Problem Session
.

i

: .

e.

(

.
a .

1 References: ', ,

.

1) John, J.E.A., and Haber* man, W. pp-209-211 .

2) Simon,A.L6 p 159' ..t -

. ,

.
.

.

,6 t% .

-..--.

.-

..

.

.

,

.

.

'
.

. ,

e 4
.Class Assignments: r r ,..

.

Complete bny practice problems not finished in class i

.. .

;.. 31 .. ,
...

.

.

.



c.
I

Module No:
I2JG

t

Topic:

Page 30, of 52
----;

Instructor Np es:

Uniform and Nonunifotm Flow.
-

/

Instfuctor*Outlines,

Handout No. D.1.1
Uniform and Nonuniform
Flow%

Handout NO. D.1.2
Practice Problems-7

4

I) Discuss uniform and' nonuniform flow as outlined
on the handout.

II) Allow students to.work out practice problems.

o

32 . C

400
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.

Module No:

I2JG

..

1
.

Module Title:

Hydraulics for Operators:* .

..;:
.

. .

.
.

Submodule Title: .

.
. .

.

.,

.

.

Frictional Head Loss
.1 . ...

.
.

\ .

c

,

Approx.'
,

.

1 hour . A

AIN..

. a
Topic: -

'

/
.

Hydraulic Radius
.

,

,

.

.

.
,

InstructionaliObjectlye:, . .

- .

To be able to calculate the hydraulic radius foi open channel flow through
a) a rectangular channel of specified widthrqnd liquid depth
b) any shape channel with specified wetted peimeter and liquid

i .
. cross-sectionalarea.

.

N.
.

.

.

..,-.

a

.
/;4,

.. .

Ne

.
...

i

.
.

. .

.
-, , .,

.

e
.

.

.

- ,
. - .

,Instructional Aids:*

Handobts No. D..1, D.'.2-
..

.

.

.

,

,,,

..-
,

,,

.

,. .
,

.

) ,

,

.

.

.

. .

. Instructional Approach: ,. -. , .
.

Discussion and Problem Session
. .

.

. .

. .
.

. t
----......

, , . . . .
. ,

. . -,--

1

---......

.

r .
...I .. t A .

1 References:
.,

. .

.:,

' 1) Murdock, J.W., pp 123 -125 4 e(
2) John, J.E.A. and Haberman,. W..,Np 226-227 , ,

3). Simon, A.4,:, pp 159-, 160
. .

.

-.0#0- . .
.

%

.

.

. .
.Class Assignments: - .

. '
,

Complete any practice problems not finished in class. .

4
.

vA.:

11 ,33
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..i.

Module No:
I2JG_

Topic:
HydrauliC,Radius

InstructorNotes:
5

6

HandoutNOP. D. 2.1

Hy4raulic Radius

Handout No. D.2.2
Practice Problems-

.

r

Instructor Outline:

Page,V. of S2

I)Arscuss hydraulic radius and its' calculations

as outlined' on the handout.

II

eer.

1

4

Allow sUdents to work out-the practice problems
on the banddux.:

3

4)

o
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7 'Fag,e 38 - of

.
.

.
.

I.-Module No - Module, Title: .
'. .

Hydraulics for Operators
12..IG . -

, .3/4
. .

.
.

.

Submoduls. Title: , .-
. ..

.

,
1 df

Frictional Head Lpss ,

Approx. Time . . .

.
. .

2 hours- : ,

Topic:'
, Manning Xquation - Open-channel, Flow -Is

...
.

1
_

.

.
. t

.
.

. r

Instruotio al Objective
. ._

.',..ror uniform open channel flow; to be able to use a nomograplac splu-
tion of, the ChezyManning equation to cilculate-a Value fel..i any one

. of the following four variable's 14 v.ilues are-known for the other
th-ree: average velocity of flow, V, hydraulic radius, R8, slope-of

channel,S,

and Manning roughness coefficient, ii. ,-.1'. -4L't, -.

. . .
, ___

.
' /4 .

. .,
.

, f

./' .

.

. '`s, .
.

,

. .' ,t' ...,

.
. .

..
__

.
.

,

.

( . .
. / I

.

Instructional Aids: .
,

.

. .4,
.

Handouts No. D.3.1, D.3.2, D.3.3, D.3.4
-.,.

.
. .

. . _
. ,

.

.

,,___ t. r , .

. - ,

In,structiona,1 Approach:
, . .N -

.
. .Discussion Problem Session . , ..

- '

4. , ., .

, .. s
References: -

...'
. . .

.

,... - . .,

1) Simon,' A.L.,, pp 159-169 ,
. ...-

2) John, J.E.A and 'Haberman, W. pp-224-227
. .

, .

. ,
. .0

. , --
.

. ..
0 ...

ClassAssignments: \
. #'

.

.

.

COmplefe practice. problemsl'on Handout
If

No. D.3.4 If not completed'
-. ' e

In class . . _ e 7 \ ... vb..
..

.
.

' .:1 5
...

, ; , .

.
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Module No:
I2JG

Topic:
Manning Equation Open-7channel. Flow

Instructor Notes: Instructor Outline:

Handout D.3.1
Manii.ing Equation- -

Open=hhan.nel Flow

Handout D. 3. 2
Chezy-Manning
graph

Handout 3. 3i

Values of n and C

- Hkndout D.3.4
Practice Problems - 9

t

.r-

I-

r

L. Discuss the relat ionship among V,S, RR,
,

/ and n for open channel flow and the use of
a nomograph for uniform flow calculations.

;,.

Allow the students to work out the prac-
tice problems, giving Individual help on
.reading the scales on the nomograph if
necessary.

3

O

's

' 4
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Modai No: . '...
.

ITJG
.

,

Mbdule Title: .

.. Hydraulics for Operators
.

,-
Submodule Title:

' -

Frictional Head Loss ,
I ,

-#

C

.
Apifoi Time

1 1/2 hours
.....

. . - .Topic:
4, Pressure Flow in Pipes

. .

.

A
.. .

'1
cs

Instructional Objectiv4:
,. .For-Pressure flow in a pipe to be able to use ,a nomograph of

the 'Hazen-Williams4eqUacion to find a value for "any one of the
following four variables if Value`s are -known for the other three:

` discharge through the, pipe, CI, diaieter of pipe, D, head loss
per foot of pipe length, S, and Hazen.-Williams coefficient, C.

.il. . . .

. ..
. .

. . ,. .
^; --

* .
. ./I.
,,

..
.

. .. .
,

'.--
_ *.'

.
.

.

.

lerlructional Aids: . *
- f. ,

. HandoUts D.4.1, D.4.2, D.4.3, D.3.3
t .

-
go

, .

Instructional Approa.ch: vc.
.

,-
Discuision and Problem; Session . - .

.
- .

,-e .

r .
Reference*: di

. .

- .

1) A.L., pp. 44-45
1 .

-.
.

_ ----- .
.

.

Clasp Assignments:"
(

Complete any practice problems not finished in class.
, .

.
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Module No: I2JG, Topic: Piessure Flow in Pipes

Instructor Notes:

--.W.

Handout No. D.4,1, 4
,Pressure. Flow in Pipes

Handpu Noy D.4.2
Hazen- illiams Nomo-
graph ,-

Handout No. D.3.3
Values-of ri and C

--R2.ndout No. D.4.3
Practice Problems-10.-

oe.

Ins,ructor Outline:

-I. Discuss pressure flow in pipes and \.
the use of the Haien-Williams equ tion.

II. 'Allow the students to work on practice
problems.

."

'38

0

\
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ModUle No:

,,
I2JG'

,

.,

lb

.

Module Title: ...

.- Hydraulics for Operators )
.

it' .

1 ,

Sub%odule Title: .

._ '

, Frictional Head Loss

.

(.-
Approx. Time

;

1 hotir
4.

v

.
.

-*topic:

.
Minor Losses in Pipes '

.
'

,

.

.

Instructional Objective: 11 `. .
_

.
To be able to estimate frictional head losses,for flow qthrough -

valVes and fittings in a piping systemif giyen h value for the r a >

average velocity of flowtin the pipe and a table of loss coefficients
(K values) for values and fittings. '

1

.

. ...-

. T

, .

. .
.., . .

. . .

. , ... / -
, .

.
,

4 ,

...
.

4

.

Instructional Aids:
-,

Handouts D.5.k,

. -

.

.....
.

,

D.5.21 D.5.3 . .
.

>---- ,

1
<

Instructional Approch:
. ,

..

.
.

Discussion and problem session .
.

. ,
.

. ,

A
.

References: -, ,

.
.Simon, A.L. pp."59-64 .

0-
.-

..- .

,

.
. , .

. ,,, ..
.

. .
.Class Assignments:' -

.-,7 .
. .

(Complete
any practice problems not finished in class. .7V

, 2 9
1,

4
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Page 3 8 Of S,Z

Module No : 1'1 2 G
.4. Minor Losses in-'Pipes

n sr

Instructor. NOtes:
.

Instructor Ouviinet

Handout D:5.1
Okinor Loisses in Pipes.

4

Handout
Loss.'Coefficients for
Sittings,

Handout D.5.3
Practice Problems-31

4

/

,

I. Discuss minor losses in piping system
land their estimation as outlined-on .

Handout D.5.1

k

II. Allow class to work out the practice
problems.

. 40.-

c
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Module No:. ..-
r

I2.1G

e

-
. .

. Module Title: _
_

-.
HydrVics for Operators,. ,

..,"-,.
)

Submodule Title: Frictfonal Head Loss

.

--*

;
Approfc. Time

1 hv ur

.

. .

.Topic: 777-----"\_/
.

. Frictional Pressure -Loss
. .-' .

Instructional' Objective: 6
1

For flow thr'ough a horizontal pipe to be able to calculate either
frictional'pressure loss or frictional head loss if given a value for
the other. ,

* I.
. .

. . . _
.

.
... . ,

'
e. ° . . -

. N . .
, to I...V.r

°.

a

a . a a .

4 , °

, . ,
4,

t t

Instructional Aids: . . v . -
l

, i.
',I.

Handout 15:6..1, D.-6.' ..
. - ,

%,

.--
.% , '

.
i ..

.
Instructional Approach: . .

, __ ,
.. . .1 . .

-;* Discussion and problrem session
..

. . -, . * .
' ,

.References: , .
,

'.. .
. , 1

.,.. ,

_ . . . .

4 .

Class Assignment's: .i.

-ow . sComplete .an y -practice p-roblems not finished in .class,,
: .

7- 4.1
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Modul No: I2JG
4

Topic:
Frictional Pressure Loss

Instructor Wites: Instructor Outline:

Handout D.6.1
. Frictional Pressure
Loss

Handout D.6.2
Practice Problems-12

Note: NonhorizontAl
pipes wiLl be ,con-
sidered in the section
on Bernoulli's equa-
tion in the "Advanced,
Hydraulics for Opera-
tor-eTiodule.

pr

I. Discuss frictional pressure loss and its
relation to frictional head loss for pressure
flow through a horizontal pipe, as outlined
in the handout.

II. Allow the class to work out the practice
problems.
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rage 1 of S2

- .. -. . .
Module No: Module Title.: - .

I2JG , . hydraulics 'for° Operators
s ',--

t .

.
. Submodule Title:

.

Frictional, Head Loss
Approx.-Time .

. -

1 hour. .-.-,

Topic: Water Distribution System's

- . .. .
-

a .
Instructional Objective:

.

To be able to apply calculations, of the type, in the.prevrious
three objectives :to flow through a water distribution system. ...

,
. ,

. _

,,,
. .

.

., . /
4

.

I
.

I/

1 . .

';'

S
.'

-

.

:
.

1. \ . . .
' t

.

\
.

Instructional Aids: ,

. -

,

Handouts \D..7.1, D.7.'2 re

.

\

.
e

. \ v °
. . .

, Instructional Approach: . .

,
.

. Discussion and Problem Session r .r. - .. .F
References:

.

- 1) Clark, 4.W.,Viessman, W,..3-r., & Hammer, M.J. ,pp. 142-148
2) Murdock, J.W., pp. 292 -297

t.
. . .

- I.
. ; 1

. .

.
ass Ass'ignments: ,., '

-
Co.mpleteany practice problems not finished in class.

ix
,-,,- .4.

413 . .
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. k

Module No: I2JG

Instrdctok Notes:

a I

Topic: Water Distribution Systems

instructor Outl.j.ne:4

Handout D.7.1:° I: Discuss the examples worked out in the
Water Distribution 'handout.
Systems

.

Handout D.7.2 1II: Ali o-441- students to work out the practice
Practice' Problems -13 problems,

CV`

a`

4

O

It

44

IP

0

.> 4

0

s,

a



rage of 62.'

Module No:

l2,JG°-

.

Module Title:

Uydraulics for Operators . .

.-..

,

.,

Submodule Title: .'4,-

.

Hydraulics of Sewers
.

s.

Approx. Time

-

. '30 minutes

Topic: - .

Velocity Requirements' .

d.

.

.

4 . . ir
ingtrUCtiOngi Objective:. .

-::-.--.7.._..4 .

. r

To be able to explain.the reasons for requiring a minimum
velocity ana a maximum velocity for/flow through-sewers.

.

, .
.

,
.

.
.

-
.

.,

-

_.
, .

.

: '
,

,

... .
,

,

, :.
,

_

or

.

.

.

.
.

Instructional Aids: t
---,

___

Handout 0o. E.1.1 4
. ..

_

.. -
. _

,

.

,
. .

P

.
.. .71

Instructional Approach:

. Lecture-discussion
t

, -

,

.

.

.

4

r .
.

1 ReferenCes: : .

1) Fair, Geyer, & 01pn, pp. 14-1 14- ,.14-5 - 14-7
.

. ,

,
.

.,..
' ,

.
, .

..

. .

Class' Assignments: ,

None .. .

.
.

.

. . 45
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.



Page of S2

-

Module. Tdpic:
I2JG-. Velocity Requirements

4/11/

Instructor Notes: Instructor Outline:

Handout E.1.1
Velocities fnigewers

3.

O .0

Discuss4general requirements related to
velocity and size of sewer for'.flow in
sewers as discussed in the'handout.

1

.4

c.

4
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Module No::

' I2JG

.

.M

.

.Module Title: 6 . .

, .

Hydraulics--for Operators
. .

,
.

SubmoduleTitle:
ii. .,

.

o

..
.

'Hydraulics of SewersApprox. Time

1A hours- - Topic:
.

.

Sewers Flowing Full .

ot
.,

.7

.

.

.
.

Instructional _Objective: - .
,

. . .

. 0

To. be able to determihe from a graph "or- nomograph the discharge,
the slope,_Or the'diameter of a sewer flowin4 full ifgiven values
for the other two and a value for the Mannibg roughness coefficient for
the sewer. 4- ,..

/ ":

1.

- - al.
. .

t. .,
. . . a 0. .., :s . .

.:7..

. .
.

. ,
,

O. ,
.

.

,'
. S

.

.

....*

Instructional Aids:
.

,..- 'l-
../

Handouts No. E:2.1, E.2,2, E.2.3, b.3., D.3.3, D.4.2
, :

, '.

,
.

b ..

.

-Instructional Approach: .

.

.

.
. .

, Discussion and ProbleM Session . /
..

.. .

. .
. .

-
. ,
References: ,

.

, 11% Fair, Geyer, and Okun, pp. 140,14-4
2)- National Clay Pipe institute, pp. 15-22

.

Class Assignments:

Complete any practiCe problems not finished-in Class. ,

-

,

,

, 4'7



Module No:
I2JG

Topic:
Sewprs Flowing Full

Instructor Notes; Instructor Outline:

Handout No. E.2.1
Flow in Filled Sewers

o.

Handout No. E.2.2
Pipe Discharge Flowing
Full

Handout No. D.3.2
Chezy-Manning Nomograph

Handout No. D.3.3
Values .of n and c

Handout No.'D.4.
HazenWilliams Nomograph.

Handout No. E.2.3
Practice ProbleMs - 14

a

I. Discuds flow in filled sewers,- the
'relationship among dis'charge, velocity,.
slope,,diameter, an-roughnesS of the
sewer and calculations With those
variables,.

S

0,
_II. Allow stUdents to work out the practice

problems.
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Module No:

.

) I2JG
.

' . .

Module Title:, .
,

-
.

.

Hydtlaulics for Operators.
-- .

Submodule Title: . .
. .

.
.. .

Hydraulics o Sewers
.

.

.- 0
Approx. Time '

.

.

lk hours

Topic:
.

Partially Filled Sewers
-

.

.--..

.

Instructional Objective:

' .To be able to
Q, through a partially
roughs coefficient,
in the sewer, d,
graphical presentation

ir ,

.

,

N r

.

.

', .

_

.-

calculate the velocity of V, and dischargd;
filled sewer if given values for the Manning/-
n, the sewer diateter, D, the depth of water

the slope of the sewer, S, and a tabulated or *

of the relationship'of V Q'. - d
...,.___,

V full and Qfuri_ to D

.

. .

.,,
. . ,

,
t

'*

,

'
.

. . . ,
.

.
,

, 1

. lgos.

. .
. .

I .
.

Instructional Aids:
.

.- .f.

Handouts E.3.1; E.3.2, E.3.3

; 1
e 0

. .
...

Instructional Approach:
..

.

Discussion and Problem Session
0 ., .

-

.. S ,-
------

,- _ .

, _.
.

, .

. .
,

References.: ,
.

'1), Fair, Geyer, and Okun, pp. 14-7 - 14-12' _ ,...

2) National Clay Pipe Institute, pp.-$.17-22 . , a
1

. ;
,.

.

. :.
..,

.

Class Assignments:
, .

.

Complete any practice
4

,.
.

.

.

problems' not finished in class.
,

--- .:
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Pa4ge 48 of-52

Module No:
I2JG

Instructor Naes:

r /al

Topic:
Partially Filled Sewers'

I

Instructor Outline:-

.

Handout No. E.3.1 I'. Discuss floW-thrb'ugh partially filled
Flow in Partially ).filled sewers and estimation of velocity and

Sewers /7 discharge for such Cases.

Handout No. E.3.2
Discharge and Veldcity'
in Paftially Filled
Sewers . w,

Haridout 116. E.3.3 II. AllOw students to work out the practice
Practice Problems 2 15 prdblems.

V

a

aq

O

5 0_

o

8

°

a " ."

a 9

I

of
.

1

't

c.



A

Definitions and Units

1)- What are threeffer,ent units for measuring pressiire?__

EXAM QUESTIONS

. 2). Define specific. gravity.
0

3) What are two different units- -for meas9r1ng specific weight?

Pressure Unit Conversions

'1) Convert a pressure of 1.5 atmospheres to psi.

2) What is a pressure of pa psf equal to in psi?

3) Convert 12.6 inches of mercury to psi.

Gauge and Absolute Pressure, ro

1) If the gauge on a tank reads. 15 psi:what is=the absolute pressure in the
tank?

2) If the pressure at a certain point is supposed to be 31 psia, what should
be the reading on a pressure4gauge at that point?

Specific'.0ravity

6461

.1) 'What is the specific weight,of a liquid which has a,specific gravity of 1.16?

Conservation of Mass

ly What basic la f physics is the continuity equation based on?

Velocity and Volum ric Flow Rate

'1) Whar are three common sets of units used for measuring discharge or
volumetric, flow rate.

I

Wastewater is flowing 1 1/2 feet deep through a 2 foot aide rectangular open
,channel at d,rate-pf 2.1 MGD. What 1s the velocity of the waj'ewater?

Mass Flow Rate and Volumetric Flow Rate

1) If wastewater is flowing through a.sectjon of channel at a, rate of 30 ft3/min,
what is its mass flow rate in lb/min?

. .

2) Watet at 60.F is flowing through a pipe at a rate of 639 lb/min. What is its
discharge in MGD?

,

. 51
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Velocity by Timing Float Travel

1) The time required for a cork to travel between two manholes; 535 ft
apart was 108 seconds.

a) What was the.velocity in the Sewer? ,

b). What was the discharge throughThe sewer if it wa§ a 12 inch
sewer flowing half full? (area of a circle = n d /4)

Sharp-Crested Weir Geometry
.

.

.,1) Where should the upstream head above the weir .crest be measured for a
sharp-crested weir?

2). '1414>illeant by the "crest" of a rectangular sharp,crested weir?
. .

3) What are three precautions that should be observed in the set-up and use
of sharp-crested weird in order to insure accurate flow measurements?

Parshall Flume Geometry

1) What is meant by the throat of aParshall flume?

2) Is there any special location yhere the upstream head should be measured.
.in,a Parkhall flume?

3) What is the crest; which the upstream head is measured above in a Parshall
flume?

Parshall Flume Operation

1) What is meant by submergence in connection with a Parshall flume)

2) What is the maxlmum allowable submergencwbf the flow thro a Parshall
'flume if the discharge is to be'predicted from the upstr am dead only?

35 What are two advantages of a Parshall flume over a s rp-crested weir.

Weir;and Parshall FlAbe Calculations

1)' What are three.commOly used methods of determining the discharge for a
'measured value of upstream head for a sharp-crested weir or a Parshall
flume?

. Udc, the attached nomograph to find the discharge, through a 90'V-Aatch
weir with a head of 6 inches. (attach Handout No. C.5:3) .

ta3) Use the attached tag.teleiermine the discharge over a 6 foot long
/

. -

rectangular sharp-crested weir with a 7 1/2 inch head. (attach Handout. No.
-, C.5.2) 4 .

Pressure Flow Measurement

1), What are advantages and disadvan s of a magnetic flow meter in
comparison with -a venturi meter?

,
h

,.
2) 'What is actually measured with a venturi meter in order to determine the

-flow rate `through the meter? .-



- 51 .

What are some advantages and disadvantages of a Dall tube in comparison

with a vehturi meter?

Uniform and Nonumiform Flow
o

1) What'is necessary for flow in an.Open channel in order to give uniformflow?
Hydraulic Radius

1) Vat is the hydraulic radius for flow through a 24 inch wide rectangular
channel if it is flowing 15 inches deep?

. 2) 'What is the hydraulic radius for flow through a partially filled sewer if
the cross-sectional area of flow is 10 inches and the wetted perimeter is
9.3 inches?

Manning Equation Open Channel Flow

.-
1) ' at.are the three most infportant variables which affect the v ocity of

water flowing through an open channel? .

2) -Would the velocity of flow.in an open ceannel increase or decrease if the
hydraulic radius is increased?

3) Would the velocity of flow in an open channel increase or 'decrease if the
channel surface becopes,rougher. r

4) Use the attached Chezy-Manning Nomograph to deterthine the slope required

to give a velo ity of 2.0*ftisec with a hydraulic radius o01.5 ft and a

Manning roughne of 0.015. (attach_ Handout No. D.3.2)

PresgUre Flow in Pipes

1) How. is Ole. hydraulic radius calculatihe_dialaier of a circular pipe?

2) Use the attached Hazer17-Williathe nomograph to find the discharge through
500.,feet of .24 inch pipe with a head loss of 12 feet if the Hazen-Williams

1;+ coefficient:is 100.. (attach Handout No. D.4.2)

,
Minor Loses in Pipes

A

1) PIn what type of situationswould frictional losses due to valves and fittings
be important in comparison with frictional loss due to straight ipe?

Fricipnal Pressure. Loss .

.
,

.

1) If the head loss across a piping system is 15 ft what would be)the pressure1

loss, through the system' is psi? .. - , .

.
.

.

. ...

- -2a) Express a pressure- loss of 15 psi as head loss in feet.

: 5 3

4
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Water, Distribution Systems
p

1) What pressure would -be required at point A in order to give a pressure

. of 40 psig at point -C?

3000
I ,

A
18;n. J;com.

2000 g

. 1900 f:t

.

12 it). d ;ah).

Velocities in Sewers t.

1 _
1) What is the normally recommAnded range of velocities for flow through

.sewers?

2) What problem will be caused by the velocity being too. ],ow for flow through
a sewer?

3) What problein will be caused by _the velocity being too high for flow thrOugh
a sewer?

Flow in Filled Sewers

1) Use the attached Hazen - Williams omogrhph to find the velocity and dtscharge
through a 4 inch sewer with elope of o.0015 ,if it is flOwing-iull?-
(attach 'Handout No.ip.4.2)

N

a

Flow in Partially Filled Sewers .$

1) Use the attached graph and nomograph to, find the veloFiliy and dicharge
through a 24 inch sewer with a'elope of 0.0015 if it i flowing-0.6 full

(attachJiandouts No. D.4.2 and E.3.2)

T.
P

$.

ad
'

J.

O

54?
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FLUID PROP
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Pressure: symbol- P

Meaning:

F LUID'PROPERTiES.

Force pei\ullit area which a fluid exerts on any surface it
is in contact with.

Units: lb/in2 (psi), lb/ft
2 (psf), inches of mercury (in. Hg),

atmospheres (atm), Pascals (Pa)

,. Pascals Principle: Pressure is the same in_all_directions_at.agy*point
in a fluid.

.Density: symbol- p

Meaning: mass of a substance per unit volume

Units: b/ft
3

, lb/gal, kg /m3

Specific Weight:. symbol- Y

Meaning: weight of a substance per unit
_,

Units: lb/Xt3, lb/gal, Newtons/m3

Specific Gravity: symbol- S

density of another substance"

- la

Meaning:

vole

. density of water

e.g. Specific Gravity 4
of gasoline

densit of

density -of

This may be Britten as S gasoline

Units: None, however
water and the

j I 1

specific weight can be used in place of density for both

water and the other substance. ;i "
Pwater=water= 62.4 lb/ft3 = h.34 lb /gal
for temperature between 32°F - 6 °F ("

)

Viscosity: ,symbol- p
)

Notes; 1)

2)

ssoline
water,

Pgasoline
)Pwater

the same units must be used .for the density of

4

other substance.

.MeaningC a'measure of a fluidS resiS'tance7t6 flow'

Units: 113-2sec

S.

, centipoise
ftT

6

Uandout No. A.1:1..

.41



Given Unit

CONVERSION FACTORS

x Conversion Factor = New Unit

Pressure lb/sq. in.
. 144 1 lb/sq.ft.

atmospheres 14.7 I
lb/sq.in.

atmospheres 29.92 inches of mercury

lb/sq:4ft. 47.88 , pascals

lb/sq.in. 2.034 inches of mercury

atmospheres 760 mm_of mercury

Volume cubic feet
cubic.ieet.
cubic feet
acrefeet
gallons

7.48
__rag

0.0283
43,560

3.785

r'Area square feet 144,

acres 4 43,560A

square meters 10.764

gallons
cubic inches
cubic
cubic feet
liters4

square,inches,m0
square! feet

square feet

Mass

Discharge

1

pounds 453.6
.

grams

kilograms 2.205 pounds

eu.ft./sl.c 0.646 millio gafsf/day

cu.ft. /sqc .449 gal/m

million gals/day 694 galjmir

i
, Y

e e

i

i

.

1

To convert, from a unit in the "New Unit" column td a.unit in th.e hGiAle

column, divide by thl conversion factor.
. .

,

4
62

Unit"

Handout 'No.

;

-2-.1



PR4CYLCE PROBLEMS 1

-1) Convert a pressure, of 2.3 atm to a) psi, and b) in. of Hg.

TN

I

2) If a pressure gaUge reads 8.5 in. of Hg what is the pressure in psi"?

3)

0

Convett a pressure of 3500,psf to a) psi and 1) lin. of Hg.

a

- 4) Convert a pressure of 45,000 Pa t o psi,

4, I

-1/

'

63
4

Hand,out No. A.2 2



1

GAUGE AND ABSOLUTE PRESSURE

Atmosphere Pressure:

Patm =14.7 psi at sea level_

Meaning: Normal atmosphere pressure exerts a force of 14.7 lb on
each.square inch of surface exposed to

Other Units: P-atm = 29.9 in. of Hg = 1 atM =.2120 psf.= 101.000aa

S iviro.e30:II. Gauge Pressure:.'

interpretationf The pressure in thelitank is 20 psi greater than the-

pressure 'outside the tank.
.

, ,

4 (Pressure outside tank = atmospheric pressure)
.

o
1

,Other ways of statl.ng this:

'1) gauge Pressure in tank = 20 psi
2) pressu5e-in tank =,20 psi 'gauge,.

3) pressdre in.tank,= zo ps4r
i

III. Absolute PrAsuret ,-

1
v

/ ,

The pr4ssure in the tank above may alSo be expressed) as bsolute

.pre§sure where: ' ..

.,

? , .

Absolute Pressure = Gauge
,

Pressure + Atmospheric Pressure

or Paba = Pg + ?atm °

'-' .
If atmosph'eric pressure is 14.7 psi around 'the tank,

presSure'in I te' tank could also be expreaseOas:'

i J. Ptank 134:7 psi absolUte
.

..

9r Ptaak =1.34.7 psis
9r ''The absolute ,pressure in the t nk i 34.7 p

1 ' )

1

then the

/Note: Assume Pa =,;14,7 psi unleSs ther informatiott is available

?

0

c

4 ;

.HandoUt No. A.3.1.
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PRACTICE PROBLEMS - 2

1) If the pressure above a pressure filer is given as 10 inches of
mercury gauge, what is the absolute pressure in inches of mercury

and 'in-psi?

7

, If the pressure at a ertain point in a pressure line is to bp, 28 ps a

what should be the r ading in psi on a pressure gauge at that poin

S

9

. . -,:. 40.:

If the pvssur6 oh a gauge, ready 18.5 psi ino*the local barometric
pressure (atmospheric pressure) is 29.8 inches of mercury, what.is

the absolute pressure bell* read by thd gauge?

Handout No. A.3.2
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PRACTICE PROBLEMS - 3'

1). What are the specific weight and density of which has a

gpecificgravity of 6.94?

I

' 2) .Sea water has .aspecific graliity of 1.03. What is its density in

lb/ft3 and in. lb /gal?
0

.4 ,

t

.41

4

66
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THE CONTINUITY EQUATION

._ ..s

Basic Law of Phy sics: Mass can be neither created nor destroyed

general Continuity Equation: From the basitlaw above, the following
relationship must be true for a system with streams flowing in and/or

.

out as illnstrated.pelow.
.

.
. t '24 .. \ ° ' */

rate of mass flow irate-61 mass flow = rate of.,accumulation
-:

\into system , / - but of system of mass in. system.
. .J

,v

.

Flow t

rrt

- - - - c--

-TySie M Flow

,

--
e4g. .If the mass flow rate in is 20'1b/min and the mass flow rate out is

15 b/min, than there is.a."buildup".or "accuaLlation" of 5.1b/min
( in the tank.

The "system" may be a.'clarifiezfwa sand filter, an aeration tank,
a Se-Cation of open channel, oy any such item which has water or wastewater
flowing in and/or out.' .

,
q .

.

Frbm the above relationship, flow rate in,.flow rate out or rate

of accumulation can' be fOuneif the other two are known. If the outflow .

is greater than the inflow, then the rate of acc6mulation is negative,
J .

or in other words, there is net loss qg mass from the system.

o

c.,

Steady State Continuity Equation: .For many cases, the total amount of

mass in a system remains conptant. This conditioniS referred to''as
, steady state. There is no atcumulation during Steady state conditions.

and the continuity, equation Petomes . .,

1

° rate of mass low rate o f mass flow

into systei out of systems

0.0

.5

0

67
0

0

t

t

H andout Nb.*B.1.1

4



0 s ,

-*:P
o

T

VELOCITY AND FLOW RATE

. There are several possiblerways: of specifying the flow rate through
a pipe,. channel, ortank. Two which-will be considered now are:

.1) Volumetric flow rate, Q, measured in units such as cfs (cu.ft./sdk)1
gpm (gal/min), pGD (millions of gallons Per day), etc.

.
2)-,#veErge velocity, V, measured in units such as ft/sec, ft/min, etc.

For flow thfough a pipe,, channel, or tank as Shown in the diagram
below, Q, V, and A are related as follows: (A = cross-sectional area of flow)

Q =,VA

. '

The-velocity times the cross - sectional- area gives the volume swept
out pe4'unit.time, or volumetric flow rate, as shown in theequaton above.

For caldulations with this equation Q, V, and A must, be in proper
units. One possible set of consistent units is:

V in ft/sec, A in ft2; Q in ft3 /sec

If any of the variables are given in different units, such as gpin
'fot Q or'in2 for A, they 'should be converted to the units above efore

making calculations with the above equation.

"Example: Water is 'flowing through a 3 ft'wide channel at a depth of 2 ft.
and has an, average velocity of 5 ft/sec What is the flow rate through

I the' channel in cfs and in MGD?.

1 Solution: ... A = (2 x 3) ft2 = 6 ft2
;

= 5 ft/sdC

t

3

$

$'

.

4

. Q =;'VA = (5) x (6) cfs = 30 cfs ) .

Conttert to MGD - multiply "by 0.646

.i

.

0/.=)430):(-0.646) MOD =19.419.4 MGD
% .

, ..

t

1r

1

,w

\

.

Handout.No. B.2.1
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PRACTICE PROBLEMS - 4 .

6 ,inch diameter sewer is flowpg full with wastewater'. What flow rate
through the sewer will 1ve a velocity of 1Q ft/sec? Express your
answer in cfi' and.in MGD. (Nott the areeof a circle --....nD2/4)

cp.

41.

.14

/

2) Wastewater is flowing through a grit chamber at alkate of 1.4 MGD:
If the grit chamber.is 1 ft wide and it is flowing2 ft deep, what is
the velocity of the wastewater in the grit chamber?

P .

9 Handout..No. B.2.2
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)MASS FLOW RATE

A third possible measure of flow rate is mass flow rate, m, in Units

) such as 1h/min, lb/hr, etc. Mass flow rate is related to volumet,ric flow
rate and averag velocity as f011iws:

= PQ or pVA

where p =.density of water
(p = 62.4 lb/ft3 = 8.34 lb/gal for-tewperaturebetweeh 35 °.F and 65°F)

Consistent Units: ,
,

.

1) . volume units in p and Q must be the same for the first equation

e.g. 'p ilvlb/fti and Q in ft /sec .

.

or p in lb/gal and Q in gal/min

2) for the second equation if p is in b/t3, V in ft/sec, and
A-in.ft2, then III will be in lb/sec.

Practice Problems:

1) If water at 509F is flowing through.a channel at a rate of 30 ft3/min,

what is its mass flow rate in lb/min and in-lb/sec?

a

2) Wastewater at 60°F is flowing through an 18 inch diameter pipe at a
rate. of 43 4/sec and the depth of Plow is 9 inches. a) What is its

volumetric fling rate in cfs and in MGD? b) WhIg, is.itt average

velocity in.ft/sec? .

6

76
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PRACTICE PROBLEMS - 5
o

The time required for a cork to travel between two'hanhole 500 ft...

apart, was 90 seconds. a) What was the velocity in the sewer?
b)' What was the volumetric plow rate (discharge) through the sewer, if
is a 12 inch-gewer flowing half full? (area of a circle_:,i0d2/4)

it

).

A

O

2) The flovi ih an open channel is to be estimated by timing a corks travel.
If the channel is 1§ inches wide, with 15 inch flow depthOand a cork
takes 2 1/2 minutes to travel 400 ft., theh what,are the velocity and

- volumetric flow rate in the channel?

a

71

4

,Handout No. C.1.1



t

a.

SHARP-CRESTED WEIRS

Fi e crang a la.. Wier.

Uses for?sharp-crested weirs:

Weir

..,

V-Notel- kAJ;cr

1) To. measure_flow .rafe in open channels and through outlets from tanks

and ponds.

2) To.baintain'theproperdepth pf liquid in tanks, channels, and ponds.
-

Precaukons in set -up and use:

1) The crest ?of the weir must be level

2) There should be a pool in the approach channel to keep the approa.ch
velocity below ,L.5 ft/sec. - 4P

3) The depth in the approach chanhel must be at 2.5 times as gieai

as E.

4) The weir crest must be at --)east 3 inches above the receiving

water level. 0

5) The above the weir crest, H,must be measured at a location
which "As ? diStahce at,1east°2.5 H. upstream from the'crest.

.

t 1

*
0 '

°Handout No. C.2.1,
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PARSHALL- XLIRIE

Compariso.with'sharp-crested weirs

Advantages" of Parshall flume:

1) Lower' head loss required
2) Sand and silt deposits are minimized because a stilling pool

.isn't required
' 3) Gauginig points are well 'defined which improves uniformity

from one instrument to another.

Disadvantages of Parshall flume': ;
4.

,

1) More 'compl(cated and expensive 41 construct than a weir.

Submergence

Definitiol Sn ubmgrgence =
HB

100%---

)

*or
Where HB and HA are the liquid heads above the flume-
crest at the specified locations.

:'Free flow" occurs when submergence is less than 60% for flumes
withup to 1 foot throat width or less than 70% for flumes with
1 to 8'foot throat width.

"Submerged flow" occurs when submergence is greater than the

figures given above.

For free flow the flow rate Q can-be determined from only a value
'for HA and thethroAt,size of the flume.

For submerged.flOw correction factors can be applied as discussed

in more detailed references.

,Other Notes:

1) Parshall flumes are specified by their throat width, e.g., a 6"
Parshall flume means one 14.41.1,a 6" throat.

.

The heads HA andJHB'are usually measured stilli g wells

connected.to the flume with pipes. The level of ater in

the stilling well iemeatured using a float.

3.

a

,7

. 7 a

Handout No, C.4s1 ,
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WEIR AND PARSHALL FLUME DISCHARGE

.t
i4ith.both he-Sharp drested weir and the Parshall flUme, the discharge,

is determine by measuring an upstream head, H. For Ihe weirs H is

the height above the weir crest and for, the Parshall flUme H is the:height

above the'leve cior portion of the flute.

;

r

For'both the°sha = sted weir and the Parshall flume, three major '

. 0
ways of finding discharge, Q, for a measured value of upstream head, H,

are as f
)0

'lows:

Use of an equation rel ting Q and H, such as Q = 3.33 LH1-5 for

a ,rectangular sharp cre ted weir.

2) Use of a table relating Q nd H, such as Handout No. C.4.2.

3) Use of a nomograph relating Q a H, such as Handouts No. C.4.3
and C.4.4.

Examples:

1

1) What is the discharge over a 6 ftlong rectangular sharp crested
yeir if the upstream head above the weir direst is 4 1/2 inches?

1 .

Solution: From Handout No: C.'5.2, the discharge is 343 gal/min
per foot of.Air lengths for 4 1/2 inches head. . .

.The total discharge must then te ,a.

.44

Q = 3431x..6 gal /min = 2058.gal-/mtri
,

What is the d ischarge through a,90° V-notch weir with a head of

6 inches?

'`
Solution: From Handout C.5.2: Q = 204 gal/min

) )

From Handout C.5.3: Line up a straight edge with the two points'
representing 6 inches head and 90°, then read off flow equal to
0.285 MGD

converting togalimin: Q = (0.285)(694) gal /min = 198 gal/min

3) -141rat-i-s7the--flqw-rate-thramer-a Parshall' me.with. 1 foot

groat width arid a inch'-head? :w

A
.

SoluEion:./From Handout C.5.4, using a straight edge

Ai

4

Q = 1.4 MGD

.0

-74

/
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DISCHARGE OF'S*HARP -CRESTED WEIRS

Rectangular Weir 1- NT-Notch Weir

Head,
*1' inches

(1)

Discharge per toot
of length, gal /mi'n'

(2)

Head, Discharge, gal/min
inches 90° i . 60° 30°

---.

1/8, 1.6 1 2.5' 4 - 1.4 0.7

1/4 4.5
y

1 1/2 6.6 3.5 1.7

3/8 8.2 2 12 7.7 1.5

1/a 12.7 2 1/2 24 13 5.8

5/8 17.7 3 37 20 , 9.5
3/4 23.3 3 1/2 53 31 14

7/8 29.4 "4 76 42 20

1 35.9 4 1/2 100 . 57 26

1 1/8 42.9 5 129 72 36

-1 1/4 50.2 5 1/2 166 86 46

1;1/2 66.0 6 204 ' 114,

'142'

56

"1314 83.2 6 1/2. ( 247 69

2 102 7 300 163 82

2 1/4 121 7 1/2 354
.

201 97

2 1/2 142 8 413 228 114

2 3/4 164 8 1/2 A 486 271 132

3. 187- 9 313 152

3 1/4 211

.0655

9 1/2 632 367 173

3 la 235 10 713 407 197

.3 3/4 261 10 1/2 815 457 222

4 288 11 905 517 '248

4 1/4 ti 315 4.-11 1/2 1,010 573'0 '.. 277

4 1/2
3/4

343
372

12 1,120 642
12 1/2 ' 1,240 710

307

340

402° 13 1,360 784 374

5 1/4
5 1/2.;

432
,'464

13 1/2 1,500 861

14 1,640 943

410
448

5 3/4 496 14 1/21 1,790 . 1,030 489

6 :528 15 11,940 1,121. 531

'6 1/2 5'96

-7
'7 1/2 .6

666

738

O
,

813, (-1) From equation

8.41/2 891.
. -

= 3.33H1-5

9 , 971
9 1/2 - 1,053 (2) From following e tions:

10 1,137.

10 1/2 1,223 90° -

11
11 1/2

1,312
1,402

- 60° - 'Q 7 1.43H2'59r

30° - Q = 0.685H2'4J
.

12 ! 1,494
,

4

75
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PAGE 167 "Flaw in V-Notch Weirs" and PAGE 169
"Flow in Parshall Flumee(REMOVED PRIOR TO BEING
SHIPPED TO EDRS DUE TO COPYRIGHT RESTRICTIONS.
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PRACTICE PROBLEMS - 6

1) What is the flow rate through a=60° V-notch weir with .3 1/2 inche head?4
4

e

1...
.

4

.

1

r

-

2) What is the flow rate over a 4;foot long rectangular sharp-crested
weir with -5 3/4 inches head?

1

16

4

3 What is the flow through a 3 faot Parshall flume with 9 1/2 inche's head?

,/
..

I

A.

AMP

/

a

0
Handout No. C5.5
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PRESSURE FLOW' MEASUREMENT

3
A

f lc 4.;

V entu M

H3

4 A

1..-4 ice e

' For both t venturi meter and orifice meter the flow rate is related to the
drop in head,'1 --la

2
as follows: Q=K H1 112. A calibration-curve is usuallY

used to find t e flow rate indicated 4py a measured value of head loss.

Both oriy.ce meter and vepturi'meter will have some permanent head ioss due

hown as 111 H3 oh the diagrams above stc4 the Meter
. -. .

' Dall Tube: is is similar to a venturi meter, but has 4'a differe aped entrance

section and throat which gives a higher pressure recovery.

4 .. ' t A. .
,

Ma netic Flo Meter: In electromagnet is used to create a magnetic field in the
pipe. The low o a conductive fluid (such as wastewater) through the magnetic
field gener

400
es a voltage proporttpnal to .the velocity of the flow. The voltage

is, easured and used to indicatef181.4 rate.
.

COMPARISOOF METER TXPES

i .
.../ . .Venturi Me er:

.. l) less permapent pressure loss than orifice meter; but more than pall

/ tube or magnetic flow meters.
.

2) tan be used -with higher solids content than Dall tube
3) greater space requirement than orifice meter

,.

Orifice Meter: .:

/ -
...

'4.-is:,

1) _greatest p6r4nept prIssure loss of the four types s., .:i

2) least space requirement of the four
3),/ easy to change to different sizes to change the measurable flow range-.'

--,

,
,

4 I

. --...
/.

4 t .
4

..4N--**
.

Dall Tube:
.

A

. ].) less permanent pressure loss than venturi or orifice meter
2) °cannot be used with liquias having a high solids concentration as well-as

the venturi meter. %. .-
I

o
It

/
.

Jqagnetic FlowMeter:
A

f
_.

. 1)_ least permanent pressure loss of the our types, .

, 2) the liquid must have a high enough solids content to be Conductive
3) 'unaffected by sludge buildup on the wall as long as the btiilt up

sludge has the same conductivity as the-flowing liquid 6 .

)

7 8

Handout No, c.6,1 4



IFORM'AND NONUNIFORM FLOW

Flow in open channels can be classified as either uniform or nonuniform
flow as SoflOws.

Uniform flow- Flow in anopen 'channel of uniform cross-section with the
slope of the water_ surface the same as the, slope of-the channel bottom.

Nonuniform flow- (also called Varied flow)- Open channel flow with the
liquid.depth and/or the chaniael cross section changing.

Flow in a ttraight stretch'of channel of constant bottom slope and constant
cross section will develop into uniform flow. A change in the bottom slope
and/or cross-section will caUse a region of nonuniforp flow as indicated below
for a change-in bottom slope.

flow-.

4n ,forts flow'
°11(.ne

PcF4, .4,

Another example of uniform and nonuniform,floc.i:

9.

4

;

*

0

To

I
c (Alai PC rrn

le ta,

014;

NO.

t
re V4/ c7 .Channel ) ConSTetnt S/Ore.

9.

I

79
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. PRACTICE PROBLEMS - 7

40

Indicate where
nonuniform flow for

,v,

you would expect to find uniform flow and
each of the following cases.

sluice
43

A

Plc w
- CC. norete.

Gk.:1.x.,

where_

.

t6

80

ed

Handout No. D.1.2 -
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HYDRAULIC RADIUS.

-A

, Hydraulic radius is often used in calculations for open'channel flow
and for pressure flow in a non-circular conduit.' 'I

,' 1

of -Flow
Tlefillition: Hydraulic Radibs

CrctS-sectional Area of.flow
Wetted Perimeter

..

1 lift
...

°

..i.

A
or Rh = 4

,.
I

/
0

Example4...reattplaie the hydraulic radius for.flow through a 5 ft. wide

. - rectangiie open channel at a depth of 2 ft.

. L

is2-94

, A = (2 X 51 ft
2

= 10 ft2

- P = (5 + 2-+ 2) ft = 9 ft
/

' f .

.0
0

R A = 10 ft 2

.t-11
= 1.1 ft

....
P,' ,- 9 f t

,

VO a.rectangular Channel in general with bottom width,ib,,and 'depth of
flow, h, the hydraulic radius is given by .

R bh
h 2h+b

11.11

For any other shape channel the _hydraulic radius can be calculated if
the crov-sectional area of 'flow and the wetted perimeter can be
determined,

Example: Calculate g:hydraulfc 'radius for flow through an 18 'inch

sewer flowinphalf full.

/'s 1 -ird
2

A.= =
2 4

P = 1/2 (ud)

R = A =

81

,Ti(1.5) 2'

4. ft
2

S.
= 1L2 (u) (1.5) ft =

I

HandOut No. D.2.1
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PRACTICE PROBLEMS - 8

sthe hydraulic radiu? for, flow through a 30 inch wide channel

water is flowing VIZ knches deep?
ba,

What is the hydraulic radius for flow through an iripgularly'shaped
40annel for which the liquid cross sectional area has been evimated

-as ,8.5,ft2 and tifewetted perimeter has been estimated as 7.8 ft?

4

3) What is the hydraulic adius for flow
lwith bottomAidth of 2 ft anesur ace
of liquid is 20 inches and the le gth
on each side?' Note; The area of ,the

14.

.*
I

through a trapezoidal channel
width of 44 inches if the depth
of the Wetted Wall is 23 inches
trapepid shown, below is h/2(s+1:) 1:A------ )

O

?

iandout No. D.2.2
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, MANNING EQUATION OPEN CHANNEL

.

The velocity of water flowing through an open channel. is affected mainly,
by three factors as, follows:

.1) Slope of channel, S: greater slope causes higheAvelocity.
. .

.2) Roughness of the channel surface as indicated by the Manning roughness
coefficient, n: higher value of n (measuring rougher.surface) causes
lower velocity.

,,...

. ..,)

3) Sizeand shape ot:the channel as indicated by the hydraul4c radius,,
RH: -Higher values of hydraulic radius result, in higher velocity.

.
.

An equation frequently used to give the relationship among these variables
for uniform open chapmelflow'is 01 ChezyManning equation' - 0

7

.

1:49
v = 'S1/2

Instead of using this equation fdr.each calcUlation, a nomograpp(such as
that'on Handout No. D.3.2.ean be used to find.a value for V. m, S, or RH if J
-valueSare known fork the other three. Handout No. D.3.3 giveg values of the,
Manning coefficient, n, for-Various materials.f, f

,J .. .' '''.

The slope of a channel is 'normally expressed as. feet of rise or fall pek
foot of horizontal distande. The slope of the channel shoW1h.beloW, for example,

------,
,

. *Ttl.d.'he-0.-5ft/1000ft-tom 0.005..
si-"1-16'. :k.

Examples: 4

1) An open channel hag S = 0.001, n = 0.0014 and RH = 0.8 ft.; van. is
the velocity of flow under uniform flow conditions?

Solution.: On Handout No.*D.31.2 align a straight edge with RH = 0.8 and
n = 0:014 to-.locate a point .on the pivot line: Then align the,straight edge
with lhat.point,on'the pivot line, and S = 0:001. Reid of V at the intersection
pf that straight line andthe V scale to find V = 2.4 ft/sec.
. . . .. . .

.

2) Whatshould be the slope, S, to give' V =3ft/sec., with RH = 2 ft. ana
'n = 0.1? . e *woe'

.Soluii;M:' Using.pindout NO. D.3.2 yields 'S = 0.015.
.

lit

*
lb

I

t Ilb.;

o

41.

Tandout.No.'D.3.f-
. 4

,
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. MANNING ROUGHNESS COEFFICIENTS

4,

I

Closed conduit flowing partly full:
Smooth brass .

s--
0.010

.00G3ass' ' ''), , , 0.010 .

. Glay-4rain tile:. .4
.

b

Q 0,1014_____

'Concrete culvert with bends and connections _0.013
Unfinished Cencrete 0A014

..

,Cast_Iron - 0.015

Corrugated-metal storm drains .. 0.024
Lined or built-up channeks':

Smooth tar or,
'

4.. 0.012
paint Coating', 0.01.0

. ,

Unpainted steel
Planed wood

.

. ., 0$012

(4

4. °

Unplaned wood tr:m
Trowel finished concrete * 0.013

41" Glazed brick 0.013

Rough 'brick .0.016 c
.

,-:
.

Unfini6hed concrete 0.017
. .

Excavated Channels; . a, °,

Clean earth (straigibtohannel) 1 0.022

EartH with weeds-(winding channel) ""1"""" 0.030

Valued itere taken from V.T.iChow, Open Channel Hydraulics, ,McGraw-Hill,. 1959

11/

wt.and A:L. Simon, Practical Hydraulics, Wiley,,1976.

HAZEN WILLIAMS COEFFICIENTS-

S. 'Type pf Pipe

Brass 1,30 -140

Brick Sewer 100 .417

Casi Iron.

New, unlined .130

Old, unlined 55-120
Tar coated . 115-135

Concrete or Concrete lined
4Y: Steel formg 140

Wooden forms- 120

, Centrifugally spun " 135

Copper. 1
t

132-140
="Calvanized iron u120"
Glass, 140

Lead ___ _ _
Plas. A.1..,

YSteal '

. '' ..
New, unlined

.
-4-

1
Riveted

Vitrified clay .

,130-1,140

140150

.140-150

110
100 -140

yalues were taken from A.L.. Simon, Practical: Hydraulics-, Wiley, 1976 and

H.M. Norris and J.M. Wiggert Applied Hydraulic'sin Engineering,,. 2nd. Bd..,

Ronald Press 1972/. ,c3:44 , : ;

q
.Haddout

Not D..3.-3.

Iii
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PRACTICF PROBLEMS - 9

1) 4or unifcirreopen channel flow, if V=1.0 ft/sec., S=0.062, and 6
,..Re23 ft. what is the value of n? ,

...,.

2) Water is flowing through a concrete rectangular open channel-2 ft, wide
at a Aepth,of 1.8 ft. a) If .the slope of the. channel is 0.0016,

% estimate the velocity of fl W. .b) What is-the diScharge in,cks?
.. ,

3) A rock lined channel, rectangular in shape and 6 ft. wide is to c'rry
40 os at a depth of 3 ft. what pope-wobad be required to do this?

. .

o

4) FO a concrete rectangular. channel, 2ft. wide, with a slope of 0.002,
what'would be the depth of flow qor a velocity(of 3 ft/sec?

-.*

4,

r

liandou.t No. D.3.4 -

0

A

0

r.

. -
a _



PRESSURE FLOW iN PIPES.

lk, For pfessnre flow An pipes,' the Chezy-Manning 'equation' and nomograph

(discussed previously for open channelpflQw)can be used with the following

modifications. The hydraulic radius becomes equal. to one-fourth'of the _

diameter and 5 equals the head loss per foot of pipe length rather than the
* pipe slope.

the

1-

An alternaie'equitiOn frequently used for pressure flow in pipes is
Hazen-Williams formula,

Q= 0.285 C 2.63 50.54

'where Q-='discharge in gpm
.°

D= diameter oK pipe in inche0
S= head loss per foot of pipe
C= Hazen -Williams coefficient

Values of C for vaimaous pipevllaterials,are given on Handout No. D.3.3 .2nd

a'nomographrlution otthe Hazen -Williams equgtion is given oniHandout No

D.4.2
11.

Examples:

1) What would-be the head loss due to a flow. of 3500 gpm through

.200 ft. of 18 in8h-nem.casrirOn pipe? 1
c Ai

... . . ,

Solt?tion: 'Ftoni Hand° ' No.' D:.3.3, C -f--130 ' c-

Using the Hazen -Williams inomograph-With r i

i

Q= 3500 gpm, D=18inches, and C= 130gives S=0.011 ft/Tt
Hf

S= TT- =0.011.ft/ft or-14-- =.0.011 ft/ft.
20u rt

Hf (200) 0.011) ft = 2.2' ft. . 4
f Os L

,

2) What. flow rate would be caused through 500 ft of steel form cpncrete
pipe 14 lathes in diameter by a head of 10 ft?

* I

Solution: From Handout No. D.3.3, op=140. oe

-Hf . 10 = 0.02.

L ,500
111.4 the nomograph with S:-1 0.02, C =,lid, and pg= gives

Q_= lf:ooa Rpm

0

88

Handout No. D.4.1 ,

r
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q.

0

1) What would be the headlctss.due,to a flow of 00Q4.1pn through 100 ft.'

of 24 inch centrifugally spun'pipe? . ..,
-

- r
_

PRACTICE PR BUM- 10

a

2) That will be the discharge through 200 feet of- 12 inch riveted steel.
pipe is a head of 5 feet is available to drive Ole flow?

4

3)

1st:

What diameter 'brass pipe would be required to cart-Sr 200 gpm wi

head -toss per foot bf 0,01?

-.11.

.

411.

a..

A-

9 0 .

-4-

NI

,Nk
.

Handal No, a:4:3.
...
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VINOR-LOSSE PIPEg.

In addition to the frictional ..hea -loss due to flow
through straight lengths of:pipe, there a alSo head losses
due to elboWS, `vatA.Tes,, pipe entrances, s 'losses are
called' "minor losSes" or "local losses". For sys s with 100
ft. of pipe length; or' more, few fittings, the mi losses
are often negligible, but for shorter lengths of_pipe the minor
loSS'es may be a significantLportion of the total 'head loss.
The minor,losses tie estimated by the following equation:

vie .

2g
Where,hf is he dead lo?ss across the fitting in ft, V is

'the average velocity in the' pipe entering the fitting in ft/sec,
K is the loss coefficient fOr ttie particular fitting (values
are givep on Handout D.5.2) and' g = 32.2 ft/sec.

4

Example: What would he the' total of the minor losses in a
piping 'system contain'

he
g 5 standard 90' elbows, 2 half open

gate valves, one swing ypecheck valve, a perpendicular
square entrance, and an xit from the pipe to -a large 'tank.
The pipe in the Osten) is 4' inches in diameter and the dis-
charge is cf301 .galimind

Solution:, ;
Find average 4ploCity,

. V = p '.. 4 300/4491 cfs 0.668 cfs
A .,' - (4p 2). t 0.08'73 sq.ft,

,1
g.ft

.)A From 'Handout' D.5. Z, the K values are as follows:
11 1 ,

= 7.65 ft/sec

, 'std. 0 _01b9w5,>:
half open gatelvalve:

. check :,valve:
enran,ce;

ex'it°
O

2
(?f)Total

v
5(0.8) + 2(5

2g

(hf)Total 1-[. 5(0;8) + 2(5.6?
N

(h f) Total --

°

(7.65) 2-(19;2)
412)

K1 = 0.8
K2 --=5.6
K3 = 2.5
K4.= 0.5
K5 =

t Li

V2 12 v2 , v2.6) _,+ (2.5)1_ + (0.5) + (Lb)
. 2g '

20g. 2g

2::y5 + 0.5 + 0 ] v
---- 2g

ft, = 17.4 ft.

.Handout No., D.5.1
)
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Sr
LOSS COEFFICIENTS

Type of Fitting

FOR FITTINGS

'Globe valve, fully open
. 0.0

-Angle valve, fully open
. . t.

5.0
Swing check valve,, fully open ,,c . 2.5
Gate valve, fully open 0:2
Gate valve, 3/4 open 1.0
Gate valve, 1/2 open .- 5.6
Gate valve, 1/4 open ,c/ I 24.0
ShOrt-radius 90 elbow 0.9 1

Standard-radius. 9Q elbow 0.8
Long-radius 90 *elbow -0 .,6 4

45 Elbow ."' 7. , 0.4
Closed return bend . . 2.2
Tee,: through si4e outlet 1.8
Tee, straighiltrun . Q.3
CCoupling

,
0.

Sharp-edged inlet
..

0.5 l'

Rounded inlet . :0,05
Inlet with pipe Projecting in 1.0 .

Exit loss e .01

T
. C. .

Sudden Enlargement .4 Cr

1

V
a

Gradual Reduction

V

c3

c*,

(1 - 1( d/p) 2
)

0.05

These.; vtlues are for use in the following equation:
..

)
.

.,,
.

), q
2Head loss throlighfitting =. V

,( )
2g

. r. 1

Where V = veloc.ey,in the pipe approaching tJ)e fitting.
, Wit:

. 1

. i .,

r Handout No. D.5.2,
,
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.1

r' PRACTICE PROBLEMS' - 11

-714410.

1) What would-be-the total minor losses due to fittings in
piping system containing-a fully open globe' valve, a fully
open swing check 'valve? 3 long-radius 90° elboWs,'a p^ro-
jecting. entrance, and,an exit into a-reservoir? The pipdvIn the
system is 6 inches in diameter and the discharge is 0.8MGD.

ft

2) What would be the 'total' frictonal head loss; due to
straight pipe and 'fittings, for a system made up of 10a ft.
of 4 inch diameter pipe, a sudden enlargement to 6 inch pipe,
200 ft: of 6 incirpipe, and swing cheCk valve? The entrance
is a sharp-edged.inlet and the'flow rate is 300 gal/min.

14

I

11.

-

9`3

v '

Handout No2-D.5'..:3\
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FRICTIONAL PRESSURE LOSS

The discugsion up to now has centered on frictional
head loss. For pressure flow through a horizontal pipe the-
frictional head loss will actually be a pressure loss.

;knothef way of'stating-tiiis .is that the pressure always
d ecreases in the direction of flow for a horizontal pipe, or

. the flow is Always, from a higher to a lower pressure, (In
uniform open channel flow, for comparison, floW is always
from a higher to a lower height).

1The ,frictional pressure loss and frictional head loss
are related as follows:

A Pf
e -0

I.,

i APf = y hf or. tic =
Yhf

4,

.04 Where'Y'is the specific weight of water, 62.4 lb/ft3,
-

) A Pf is the frictional pressure_loss in psf, and hf is the,
.... . . frictional head loss in ft.
,, .- , ,,

..., ,
.

-.Examples: .,
_

1 1) For ''a certain sestion'of pipe 'tlhe frictional bead Loss"
.

is 30 ft., If water is disthargiag into the atmosphere at
one end, what is the presSure in psi at the other end of the
section? ,

Avg,
1

.
.

4
°

Solution:

f =.Y hf 2'(62.4 lb/ft3) (IA ft) =1, 1872 ptf.

corvilert- to fAi: APf = 1872 psi ,..2.4.13 psi
-ITT-

This is the pressure'lossfplong'the section,of pipe.. If
it is discharging against atmospheric pressure, then ,the pres-
suraat the upstream point must be 11 psig or 27.7 psia. .

, .

'2) ,What head 'foss in .feet corresponds to a.pretture'
-loss, of 26 psi? .

Solution:

APf = 20 psi = 20 X-144psf = 2884 psf
APf 28'80

ft =f r624/

Handol(No, D.6.I

r-
V

1 w
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PRACTICE PROBLEMS - 12

1) In the example on. handout D.5.1, a head loss of 17.4'tt.
was found due to minor losses in fittings. What Would be'-the
pressure loss due to the fittings?
+.4

A

2) If the piessure loss through a_piping system is measured
to .be 17.5 psi what is the head Joss through the ,system in

`v
feet?

J

A

4i

Handout Vo, D-. 66,r 2
400.

. at
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. WATER DISTRIBUTION .SY STEMS

The methods of.calculations considereAn the last three sections can
be used to analyse flow ihuthrog piping systems

a
s

4
follows.

.
.

i -
. .

.

Exapple: Water:ie to floW a rate Of 3p0 gpm through a section, of a piping
system consisting df'220 ft of 4 inch diameter pipe, 5, standard 90°i,
elbowS", and 2 half )open Rate valves. *If the water exits"the section;

h to atmospheric presture, what must the gage pressure-be'et the -i

entrance to the seation? J.r

Solution: lf.the,section exiis to atmospheric pressure, then the gage
pressUre at the entrance to the section must be,,,equal to the
friciional,pressure loss through the section of piping.

APf = Yhf = y(hi -,st. pipe # hfi- minor losses)

i) Find hf -st. lipe;

z.

Using the Kizen-,Williams notnograph with Q F. 300 gpm, D = 4 inches,
& C = 120 giveq

hf
4 S ='0.47147 =

1
hf st. pipe 0.047L = 0.047 x 200 ft = 10.3 ft

ii) Find hf - mino losses:

..9 (300/440 cfs
7.65 ft /sec

A 44 2ft2
4 1211

o

K values are a follows;
.

Stindard 90 elbows - K1 = 0.8 I

half open ate valve -.- K2 = 5.6

exit - K3 = 1.0
ti

('6532 ft
2(32.2)

.

hf minor losse = 14
O t .... '

iii) Calculape APf :1 j
1 #

. i
. IP

APf 7 62.40.0.3,+ 14..7) psf = 1560 psf 4

z .
)

Reqdired gage pressure =11560 psfg

-.

ee.

?

96 \
.

tt. .



PRACTICE. PROBLEMS -.13

1) Water flows through_a steel piping system-at 400 gpm.
The system consists of 110 ft. of horizontalstraight 4 inch
pipe, a stidden enlargement from 4 to 5 inches, 220 ft. of

_horizontal 5 inch pipe,.and a 90' long"radius elbow. A pres
sure gage at the system inlet shows a pressure of t0,0 p§i4.
'What would be the pressure reading. at a gage located in'the
5 inch pipe at the system outlet?

..*
.

..
2)a)What pressure would be required .at point
give a pressure of 30psig at point D? ,

b)What would be the pressure at point ?'

. .

A in deer to

. .

4000 ft

24 inch B . 14 inch

-et

1800 ft

4/ A

1.

2000_4pm°

rt

, .

-2000,ft.

12 inch D.

..1000.gpm' 00 gpm

97

fl

Handout,No. D.7.2



.VELOCITIES IN SEWERS

There are several general requireidents for flow in. .

sewers which relate to velocity.in the sewers and size of the
--sewers-as-fbllows. : ". ___ . ......

... -. . ,

1) Tile sewer must convey the required flow rate while
flowing pa'rtial'ly' full or baiely full. 1

.. .0 j
. . ,

.

.2) .The velocity must begre&-t enough to prevent deposi-
tion of entraihecl'solidsalong the bottom of the sewer.

, . .

3) The velocity .must not .be so great as tb Cause erosion
of the channel surface.

'

.
.

Typically this is accomplished by designing' sewers for
velocity between 2 ft/sec as alMinimum to 10'ft/sec as a
maximum at either half or full,flow. -;

. .1

Sewers .are typically designed for differqnt depths-_ of
.

ti flow as follows. - ,-.

.

.

/
- ,

p.

1) Sanitary wastewater
f

1
a

'
. a). diametfr less than 24 inches - to flow legs than

half full. -

, ,

b) diameter greater than, 24 inches - designed to
flow less than 0.7 full.

.

,
, . . ...)

2) $tor ater - idesigned-to,run lull with velocity
between 2 ft/sec and 10 ft /sec..

The sewer:diameter, sewer spffac roughness, velocity
.

of
flow, and siope of'sewer are all rela ed to each other as

% previously dicqised in connection-with the Chezy-Manning
,,,... ,'equation.and the Hazen-Williams equati n. Thus in order to

meet the requirements'listed above, the ,lope and roughness
; . of the sewer must be-cOnsidered together with the velocity

and diameter of the sewer.`, .

r

_

98

Handout NO. 530
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FLOW IN. FILLED SEWERS

For flow in filled sewers, the velocity or discharge can be related to. .the
slope, diameter,.and,roughness of the sewer by the Chezy-Manning equation or the

.

. Hazen-Williams eqt uation as discussed earlier. .

-1

,...,..,
-

.'.
, The Chezy-Manning equatiSn or nothograph

.

can be used for calculation of
V,' S, or D if,given values of the other two and a value for the roughnTs
coefficient.

.
. . ,

,

There. are several possibilities for the calculation of Q, S, or D if given
values for the other twb and'a va4tte for the roughness cqefficient.

l) 'Use the Chezy-Manning nomograph On Handout NO. )).1.2 together with the
relation Q = VA.

2) Use the Hazen-Williams nomograph on Handout No. D.4.2
3), Use the graph on Handout No. E.2.2 whiCh relates Q, S, & D for n =0.013

(The value n 0.013 is commonly used for sanitary severs - seeI,
Handout No.D.3.3).,

Ex ample: What would-be the velocity and discharge through an
_

18 inch diameter
suer with a 'slope of 0.002 if it is flowing full and iS,made of

vitrified clay?

Solution: From Handout'No. D.3.3 n = 0.013, C = 100
Calculate area of flow: 1T (1.5)2 ft

2
= 1.77 ft2

4

i) Using the Hazen=Wiliiams nomograph with S = 0.002, C = 100, and D = 18",
gives Q = 1950 gpm

(1950/4491 cfs
V.= -A = '1.77. ft.4' = 2.5 ft/sec

1.5
1. A -

ii) Using the Chezy-Manning nomograph with R = 4
ft = 0.375 ft, n = 0.013,

and S=---- 0.002 gives4-= 2.6 ft/sec
.1

Q = VA = (2.6) (1.77) cfs.= (2.6) (1.77)- (449) gpm = 2066 gpm.

iii) Using the graph on Handout E2:2 with S = 0.002 and D 1.8" gives

Q = 3:0 = 3.0 x 694 gpm 2082 gpnr.,
, I,

.,

In*

C

,

Handout No.. E.2.1
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4o

PRACTICE. PRO$LEMS - 14

N.s

What would be thetvgocity and discharge,ehrough a 24 inch diameter sewer
of vitrified clay with a slope of 0..001 if it is flowing,fu

, .

. .

- .
.4

2) What diameter v4rified clay pipe would be'rffluiredto carry 4000 gpm
along aslope-of'0.0d6 with the pipe flowing full?

. \
3) What slope would b e fired to carry 800D gpm Ithrdugh a 36 inch diableter4

sewer flowing full i n = 0.013 andC = 100?

4

J

V

o.

101

1 t

Handoalt NSL E.2:3

A

F-
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\ FLOW/1N PARTIALLY SEWER

,//

- Theyelocitysand discharge in a partially filled sewer can beeitimated.by
. ,.. fist calculating Vf:and Q2,the velocity end dischargedif it were 'flowing full,

(
4

and then using a fable or graph relating-4.2 and & to /L. .

/

. , ' whets d = depth of'flok:in sewer .

,

,,, .

, - D = diameter of sewer - ''

i

r V = velocity in 'partially' full sewe60, ,

1 Q,= discharge through partially full'sewer

Example: On Handout No.E.2.1 the velocity ari4 di8charge were calculated fot
.

an 48 inch'vitrified clay sewer with a slope of 0.902 if it were flowing full.-
.? What would be, the velocity and discharge if'tlie sewer were only flowing 12 and 1/2

,inghes, deep?

O

: -From the previous calcul'tions Qf =,2000gpm and Vf.=.2.5 ft/sec

From the*grap# on Handout ,No. E. 3.2 with d/D =g = 0.7,

.

Yf
= 6 95

f
='0.71 thus, V = 6.95 x 2.5 ft/sec = 24 ft/sec

Q = 0.71 x 2000gpm = 1420 gpm

-
. .

. .

The curves given on Handout No.-E.3.2 do take into accdunt
.

the fact that
-

the roughness factor, n, changes if the sewer Is not flowing -full.
, .

Pote that the Veloilcity remains within 10% ofthe full sewer velocities
. ,

long as..d/D is greater than 0.63. In fact, if the velocity wilt be great
enough for self-cIeeesing if the full sewer velocity il adequate, because thee ,-

required self-cleansing velocity ie,less if the sewer-is flowing less than full. /
F

..,

.,0 . .Y

t

.

Handout No. E.3.1
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PRACTICE PROBLEMS- 15

--, . .

1) What would bethe velocity and dikb'arge.through a 24.inch diameter

of yitrified clay with a slope of 0.001, if it is flowing 0.6'f411?
(see problem 1 on Handout E.2.3)

\

2) What slope- would be re uired to .carry 80010-gpm through a
sewer flowing 0.7 full, if '0.013 and C = 100?

('dint: Use d/D = 0.7 to find Q/Qf and then find Qi using
ThenAuse,Qf"to find'the,required diameter' the full sewer
previously)e

.

#

JO

et.

Jiam%put

-
sewer

36 inch diLeter

Q 8000 gpm.
method discussed

AN,

r


