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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
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tommon flow measurlng devices for open channel flow and for pressure

flow in pipes; to gain fam111ar1ty with the continuity equation and frictiomal
head loss relationships-as well as the ability to apply them to flow through .
pipes andfopeﬁ\ghannels in general and togflow through sewers and pressure '

water distribution systems in particular. .
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Submodule Title:

_ - Fluid Properties

Topic: .

Definitions and Units

., .
»

Pascal's Principle.

-

lnstruQ;ional Objective:

- w

v

To be ab%g/po define pressure,‘aens1ty, spec1f1c welght, specific gravity
and viscosity, and give common units used for each;

K s

A}
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and to be able to state

.

Instructional Approach:‘.

Instrnctional Aids:
, ¢« Handout No.
» B

i

'Transﬁarency No. A.l.1 )
A.1.1
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Reférences.
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Lecture~discussion
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1) Murdock, J.W., pages 5-7, 20-26, 34-46
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First or second chapter of almost:.any fluid méchanicsg textbook
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Def1n tlons and Un1ts
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4 |.Instrugror Notes: - Instructor Outlire: <~

. v -‘ . . . \(

[ N}

T ) K - - .
Handont No. A.l1l.1 : I. »Pass out Handout No. A.l1l.1 and mention tbat it
‘Fluid Properties @ will nypw be discussed ! . .

t . o . > ) 4 -
. II. “ Briefly discuss each fluig‘pfoperty,its
:TranébarenCy No. A.1.1 Jd. meaning and its units,using the transparency
Fluid Properties ~ : to focps attention’ during the discussion. .

- -~ ~ .
N ¥ . .
p4

- o ‘ \ ‘
, St ‘ 1) It may be pointed.out that, density and ae
- . specific weight can be used 1gterchangeably ¢

o o MR 4 ‘ N .w1th the English units 1b/ft>, even though there
: ] * is -a. dlfferenqe in meéning for mass and weight.
M The difference between mass and welght may or
’ may not be discusded qualitively at this point .
> as suits the individual instructor. :

\4‘ N -
. . . y . A

e ¢ .. . 2) 1t may be pointed out that .other reference
) fluids besides water are sometlmes used for

-

¢ . ‘specific gravity.. ,
. o ) 1 - .- . .
‘ v - . 71 3) As a common exapple to clarify the meaning

: : of v1scos1ty, brlef discuss'Sae numbers for °

motor, oil. Higher Sae numbers indicate higher
viscosity ‘and also indicate- oils whlch ‘do not

‘ o ‘ LA ' pour or flow as readily. R .

. 4) Meanings, interpretations and s1gni icance
can be expanded upon in ithe discussion to

suit th part%Fular instructor and class..
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: N o Pressure. Unit Conversions . ) ;
. \ ) LA .
. ’ . . LA
" .
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Instructipnal Objective: R .
S To be able to convert a pressure given in any of the foﬂ.low1ng unlts- to
any of the other:following units if given an- appropriate set of conversion
factors: psi, in. of mercury, psf atmospheres, Pascals.
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. Handouts No. A.2.1, A.2.2 . .. N .
Lo .Transparency No. A.2.1 g
_ . ]
. - ] , ’. 5
. . . . « ‘
¢ {1 1Instructional Approach: . . R : v
- Discusgion and Problem Session .. . .
. . - - + 2
L .’ u' e . N o -
- References: . . ’
L4 . _ | ,. . .
1
. -¢ -
. .. . - - . v
‘ - - -
.‘; = L4 .. |’Q
; ) _ Ly
C]dbS A.sq,;.t,nments. . . . " LT
. , Any practlce ‘problems .on Handout No. A. 2 2, whlch were not completed ’
o ) . +in class . P . - . . ~
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Conversions . -
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Instructor Outline: .E‘- o .
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R A i Tox: Provided by ERIC
.

fransparency No. \A.7,1

Example Problem
: >
R .

~

\II.

3

I

s
<
A

II1. .

°

. factors on Handout No. A.2.1 are used.

Handout No. A.2.2.

e .t . ’

[ : -

A.2%1
. . T '
Go through sample calgulations-on transparency

No.' A.2.1, pointing out how the conversidn

Pass out Handout No.

Draw 4ttention to the fact that.units in the
right hand column' can. be converted to units
in the left hand column by dividing by the
conversion fattor instead of multiplying.

Allow stulents ‘to work “on. ptactice problems on’

A.a{
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€ - Approx. Time ) Fluid Propertles . . 'y
- r —~ N " - , o’
R 1 hour - ‘1" Topic: T L . .
¥ -4_;\~‘ " Ghuge and Absoluyte Pressure ) .
. e ) ) - \’ . ‘ ’
. (4 . . . “ /\
Instructional Objective: . L
N : To be a%le to convert gauge pressure to absolute, pressure angd aosolute '

pressure to gauge pressure, at the earths surface, for any wf the follow1ng
. units, if given pressure conversion factors. psi, in. of mercury, psf
atmospheres, Pascals. : . - e -
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Instructional~Aids: S . . )
] 1 4 4 R . - .
1 . Handouts No. A.3.1., A.3.2 . . ) - :
o . : : ’ - . - . . P . s
- . R R - ~ \
" Instructional Approach: < e ~ - . '
. Discussion and Problem Session ' . ~
. ),_. .
— . V'Q‘ Ny
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Reférences: s : : N / .o -
- Murdock, J. W., pages 6-7 ° . . . .
- o « . .
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Clasy Assxénments. ; . . )
Any practlceéproblems on Handout No. A. 3 2 which are not completed in class.
s . - ; )’ s
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Instructor Notes: i Instructor Outline: A
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Handout No. A.3.1 " I. Discuss gauge pressure and absolute pressure
, - Gamge and Absolute ; gu1ded by ‘the handout. Make sure that the
) Pressure . ) class understands the relationship amdng
. . 1 gauge preséure, absolute pressure and
o . atqgspherlc pressfre. . .
' v A~ v ¢ -
. ‘ . . .
Handout No. A.3.2 . II. Allow students to work on practlde problems on
v Practice Problems-2° » ,Handout No. A 3.2 . .
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; Flu.ig?roperties ’ \ o
Approx. Time ~ S \ . . . . .

\ ~
45 minutes . = X A ; - o
' ' Topic: , - T Y ST
» e . to. _
. S?/ec1f1c Gravity . . L L
. . . .
- R : . . \-’ " — :
i Instructional Objective: - - o i ‘
- e e , K 7 .-
To be ableato calculate the density of a fluid and its. specific’
weight ,if given its specific gravity. - . . )
oL [ e [ .. A i M
. N ¢
. . ’ ? A Y '
. - !, S [ :' : .
) ¥ . 7.<~ o " - *
" ' - .
- 2 * il' . .
¢ « ; ‘ . . ,
. N : ; )
‘| Imstructional Aids: AR - . h.
. -'Tran‘sp-arency Nb. A.4.1. -
.. Handout No. A.4.1 T , 1
/o' . . " . ‘- : - . R + »:
. Instructional Approach: . . . ’ . , - )
: ) . S . .
- Discussion "and Problem Session o~ .. : t
. ? _' ) R it L -
. . L ’ Vs .
6‘ . " < a )
. ‘1l References: . ” ' ’ .
.. : : .
- = . - . .
‘o Murdock, J.W. pp 24-26- . . .
- - R - » ) . ) v B " . -
. - . K2 . ' B
"+ .1 Clas$ Assignments: R ) ) ’
te ' - ) “ - R . — o~
* M Any problems on Handout A.4.1 which weren't completed in class .-
~ . . .
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+ Module No: 123G . Topic:, .Specific Gravity*

— 3 .
— T : N
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Instructor Noteg:iN ) Instfuctor Outline:

«
.

o

- i‘,'.(“* . -~ \ '. . . o : \ ,

Transpar No. A.4.1 I. Review the mpeaning of specific gravity and-éis-- -- - -

Specific Gravity cuss calculations of density or specific weight
s ‘f6r a'fluid of given specific "gravity. .

}:landout No. A.4.1 ° . II. Allow students to work practice problems.on

.

- Practice Problems - . . , Handout No. A.4.1% . - . .

A

-
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* » . " The Cdntinpity Equation .
o Approx. Time . / A .
2 v+ v l hOL}I’. ' ’ ] — 7
<, Topic: /
e ' . ' o' . , Ve10c1ty and Volumetrlc Flow Rate )
ce . :‘ - . ‘//// . La N
' . . . ‘ . s, -
g ‘ 1ns«'tr'qct1"‘onai Objective: - — '/ R - -
. S For a known cross sectional area-of flow, A, to be able to ‘calculate either
v average velocity V, or volumetrlc flow rate, Q, 1f given a value ‘for the other
. .. , jone. In these calculaﬁlons the student is to be responsible for converting
i V ,Q, and/or'A to approprlate fnits if necessary. -
N ~N
. > § ! :
' . ‘ . e .
) -, e ‘ A ' ’
) {
- ) Ve -
¢ ) * < R . g
oo . B . M 4 . \ ’ .
T Instructibnal Aids: \ . ‘
. : Transpazency No. B.2.1 :
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o= Irllst'.ructifmal Approach:, S '
. Discussion and Problem, Session > , " C -
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- Complete practice probleéms on Handout No. B.2.2 if not fini:!ed‘ip class, :
. . ' - ¥ < . & . . . .
N N £ '
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Module No: 12JG Topic: " Veloctity and Volumetric .Flow Rate .
. . o
B : : . ) .
Instructor Notes; Instructor Outline: Co ‘
- -~ - 9 Lo 4
” ‘)‘ 3y to. ’ . , 2
. Handout'No.. B.2.1 I. Discuss volumetric flow rate and average veloctity .
Velocity and ‘Flow-Rate -« as measures of flow rate and their relatiomship < ..
. . . to each other, using the handout and- transparency.
o Transparency No. B.2.1 O, '
N ’ Velocity and Flow Rate '
3 - 'S * ’ N
" ‘Handout Bo. B.2.2 II. Allow students to work on practice problems,on
\ Praetice Problems - .4 » Handout No. B.2.2 Conversion factors from
. Handout A.2.1 will be necessary.
Handout No. A.2.1 <, 3
.. Conversion Factors . ) .
! ' ! ¢ M
R . - £ ¢
t' . o !
P b ® ' = * * ’
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Module No: Module Title:» -, ' , . ' ‘
' e o R T . S
. : ) e - . R - 1 .
. s . -~ b ) ’
. 1236 . . - Hydraylics for Operators : - i
S - w
f . . —
.+ | Submodule Title: ., _ _ Coe !
- \ ’ : R !
i

Approx. Tipe . !

o Co The Continuity Equation

L\

N

s - A
1 houxj | Topic: | ‘, T\io . . ) .
. ~ -
Mass Flow Ré:e and Volumetric\F"bw Rate ., '
- - ry )\ ”~ v - * : \
¥ (N . \z v - N ’ R oo
4 . AN « ’ - . .. . . = ' o
Instructional-, Objective: g . e o - -
e - \4 L - \ .
. . .For a flow of water or wasltewater, to be able to ‘calculate mass flow rate,
m or volumetric flow rate, Q, if given a,value f6r the other -one, where’ i could L
be 4dn Zb/min\ﬁbls,ec or £b/hr and Q could be in cfs, gpm,-or MGD. : A
: .& . N ‘4 T . ° A
" h ;f' ’ P \‘ . ‘ - . . . B - . o
kN b '
Y A
LW
. .t No- -
s % .
° '-\,‘ X, - A4 * > .
’ N N . - )
. :\_ b4 . AN
. A" - * . N *
k4 j
A T .
—
_Ifstructional Aids: ° | - ¢ . <
. A ~ ) .- .
Trans;ia‘reflgy_No. B.2.1 ' /J/g
; : Handout No. B.3.1 ~ - s :
» . —-— > ;A . ' - ,
, . . P - -
Instructional Approach: ' ;.0 ' Y
‘ . N K2 . »
' . - 2 .
U - Discussion and Problem: Sessign ™ ° x,l o o
] : R * ’ ) ‘ ,‘ 7. '
A References: oo .o ' : . o -
“Myrdock, J.W. p.112 T : . ’
- < [ : ¢ -~ a ‘,’
¢ '_“ 3 i . : -
f , ¢ .
. . . e
N ; » -
M x LN R . * ., A ¢ “ n
Class Assignmentst . . v - ) .
« H . , i ( . . d N ~ LAY
. " e . . . R 1 .
- . < 3 e N . ’
o ‘Complete practice problems on Hanﬁout Nd:- B.3.% if not finished in class. .
N,C N " o - 4 - : ) b . .

T
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Module No: 12JG Topic: Mass Flow 'Rate and Volumetric Flow 'Qate .

. e. - . '

Instructor Notes: . d Instructor Out'line: . .

. - ~ ',
¢ N J “ -

- ’ ' “. - )ﬂ )
Transparency No. B.2.1 I. Discuss mass flow rate and its reiatlonshlp to
Velocity and Flow Rate ' volumetric flow rate and.average, velocﬁty using

. ‘ . - the-second part of the transparency and the
Hawdout No. B.3.1 . first part of the handout. . | .
¥
Flow Rate ey a’ s R ~
- . ]
[ -
) ) \ II. Allow the- students to work out the practice
- — problems on the handout. .
L . .
° ' , ,
I\ : . :
. 'v e ¢
L s b B .
e \ .
Q. . - .
et A L .
& . . ,
3 N & e v . ~
. , . '
pd . " a ~ N,
~ ,‘ ; \ i
\ j ol £ . N o
13 ’ ' ’ : ‘ ’ )
. . ! ’
h ] ’ .2 -~ . , - ,
" ‘ - W - . E3
' ¢ . , o ‘. M
. : / . ' \ .. ' M
) S - 1Y
\' ¢ . ) ~ . - > - -
- v& AN :
’ ’ ¢ o4 . - b 4
M A' ) * * .t
) , * . or B
\ . . o - e
- . - .-, . ' - Y . /
- - ' ‘ ) - .
» N ."1 . ‘ . . ‘ /; -’
A / . . ’
G 1 { . (4'8 ' - ~ < .
. . ’ f , v - ,. v . hd N
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Module No: 71236 | Module Title: Hydraulics for Operators
i

- 3

~ -

Submodule Title: —
Flow Measurement

w

. Approx. Time
45 minutes

Topic:
Velocity by Timing Float Traveli/
. M ‘

' i
+—Instructional Objective: )

'-‘ - .. a

LY
‘

. To be able to calculate the volqmetric flow rate of wgt or wpastewater in an
open channel. or sewer if given the time required fqr a float or dye to travel a -
specified distance and sufficlent information to‘allow calculation of the cross-
sectional area of flow.:

.
-

. InStructlonal Alds.'

Transparency No. C.1.1
--Handout No. C.1.1 '
. ) .

_ Instructional Approach:
S j-

Discussion and Problem Session

S

¥
References:

Texas Water Utilities Ass'n, ~pp 135-136

1

Y .
.

" Class Asqlgnments'/
)

- Complete any practice problems npfsfinished in class.

19
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. .| Module No: I2JG - Topic: - Velooity by Timing Float Travel !
< - : . ~ ’ . ) - . . .
i E — y — L ¢
"o, Instructor Notes: . . * Instructor Gutline: * '
LT . “ . ! .
N LY ¢ N : ~ - - , N
’ ’ - ) A N ‘ .. ’ »Fq . ‘ < ~
Transparency No. C.l.1 I. iscuss the method of measuring velocity and thus.
Velocity Measurement v w rate by timing a fleoat's travel,jas outlined
. ! - N . S / - s - R
a . . ¢ - Ton ‘the transparency. A Z : * .
. A . . * ) ¥ N,
|, Haddout No.'C.1.1 II. Allow students to work om-problems on Handout ° . 1
¢ 1
~ 7 Practite Problems 5 - - No.'C.1.1 * T v
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' Aodule Noy Module Title: . .
: . £ Q‘. 5° .
L] ’ N L4
© 1236 : H}’dra‘-\llcs or Operatoxs .
-, . [
] A .~ . s K
- - . - , A - . . 3 N "
~ | Submodule Title: . - ’ . . .
. ‘ ’ Flow Measuren\:ant - ),
Approx. Time - } . . LT,
- - :» .. - - 0"ﬁ b
i oo . ‘Topic: ) o Soes »,
: 45 midutes Shérp—-Crested Welr Geometry ' ‘ R -
* ¢ \ e — * /
- . N '\ N - - )
- 2 & - +W A
T ™ = — — :
4 \yAinstructicnal Objective: S A — o -
. To be able to describe rectangular and V-notch weirs’ ~and their uses and to = .*“ {
be- able to 1\13t Pprecautions which should be observed in their setup and use. @ -
- r . N » r 2 . .
2 . . . . ‘ . ‘ .
- ‘ ' 7 ‘.’ ’
. Lo - 8 s
> - LY . * " . . LN
. o . \\ ) g ° ¥
. - - LY s .v'
’ - . . 4
I o * ‘- ( R - . . N .
+ v,. . — . ) .
- . » . P 1 . .
s N < L . .
[ ) Ve - .o - 2
\ t . . - 4 : .
Instructional Aids: , A DA : .
< . .
. . L. 7.
. -Handout No..C.2.1 ] ’ - " &
o — °” - - ) ’ .
' te ' > TR el .
‘ ’ v . . . £l N AT ‘ - \
1 'Instructional Approach: ' ST
2 Disceussion ) . - B} - . ) 4
¢ . . . , - s
7 ' . ;
- ) 7;- =~ —
5 . N e ' . b [ .
. * l Riaraalid N B
_«References: . ) . . >
"1)' ‘Texas Water Utilities Ass'mn, pp 136-~141 o < ;
2) . Spink, L.K. pp. 263—-272 . . . . ey i .
‘ 2 * . - . . Y
& . 2y ’
. ’ X e ‘
. . : _ - P L
Class A.ésignments: ) I .
* + B \ . - e B V]
) * L4 - * Ed ) A
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Aruitoxt provided by Eic:

»

Médule No:_
1236

.,

i

, A
Topic:

»

'Svharp—Cr,esated Weir Geometyy
~ l N i

Instructor

.

Notes:

NS .
¢ Instructor Outline:

L

. Hanhdout No. C.2.1
" Sharp-Crested Weirs

——

. 3 %
.

.~ Discuss réctang,ular and. V-notch wei¥s, their
uses and .precautions in their use as outlined on’
the handout. , ’ $ , oo
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L

Module No: - Modu}e Title: L

1

L] o
;?JG i ) ) ¢ Hydraulics for Opegators .

Wt ’ . -
: »

. Al -

Submodule Title: -

Flow Measurement
. 3 . Qd‘?_ . *
Approx. Time 7
{3 .

- » ¥

1 hour - 'TopiE:' . i .
) . Parshall Flume Geometry

- , .

-

. Instructi nél>0bjeciiﬁe:* .
118 - % ? N -
“To be able to sket¢h a- plan and elevation view of a Parshall flume,
identifyigg the. throib\width and the lccations foixmeasuring the upstream head
and downstream head. , ..

. e

o
et
»

\

\J

Instructio Aids:
, > ) Te

.

Transparengz_No.CfB.l‘

- -~
\ ’ '
12
. [P ]

-~ .

~—

Instructional’ Approach: . % . sy

My o

Py

.. Discussion and "Sketching! session

’
- LY
L T
; i"““’. “
R N o '

1) Texas Water Utillties Ass g I pﬁ‘144~150
2) Chow,.V.T., pp> 74-80- R T T
3) Spink, L.E., .pp.272-283

14

c A -

-

.

-~ Class Assignments: -
. . -

v None'w
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- W
Z

A
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Module No: I2JG Topic: Parshall Flume Geometry
; : A N A j .
2 Al . . -
Instructor Notes: " Instructor Outline:
N » ¢ . ‘ -
’ - . :~ 7 N
. . [N » . " N . .
Transparency C.3.1 Show the geometry of the Parshall flume,
Parshall Flume - its varidus.parts, and the location of the
’ : ' . gaging stations using the transparency.
) ‘ B Then have“the class sketch both views~of
- . the Parshall flame, labeling the various
- ' parts. S \.
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| ®Module No: . Module Title:
: . s % -
1236 ' Hydraulics for Operatars * -
. Submo@plg)Title:* -
. . Flow Méasutement J
- Approx.. Time . . ) ) TN
. . . 2 . . -
Topic: .+ . ‘ .
1 hour . — . ) .
: . Parshall Flume Operation. ' - /
X . ) S . e .
Z \ ™ - - - ‘-\ ’ -
Inbtructxonal dBJectlve.. ) " .

- 4 .
To be able to list advantages and disadvantages of a‘Parshall flume as

compared with a sharp-crested weir, to be able to define submergence_ 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.

N

§
- References:

.
~ R4 -~ . 4
El . A
. ~, R
L . . S * - ~
. ' \ * e
» [ ’ E N
. 2y . d * ¢ . ~
\ ’ 'y x s ~
4 ‘ )
; . . . .
- L) . , g
. 1Y
. 3 . £
. s Vv R R . , o .,
‘ ! * .« ~
LY “
o7 . i :
. X N . \.\ y - A - !
Instructional Aids: . . \
« B ~ ~ e -
- . N - L.
Transparency No. C.3.1 ﬁ . - Y -
Handout No, C.4.1 . . . -, SN
. . - \a N -
. . . . 4
o1 IR - ) lx o ?
Instructional Approach: \ . \ '
y N : : , A
Discussion .

- Ll
' None .

[RICY -+

25

‘' + 1) , Texad Water Utilities Ass'n. pp 14%4-150 . . )

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

' 3) Spink, L.K., pp 272-283 A
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Module No: . Topic: v~ B ’
< 12JG +- Parshall Flume Operation o J , . |
- - ‘
; ’ > ‘ 7 v |
Instructor Notes: Instructor Qutline: s
~ . « - N MY 4
. \ b . L4 .
. - - T — — |
. ) . 2 4 - . e S . . > |
. ‘ Transparency C.3.1 . 'Discuss Parshall flume operation, including . |
) Parshall® Flume advantagg¢s and dlsadvantages as compared with a } |
N ¢ . i . sharp-c ested welr ag well as meaning and ipter- -
- L4 . . « v |
A preta }n of ‘submergence. . - SR 1
S Handout No..C.4.1° —~ ) X ¥ -
. . Parshall F,lume To., . — *
- e < . |
. . , . 1‘
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Modu;e)No: ) Module Title:

-

1236 . R Hydraulics for, Operators.
. A / ~

‘ °

h 2

Submodule. Title: ,3\e7_;

H
. Approx. Time Flow Measurement:

.

‘Topic: , ., ¢

1°1/2 hours °

b4

Weirs and-Parshall'Flumefcalculationé

¢ . -
. .

(Instructionai Objective:

-

’

To be able to determine the dischatge of water or wastewater over a sharp-"
- crested weir or through a Parshall £f1 if given the upstream head, the °
necessary information about size and geometry of the wéir or flume and either
“a monograph or table giving discharge as function of upstream head and size,

¥ J - M
. . . o r

InstructlonaloAlds. ..,

Handouts No. C.5.1 - C.5. 5

Instructione{ Approach:

Discussion and Problem Session

s
-
.

o

References.

< 1) Texas Water»ﬂﬁﬁllties Ass'n., pp 136-150
2) Simon, A.L., ppP 29& -277

s

.

- .

[}
& [’}
.

Class Asqi5nments lf
vl

‘Complete any practiCe problems Aot finished.in class.,

T
‘e
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[ Module No:——

Topi
1236 ¢ I

(\\ Welrs and Parshall Flume

Instructor Notes:

Instructor Outline:_
14 ‘\

LA
.
* .
1
.
3
. —
P
.
&
\
»
.
B -y
¢
.
T ——
»
.
[
. .
B

i -

Handout_No ..£J5.1 .
Weir and Parshall Flume
Dfscharge

- ¢
PO

Handout No. C. 5 2(

fweirs————L

Handout No. C.5.3 .
Flow in’ ¥-notch weirs _
--%

Handout No. C.5.4

Flow- :m Parshall Flume

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

Ve -
v
. -
:
L]
Riraes SV ‘3
R *
v
o
> R a
e
- e
A
1[4
,
»
= g ) N
» P - S
. - 5
- -~
'\. R
N T A el
g e L

'examples.

L

’ .% hd *
I) Discuss methods of determining the discharge
from an upstream head reading of a sharp-
- crestedgweir or Parshall flume and work

o

ry

-

.

N

K

Lol
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M Module No: Module Title: ' S R
S . s . L N ) . : _ - ‘9
123G . Hydraulics for® Operators *
< ’ i *
#|. Submodule Title: . . R
. . . . J
- .. . \ )
- | " Approx. Time Flqw Measurement 4
» ¢ ¢ ‘ . s 2
N - Topic: -
. ., e .
i . ’
1 'hour’ . Pressure Elow Measurement . ;
) \ e * ‘ - c - * =, N N
. | Instructional Objective: ) ’ < ° : :
K " ¢« - To be able to briefly de’sﬁcribe the venturi meter, orifice meter, Dall tube,
: and magnetic flow meter as devices for pressure flow measurement and to be able’
. to compare them by giving advantagks and dis advantages of each. >
, - . * . ) ) ‘. .,‘ . o
- \ ' 4
o«ﬂ/.v - »
’ i , " .&. * ’ i
L : r L
S : ’
Instructional Aids: R . ' s
Py Ve
. Handout No. C.6.1 -
> ) . [ 4 . .
AW - :
Instructipnal: Approach: | Co ) o, v
Discussion . . . ¢
. < t
.1 ,
- - . .
. - ’ " J-,
- 4 References:.. e . - !
* . 1) Texas Water Utilities Ass'n,, pp 150-155. , :
o /" 2) . Spink, L.k., pp 7-40 o) . °
. /s . . o, ‘ v .
y ? %/( ’ ) . v . ) e )
.Wwv""w"“ N v
/ "‘L ’ T
/¢ ‘ [ T < - .
/Class Assignmentg:s . - - - .
Vi * - ! .
/ p . . ¢
/ .
, _ None . A &
;/v' . % . »* ]
O ‘ ° - . .29 I ) “ T oee )
. ’ ‘
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Module No: - Topic: . . L < _ ( . e
123G ~ Pressure Flow Measurement
. < | Instructor Notes: - Instructot Outline: -
1 .. “ ’ - ) ‘
i \ . Handout No. C.6.1 ’ Discuss the Venturi meter, orifice 'meter, Dall i
* N Pressure Flow Measurement .| tube, and magnetic flow meter as devices for pressure
. . flow measurement as outlined on the handout. ‘
. - 0‘ o . : i . .
. - 2! M g ) : ' »
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Module No: 30 .Module Title: ) " "
e 1236 ¢ ” P Hydraulics .for Operators o
: . ’. .. . < ' - tT had / . : ‘
- Submodule Title: : )
- . Frictional Head Loss .
Approx. Time 5 ) .
. . 4 - .
Topic: . -+
1 hour . ’
. ' Uniform and Nonuniform Flow. . « -
" Instructiongl Objective: g ‘
, e To be able to classif opén channel flow as either uniform or nonuniform
if given a description of the flow situationm. -
lI m . ; 3 ® - R N . b ’c .
. «\':i ¥ 'v"
\ 4 - - . ‘\L 4
- o -
. . / . M .
. . - ;o
L4 . _ >
Instructional Aids: . ’
Handout No. D.1.I  D.1.2 : ; ‘-
) . o . ‘
. . »> . . i
; p— —c -
\ Instructional Approach:. . , § . ¢
Discussion and Problem Session - . T
. ) ) L x ’
- . ]
s References: * l o ' —— )
ot 1) John, J.E.A., and Habe‘frqan, W. pp-209-211 - .-
- 2) Simon, A.L.; p 159 - oo, ’ . - ) RN
. P - ,
R < s . . . \‘ >
'x‘ , . ) T ) . . ?
..Class Assignments: = ° ¢ . - .
Complete any practice problems not finished in class - ) )
Q P 31 = 1

L

ERIC

Aruitoxt provided by Eic:
- 3

-

e

T T T
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' ', Page 30 0of 52
' : - I ?
T - J. \e e ] *

] ) IK S )
Module No: Topic: . . - .
) 123G Uniform and Nonuniform Flow: . i
Instructor Nptes: Instfuctor Dutlines . - L

Handout No.. D.1.1

Flow

;-

Handout No. D.1.2
Practice Problems-7

\

Upiform and Nonuniform

’ . *
I) Discuss 'uniform and nonuniform flow as outlined
y On the handout. - -
, P
I1)

Allow students to work out practice problems.

~
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- . Tage 3/ of 52 ,
- i 3 "', 1 T - ~ A
Module No: Module Title: ) . ’
123G Hydraulics for Operators :~ ‘
v - Y . o~
- - f. - ! . - v ,\
A, Submodule Title: . * . ’
. hpprpx.‘Time 1 L FFictienal ?ead Loss -
! -
oo Topic: - ) \ )
1 hour <A / Hydfaulic Radius B '
. > ’ l - ' ' 5

Instructlonal Objective:. : . "

To be able to calculate the hydraullc radius for open channel flow through

v33

P ]
' a) & rectangular channel of specified W1dthr§2d liquid depth .
b) any shape channel with specified wetted petimeter and liquid ’ ’
. ‘ cross-sectional: area. . . -
. . - 0 . N
/\* -7 ‘7 é/ .
Ay \ 0‘
. i .
. - H "
“ - Xﬂ '\ ‘ -
Ty 7 . coL
‘ d . . @
i s
~ - ’“ ™
- ‘ y
slnstructional Aids? ’ ’ - ) . : A *
+ ° Handouts No. D.2.1, D.2.2 .
. * oy U
. F R Ls . * ~ ‘“‘*nﬂ.
) S ‘ - | \_/ |
* Instructiona; Approach: - (7 | R s ) . /,-
Discussion and Problem Session ' . \:il
‘ o ' IS '
References: ‘ N ¢ = - -
* 1) Murdock, J.W., pp 123-125 X ’ P2
2) John, J.E.A. and Haberman,.W., pp 226- 227 . n :
. 3). Simon, A.LI, pp 159- 160 L .
_# . " . ,. . ; _
¥ . . . \ . S %
: Class Assignments: . SN . S .
L}
‘. Complete any practlce problems not finished in class. .
O N '%j -



-

Module No:
123G

Topic:

-

Hydraulic Radius

Instructor: Notes:
. -' 3

. Instructor Outline:

.
.

$ -

Handout’Ngﬁ D.2.1
Hydraulic Radius

™~

Handout No. D.2.2
Practice Problems-7

4T

- ~

.
. L
-
.

«

&

- ~ /

N

- '
scuss hydraulic radius and its‘'calculations
as outlined on the handout.

I):

ey N

I1 Alloﬁ students to work out~the'practice problemé
on the handout.: ) g

3
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;’Module No: -

123G

ModuIe{Title: v :

Hydraulics foe/pﬁeraﬁors

——

‘Submodule: Title:

) ¢ 1

Approx. Time

4

2 hours

Frictional Head Lpss ,

.
A

e

Topic:’

R F
Manning Equation - Open-channel, Flow >

. .
‘e
. . .. * _ » ’ 4 .
d . . v ’
N . . . M - ‘
- . ’ ’ ar s
-

tion of the Chezy-Manning equation to calculate~a Value f % any one
of the following four variable’s if V@lues are-known for the other

Inssruetlogal Objedtive: -0 ' . g o

For uniform open channel flow, to be able to use a nomographic solu—'d

[}
. .
-

1

/

’
e

L4

three: average velocity of flow, V, hydraulic radius, RH’ slope “of
channel,S$S, and Manning roughness coefflcient, i, RS B
y * - .
Ao | .
i .
i z
: o .
A2 .
) ' o R .
\, - ~
[ 5 £ 3 . N
. . . /7 *
Instructional Aids: . ‘ . )
Handouts No. p.3.1, p.3.2, D.3.3, D.3.4 N
’ . A T o L i
: . _ . c o
Instrucfional Approach: o _ ‘ _ ‘3’ . = —y .
Discussioé - Problem Session A .- ~
\ . ’ ’ ‘ ’ q , TS
References: - - N .
. * * L e ’ - ‘b: » s -
1) Simon,  A.L., pp 159-169 ) ‘ ! . .
2) John, J.E.A and 'Haherman, W. pp- 224-227 .
- - "% .
o “l‘ "

i [ ) N

Class. Asqlgnments.

. .
r . . y e .,

.

g4

)

Cbmplete practice problems on Handout,No.

in class

D.3.4 4if not comﬁle;ed.




- Handout D.3.2

»

Q

EMC

R A .17 Provided

A

a

«'Manning Equation- -
Open=thannel Flow

Chezy-Manning Nomo-,
graph ) o,

’

Handout D.3.3;
Values of n and C

{ 4

v

_Handout D.3.4
Practice Problems -~ 9

[

IT,

. o
. o
~e ‘
,
- -
\
.
H &
~
. -
,
‘ s
'3
<
.
-
"
a
« o

tice problems, g1v1ng fndividual help on

.reading the scales
necessary. ’

»

on the nomograph if

s

4
&
»

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

B

Allow the students to work out the prac—

[ ¢ . », ? .
- ) ) . . < ’a / J .
. \ - Pagedfof 52 4
N . , ,..,sq-__”‘
.t oL * ’ ¢ ° T : ‘
Modul : T : - o ’
‘ e No 123G opic Manning :Equation - Open-channel. Flow : .
. ‘l/I = . - ¢ ) / .
Instructor Notes: Instructor Outline: P <:; ",‘
\* b R ‘
. ‘.’ N o * -
‘Handout D.3.1 L. Discuss the rela}ionship Qmong v,S, R

.
Il
\\

o g
.

]

+ 0
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< T, . ‘ : - -
: ’ . Q\ Tage 3§ of 2
\\\ ‘ﬂodgié No: . ~ Module Title: ‘ ' :
. T C . ’ Hydraulics for Operators

©. 1236 ,

. . \\a J ‘Submodule Title: .

M ‘ . » * ’;" N . 3 '3 .

App'fo% Time , e Frictional Head Loss . .
N 1 1/2 hours - | . .. . ) A - - - :
- ’ o, Tfplﬁ' Pressure Flow in Pipes
1 < - A ‘r s L
A T ’ ) " e
o Instructional Objectivé
FA

»
) For pressure flow in a pipe to be able to use a nomograph of
3 the *"Hazen- Willlamskequacion to find a value for ‘any ope of the
following four variables if walues are -known for the other three:
~“ discharge through the pipe, Q, diameter of pipe, D, head loss

per foot of pipe length, S, and Hazen.-Williams coefficlent, c. , -
v . - . .
- - .
\‘ v .
b - v, ™
» TN
4 ’ "
- ° *
- [}
- i / . .' »'
. ~:n ~ - v
~ 3 ‘ o 1
T -
* In st uctlonal Alds.

Handouts D 4.1, D.4.2, D.4.3, D.3.3 «
: ‘ ©o- -
e - * ] '( ¢
&
Instructlonal Approach: - . . - ' B
. Discussion and Problem Session : R b
et
) /e \.
References: ) ) ’ ' o . -
1) Simon, A.L., PP. 44-—1:5 5w .
4 - *
. -
Clasg Asslgnmgnts. ( .
Complete any practice probfems not finished in class.
’ . , , ::‘ . . . .
, : - 3’7 « o L
f\\‘ —S . l )
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.

Modulé No: 12JG T&ﬁc: Pressure Flow in Pipes

.

Instructor Notes:

- L)

»

Instructor Outline:

[ \

Hapd0q; No. D.4,.1 .
Pressure’ Flow in Piggs

&

Handoud) Not p.ﬁ.z
Hazen-Williams Nomo-
graph - - -
Handout No. D.3.3

Values-of Y and C
’ N

*—uﬁgndout.No. D.4.3
Practice Problems-10."

-

&L
1
'

; .. B
-I. Discuss pressure flow in 'pipes/ and
the use of the Hazen-Williams equation.

. .
~

a.

|

!
)

r

II. ~Allow the students to work on practice
problems. :
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>

e . { -
Module No: Module Title: . I

I12JG’ ~a .; Hydraulics for Operators
. ® .

’

Subhodule Title:
,Fr?ctional Head Loss

Approx. Time ‘ . .
" 1 hotur ' - - I : N

. - ’

¢ Minor Losses in Pipes
N Ty

' ‘ . AR -
d lnstructlonal Objective: v .

To be able to estlmate frictional head losses for ffow through
valves and fittlngs in a piping system' if given a value for the gy
average velocity of flowein the pipe and a table of loss coefficients

(K values) for values and fittlngs. .
% :

» v
.

.

Instructional Aids:

‘Handouts D.5.%, D.5.2, D.5.3

. -~
.

Instructional Approach:

~

.
Discussion and problem session

- '

References: -

Simon, A\%‘ pp.f5?-64

\

. - * ) > t
~+«Class Assignments: '
. £ 4 . . .
Complete any practice problems not finished in class.

-39
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&
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Aruitoxt provided by Eic:

P
¥

e

) L. N - . \ . - -
A A . ’
. - .o If,‘»’. - I' " . .o
ool : P25 . - Page 38 of 52 .
* - {A-;L - B ~ 35 - N «
A b . . - R
. Module No:' ‘I2JG . Topit: . ’ i R - .
3 o . Minor Losses in 'Pipes .
A B . . - . , .
Instructor, Notes: Instructor Outlines Y ) ‘ -
- T. ~ ¢ » - - . . El
) < 0 - - L2 )
N . - - s P - - .
-~ f- -~ » . " . ’ ‘ Y = .
- - iy . ’ . ' . . s >
Handout D.5.1 . I. Discuss minor losses in piping system
- ipor Lgsses in Pipes Jand their estimation as outlined- on ’
- ' ’ Handout' D.5.1 _ v
Handout Ds5.2 ’ ‘ .
Loss.'Coefficients. for . ! N
tti . . ) ] .
Eittings. 3 i o . ] ¥ & \
# . . . ’ N : we
> - . ~ -
Handout D.5.3 R II. dAllow class to work out the practice =
Practice Problems-1]1 problems. : ’ - .
.t 9 ' 4
~ . ' i
. » . @ A .
. . - . .
’ e - [P .
. /\ ) o6 .-
J . " - - . . Y
~ ; ' . ~° * R v
’ PR -~
’ . N : A
. . - Id -
'.'. . N L] - » . ‘
B o .‘ . N . ' .
. M 3
. * B
N N ‘ . . .
T R . )
- - S . \ ¢
. - - ¢,
¢ . ~ '
* . ] M N \
I y N, . .
-t . . ,& -
' . . . L7
. e ) N . . . .
- . . N . 3 .
. * - . .
) - . . T - -
. . B -
‘. ) - L =
\ -7 - M ~e
) ’/. - v - ! . 7
-
.- . .
. - . .
v . ‘- N -
”~ . . \“
C, . .
1 = - hd . R " !
< . . ) )
N,C - \‘ L e 40. " . o ~
. . A 4 A [}
,<" » _ - N -
ve 5, ) - . .
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i o T . - . ‘ ' Tage 39 of $2
N v . —_— ——
. A _—y
" = : > Lo : -
L . Module No:. - « Module Title: - T
' . 'Y , - &
' N Lo : ,Hydraglics for Operators.. .
. 'GZJG ’ | AT w .
‘ - e
- ) ¢ P
. ‘ ‘—‘ 2 . .
. Submodule Title: prjctional Head Loss
: ' R P .- ’
. ' Approx. Time . T . : .
° 1 hgur . - '
' . . . Topic: ’ ) .. —_—— w
- . S, o Frictional Pressure -Loss ~ "
. K ¢ . 2 ¢ . [y
~ - .'- R * . - . .
. ey .
. ——
e Instructional’ ijectivé: . "y
¢ : . - ~ . .1
-For flow through a horizontal pipe to be able to calculate either
: . frictional "pressure loss or frictional head loss if given a value for
T ; the other. ® . : . .
o TR ‘ AN y
N L]
. : . oo N S
. Io . N -~ . . - ./
R ' . . s | f \ i .
: .\ . /\} . ’ ' [ J . - 7
L -y ‘ . .
el - ‘
. ) ra . » - ——— °
/ I e~ N v N ) . R .
[ s . S -
- .
B . . - LEN . - 4
N m . . t e - N N 7
o : . .
P . » . e . . . . i
“ . {
.- Instructional. Aids: . C. - . PN
i - T e : L-’«ﬁv A S ' ’ '
; . Handout D.6.1, D.6.2° ST, ) R :
i . N T - x ’.\4&
O-' '. , - . 7 . *. ‘)»;'
© A . . v . e a N N *
> : & L, v
. ) i, . "
- - *+ - ——
Instructional Approach: - . 4 . e
- . ’ ’ .. . - \ " > ;‘ - > ) - .
- - 3 3 ~ P 3 ) . v e . -
> - N Discussion and problem session . R
" » ‘ . . N - . N *
Ead - s B > . R - , .
e, + . . -
o References: .. . ' s
-} , N N . "{r
e . N , . ‘
- . - - . ¢ -
- . .
i SoulEER VS B g
T .
. " ~ * . - .
Py : - C .
L . T : Y > : - =
- ‘ ! . ‘ M i .
s Class Assignmentss: - . L i hd )
.o oo T s ' . ' . L '
i . . - - ’ . se - .
S Complete -any practice problems not finished in .class,
’ Q ¢ * . N ! < . ) R
s . e v : ’ ! ) N )
st o ot N — pp— — —_ — - - — - o
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Aruitoxt provided by Eic:

»
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. - Page 40 of 52

.

No: I2JG

~

Topic:

Modul
e

!

N -
B

Frictional Pressure Loss : |

. |
3 . . I

Instructor Notes:

Instructor Outline:

.4+——UHandout D.6.1

.
I
.
- *
.
haad LY
A Y *
- W
-
i
. .
.
VI S,
.

., Frictional ?reQSure
Loss )

Handout D.6.2
Pracsice Problems-12

.
£

- - +

Note: Nonhorizontal
pipes will be con-
sidered in the section
on Bernaulli's equa-
tion.in the "Advanced,
Hydraulics for Opera-
tors' module.

. \

I1.
problems.

¥

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

in the handout. ’

. ®

1
1
Allow the class to work out the practice ‘
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Modulé No: Module Title: < " : T
123G o . " Hydraulies for: Operators ) !
. i - g § : .
B ) . ‘ - ,
. ’ Submodule Title: ] )
ot Frictional, Head Loss .
Approx. - Time * . -
.‘ l hou? T i . e . -
/ OP1C: yater Distribution Systems -
. . .
Instructional Objective: ; _ A
. To be able to apply ~galculatioris.of the type in the.previous
three objectives to flow through a water distribution system.
- ' ) » ) s 2 - T ’ .
> ' ‘/
L) ' . . °
] N
* e / .
v 1 ) o«
o r » N"
’ \ 5 -
) ¢ ° - £
A )
*| Instructional Aids: T - |
. . \ - |
Handouts \D.-7.l, -D.772 - =
¢ - \ - ’ . - ‘s
<} . Instructional Approach: v : . S . .
“ ! ‘ Al -
. N !
Discussiqn\and Problem Session v
; = ‘ :
References: - | -+ ‘ R .
4 . 1) clark, 9.W.,Viessman, W,.Jr., & Hammer, M.J. spp. 142-148 ‘e
2) Murdock, J.W., pp. 292+297 . L ‘ . .
\
.. . ) ’ . T i
- o' ' - '3
&las‘; Asq‘ignments. . ) ' Co S T h i
¢ Complete.any practice problems not finlshed in class. .. . -
Fie e . ‘ . '.“ N .
.. - 43
. i ‘ . Coa o S
.- A R t ,." a . < v ., N . .




FE)

E

.
”
o
>
ht
.
.
LY
t
7
&
.
’

RIC

Aruitoxt provided by Eic

. o

O

¥

f;yaﬁgcﬁ 5.2

* .
2

[ ]

Module No:

I12JG

LR

Topié:

Water Distribution Systems ’ )

.
P »
Y

" Instructor Notes:
‘S .

Instructor Ouiline:

@

.

kS

3~

)

Handout D,7.1.°
Wat'er Distribution

@

Systems

Handout D.7.2
* Practice ‘Problems-13

.

-]
»

o

L~

k)

T

. P

< .
I. Discuss the
*handout.

- .

i

- e
4 -

examples worked out

’

- )
-

“¥I. Allow students to work out the practice

problems,
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\ 7 ) TFage 43 of 52
Module No: Module Title: (
123G * Hydraulics for Operators ., = I .
= - . *
: \ - : -
_— . Submodule Title: . o
- \ ‘ , -~ . \’ .
; L v Hydraulics of Sewers : N "
Approx. Time T N : ; .
: - - : : |
) Topic: ' - . > ) o« o |
'3Q minutes Velocity Requirements” . ' |
Y . . ) v \ }
" T R . ""k . ‘ri
- . . v . " 1'1, r
: i 3 Lt . 2 . |
Ingtructlounzfl Objective: - , : R 4
. To be able to explain the reasons for reguiring a minimum .o
velocity and a maximum velocity for [flow through'segers. i \
. . ‘ : ' o |
- . o }
, , : 1
It . ¥
’ .
Ny ° . ' .
\ ~ " ¢\ <
. i ; - AN
- . )
" Instructional Aids: v N
R T 1 . k-
J - Handout No: E.1.1. . . ‘. . ‘ . . T
. *e o
. . n,: - L} e * i
N . Ed - : « (S L .
y e %
. ’ ) J<1 * - - N
Instructional Approach: . y . 4
. . Lecture-discussion ' ) " ’
’, ' * P . o . “
"o - - P
References: . ’ .o , ] , .
: 1) Fair, Geyer, & Ckun, pp. 14-1 - 14-2, 14-5 - 14-7
"x“.‘ : 1 .' B v‘\ i i~ N . ~
- . ) * .
. . ‘ = ’ ' "
e * o . " _
N — ot
Class’ Assignments: . L
\ R
. None N — o . ' . . -
\ 1 : . o ’ . '
Q 2 . .
RIC o : 45 -
. ’ : .



~

“ o

Module No:"
I2

) Topic: LT .
‘ Velocity Requirements
- i ‘

JG".

.

bl

Instructor,Notes: Instructor Outline:

A

T
*

Handout E.1.1- . Discusssgeneral requirements related ‘to

Velocities in #®ewers velocity and size of sewer for’.flow in
‘ ' " sewers as discussed in the "handout.

3

Aruitoxt provided by Eic:

g
[
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EERREI . : . ~ - ge 45 of 42 .
L. o Module No:: Modyle Title: 7. *-Mrﬂ\\_.///{
' 1 1206 . . Hydraulics- for OperatQ;s . ) A
¢ ’ » ‘e - A
. e . Submodule Title: : //r o
* Approx. Time ’Hyéraulics of Sewers "
1% hours- 1 Topic: )
. ) Sewers Flowing Full
» e .
. L . " ) 1
. Instructional.Objective: . o : . .
. To. be able to determihe from a graph or nomograph the discharge, -~

LR Y

the slope,_or the dlameter of a” sewer flowing full if- glven values -
for the other two and a value for the Mannlng roughness coeff1c1ent for

the sewer. <« A .o :
- . a ‘w R ,
v - . { , - 2>
] £ * . ~ . :"s - ) -
. ) y ‘ ve
< ) . - . ® }
‘., . - kl d E
’ N ' J - ¢‘§
e \ ?
. Insnructlonal Aids: B : ’) - 42) . . !
u N A o k . '
. Handouts No.-E 2.1, E.2. 2, B.2,3, D.3.2, D[3.3, D.4.2 s |
. . - - ; A
" ¢ ) - ;
2~ - ° . - . 1
- - o j
-Instructional Approach: '
.  Discussion and Problem Session . ;7
- | ) ‘ . |
) - - F
. 'References . , ’ . i i
1. 1 Fair, Geyer, and Okun, pp. 1452, 14-4 R B )
e 2)- Natlonal Clay Pipe. Instltute, pPpP. lS 22 ’ ’ S
o - .
N - .

Class Agsignments:

-

Complete any practice problems not finished in ¢lass.

. .
b

* ‘ -~ - .
« . .- . . 4 .o -
B , - . .
* B ’ . . - . . 5 .
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-

. )
Module No: : Topic: - * . N g ¢
123G . - Sewers Flowing Full L o
Instructor Notes; Instructor Outline: .
\ 3 !
-~
Handout No. E.2.1 I. Discuss flow in filled sewers, the

Flow in Filled ‘Sewers

| Handout No. E.2.2
Pipe Dlscharge Flowing
Full

'Handout No. 'D.3.2
Chezy-Manning- Nomograph

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

-

° 2
Handout No.'D.é.%

Hazen--Williams Nomographf|

I'd

L I »

Handout No. E.2.3
Practice Problems -~ 14

\. -

II.

_relationship among dlscharge, velocity, -
slope, -diameter. and- roughness of the:
sewer and calculations w1th those ‘
variables: )

. . 3
. .“' -
r
LN -
~ " s At
¢ | ]
Lo -~
Y {“1’ '

Allow students to work out’ the practlce‘

" problems.

rl

/

-
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' . . : ) . - I‘age 47 of 52 e
Module No: ‘1 Module ?itIe:/ ' _"” R f - - R
2 ' 1236 . Hydtaulics for Operators. o ‘ L
. | Submodule Title: - T C )
e . Hydraulics of Sewers$ : T
Appréx. Time * . . ’ - . S e .
e Topic: ‘ * o
. 1% hours | + Partially Filled Sewérs - 11\\ : Ce
- - —
Instructlonal ObJectlve ’ o
“To be able to calculate the velocity of ‘flow, V, and dlschargé~
- Q, thgough a partially filled sewer if given values for the Mannlnq/"
rough s coefficient, n, the sewer diameter, D, the depth of water
in the sewer, d, the slope of the sewer, S, and a tabulated ‘or T
graphical preséntation of the relationship ' of _V Q- - _éa -
. . \'/ full and quﬁe ) to D .
. . <
A ] r A4 .
. 2 o= ]
Y )
\ v \ 5 J s e
- . . T -
Instructional Aids: — i Yy .
' Handouts E.3.1; E.3.2, E.3.3 ‘
S . ; \ . ) . .. i .. . -
P n _ - - ~
Instructional Approach: - T - .
Discussion and Problem Session - 4
D) ‘ . -
- : - ‘ , 7:-,..& N
- - ‘*{ ) . . e -
References: - ’ i " . ) \ .
"1). Fair, Geyer, and Okun, pp. 14-7 - 14-12° . SV oo
2) Natlonal Clay Pipe Instltute, pp-~17- 22 : R ) i
. "~ ) = — : — L

Clase Asqlgnments . -

omplete any practlce problems not finished in class.

L]
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Module No: Topic:
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Partially Filled Sewers"

Instructor Nates:

Al

I d
Instructor Outline:"

\

r

R

 Handout No. E.3.1 |
Flow in Partlally'ﬁalled
Sewers s

<

Handout No. E.3.2
Discharge and Velocity'
in Paytlally Flrled
Sewers

-

Handout KoO. E.3.3 -
Practice Problems - 15

7

I ..

“n

Discuss flow-thr“ugh partially filled
sewers and estimation of ve1001ty and
discharge for such cases.

4

r

Allow students to wark out the practlce
prdblems.
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. : S EXAM QUESTIONS . T,
Definitions ahd Tnits / S R ‘ - ,
l)" What are threekgifﬁer;nt units for neasuringﬂpressurez_,, . -
bZ)-'Define specific.gravity..- U . < ‘
3) What are two different units-for measuring specific weight? N ' -
Pressu:é Unit Cdnversions : . | v >
1) éonvert a pressﬁr: of l.S atmospheres to nsi. o .

3

~

) §pecificiGravity

-

2) What is a pressure of a§00 psf equal to in psi?
3) Convert 12.6 inches of mer cury to psi.

Gauge and Absolute Pressure ’ . .

1]
[

R e

1)

2)

<

If the gauge on a tank reads 15 psi, what is the absolute pressure in the
tank? ‘®

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

1 ~
+ -

<
)

l) What is the specific we1ght of a liquid which has a specific gravity of 1.167?

[3

Conservation of Mass /“ . “ -
/ ) - . .
1) What basic lawaf physics is the continuity equation based on?
i b . )
Velocity and Volum ric Flow Rate 4
~1) What are three common sets of units used for measuring discharge or
volumetric, flow rate. - .
é} Wastewater is flowing 1 1/2 feet deep through a 2 footgyide rectangular open
,channel at # rate of 2.1 MGD. What is the velocity of the wagtéwater’ )
&
Mass Flow Rateuand Volumetric Flow Rate ' ’ . T .
. . - V3 . vl
~l) . If wastewater is flowing through a.section of channel at a rate of 30 ft3/m1n,
’ what is its mass flow rate in 1b/min? : e ‘ < s
h )
2) Watet at 60°F is flowing through a pipe at a rate of 639 lb/min. What is its
discharge in MGD? ™™ ) g ) ' . ’
. ) 4
- ) ’ > . ) -
: . . . ».
“'.",r * ¢ . <
) 'r - -
’ 4 '-..51 ‘ : T -
®
- + - [
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Velocity by Timing Float Travel . .
R . ‘V' . K - "
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? '

_wﬂ
b) What was the discharge through. the sewer if it wag a 12 inch
. sewer flowing half full? (drea of a circle = /4) .
. / .
Sharp~Crested Weir Geometgx . . ' . ‘ ' &
1) Where should the upstream head above the weir crest be measured for a - ]
sharp—crested weir? ‘ . . h - : LA
/ " .
2) 'What IS meant by the "crest“ of a rectangular sharp-crested wéif?
’ =F ! S - .
3) .What are three precautions that should be observed in the set—-up and use .
.of sharp-crested weirs in order to insure accurate flow measurements?
Parshall Flume Geometrz ,
. . £
1) What is meant by the throat of a. Parshall flume? ’ i / -
‘ £ B
2) Is there any spec1al location yhere the upstream head should be measured. )
T.in a Pans\all flume? . ’
3) What is the crest; which the upstream head is measured above in a Parshall
flume? . . . ¢ .
Parshall Flume Operation . -
12 What is meant by submergence.in connection with a Parshall flume?  ° ) i §

2) What is the maxipum allowabYe submergence*of the flow thro a Parshall
*flume if the discharge is to be"predicted from the upstream‘head on}y?

-

3) What are two advantages of a Parshall flume over a sjarp-crested weir.
. * P J . , “

Weir ,and Parshall Fldhe éalculations . 3 : -

- 2) Usq the attached nomograph to find the discharge, through a 90°* V—nozch .

, . ~./§
l)i'What are three, commohly used methods of determining the discharge for a
‘measured value of upsﬁream head for a sharp-crested weir or a Parshall

flume7 . - . . -

- -

weir with a head of 6 inches. (attach Handout No. C.5: 3)

3) Use the attached table.t# determine the discharge over a 6 foot long J//”‘J L
rectangular sharp-crested weir with a 7 1/2 inch head. (attach Handout No.
- . ) / , ‘C52) 4 . !

Pressure Flow Measurement . -

N ‘ J} » ' I3 . T N

What are advantages and disadvan ds of a magnetic flow meter in «
comparison with a venturi meter?, ' '

1)

A

- .
d ! . ‘ <

2) " What is actually measured with a venturl meter in order-to determine the
-flow rate through the ‘meter? . .
'\ . _\w‘_"\/ o ) . ;

N X - [ ) = - . -




I
[

\

‘s

/
3) What are some _advantages and d1sadvantages of a Dall tube in comparison
w1th a venturi meter? .

‘Uhiform and Nonumiform Flow

— -~ <
1) What ‘is necessary for flow in an.open channel in/ordér to give uniform
flow? - » . ) .

¢

Hydraulic Radius

1) “What is the hydraulic rad1us for flow through a 24 inch wide rectangular
channel if it is flowing 15 inches deep?

A
. 2 TWhat 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? ~

. . ¢

Manninngquation - Open Chdnnel Flow .

5 3

‘XQQOcity of
/

2) ~Would the velocity of flow in an open channel increase or decrease if the

1) > at are the three most important variables wirich affect the
water fiowing through an open channel?

I3

v hydraulic radius is increased? ' .
2 ) 7

3) Would the velocdity of flow in an open channel intrease or decrease if the

- channel surface becomes rougher. g v

4) TUse the attached Chezy-Manning Nomograph to determine the slope required -
, to give a velowity of 2.0"ft/sec with a hydraulic radius of\i.S ft and a
Manning roughne of 0.015. (attach. Handout No. D.3.2)

Pressure Flow in Pipes T \

S, IR i M\ y

2) -Use the attached Bazef-Williams' nomograph to find the discharge through
< 508 eet of .24 inch pipe with a head loss of 12 feet if the Hazen—Willlams
- coefficient 'is 100. (attach Handout No. D.4.2) -

] PR .
Minor Losses in Pipes . ] B

‘ .

.
Y 1) If the head loss across a piping system is 15 ft what would bejthe pressure
' loss,through the system’is psi? -
- 2) Express a‘prEssﬁre'loss of 15 psi as head loss in feet. .
e L R "~ N . :
) s '5”-. * ’ ff‘ [ !
L "’ﬁb":;**a- ) .
S - k. P o, : 20 q’“ 4
-/ o . :WSB

# . N \
\ .
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. - 9 i . )
P Y - . . .
= WaterrDistributioﬁ<§§ste;§_54 7 3 - :
- 0’“ - r -
1) What pressure would be required at point A in order to give a pressure N
. of 40 psig at point -c? \\‘\\§—‘,’A(’<:_, . .-
- - Joo0 £t '[ . }900‘4,‘3’ . J
¢ A 18 in. J;OW\. J‘B 12 in. diam. . I .
e - o ’
2000 gpm ) 1000 g ¢m ) S
a I, \‘ . . ‘ ' . . .
Velocities in Sewers d
’ . . . A \ P 4 .
o 1) What is the normally recommended Eange of velocities "for flow through
. sewvers? - . \
. 2) 'What.ﬁroblem will be '‘caused by the velocity being foq low for flow through
o a sewer? , < -
3) What problem will be caused by the velocity being too high for flow through
" a sewer? , %
- ) - - ~N
£ Flow in Filled Sewers R v { N
. §

~

through a 24 inch sewer with
(attach Handout No.gp.4.2)

Flow in Partially Filled Sewers

1) Use the attached Hazen-Willi',

.

a

{

omograph to find the vekocity and discharge
slope of 0. 0015 if ?} is flowing £ull?-

oA

1) Use the attached graph and nomograph to find the veloc

- and digcharge

through a 24 inch sewer with a'slope of 0.0015 if it ig flowing 0, 6 full %
~ (attach, Handouts No. D.4.2 and E.3. 2)
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FLUID PROPERTIES
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o EXAMPLE PROBLE S

-

, Problem+~~~conver7’ 14.7 ‘ps; To 05 in. of Hj:
5,?:‘ . l;) PSF y c) oTMaspAeres) ‘"‘J Q) ’?‘1@? o

POV )

o .
o . - . R e

SOI‘?T”OW (ObTa,n Conve'hS:om factors fyom
. " sn
e hedeat) T

I . 4 =
) p§: — m.» of Hg AR ) L
- .’

LR

c
s ] } ;
‘mult. b /44 o
oo /
! '—*/47 >r144 ,os% 2//7 pst: i )
. - . 5 .
| ._..; Ea Je b : |
. c J JVvi /4, R
; ) Lr Ofm .j 3 o} 14 .e“ )/ : 7 k t . 3 |
e . w ’ /4.7 l, ’ - l i; 1
o ,; }4 7 PS—:—*———-— /‘-/-:' 7,, ofm = /» a a?‘m__ ? '3 ;
PR - T - : ; N S ) - . ’(~ : . Lo .
] - - o - . et % i el \_x 5 f) R

$ ~

) Ps. ————>*'?a ;'3 . C*anye*rr ps. Yo st (mult‘b), I’f—gst)

B 774@)4 c.ohverT psf ta Pq (inu It by 47.33)
- i 3

YR ) . IS

R 'L

. S VAT psi i /437x1&4 Pmt 2//7P57c/
S . 2117 x 4748 Pa = LOL 400 Pa

-
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' . VELOCITY 4wo FLQW- RATE.
Volumetric Flow Rate -~ @ - ofs, gpm, MGD
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T = Time for jf:\_od‘f': "Z':g j
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) .. " FLUID PROPERTIES- e
" Pressure: symbol- P ) l ‘ o
-, Meening-: Force pe!\unlt area which a fluid exerts on aay surface it | i '
is in contact with. T ’ 1
Units: 1b/in2 (psi), 1b/ft2 (psf), inches of mercury (in. Hg),
s atmospheres (atm), Pascals (Pa) . , . '
- .. Pascals Priﬁciple. Pressure is the same in.all_directigns_at. any‘pomt e
in a fluoid. _ s
“ed - - —_———— S
.Density:  symbol- p . , s,
Meaning: mass/ of a substance per unit volumee ) . ' l
P a *
. 3 3 - - < v
Units: 1b/ft , 1b/gal, kg/m '
Specific Weight: symbol-= ¥ ) o
;o .
Meaning: weight of a substance per unit volype
Units: (115/_‘ft3, 1b/gal, Newtons/m3 ﬂ : . J )
Y ° ‘-l ‘| %
Specific Gravity: symbol- S ; ‘ .
. density of another substance ' - 3
Meaning: i ) S :
P ) dens1ty of water ) :
" [ “ we wi e M b - . ,‘«,\...a e KIS ca )
e.:g. Specific Gravity g density of g'asoli’n‘e . % 3
' of gasoline ™  density of water, ‘ ) .,
’ . : . ’ Cos pgasoline - )
This may l;e yritten as Sgasoline = gaso_.in .; J
. Dwater ! .. K k
- 4
Units: gNone, however the same units must be used ‘for the density of i
water and the other- substance. ) . }
. * i 3 i .- .
. 'Notes; 1) spec1f1<; weight can be used in place of -density for both ° t g
A water and the other subs(ance. N <3 i . Lo ;
D Puater'= Ywater = 62.4 1b/ft3 = B.34 1b/gal . I
i for temperature between 32°F - 6i)°F ( , ) § .
e e Yoo y o
Viscosity: . symbol M . . :
d B N ] KR B 3 - ] .
Meaning: . a ‘measure of a fluids re51stanc 'té flow' . ’ )
I ¥ . ’} . 1
Units: - 1b~sec § 1,'centiporse z C . N
ftz . .. . o e » ) . . 3}
k3 ) i Pa . - v
< - . ‘ . . —~ ..
N { 3 R f; i
3 ] , * 1
R . R : i
e e ' 3 Handout No. A.1(1 :
) o ' ‘ ' i I e f
& - ' * ° 4+
YRR ’ rd K ; 42 / > A d
¢ ) Q ’ 8.1 & * LI i . - ’
. T S \ i
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: . N -
T . . ‘ : s
S CONVERSION FACTORS . )
Given Unit X ngversion Fa.ctor = New Unit v
{  Pressure 1b/sq. in. - 144 _7 1b/sq.ft.
: . atmospheres . 14,7 Ib/sq.in.
atmospheres v 729,92 inches of mertury
1b/sqrft. 47.88 . + pascals ' .
1b/sq.in. 2.034 inches of mercury B
atmospheres . 760 _ mm _of mércury -
T t! N = *
Volume cubic feet _ . 7.48 ~ gallons |
— e cubic'feet X - e ——1728 . - - cubic inches
. cubic feet ' " 0.0283 cubic meters .
acre-feet 43,560 . ' cubic feet
. gallons { 3.785 , liters;
- - =
. y¥*Area - ‘square fget 142;_ . L squaref inches w&
acres ! 43,560% 5\ ’ squareg feet
sguate meters 10.764 -square feet -
Mass pounds ! 453.6 . grams
: kilograms 2.205 pounds .
- i . N ' . 5
" Discharge cu.ft./sec 0.646 millioh gals/day
cu.ft./sec i <449 gal/min
) _) million %als/,day 694 ) ga],/mifl ;
+ s. 1y j... ' h ‘Z .. ~ q [ ; ~ e '
. ; : : |
Note: To convert, from a unit in the "New Unit" column t¢ a unit in the "Give Unit"
column, divide by th? c;o'nversion factor. ' ‘} .
. ) ‘ ’ , . 3 i
\ - k ‘) / . i ¢ }
A o I L .
LY - . @ T . -
.‘ ) 4 ‘_/) j ' - ':W
' \: - ‘/13 . N DA . - "%
, (3N ;» '3 <2 s ., . -
- % $ 014 - P %
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. ’,-, _ o -
3 ’ ¢ ) ¢ \‘ N
T - - |
LS L . ) : c 7 < |
, B PRACTICE PROBLEMS -~ 1 . ,
. . -i) Coﬁvert a pressure.of 2.3 atm to a) psi, and b) in;'*of Hg. . ) v ;
’ |
> o -
- ° . . ' } hR
. - v
h k-4
“ ) - . . ' _— 7. -
i % [
. i , A o
. R . C ) i
o+ 2) 1f a pressure gauge reads 8.5 in. of Hg what is the pressure in psi?
. ¢ . ! v
. . o )
N . § ‘ﬁ i
e - . . . !
: . i - o
’ R - 4 i ’ ) ’ } K
y ) | o * AN
] A : : . S A
. 3 J a7 > v . k| - ’ - . %i .
‘e .o\’ . « ‘i }. ) 3 T o
. ’ . ° - ‘ — y . n.'. . i’ .
" '. BRI o
. } 3) Convei:t a pressure of 3500 psf to a) psi and B) i‘ip- of Hg. 1 )
v “ “ _ \ , f
. . ‘ ' o 3
. ? I i \ N ! 3 — - ' -.g R ’
?? . i - - ;j . ’
j " . h . - N = . "i .
] ; . N — oo il ]
.J 1; . R i . ?-' - N , v 5
RN ﬂ B N R L
% 4 . 3 i . - 1
P f S o]
- ) S b . oo
] ! . . s - 7 o 4y
- 4) " Convert a pressure of 45,000 Pa to psi- e ' * {3 R
<y i r ) 3 ) - } 4 . c‘ i] .
- v § j ’, ' 'i ‘ . - ¢
N 3 2 f . - . . i - ;; .-
11 , - . A T %§
‘ 5}_& "' ) . '1 ¢ . ) I i . )
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. : GAUGE AND ABSOLUTE PRESSURE .,  ©

. .I. Atmosphere Pressure: ’ ] . ’ . o
- ~ - d .

Potm = 14.% psi at sea level _ o . . ‘ -

[y - M - ’ -

. <
Normal atmosphere pressure exerts a force of 14.7 1b on

N

A Ptank
ar P tank =

= 14 7 psi unless

q.igpressure*in the' tank could also be expreésedgas.
334 7 psi absolute '
= 34.7 psia ) '

qr *The absFlute pre§sure in the t nk i 34 7p ix

-

1f atmospherlc pressure i5 14.7 psi _around .the tank, then the
’ J .

{
) -
available .

PN

v

.
——— s

~

Lw ot

Meaning:
> each.square inch of surface axposed to it. * )
Other Unfts: P_.. = 29.9 in. of Hg = 1 ats =.2120 psf = 101 000;Pa . oL
| atm . ) 7 ) % o
- *;
II.. Gauge Pressure:. " @ ~—__ QO-PSK rea&.‘ns \ p
. o ¢ anp 3““3e . L
- . Thnk .-
.Y— - - ] 'j
. ~ - . P j
interpretation? The pressure in the'pank is 20 p51 greater than the- -, i
pressure .outside the tank. — . . |
9 (Pressure outside tank = atmqsgherlc pressurg) .
Other wa&s of statiné this: |
1 1) gauge pressure in tank = 20 psi
a G- ?) pressure .in tank =_20 psi gauge - ot )
‘ 3) pressure in-tank = 20 psig : ‘v .
) : : . : ’
III. - Absolute Pressure: - . e
| < .
: The pressure in the tank above may also be expressed»as bsolute
.pregsure where: ‘ ¢ , . - N
7 ° - 1 - ‘ 5& ~ H
_ Absolute Pressure = Gauge “Pressure + Atmospherlc Pressure . . .
%or Paps = Pg + ?atm ‘ e ) " : ) i
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A FuiiText Provided by ERIC

PRI

If the pressure above\a ﬁressure filter is given as 10 inches of
mercury gauge, what is\the absolute pressure in inches of merc%ry

and ‘in- psi’
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If the p;pssuré oh a gaug
pressure (atmospheric pres ure) is 29. 8 inches of mercury,

the absoluté pressure be1n$

13

. If the pressure at a

o} -

PRACTICE PROBLEMS - 2

v

ertain point in a pressure line is to be 28 psia
" what should be the rdading ‘in psi on a pressure gauge at that poin

e
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read by the gauge’
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1) What are the specific’ weight and density of

* 2) .Sea water has a; specific gravity of 1.03.

PRACTICE PROBLEMS - 3~

SPeci‘fic_gravit}:’of 0.947
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. _
- THE CONTINUITY EQUATION C . \ .
ﬁasic Law of Ph&sics: hﬁass can be neither cré?hed nor destroyed ’ ‘

. ,General Continuity Equation: From the basic law above, the follow1ﬁ§
T " relationship must be true far a system with streams flowing in and/or
out’ as illustr%ted‘below. ’ . ™. - . )

LI N
- R .

ry
S

' " - _ rate of mass flow __5rate 6f mass flow _ rate of.accumulation |
. \into system 7. out of system 3 of mass in. system . o

.
[ . ° ‘ . -

. %&t:@g fh—‘:.— %\ ’ . e - . N . ’

. A | fesvyee—s———eee] -

Flows °

7 _O‘OL* '

) .

Ry L
ySThYn '

[}

- . A - -

Y

- Egé .‘If the mass flow rate in is 20" 1b/min and the mass flow rate out is .
15 1b/min, then there is,a. "buildup" or "accuﬂ&lation" of 5.1b/min
C in the tank. ! . ( oL ,

°

. s .
N q

o . Th system may be a’ clarlfiex@wa sand filter an aeration twank,

) a section of open channel, or any such item which has water or wastewater
~ flowing in and/or out* - ’ 2 . )

>

1

' From the above relatlonshlp, flow rate in,. flow rate out, or rate
of. agcumulation can be foynd}if the other two are known. If the ‘outflow -~
- is greater tham the 1nflow, then the rate of acclmulation is negative, ;. " i
or 1n other words, there is’ % net losg qf mass from the system. . . -
. & - . 5 ‘
N - i

Steady State Contlnuity Equaiion. .For many cases, the total amount of . - }

ma$és in a system remains congtant. This condition-~is referred to-®as
steady state. There is no a cutulation during &teady staté conditions o
and the contihuity equation‘gecomes i N
b T 1 ¥ '

- ° rate of'mass low _ rate of mass flow : .
into syst out of system’ :
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below, Q, V, and A are related as follows. = cross-sectlonal area of flow)
M : - =,VA ’
L : Q R ,.?:_‘ .
» The-velocity times the cross-sectional area gives the volume swept B
out pex‘unit time, or volumetric flow rate, as shown in the equation above.
For caléulations w1th this equatlon Q, V, and A must be in proper
units. One poss1ble set of conszstent units is: . '
. Vin ft/sec, A in £r2, Q in ft3/sec ) w A
- If any of the'wariables are given in d1fferent units, such as gpm
"for Q or’ in2 for A, they should be converted to the units above efore
, making calculations with the above equation. . S
: . N o T .
¥ Example: Water is 'flowing through a 3 ft'wide channel at a depth of 2 ft, i
and has an,average velocity of 5 ft/sec. What is the flow rate through
" { the channel in cfs'and in MGD?, .- -
. [ TR . i
i Solution: .- AT @ x 3)xft2 =6 fe2 )
' C '"A =5 ft/sec P N
i * 3 - foe N
<. . Q =VA = (5) x (6) cfs = 30 cfs & .
{l < A N ° \ ' 7
- C v Convert to(;FD - multlply"by 0. 646
. ‘g ’_\ ‘ - oot @
. QBT;(SO) x (0.646) MGD = 19.4 MGD s
- % - - ‘ -
i '3?' £ R i & L.
SN > . ; / ] i \ ©
; v ) = s ! = )" T i v ‘-
- e R - .
-7 s ' ) ? .
S P W . D ! P
i -‘. £ * ﬁ - .
- : | . .
: , | EEE SR
7 A y - Ced i~y
PN 4 - . P ¢
1 N R ,’ 3 g ‘e T
. . ’ Handout No. B.2.1
] - . . y .. .
N 2. _ T 4 I A Y, v
. ; - k-2 .
68 - ~ %

=™ " For flow tHfough a pipe, channel, or tank as Shown in the diagram

VELOCITY AND FLOW RATE ) -
There are several pos51ble-ways of spec1fy1ng the flow rate through
a pipe,. channel, or-tank. Two which will be considered now are:

- .

v1) Vplumetric flow rate, Q, measured in unitg such as cfs (cu.ft./sdk),
k gpm (gal/mln), MGD (millions of gallons per day), etc.

>

2}\\Ave€fge velocity, V, measured in units such as ft/sec, ft/min etc.

-
-
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PRACTICE PROBLEMS - 4

£ ‘ » =

through the sewer will ?.tve a velocity 6f 10 ft/sec?  Expregss your
-answer in cfs and&’ in MGD. "(Noti&(: the area”“of a circle = nDz/é)
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- 2) Wast‘éwater is flowing through a grit chamber at a)ate of 1.4 MGD.-

_the velocity of the wastewater in the grit chamber? 5
[ &) o

s
» . .

°

> ’ v ) »
..

‘

If the grit chamber.is 1 ft wide and it is flowing.2 ft deep, what is

6 inch diameter “sewer_is flowing full with wastewater'. What flow rate




-.» such as 1b/min, 1b/hr, etc.

. : IMASS FLOW RATE / : _ :
s < - . .
A third poss1b1e measure of flow rate is mass flow rate, m, in uhits

[y

~

Mass flow rate is related to volumetric flow

rat? and %vgrag:velocity a§ féll?WS’ . . . . s
. . R e T
@ = pQ ,,0F . = pVA =
. where p —.density "of water .
PP (p = 62. 4 lb/ft3 8.34 1b/gal for"temperature between 35°F and 65°F)
- Comsistent Units. L : .
1) . volume units in g and Q must be the same for the first equation
e.g. ‘p inr1lb/ft’ and Q in ft; 3/sec .
p ’ , or p in lb/gal and Q in gal/mln ' :
‘?
X f 2) ﬁfor the second equatlon if p is in 1b/§t3, V in ft/sec, and
L. -in ft2, then o will be in 1lb/sec. o
— Practice Problems: s ‘ b -

. T g 3
e 1)
' what is its

g

velocity in ft/sec’

- N}

-~
-\

e

If water at SQ?F is flowing through a channel at a rate of 30 ft3/min,
mass flow rate in 1b/min and in-1b/sec? '

Ve ,

Wastewater at 60°F is flowing through an 18 inch diameter pipe at a
. rate of 43 lh/sec and the depth of #low is 9 inches.
volumetrlc fLOW rate in cfs and in MGD?

a) What is its "~
b) Whét is.its average
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. © PRACTICE PROBLEMS - 5 . 1, . :
_1) The tdme required for a cork to t);avel between two~ manholeg ' 500 ft. 1
‘ . apart, was 90 seconds. a) What was the velocity in the sqwer" ? ’
) b)" What was the velumetric $low rate (discharge) through the sewer if it.
¢ is a 12 inch™¥ewer flowing half full? (area of a circle_/%nd /4) ’
U . e o e
} , i '
v . ’ . ) M N . “ £ . i
. . o .- { :
i : > - I
. N . s °
e - . » .
. * N i { )q;f ’
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v : : 3 - |
7 - § © ¢ .
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. . / . g “ 5
' ’ . ) M - 2 ¢ ,’;’ I |
. I \‘ - .
‘ ‘ ! iv '
’ -1y - .
2) The flow ih an open channel is to be estimated by timing a corks travel. ,
. . If the channel is 1§ inches wide, with 15 inch flow depthjland a cork 3
. takes 2 1/2 minutes to travel 400 ft., thenh what are the v$locity and .
, fod . - volumetric flow rate in the channel? .
o~ ) . . . ' . : A
. 3 ° . N \ 1
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’ . 8 SHARP-CRESTED WEIRS T
. s Y . . B}
o ‘ ’ ( {4 H : weir
P Al A - o :
/ . - P —_— )
. 1 -, | TTIITTTTI7 f//‘/f‘7/ 777 Tt T T IR T T TITT .
] ‘ =
1 ’ .
o :
r .
- -» s ..
e ; - w ey ‘ N
RECTangula ey, . V-Noteh Wier
Uses fors sharp-crested weirs: ‘
) 1) To, measure_flow .rate in open channels and through outlets from tanks
and ponds. -
2)  To.maintain’ the proper depth of liquid in tanks, channels, and ponds.
- ’9 M * T » .
PrecaMs in set-up and use: )
- o e el’
1) The crest-aof the weir must be level . ) ¢
2) There should be a pool in the approach channel to keep the approack
velocity below 1.5 ft/sec. o L . . .
©3) The depth in the approach chanhel must be at 2.5 times as great t
as H. . T L . s -
4)  The welr crest must be aDeast 3 ifiches abowe the receiving ve
water level. - ve v . . v . .
5)  The head above the wéir crest, H, >must be measured at a location ,
.which s a distance at least *2.5 H upstream from the crest. -
- . .« Y - - ® s ) .
J 2 ) .o, R o Sfs
o ° . . >
. . o . -, v 0 . - s
-~ T R ~ ¢ — R . M
, ’ . o v
i )
. ° - .
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v s g e ' 5 e o ° ) R )
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‘ a’ - ‘ . i ' . . -
) . - < . .
C . PARSHALL- FLUME, - -
o~ H . ‘ ; s %
= Comparison.with "sharp-crested weirs L
] — . ) t ’ . -~ [ ] :
Advantages“(oflParshall flume: ? ‘ . .
- ., C LR ‘ ;
w 1) Lower' head loss required a g
. 2) Sand and silt deposits are pminimized’ because a stilling pool " -:
.isn't requlred ]
. ‘- 3) Gauging points are well defined which improves uniformlty .
. from one instrument to- aPother. . .
Cl! . -
N ; Disadvantages of Parshall flume: - . ! .
- o : N ’ s : a ) . ‘ ' J
1) More 'complfcated and expensive t§§ construct than a weir. ]
Submergence ( .
: . . - .
. - . 1 HB '<\_ "
- - Deflnitioa-'.,' Submgrgence “H, 100%™~ SRS P -
H ) 3 : s 3
"™ Where Hp and H, are the liquid heads above the flume- s
<. ++_ crest at the specified locations. . o S -
. & ‘PFree flow" occurs when submergence is less than 60% for flumes
’ with.up to 1 foot throat width or less than 70% for flumes with
1 to 8'foot throat width. ' S~ oo
S, . . . . ,
* * * "Submerged flow" occurs when submergence is greater than the
figures given above. tae ' . :
For free, flow the flow rate Q can.be determined from only a value "
.- ~*for Hy 4hd the °throat, s:Lze of the flume. T N
- ‘-, For submgrged flow correctlon faCtors can be applied as discussed v
in more  detailed references. * ¥
° oA 3o t ¥
Other Notes: : B
1) Parshall flumes are specified by their throat width, e.g., a 6" T
. . Parshall flume means one with a 6" throat. - .
. ] L > 1 l, - ’ ‘
¢ .. . '2). The heads Hy and Hp ‘are usual]:y measured in stillifig wells ,
connected. to the flume with pipes. The level of ater in ' ‘e
the stilllng well is® mea‘Sured using a float. ’
e, i ‘; N " ¢
- ¢ , .
‘ ‘ ’ Hahdout Nb, C.411 .
» .
: . o 73 , : ;
* e - . / -~ o = :
- e, oo ‘ ’, (‘. - . /;k




With both the “sharp crested weir and the Parshall flume, the discharge,
Q, is determine by measuring an upstream head, H. For the weirs H is N

. ) 4bove thé level- foor portion of the flume. -
’ < r . -
) ot For both the*sha sted weir and the Parshall flume, three major '’ ’

ways of flnding d1scharge, Q)\ for a measured value of upstream head, H, . \

- ’are as follows.

- 1Y vse of an equation relXting Q and H, such as @ 3 3.33 LHl-3 for
T * a rectangular sharp cre\ted weir. & )

. : ) .
- © 2) Use of a table relating Qgnd H, such as Handout No. C.4.2. "

-

:}%=\ ) 3) Use of a nomograph relating Q amg H, such as Handouts No. C.4.3 °~ "
’ - and C.4.4, .
> Examples: = ' .
' 1) What is the discharge over a 6 ft. long rj&tangular sharp crested
rest is 4 1/2 inches? ) -

yeir iﬂ the upstream head above the weir

_+ * Solution: From Handout No. C.5.2, the dlscharge is 343 gal/min ’ ) ,
per foot of. weir lengths.for 4 1/2 inches hehd. oL
_The total discharge must then be = -

-
¥

Q = 343'x6 gallmin = ZOnggaIYmin'

¥ s

! ST 2) What is the discharge through a, 90° V-notch weir with a head of

-+ 6 inches? . )
N " . Solution: From Handout C.5.2: Q 204 gal/mln ' - ©

N R U B ) L 5 -
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 e
- . converting to galfmln. Q = (0. 285)ko§4) gal/min = 198 gal/min L
I — / J)‘—What*is—the*fiow—raterthnpughra Parshail fiﬁé%twith.l foot ., : "
.o throat width and 8 inch+ head’ o / . T .
. . v N _‘.? . v -~
LK e Solution:.fFrom‘Handout c.5.4, oslng a straight edgd*/ ' . [
o T T . : : P T
.~ Q=1.4 MGD AR Q AR -
i T ) ’ ) ) C - . s e .\:*”
v £ | 7 o
- » - R S e,

Handout No. C.5. L ' f .
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DISCHARGE OF SHARP-CRESTED WEIRS -
N o .
Rectangular Weir ‘ - - 'V-Notch Weir
- . (1) ‘ . . (2)
Head, Discharge per foot . Head, - . Discharge, gal/min
* inthes of length, gal/min ; inces - ¢ 909’ . 60° -

3.

178 ' 1. ’
1/ - V4 4.
3/8 ' 8.
1/R ‘ 12.
5/8 . 17.
3/4- 23.
7/8 29.

) . 35.
1/8 42.
1/4 50.
*1/2 66.
3/4 ; 83.

o 2.5
/2 . 6.6 .
12 -7
1/2 24 13
37 " 20,
1/2 53 31
76 C 42
1/2 100 . 57
129 - 72
1/2 166 86
. 204 ¢ 114
1/2.777 247 . - 1427
. 300 " 163
1/2 354 . 201
413 " 228
1/2 » 486 271
. *555 313
1/4 : 1/2 632 367
1/2. : 713 - 407
3/4 . ) 1/2 . 815 457
. . . 905 517
1/4 : ’ 1/2 1,010 573",
1/2 . . : 1,120 642
3/4 - , 1/2 : 1,240 710
: . ‘ 1,360 784
1/4 _ — s 1/2 . 1,500 861
/2., v . . © 1,640 943 |
3/ - 7 . T 1/2¢ 1,790 . 1,030 -
) s 71,940 1,121 .

-

5y .

a

1
1
‘1
1
1
2
2
2
2
3
3
3
3
4
4
4
A

NOMNMNMNOVDOURSEWSINDDULO

1/4
1/2
3/4

CORBUNACUMUNEFWWN NP

-

-

’

NN ULLWL

(’l) Erom; equation .
C 4 . = 3.3381:3

' (2) From f'.’ol‘lowingu: e tions :N
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PAGE 157 "Flow in V-Notch Weirs" and PAGE 1&9
"Flow in Parshall Flumes“L REMOVED PRIOR TO BEING
SHIPPED TO EDRS DUE TO COPYRIGHT RESTRICTIONS.
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N ‘ _ PRACTICE PROBLEMS - 6 - AT
1) What is the flow rate through a $0° V-notch weir with 7 1/2 inchdy head? § ,
M e ’ e N - - . 5
k4 ® ) -4
[ 5 "F{(‘;
. LS o -- ,
S S * < »a
. ?Q" * v -
- e .. .
h:) 7 t i
; : : o T = ]
- L} y 2 KA 17 ;
’ o * . . ; s
.- i |
» ~ E
- =~ i :
. - k
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o -
' { ’ i -
} : j
: : C ’
. < ] )
, 2) What is the flow rate over a 4-.foot long rectangular sharp-crested
/ * weir with 5 3/4 inches head? . o
. , _ ,? ° 4. :
- . ® I~ ; -- ‘
4 .‘i b9 - N ?,, »‘{ 44
. [
[N - 3 *
. - ' kol
do . ) ~ - 3
ot 4 . v - . *
e . . o > ) ) . .2 L 4 . . .
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» . ° v ey
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e "+ 3), What is the flow through a 3 £8ot Parshall flume with 9 1/2 inches head?
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|
v MeTer™ o . Orifice MeTer: . ) ;
. e . 7 LT . R
* For both the venturi meter and orifice meter the flow rate is related to the - - v
drop in head, -4,, as _follows: Q=K Hp - Hy. A calibration curve is usually : ~,:‘
used to find the flow rate 1nd1cated by a measured value of head loss. ’
“ v : ¢

- Both ori ice meter and venturi-meter W1ll have some permanent head ioss due
the meterTZhown as Hl - Hy on the dlagrams above. - *

..

Dall Tube: is is similar to a venturi meter, but has®a differen‘aped entrance

section and Zhroat which gives a higher pressure recovery. 1 .
) . ) . .- 1 ; )
Magnetic Flow Meter: An electromaghet is uséd to create a magmetic field in the
pipe. The_flow ggsa conductive flyid (such as wastewater) through the magnetic . -
field generjtes a voltage proportipnal to .the velocity of the flow. The voltage .

is measured and used to 1nd1cate £1dw rate.

.~

COMPARISON jOF METER TYPES ’ ’ .
Venturi Mefer: 4 : ) . -
<. 1 lpss permapent pressure loss than oriflce meter; but more than Dall

tube or magnetic flow meters. - .

'2) can be .used with higher solids contpnt than Dall tube
3) greater space requirement than orifice meter

\

A

. ) . ' , R
. Qriffce Meter. K s <

l)‘wgreatest pémméne 1t pregssure loss of the four types - &
least space requirement of the four ’ ’

3Lj easy to change to different sizes to change the measurable flow range=«’ /

S -

‘ e
t N ] Y . . . s
.

Dall Tube: ’ S ~ . L
1) - less permsnent pressure loss than venturi or orifice meter ’ ‘
2) * cannot be used with llqulus having a high solids concentration- as wellas— >
the venturi meter. i \ ¢ . i
., - - . L . B 2 .
Magnetlc Flow Meter: ' . _ e
1) least germanent-pressure loss of the four types. -
2) the liquid must have a high enough solids content to be conduct1ve .
3) ‘unaffected by sludge buildup on the wall as long as the built up
sludge has the same conductivity as the flowing liquid .

l— . ~ ’ Handout ﬁo. ¢.6.1 A, N
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flow as follows. - . . !

Uniform flow- Flow in anlopen 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 chadnnel flow with the _ s
liquid .depth and/or the changgl cross section chan01ng . Do
8 P:: N . . L .

Flow in a straight 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 nonunlfory flow as indlcated below .
for a change in bottem slope. :

Mchophel .

Boﬂ"om ‘

y |

|

o * ° . ° |

|

I. '
r 'J.\ " 5 *'

suniform . l nenawi ferm l uniform, ' . . .

- ’Flow Ftcw -Flow N -
. [ -— . -

. ) . . _- . L - o , . e e

TOPV iew ‘et . Channel N ConsTanf Slcpt . r, . ”-...‘3 "

o. e @ e, . .
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@ - . PRACTICE PROBLEMS - 7 . L '.
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Inddcate where you would expect to find uniform flow and where\ °
- ] nonuniform flow for each of the following cases.
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- ‘Definition: Radius =
inition Hydr{mllc adiv Wetted Perimeter

-

, ¥ " . b e L3N 3
N . - ’ -~ } *
* . ‘. L Al
'\v ° 2 ¢ i
X 'HYDRAULIC RADIUS' A a - L
- By, : - e - ) 1

o

Hydraulic rad1us is often used in calculationms for open channel flow
and for pre\gure flow in a non-circular conduit. °:

~

Cross sectional Area of .Flow

. . N ; L3 7. h L
“ or Ry, = A \ s . -~ .
h P N -‘{;,\’ ) /

° ~ - -

ExamgleT/’CZTcplate the hydraulic radius for flow through a 5 ft. w1de
rectangghfr open channel at a depsh of 2 ft.

N ’ L
. .3\A=(2x5)_ft=10ft2 .
) ‘I:L‘-t ~P=(5+2"+2) ft =9 ft\
N 3] .
: ' 2 . .
5t —y : . R, =A=10ft* - 71 ft -
- . - ~h Py 9 ft ’ Ve
fgt a.rectangular channel in general with bottom width b,,and ﬁepth of
flow, h, the hydraullc rad1us is given by L ) ) f
. _ bh . ' ' - _ .o
2h+b . . T e
- ° ’ ,

For any other shape channel the .hydraulic radius can be calculated if

the crogs-sectlonal area of flow and the wetted perimeter can be ' -
determ1ned . '
Example: Calculate S;dfﬁydraulic rq@ius for flow through an 18 inch
? sewer flowingvhalf full
. ’ . P . E
Lo A= 1 -wd% l“ﬂ(l.S)z ft2 = '
oL\ P = 1/2 (nd) = 1/2 (z) (1.5) ft = ;
. vt . _A - - | ,
‘ ey Bn =% © -
. .4- . . . ’ ‘»«.
! ' ‘ , o ! 3 g -
- I - (.fA 0 NP T ?
. g e .
o e
hd {
- N . - - . ‘/
L S .
. ’ _ hd ‘m 4 -
- - > . L
: X )
‘ : R .
% . . o - ~e gi;
‘;“ ¢ \,‘i . , *k } 4'*'4 . “ e v
* . . N .. .

-
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PRACTICE PROBLEMS - 8

B o

- s, the hydraulic radius for flow through a 30 inch wide channel - i
) : :A-Awater is flowing % fhnches deep? ? . . s
s 2 v . ) , - - .- - = 1

g o

}\
2 .
K ’ e -
< . . N 3 . ;-) /
- : - ‘ oy
° ~ o - }
¢ .
, - . { .
3 17. - . - 'i.‘
. 2 . .
< o i
. 1
N , !
. > B
- §
) ]
3
3 - . o ) - N ° \&\ _
-f

. 3 )
A . >, -
flow through an irgpgularly'shaped

}* . 2) what is the hydraulic radius for '
- hannel for which the liquid cross-sectional area has been egtimated 3:
@ -as 8.5, ft* and the wetted perimeter has been estimated as 7.8 ft? §
' * § .
. - . : |
. : i - .
« / .o . ) ¢
.- y
~ l ¢ . ‘i ¢
< ‘A, *‘
. : - " w': v
o= . . B A '
) -o . ‘ , . . s ) o .‘\ ) : ‘ \’. . .
3) What is the hydraulic,'_diu§ for flow through a trapezoidal channel -
- ".with bottomwidth of 27ft and"surfface width of 44 incpes if the depth ° = -
of liquid-is 20 inches and the lepgth of the wetted wall is 23 inches o
on each side? Note; The area.of,the trapezoid shown:below is h/2(a+P);:j/ﬂT— Y
e “ / )
{
: ¢ 1l ° - .‘| ! ° ?
: . ’ *” P v l.
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R . "’ ‘c - ; ) g ,
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. ’ Q.
. i . - * . hd " . » d
. Examples: “ ' ' Ce .
A 1) An open channel has S = 0. 001, n = 0.014 and Ry = 0 8 ft. s What' is

the velocity of flow under uniform flow conditions? .

/ Solution.: On Handout No.’D.3.2 align a straight edge with RH = 0.8 and
- = 0.'014 to-locate a point .on the pivot line. Then align the, straight edge .

. T with that point,on"the pivot line and S = . (7.001. Redd off V at the 1ntersect10n
of that straight line and the V scale to find V=2, 4 ft/sec.

R ¥ « . N

-

R _ 2) What,shbuld be the slope, S, to g1Ve v 3ft/sec., with RH = 2 ft. and
.n"'017 v e

;:f‘ S Solutionr Using ﬂaLdout No D 3.2 yields S"rO QlS

RS MANNING EQUATION < OPEN CHANNEL STl T e
. The: velocity of water flow1ng through an open channel is affected mainly- -
T by three factors as.follows: . -
. s . . . - - 53 -
‘ 1) Slope of channel, S: greater slope causes highef‘velocity.
. ‘ '-2) Roughness of the channel surface as indicated by the Manning roughness
A <Y coefficient, n: higher value of n (measuring rougher.surface) causes
< . . lower velocity. )
., . o . . .
v ? - .
ST T 3) Slzerand shape of the channel as indicated by the hydraulic radius, .
A . Ry: Higher values of hydraulic rad1us resulf, in higher velocity.
" I An equation frequently used 'to g1ve the relationship among these variables ‘f
- for uniform open chapnel flow"is §h7 Chezy-Manning equatlon. « e
1
- = V= --—-—1 43 2/3 ‘sl/2 .
. Instead of using this equation fér _each calcﬁlationu a nomograph’ such as . -
i that “on Handout No. D.3.2 ean be used to find. a value for V, m, S, or if R
values  are known, for® the ‘other three. Handout No. D.3.3 gives values of thq
Manning coefflcaént, n, for‘varlous materials. ,
Y .7 : . . Lo L ! - i: . - N
"L The slope of a channel is normally expresged as. feet of rise or Tall pet )
Y foot of horizontal distance. . The slope of the channel shown\below, for example, -
s ». wonld be- 0-5£t/l0.0£t-o’r 0 005., vi o R A e o
. }; A“\~. o '- ~ ey -y 3 ?‘\ N ~ 4 H RN b Ty k- ;. ) ~y._\'\v ~ ,3':
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) A . IPEEE N ' o, ‘ '
’ 4 ; . . . s . ° .
. /?’ - . ° MANNING ROUGHNESS COEFFICIENTS . T -
) Surface . . T n Coe T,
- L .t & “
~ w\ Closed conduit‘ flowing partly full c o .
e TN Smooth Brass Do ' 0.010
w»8lass’ * O\, W o ' P : . 0.010 :
—Clay-drain tile-, - e 0013 -
i Concrete culvert with bends and connections L . 0.013 a ’ .
Lo Unfinished Concrete < ) - . 0M1s - AR
.Cast_Iron - ’ - 0.015 o =
Corrugated-metal storm drains P 0.024 - v %
Lined or built-up chahnels: L . s
Smooth tar or paint coatlng . ’ 0.010 ° s ¢ >
‘. f Unpainted steel , R ' ©0.012 s
. PR Planed wood i ) . e e ., 082012 . '
A Unplaned wood . ' ) . _0.013
. * . Trowel finished concrete .. R L - 0.013
> . @ Glazed brick - o , . c . . 0.013
c . Rough brlck Voo ) - - . 0.016 < .
» _, Unfinished concrete L A 20.017 - -
.. Excavated Channels: ' . R N
oo L Clean earth (straight channel) 24 0.022 - )
3 : Eartli with weeds-(winding channel) | e 0.030 B
1 . .
3 * b )
i Values ézere tékerx from V.T.} iChow, Open Channel Hydraulics, McGraw-Hlll 19597 , J
* and A.L. Simon, Practlcal Hydraullcs Wiley,:1976. . g
- - . L. - Piv
. A " HAZEN WILLIAMS COEFFICIENTS - - LT e e
£ . ‘Type ¢f Pipe * . : ? C. . M
. ) . ( - . . R
) Brass o ) : . 130-140 .
U Brick sewer g s T 100 ¥
T, Cast Iron - ‘ : . ¢ e
et ° . New, unlined .. . ; . 130, L
01d, unlined . ' . . 55~120 . .
Tar coated . y o 115-135 : .o
' Concrete or concrete lined o ) < ot ‘ : Q‘ <
> Steel forms . ‘ o 140 - - oo .
, Wooden forms- & 120 o
N N ‘Centrifugally spun . ) P e ., . 135 ) .
. Copper. . L ¥ & C © 130-140 .
. i"6alvanized iron ) ) B SR ' _ »120 N -
i ' . 7 Glass, S ' Lt b co 140 0w L
S Lead ... =~ . oo : .. — o 1304140 0 - 0w
: - .  Plastie y - S '+ 140-150 , T
- .. Steel* - o _ . . \ B
< .., .~ - " New, unlined o ) S 140-150 \ =" . - o
L L 7" Riveted T . - S e S T T W
Vitgified clay .= . R . -7~ t.100-140 7. - AL ;
8. - Values were taken from A.L.. Simon, Praétical Hydraulics, Wiley, 1976 and ST T
. *  'H.M. Morris and J.M. Wiggert, Applied Ezdraulics in Engineering, 2nd. Ed., i -
A Ronald Press,b 1972. é - v ) S . \3 .
Q7 : oL . - Handout No«. D..3 3. . -
‘ A - . ‘e L B o T * A
i T e, % T T - '
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2)

3)

&)

o PRACTICE PROBLEMS - 9 '
R

~ .

Epr uniform™open channel flow, if V=1.0 ft/sec., $=0. 002 and
Ry=2.3 ft. what is the value of n? . 3

- ot . P

Water is flowing through a concrete rectangular open channel 2 ft. wide
at a depth.of 1.8 ft. a) If.the slope of the' channel is 0.0016, ’
estlmate the ,velocity of £lqw. . b) What is-the d}scharge in cfs?

. .
S e

A rock lined channel, rectangular in éhape and 6 ft. wide is to carry
40 cfs at a depth of 3 ft. what Slope- would be required to do 'thik?
R ) . .

.

Fof a concrete rectangulat.channei, 2ft. wide, with a slope of. 0.002,
what ‘would be the depth of flow ‘for a velocity ‘6f 3 ft/sec? \\*§
- S ; d




N . f , R - L. -
PRESSURE FLOW IN PIPES- ' -~ T .
* For pressure flow in pipes, the Chezy-Manning equation and nomograph
(discussed previously for open channgl *flqw) can be used with the follo‘ung
modifications, The hydraylic radius becomes ‘equal. to one-fourth? of the '
diameter and § equals the head loss per foot of pipe length rather than the
+ pipe slope. t . y . . ) .
: P An alternate’ equation frequently used for pressure flow in pipes is .
L -the Hazen-Williams formula, -
\ - ! - : .. 5 ‘ ~ 7
S u e oeassc p2.63 g0.54
; ‘where Q="discharge in gpm o ’
K g D= diameter o§ p1pe in inches®
S= head loss per foot of pipe .
C= Hazen —Wllliams coeff1c1ent .. v
° ‘ - . 4 N
Values of C for v?ous pipe-—materials are given on Handout No. D. 3.3 and .
a nomograph¢solution of the Hazen -Williams equation is given on"H'andout No.
D.4.2 . . : L e
;. Examples: y b ;T
1) What 'would be the head loss due to a flovL of 3500 gpm through 5 °
: : 200 ft. of 18 1noh new cast’ 1ron p1pe7 - o *,,’
: : . _ )
ou Lo & e . R |
- . Solus‘tlon. Fnom Hando No D- 3 3, Cf l30 < ‘ ‘\i R
. . / . - Ry
© . _ Using the Hazen -Willlams Enomograph ‘with r : . ‘.,' e w
' Q- 3500 gpm; D=18 inches, and C= 130%ives s—-o 011 fe/fe T e
- Hf B fr - * - B
S= I, =9 ) = fe/fe ..
T 0.011-ft/ft °”ﬁ57— 0.011 . . ) ,
He = (2000 . 011) fr = 2.2 fe | . . ‘
2) What:- flow rate would be caused through 500 ft of steel form concrete ) 3
pipe l& in®hes 1n dlameter by a head of 10 ft? -
. ) -
: e S°olution. °From Handout No. D. 3 3, ‘\C 140 -~ P ‘
""Y’}j‘,’*’ - o ‘g % Hf = 10 10 = 0.02 . .S R . . e S
- ‘ LT 500 ' ‘ . !’;
<7 Uging the nomograph w;Lth §=0.02, C= 1150, and ‘Da= gives | . -
Lo e 11‘“ooo.,o,pm ' . ) - '
~~£‘ C - - . = ‘. ) V- -
. . - - P . -
- - L4 R | 4 L4 7 - * . R 1
_.,"' g‘. .. " - : : - -
St [] -:i%?’ b ‘t hd ) * a.‘r )
. [ {M—‘" ~ v ‘ 2 ’ o ’ )} -
. ' o Handout, Mo. D.4.1 . ‘
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PRACTICE PRQBLEMS - 10 . . ' :

L

- N ‘s .
B
.

1) What would be the head lgss .due to a flow of SOOOMgpn through 100 ft.:
o - -of 24 inch centrifngally spun’ p1pe7 . . 1,
3 - ] . . vy - R
‘.\ ' . ’ .. ’ - -

. T e .o -, 'f}

A L. N . . . .
- » .
- * .

2) What will be the dlscharge through 200 feet of 12 inch riveted stee 21

S pipe is a head of 5 feet is avallable to drivé _the flow? £
\. ¢ ’ \"« h > v 3\) ' "t
. ‘ 4
e . S y © 4
= ‘ )” ) X . - . - - ) i.,) R4
“ . 3) What d1ametor'$rass pipe would be requlned to carry 200 gpm w15h a
,' . - headwloss per foot bf 0.01? .
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3. .
X ' Example : What would be the’ total of the minor lesses in a
i

i

}

|

il

%

Lo
ania fresia
. .

o

5 F; -~ .
.,.".,"f‘"ﬁ- . e - -
,n?ég. ) }
" - . . - LY . . * - “ L] ;
: « MINOR LOSSES~IN PIrcd .

+ In addition ﬁo the frictional .head loss due to flow .,
through straight engths of pipe, there are also head losses .
due to elbows, ‘valves, pipe :entrances, exa.wm_" ‘losses are .
called mlnor losses" or "local losses™. ‘For sys ems with 100
ft. of pipe length or'more, *with few f1tt1ngs, the miher losses -
are often negllglble, but for shorter lengths of pipe the minor
losses may be a slgnlflcantkportlon of the total 'head loss.
The minor .losses c¢an Be est¥mated by the follow1ng equatlon'
«g:\ R . v © ® 2
N h o
. '« £ 2 29 T .
3 ‘ Where hf is the head loss across the flttlng ~in ft, ‘Vis - . ¢
"the averagé velocity in the’ plpe enterlng thé fitting in ft/sec,
K is the loss coefficient far the partlculan fittihg- (values
are givepn on Handout bp.5. 2)3 and" g = 32.2 ft/sec

4 E

gate valves, one swing ypefcheck valve, a perpendicular g
. Square entrance, and an exit from the pipe to -a large tank.
The pipe in the sﬁsteﬁ 1s»4llnches in diameter and the dis-

piping System contalnynges standard 96° elbows, 2 ‘half open

: -
N

charge 1s;30f gal/mln

Solutlon , o °1 : = ' - . K¢
Find avefage ¢31001ty, }* - . ‘ ‘

2% ) N . . :5 ;T ' N . e R ’ RC

.. 4300/4491,cfs .~ _0.668 cfs - = 7.65 ft/sec

j m(4212) éq ge 0-0873 sq.ft. .
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r . 1From Handout D 5. 2 the K vaiues are as follows

s . § ;

Ty e b sta. 90 glb qwsk - K .8 = g - .
=~ half open gateivalve' Ko ' )

check ; valve°, K3

e ? entrance: Kg.
R ) oo , 3 exht§ Ks

hna u n

- - 1

. .. _ ' ( V2 / -} i N . ‘\2 0,2 .,’,‘ . * 2.‘
(he)rotal 2, " 5(0.8) — -+ 2(SYe) L g2.5)‘Z_ ¥ (0.5) Y2 4+ (16
- 20 . 39t - 2" 2g -

‘hf)Total =5 [ 5(08) + 2(5. 6) + 2:5 + 0.5 + Y0 1 V2 I
\T‘T\ﬁ«—“:_tZg i ) .

. , 5 .
(he) fotal = 5°(19;2) : —— \ftr= 17.4 fr.. - -
L RIRORES TS T f2) sz | T - .
ey, Py se ! - "2; ce e L -', B . o v . S
R v . .Harndout No. D.5.1 . N
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Type of Fxttlgg .

These K vflues are for use in the:

- P ' - ’

Head loss through fitting =.

v2
K*(____ ).

29

¥

>

-Globe valve, fully open ° )
‘Angle valve, fully open - N
Swing check valve, fully opeh Ve
Gate valve, fully open
Gate valve, 3/4 open
Gate valve, 1/2 open -
Gate valve, 1/4 open e /
Short-radius 90 elbow
Standard-radius 90 elbow .
" long-radius 90 “elbow -
45 Elbow ? . - >
Closed return.bend .
Tee, through sigde outlet
Tee, straight run ) !
Coupling ' - ”
. Sharp-edged inlet - :
Rounded inlet .
Inlet W1th plpe progectlng in
Exit loss . . 1
' K|
Sudden Enlargement . “hes
' ¢ * ’ X 4 ! * 3
. R
* .

! LOSS COEFFICIENTS FOR FITTINGS
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following eguation:
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Where V = velocity.in the pipe approaching the fitting.
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P PRACTICE PROBLEMS - 11 .

v

1)" What would be-the total minor losses due to fittings 13“
piping system containing-a fully open globe' valve, a fully
.open swing check ‘valve, 3 long~radius 90° elbows, a pro-

.

the

jecting. enttance, and.an exit into a reservoir? The pipe®in
system is. 6 inches in Flameter_and the disclarge is 0.8 -MGD.
a . A ' 4 ' !
-:: G‘ ,. ¢ * ." ~ -
@ x> A ’ ’ °
a . ™ ~ " v N
;- LN - ¢ " Y
L ) -~ - ~ )
& , ] . X .
’ . ) \ ' ’ ‘ e
I+
= . PR ——— e — ) ‘, - __.;,. —_— - - -
-~ ‘ ) >’ } - \l.‘» -+
Cor .2) What. would be the total frictional head loss/ -due to
/7‘ stralght pipe and ‘fittings, for a system made up of 100 ft.
L of 4 inch diameter pipe, a suddep enlargement to 6 1nch pipe,
200 ft. of 6 inch pipe, and & swing check valve? The enhtrance -
is a sharp—edged 1nlet and the flow rate is 300 gal/min. .
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J - FRICTIONAL PRESSURE LOSS - \

“

(L - The dlscusslon up to now nas centered .on frictional
. head loss. For pressure flow through a horlzontal pipe the:-
L7 frictional head loss will actually be a pressure loss. -
’ : . - Y
N Y . MAnother way of stating. this is that the pressure always
N decreases in the direction of fdow for a horlzontal pipe, or
- 'él - the flow is always. from a higher to a lower pressure. (In
- uniform open channel flow, for comparison, flow is always

p . from a higher ta a lower height). . . -

" The frictional pressure loss and frlctlonal head loss
*are related as follow3°

v M L . Y

- (\‘ -
- - IS A Pf‘
- < APf =7 hf or. he = R
4 "+ Where Y'is the spec1f1c welght of water{ 62.4 lb/ft3
7 A Pg is the frictional pressure_loss in psf, and hg is the
ww s+ - s frictional head loss in ft. ]
Rs T ﬁA. “ NS ST ST IR O T
. Lo ~Examples: ? '
o “H - 1) For “a certain secﬁlon of pipe %Me frlctlonal head loss'
) 3 is 30 ft., If water is discharglng into the atmosphere at
'} - - one end, what is the pressure in psi at the other end of the‘
! section? U \ r .-
. ",  .Sodution: T o g . R
A £¥;f = Y hg = (62.4 1b/ft3) (30 £t) = 1872 pSt oL E
; ‘convert  to psi: AP = 1872 - )
- :1 onvert: to psi f i ps1 1”13 psi - ‘
s ° This is the pressure 'loss g@long the section,of pipe. 1If
it is discharging against atmospheric pressure, then. e pres-—
o ) sure at the upstream p01nt must be 13 psig or 27.7 psia. ‘
j i}’ 2) What head "Yoss in feet correspon&s to a. preSSure :
. .- _ -loss.of 20 psm ’ e, o
% * 4 , : \/ QI : T ' LS
’ ) . Solution: | - c Jo . .
- .. - ‘,/ ‘. - )__4 A N . . . )
APg = 20 psi = 20 X 144 _psf = 2880f psf -
' " APg . 2880 W " '
. S = o= _"_‘—'—' ft = 46"' ﬁ‘t ° ‘ v,
% ,hf . 62.4/‘ « -—;—' o )

Hando{t No. D.6.1.°
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éRACTICb PROBLEMS - 12

’

1) In the example on. handout D.5.1, a head loss of 17\4 ft.

was found due to minor ldsses in fittings.
‘pressure loss due to, the fittings?
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2) If the pressure loss through a,plplng system is measured
to be 17.35 psi what is the head loss through the system in

feet? - . .
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.. Solution:

The
be used

+ WATER DISTRIBUTION.SYSTEMS =+ °

_methods of.calculations considered the last threé sections can
to analyze flow through piping systems as follows.

[ Y
-

Water, is to flow ﬁc a raté of 300 gpm through a sectlon of a piping -
system consisting d£-220 ft of %4 inch diameter pipe, 5 standard 900’,
elbows, and 2 half?opén gate valves. If the water exits the section{ 4

P
X
«
[
-
-
-
-
f
°
-,
'
-
.
9 v 7
el J/
*
e .
N
b
T
1 -
.
[’ - L]

to atmospherlc pressure, what must the gage pressure—be at the ;
entrance to the sedtion? Co . .~ !

1f the section ex1és to atmospheric pressure, then the gage ¥
presspre at the entrance to the section must be equal to the L

frictional pressure loss through the sectlon ‘of piping.

. I : .
\’ 'APf = Yhg = y(hﬁ —Est. pipe + hg/- minor losses) ‘ % .
i) Find hf - 'st. pipe: . e T

‘ . . .

\

Us1ng the Hézeanilllams nomograph with Q = 300 gpﬁ, D = 4 inches, |,

= 120 give . : “
i = 0.04 - bt R .
- _} . \.‘\J . ii Q
. hg - st. pipe % 0.047L = 0.047 x 200 ft = 10.3 ft L St
] } .~ ® ¢ ) ~ %2 *
i1) Find hg - minog losses: g : -
_ (300/449% cfs - S P
\Y =0 = 7.65 ft/sec . O
, A 1 53 2 ft2 "L MR " A T
' 5 123 ‘ . \ . ?
‘ e 5 v o
K values are aé follows: . o L Y
- , | N
e ‘Standard 90 3elbows E b Ky = 0.8\ " e s 3
half open gate valvey - Ko = 5.6 b, T :
R 4 RS g 5 ;o
hf - minor losses.= [5¢B) + 2( 6) -+ 1. 0]« 2(3252) L
hg - minor 1058?#5. = R , e . - - ”
, § ? . ¢ - , "Q.
#ii) Calculape APy * : s ,
.. : "f o ' - . @
APE = 62.&(10.3?+ 14.7) psf = 1560 psf «
’ Reqﬁired gage presslire \1560 pefg
' . [ - X
7 ' = léﬁg pgig = 10.8 psig
. .. . . L e 144 2. o .
© «, N
. ( . -
Prg S '& r» - .
. tE ., . <
. . ' 22N . . )
L F \ ; ‘ "Handout No. D.7.1
:\ L) - . l ! L
ﬁ ° \ . ) =




" . pipe, a sydden enlargement from 4 to 5 inches, 220 ft. of

d .

A ‘ . \
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PRACTICE. PROBLEMS = 13

1

Water flows through_a ‘steel plplng system-at 400 gpm. .,

\
\

The system consists of 110 ft. of horizontal-straight 4 inch

horizontal 5 inch pipe, .and a 90" long” radius elbow.

5 1nch plpe at the system outlet° . ‘

p:\ presg
sure gage at the system inlet shows a pressure of 100 psig. S\i& R

What would be the pressure reading.at a gage located in "the

s . -

o .
2)a)what pressure would be requlred at p01nt A in &rder to .
give a pressure of 30, p51g at point D? , S
_ b)What would be the presSure at point B?' | S

«

-

[y

4000 ft 1800 ft 2000, ft.- R
- | ‘ M : u .
I T | : I . |
. A 24 inch B . 14 inch . C 12 inch D -, 7
. Lo . [ .
[ . j% * ° .
.+ 2000.gpm° - 1000.gpm’ 800 gpm . '

o




. é , . VELOCITIES IN SEWERS e
There are several general requlreMents Jfor flow in ..
' * ‘sewers which relate to velocity. 1n the sewers and size of the

- A‘u~sewerswaswfollows.-W*fn_" - —— e - —

. »

1) The sewer must convey the. requlred flow rate-while
) flowing gartlally full or barely full ‘K- ] i )

‘ ‘ .*2) .The veloc1ty must be great enough to prevent depos1—
| tlon of entralned ‘'solids along the bottom of the sewer.
¢ .

3) The veloclty must not - ée so great as to cause eros1on
of the channel surface. : .
.- . ‘ . ) .

Typlcally this is accompl}shed by des1gn1ng sewers for
veloc1ty between 2 ft/sec as a hinimum to 10 ft/sec as a -

max1mum at either half or full.flow. ¢
e, £

“ Sewers are typlcally de51gned for dlfferent depths of
flow as follows. . : .

- -

7
. S, -. * : < PR
+ 1) Sanitary wastewater ) . ¢ >
- F] . > . .
. a)- dlameter less thar 24 inches - to flow leés than -

vl ’ half fyll. - . ‘
TP ) i .

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

2) Storm/ﬁjter - designed- to run Full w1th)veloc1ty
between 2 ft/sec and 10 ft/sec. . .
. The sewer - dlameter, sewer snffac roughness, veloc1ty “of
flow, and slope of’ sewer are all relaied to each other as
prev1ously discussed in connection -with the Chezy—Mannlng
‘equation.and the Hazen—Willlams equation. Thus in order to
meet the requirements: listed above, the 3lope and roughness

. -of the sewer must be- cons1dered together with the velocity

and dlameter of the sewer.\, .o : ¢ :
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FLOW IN. FILLED SEWERS \ .

RV . ’ . B . , .
.o For flow in fllled Sewers, the veloc1ty or discharge can be related to the .
slope, dlameter,-and roughness of the sewer by the Chezy—Mannlng equatioh or the
- Hazen—Willlams equatlon as discussed earlier, < - & .,
: \ . The Chezy-Manning equatipn or nombgraph can be used for calculation of
* vV, S, or D if ‘given values of the other two and a value for the roughans -
' coeff1c1ent. . .. , ] '
' : There are .several poss1b111t1es for the calculetlon of Q, S, or D if given
values for the other two and ‘a vaTﬁe for the roughness caeff1c1ent.
1) Use the Chezy—Mannlng nomograph bn Handout No. D.3. 2 together with the
- s relatien 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
; P (The value n = 0.013 is commenly used for sanitary sewers - see
. ' Handout No.: D.3.3)..
Ex 21&' What would -be the velocity and dlscharge through an 18 inch diameter
' *  sdwer with 2 ‘'slope of 0.002 if it is flowing full and is.made of
<t vitrified ctay? . .
' Solution: From Handout No. D.3.3 n = 0.013, C = 100
oo Calculate ayea of flow: , T (1.5)2 ftz = 1.77 ft2 .
: =g p . .
i) Using the Hazen-Wllllams nomograph w1th S = 0.002, C =100, and D = 28" .
. .+ gives Q = 1550 gpm S : ' )
S . . _ Q (}950/449) cfs o .
3 Vi="p = 1.77-ft4' =2.5 ft[sec - o
. 0 1 ’ b -‘ .
: . . ii) Using the Chezy~Mannlqg nomograph with R 4 ft = 9.375 ft, n = 0.013
ST and S = 0.002 glves V-= 2.6 ft/sec
L ks . . N
. & , -~ ., Q=VA= (2.6) (1.77) cfs-= (2.6) (1.77)- (449) gpﬁ = 2066 ggﬁl
- " iii) Using the graph on Handout E-2:2 with § = 0.092 and D & 18" gives
. ' Q= 3.0 ®GD = 3.0 x 694 gpm”= 2082 gpm.., )
& - . . ) .- N \ g . .
) . - PR —rl . e . . s -
‘ ) AN - v <.
» \ “ !
5 . - . Handout No.: E.2.1
N ‘A?‘)Q . ) -
. . ‘ ) T \ 07\ ; -‘ 4 \ ., - /
) T e L % ] ’ -
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, ( . . PRACTICE. PRS)BLEMS - X4 ! I .
. o \ ' ” NS
1) " What would be thesvdlocity and dlschar_ge t:h'rough a 22; inch diameteTr sewer .
of v1trif1ed clay with a slope of 0.001 if it is flowing.full? .
.. - ' . ' R W. ’ . ’
> . 2) What: dlameter VN:I‘lfled clay pipe would be rgqulred .to carry 4000 gpm
along a slope—of 0.006 with the pipe flowing full" .
) "N .
3) What slope would b ited to carry 8000 gpm fthrough a 36 inch digpeter
sewer flowing full = 0.013 and.C = 1007 T ~ . \
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L ! e  FLOW/IN|PARTIALLY FILLED SEWERS : :
- The veloc1ty and discharge in a partlally fllled sewer can be est1mated by :
LY fiwst calculatlng Vf and Qg, the velocity and dlschargedlf it were 'flow1ng full,
" and then using a table or graph relating - v and—8— to , .
¢ . —V— f ' . e .
-. ) !
. ! whete d = depth of flow, in sewer . . . e o .
v .~ D = diameter of sewer ’ . . . R
I : V = velocity in Partially’ full seweV ' o e B
' ~Q = dlscharge through partially full séwer : . - o .
) E‘l." On Handout Ne.<E.2.1 the velocity and dlScharge were calculated for ..
- an 18 incH vitrified clay sewer with a slope of 0.002 if it were flowing full. B
9 - What would be, the velocity and dlscharge if the sewer were only flowing 12 and 1/2
) . inches deep? ) . “ ) .
, ) v ‘. R ) ~
’ Solutioh? _ o f ‘ . .
* * ~From the preV1ous calculatlons Qf = 2000gpm and Vf = 2.5 ft/sec )
.\ . ‘ 2 5 =
. From the graplf on Hapdout No. E 3.2 w1th d/D .‘]"'1‘8“ = 0.7, ) y y
. x 695 g '0.71 -thus, V= 6.95 x 2.5 ft/sec = 234 ft/sec ' °
: Q = 0.71 x 2000gpm = 1420 gpm
- ', < * - -t ~ B - . e i -
The curves given oﬁ Handout No.-E.3.2 do take into accdunt the fact that
the roughness factor, m, changes if the sewer ‘is not flowmg ‘full. 3
4 [N
[y RN
) ,Note that the Vech1ty remains w1t'hln 10/, of the full sewer ve]:oc1ty as .
long as.d/D is grea;s{g: than 0.63. 1In fact, if the veloc1ty wilf be great *
"enough for self-cle sing if the fulY sewer welocity. 19‘ adequate, because the[
required self- cleansmg veloc1ty 19 less o1f the sewer is flowing less than full. /
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What would be the velocity and dlscharge through a 24 inch dlametér sewer

of v1tr1f1ed clay with a slope of 0. 001, if it is flowing 0.6 full? B

-~

(see problem 1 on Handout E.2.3) ‘ - . N
AN - . .

.
. > 4 : - . ~ ¢ 1N &

K
.

What slope’ would be—;Athred to .carry 8000- gpm through a .36 inch dléheter
sewer flow1ng 0.7 full, if n=10.013 and C = 100?° - '

(Hint: Use d/D = 0.7 to find Q/Q¢ and then find Q; using Q = 8000 gpm.-
Thenluse\Qf to find" the required dlameterfthe full sewer method- discussed
prev1ously) , - ' St .




