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‘”Bdu]é No: Module Title: - % -f‘

Advanced HNydraulics for Operators

1

sl,\,rio\@émle: S T

Approx. Time

16 hours Fopic: _Advanced principles of hydraulicé and their-application
to water and wastewater systems operation. . o "
o N . . .
* -
" . 1]
Instructional -Objective: ’ -

To ga&n familiarlty with the general principles and gain the ability to make
calculatipns in the following areas: hydrostatics; Bernoulli's equation and energy
relatlonshlps,,lncludlng frictional losses and pump work; hydraullc models of flow.

through‘ﬁanks and overall hydraulic analysis of systenms.
L §

/ ' k

/ ‘

f L.
lnstructional Aids: Handouts No. F.1l.1, F.1.2, F.1.3, F.2.1, F.2.2, F.2.3, F.3.1,
F.3.2, G.1.1, G.2.1, G.3.1, G.3.2, G.é.l, G.4.2, G.5.1, 6.5.2, H.1.1, H.2.1, I.1.1,°
I 2.1, 1.2.2 A .
Transparencies No. F.2.1, G.1.1, G.2.1, H.1.1, I.2.1 -
Instructional Approach: e B ‘ - o

Lecture, Discussion, Problem Session o I

_ v

-
’

References:

See next sheet

t lasn ASIZnmENt St Completion of practice problems which aren't finished in class.

-

3
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Module No: . Module Title: > . -

'Adyagcéd’ﬂydraulics for Operators

> >~

134G ' A

Submodule Title: Hydrostatics . i

"} Approx. Tine

1 houf- . Topic: Pressure Dependence on bebth

-
.

.Instructional Objective:

> 'To be able to calculate the pressure at ‘any given depth below the surface of a”
body of water or some other liquid of known $pecific weight.

»
4

Instructional Aids: Handouts No. F.1.1, F.1.2, F.1.3

‘Instructional’ Approach:

Distussion and problem session ‘ .

*

Refcrences: 1) Simon, A.L. p. 31
2) Murdock, J.W. pp. 52-54
. 3) John, J.E.A. & Haberman, W. pp. 449 350

R T * " -~
S

uIaﬁh-Aqéignmcnts: Complete any practice problems not finished ip class.

-
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Page 4 of 26

-, 1| Module No: 13MG Topic: Pressure Dependence on Depth
Instructor Notes: Instructor Qutline:
Handout No. F.l.1 I. Discuss the relationship between pressure

. and depth in a liquid as outlined on the handout.
Pressure-Depth Relationships )

Handout No. F.1.2 II. Allow students to work out the practice prcblems,

giving individual help as required.
Practice Problems - 1

Handout No. F.1.3 ™7

PN

Conversion Factors ’ :

\ 1

ne T
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¥odule No: Module Title: Advanced Hydrzulics for Operators

- =,

13MG

Submodule Title: Hydrostatics’

" Approx. Time_ -

1% hours Topic: Force on a Submerged Surface

Instructional Objective:

To be able to calculate the force of water on a submerged horizontal surface of ~
known surface area and depth or on the submerged portion of a vertical rectangular
surface or a vertical surface of ahy- shape with specified surface area and specified

centroid location. o .
‘ o - ™~ .
*
A ]
Instructional Aids: yapdouts No. F.2.1;-P.2.2, F.2.3 -
~ Transparency No. F.2.1 : ) : ’ I s

* ra

.

Instructional Approach: piscussion and Problem Session -

' Referéncqs= 1) Simon, A.L., pp. 31-40 ‘ -
- 2) Murdock, J.W., pp. 68-74 )
o 3) Jobn, J.E.A. & Habeman, W., pp. 355-361

{ lass Assignments:  Complete eny practice problems which weren’t finished in class.

ey

‘ ry
{




Module No: 13MG Topic:

Force on a Submerged Surface

Instructor- Notes:

Instructor Outline:

-

-Properties of Plane Surfaces

Transparency No. F.2.1
Forcr on a Submerged Surface

Handout No. F.2.1

Force on a Submerged Surface .

Handout No. F.2.2° '

Handout No. F.2.3

Practice ?roblems -2

I. Discuss forces on submerged horizontal and verti-
cal surfaces as outlined on the transparency and
Handout No. F.2.1. This shculd include a dis-

~ cussion of the centroid of a plane surface and

"~ the use of Handout No. F.2.2 to find centroids

of given surfaces.

*

Allow the class to work out the practice problems,
giving individual help as required.

I1I.




¥odule No: Module Titie: ’ ) . - i
7 o 7 - Advinced Hydraulics for Operators 1
I3MG - . |
| Submodule Title:
Approx. Time - - Hydrostatics
1 hour Topic: Manometers

Instructional Objective:

; To be able to calculate the pressure difference measured bylé manometer if
given the difference in height of the mangmeter fluid in the two legs, the specific
weight of the manometer fluid and the density of the measured fluid.

-

L

7 ) !

- - f

Instructional Aids: pandouts No. F.3.1, F.3.2

-~

Instructional Approach: piscussion and problem session

]
. !
1

Reierences: 1) Siibn, A.L., pp. 249-253
2) Murdock, J.W., pp. 55-61 .
3) John, J.E.A. & Haberman, W., pp. 351-355

»

o

—

v

t Lisn Assigoments: Complete any practice problems which-weren't finfshie=d in class.
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26

Module No: I3MG

Topic:

Manomerers

Instructor Notes:

Instructor Outline:

e

Handout No. F.3.1

Manometers

Handout No. F.3.2

-

Practice Problems - 3 .

[ I

>

I. Discuss meagurement of pressure

and pressure

differences with a2 manometer as outlined on

the handout.

-

11. Allow students to work »n the practice problems,

giving help as required.

o

SRS




Tage 2 of 26
Module No: Modgle Title:

- .
Advanced Hydraulicé fof Operators
13MG )
- Submodule Title: Bernoulli's Equation
Approx. Time w -
1 hour ) Topic: Conservation of Energy

Instructional Objective:

the system.

To be able to state the conditions under which Bernoulli's Equation is Y
applicable and decidg whether or not it is applicable from a description of

}
. L Y
“Instructional Aids: Transparency No. G.l.1 ,
' Handouts No. G.1l.1

] ) - N *ﬂ. ~
| Instructional Approach: biscussion °

References: 1) Simon,.A.L., pp. 25-28 e - e

2)° Mur&ggﬁg J.We,_ppe 125~127° 7

1. .— =-== 73y "John, J.E.A. & Esberzan, W., pp. 42-44

<
*

i Jass. Assignments: Sone
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Module No:  I3MG

Topic: Conservation of Frnergy

>

v .

Instructor Notes:

Instructor Outline: :

"ERIC

Transparency No. G.4.1
Bernoulli's Equation
Handout No. G.1.1

\

Conservation of Energy

. -
.
"

Discuss the relationship of Bernoulli's equation to
the principle of “conservation of energy and discuss
the type of system to which Bernoulli's taqr ation

applies.

- »
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Module No: " Module Title:

. G

Advanced Hydraulics for Operators

Approx. Time
RS

Submodule Title: Bernoulli's Equation

’

S e o " 1"
1 hour Topic: Types of "Heads

Instructional Objective:

-

To be able to define and write mathematical expressipns for each of the
following: position head, velocity head, pressure heaq.'\

i
i
i
i
Y

Instructional Aids: Handout No. G.2.1

L

‘Transparency No. G.2.1

.

&

) . N
~Instructional Approach: Discussion

-

4% Refcrences: 1) Simon, A.L., pp. 25-28
: " 2) Murdock, J.W., pp. 125-127

' 3




Page 12 of 26

Module No: 1I3MG Topic: Types of "Heads"

Instructor Nrizs: Instructor Outline:

Handout No. G.2.1' 1l I. Discuss velocity head, pressure head, and position
; . . head and their interpretation as outllned on the
. | Types of "Heads" - i handout and transparency.

\ /

Transparency No. G.2.1

Typés of '"Heads"

v II. 1If facilities are available a demonstration of \
. water flowing through a pipe or tube with a static
pressure probe and a dynamic pressure probe as
shown on the transparency would be helpful.
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Module No: ) Module Title: ..

Advaﬁéed Hydraulics for Operators ‘
I3MG ' . X

Submodule Title: peynoulli's Equation

. - Approx. Time

K3

1 % hours Topic: - Bernoulli Equation Calculations

T

Instructional Objective:

To be able to use Bernoulli's equation to calculate pressure, velocity, or
height of an inlet or outlet stream for a system if the other two for that stream
-and all three for the other stream are either specified or can be eliminated from
the . equation. )

»

i

Instructional Aids: Handouts No. G.3.1,°G.3.2

S
b

-

L
<

Instructional Approach: Discussion and problem session

References: 1) Simbp, A.L., pp. 26-28
2) Murdock, J.W., pp. 126-127 -
3) John, JJE.A. & Haberman, W., pp. 4&5-49

\

““(lass Assiguments: Complete any practice problems not finished in class.

.
v

ERIC B &




Page 14 of 26

14

Module No: 13MG

Topic: Bernoulli Equation Calculations

Instructor Notes:

*

Instructor Outline:

Handout No.. G.3.1

Bernoulli Equation Caicula—
tions

Handout No. G.3.2

Practice Problems - 3

~

I. Discuss Bernoulli Equation calculations and
example on handout. )

I1. Allow students to work on the practice problems,
providing individual help as.required. .

e

PR




Tage 1 of 26

Yodule No: Module Title: Advanced Hydraulics for Operators

. TL13MG . g

Submodule Title: Bernoulli's Equation

¥

Approx. Time

.

_ | ‘Topic: "Pump Work and Efficiency- .
1 % hours . o ) .

P . v

Instructional Objective:

To be able to calculate the energy input to a pump, the energy output from the
pump, or the pump efficiency if given values for the other two; and to be able to
calculate power input, head input or mass flow rate if given values for the other
two. : : - ' e

-

W

R &,

Lo
Instructional Aids: Handouts No. G.4.1, G.4.2 !
By . . 3
e v
. e .
. ; .
- z i‘ (
." ” n . ™ ’
I instruetional Ajproach: Discussion aagbproblem session -
:,. T *::;'. ~ . Id
l b o =
ﬂé -
References: .,1) Murdock, J.W., pp. 133-135 , .
- B . _ - \
. . "
o ) S
tlass Assignments: Complete any practice probléms not finished in class.
4 - - - _
i \ e
o0 - >
T AR} N 4/
0! T 17
ERIC - | | ,
F . s - - ’ .
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Page 16 of 26

Module No: 13MG-

- - ':‘; i j
Topic: Pump Work.and Efficiency

s

Iistructor Notes:

~

Instructor Outline:

Handout No. G.4.1

Pump Work and Efficiency

L3
/
/

ﬁmﬁthm QAJ

/ Practice Problems - 4
RN

] - " >

™~

I. Discus§~£hg‘relgtignship"among-energy,inpdt to a
pump, energy imparted-to water by the pump, and
efficiency of the pump, as outlined on the handout.

II. Allow studeﬁts“toidqu out the practice problens,
giving individual help as required.

- .7 -
% -
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* Module No: Module Title:

~ . Advanced H}draulics for Operators
I13MG . : - . -

Submodule Title: Bernoulli's Equation ' o

Approx. Time

1 % hours ; - "Topic: Modified Bernoulli's Equation

.

Instructional Objective:

- ~

To be able to use a modified Bernoulli's equation containing terms for frictional
head loss and pump work head to calculate a value for one unknown variable in the )
equation if all of the others are specified or can be elimlnated. ;

>
-

Instructional AidS: yandouts No. G.5.1, G.5.2
~

]

-«
L -’

F N e

Instructlonal Approach: Qrirs,(:p.g_siqn"and~pmblem-,gessiemA e e mm e S

- . e A g~ s
e

References: 1) Simon, A.L., pb. 25-28
2) Murdock, J.W. pp. 149-152

«

¥

ilass Assigoments: Complete any practice problems not finished in class.
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Module No: I3ME _ Topic: Modified Bernoulli's iquation .- ’ |
X - { .Instructor Notes: Instructor Outline:
Handout No. G.5.1 I. Discuss the use of pimp head and friction head
. - terms in the Bernoulli equation in order to extend
Modified Bernoulli's < the applications of the equation. :
Equation e b : . ; -
Handout No. G.5.2 , | II. Allow students to work out the practice problems,

Practice Problems - 5 .

giving individual help as required.




Module No¢’ Module Title:

Advanced Hydraulics for Operators

1346

Submodule Title: Hydraulic Models of Flow-through Tanks

[y
- — - - e - [ —

Appf&i. Time‘

1% hours | Topic: Plug Flow and Completely-Mixed Tanks

Instructional Objective:

To be able to compare the characteristics of an ideal completely—mixe& tank
with thosegpf an ideal plug-flow tank, in general, and for the particular case of
use as the aeration.tahk in.an.activated sludge proecess.

-
v

Instructional Aids: Handout No. H.1.1

- i

Tfansparency ¥o. H.1.1

e

£ - .

Instructional Approach: pecture and Discussion

L}

¥

References: 1) Clark, J.W., Viessman, W., Jr., & Hammer, M.J. pp. 338-343,
573-575, 579-580. . - .

2) Levenspiel, 0., pp. 97-98. ~

A
-

Class Assignments: None
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-

Module No: 1I3MG _ Topic:

-

Plug Flow and Completely-Mixed Tanks

Instructor Notes:

Instructor Outline:

Handout No. H.i.l

Hydraulic Models for Tanks

Transparency No. H.1.1

Hydraulic Models for Tanks

N

Discuss characteristics of plug flow and
mixed tanks in general and as applied to activated
sludge aeration tanks.

L If necessary give additional- background information

completely-

about BOD and the activated sludge process.

-~
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circuiting in a clarxifier. : .
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Module'Nof Module Title: ' ' v ’ }J
‘ Advanced Hydraulics for Operators
I3M5 ’ . . ) .
) ‘Submodule Title: Hydraulic Models of flow—ﬁhfough»Tané : o
Approx.~“Time . . . . ’ ‘
1 %ﬂhours Topic: . Short Circuiting )
Instructional Objective: S . o -

- -

To be able to define short élrcultlng for flow through a tank, describe effects -
of short circuiting on clarifier performance, and list possible factors causing ‘short

»”

Instructional Aids: Handout No. H.2.1 : .

» ., .
-

Instructional Approach: pecture and discussion

1) Clark, J.W., Viessman, W., Hammer, M. J pp. 150 & 1642167

2) U.S. EPA, pp. 7-2 - 7-11

Rejerences:

Class Assignments:

A
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. \ Page 22 of 2_6_
- 3 . - v A
Module No: 13MG Topic: Short Circuiting
In’st'ruccc')tf Notes: Instructor Outline: .
I ) . .
. i . . |
. /
) Handout ﬁo. H.2.1 ) Discuss short circuiting, its causes, and relation-
i o " ships with ,clarification. Some background information
Short Ciztcuit:ing on tvpes of clarifiers canbe given as necessary.
/ %

. - ! .

ERIC

Aruitoxt provided by Eic:

>
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-* ~

Module No: Module Title: ’ ’ T

*

I13MG Advanced Hydraulics for Operators

£ . : . ’
) Submodule Title: OverallsHydraulic Analysis of Systems

<

Approx. Tinme

.

i % hours Topic: pefinitions and Background B

Instrué:iénal Objective:

\\ To be able toAdefane and writé mathematical expressions for peizometric head
aud total head ard to be able to define hydraullc grade.1line 4nd energy grade line.’

- W .

- .
\

Qnstructioﬁal Aids: Handbut No. I.1.1

-

“ Transﬁarency_No. G.2.1

Instructional Approach: Lecture and discussion

t

References: 1) Simon, A.L., pp. 25~ 26
"2) . Murdocky}J.W., pp. 327-328
3) Plapp, J.E., pp. 287-292

-

Class Assignments: None .
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Page 24 of 26

Module No: 13MG

TdPiCi Definitions and Background

-
[y

Instructor Notes:

-

P ——
Instructor “Outline:

- it

"Randout No. I.1.1

Energy Grade Line
Definitions

Transparency No. G.2.1

’

Types of "Heads"’

. Discuss peizometric head, total head, hydraulic
grade line, and energy grade line referring to the
Jﬁ previous discussion of "heads" in connection with
Bernoulli's equation. . :

»e




Tage 25 of 26

Module No:. Module Title: .

I3MG. Advanced Hydraulics for Operators

,f:;

-

Submodule Title: Ovyerall-Hydraulic Analysis of Systems

¥

Approx. Time

1 % hours Topic: Hydraulic Grade Line and‘Energy Grade Line

L2

b

-

lnstructional Objective:

To be able to sketch the hydraulic grade line and the energy grade line for

described plpe "and open channel systems. ° ;
. ¢ i .
. 3‘ '
. - T
. p =
‘ . — ;\ i Rk A L2
: * ’ - ‘.
i £ ‘;4;” ' -
: e
Instructional Aids: Handouts No. I.2sl and I.2.2 .
Transparencyxgo.'l.z.l
» L’; . M
Instructional Approach: Discussion ‘and problem session
~ .
References: 1) Simdn, A.L., pp. 25-26
2) Plapp, J.E., pp. 287-292 . \

-~ 5

»

Class Assigoments: Complete any practice problems which weren't finished in class.
*
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Module No: - I3MG

>

Topic:

el

Hydraulic Grade Line and Energy Grade Line

- *

Instructor Notes:

&

Instructor QOutline: -

-

F]

Handout No. H.2.1l

-
T

Lines

Handout No. H,2.2

Practice Problems ~ 5

; »
* .
. ¢
R .
A
. #
/
S
.
T .
- 4
- -
~
- -
3
. .
¢ ’
-
< s
s
.
.
-
-
-
- L

ERIC

PAruntext provided oy enic [P
= .

[ Energy and Hydraulic Grade

-

I. Discuss sketchlng of hydraulic grade‘lgnes an%
“energy grade lines through the use oE,xhe exqpples
on the handout. *

':" - ‘-"“ :: L5y J-‘

. . s J
R ~ Fufons p* 6 '{4
Fi -~ WW$*

>
~ « »
g >

-

1I. Allow stidents to work out the practice problems,
giving individual help as required.
1
-
-~ - .
-\ L4
i Ly . . a
! “ :
* : i
k »
.
i . \> t
/ -

28 ' . ‘ W N
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1)

2)

1)

2)-

1)

EXAM QUESTIONS >

Pressure Dependence on Depth i

\ N

‘What would be the gage pressure and absolute presSurf at a depth ff

12 feet below the surface of a tank of water? ﬂ.zi%.ﬁ *‘*’j&bq.
Tt Lo r(‘: .

What would be the gage pressure at a depth of 20 feet below the surface
of a liquid with specific weight of 60 1b/£t32

, e
Force on a Submerged Surface' _ . ' ) '
What we\\&~be the hydraulic force on a submerged horizontal surface .

12 feet by 12 feet which is 15 feet below a water Surface°

What would be the hydraulic force on a vertical 30 ft X 10 ft side of a
tank if it is filled to a depth of 8 ft with water?

b
Manometers

What is the pressure difference between points 1 and 2 as indicated by
the manometer below? " ’

p R »

wWater
pndl S S
f

.

-
’




Conservation of Eneigy ~ L JR O

~ -~ 1) What are “three condltlons which a system must satisfy if the 51mple .
- “form of Bernoulli's equation which follows is to be applied? *
2 2 . B
e D B T ;
Y 1 2g - Y 2 2g . s

Z) Could the simple form of Bernoulli's equation which follows be applled
to flow through 100 ft of pipe?

3

Types of "Heads" __

1) Define and write a mathematical expressigﬁ for each of the following?..

v 7 4) velocity head o
* . 1i) position heads
iiifbhreSSure head

- 13

Bernoulli's Equation Calculations .

l) What height would the water have to bé in thé/ténk shown below in order to
cause an exit velocity of 5ft/sec? (neglect friction losses.)

2) Con51der water flowlng through the alf?user shown below. If'V1 = 15ft/seg,
&+

2 3ft/sec, and p2 10psig, then what is P, in psig?
v,,P I V) - -
- & —_—e L = T S .___Zl,. i’
T - \ - , PZ )
) r




wz,:i 2) ’ﬁﬁat would be the increase in head delivered to a flow of 100 lb/sec of - i

o /

» _level. If the frictional head loss in the pipe is 5 ft and the velocity

e

Puﬁb Work and Effiéiency . ' : ]

-

%) . What is—the eff1c1ency of a pump which requires 8 horsepower input and
}f" delivers 6. 5 horsepower to the water? o

PO, .

;yﬁwgﬁhx by a 70%- efficient pump which uses power at the rate of 6 horsepower? |

Toagpte
# ‘

A,

Modified Bernoulli's Equation / ;
1) é) What head input from a pump would be needed to pump water from one
. ~open tank to-another whose water. level is 60 ft above the first?- Con- .oc
sider the frictlonal head loss in the p1p1ng to be 3 ft. ' -
- b) If the flow rat€ is to be 500 gpm and the pump has an efficiency of
75%, what horsepower would be needed to drive the pump?.

2) Consider-water flowing through a pipe from a reservoir to the inlet to a
water treatment plant which is 60 ft lower than the reservoir surface

- in the pipe is 8 ft/sec, then what pressure could the water develop where
. it enters the plant?

i e .

o~
-

Plug Flow and Completely—Mlxed Tanks -
) Brlefly compare the flow characteristicg of an ideal plug flow tank with
. .those of' an ideal completely-mixed tank. ¢

2)7 What type of ‘tank should be used to give approx1mate1y plug flow and what
type would give approx1mate1y completely-mixed flow?

of using a completely—mlxed aeration tank 5
activated sludge process? - ’

¥

—S}f—What are the main effec
instead of plug flow for

Short. Circuiting ‘ : ' . : .
1) What_is meant by short circuiting in connection with flow through a e#Ak? s
7 . R * o
~2) VWhat‘are three possible-cauées for short ctrcuiting in a clarifier?

33 Why is short c1rcu1t1ng unde51reab1e in a clarifier?

.

- Definitions and Background “ )

» N -~ ‘ .

1) What is meant by each of the followlng in connection with wat
through a pipe or open channel?

a) peizometric ﬁead
b) total head-



2)

v 3

1)

Aruitoxt provided by Eic:

.‘ ‘
‘ ’ :
> ! .. T, ;
‘ e . : S i
o & -
What is meant by the hydraulic grade -line for flowing water? |
’ |
. ) ‘ |
What is meant by the energy grade line for flowing water? . X j
> . AR " R
l;iydraulic Grade Line and Energy Grade Line ' ) N
Sketch the hydraulic grade line and the energy .gréde line on the diagram * Y
below. Be sure to clearly identify which is which. . -
' o . i N\ -
»
weter . .
surface .
open Walepr
channel open Sar‘ac‘.e\ -
- . pipe ehanne! :
! : cl}ir;?.er : . . 'VE¥f'9:'T A
. - - . CCﬂ*G‘T T&!‘k P f . PO
‘-
- " ’ v ) ?
> J. .
o\
. .
/ . -
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Cons’crvaficn o‘f Ener qVv

'fiaTe of Ene\vjy“F/qw s K&Te of Ene‘rgx Flow

nfe System. - =0 out of System
e G . -
o )
o | o
. r ' ) ‘,;t.“ ,
Ber'noa”i’s EguaT;’cn ; - }‘.‘ ,“'
. 4 ) - - z '
p , 2 . . o
& 29 Y 23 - (

EKC

Aruitoxt provided by Eic:




"FORCE ON A SUBMERGED SURFACE

— e

- Horizontal Surfaces:’

‘Water
T Suy face

"

457 RNV
] ‘— b ,»(%3)_’(;1.)(“2)‘ ,

‘ch"!‘} cal ‘Surfaces :

waler

T B . surface ~ R ‘
/} | | F =) (d)(A)
Lt | o

/

d = Je‘ﬁ"k of cenTroid

No. F.2.1
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TYPES OF "HEADS®
Pre ssure Head = ~ |
VciOCiT)' Head = 2V3
Position Head - h

No.."G‘xz.i
i 35 :
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"HYDRAULIC MODELS FOR TANKS
Pluq Flow: | ‘
° |
0 flow . |
;:'nw , - = oat .
e Y liquid particle
T = Q@ for each I.;_u. paviicie
T -~ No forward ' mixing oceurs . -
| Co‘n*;.plefc-MiXEQs_;
) 7 N or ) . f ) S ‘ ’j‘,
' ow flo — ‘Flavi A 3 f Flow
4.‘ _--——'{I'nw—‘*‘ OB ou.t"—*w "'f',— %t l’* | oat

S

E N —
> N, —

ave

h--\-/m_,

Y

Some I.‘g-u:J Sfa.ys wn-: Ionjer ‘onal sofnc Iéss' Time

Uniform Comfos:Ta‘org in TankK L
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o . " PRESSURE-DEPTH RELATIONSHIPS

-

The pressure at any poiut in a body of water depends upon the depth below
the surface and the pressure at the surface. If the surface pressure is at-
mospheric pressure, then the guage pressure below the surface depends only on
the depth. The pressure increases at increasing depth because of the weight
of water pushing from above. The pressure at any given depth can be ca}pulated
as follows:

water

‘} s N ! >’ »
d
¥

surface Gage P¥essure: P, = . >

P, , - ' ) Absoldte Pressure: Py =

i

where Py = Pressure at surface

-

<
i

specific weight of water

pressure at depth d1 below the surface

]

" A congistent set of units must be used for caleulatioms wwth these equations.
if d is in feet and y is in 1b/ft , then Pq and p, must be in 1b/ft? (psf).

Example: What would be the gage pressure and the absolute pressure at a depth
of 15 feet below the surface of a pond if atmospheric pressure is 14.5 psi? .

L] - ° A - P »
. N »,

Solution:
‘—.——__"—-y" Y

it

62.4 1b/£t and 4, = 15Ac.

iy Gage Pressure: Y 1

(62.4) (15)1b/Ft? = 936

so p, = P .
or in psig: = 229-'si = 6.5 psi 3 ’
PSig: Py T gy PS8 T 2.2 PSIR |
i)  Absclute Pressure: p, = 14.5 x 144 psf = 2088 psf
S0 pi = (2088 + 936) psfa = 3024 psfa ,

"and ﬁl = (14.5 + 6.5) psia = 21 psia

-

For calculations with a liquid other than water, the proéedure is just the-
same except that the specific weight of that liquid is used for Y.

Handout No. F.l.1
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. o PRACTICE PROBLEMS - 1

1) What would be the pre§sufé in psig and in psia at a depth of 10 ft below
the wastewater surface in a clarifier? Assume atmospheric prxessure is 14.7
psi and the specific weight of the wastewater is the same as water. o

—— -

-
»

-2) What would be the gage pressure at a depth of 100, ft in sea water which
has a specific weight of 64.0 lb/ftB’

Pl

. *
. = . .

3) <What would be the gage pressure and absolute pressure at the bottom of a
tank containing water 25 ft deep if the local atmospheric pressure is
29.7 inches of mercury?

bl

v - o o
, &
.
’ »
. -
N - . o
?\W
- = -
wrooN e ’ ‘; -
. . »
.
- . - » twr
i3 .
r |
L
o 4
1
.
.
v
- - -
-
< [}
— .
-
.
,
*
.
. . P
. ==
ot
- .
H o
£ s »
- ¥
.
. \
"
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. . ‘ p o . ‘
N ) ) CONVERSION FACTORS . ’ |
: . : </ ‘

< v
- Given Unit x Conversion Factor o= . New Unit _

- Pressure 1lb/sq. ip. ' ] 144 . 1b/sq. ft.

. . atmospheres 14.7 1b/sq. in. ’

. atmospheres 29.92 inches of mercury <

. ‘ 1b/sq. fr. - 47.88 pascals - ’
"1b/sq. im. ‘2,034 inches of mercury .
C atmo¥pheres 760 mm of mercury
1b/sq¢ in. 0.1922 inches of water
-t Voluhe cubic feet ' 7.48 gallons - .
- . ” cubic feet 1728 cubic inches o .
cubic feet 0.0283 cubic meters
acre—-feet 43,560 cubic feet
gallons © 3.785 - liters
Area square feet 144 square inches 3
. ~  acres - - 43,560 square feet
square meters 10.764 : square feet
Mass pounds 453.6 grams ; t.
+kilograms 2,205 pounds - !
. Discharge cu.ft./sec : 0.646 million gals./day
) . cu.ft./sec ] 449 gal/min
- million gals./day = 694 - gal/min ‘ .
. . cu.meters/sec 35.3 cu.ft./sec : .
Power ft-1b/sec i 550 - . ?ﬂho}sepowerJ . T >
*  “hotsepower 745.7 watts . !
Btu/sec ; 1054 : watts
™ ’ - -
Energy »Btuj ’ 778 ft-1db ’
i Btu 1055 ' joules o
T calorjes ) 2.088 ft-1b, )
fr-1b 1.356 -foules . et i
Note: To éonve;gﬂiggmmgfunit~;g";bg;?New Unit" column to a unit in the
" "Given Unit" column, divide by the conversion factor. ‘

. D

- v 4~ -~ . kel ’ -
- B J A L4 -
S -, .
- s

. -

g
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FORCE ON A SUBMERGED SURFACE

3
A force will be exerted due to water pressure on any submerged surface.
The amount of force exerted on a surface can be calculaved zs follows: .

- . r .
- YY) ,Horizontal Surfaces: . cos - .
. Waetevr [
F 1‘ T Surface v .

; d F=PAand p=vd

Examples: :

+ wide and 80 ft long and contains water 15 ft deep?

Solution: A

consistent umits: vy in 1b/ft®, d in ft, and A in f£t? will give F in 1b.
2),'Vertiea1 Surfaces!

wWaTler . *F
. Surface
) where‘;'- pressure at the centr01d of "the -
’ area - )

) . depth of the centroid below the
o water surface,

s, p = yd, F= ydA

al
"

-

M . n
The centroid of a surface is its "geometrical center”. The locations
,of the centrpid for several common shapes are given on Handout No. F.2.2.

.

Note that the foxce on a vertical surface can be calculated if only
. the area of the surface and the depth of thsﬂcentroid are known.

»
Pl

1) What would be the hydraulic force on the bottom of a tank which is 20 ft

\

20 x 80 fr? = 1600 ft?

o

. d=1sgp - - o :
. F= (62 4) (15) (1600)1b = 1,497,600 1b

2) Wﬁat would be the hydraulic force on ope of the 80 ft siées of “the, tank

- ---mentioned above?

Solucion: A = 15 x 80 ft2 = 1200 ft?

15 - N

from~Han60ue F.2.2, d====7; S5t . :

2
- 4

-
v . '

= (62.4)(7.5)(1200)1b = 561,600 1b ’

1]

< ’ . -

- - . Handéue~No. F.2.1
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- '* PROPERTIES OF PLANE, SURFACES

4

- - : :
|

|
S hape . Sketch 3 Area . Centroid

3

Location of 4

rectangle

' )Q'='%%',

fe— s
$
;
-

‘Trianglc ) .

o o‘ ‘t 7
- , 2 §
circle  md Ye = %‘ .
T s ‘ 4 .
v . o
! _
s | ard® Y _ 2d
semi-circle . 8 ¢ 3
. . ) ” i ‘ . l‘—'r'—'ﬂ ! A - : . . A .
c‘uadrénf , Y : Td? y 4y
of circle v ; 16 e T
. C '

B R Y

o q—

R " ; ) )
o ‘ § T : h oo _Iny(a+2b)
_Jt‘fgf’gm'd /%l}yc i F@rb) Y= %) (ar b)
. j . - N
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. - PRACTICE PROBLEM - 2

=

— &

1) a)‘Whét would be the hydraulic force on a submerged horizontal surface 10 ft
by 20 £t if it is 12 ft below the watercsurface’

'/b) What ‘would be the hydraolic force on the same surface if it were vetrtical

. .
with the-20 ft side lineg:up with the water surface? ”’4/’T#

/'

-
-8

2) What would be the hydraulic force on the triangular end of the tank shown
N below? . . ° ; '

- !

3): a) What would be_the hydraulic force on the circular end of the tank shown
below if it is half full of watrer? i .

b) What would be the force if it were completely full of water?

I

: o Lo - ro .
v . : K 104T. T
. \ - .
: . : N ! -
’ hY

« Handout No. F.2.3
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MANOMETERS

-

) A u-tube mancmeter is a device which can be used to measure pressure
\.__. —  Qifferences. The variable. actually measured is the difference in height of 1
. _ the mbnometer fluid in ‘the’ two-legs of the manometer, as shown in the diagram |
below. The difference in- pressure acting on the two legs of: the manometer S
.. can then be calculated using the relationship between, pressure and depth in a |
- 1liquid, which has already been discussed. The pressure différence and height
o d1fference are related as follows: -

P..¢ ] '4P o oL .
' )Py = O Ygdh

where Y = specific weight of
n manometer fluid

Ye = specific weight of ’ ~
fluid whose pressure )
is being measured.

A e e
-

- -

';consisfent_unftsé .h in ft, Y, & Yf in 1b/ff3,

o . .
PO . . »
. ) .. .

.p 1

. - .
¢ H ° -

and p2 in psf. -

If one leg of the manometer is exposed to atmospheric pressure, then the g
manometer will read gage pressure actang on the other leg. Cs
If the two legs of the manometer are connected to fluid at two different

locations.in a system, however, it will measure the difference in pressure
besween the two locations. ) - ; iy

£,
" -

For measurement of large pressure differences a manometer fluid with high ..
.specific weight, such as mercury is used. For measurement of small pressuge
differences, a manometer fluid. with a relatively low specific weight, such as ¢ .
an oil, is used. . . S . . K

° [ - T ..

Exam ample: What is the gage pressure in _psig in the pipe shown below’ The‘spec;fic“
grav1ty of mercury is 13.6. - :

- - Lo

m?tcﬁry
F

Solution: "y = (5.6.)(y_ . .) =’(13.65(62*;4).15/ft3 = 849 1b/ft?

Ppipe Pat.:.m"= (849 - 62.4) (‘é-) 1b/ft2 = 262.2 1b/ft? gage

gage press in pipe = 262 2 psfg = 1 8 Qs1&_ . .
‘ Handout No. F.3.1
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. o PRACTICE PROBLEMS - 3 —

1) What is the pressure difference in psi between points 1 and 2 in thé .

venture meter shown below’ .

o > < ) g . .
— T @ @ . i
: . ® . ’ ~
e - ___’-8 . -
- wavter
7 .
d
mercur‘r . .
- . T . ~ -

~ - S
T ) -
T N i * —
: 3) What is the pxesSure difference indicated by a manometer with a he1§ht =
- .. - -difference, h, of 7 inches if the panometer fluid has y =184 1b/ft .
and- the fluid~ being measured is water. G1ve your answer in psi and inches
~ of water. . X
k4 . r B B T - ’ -
; | | \.
. J :
o ':‘ - * - o ’ " - ~ .
’ . VEE . . h } T
¢_ - - o ~ » .
.. f"‘ - L © - ~
- N .
— ¢ 4 . . K] hd = 2
B L7 ) o A NKF, . ’ * :
I
T \.\~
. T . . Tl Handout No. F.3.2
- ¢ \\_\‘
. B \\\\ Y
- £z 'O
Qo - 4()

ERIC . - ) - o

-~
r /
OO -
M B

2)7 Whe;,iSuthe gege pressure in the®tank shown below? " For air use y = 0.12 1b/ft3.




e ' - CONSERVATION OF. ENERGY R

. T oo-
-y -
4 -

_ Basic Law of Physics: Energy is neither created nor destroyed except in

' nutlear reacti;n§f~* : ) o
Application to Steady State Flow System: - e .
. i . . _— . 4 "..Z i -
rate of energy flow _. rate of energy flow g 3\
! into system . opt of system

Note the ‘similarity between this equation and the steady flow continuity‘
equation for conservation of mass. With energy the situation is more compli- :
cated because energy can be converted from one form to another.

Thexe are several possible forms in which the general energy conservation
equation can be written. The one to be considered here.is called. Bernoulli's
Equation. For the system shown below, Bernoulli's equation is written as
follows: - * -

P, v12 ‘~P2W vz2 oo
YTt Ty e .

1 2 ’ i ) 0

-

V1 & V2 = velocity at points 3 and 2 respectively S

hl + h2< height of points 1l and 2 respectively above some reference level.

.« *

where P &P, = pressure at points 1 and .2 respectively

L

vy = specific weight of the flowing fluid
Lo g = acceleration due to gravity:& 32.2 ft/sec?
o .o : - - . -
.“t | . @PLVz -
. 1 ——
S v.C)P | sysTem . [ |
, i S—— | Ch, g :
. l “ -);." l rg{grtncc o X

T ievel

S 3

y

v
-

" Berno#lli's equation is a special case of the general energy equation. It
appiies to a system with steady flow of a liquid, flowing from point 1 to polnt 2
with i) no pump or turbines ih the system between 1 and 2, and ii) negligible
frictional energy, loss between 1l and 2. .

For- such a system, the rate of energy flow into the system per pound of water

.is given by the left hand side of the equation”and the rate of energy flow out of

the system gEr pound of water is given by the right hand ride of the equation

The. system could be a section of pipe or open ‘channel, a tank such asa grit

_chamber or a clarifier, or any such item with fldw in and/or out.

Furtheér interpretation of each term in the eauation is glven in the next
aELtiOﬁ -

-

- ' - " Handout No.fG.l.l
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TYPES OF "HEADS" ) I

-

Each of the terms in Bermnoulli's Equation is referred to as a "head"

as follows: -
Pressure head = B

. R

“interpretation:

Position head = h

interpretation:

-

35

’

i) Energy content of water per pound due to its pressure,
P.
ii) Height of a. colymn of water which will have pressure,
P, at the bottom.

- v2 .
_Velocity head = % ' o . .
, interpretation: i) Kinetic energy content of Water per pound due to its

velocity, V.
ii) Height of a column of water which has potential ergy
at the top equal to-the kinetic energy of water with
’ velocity, V, .
» -
L . I ‘
i) Potential energy content of water per pound due to its
height, h.

ii) Height of water above some chosen reference level.

y - >

,Thus Pl/Y is -the pressure head at poinc 1, zeﬁ2g is the velocity head ;t

point 2, etc.. \ . i
. . .- i ;
1f~tbe following units are;used. (P in 1b/ft?, v in 1b/ft3, Vv in ft/sec, g

in ft/sec?, and h in ft), then P/Y, V2/2g, and h will all have units of ft,
which can also be interpreted as ft—lb/lb. R

&

a . .

The Bernoulli equation, introduced in the last session, simply states that
the rate of energy flow into the system at point 1 is equal to the rate of energy’
. flow out of the system at point 2. The energy flowing in or out may be of three
.types, i) pressure energy (pressure head), ii) kinetic energy (velocity head), or
iii) potential energy (position head). 1In other words, if one type of head is’
.higher in the exit stream than in the-inlet stream, then some other type of head
- must have decreased to make up for it (for any system to which Bernoulli's equa-
tion applie§). For example, if the outlet is at a greater height than the inlet,
then the pressure or velocity must be less at the outlet than at-the inlet.

1 4

Handout No. G.2.1
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BERNOULLI EQUATION CALCULATIONS . . _ . ... "

- - »”
- . -
- ——

- i o N —

The Bernoulli equation provides a way to calculate a pressure, velocity
or height ‘for an inlet or outlet stream if ‘enough other information is pro-
-'vided about the inlet and outlet streams to the -systém; . =

. N

" Example: . - - ‘ "

", _ " What would be the velocity of water flowing out of the tank in the diagram
below?  Consider the pipe to be short enough-that frictional losses tan be

neglected?
QAA
14 R ‘
N ‘ )
R Solution: Choose points 1 and 2 as shown on the diagram. - ‘

At

-«vl

el Choose the reference level for height to pass through point 2. Then h, = 0

-and hy = 20 ft. 2

. Sdostitute values jnto Bernaulli's equation

Ihen. P1 P2,= atmospheric préssure = Okgage pressurel///
owly)

.0 (assumingﬂﬁhat the tank level goes down s

7"&.-"-' -

2 giYFs ) . . .
.- T v, = (2 (200 =((2) (32.2) (20) £t2/sec?
‘ ' v, = /1288 ft/sec = 35.9 ft/sec

solving for V

- The following hints are helpful in applying Bernaulli's eqdation to a problem.
1) Pl ‘and P, must both -be gage pressure or else both must be absolute pressure.

2.
2), In a reservoir or large ‘tank the velocity is usually negligible compared with-

that in an outlet or inlet Pipe, so in the reservoir or tank V = 0 can .be used.

3) ~The pressure at the surface of a reservoir or open tank is atmospheric pres-
sure or zero ‘gage pregsure.

4) The pr;ssure ‘at, the outlet of a pipe exiting to the atmosphere is atmospheric
) pressure or zero gage pressure. -

5} The velocity is the same at all cross sections in a constant area pipe for
. steady flow. . .

. ’ Handdut No. G.3.1 -
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. . " PRACTICE PROBLEMS - 3 ~ ) ) . ;. .

- .
* ~
. -
— .
. b, -

: . N
1) Use Bernoulli's equation to estimate the velocity of water as it reaches
< * the bottom of a 35 foot waterfall.

2

~ 2) Water is flowing uphill &hrougﬁ a pipe of constant diaméterf If the:pressure
in"-the pipe at the bottom of the hill is 20 psig, at what height would the
pressure in the pipe be zero guage? Negléct “frictional losses.

L)

o

3) ConSider water flowing thtéugh a horizontal reducer as shown below. If

- i =5 ft/sec, V, = 20 ft/sec, and P. = 20 psig, what would be the pressure, .. .
P2 in psig, neglgcting frictional 10%5 )

) b‘ vl ‘ \ Vz = N . '
TR

"Handout No. G.3.2
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PUMP- WORK AND EFFICIENCY

.
—

. . ) B 1
. The energy input required to move water or raise it in height is often: ) B
provided\by a pump, usually by increasing the pressure of the water. The ‘d;§_;
energy delivered to the water is always less than the energy required by the = -4
.« pump. The amount eof difference is usually given by the efficiency which is Sl St
related to the energy 1nputs as follows: . J
Eff = Energy input to water {100%) ‘ \ !
Energy input to-pump . R . .

: The enexgy iﬂputs ean be expressed as~headsjin ft or as ft-1lb of energy N

per 1b of water. These two sets of units are equivalent.

‘Example: What energy input to a pump with 85% efficiency would be needed in
order to pump water from a reservoir to a plant 1n1et if-a head of 40 feet of
_ water is needed to transport the water? ) .

- . ° A

Solution: The energy input required to the water is 40 ft of head or 40 ft-1b/1b. o

From the equation above: . - . ) o -
L ¢ R - o .

Energy input to water

. Energy -input to pump = EfE. (100%) :
y . . T . .
v so . » ’ ’
. . (40 £t-1b/1b)(1002) ft-1b .
P . ~ - = - =
gy Energy input to_pump 85, “7 Tb of water - _
R Often the rate of energy input or power input required is of interest. It e
‘ - can‘be related to the head input and mass flow rate as follows: e
N ) ' P = n.:B : - .
where P = power input in ft-1b/sec )
’ mes mass flow rate in 1b/sec ) - )
- H = head input in ft or ft—lb/lb .

Example: What would be the horsepower rnquirement of the pump above if the flow

rate of water to be pumped is 30 ib/sec? s -

Solution: P = (30 lb/sec) (47 ft-1b/Ib) = 1410 ft-lb/sec S
. ) Converting to hp: ’R = %%%? hp‘;/= 2.6 hp
) Note that\the pump effi;iency can also be given as ) m" *
e el e

1 . »

Handout No. G.4.1




PRACTICE PROBLEMS - 4
: - 1

1) a) What would be the energy input in ft-1b/1b required to an 80% efficiency
T pump in order to increace the head of a flow of water by 55 feet?

b) What would be the horsepower requirement to the same pump for a flow of
100 1b/sec of water’

-

i -

~

2) What is the efficiency of a pump if it delivers 8,5 horsepLwer to the water '

and requires 12 horsepower input to the pump?*

Y i * " ) *
3} What would be the head increase delivered to a flow of 80 lb/Lec of water
by a 75% efficient pump which uses power at the rate of 5 hp?

-
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MODIFIED BERNOULLL'S EQUATION

b )

. The effect of fricﬁibq loss and a pump in the system éan be included in
Bernoulli's equation by putting in a term for energy-input by a pump on the
input side and a term for energy loss from friction on the-output side as
follows: r‘ﬁ i ) . : . . y
‘ . .vlz' R ‘
— 4o thy hEH = -

where 'Hw = Pump head = head input to water by & pump
- B 7, ‘ as °
H, = Friction head = head. 1oss due to friction ’ -
! . . -4
» * ’

~

Examples: ) ..

1) - Water is flowing uphill through a pipe of ‘constant diameter. If. the
pressure in the pipe at the bdttom of the hill is 40 psig, the frictional
- head loss in the pipe is 10 ft, and the hill is 50 ft high, what will. be
‘the pressure in the pipe at the top of the hill? - ’

.

Solution: See sketch below.

3
. R

-

Y ‘
€ . . ¥ >
For this system ' L. -
H& = 0 (No pump between points 1 and 2) * X
] He = 10 ft ’ i
! - Vl = V2 (steady flow in a constant diameter pipe) T
se s LT by = 50 4 )
P. = 40 psig = (40)(144) psfgi= 5760 psfg
. 1 ) - o -L‘\ ‘ '
Substitute into Bernoulli’s Equation: - . . -
* Lo v P v . el )
. - 5760 2 . ’
r————— BR m—— + ~ -
. 62.4+]2§+0+0 62-“3-’-% 50 + 10 ,
solve for Pé: , ’ .
P. = 5760 ~ (62.4) (50+10) psfg = 2016 psfg
% 2016 _ _
-22 = Tii psig =.14 psig _ . . < .
o . - N o Handout No. G.5.1
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2)

PRACTICE PROBLEMS - 5 )

—

For a particular trickling filter a velocity of 5 ft/sec leaving the
rotary distributor nozzles is required {o keep the distributor moving.
If the frictional head loss through the distributor is 6 inches for a
certain flow rate, what head of water is needed gbove the nozzles to
keep the distributor moving? - _ (? v

- .
-,

t - «

3 -

a) What-energy or head input to the water would be required to pump |
water from a storage tank to the top of a 150 ft water tower if the
frictional head loss in the piping is 5 ft? Consider the pressure to
be atmospheric both in the tank ap the ‘top of the vater tower and im
the storage tank at ‘the bottom of the water' tower.

b) If the flow rate is to be 800 gpm and the pump has an efficiency
of 752, what horsepower would be needed for the pump?

-

f

L

5

LV -

[

af- N . . -

’ o \33 Handout. No. G. 5.2
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-——“"“““‘---_~_-y_§_xg}ume of tank in cubic feet : ’

. HYDRAULIC MODELS FOR TANKS

I3
—

Tanks with continuous flow in and out and various types of mixing are used
for several operations in water and wactewater treatment, such as aeration

. . tanks, clarifiers, rapid mix tanks, etc. The pattern of flow through the tank

has an important effect on the performance of these processes. There are many .
possible flow patterns; two extreme cases will be considered here, plug flow and
completely-mixed flow. The flow for wany processes can very nearly be represented
by one of these two. For other processes, the flow is actually something in be-
tween the two with characteristics of both.

P -

’

flow out
—_—

44
44
44

——

(‘, ' Plug Flow: flow in

For this pattern the liquid flow through the tank is orderly with no particle
of liquid overtaking or mixing with any other particle. The particles of liquid
pass through the tank in the same sequence they entered and each remains in the

tan he same length of time, called the "detention time", which can be cal-
culated as follows: .

St T‘='6

where < = detention time in minutes

4,7
.

Q = volumetric flow rate "ﬁtbugh~cank~inncubic_£eetwper minute

-

Long narrow-tanks give approximately plug fZow as indicated in the diagram above.

If a reaction is taking place in a plug flow reactor, then the composition of ,
the liquid will be different at different points along the length of the tank.
For example, 41f BOD is being removed from wastewater in a’plug flow aeration tank,
then the BOD concentration will decrease in the direction of flow.

-

ngpletely-Mixed Flow: o - e "
- ) b " ) ‘?: -
. 17 - :
flow . flow ' flow +7+ 4 , flow
”» _ | - - - s h,
in > out =~ % TIn o v+ " out °
. - - I v ¥

-
-

, For this case the contents of the tank are well-mixed and uniform' throughout,
and incoming liquid particles become rapidly mixed into the tank. The exit stream
will be idefitical with the contents of che tank.. The average detention time will

be V/Q, the same as for plug flow, but some' liquid particles will be in the tank 7 |

much longer and some for much shorter times, because of the mixing.
. N !

o Y B P

LIS




&

e

Completely-mixed flow is approximated 1n a tank having length &nd width
nearly the same and intense mixing and turbulence as indicated in the diagram
above. Spreading out the.inlet and outlet flow, as indicated above, can also
be used to give completely-mixed flow.

-
»

Even if a reaction is taking place in a completely-mixed tank, the contents
. of the tank will be uniform in composition and the same as the exit stream, but
may -be different in composition than the inlet stream.

«

Application to Activated-Slege

?1ug Flow:

The conventional activated sludge process normally uses & type of aera-
tion tapk referred to as a "spiral roll" aeratior tank. They are typically long,
narrow tanks, and thus flow through them is approximately plug flow. Therefore

. » the BOD is-highest at the inlet end, the oxygen requirement is greatest at the

‘inlet end, and variations in inlet flow rate and strength can have troublesome
effects on the operation, because the changes are felt completely at the inlet
end. .

-

Ccmpletely-Mixed Flow

In réceng years an interest in completely—mixéd flow for activated sludge
aeration tanks has developed. The.main advantages are equalizing the oxygen
requirement throughout the tank and greater stability for variations in inlet
flow rate and strength. Such variations have less effect because the inlet flow
is mixed in with the entire contents of the tank rather than just to a small
inlet ﬁortion.. This also allows a higher BOD loading per unit volume of aeration
tank for completely mixed activated sludge plants than for conventional activated

.sludge plants.

a
-

»
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SHORT CIRCUITING . : .

]

-

Short circuiting refers to the flow of some incoming liquid through a tank -
without remaining.for a satisfactory period of time. 1In an ideal plug flow
tank, where all entering liquid passes through in order and stays in the tank .
for the same length of time, no short circuiting occurs. 1In any real tank some
short circuiting occurs, but it can be minimized by proper design and operation.
. Clarifier design and operation is an area where short circuiting is a major
concern. - Incoming liquid to a clarifier must remain-in the-tank- long -erough to --
-allow suspended matter to settle out. If some of the incoming liquid “short .

circuits" out after a very short time, poor removal of suspended matter will .
‘result. .

Some of the factors which cause short circuiting problems in clarfﬁ?ers are
as follows: . . :

1) high inlet velocities
2) high-velocities over the outlet weir
3) inlet and outlet placed too close together
4) action of wind on the liquid surface in the tank
™ 5) uneven heating of the tank contents by sunlight .
6) density difference between the incoming liquid and the tank contents

7) tank geometry. - v Sy

A The tank geometry is of major importance. The least short circuiting occurs
for long, narrow, horizontal flow tanks and upfidow circular tanks. More short
circuiting occurs in short, wide, horizontal flow tanks and radical flow =zircular
tanks. <

- - .

: ) T, Handout’ No. H.2.1
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‘1) Peizometric head = Pressure head + Position head

ENERGY GRADE LINE - DEFINITIONS

-

at- station 1 iny (at station 1) (at station 1)
flowing water )

- P, .
or, Peizometric head at (1) = — + h

Y 1

For _open channel flow:

Peizometric head = height of liquid surface

For pressure flow:

Peizometric head = height to which water would rise-in a vertical tube with
its upper fend open to the atmosphere and its lower end connected to a
static pressure,tap (opening perpendicular td the flow) at station 1.

. " See the diagram below.

& -

2) Total head = Peizometric head + velocity head ~* ™~

at statiomy - (at station 1) (at station 1) . .
(l.in flow-) ’ .
ing water 5
. . Py A :
Aor, Total head at (1) = Y ? hl + Ty !

L]

. For open channel or pressure flow:

Total head = height to which water would rise in a veftical tube with its
upper end open to the atmosphere and its lower end connected to a dynamic

- pressure tap (opening “arallel to flow) at station 1. See the diagram
below,

The hydraulic grade line and energy grade line are used in connectlon w1th
a vertical view of a system through which water flows.
1) Hydfaulic grade Jine - a line whose distance above the sketch of the system
at any point is equal to the peizometric head at that point.

4) Energy grade line - a line whose distance,above the sketch of the system at-
any point is eqdal to the total head at that point.

Sketching of hydraullc grade lines and energy,grade lines is dlscussed in thg
next section. ) .

A,

v N Handout No. I.1l.1
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ENERGY AND HYDRAULIC GRADE LINES - .

» PEN - o~

Energy grade lines and hydraulic grade lines show pictorially, the }
energy driving force available at varions points along the flow'path in a
system. They can be sketched using an understanding of the relationships .
among the various types of heads and head losses. The following examples -’i
illustrate the procedure. - ' |
o 1) The energy and hydraulic grade lines for a wajer.- pumping system are |
- “shown. on the diagram below. Aéi
energy S"Qc/e 1._":

.

h,./»a“lrc Q"“JO “‘ng

The reasohing is outlined below::

Location in -1 Energ& Hydreulic
System. . Grade Line - Grade Line

- - dinlet pipe . goes down because of goes down because of
to pump frictional head loss frictional head 1loss
- ’ and because some ’
pressure head is con-
. verted to velocity.
- . head.

.. pump ' ’ goesnup because of goes up because of ‘
’ ¢ pressure rise caused pressure rise caused
) by pump by pump.
pipe from pump to tank goes down because of goes down because of
- frictional head loss frictional head loss

flow from pipe into . goes doun because velo- joins smoothly to o
taak city head is lost upon liquid surface -
flowing into the tank ? Do -

~ 2) The hydraullc and energy grade llnes for flow through a clarifier are

shown on the diagram below. - .
energy gra&é Ime e

. ) ) hy&v—aulf&%ro(‘o ‘{V\e -_—-— .
H . \\ = .,_ ------- . T T T
open ) - : -

g channe | L\'

‘ =1 cla»i-‘.{;or
I T o pipe

*

The hydrdulic grade line is at the liquid surface for the open channels and
tank. In the pipe, pressure goes up as position goes down. The energy grade
line is above the hydraulic grade line by an amount V /2g in the pipe and open
channels.

Handout No. I.2.1
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- T o . PRACTICE PROBLEMS - 6 e

- - -

PES

Sketch the hydraulic grade line and energy grade line on each of the o
diagrams below. Be sure to clearly'identify‘which,is the hydraulic and - ,

XY

which is)the energy grade-line.

H “ .
—— -~ - _ o |
‘i
;, - 1]
.
1
- - g .
. . N
PO A
L
e : N
+ ° _ ]
R - .
-
vater o ]
surface
» \-\ Na:ff" ) .
open sarface L .
. channel \
OPQY‘
l 77{' ’ channef ’
clarwiigr aeralion tank |
. ~ . ]
- )
ﬁ i
_ )
?
< _ T T - T
- <
- "
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