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S This}course covers some of the main. concepts of, Physics that relate
- -4 - T . 4‘
to the ‘water and wastewater fie]d “"The subject areas covered are: '
R Liquids . - - ‘;v’ B \

: y
a. Specific gravity

»

N

. »
N b. Specific weight ‘and densitv:fressure
L 4

ressure 2 S e - . ﬁ
Pressure due to height) S . . o . |
iquid Flow ™ .. : e - j -

S ©a. Rate of Flow -
e e

0 b, zgontinuity princip]e _' y IR S ‘ .'f
G):;;7 | ci Bernou]]i s Theorem ‘; T - ’.'- ) 3
2 d. -F]ow measUrement (Venturi meter) ' A

- . ;i e.',Friction loss |

Temperature'and Heat

e e; Fahrenheit/Ce]sius sca]es
L “)'b.. British Thérmal Units
| “c. Specific_heat"
E]ectricuCurrent§ ’ Y

a. Current'(Amperes)
b. Resistance

c. 'Voltage ; n Ry .
d.:/Converting e]ectric current to mechanica] power o

- N

1. Natts/K§ loyfattSJ

. 3 . N ™~ .. . ‘Gt
- Horsepower / : _

.\ t :‘ .‘;@otor effigisgcy v -o.
-' ! f— . |
\\‘ [ , ’ h
> ) '
> P o
& —~ ) 3 . ’J\




The pre-requ1sites necessary to accomp11sh this course 1n
x,Phys1cs for water and Nastewater Technology are:

S ¥
, 2

!

mGéomethy

Basic Algebra
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Specific gravity
2. Specific weight
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: xadﬁes in app]ied pnessure |
Pump performancé

FEs

The concepts covered i?'the section 11q ids are:
- !i,;lﬂ |

b

¥

These concepts are prevalent in water and wastewater techno]ogy in~such areas
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Liquids are substances that have definite size but take the sha)e ’

of their container Liquids have specific properties These pr0pert1es
C K

distipguiSh_each type of liquid from another 1iquid.

*

- §pecific Gravity . S o

» . ! . . |

One such property is specific gravity The Specific_gravity-is ’ o

-
~

¢ - [

a pure number. that means it has no unit va]ue o o ~ |/

H L Examp]e 5 cubic feet, 2 poﬁnds, 15 ga]]ons »Cubic feet, pounds,_,/

ga]]ons are unit va]ues, therefore, a’pqre number’ Js 5 or 2 or 15. ‘ , '} A
: ' N ' AR
Spec1fic grav1ty is a number that indicates if a substance is '/ *

]ighter or heavier than an equa] volume of pure ater i ' . /A -

7

Exampie 1: The specific gravity of cast iron is 7.05. Th1s4mears“ "-2:

- that a vo]ume of cast iron is 7 05 times heavier than the same ‘volum pf wa‘ter.Ps

Examp]e 2: LubriCating oil has a specific gravity of 0. 8705 This

égmeans that a volume of oil ‘is 0.87 times "heavier" than the same /volume f. &

~ water. But SInce water has a specific gravity of 1 g ’ therefore, oil is f
lighter than water o : S . x
L o
6’- . Specific grqyity is a factor that effects ‘the fiod of ]iquids

1 l A]though in water and wastewater the specific gravity do s not change drastica]]y
za range of 1. 00 to 1. 08) ' It is'taken into consideration when water and waste-
water is to. be pumped. or the weight of the ]iquids is needed =
' Specific gravity is-more of a factor in wastewater since the solids \\\ ;’:
in wastewater do change the weight of the wastewater and therefore the change l i‘ ,w}
in specific gravity {: T “'.; ..,-' /‘f ‘ | :' BN

-]

. / o
\\ - Specific gravity is defined as a ratio between the weight of a

v'\-

subsbance withﬂa specific voiume and the weight of pure water with an equiva]ent

vo]ume. O ,' /o o




“Problem. - T>4 o

‘vt

A tank full of pure water

”bsame tank weigh if. the contentf had
.. . ] . 14 ‘ ‘\
- . . / i

Solution, g : -

:-12001; 1.03 = 1236 1bs.

‘Problem b/

If the' weight of pure wate

. vo]ume of wastewater 1s 7875 Ibs.

Weight of pure water x spec1 ic grav1ty weighté’f wastewater

4

~\> | 7' . _w:\ . ’4‘ ,,v..
‘ ’ - L7 " ,

weighs 1200 lbs How'much would that ﬁv

wastewater with a spec1fic gravity of 1. 03? .

/

‘ .-' - . " | .
is 7500-1bs. The weight of the same - )

~ C lcu]ate the spgc1#1c gravity of the

wastewater. e
. , . A \
. - IR *
‘Solution -
- _ Specific gnavity ‘weight of wast\water . v}' N o
{ o | weig t of pure water \g : - . o \;\/1
sh. ov. = 7875 Tbs. = 1. 5 -, .. ) T
) . ]b§ : : o .
| S | N i
Apecific Neight nd Density - PR A \

A

.‘\ .

Another characteristic of

density (d).- Specific weight (sp, wt. ) is a va]ue obtained by dividing the

N
h weight of the 1iqu1d by 1ts volume

the mass\of the liquid’jy ?ts volume.- . .

; —

liquids is spec1fhc weight (sp.-wt.) /aﬁd

Density is a value obtained by dividing

*

Dens1ty‘1s a va]ue that 1nd1cates 1f a,substance is denser (heavier)

: \ .
. than anotherzsubstadce The proper

unit expressing density is slugs/ft. 3. A

Example' Lead has a dens1ty of 22 0 s]ugs/ft 31wh11e pure water has

Y |

'a‘de ity of 1. 94 s]ugs/ft Therefore, lead’ is denser than pur, water (’\

v SupposeEthe dens1ty“o?\a\substance lubricating oil is 1. 75 s]ugs/ft en. =~

. oil 1s,]ess‘dense‘tha‘ pure water‘since pgreywater has a densi of 1. 94 s]ugs/f‘t_3~




By knowing the dens1ty (d) f_
\

Specific gravity densityof substance\'l'
W S , , density'of pure water =Y

5 the substance can be caqu]ated

Examp]e The density of ‘a1cohol 1s 1 53 siugs/ft 34

' of Water*is 1 94 s]ugs/ft 3, | what is the~specific grav1ty of aicohoi

' @_So]ution e

R . sp. gr. = da. = ; sp gr 1f1c gravity R
- ‘ ) T j o .
- . e nsit f aicdho] ,4.’ .
o7 spegr=0.79 o
;-f:)' S ; %@ '}i: density gwﬂpure watkr -
o Examp]e The specif{ gra)hty a: was’ aqater sampie is 1. Oé/ gwhat** \
: 1s the density“fdww) of -the was'ewater T ‘ " o f' i:"ﬁ“
.’ . , ’)v, “ ] , . f » ‘_
s 9.So.ll.lt'ion ' ‘ - o . ' , A ‘\g,‘ , ‘ - ,‘! 'Q\%
) ~ sp. g}5°= ﬂgﬂ L sp. gr. specific:gravitﬁ L
L o dww = density of wastewatl ”Qli{
dww = sp. gr X dw o |
‘ dW'- density of pure wate
N = 1.08 X 1 94 s'lugs/ft 3 : . I
- dww= %.005 s]ugs/ft 3 . | SR v,‘ '
. . Since density is/a value obtained from the mass of the substance, the/ =~

i ’

definition of mass isfa measure of rpsistance a substance has to ch;hge‘gn its
!

¥ B
) B f‘-\——-—\ . ) = >
the substance e o Tt ‘ '
A .
' 1t is easier to‘push a sma]] car tnﬁn a Tsrge Ytrubk into motion What

4

is uneven is not the for e app]ied by the pers0n pushing but the quantity o N e
' 'representéhg Qﬂe car and truck' Now most. confuse mass and weighx Though both |
concepts .are interconnec ed. mass is amOunt, and w ight is the amount of

"gn%ﬁgtationa] pu11 appli d to.the substance That is weight is the force,with B

.- . o
‘ ¥ W .
. . L,

e




. .. . .
- @ . ‘. | -

which a subs,tance is attraéted toward{s the center of earth.. The unit_of

measure is pounds (1bs.). 0, S . R .
~ - To ca]cu]ate specific weight, the weigh of a substanqe is ’div'i\ded o A:
- - e W.= specific weight lbs{ftw o ,
hE W= weigglbs o
_ o V._vaol.urr;e ft 3 . : 7‘} "
| Speci ic gravity is a]so a function« of s‘pecificweight the.formu] \ ,
’\ - N DA i -isp. gr. = specific gravity |
B _ S o Ws = specific weight of substance
o o D . T o Wes spécific weight of water 1
| . - A . . (62 4 1bs./ft.3 :
) ~ To calcul\te density using mass and vo]ume div1d”e the m\ss of a .
, _ : e

substance by "its vo]une

= . d = 9_ _v°- O d \;gensity s]ugs/ft 3 /

R m»—Ma{;slugé o
- A - V.= Volume ft.3 ‘f *

. ’

To calculate weight (w) mu]tl\% mass (m)-with gravitation force (g)

l

or acce]eration of gravity The value of (g) is constant Jtis 32, ft /sec

, VoowW=mxg, W= weight bs.~ /
‘ : m = Mass - S .
., q. - . . . - . _3 - '
. \ - . .~ 79 = acceleration of gravity |
N : i : . - Y .
¢ : N .. ) ¢ »\)\ . ' , ‘ v’v
Proplems R a0 e . , . \-
L. . - ~ ‘l ? ) . \.. . - - .
Examp]e 1 336\ cubic feet of water weighs 83. 4 'LQ_s Ca]cu] ate .
‘ . C \ , . ~_ v ! . . . .
] ‘ specific weight Pl B \ T v , A
. L \'\. . T . i - <§—/
. . -« L
" ¢ C '. 9 B 7 , « 1 . ~




Solution "- Rl

Y Wl w834 Ibs.. = 52 4 lbs/ft 3" o o X
o & Ve "I‘S?s ft.3 /\7 5 ) —
. - ’:.’» I . e :
NN Example A vo]' ) 011 we1ghs 1.90 1bs: “The specific wd‘%ght ofs
Yy,
the 0il 1s 54 2 lbs/ft 3 Ea]du ate the vo]ume in. cub1c feet. b
v [ 4 . *
"-.. So]utwn _ J \
P w W ' ‘ - “ "&
: N Lo e B %
1 .; ! [N € . .
o x v e T | | '
e Vw190 “nss - 190 1bs.. x ftﬁ? - 3.51 ft.3 T e /
- W 54.2 1bs. 773 . 54.2 bs. o v
S 190 tbs. x ft.3 % . _’l . L L g
‘» . . . sl 2 ]bS. . o a ] " K' . .
, . .' . \ {/ - - S .‘ ..
*0 v ="aE fe 3. AR
v_} Ex‘amp]e The specific gr"avity of’;]udge from the secondary treatment
» : ‘ . "~ ‘
1s 1.03. The vo'lume is. 8500\ft 3. - e Dot . ' ‘
Ca]cul”ate A N , e .\) ’ k .
1. The weight of th& s'ludge.vs ~
¢ 2. The densn@‘rthe s'ludge. < ¢ e
. ; .,7—- o . i ) . ..-' - - . . : N ) J\‘
.- o'lgtion R R L ‘ ;
. - N . L . . : i . o
IR : 1.' :le so]ution to th1s part of the prob]em depends upon combimng .
é - b fonnu]as T | B A 7
o a. .sp.-gr. = Ws ' sp gr = spec1f1c grav1ty .
y - ' . Ws = sp'écific welght. of ‘sludge :
T s I S bs/fe S o .
e e (j WL { W = spec1fic weight of pgre -~ :
R I R water (6241bs /ft
;f_ N ) : . \ “. ,. .
IS 0.‘ < " ‘ “ C -
! R ) - b ‘ { * v . : v
/\‘ . ~ e Y N . , -
A ' - b - . . ‘R
- ' 10 e ,\
< ‘; .. B .
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“Ws = spec1f1c3weight of s]udge  ;”

B R 19499145 R
t - ! R f W= weight OK(:;;— I

ot

o (;) "V = volume of. s]udge RO
Q;Ai'f'i Now combine 6/2 bt . f'-_ v - -

. SPp. gr . Ws
. VW S

=W ¥ o £ ‘ N Te

. Sp. gr.“¥

W
v

R e /

. * S1nce the questwn is to. f1nd the we1ght of the s1udge the v}orkmg ‘

so]ut1on is: ,‘ ST ?. L e

; = ol : T
— = sp. gr., XV x W - ',.' B : , %$; 
G . Substitut1ng va]ueiignd units:

- R
w.= 1,03 x 8500 ft.3 x 62.4 lbs/ft 3. 546312 lbs.,,

Il
2~ Again the so]ution 1s a comb1nat10n of formuJas s R

'di dens1ty s]ugs/ft 3

aﬁv d=

Y

m,
v

) \;"‘ B B o om mass s1ugs b

ﬂé_-v(ff P REEE -évgf oy Vo]ume ft 3
e S S 7 B
Sy b wemxg ST weight lbs

e e

-

“l'_Théﬁefore:}ﬁ'

=TT
b

»

Now theocombination of a & b ’ T' - o | - ‘.\; 

“; SR j d =-m ~cand.  me

Y
<
ez,

- <alz

A s B :_z.i g évgray:}y.32_ft; seg;?A? .



&‘ ., I ‘ —-. 'Hh ? - P
¢ " . T . : .. / a .
. ) Substitute va]ues and units -\_ AN - - . ‘
* oy ’5/3121bs "'\-201bs e
Co . 32 Tt. 7sec 2 X 8306 ft.s | ft 7sec.?2 X Tt. 3o N
B A Slug hes a unit measurement 1n : ”L‘ S . N
' ' ‘_ o Therefore. the answer - is 2.0 slugs/ft 3 ' ' :
. EEE ‘ A . Y.
Glossary’ _ ‘ ’ -
X N e ; _ ‘ ST .
‘ Density fined as mass per unit volume, xpressed in slugs/ft.3. -
s . S Y roun C ' ' slugs,
T Symbp (d) o ‘ 4 B .
| . _Spec fic;graV1ty Defined as the ratio between the dens1ty of a’
“-1sqbstance ;;that of water* Expressed as a ‘pure num r Symbol (sp. gr. ) ,
Specifﬁc-weight hgfiﬁed as weight per un t walume Expré ed in
- ]%i /ft Symbo] Wy, L ‘ N,
Mass Dgfined as the quantity of matfer a: substance contains. - :
- Expressed in s]uq Symbo] (m) s , Coom R T K
,5h_ o Weight f1ned as the force with which the mass is. attracted N >__

v towards the\sé/ter of the earth. Expressed,in Tbs - Symbol (wﬂ -

@ S]ug = A British system expres51ng mass. Expressed in Tb

o " | o : t. /sec
T S ) S . Dl
l’rob]ems, B . Y . Lo T | | J .‘ , ) \\

1. The volume of sTudge 1n a sludge thickening process is 2200/ft 3 .
V_ The s]udge has a specific weight of 1. 06: Ca]cu]ate the weight of the sludge

. L S s
L Y v N ) . S !
' B \2 . -
. : i i A - . - .
{ ' 2 , .&..' 1
~ / f , ? . - ) o ',
’ !
i | . .
[ '( " 14
1’)
L 1 -







i . ) a N
- . /& B \.11 Al .
R _ NS _
S ‘ “A digestor has thead1mensioﬁ 25 ft ’Bpight, and a diameter of
Ve
;3' 20 ft. The s]udge ha a épecific gravity of 1.03. Qa]culaye the,wéight of
! £ ‘ S SRR
uagg‘ Uie 1 Lf ; 62 411bs. ST . A
' |I\,(_\ .ot ' .
2 - o
- y 4 . . hv » . o o . ( .Lh' ‘ ' L :
~ ) ) “_\; , k :,k‘.-a . ;

\

- 3. The volume of wqiii:ater is 175000 ga]]ons{b The weight of pure
“water o?'equa1'volume is 23164 ‘Cal'culate_the specific grag?fy\\UUse

1ft.3 =7, 48. o
- 4. A b]ock of viood. has a'volume of 55.58 ft. 3ang a weight of

1814 1b54 What s 1ts spec1f1c weight. o -

e
ey,

A .

‘o

5. The weight.8f wastewater. is 5122 lps; The_same:volume'qf pure
water weighs 4832 1bs. CaICulate't;;\EpEc4f7E’gravity..

~

;3.9 - 6. The volume of sludge is 52.08 ft.3 The weight of the sludge
© )'is 3500 Tbs. Calculate the density of the sludge. -t
n
. >~ , /
L] \ -
‘ 13
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o Ewen*\Ne]son, Scﬁurt?{, Mc? dden, Physics for Career Education. b
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| This 'c.;gn'c_?e‘pt is pr'éva]en_t in the water and wastewater technology in such areas ‘
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As a: p]ant opera!br one mast be conggrned with the movement oi’

water and wastewater to and from the user. Sance water and wastewater are s

~11qu1ds and that 11qu1ds ha@e a definite ngb. then 1t}stands to reason that =

liquids can.be’ dff'ﬂ'aEOn by gravitation puJ] This pqu\is a frven that- e

\measa;ed in _pountis (lbsﬂ)& fs the welght of the hqmd ) ')_ S t \ ol
Force 15 def1ned as the weight of the substance P(es ﬂre 153

\’defined as the j;rce app]ied to. a un1t area L "%;} .

’ ‘ Eramp]e If an object we1ghs .100. lbs v then it is app]y1ng a -

force'of'100 1bs. Byt if this’ object is p]aced on a standdﬁ*square 1nches

-4

. then the pressure app11ed by the obJect is 25 1bs. /1n\§\£pounds per’ square )

1nch) (psi). : '\ QQ;“_ R y@#-t
S Thé formy]a for presshre therefore is. force (we1ght) d1V1ded
o v : J
by area.” -, : .
y - . . ) . ‘ ) . N ) . )
U P=w | ~* P = Pressure lbs./in.2 -
2 N o o ¥ ' e .

».w=HWeight Ibs.

~ T < A = Area

e 1: A weight of 3000 1bs. 1s p]aégd‘on a table that has 1[

- ‘an area of 300 square 1nches Ca]culate the pressure exerted by the obJect

[

Solution .

~ .

-~ ’

Fressure;]bs./fn,Z"

Pl a T W = Weight Tbs. A
- & rf..-‘-ezfggggT%?ég..-._ T SR A = Area in.2 - ~\§<m“
| 57;’10:abs /}n 2 : C i' - o N k_’ -
e ,.":“"Example 2‘ An obJect weighs 200 Ibs. It’Js pl oed;on aﬁtable that
“has the dimensions 12 X 6 1nches Calculate pressure‘exerted“by the object_On_
..thetab'le /” L Y
. So]utfon;next page T Q'h;'.‘\;~ S -; B o
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y ‘."' - tT . “ ) e L \\ . - 2 - ° 2
= /\ ” ) R “ . p [
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. Solution SR ) .
» * '( . .

. P=w Y . ’ N

- \’ v
. . _
3 w . ~ N
x‘.” L N :', Y ’ N

4 19 ‘. ‘e . L . N ' .

T = 200 lbs. L VR o )

R 12 X 3_‘5"._2 - , - : (‘ ‘ .
S 2 8 lbs /in "\ L X _\\

’ Exﬁmp]e 3 A co]umn of water weighs 1300 Tbs The base of the " ..
ot L : —
SRS co]umn has an area 26 square 1nches Ca]cu] e the pressgie on the base of
S the column :;ff

o y . r

v
. e R
.
. .

: QgJution )
P=w
= 1300 1bs.
e ?3 in.2.

‘- 50 1bs. /in

Examp]e 4: A co]umn of water we1ghs 1300 Tbs. The'base of the |

column has an. area of 20 square 1n7
of the co1umn.a,. - |

,;Solutian
I‘§

es.

Calcu]ate the pressure on the base

)_,‘/Y'..

) p ¢ ,. o .
= 1300 ‘1bs. = ‘1n.2 a : f\\
20 in.2 | f.,
. By comparing Examp]e 3 and Examp]e 4 one observes that the weight
is the same “but that the area hanges from 26 square 1nches to 20 square l :
L 4
inches. This, change, hanged the pressure app]ied ) .




. . ', .
. [ . . .
- . . Ny . L
: ’ : o a3 - . ‘ . e
- - N . . . L
* N Co° ) Vo .
. ¢ “ : " . . v

< e . e .
e 3 Example. A- column of- water welghs 7500 1bs. and the avea ~f the

base of the co]umn is 75/}quarn inche N

1. What is the pressure app]1éd on the base. - ;\\<l .

;*11'.' uf. ,‘.2 What wou1d the new pressure ke 1f the we ght of the wateq‘was

o change‘d %o 1500 lbs o Q‘ ]

L S Sb]utign' - _ w(; , ;{ o ‘
SRR e A o

»

- ='7500 1Bs§ = 100 'lbs;:'/'ip.? . . | i
.- "2. P=1500 12s = 20 1bs. */in. 2 . L
) ] . ) 1n. > ‘ ’ o ’ ; . s.

| Sinée nost liquid vo]umes are too large to weigh‘the“fOrmUIa to

use- to ca]cu]ate preSSUre ist - e

Ao

Pressure p51 - N

—
o
]

h X W

b

U €. - He1ght of liquid coﬁumn
Sl o o e
' ' Spec1fic weIght of the 11qu1d

~
-
n

3
n

. : . : .
. &y combin1ng two formu]as~ene‘can see. how the above formu]a cah be -

obtained. ': ey L, .,f-‘ - o L

Pressure - = i
Weight “"Q_

[T}

O
4
='>‘|z.\ .

O

n

2
x
n

Area

Artammnny
>
n

uTh

- Specific weight

.‘ . ) -.‘ ) AA,‘ ‘v.' . .-, | 1
‘\ ok S Weight .
Lo . . - L. ST 5

Volume

<i

¢
=
n

<
! n

" Thevefore

w=WxV




b \:f ; ."\\

. “
| v -
S comb hing « § .

W=PxA  andl  hewWxv v -

"{ TherEforeL S _ - \\ '
. DR . N - _
oo P xA=WxV ‘ ! ) A ‘
~ . since. ¢ AR R

o i o - ' , -

VAAxh. oo V = VoTume '

. _ b o .

- 7 g \ |
. .~ . A hAreir S
\ o .i’ " h = Heignt
o Then < 5
/",‘P{AQWxAxhi .\\ |
7Reorganiz1ng the formula to\calculate for P
o P=WxAxh o
) -x”’ —T— . { 4
! Therefore ' - =~ - = - I e : E
¢ .:P =N Xh R e L R L .
S / S1nce the pressure is a funct10n of height, (the specif1c We1ght
* N
" of water is 62. 4 lbs /ft 3) one can be ab]e to determ1ne the Fressure app1ied
y \ -
by water at- any given he1ght L : '~x\ _ e
e Example 1 A water co]umn is 100 ft.' high B - ?i/ T
- 1. What 1s the pressure at the 10 ft mark from the top | |
L _Zii What is the pressure at the 50 ft. ' . - =“Ff
3.; What is the pressure at the base of the column. |
1.£§§ Hw X h EP : P = Pressure TbS”/ih'z B
o _ o o Wy = Specific gravity of water
- SR Lo 62,8 bs, /.3

h_= Height ft.

P 52.5'-bs; x 10 ft. ‘
: -“?ET}TTf ‘

0




N _. e e T ,
- '\js ‘P =62.4 1bs.. . S T
S i v RN e |

TAN » ——
L ’S1nce preifure unit is 1bs. /1n 2 (ps1) fr , ;.' . ..4: )
<) e | ‘ - Therefore ‘ ,' e ¥ : *"\ '

C o preadbs. x ft.2 g T <z‘ - ;
TfZ T L 2
v . : . . « ™
..(. ., = 4/34 lbs/1n 2 - X . '
b/' . . . N - ’ . N ) « . .. / ' . 2
| 2. P = ww Xhoon e Ty
| . =ef4lbs. x50 ft.x f.2 R
' ft 2 + 1m0 e 5
21 7 lbs /1n AT .
‘ PO 7 ' { - : U
= 62.4_1bs. x 100 ft. x __ ft.2 ‘ L N
| 1%?1}‘7' P N T ?; -
. = 43.4.1bs./in.

o 0ne wi]] not1ce/’fﬁ‘om the examples that the specific w 1ght is _
-proV1ded in ]bs /ft 3 and height in ft., th%fore pressure is/ in lbs /ft. 2

" but the usual pressure unit in water ar(d wastewater technolo' “1is m lbs /in.%:

.‘(psi), thereby changing\ squa&‘e ft. (ft 2) to square- inches’(in. 2)one will

. obtain ps1 So one can find a constant s1nce the spec1f1c weight of water

) (bein:nﬁz 4 th/ft 3) and one (1) square foot (ft 2) equa]s 144 square

c 1ﬁhes the constant obtained by d1v1d1ng 62. 4 Tbs. /ft 3 by 144 .2 -a ‘value -
| ’fof 434 1bs. /ft Is obtained: .

The pressure 'fori'nula can be s1mp11f1ed L

.......

434 bs. Cxh (ft) R
mz . . " s '
o 434 bs. x h e T e 1
' N S .m' Y. 55 4 T S
w . . 20 ‘: _' 4 .
A . - N




Co B - - ’ ) I . . N
i " . , ) \[ . '
- oo ‘ —, SN _ .
. - . N\ .

. - — -6 o o _ L
ﬁ. ' \‘\ ) PR . ‘”-, 4 . ". '.r.

rd
1

’ ' Therefore, pressure‘%f water is a product of a <o t nt .434 and ,f_h' '_é}
the he‘ight of - the waft column. e e | 3\\/ g '

* -

‘ xamp : Rwater cb'lumn is 100 'Ft h1gh . L., ' L \‘_

. S -

\ . «Ca ciilate the préssure at i:he 10 ft. lperk from tbp.\ . ,\/ _

. i, W T *
- 2 Ca]cu]atse the pressure at’ the 50 ft. mark. . ‘
. -. . /l . q / !
_ ) R “ 3,;‘ Lalculate the pressure at the base. f (I’ “

: . v . - “ .
’ﬁo]ut‘ion N : ' ;\ /T l ' s ’ | .4 o . » \ :
=43 x b T o ‘ - .

-
0

K P =-4.34 psi Coa ?/. o ._
) 2.P=.ﬁ4£hv”; . LT
. = .434 x-50, | ' '
T =217 psi ‘
L 3 s .axh. |
~ :».X=-434x100 ’ - N R T
\ g _\\./ 43. 4ps1 "_"; ST \ .
Pressure- '. A funetion of force div1 ded by area.: The amount of force -.
(w) appHed to a. specif'ic area (m ) Eg(pressed.-m' pounds p_er' square inch”
Vbs /1n.2) or psi Symbo] (P) - ) o o = ‘ 0
P=w. - . _P=Pressure lbs./in.2 B
R e T
B ' S A w=We1ght\bs~
. ' o .' .. T ,. T o A = Area square jin. /
) __ A]so. Pressure (P) in wattand wastewater is. 1funct1on of the IR -
ho@ght (h) the water co]umn 'ls and the specific we1ght of-%the water.
N L ‘ CU -
| 21 .. ¢ ‘ .
~ B N \




) - RS ' s \ 14
; N ‘:l . \-.\7 - . -, <
t N ) c ! P S o - " - W o N ‘.
. - : 2 1 - \ . ¢
(. TP bs./in.2 40.434 xh(ft.) . = ~
: ) i ® 7 B
A ‘ A 0.434 ponstant for water only d
- \.‘ C h’-"aHe1ght (ft) “;_;.
TN . - . . ) o
__Proh]ems . Yy _ . B -"f,q ' , ,
e 1 N what is the pressure aé the bottom bf‘m tank that contains l
_\'\\ " . ) -
170,000 1bs of water The base of the tank is 185 square 1nches
-3 . , .
7 ’ . N ' - - ¢ I K 1"
a c
1... J . ) ! »
2 A water co]umn with a radius of 10 ft is fi]]edswith water.’
The | pressure 1nd1cator shows 100 psi  - o o . -
(a) What is the weight ot);he water? . . 4
- . \ R ‘/ . o ‘e
. . L
¢ RN R e e L Ca
(b) what is the height of'the Watervco]umnéﬂi“' \
-”3.v Nhat 1s the pressure app]1ed on the bottom of a rectangu\ar
tank 16,0 ft by500 ft. by4ft ﬁeep . | ’
_S' o . .
! ] o . \ » : )
4,- A water Tine in a tower stands 125 feet high. Mhat is the |

pressure exerted-by the.. water at the base of the ‘tower. _7"

gic ez N L e e
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;"—TThe\concepts covered in the section 11qu1d flow are:

e

.

o
2.

3.

Rate. of flow f', )
Contdnuity princip¥e ¢ -

Bernou111 S eatati

4 s Ventur1 meter

~\
‘5.

Fr1ct10n
\O

8

P

(

: '
. e
f%esehconcepts\pre,prevalent 1n the water and wastewat

."

) areas as!’ | DS S
10 ‘liquid transmission fv';.f" -3,;f€';".
= 2. L1qu1d4quant1ty L ol
. e

3.

Flow measurement;,

4. wSéttling’rates' s 3
AN Y
5. Pump performance
6: waer cost . ot
. J . ) ' ’ -
o Y
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wl * y
f]owh _Severa] concepts ake?up the flow. : ; | f{w . |
1v.-Rate‘ofFlo:4‘v S <l S
’ | . The’ definition of' the rate of f]ow 1s the' voTume of water de]ivered o
1n | onjt;}dﬁ( - That means if a vo]ume of 100 cubic feet pf water is deTivered A
Th 5 seconds. the rate of f]pw is, 20 ft. 3/sec #hat is 20 cubic feet of water T
N in one (1) sec. was be1ng delivered - o - ,: ’; , ’ .
" Therefore. to be ab]e to obtadn rate of f]ow (Q) the formula to E:f _
Cwets Lo T E‘\ \‘"
CoQ=V o Q = Rate of flow (f€.3/sec.)
i . A V = Volume ft.= -
R . ‘ \ -t = Time sec. LT
: o The d1ff1cu]ty 1s that one usuaT]y’does not know the volume f water
delivered ne1ther the time it took to deTivEr Therefo a nen.d;rection;
. !ﬁauld be exp]ored B} : _— ‘. '_}j~ SRR 2 /.f\“ _\_._"
o LT Since we know that vo]ume (V) is equa] to Ar:;;ifaistance.(s)f - -
- .;-_ - vThen'bstuostTtuting?Tn the'formula"‘f7_' P - 4'.if; -
Thesequation is transformed to. . ;1 _ .__ o
) E Q= Ax‘s | I - Q= Rate of flow ft.3/sec
;L-a7'1'.._.f’ ; e t B | :_ l'.h .,‘: = A = Cross sect10na1 area of p1pe ft. 2

S v.ff_“; -2; o s Distance ft.

t= Tinesec I




-2 -

P | : : S Ve
Now suppose a car trave]ed at a speed (ve]ocity) of 55 miles per v

i ; hour (MPH)*?or 1 hour (H) ~How far d1&vthe car trave]? Ans. .55 miles

0r 1f a car trave]ed at a ve]ocity (speed) of 55 MPH for 3 hours how far

did 1t trave]? Ans. 165 mﬂest . -, 5;? . .'. - e, Y
| ‘ The formuTa used was - - | | "
X '; “fi' D1stance-(s) Ve]oc1ty (v) 'x time (t) ‘_: L ﬂh » R _;5;
-:; Exam Te T Jf-': - ;,A. e - ,g:f R

55 wiles x.Ihour . - o o
our - .

55 m11esA L | 1':?" St S T
o T — : . el e T ) o Sl o
o E E]e 2 . . .,’ {7 ’ \\\\\\\\. . N _‘,‘ vy LA .

‘s = 55 m11es X 3 hoirs . R
<hour~— ., K AP e

| L-’155'm11es TR ol .H'.' . ,‘,zj;*g_"
. ,:’ ".' ‘i' Since one does not know the d1stance water traveled through the. h. ‘
pipe (due to the fact that the p1pe 1s bur1ed and therefore the length 1s not{j
,known) ,;35: . - , _ o " o 5 o
| By subst1tut1ng fn\the formu]a {7111 e h4'1 : E fu{‘:.A o

é ralﬂe'qf:i - |
The new formuTa is "; " ;.; poe T~
Cemaxvae T T gt ftw o

Crpss sect1ona1 area of pipe.‘_

';v Ve10c1ty of'water ,“ e

Time ,a_;” -

f_\ﬁ#';l: :"\'; _;‘eflf\j' ;/2’”f o L;jg . jt;. im







o N o . | '- 3-_,' - | | . | //

A}

(S1ﬁce time is in the numerator and—dquminator of the equation,
the formula for the rate of flow is
Q=Axv o . Q= Rate of flow ft.%/sec.
. : r \

Cross sectional aﬁeq of pipe ft.

Y h

Velocity of flow of water
through the pipe (ft,/sec.)

v

"Exam91e~1. | _
Water f]ow%ng through a pipe‘with 2 diameter of 1 foot,»has a
veloc1ty'0f‘3 ft./sec. What would be the régé of flow?
-Solution | . e
Q A x v .
Q = .785 x D2 Xv o
-785 x (-l)2 X 3 ft./sec.

.785 x 1 ft.2 x 3 ft./sec.
2.36 ft.¥/sec. . T
Example 2 SN 1 O gif?';j\{:;lf

- 5, '-\ “,‘;v
Hater flowing through a pipe with a d1ameter of 7 1nches, has ‘a

velocity of 4 ft./sec. Calculate rate of flow.
g Q= A XV

785 x D2 x v -

.785 x (7/12)2 x 4 @¢. /sec.

.
. ’

.785 x..34 ft.2 x 4 ft./sec.

1.07 ft.%/sec. ’
$1nce water distribution systems are composed of different size

pipes, ‘the continuity principle will apply. T

[y



.« ) . i -4 - . .

L}

The continuity principle states that a vo]ume of 11qu1d enter1ng
the pipe at one end per unit time, must leave the other end in the same tife.
If thé princip]e did not apply then if less liquid leaves the pipe than
enters it, the vo]ume will build up and the pipe will break. If more liquid
leaves' the pipe than enters it, the pipe will eventually empty.

: . Assuming that a series of pipes here connected then from the:

‘cont1nu1ty princip]e ‘
01 Q2 =Q3=0Q4

& Substituting for Q
Q1 = A1V1 ]
R P :
Q3 = Az?z
Q = Aovz _ \
. Therefofe

i

Cot A}VI ”\szz,% A3¥3 A4V4
"\Ll

Examplé Two p1pes. one 4 1nches in diameter the second 6 inches

-t
e

fﬁn diameter joined (See Diagram) |
' r.‘, : e | / /
A e
AP R N ) 3
o oe ' ' @ ' @ -
S o / —~_ ,

The d{rectieh of flow T from ¢he 4 in. to the 6 in, The velocity
. .

!
of the water is 8 ft./sec.

1.° Calculate the flow rate '
" 2. Calculate the discharge velocity - .

~( 28'




Solution: = ™ S "

- W

_ Since the f]ow rate through the 4 1in. p1pe is equa] to the flow
rate in the 6 in. p1pe then

Q= 02

Q = Avy .
785 x D2 x v
785 x (4/12 ft.)? x 8 ft. /sec.

.785 x 16/144 X 8
Q =..7 ft.3/sec.
" Now that the flow. rates through both pipes are equal, then
2= Ay o
Q= .785 x P2xv - LT ¢
'.7 }1‘t.3/sec.== 1755 ;.(h/lz‘ft.)? ; v
7 ft.3/sec = .785 x 36/144 Ft.2 xv-.

= .7 ft.3/sec x 144 ‘ R g
.785 x 36 Ft.2 _ | >

= 3.57 ft./sec.  °

’a
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| ’fhe;;;kcept of rate of flow not only is workable in closed pipes
that are'fﬁ]] but also in open channel and part1a11y full. (§ee diagram).

R D 2

Therefore, rate of f1ow 1n channe1s inna partially full pipe is the )

product of the cross- sect1ona1 area of the channel and the velocity of flow

of 11qu1d. The.cross-sectiona1 area has to be perpendicu]ar to the directionﬁ

A:of flow. . » ., " - ' . ,
‘ :That_means that ' ( _ _
Q=Axv ' _l | . 'Q ="Ratc;. of f]ow-ftl3/sec;
A'l o . | A= Croés-sectiona1 area ft.?
o o \w .Ve1oc1ty ft. /éec. ’

Assuming that a channel has the dqmensions 200 ft. long, 2 ft. wide,
and the Tiquid height in the channel to.be 1.5 ft.\ The velocity of the flow
1s 3 ft./sec. L - A T

¥

The direction of f]ow 1s through the 1ength of the channel.
..1;‘ Galculate the rate of ffbw (Q) ‘ o <
Solution ' . ' )
Q=Axv =~ ‘ . o
'Ne know that area (A) has to be perpendicu{ar to the direction of
flow, and that the direction of flow is through the length; therefore,

N < .
= Width x liquid height
. ’ : *
A =2 ft. x\L.5 ft.
ATar? . S
o - , . . ) - B L
30




‘Now
Q=Axv " |
=3 ft.2 x 3 ft]/sec.
= 9.ft.3/se€\ o
Y'The‘rate of fl

\ -

through any channe] that may be’ partia]]y full,
comp]etely ful] open cha ne] or closed channe] is defined as the volume of
liquid de]ivered 1n a unit of time : o |
Problem 1: -Wh t 15 the rate of flow of stewater if-the channel
is 4 feet wide, the wate‘ depth is. } foot and the/i:§ocity is,0.97 ft./sec.‘
Solution N - | \JJ/ |
Q= Av

~ Problem 2: grit\\ha \er has dimensions 25 f:(/i:hgj/§/ftf’wide
| and 3‘ft deep The f.ow Qé;ﬁptgon is thr0ugh the length.~ The velacity is
- -8 ft./sec. MWhat is ‘the. f]ow,rate? IR ”‘ S
_d 1. When the water depth 1 ft. o y

2. When the'water depth 2.5 ft.

Solution A S .

‘1. Since the direction of f]ow 1s thr0ugh the length; therefore, the

cross sectiona] area is the width'w the water depth

R 1. Q= Av |
~a§? =6 ft. x 1 ft. x .8 ft./sec. | fﬁ‘ ,
= 4.8 ft.3/sec. N
R
© 31 ) .

Q= 4 ft X 1 ft. x O %:ftr/sec ’ _ > | -
- 3.88 1. 5pc, l .- _ RS

'-/;_; |



S ('. v . O : . v ‘ : ‘
3 o f" o . .'t . . ' \
o 2. Q= Aﬂ | . e Jf |

= 6. ft X 2.5 ft. x .8 ft. /sec

= 1gf;x 3/sec , ' . :
‘ Problem 3: An open channe] with a cross-sect1onal area of 10 ft. 2 <

The rate of flow of water 1s 20’?t.3/sec” ‘palculate ‘the ve]ocity of the water.

. Solution
) ———— . . N
o PR L . :
oy Q= Av. o : .7

¢ orV= g}_’ ‘
A,'
.o -

. } 3" _ .
. V= 20 ft.>/sec. . 3

=2 ft./sec.

~;§¥ Bernoulli s Equation '@ . _ _
o/fully understand the’ origin of Bernoulli% equat1on one must be
'familyar with the concept of work and energy ‘which will not be covered in this
* portion*of the course. . .- ) IS of W

o .

,‘Bernoulli s equation is obta1ned from‘a comb1nation of potent1a1 and ;
'kinetic energies, and static pressure. Tqyee energies cohtribute to the total
oVeraI’pressure exerted by the Huqid system; therﬁfore,
1. Potentidl head (Pot. hd. ) is the potential energy divided by
the weight of the liquid '

(Pot hd. ) = Nh = h
W

2. Velocity head (Vel. hd.) is the kinetic energy of the system ~

- : v
divided by the weight of the liquid. -~ - N
| - |

(Vel hd.) ?%g w) v& = v@ I -

. . . ‘_ . e . .
S - 32
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| 3. Pressure head of static head (Pres hd ) is the energy exerted

- by the liquid as a consequence of‘fts pressure. S1nce

L4

P =% W L o P = Pressure o
s  h=Height &~
- e i W = Specific weight. -
Therefore. o . I
T .

fg,. ;- : W'_.‘

“As previously mentioned, Bernou]li determined that at any pointlin
a liquid system, the sum of these three energ1es was constant (princ1p1e of

E&ervation of energy).

N
J

g Therefore; o ‘
S L 3 o | A
K=h+ve +P ﬁ& ' ~ " K = Constants ' .
‘ 29 W- & o _
! A v h = Height of liquid ft. .
.- N Ve Velocity fr./sec. - 4
“"2 ' ; a . . ST '..A . ' .. N
o o g = Gravitationa; pull . Ty
, © (32 ft./sec.¢) T

.

,P Pressure psi

¥ | W = Specific weight bs. /ft 3
Now since in a pipe system where the pipe is not uniform size, '
Bernou]]i's theory is app]icab]e to the different sizes. )
Since K1 of sma]]er pipe is equa] to. Kzfof the larger size pipe

| K1'K2 ‘ S r ' !
- Then |

hy+v2 4Py mhy+y +p, :
R g R D

L)

k .
“ \
- \
. ‘ .
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i : . .’ ) ’ . . M ) ) . ' ' : .

. v, . . . - X . - . . .

“ ) 7 - 14 .“ : . ~ ' - ’ _". .9.
. - . - 10, - ( o _ .

By utiltzing Bernou]]i S theorem one w111 be ab]e to see that a

. change 1n pipexsize w111 change the ve]oc1ty, therefore. a change 1n pressure.

& Let us for s1mp11f1cation purposes assume "that h1 .and hy are equa]
SO by h1=h2 ] '
) Bernou]]i s formula begomes:; , | ‘: T L

zg ’

; Now , . I ' _ |
. -2 . LT P iy .
e Py - P'h =Va *_v o S g . \K\t
REE e )
o . . N - .

o : 2 2
Py - Py = VS -V,
.- ’ )’ g :
Pz = P1 - W (vo? - V12) T |
k- = . .

- Now let us review the cont1nu1ty pfﬂ:ciple
Ql - QZ ‘ :s._) ! ;;‘. ff'f - :‘iﬁ
A1v1 = A2v2 . l | |
) That is the ve]ocity 1s greater through a smaller d1ameter p1pe than
a larger diémeter pipe, Assuming that vp is the velocity through the sma]]er.
ptpe-by reviewing.theﬁformula - .

P2 apy = gb,(VZD _\vlz) |

One will notice that P, (the pressure in the smaller diameter pipe
wi]] be less than the pressure (P1) in the larger diameter p1pe

The use of Bernoulli’'s theory is 1mportant in f]ow measurement using

%hybnturi meter. - .. | .



The Venturi meter 1s an 1n trument used for the very accurate

. measurement of fu]] fluid flow unde pressure The meter functions, by

'reducing the area of f]ow, the 1ncre e 1n¢Ve10c1ty and‘decrease in pressure ‘

'1 can be measured and translated to floy rate (Quantity)(Q)
v - By starting with Bernou]]i s theory _' o

‘ 2' 2

hy +v +Pr=hy+ty  +P
| ,1 RN < ZEWZ | | | |
r4———~—-—~Sinee—the~meter—has no liquid static head that is.(h) then h1 is -

equal to hy. ' . - -

_ - Therefore, -
B
N e

Rk
o
~ Since Q = VA - Q= Rate of flow
'-* and_ | ) : - _ f fi;‘ oy = Velocity
v 5‘2. o | ’ . 7 A= Crossesectjpnal'area
~ Then L
,%-‘l("l'- Pz)*'gzg--'gjg «
, 2 " . o

~Knowing that the continuity princi
B LRl
JQ:%:.?_)_i_A‘z\zzx J : .-‘*82)_ -/ |




- . c= 12 - ' N ’ .y

<

~ - e

Since one knows the values of Q (32 ft. /sec 2) w = specific weight
(62 4 lbs /ft 3) and that the diameters of the meter And these diameters and
' values one can determine a constant value for an individual meter. ’
~Now we know that as the flow rate - changes. the velocity changes
proporf1onatly and as the velocitzhchanges. the pressure changes. . 'YZ e

That is as flow rate increases the velocity increases. and as velocity

i

increases pressure decreases ‘ e

Therefore, in a Venturi meter. by knowing the change in pressure from

the smaller area and the larger -area one caa determine the flow rate N
. Problem 1: A Venturi meter has an input diemeter of 6 inches and

~a small diameter of 3 inches The indut pressure (Pl) is 9 psi and the ‘

3-in. (small area) pressure is'5 psi. (See diagram) '

‘ Calculate the rate of flow o L - j’;' - . a\\i v

- Solution’

QﬁH \/g(m,é}
785 X 5123 .,{

.785 x 36
142

K = .196 ft.2, . i
‘ A2-°’.785x02. ' : o .

=.78x9 | ,

=049 ft.2 | S | (. E



o L . - N 4
I . 'y s ] /~

\fl 13- .
M xhp s 196 ft. 2 & 049 f£.2 = 01:ft.4

\/(Al

@=Vﬁmuﬂﬂwmwﬂﬂ

= \/\ ossft4

a” 189 ft.2 S

' ‘ A X A |
-V A12-,-'A2z .
. = -01ft-4"'= cbs ftc‘z
’ . I§§.?f72c; '

\,g=32ft/sec |
2g - 64 ft.g 2, ;

3

v/
1} . —l.'\ . v \ ’;
I Q2574 psi or 'lbs/'ln e T

2 (Pl - Pz) o o . _‘ T
. «wg- ( - : . ¢ ’ )

= [64 ft. sec.2 3 x4 1bs./in.2
- \/ 2. & Tbs /Tt ° | ' o

oy . —

" o 1.086 ft.4 _ x 4 1;&1 |
' \ﬂbs. + se(:.2 -~ in.e - L,
V/ .184 ft.4 : ) o

sec. x Tn.2 : S e

f 2.05 ft.2 . L
sec. X 1In. . A SR

‘ Since 1 ft. = 12 inches . - - J
Therefore .y o y/ |

- 2.05 ft. x 12 in. i
'seéC. X in.,

| = 24.6 ft./sec. .

-

£



Lol

( \ _'_'1,4_
Y / ﬁxP1-P2 . oA

D Q= ,05° ft\Z} 246ft/5ec B o
L0 =123 f.¥sec. B -

Since Al, A2, g and‘w are constant for that part1cu1ar Ventum method

- one can obtain the constant (K) and when the’ préssure changes orie can mu1t1p'ly o

,theconstantbythe‘/ PL-Pp A S

EXam;%e : Us1n9 the Ventur1 meter in the previous prob’lem, caTcuTate-

the f'l'ov!. !‘ate When o " I . -
o Pp=5psi PR o
"')‘2, ‘Pi.f" 8. _ . .'-’_-'-. L R .
Solution' ' AR ".’ )
| B.Y obta1n1ng the constant from '5' ",. ~ -
Q= AA Py - P . . o
o \/TQLATZ/““I 2 / |
N V g'A2=/Wa [Pl PZ‘ | ':.{ SN
- A1 .196 ft2 j;’;_ A .
A = 049 Ft.2 T ‘ /
Zg = 64 ft /sec | | ' ~
W= 62, 4 ft. /sec "
) L - . \
oo ' S
\_



S S15 -

S Then substituting in the above equation: -
196 .2 x 049 ft.2 - ‘/54 ft./sec. - P
4 49 ft. mﬁf 2
6198 £8)% < (Loag Ft.2)2
= 053 o4 - \/p _ P.
, o -v”sec. _" 1 2 ,
SincePl-PzisinIbslin S o
. .053 ft.4 /( = PZ)
SeC
Therefore,

. A' ] ‘ ...4 . : . ) . A v .
S0 83t xa 'xl/P1 - B o 4
sec. . * 1n. B ' R ‘

. 5 /
And 1°ft. = 12 in.
Then

.053 ft.3 x 12 4n; =
sec X 1n -

o 3' - k = ,036 ft 3/sec o . . o '
/'NOW .-..,4 l_~ . : .

‘1.‘ 'Pl.;‘ll' | '

. . . . §

P2
’ '1':'_f; Thereforel -
e "‘Q - K‘X(_.Pf,' Pl‘_" Py |
- éssf-t3/secx "11-5 , IR
636 ft.%/sec. x 2. 5 . "
1.56 ft. 3/sec o |
_"1 =8 |
L =3 E L o T
| Q=Kx FI'T | |
636 ft 3sec. x 8.3
.636 ft.3/sec. x 2. 24 '

Yy

~H n")l‘_

N

= 1 43 ft. 3/sec L Do

‘ :.- . ‘.4 . LN I ) |




3.t;Friction-’}'. IR ' i.. :

- -

interTocked. that is two substances that are in contact._ A force that wiTT

3
,'retard motion of one substance across the other substance

4

This friction force is ‘created by two factors , o ' P 'c'

-J;‘ The first factor is the roughness of the two substances. It

\

. is ea$ier to sTide a block of wood on a wet surface than over a very rough
o surface., | o | ” . )

2. The second such factor is!éhe size of the areas of the two

It is. a fact that weight aTso contributes to the friction force.

substances
but in wa{er and wastewater the weight of the- Tiquid in pipes is negligib]e
This friction force is a Jisadvantage to pTant operators since" one o
. has to move water through a piping system, the ins1de surface of the pipe and

the water are in contact, therefore. the f(\ction is present . f~.‘ f

This friction force is a resistance that has to be overcome to be o

_able to riove the substance ovefr the siFface. "\ . v{ﬂ?-

‘:;3 .
This reSistance is caTTed coefficient -of friction. since one wiTT -

- be deal}pg with water. The coeffic1ent of friction dependscpn N

1. The ve]ocity of fTow through the pipe g .

\ .
2. The diameter size of the pipe T ' :
3. The roughness of the pipe. ;‘7; T

The coefficient of friction is a pure number. A pure number is. 0. 02.

0 1, 0.3 etc That is the number has no Unit&value such as gaTTons. t.3

IS

“orft. /sec. etc.' HIA Q‘”', , . T

. J; ) *
1. Since the coefficient of frictien depends upon the ve]ocity of
 flow through the pipe. this will indicate that as the veTocity/increases so does

: ~the coefficient of friction.. - .
. N °A/ .

EE 10
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N
A

Let us look at a ball.. The faster you,bounce‘the hall.vthe greater
: number of times the ball hits the floor. | R
Nith the same idea in mind, let us visualize that water is made up
of smalt balls The.faster you move the ball (water) the more times 1t will
fhit the side of'the pipe. and therefore. the more number of times the friction ,
- will have to be encountered : R ! J : .
/ 2. The second factorvthat will change the coefficient of friction |
| is the size of the pipe./ In this case. the larger the diameter of the pipe.
the smaller the coefficient of friction. and the smaller the pipe the larger
the coefficient of friction T _ \

Let us visualize that water is made .up of small balls Now we know

‘that velocity is a function of distance and time ' X I J fﬁ
’ ves v = velocity
DP- s = distance o
t= time.

If velocity was at a constant rate and distance (s) ‘was made larger’
than time (t) it has %0 get larger. i _
.. _Example: A car travels at 55 mph If the distance traveled is ©
110 miles than the time for travelvwas 2 hours . = Vo L
Now if the velocity was ‘the same 5;\mph and the distance traveled /,
was 270 miles, what 1g the time it took to travel? Ans. 4 hours
Therefore, in a water system the larger the diameter of. éipipe(s)
"the more time (t) is going to take for the water (ball) to hit the inside
surface of the pipe and the.bounceback and hit the other side. So the Tesser
number of times the water (ball) hits'the'sides; the less the number of times

e friction will be encountered.

1




Therefore, the coeff1c1ent of fr1ctlon w1ll be smaller for larger p1pes
3. The third factor ‘that ‘effects the coefficient of fr1ct1on is
.roughness of pipe. The rougher the inside surface of the pipe the h1gher
the coeff1c1ent of friction and so the. smoother the surface. the smaller the
'coeff1c1ent of friction. If you Took at the surface of a plpe under a
jmicroscope you Qlll see that the surface is very irregular and not smooth
This roughness will effect the smooth flow of water and add frfct1on !
Again it is easier to sl1de/a block on,a wet surface than on a rough surface
.- By taking all these factors effect1ng the fr1ct1on one will come o
up w1th}a value called coeff1c1ent of friction.* Th1s coefficlentlpf fr1ct1on _
1s the factor that has to be overcome so as  an object could be moved by s1iding.
| In water systems th1s coeff1c1ent of fr1ct1on is\cons1dered fr1ct1?n
loss Frict1on loss is the amount of energy lost due to the/fr1ct1on Let us

look at a water system. - o_

]

: AR A I B S
*Coeff1c1ent of fr1ct1on value 1s usually prov1ded to the student

, f or can be obta1ned from charts obta1ned from. manufacturers of p1pe

PR
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Lo If the end of the system is closed, then weha]J know that waterl
- seeks 1ts own level and so the‘levei in Pipe A is the same as in'B and C.

'Sut\let us remove’the'plug.

L3

. and one will experience- that the'leve]lof water will drop in
P1po\gi:nd C. This drop in. level of water Tine 1s due to the fr1ct1pn,between
_ the wat'r ~and the inside surface of the pipe.  This friction 1055/?§ e1ther
“\\?1ven as a coeff1c1ent of friction or as feet per 100 ft. of pipe.” -
a  Example: The friction loss for 100 ft. of pipe is .1 ft. _What-is .
C the‘fr1ct1on:1oss for the same pipe 1f the length is 5000 ft. |
Solution I
_ o For every 100 ft. of p1pe the loss in energy is equa] to .1 ft.
: Then 5000 ft‘"- (50) 100 ft.; therefore. fr1ct1on loss for 5000 ft

50 x 1= 5 ft.

' éfOssagx \\
~ Rate of Flow: Defined as th7 volune of 11qu1d delivered in a unit
of time. Expressed usua]ly ft.3/sec Symbol Q O
. Bernou]]1 S Theorem " Dafined as the energy possessed’by a l1iquid
'systam due to the ‘potential head (L), velocity head and -pressure head. This
energy is constant through 2 11qu1d system ‘ , ) ‘
—_ COnt1nu1ty pr1nc1ple Def1ned as the volume of 11qu1d enter1ng a

pjpe at one end &er un1t of t1me must leave the other end in the same t1me

[ oo A . &

‘ . 43




N SR
Venturi heter Defined as an 1nstrument used to measurebfuII

”'11qu1d flow under pressure : ‘ L |
Friction Defined as the. force between two surface 1n contact

that will retard the movement of one surface across the other. Expressed
~as a pure number Symbol (F1). '

Problems - T oy

"1, A pipe with a 12 inch diameter flowing ful] w1th a velocity of 4 ft./sec.

\
P : C

CalcuIate the rate of flow.

z R 6-1nch diameter pipe flow*lng full with a ve]ocity of 5 ft. /sec.
" Calculate the rate of flow | '

s

€

2 ’ ‘ : K .
B ) . . ) ) o - X
. . poet

. ‘ ‘. . . . . u @\
~ 3. A lé-inch qjameter pipe f]owing ha]f full with a ve]ocity of 4 ft /sec

b

Ca]cu]ate the rate of f]ow

44
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* The cross- sectlonal area
of the dbannel is tr1angular 1n shape (See Dlagram) The base of the ‘
R triangle is 3 ft. s the water depth 1s 1. § ft. Calculate the flOw rate

.through the channel . o R | e
’ . . . 0 v /
- |
( . o / ’ = .
Vool " é &
. . ~ o, . , - ”,,;'j P
-c." '-.v . . 4 Lo . éz"‘;"u )

1s 8 1nches The veldcltg%yuﬁihe quuld in: the 1nput l1ne is 10 ft. /sec
L Calculate the rateeof flow through the system.
2. Calculate the Veloc1ty at the outpu' end

~

. 6. A horlzontal sectlon of p1pe has two dlameters The f1rst 5.8 inches

- and the second 12 1nches If the: l1qu1d flow through the f1rst dlameter
is 80 ft. ¥sec. , calculate. ' '

3 1.- Veloc1ty in the small d1ameter

. Veloc1ty 1n the second d1ameter : T . .

o

7. A vegtuni meter is 1nserted into the horlzontal section of a water 1ine
" whose- entrance is 18 1nches F1nd the flow rate of water 1f the throat

1.

| dtimeter 1s 12'%y

. .

.{gs The dlfference 1n pressures is- 30-ps1. #



r .
. R
8. In prcblem number seven (7), if the pressure difference'at | () ;
©8:00 a.m. = 15 | | e ,
. .JO:OQ-a.m. = 25 . . -
. 11:00 Nn =20 )
12:00 noon = 22
'ﬁ‘1?00 p.m. = 28
3Wp. - o .
, Calcqlate the flow ratcs at the diff%rent hoqfs. i,
Z - { Ty

y "fk < —

®
A

. 9. The gauges read P1 = 12 psi and P2 =9 psi The diameterc of a venturi' fv'
| o meter are 5Xn. and 2 in. respectively Caiculate
1.‘ Velocitx;in‘the main line
2. Flaw rate o - Uf S o ";i" - ) .
3. Velocity 1in the small'diameter - f S “

,10. The coefficient of friction for a 12 in diameter pipe is .2 ft /1000 ft.
Caiculate the friction loss at |

1.os000ft. . o BN
2. 10,000 ft. qﬁ - ) : -
 ¥; 3. 3édimilc§K o ‘ “v’. - © 1nile= 5280 ft.
7 ¢ .




 Additional Reading o N DRI .

" ‘Ewen, Nelson, Schurter, McFadden. Physics for Career Education,

Prentice Hall Publ1shers. Chapters 2, 3, 9, 10, 15 :

.~ Subject AreeS'of Interest
S 1. Area
_'2._'Cross-sect10nal Area
. Veloeity - - - I
. Work S
. Power .'.3 o - B

3

4

5

6. Enerty (Static, potentjal and kinetic)
R . |

8

9

. Friction

. 'Pressure
_ Total force exerted by 11qu1ds
"'10. Bernoulli's Thegrem . -
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,fiThe concepts cOVered in. the section temperature and heat are:

| 1. Fahrenheit scale . ’ - B . ) .-.. :
2. Celsius scale .
3. British thermal. units (BTU's) : .
. < |

_These concepts are prevalent in the water and wastewater techno]ogy in such

J

 areas as:
1. Sludge digestion |

Sett]_i.ng rates of -solids -

Solubility of solids | |

Bactertal .activity_ o | o , :

'Odor control :

A e w N
.....

' Thermal poHution



-

4n a water system _. . -

TEMPERATURE AND HEAT
. The role remperature plays 1n water and wastewater technology is’
1mportant . Changes in temperature can | o -
| 1. Effect the solubillty.of matter (solids,tlfqulds..and gases)
in water. T - ‘ | L |
. 2. . Effect the settllng rate and sedlmentatlon of sol1ds 1n a

water system. “=;g

3. Effect the coagulation rate and characteristics of coagulants

Temggrature :

Temperature is, the measure of hotness or coldness of an object :

i

"(water 1ncluded as -an object) This hot obJect 1s a somethlng that has

,absorbed energy which man can 1dent1fy by merely being close to or touchlng

 the object. . The absorbed energy can be felt Slnce an 1nd1v1dual is

, 1nfluenced to the energy d1fferently than another, an 1mportant way was

‘ establlshed

'.avajlable and also changed forms - (1ce, sol1d, water, l1qu1d, and steam vapor),

o 1t became the standard

¢ .

tl

> Slnce water was the most abundant chemical on earth eas1ly

$

- Two basic scales were develOped

The flrst being Celcius (Centlgrade) Thls scale- provided the

references 0° C. {zerd degrees) be'lng the 'lce point andw100° C. (100 degr%es)

b"‘b

being .the bolllng polnt

The second being the Fahrenhejt This scale provided the references '

32° F. (32 degreeS) being the fce point and 2120 F, (212 degrees) being the
boiling point. o4 : . :

£




- _reading is 457

.'2)

} required

The relationship between Ce1c1us and Fahrenheit 1s

C=5 (OF. - %)

)

)

oF;,9x9a+ar

AbExample 1: What is the temperature'1n_°”C,’1f'the.fahrenhe1t -

Solution .
0g =5 (° F. - 32)
9 L

5 (45 - 2)
3 (
=5x13

uﬂ

'a -720 C. ' . _.
Example 2% Hhat is the temperature of 20° C in Fahrenheit?
°F. =9x0C. * 2 |

=36+ .32 N
= 680 F. - R

o w0 N

The difference between temperafure and heat is that temperature
prov1des a value 1n~re1at10n to the 1ce point 320 F. and boiling point 212° F
‘Heat . 1nd1cates the amount of energy an object contains This energy can be
increased or decreased by -the addition of more heat or remov1ng more heat
that by ratiing the temperature of 1 lb of water 10 Foo 1 BTU of heat 1s
.Aj-fi R . <t;u '

S50

Lo The measurement of heat is BTU, British Thermal: Un1t This meansf



-3
S o

Example 1: To raise the temperature of 1 lb of water 10 degrees.

‘V',IO BTU's of heat 1s necessary. . - - o Lo
Example 2: -To lower the temperature of 1 lb of water 20 degrees.
20 BTU's will have to be removed from the 1 lb of water o
Problem 1: 50 lbs of water have a temperature of 50° F . How many, -

i

‘BTUs are needed to raise the temperature to 1200 F.?
L Solution | | s ’ |
., 1200F. = 500 F “600F - s
If the BTU's to raise 1 lb of water 10 F “then 60° equal oL
600 F. x 1= 60, BTY's -
But. the problem states 50 lbs of water .
| Then . - . N N . 4 .
60 BTU's X 50.= 3000 BT s - R L
~Problem 2- A sludge digestor with a content of 150 000 lbs of )

,

- sludge has’ to be. heated from 859 F. to 1000 F. Calculate the amount of BTU s

L]

needed o o , -, | _ L _
Solugon AL o T :
. f DT (change 1n temperature = 100° F '“85°,F.) - R

+

OTe O | o
150,000 bs. x 15° F. = 2,250, 000 BTY's . , |
Problem 3 Assume that the temperature in the digestor 'in Problem 2

~drops 350 F. for every hour Hhat 1s the total BTU's: needed to maintain 100° F ?

» Solution KON r.'__, e , ,

- The tqtal degrees of temperature lost 1n one full day 'ls, 12° F. A
o W0 E drop/hour-_ T SR N | ,\.
 129F. drop/2b howrs - DRI 7 |

51
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R '
BTUs-]bs.xDT e e
: © . = 150,000 Tbs. x 120 T A
1,800,000 BTU's, “'_ n ‘

o Spgcific ﬂeat 1 f; ”; a i T ‘ ‘ o ST
SN Since other substances react different]y to heat than' water’ does. i
. than the value .of BTU changes for each eiement or‘Substance h‘ ; J
| ‘f s Examp]e Stee] has. a BTU value of 0 117 i = ;'-~f:"' :
_ Q; That is- the amount of heat required to raise 1 pound of/s::;:’i° F."
1s°0,117 BTU s., e | i |

. : . ! .
. .;'r- i N

’ }'“ . So the: equation used to determine BTU's is

ua Q cnor e T j."o= Heat required nBT's L
el T T s speettie heat Gbrurss - k)
SRR ‘ LT T MaMass p Tbs. -,
B T ot = Change 1nutemperature degrees
| Problem Specific heat of iron is 0.11 BTU/lb - OF. The weight
is sooo Tos, . The temeratuWis B degrees. Calculate the BTU s used.
;o f ' .011 BTu/ib < OF x 5ooo lbs. x 350 F.' L =
| 19250 BTU . . T S

"

~o : N y oo
;ﬁf _lossagz' -” A .'o B ’:'Lig " .
_h:'; ‘):E//f_Eemperature The property of a body of matter that causes oné to b 1*,; :;f
o experience*a sensation of hot or cold when we touch 1t.. f' ,”‘ L ’f"f . 'KZQ?
- ﬁu"i Thermometer~ A device for measuring temperature }xprﬁssed_usualixg'r ¥
hw one of two scales."iiﬁx' Lf;.@;u' ;"" "'*'ah"‘.f“' PR |
| " L., Fahrenheit BT y s ys




Agditiona] Reading . ’.f LT _
o Ewen.gNelson. Schurter. kcFadden. Physics for Career’ Education. .

Prentice Halg Publishers. Chapter 2. 16 through 19 - . ..

. ) PR

Subject Areas of Interest j,’h. f.;

1. Volumes
'?f;ti.é; Temperaturel‘ ‘
';}'. "t,, 4}5 SPecific Heat' l o v ,
.ﬂf°7q‘.].” 1[;f6.:.Thermal Expansion of So](Esqand Liquids I |
ff“r“ K ';“' 7. “Gas Laws . . % oo o) . th o
- ;_‘?_.: . , . a: Ch.arles, "liéiv"' e . .
. ] N prle 3 Law _;}'k” : 1‘ }
“ffEu Charles and Boyle s Law COmbined - .
3 Fuston S ST -’35 p : .: | ._E;l,‘ T
f”.:"‘. 9. Vaporization - | R

. -I:_,°‘ oo T . " . B

4
o,




b »
w R .
- o € ' 4
' 3 . "
o M
< . "5, S .
. " t
. . . 9. : A
. \ - . . - K N : N > ,. . ta. .~ i > . .,'!' - . - -
. Problems A e T P B VR
e '—‘—— . L . - S ‘:‘ . . . _"’ ) E ER . . . } ) . . -
1 Change . ‘ e e D e RN

a; ‘1600°F. to OC... I
ﬁh,lmoc.tqorj-@v.it‘ T
’xd.d?t"%bt*'“‘ﬂ_"'jfsr N E

e, '40 Fotooc ;' 7N.1€j-£:'=' B i',. ~ e

._ " | 2. CaTcuTate the BTU s needed to. raise the thperature of 280 Tbs of water o
L from, 689 F. to 100°F, ff?K I _‘; o
3. The water temperature 1s changed from 54° F to 160° If" 627 200\ E

Ao S BTU s was used. what 1s ‘the weight ef’ ""he water? Specif"le heat of .

@\‘._’ e . - - - \.;

water is 1.00. ;‘.-7_' ' ) g .'_w;".

LC . )

S 4 Q*ecti ort of p1pe weighs 600 Tbs The temperature rdse 62 degrees
. « A .
The spec'lfic heat of the pig; is’ 0 112 BTU s CaTcuTate the BTU 5 -

. ebsorbed by the p1pe. excluding any. heat Toss . |

| 5 Nhat is the BTU/Day needed to ma1nta1n the temperature of sTudge %t ':_/ SER
980, 1n a’digestor (fu‘TT) w1th d1mensions of. 25 ft. rad1us. 20 ft

. he'lght. . If the sTudge loses 2 degrees/hour - The spedfic heat . of,,, ‘ ., 4
T } syudge s 1.00. 1-cu. ft of s]udge weighs 64:2 Tbs ;‘,?f e
.‘ L ;",. : ;
. r N S 'l{\_

il | - Lo a e

ISE






' The concepts covered 1n the section e]ect}'icity are:

1. Magnitude of current (amps) 4
| Resistance (ohms)

_‘Voltage .

“Horsepower

A A

Watts/Kilowatts

These condepts(fargﬁevalent in the water and wasteweter technology in such
areas as: _»\ " : -

1. Power consumption

2. Motor efficiency -
. < .
3. Liquid flow .
4 Preventative ‘maintenance
l) /
y
M R | |
L ,/
S
e .
- o
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ELECTRIC CURRENTS: T
Electric currents are electric charges in motion. These electric
cilarges are due to the make up of matter. Since matter is made'up of elements
: (chemical definition) and elements are composed of electrons having a _negative .
. charge, protons having a positive charge and neutrons having a @:al charge
| 'B,y looking at a model of an element one will see that the neutron and proton
are "housed" inside a shell Example to jllustrate neutrons and protons pump

| two types of gases~ into a ball ‘

Now since the pwetons have a positi ve charge to them then thi s ball

M have a positive charge and since elements are- usuall)l in a neutral
condition then it stands to reason that ‘around the ball better known as a

“nucleus will be negati ve charges $0 as to neutralize the positive charge.
These negative charges are called electrons. ‘ -

Now since pure matter (solids, 1iquids, or gases) are made up of a

concentratio/} 1A ke elements, these electrons arwoving through the matter

\J

~1n any direction. |
"If one. places a force on one side of ‘the matter and suppose this

force is a concentration of electrons then electrons from i:ho matter will

~have to be removed from thie other side. I - 3

This force can be measured for 1ts rate of addition and removal.

the anount of resistance encountered ‘and amount of power applied. Since one
Q,..

can vide a force unto matiﬁ‘ at one end and retrieve the force on tha
| other. then one can use a i'orce or energy generat!d irBone place and used in

- . .

another place. ' . .
» ) 7 |.‘ ' - . -
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Matter that aTTows this free movement of energy is classified as.
conductor. There are good condUctors, fair conductors, and poor conductors.
Poor conductors are aTso called inSuTators. That is they resist the movement
~of. eTectrons through that . particular matter. v _ .

Since this eTectric current is Towing through a matter in this case
‘, copper wire, certain factors effect this fTow. These factors are (1) magnitude

of current, (2) the resistance encountered by the current (3) potential
difference between the'start and end of the current. '
_‘j | ‘1. - The magnitude of‘current' The magnitude of current is defined

as the rate at which an eTectric charge passes a given point. This is measured

in amperes. Since rate is ‘the voTum'IdiV1ded by time then one can say

1=y : . 1= Rate amgt ]\
| : | | "'V = volume
. . -t = time
F— The unit vaTues in’ eTectricity are usuaTTy named after the scientists
. that disc:;ered the ratio. , . !
‘T = Amps (Amperes ) |

PO

coul. (Coulomb). Derived from the fact that (electron has a

g
(charge of 1.6 x 10 - 19 coul. %
Therefore, an ampere indicates that 6 3 x 1018 eTectrons per second
”fTowed" past -a point. | _ "
o Since an eTectric demand may_ be more&th8n the'system may be able to
| deTiver, then the safety instaTTed in the system is the fuse gr breaker.
The continuity principle applys in eTectricity aTso. That is what

. volume enters the wire, the same volume will have to be discharged. This | )

3 ‘., .- \]
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discharge“could be in differe forms. The most common is to transform(this

energy from kinetic to mechanica] That is to change electricity to' ;123

e]ectric motor. 1'. .- [’ _— w
\

the demand for the electric motor hooked to the wire is 15 amps, qt
continuity principie indicates that" the system will break down<(/
demand is greater than -the s pply. - . '

2. The resistance‘\ Since e]ectrons have to move throu-_
they- pncounter a resistance///ail matter has some resistance to ele i

current. Some are more resistant than the others. This. the resistan‘?’}.

s 1

matter, can be used to the advantage electrical system in transformation of

electric current to mechanical energy or to retard or stop the movement of
S .

current.

. This resistance has a unit value of ohms and is dependent on severa]

flfactors. Ameng these are . : .
- : a. Temperature. An increase'in‘temperature'increases the -

. ) ‘
. Length. The resistance increases direct]y with the length.

ance.

resi

c. Cross-sectiona] area._ Resistance;varies inversely with
cross-sectionalharéas | e "
d. Material.. The nature of the material is a factor. -

J3. Potential difference between ‘the start and end of current. To
be able to make the e]ectronL move from one end of the wire to the other end
one must apply a force. This. force or "push" is measured in vo]ts. Nhen this
force is app]ied a negative and_ positive sides are formed which therefore have

a potential difference known as vo]tage.



/ : ) e

Exampie in a co]umn of water since there is a difference of height
from the surface of the water and the bottom this difference in height provides
h ca potentia] energy which can be transformed to pressure ,
Let us iook at a battery. The battery has a positive pole and a ?
... negetive poie by saying that thehbattery has- 1 vo]t, it means that the ‘
strength of the battery is 1 vo]t That is the difference of the number of
electrons between the positive () pole and the negative (-) po]e is 1 vo]t

It takes 1 unit of energy . (Jouie) to move 1 coulomb of charge from

| one point to another That means the f]ow of electrons is from negative poie
- topositive pole with a force of 1 volt.:
By interacting the concepts of'amperes,'vo]tage and resistance, a

German scientist named‘George Ohm was able to-show a cdnstant}reiationship
_ . ) A

~ between the three'concepts. This re]ationship_is
1 =y y I = Current,'amperes
R | /o L o
S . ‘ " v = force voitage
R = Resistance ohms

i Examp]e 1. A wire has a resistance of 10 ohms and carries a vo]tage
i
of 30 volts. Ca]cu]ate theﬁcurrent;in the wire:.

Solution v ' ' 4 - 4 “\ '

I=vy T I - current

R C ‘ i
L %;i' v = voltage

R = resistance

-
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Examp]e 2. If a unit has a raw current I of 5 amps and 1s attached

to a 120 vo]t power source, calculate the resistance of ‘the unit

.. | Solution
B I»='%__ . o . Rs= Resistance
L ' o | \ v = voltage = -
., . _Sov=IR L ' f
- e S I = current éicsg)
- .andR=yv
. T , ’
R = 120 volts - o )
R amps. B SR
' =24on |

_ USES OF ELECTRIC CURRENT _
The uses of e]ectric current are varied. . The most cormon use 1is to
drive‘electric motors. The motor will perform workL The rate at which work is
being done is called power. If an amount of work (w) is done in a period of

time_(t), the power involved is _ B
ol y i P .

. P=w | _ . -P = Power watts
t ' , ' o

. ., W = Work joules
Tt = time sec.

Power also is measured in Borsepower.(hp).

1 horsepower = 500 ft.-1bs. . or 3300.Ft.-1bs.

s , ~See, Min.
. ’ . . i \ ) Lo, .“ - .<., . . p‘ .« . N i .
'é A cqrrelation petWeen watts and horsepower is'estab]ished.
: ' &
1 horsepower (hp) = 746 watts
o ¢

R gff ) -Now let us convert electric power to mechanical power. Since we

| know that 1t takes one (1) unit of energy (Jou]e) to move 1 coulomb of charge

“from one point to another to produce a volt, then it stands to reason that

\‘1“ : " ’ » : . .. ‘ -' 60




,'y_ ﬁ Ve voldﬁe‘
! N w = work joules
. - g = coulomb
| Sincé ‘ | | '
P= %_- . o " P = Power watts
And. . - | .\ w'Q!work (energy) jogTes ,
, X - : . v = yoltage
‘W= VXg S . a5
,fhen | , : | g = charge. cpi;p,bs
AP’V_i(_ﬂ t = time sec. )
But we also know that |
I= %’ ' R 1= current amps
g = charge coulombs
- t = time sec.
'Thenr
P=vx i

Several 'variatilons?of Befng able to ‘détennihé P (watts )' can be
“found using - | | | '
- ‘{; 1. P=vxI1. 4 !

2. v=IxR
-

. Ty \ ' ’ .-
S

A AT r AL
e

Two such variations are
1. P=12R

p=vi .
' r

".}_Example;. 140 ohm resistor is rated at 8 watts.

‘ r\f/ 61
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.. Calculate
}sﬁ.' Curréht~1n'amps R N
2. The voltage '
Solution ‘ _ o |
1. P=12R. . o
12 = p ' ' -
F .
I= . p
- R
= 8
_ 140
{ B
N 3 .057 .
= 0.24 amps
2. P=yv]
v=p
= 8 watts
0.24 amps - t
Example 2. . - e

\7 .

' Problem An electric- motor draws’a current of 8 amps and s connected

to a 120 volt power supply. Calculate the horsepowerzof the motor. (Neglect

‘efficiency). S /////// _E:_;z . ‘ ,

Solution © ST
‘= 120 volts x 8 amps : "’-"'fT?; '
) . .«'@":l:f__& .
= 960_w?tt§ : ?
Since 1 hp = 746 watts R
Then hp = watts )
: watts _ )
. . .‘_9_62 . . ’ .
\ 7% . :
~ =.1.28hp -
R ° : 62 e | \\
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~The concept in Examp]e 2 of motor effvciency. Since no mechanical
. unit is 1003 efficient that is the power or work put into a motor is not the
actua] power or work delivered hy that motor, The difference in input and
outPut is due to: - ' h . o . ._h s
. 1. Generation of heat. ;f” - )
) | ‘;'-‘2. Resistance in.the e]ectnic wires in the“motor.
] 3. Frict‘?n due to rotating shafts. : — k'llr"- '
These are. another form of energy than mechanica] and cannot be utilized .
in that motor to do work that is necessary. The manufacturer wi]] provide an |
efficiency curve for that motor ‘at specific work and power loads. ;
ThereFore, in Problen No. 2, if ‘the motor was 90% efficient. what -
o would the actual hp delivered by the rotating'Shaft | E ;-,.
Actual delivered hp =. 0perating hp X efficiency
hp=128x090 v
‘= 1.15 hp S :
';G]ossary | ‘_ | ' 7
Eiectrical current°' Electrons moving*through matter.
. o Amperes°' The magnitude of current p]aced in a system that is the
‘ lamount of elegtricity. Expressed in amps. Symbol (I).
| . Cou]ombs. A charge(given by 6.3 x 108 e]ectrons expressed in
coulombs, Symbo] (coul. S o |
VoTtage: The amount of force (power) placed on a system'to.provide

a change between’its ends. Expressed in volts. Symbol (v). -
e Resistance: The*resistance offered by the system against the f]ow
. of electric currént. ‘Expressed in ohms.’ Symbo1 (R). |
Power: The rate of work done in a unit of time, or the potentia]
work that can be done in a unit time. Expressed in watts or horsepower.
fSymbo] P. ' ' C

'
hY
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' / o -9=
- Ratio of horsepower to waf%
Expressed as .
1 hp =,74§ watts -’
or _— v

o ;1whpp= .746 Kw (Kilowatts) . | _ i

C e

Additiona] Readt41
' Ewen. Ne]sog. Schurter McFadden. Physics for Career Eaﬂoation. .

Prentice Ha]] Pub]ishers. Chapters 9 & 20 through 29.

, -Supjecthreas of Interest' o,

1 Work L
2 4Power R |
3. Energy \' 3
4.- Static E]ectricity
5. Direct Current E]ectricity'

‘t6. ohh's Law ond DC Circuits‘ ' '
17.: DC Sources™.’ | 9 . - 54
8.,Geriera%:%rss e ‘_ ' \
9. Motors o ' |

10. A]ternatipg Current E]ectricity

11. Transformers N

.

12. A]ternat1ng CUrrent Circuits .
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“Problenis AR o T

_1. A requtor draws a current of 16 amps and is connected to a

110 volt supply Calculate the, power (P) 1n kilowatts.f;‘ o o
. [ . \ o . ~ .‘-,’_-' -t ¢ ' a
A~ ;
. ? P

2. A resistor operates on'a 115 V. 11ne. If‘the'resistance is;

15 ohms what current does it draw? -

t
~
-
« N R <
, ’
~ .
v AR
/ 4 N Lo
* 3 @‘. - i..-
0
\ 4 . .

3. An electric heater draws a ‘maximum of 11.5 amps.-'ﬁf its '_{‘

’ resistance is 18.5 ohms. to what vo]tage 'should it be connected to? R Jf
. /

| .
o © 4. An electr1c motor draws a current of‘ 4 amps and is connected
' S T . , LT
~to'a 110 vo]t 11ne. Calculate L .o LT,
“ : a. Power\\n watts ‘
| b. .Horsepower o . Qg,‘ L. oo
o . .. ) L ’l' 3 , . . ’
: B .
" 5. How many amperes-will a 100 watt lamp on a 110 volt Tine draw?
- 65 o
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SR T .;-' S 5 B T T T v D
R - -;:"o-_ i'.,&‘ 5 LA - ':' -|-'-'/.._"b ﬁl» '.2.- : - aﬁil", B H ‘ T 2
’ °I_ :ﬁ How many’ amperes wjlilgf%"horsepower motor on & -120 volt 1ine T
draw?.#,; S e 'v'.. N ", . o .j_'.. - :

“w ? ’ % - -"- ¥R / ’ | 03 . "'
XN - N . ) ‘\ ) ~ . 3 o > .:\ . J@‘ . i3 <,
'y,“ PR N ! LN .A . "“' . 4 '

. .»e_’. . . - ‘ ¢ L] '
r n e ‘b.ﬂ . . 4 L . .
.. L ',7?. A motor draws a current of 14 amps-and 1s¢connected to a 240 volt Lffi
'ldne. If the motor eff1c1enqx,1s 90%, calculate the=actua1 delivered horsepower. .
‘D N . . - . -~ <" . \
N 9. ° . ¢ R : . , -
LZ( L '._."'e“ < A 1 ""4 S ) - ‘ ”) : ’ . ".
' . [ 8 The motor 1n Problem 7 1s ngy draw1ng 15 amps of current The
actuql de11vered horsepdher 1s the same. caﬁculate the new. eff1c1ency "
. /\; . , - T e v'ﬁ“ * i . ’ .
% . PN . . . A - N - i -'
.- q - ~n }‘ o - ) l'\' .. "‘. ..' ‘: ' ’:' “ . . ' . . . ,ﬂv ‘ . | X BN " V) . -
o £ , S e "v.
o e, A moton draws 10 amps of Current. It has a res1stance of 12 ohms, .°
T eF /'
- Total number- qf hours 1t operates 1s 14 hours. ;alcugate. - o
. }f T a Voltage of the system. 'ﬂ.' o ‘ ‘.j'? _ e
T The'pOWerv(watts) the motor uses. . v A S

. -

@ ¢, -The operating horSepower.,. o L ~ . »ﬂ'g

f' The total watts consumed -',‘ S




