
-
' NI{))\ lf ~? __:.,, ~ ~ ~f ~ I c).> ~ eefl.>;1 ~ '_;,:! ~, \) l \ r 

' - .,,, ...o~ r"\ 'q .H~1 -"~~I ~ CJts~~ GR,-"' \~~...-- '\, 
.., , ,.!>vi v lJ"<".,. 1rJ r' 1 , - u 

(Air Pollution) ,_,Jl..,.it .!._jl;ll . ' 
-~.,.JI <!.i_,tll ~I ~.J::! L. I~_, "l~I ~ .;l:!=JI I~ Si,.~ 'J _,.A "WI y~ ~ .;y:..11 0~ ()IS I~) 

0,l-Jl ~ ulS c,;1Jt,11 <!.i.,tl o.JAUml ~ J.,I ~.JJ ~ ulfa ~ ~., W:!=- r.~. o.JAU:a cJ"='1 ~1..,..11 u.,tll 

~ -~ ~ •~ JJ.U.. ~ c,;t..,..tl 1."..i..,tl) JSU.. u_;t,li ui.,11 ~J .J_,"il .l.;1.-,JI &JI~~ f' 1307 f'\.c. 

4_~.,;Sll uL:M_►.ll t-- 4.,J,w (SOx) ui~I ~lSI w,a i)WI J!S_;ll ◄ :,fi ~ ~UI c;i~1 u_,;11 .JAl_;.la 

~~ j t.ru...JI ~ ~ 1.!.i..,_J.JI u~.l.....11 .,I y4,.:,JI u-- e,J-i o.l\.c. ~ ~1., (Particulate matter) 

.(Swp~urou~ ~~ 

~~(CO) w~.fill ~I J..,I ulJ~ ~' ◄ ,J;; LS.Ji.I~.;..·~~ c;i_,.11 u.,tll ~ «.S.Ji.l ~ u--
t_,.i .tl.,S.. '--~I "~ .l__,:;,.~ ~I ~ ~ J.:,Ujj ~J (HC) ,¼i:JI ~Y..fiJ~I u~.,;,Jl., (NOx) 0::;..,jillt 

' 
.(Photochemical Smog) <r1.,.:o.ll ~ ~ ~ ~ l.!.i .,WI ~~I y4,.:,JI u-- _j>.i 

(Types of Air Pollution Sources) ~..,..n ~.,tll .;J~ 

:s:,lJ ~ _jJ y.-. u.,tll .J.ll....s.o w.k.:i 

.J.lt...--ll o.u t:.,.,_i'.i., ~4_,..s.11 ~'th!! ,¥ji -=.ilk.._, t-t.-.Ji ~I 0,a., (Stationary sources)~~ .1 

(Sulphurous smog) ~fil w~ u.,tll i:.,:. 41lc. ~~ 
~.J.::..-. .J.ll....a..ll o~ wfo L. o.ll.c._, ~ _,I ul.;l.bilt., ul.;~I ~I 0,a., (Mobile sources) 4S~ .J~ .2 

. (Photochemical Smog) ~ .,..:.JI ~L.:SJI u~ .!: .,tll i:.,:. 

:J..,b ~ ~I~ "' _,.ll ~ u~ ..,WI ~ d ~ 
.~I ~Y..fi.ll .l_,i.,11 e_l.fJI J...>=- u41-l ◄ :,fi ~ <.f~I., :(Combustion) d)~"JI .1 

•t4w=i':i'I ~., ,~I (»o "1.,..11 c)! ~I., ¼i,:..11 .ll..,.Jl ~ -M (»o: (Evaporation)~ .2 

.,1 lA~ ~l.:.14.J Jl_,.JI ~ ~ "1_,.JI ~ ;j:;,Jii ~ :(Grinding &,Abrasion) ~J ~'JI .3 
'• , 

.~'JI ~ ~'JI ~l.l o.l__,:;a._,..11 .ll..,.11 c.J4'4 ~ c:,L...u';/1 ~ ~ 

.~1.,..Jl u.,tll JS~J _>l_,l. F UC. y,S~I.J J.,~1 J_,l....JI J,i,ll JI el -la:! JJJI 01\ ~ 

•· li.iJ.! .l:>. .j · -~~,1 .i -L .:. · o -L.:. •1 • 'ii ~ ~l:w .ii..... .l ..__ -'I •t • I · :rull w .!-:ti ~ • ,;t ~ ~ • . Y, (Y'..;- ~ _,,,-. C.,~ • .. ('.r- .rY C.,~ (JC-~ ~ ,r-

L....S 0.f.:.,, ~L:ll ul! 0.:iJ .~_,1., t.J.? 4.J.l 04 ~ u.,->1,- ~ '-9...J=- ~ ~., (w~I S...) ~Y-.fiJ~ .l~)l 

:_}.! 

I 

~1.,11 ~ :.i1i1i:,,ll ~J ~I c.r· •~l:JI •¥~I.,_.,. w;.J ."L.-' ~..foll ~I c,,rl~ jli:. .laii .:;A J.>=-,ll ~Li wl <.;I 
. . 

:.l_,.i)I Jy.. u,o u~.,WI <!.i~I > u'Jl:JI o::i. ~b 1i..ul. % 100 ~ ~ .l.,i_,11_, .U.IS J#, Jl_µ:.'JI u.J_;1i 0fo 

~I u--.J ~ ~ Jlj-":11 ~ .1 

~lS ~ l.:!Jl.c. ~ Jlji:.,'JI o.;lyi. ~.;J • 

~ fJJ ~lS fa- .) _jJ ~ a 

~IS._;;;;. Jlji:.,'./1 u,oj • 

~w l)-.e 'J~ (CO) u~.fill ~.,, J.,I jli:. <!.i~'J t.j.l~ 1-w J,.IS ~ -.l_,i_,11 .l.wSb ~ 1./.l:f»,i J,.lyJI 01\ ~ 

~ ~1_,_.ll ~ Y.~-' _µ. ~ J..lS ~ J_;W 'i u_,,.. .l_,i_,ll ul'.u_►. ~ Jl!_~.:is ,(CO2) wY.fal .l~I 

:~ t..5 D~ -U.ila.Jl ~Li d Lil (HC) uli~ .,>S..,...,>.l._;A 

I 

i 

!1 

, ; 
-! 
i 



CH 
4 

+ 0 2 ➔ mostly(C02 + 2H 20) + traces(CO + HC) 
. . 

~I_,.JI ui iJle'JI ,>ft .2 . 

u,-~ -~ i)c. '-I~ p\_,.ll.J ~ ~_,I J-._, ~ ~.J p\_,.ll ~ ~ Jl_fo..'JI i.:.i~ ~ _i:.,1 ~ 
JIJi=."il ~1_,i c,j ~I I~ ~ ~J %78 .:1~ ~ <i.lll ~.J.fa.ill ~I_, c.S.;=,,I i.:.ilj~ ~U.. ~_,"}1 

.(NOx) ~.J.,jull ~\SI~ 

.:1_,i_,ll f_,.i .;fh .3 

,~ •• ('11 1'!. u.l1 ul - .,,. . I.A ~ ~ ,_ 'C .. t.. Lille. ~ % 100 uij .:I -i_,11 ~ ,j W:I"' ; .. ·" u-4 ~U-...)'-4 .J . .,....,v- . - . c.r-..,,,~ . . - .r 

~Lw,.J I~,~ i.:.i~..>-~ JI.Ji:,,."il ~1_,.i ~ ~ 1.:-UI~ .~ ~ .lA_;;t._, ... . ,u,oal...:t_,11 '~.J.,jull 

: ~ ~ ~ Jlfa'JI ~\a.. i:.,1 .'-11 .(Ash) .:it.._;~ L....:il ~ ~.J JI~ ¼\ill Ji:- .:il_,.11 ~ 
,.,, , 

Fuel(H,C,S,N,Pb,Ash)+air(N2 +02 ) ➔ Emissions(C02 ,H20,CO,NOx,SOz,Pb, HC,Particulates)+ Ash 1 . . . . . . - . .. 

u~ ~ ?;;. ~ p_,,.;,o .:1_,::..~ (NOx) ~_,_jilll .:l:!,wtlSI (;A Jc.ti!i..... .~ (HC) ~_;ts.,~~-> 
(Photochemical Smog) c,;~ ~I 

,/ 

HC+NO:r +Sunlight _➔ Photo.Smog(03 +etc) 
. . . 

;/ 
~ ~I c>-.J (Primary/pollu~nts) ~.J';rl ~~ 4-l__,.ll ~1 ~ ~ ~ ~1 i.:.i~_,l..ll ~ 

-~ ~)-<} ~ ~ r <} ui?».J <!.i~-YI ~WA~~ i.:£__µ1 
.JI y~I ~~ ~ ~fo ~ i.:.iU_,l.JI ..!ll:i (Secondary /pollutants) ~ ~ ~ w:=,. -~ 

~_,...;,:JI i;~! i:.,~ ~ L>*.J I~ 1_;=,.T U..,L. ~ 4-;l}il i.:.iU_,l.JI L>4 ~~~~~,•,\;,;~I~~\ 
.,,,,.-- ·- . . .. . ~- . .. ....... 

. (Photochemical Smog) 

. ..:.i~.,LJI llljJ ut~., __ ~J-~·-~~ ~ ,:_;,;. o.:i~ ~ I~_, ~.,._n ~_,l:il) ~ ~ ~\ _;_j,ll Jim..~ 0 ~ ~ 

• I )..!ml ~ _,.JI ..:.iU_µt _;sl u-♦ 4J fi I~ Jjti.:ill ~I jJ ..:.ii.a~ \.ii\ ~ _, --. ~ .. -

(Partic,ul~r Control) ~~ ~J} 

:~.J J,.l_,c. •.le.~ ~\.WI. ~_►.JI ~ljJ y..,.U j_;,1 ~ 

(Particular size) t:.iw~ ~ .1 

(Concentration) i.:.i~I ):S.~ .2 

~I ~,,A.,~> ~ ~lti..._»ll ~ cJt ,(Corrosively) ~bll ¼li .3 

(Toxicity) ~I .4 

(Volumetric flo~te) ,;JWI ~' ·F .5 

(Required removal efficiency) ~..,lh.ll Jjall ,~us .6 

(Allowable pressure drop)~ i~.J ~ ~1..,..11 .l.u....a,.} t~' .Jl.li.. .7 

(Cost) .l.ilSJI .8 



..... 
' ' 

' \ 

(Particular Removal lV.letbods) ~~JI~· 
:~\ c.)'I.., c,;1..,.ll .;l:illl c.)'I Jjwll_, ~ Uj;t l .,;,; .,.u ul~.,11 c.)'I ~I ~ · '" 

(Settling chamber)• ~fl u~ r'~4 ~..fol4 JJ-ll .1 ~ 
(Cy~lones) wll~ J..:,..ll .2 

~)4 J..:,..ll .3 

(Filtration) &Jil4 Jjall .4 

(Electrostatic precipitators) ~\:i...._,.fol'JI u4-,..;.JI rJ~li Jj,JI .5 

\ ~ (Settling Chamber) ~~ JJ-J1 .1 
~_, ~ ~>~Li Ji:i ~ ~.,11 ~1., ~1..,..n ~J"M ~I~> u. Jj,JI y_,1...1 ~ 

.~I.,.] ..J- w-:a ~I~~-'-~ u, ~ ..,1 ~ C:J"".fJ ~ c.)'I ~_;.JI ~ ~ f» .~..,... 

===~---............ '""' , ....... , 
' ' ' 

h 
' ' ' ' ' ' 

\ ' \ ' \ \ \ 
I \ 
I I 
I I 

I ~ 

"" 

s (.-t\-1 ~ vc.l oc. ~ \-j C"" I r ) 

L g•d2(u-p) 
V = -=---~--"--'-

.v 181] 

Where: 

I 

d: diameter of particle l W\ ) 

n: dtnsity of particles C <J I w-.i) 

,_,. .. ,; (F:) ~I~ o.).)-JI o_,;JI 

:~;II ~la..Jli 
F = M xg =I> fo.,... spit<- ric.,,,~ r~v h<-_tu 

Wh~: ~ ~ = -ic- d ~ C-: ~ '- -.. 
M: m~ of partjcle -

g: acceleration due to gravity 

:~ t..s ~ (t) ~.fill cu..n -~.,n 
Ji L 

t=-=-
~Yr . ·vh 

' Where: 

Vv: vertical veloci~ 

Vh: horizontal velocity · 

p: density of gas (_~ I \,V\ !.) (J 
,,_. gas viscosity~• l v 1clo S ·, ~ "'i G\,,,. = 0 ,o \ -:/--1.. JI m ·5 ) 

. · ~I~-s) . 

.J#. ~ ,~liSJI o~ ~J ~ (100-10) ~ L. e,Jl.fo .;LYI ul~ u\li_►. 4-llj~ u...,iS ul.l:._,11 °:,. w.fo 
-~ 0-- ~I ulli_►...ll .JUJI wfo ~ I~ 

,,. 

(J) GP rv-/-.,. ~ J w \ ~ _J 



Gas outlet 
Outer vortex 

Inner cyclone 

"~ .... , ' ... ' Outer vortex .... 
' ' 

~ 

Dust outlet 

(Cyclones) ..:iU~lwJ4 JJ-Jl .2 

~w...JI Uj ~I~_, _;sl LJ-1 ~l.,),:i._,11 .~ ~ 

~ .l..w.;,Jl ~liS_, ~ .Ua~ µ_, I~ 

·~ c.1::.:» ~ c.1JS_;.ll ::.)J •Ji··~ JJall. l~ . 
' - t.... 11 '' • ~1- . k' •. 'I .. II ~'"'I '--c.,-- r;i...;- i.r.J.J-~ i.r.,.... ~ 

~ -u~_,.Jl ~lli...)?-ll Jy:. ~ l..il~ ~1..lll 

-~'~ .;.,-ill rJal 
:.tilUll Ulla.Ju • .. k'. .L..JI 4liS ~ 

- • u.,-:J U" 

E =( u·d' -V,) 
l817·D 

Where: 
E: particles removal efficiency 

d: diameter of particle l ""'-) 
a: density of particles ( ~ l..,r ) 
V.: gas velocity at entrance lwi.h") 
,,_. gas viscosity (kg.m/sec9 ) ~ - ;x-
D: diameter of cyclone 

UUS_, ,rj.,lSj , P ~ .t.,.ll J~ ~_,.. ,-'.ll_;;JJ .):d :(!-I ~)a~ ~J)'I '4liS J .~I UlL-ll LJ-1 ~ 

-~ 
,JWI 4.JJl ~.>l.J u.JlS.:U )ai :(!-I ~ ~ ~ i} 

~ u~ ... us~ .;---"JI _;Uas""JI i_,i ~ (c:u..,s,,a... 5) _;Y ~ c.:.ilii...,» l.llJ.4 •~~ ~li..,!S.:I....Jl ~ 

· .14~ 

. . . 
(Gravity spray tower) ~JI ~I.Ji~ J.)ll .3 

~ ~ ~ [Yo LJ-1 ~~_,11 .~ ~ 

>"JI ~J c.1l -~4J1 ~la..~ ~1..,.n 
•~ ... ~ ~. Ji.,.";t ~ .WI J..; ~_., 

II ~II , · t: ,"JI n ~ ··- II • ' ~.Jua-- ~ ':.ft""~~ 

. \+la_,i.., 
" ~Lil~ l.llJH ... ..,;s ~1::.=...,i1 .~ ~ 

-(~ 10) ~ LA)d Ji:, 

I 

J .. 
,.. , 
...... 

~ .... 

;iJ 

" 
~ 



-,. 

F -= 

d."~ ~ d.i.d"'-U.-\-<.v "l ~ f"'-"'.\-;t.\.<- v,-.~\ ,,_,i:~ r-o' /. ~~,<:,<-IA.C.~ ~ (""') 
rt._ ~ gOJi vuc.o_ t. ~½ ,, (__~j { ~ ::-5.) _ (_N ~ ~ /_"M-1) 
~ "' vJ \ J..\-l.- C'lt ~\"..\C>'IA.t. ~v..1..1..t { (__ VV\) 

1\0- '; 

('1 ~ ~ V\~ ....... \a~ .. 4" ,@_~~vi ~~t ...., \ .-\..\,. '"' ~ ''j ~ \. .. "'-'--

v j ._ ·\"'-U..\ i °:-f v~\~~\.J 1 (_ "v\.\J) ' \._ "-.Sv...t\.\\.'a \~-'?.a "'"'l!~ 

6 ~ c.l\.v--.s.\ \~ •t f~.- h<-\-u 1 \. ~~ \~) 

\ ~ If '1 ~ ~ \ J (__ ~ ( ~) ~ I 1-yJ 

l.<J C\. = 4~ 
-~ lo ~ ~ 's- {\ 

½ :::::.. '\a 

d :::: '2... q_ 

-e_ :=Z.. C\ 

f-- .::: o -1.r q 

i ::::: O, b q ~ °' 

"' ~ 



(Filtration) ~A '1)Jt .4 

..... .4 o.l.J--+_,.Jl ~l=.1.)11 0--~ .,#1.1 &wll JpJ ~ crl,-~~ .1__,.ll JJAJ > ~ .~ ~ 
· : '\IC. • ,_ -~ ~ ~ •• 11. ~~ •• 11 -~ • '--= .JJ i.r- ~-J • • '.r-f J- ~ 

~ ~J .(~1.,.n o.ly,.e \ib. Ji.) ~~ ~ .ll.,.. ~ 0,a ,:.,µ :(Fibrous mats) uLl/1 ,JJ¥A- I 
• -~ .• n ~ ~-:.-: .u' "''I~ ..... <,,,· ,_ • .. 11 • LiS ~ twa.o ~~ 1 ~ ?I 11 ....... .:,I•·" .u .r' ..J- ,~J ~ ,...,JM"A ~ ~J- ... . ., . • . .,, . I.. .,.. ...... .,...., 

~~LiS. 

(◄ ,,;.; .. ,U i.ll..ll ~~ i)&. b\...jc.l) ~J oJ_;J ~ • · 

~~. 

( 
• .( .1 • } ) • . t::. "i . ••w lJI •.I • • 1-~ . .-: • • I.J.J..r:- /J' I.I":! ~ ""1 .;: c:--

~ ~., c)Wll Ji. i;:-Ul.i..l ~ 0--.~ :(Fabric filter) c;u..a» t.,i:ilD ~.,>J - Y 

l.l;I- .l.;k, ~liS • 

~Jocmf 

• -wu 
E=l-e IQ 

Where: 

E = efficiency 

(Electrostatic precipitaton) ◄_rs;rv...J.fC't ~..,.» ~~ JJd .s 

Negatively 
charged 
electrode 

Collected plates 

d~J t1.Jll us! 0,a d~.,ll ~ ~ 

~ ~ .l.,;a,- ~I.,~ l.llj 

~ ~_j:;JI ~ ~ i:.F- l.ll.J"JI 

~ l.:J~ lA J JA1 ~ 0-- l.l;I-~ 

.,....¥ l 00 .l...:J J..i .li ~ ~.JS ~lj 

~lj ~ cl)· -lP.J ~ U---J ,ul_,i 
~. ~,_11~~~':...-~ .. ~ ~· --... 

a.i...A ~ ·cl..lJI •~ J,-itl•»'jl 

J--,Ai ~ ~Us_►. L.llj d.l.-:..,11 

,%80 ~ ~ "i "~ ( D.J.J.1-t 0.01) 

.;-$'/I ~.>.JI l.llj ~LiS ~ ~ ~ 

.%99.9 ~~ 

~4-,....JJI ,~J•· e i ~ _;_µ J.,1al1 

:~la.JI 0--~ c;JlJ o.)__;WI 1.:,1llJ1I ~l.w.e ~ ~J.;sl'il 

A = total area of collection 
Q = volumetric flowrate of air 

w = effective draft velocity(~! J_;il ~ ~ 01 ¼.»}I 1.:J.)i ~..,...) 

[,J \.1) v" ~~; ·J'-0\J:p--V 

\ '1 I 



- ~ 
~ \.:,C..-\_\-\\~ (.\.,._C-1.~ ljJ ti,P ~ h C.:.__ ~ 
\-\J ~~ ~ ,~~ \J'{.\.O<.~~ "~ ·0::: ~fk4(ul ch~e'-t.t 4 r.Jo_h,¥ v:,:\~, o;d.(1i, ~ 
~ ~M r CA.'"'-~ tfH" .. \( "'"~ Yl.J,' JL.-v1.u. \-1~1... .. f !v-.c.~ f"·-r.\-~<.t-u i-~ .\-1....\~ 

U.11\.\~~~ o\.,s h~\,-...-\<.A ,..._ .\~ \.o~w \.~oe, ~ -' 1 . cl..t""':\)Jfk!..~. ~ 
~~ Ar1111.""'-l_ _\.w.__ c.~i½ ~ 1w"'w 1~ · 10" j/i---1 

, ~~ +w.. d.~"' 
,..t "-~ (s 1"..'--5 \t..1:..td. . · o ~ 

tu\. "-t\. ~ \ \k!\ "'") 

'1r" =- -~. J_ i l ~~.~) 
\t( ~ 

~ d t.() 

l i t"l_ 

~ t-=>'"\'.... ", l~ w 

· elwil-j .. ~ _ ~\·T 1 w..3kc.-kt~ ~~ :::i..~ 

'l 
~"'ls.{) ~) -, 1.. ~f •l) 

::: (:3 -~\).~~~'?. 1- (:/Y 0:0. \ .. ,fl *';'f .~ts 

E~ ! o~Jiy,, .. et a. C..~c.\.ow.. st- ~c?~Vd.\.JY-. p,°W'-. ~'-'~ ,\--,~w,... l\ ~lo-..J,4 q_,\- ~ v-i..\-t 

4 lc:>Oc ""'-Il~'Y. ,-Cl.~ o... ~'('t<a..-hrtl ~ Co
11

C.. .. It C..ow\.<:1-.,~i r~:r\-~',\{J w,·¼. 

C1\.. c\..1..•,At~() -~ l'2oO ~<j /rn,,1 , o~¼..._,:~,,._ .l,.~ J.i.c.,...._,,_\·W I"~.\"-.'-. ~~~~,\ti _;\~..__\ 

w l \.\ I..'- 'rl.v.-.v1.1---d uJ '- '¼-. ~ / . <- ~, '-t ~~(} ~ ~ ~· '"'"~\ °'-\':' c~"'"v~ U<-e< 

l ... -.- J 
I...~ ""'- r , A .>)Vl,-.....Jt .\-w.. ~.....,. d..t..,.it\-j .« r~ c.. b t -"-r--~ 1.J 11\f'is ~~ii~ 1 -~ ¾-<o t-J-4 1 

A = 

-.. ~ ~ ~ 1r ' f\ 
~ . 
- -=b .....,_. ' 

) 

C. ::::: to = C) , s:- C\ ~y~ 
1 ~ . 'a , ~ ~ =. '2... "'- b c :::. '-"' 

~ = ~ , '-l::\-ll.\. \,vi. 

\p = C:h.-Z..1 ~ 1/11\ 

c.._:::::,1;;> , '2__\.~ W\ 

ct =- '2..* l)'"\.:H~ = 
e.. .==: () ~~ \.t 'l..\ VY\ 

/..1 c -::: ...L r l..* o .'j l.\'2.l + lhj\i1.~) ~ 
c, ,'l/!.-' \. 
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-J 1~ l-i ¼-to-~~'"\\~ 

- 1..jt" ;,.,. I"-* t~ -t-- l~'to.i -\•~f') 

. \ \'f~ -1 ~ 

-C. 
\A.. , ~<3<l<l~ *to 'M 

V \ _ . , • 

r Mi,., 

.\""- cl{.t \J" ,·! . C.."'fc:\blt.. ,, ~ '('t...'Mov,~3 (f- JJ.W\,) r~y,\., tt•u Ill),· ¾,_ G\. n. 

"'-"""' \) ""~ {_ ~ ( 4 <-.,. ; 

t.J... .! Du\)"''<>~ ct"' 1_:!_\'-.c.\-w-1:1.sk~c. ~"'-t..,~,.\-c,.._J,...---c, A '\~o..~{,\\ {. r-~ ~}! ~ c:A.\'f 

J\~w t . ~ ~ a.. ~~W'-l."'-\- W\.~'Y\..'-l ~<.....\~~''j ~(._,\\'\'j • _r ~ c:..""'\-0..,.,__i C.l!.¼'-t.1,\, \-- f"'-,1 

.""'\uc-t. l'-~(.~'j vd .. o~~- \~ o:\'-- ""'"'t ... I~ -°:J~_-/. y(_v,, .... t)..J~ ~\\-{c.,~?1 
\ s 't""-Y~"~ ' ~\.<.."'-\~~ \\µ__ \"'-,v~c..t... ~'r-e.-'\, . t,~ *~ ~l.<..C.~~l'\~~c. r"'C..C.<.f,it,l 

( o -vz. f\ / r<;i_) 
t:P~~::::- l-E:.. " i,' 
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ENY. ENGG fd year 

. p .. '. (- ). 

SPL =20x lo~ po 
:0l~ 

(dB) ~.:i ,(Sound Pressure Level)~~\ ..6.; · :o\l c..S~ :SPL 
(µ bar) .14 _,_faW4 -u~ L)-'l~ .:il_,..JI w~I .6,;.,...;.. :P 

.(µ bar) .14 _,_falA •, • • •" = (~~\ 0~~\ A .. , ... ..,;; 0i ~.6,;.,...;.. Jsl) )yl\ .6,;.,...;.. :P~ 
. . -

rl.l.1..il ~ 'i (0 dB) ~.:i ~ <.j}~ (SPL) w~~ c..S~ 0u L)-'l~~\ \~ ~.., 

0~)1J 4~)-4 y~~I c..S~ 0fa_, .. w~I ·,~ ~ tJb·; ... ; 'i wy-,i ~Al 0~~1 0i ~ ~ w~I 

J_,~I . ..,.:iS.i _,i (dB) ~.:i , ii J.:i~ La <-?i -?'~ _,~La , • •• <-?-'~ w ~\ .6,;.,...;.. .. 0\S l~l ~~I 
:~\_,.JI~~ y~ - •_II W .·: .I\ wu ·-: .. I\ · (') ' 

1._- •• ~ ..:r-' ,~ (..)¾;Y ~ _) 

~ til-"" ~ WjWI fW:!~I ~4~ :(,) ~.J J.J~ 
~f; . .(dB) y~~T·o~ 

., 
it~~~. : . \> ' ' . ';~Ji l , eyJI••.,.,. ,, 

~ ,.':• " -• >t .... . ,· '. • ~~ :i, ; .,,~: J ., . 

' . ~l.S~c._s-i.:i\ 

" . 6.ill .:i ~ i J.;.l.:i . J:l _,.i....., 

'i . ~.:ii.A f"_,:i ~_j:-

f • ~ 
0 • ~.:il.A~:iJ . .. .JC-
'\ . ~ 
y. ~.:ii.A ~li..a 

• • 
A • .J-' _yJ I y ~ y.a 
'\ . l.)-0~ J.;.1.:i 

' .. ) .. bill J.;. l.:i 

' ' . ojilb .JJ..JA .iic. 

' " . 0 .J~ ~ L)-" fa ~ ~ -
' 'i. w:ifa _,5.11 o .Jl....S 
H, ($~_;.JI .:i.:J \ 

I 
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~ J~ • WLUI t...== · ·'...I\ 1..1~ J (.)A. ~ ,r-. 

lil ,oJ.la..J..4 _JJ~ ~WAI ufa. Li oJU:. wp. ~t....ay-all ~IJ .J.l..A4 J_y;.J ;;~1 ~IJ _} _JJUll 0-4 

oJ.la..'.i...i J~ · WUll t....a. ·-'I w~ A..Ji6 4J .•• 11 · • .) (..)-4 • ~ ~ • -- Y--4 ~ (.)-4 

~~ '-; J~ ') ~ t....a ~I ;; J! ~ ~ U:!.J.l..A4 UC- 4:iUll ~ t....a ~I t .JA-:"-'I ul.9 A.AU:. o.l.c \jS J 

~~JS ~i uc- 4,:iUll ~t....a~·1 t.JA-:"-'I ul -;l .LiA~l uk, (3 dB) ..bii ~Y- ~ y~ ~ 
.... ,. ·- . 

. (160 dB) ~J (83 dB) .JA (&0 dB) lA).lio ~t....a~ 

.JA .)Si Ji (15 dB) y, ~ J_)ll ~t....a~ l.J:U.l..A4 ~ ~~ ~ ufa. -;ill w9_,ll ~ 
~ ~:261 ,:.-u-1 u..,..; 4..:!~I u~'/1 01 .tll~·.} -~,J ,u1c, "i1 .J.i..-.JI 0-4 O.JJUI ~~~1 ~ ~ 

I \11·. ~ . , 'L!..il • .. -:.lj Lu.l.J ~~ Jl.'.i..i. '-YI "t....a. ·-11 .l..A4 J J!YI ~\.'.A.. ·-11 .l..A4 t..rJ u-c-.) ~ . (...):I-'::' - - ~ ~ ~ .) fe~ ,~ .) 
,,_ --- . --

0:11t. uc- 4:iUll ~t....a~I t~ u~! (75 dB) lA).lio ~~~ ~WI UC-J (90 dB) lA).lio ~~~ 

J~ ~ .(9.0 dB) LiA ~ J y,5.'11 ~~ J" oll ~ 0~ 0:1.J.i..-.JI 
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,(95 dB) lA)iiA yl..:o~ ~ ~ J$ (Shovels) w\J).~ A.'.i'.)l.j 

.(110 dB) lA)iiA yl..:o~ ~ o.l:..IJ ~ o.JL....S 

~)-~ JS 0:H y~~~ J__;.ill c.:.,i '?I ~JL...i:i...i 4-.'.i)WI wUj.~..ll 0,c. ~w.11 yl..:o~I c.:.,i ~ 

'~.J~I LJC- 4:iUll yl..:o~l .)J (3 dB)~ c.:.,I ~ (') ~1.)c. Jl.cuc'i~J c.:.,jJ -~ r.;J~ 

· '- LiS .· ,t~ L::.. t .·~ ~UII yl..:o. ·-'I W J~'i ·'-r- Jv;::-.) . ~l..r" • ~ - ·-· 

95 + 3 = 98 dB 

.J~ ;;~ U).~ ~_,.JI~ Li:i.l.l ~14....ilsJ ,~)-~ u-c. ~wll y~~I ~.J ~J c.:.,'11 

.(95 dB) I.A)~ yl..:o~ .J~ <.S.ftl ~.J4J ~l..:oJ (98 dB) lA)~ yl..:o~ . 

1..5 ~ ~ J__;-il I c.:., i ~ '(.$ ?i ;; ..)-A ,~\ y l....:::i ~\ ~l Ullill u .J4J I _>:µLl ~.l.i....i c.:., '1 I 
~ JL....i:ic.'i~J c.:.,jl (98 dB - 95 dB= 3 dB) .JA 4...'.i.llill ~.J4JI ~J ~.J4JI t~ ~ yt.....::,~l 

y~~I ~ jl.-=:,_// fa.';1 YL.a~I .)~ ~I (1.7 dB) ol.).u.i La~ c.:.,I ~ ,(,)~.)~I 

98 + 1.7 = 99.7 dB 

.(110 dB)~ ~IJ y.-=JI o.JL..6 c.:.,c. 4:iwll y~~I y,'.il:i , •.1· :-,·,", c.:.,'11 

.(10.3 dB))~ U)WI wLi.J~I u-c, ~\.:JI ~I y~_,..;JI u-c- ~y y~_,..;J\ o~ () ~ 
J'-=H'/ ~'JI .J~\ ~) (0.49 dB) o)lli La, 22 ,;,,; c.:.,i ~ ,(,) f-9.J JLll ~ JL....i:ic.'i~J c.:.,j) 

w4li ~ u-c, ~\.:JI ~I YL.a~I ~ C.:.,j) . .)J1.......::i.JI o~ ~ C.:.,C. 4:i\.:JI ~\ y~y-a,11 t~ 
:~ 1-.aS ·u~ t-9_,.JI 

I l cJ 
> , ~· + 0 .4 9 = 11 0 .4 9 dB 
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Thermal pollution ~Jl~I ~~JJ=.Ji 
,wtc \..i..w:JI ~ rY5 ~ 4i) ~ w4 J..) ~ 1,r,-Ua ~ ~l ~WI J..)L-.JI u--=:i .)-Ui 

Utbll ¥.JJ w\d.i .• ..o ~.., .j..)~I o:U. ~l ~L.J\ 04,JI cfa. y~~\ ¥.JJ wlcl.l...o ~'iy_, 
04,JI o:U. ..)W_, ~ ~J~\ t»l.,;-JI ~...>:U u,:::iyJ 04,JI u.a o.J#. w4,aS ~_,_,lll ri 4.iA ~~\ ¥Y~I 

-~ 0i ~ <.Sy:--i oy J~I ~l 
-~LJI .J~I oJp ~.J..) ~.J ~ l c.;..)Si ~).! ~..,µ1 ~\..JI 04,JI o~ w4,aS F 1__):J_, 

YLJI o)? ~.J..) tlJ:j) i.:.il__iJli rAI 0,a_, .~WI J~-¥Y~I_, ~4,:JI ¥..fall t) )lh ~~ 4-.J~ 
· I, ~ '-\.J9 ~\..JI ow.JI · L ~ ' ,. -~ - - C->- . -

. ~·>':-

(DO ) YLJI . __i ·· .':'.";II · .. ( - · \..b.j';/ ~ ~~ LJI I\ ... _ .( '11 Jt:uil ~ ~ ' C"1 s '-:? c:--- ...r::-y ~ . .. .., y (.S"', ~.., __y-,i - • 

,YWI ~J .iJwjl ~__y-,i ~ Jtily_, (D) ~}-J4 ~I u-a ~ lA.o oJyJI 4.J..) tlii) 

~~'l ~WI~ L-~~I .)\_,.JI J,b.:i ~ c-1y,i:i ~l 04,JI o)~ 4.J..) tlii) c.;..)); . r 
Ww ~I .ll · ~ \~ uliJI ···- . . < 'ii · UL..ol wW . -->= .., . U::-:""""-'.., (.)A - • -

~..J:-' ~\Its 4.iA 41,JI l....a__,.-.::.._, rte~ ¥WI y~YI ~ o4JI o)~ 4.J..) tlii) .)); .r 
-~~I ..)\__,.Jl ~l......::.. 0-a 

o..)½j C"1 U.Jj.JI YI~\~ YI~\ Lo~_, wll.Si';/1 ~ ~l o)yJI 4.J..) tlii) c.j..)Y- . i 

.'Y-9 ~\)I_,~\ JSL::...i .J~J 04,JI ~_,ll ly_,,... ~ ~ o)yJI tlii) 

4-...91.bJ\ · • 1 J)G..1 .___a. ~ y WI 11 o.llh o..)~ i ~t....:::il ~ ';I ~\..JI wl:... . 1- • 'w w -'~,, U:U ~ . ..r- . 1..5", .. . c.j • • J..,J--"-'. _.,...... J 

~ )~ 4 .J..) J.l.11-4 0_,.5.:i ~I 01~1 .} ~~ \~ y~ __iJli J~ ';1 I~ 0~ 0i ~_, ~WI ~ 
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'-ffe)~\ ~J,tll .J.ll...4.4 
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• 
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- .~ _.J,J l.r" -J:- r-L.lu .A<'\ ~\.hi\ J.iJ -~~ _ -~ ~ . .-:,1 .t:.: \ 

.Jy:i:;.I ~ .4i4~1 A.it.bl\ -¥ji w~ ~ 4...<i~\ ~fi.1 ~ 04 ~.J t1_,.ii 4-.:i)\:i ~w. 
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:~ tl_,.i\rl o~ 

~l ..)Gy ~ ..l-;l_}:l:ill o.l..::,,.I__, o_yJ ~LJ1 f~ 4-:9.., :(Once-Through System) r_,.:ii.JI el.l::ull . ' 

w.., ~LJ1 -:'~1 ~l ..i.._j..)\J:.l J-:19 ~Y. ~1.J:1 )4li ~w1 ..)Y-= ~.., .(,) ~.J ~1 ~ L& ~1 

( ") - _,('~11 . . f-9.J ~ i.,r 
1~ ufa La o..)\J:. :(Evaporating (Closed) Cooling System) (~I) i.s~i ~.JAi el.hi " 
..l-;l__»i 4,.Sy __,i ..l-;l__»i CY- ~l ~ ~1 ~l ~fi-1 ~ 4...a~\ 04,-,ll o..)\J:.l ~ 'j ~ illit..a f1..1;.:J1 

C.fa f:,c ~ fl.hill 1~ o.i'.ilJ__, .(i) r3.J ~I~ L&__, ~I~ 4-o1~1 o..)\J:.l /.i 04.., 1.A~fi. 

LJ--'l ~ w~ ~ ~.., .($)~\ ~..,J:ill Jli:i t- Wi...i f1..1;.:J1 ufa ~ ~1 ~! 4u1 o4--JI 
. .:. .-:l\ ~ ow.JI . _g ... i · __ -:\ ·· ~11 · ow.JI 

-~ ·- - r...r-~<$ ~..,........_;tt-W (.)4 -

fl~! U.J~ ~1.JA .J\..!J ~ ~ ~ .l.Jfi.1 ~ :(Dry Cooling System) u\...;,..ll el.l::ull i 

.~WI .J~I ~! ~l.... oy.a l?i fl.hill I~ c.fa:! 'j I~ .o4--JI 

J.J__;ij '-S~ J o~I c.fa 'C~l e-1.lilll :('1') ~.; ~I 
.Jf-lll c)! ~_fa 0.1~! J:ii l:l,►. ~J.J..✓,i:i,J 
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I 

l ~1....ow 
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~I c)! o~I 0.1~! 'C.~I 1"1.lilll :(') ~J ~\ 

J.J~I J 4-41~1 ~ o~'+-i 
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