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nTi'~lfH).JLLlJlJ t~tJilh'1G'1I'!I~~f'llEl.J'l 'VIG'lLo].Jfll'Ulrn (CFD) 'lJEl.Ju~n1m El Eln-nflG'l El-1LWtWLJ El.J 

LEl'YlTI~'U~I'V1~lJnTH.J~~ 1 ,2-'l~flfl1J t 'de L 'Yl'UL 'ULfl~1J\lU nmnh<ljfl D'l~iL'IJ~rln~qjJ'Ul:il'U t~ tJm'd~mnif 
::.J '\l '\l 

LiLL'lJlJ~lfl El.J'IJ'U~'U!I'U'lIEl.JLLlJlJ~lG'1 El.JnTi''l'VIfl'llEl.J~El.JL y.j~ (Two phase !low) Lyj El-;J1G'1 El.JbLlJlJL;\J 

'lllLfl'lll'U~I3..d'j~~I'V\'~·lJLLn~LLfl::'lIEl.JLL'h'll'ULfl~El.JU~mrny.j~D'l~iLlJ~ ~G'I'illnn'l'l-;J1G'1El.Jm::m'Un'l'l 
~13J1'ln ElTIlJ1 tJu'dln{)n'l'drn1 'Un'l'lm::'ill tJ'll'1'l1 El.J ~ rn'VI.IJii LLfl::'I'1'l~m'llJ~l.J ') ~ Ln~:B'U M Ld ElUr'IJ 

~m'1::l'Un'l'l<1l1LU'Un1'lt~m~:lJt1~\h'Ut~tJhfl'lJEl.JLEl'Ylli-~'U'illn 0.227 dh 0.356 t~tJfl.J~1 
eJml~'1'U t~ tJ tlJfl'lJ El.Jm~'l~ t~'lflG'l El~n~ El El Eln-nL'il'U 'l1~ 3.6 'I'1lJ"h~ml::~L 'VI:IJi:: ~lJ~ ~~ 1 'Un'l'l , 
<1l1 L U1.1,n1'lL yj Ell '1~\El'Ylli~'UiJ~~~l1.1,n1'lLU~ tJ'ULLUG'I.J~.J ~~LLG'I::'1~ ~~~n rn..1lJln~ ~~~ Elbd El~1 ~~ ~'1'U 

'\l , , 

t~tJ tlJG'I'lI El.J LEl'Ylli~'U~iJ El'UL'JiIL 'YhnlJ 0.34 LLG'I::Ld eJ'r11n1'lUrU El rn 'VIJlii'lJ El.J'Y1 El'Vlfl Elb~m ~:IJ:B'U'il:;iJ f-IG'I 
, '\l 

'1'111 V; El rn'VIJl ii'll El\ln1'l<1l1L U'Un1'lL ~:IJ:B'ULLfl::'l~~1 ~~ ~l'Un1'lLU~ tJ'ULLUG'I.J'lI El.J LEl'Ylli~'UL ~lJ:B'U t~ tJ 1 V; 
• '\l 

~1~.J~~U'l:;:lJlrn 95% ~Elrn'VIJlii'Y1El'VIGiElb~'U 450 K 
'U 'I q 'U 

* " , , 
rlJ~'Ui1UlJdkrwYi 6 i%.J'VIlfllJ 2547 LLfl::'l~~'IJlJ'YlmllJi1UlJLLn"'l'llL~EJ1'wYi 31 i%.J'VIlfllJ 2547 
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Abstract 
A computational fluid dynamics simulation, CFD, of ethylene oxychlorination for the 

production of 1,2-dichoroethane in a fluidized-bed reactor is developed in this research. This CFD 
model bases on two-phase flow model that is used to perform the high resolution of three-dimension 
nLllnerical simulations of gas-solid in a fluidized bed, The results can be shown as the profile of 
temperature and parameters distribution. In the study of ethylene mole fraction from 0.227 to 0.356 
with constant ratio of hydrochloric acid to oxygen at 3.6. the optimum operating condition for a 
maximum ethylene conversion is found at mole ti'action of ethylene equal to 0.34. The behavior of 
fluid in the operating temperature and ethylene conversion gradually increase according to the 
increase of cooling coils temperature from 300 to 450 K. The maximum ethylene conversion. 95%. 
occurred at cooling coils temperature of 450 K. 
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"1J€J-.lb€J'Yl~~'Ul'UJJ5mrny.JiilDl\i1iblJ\iI • 

o 
'U'Yl,"1 

1 u,'li-.h'll:iJ~tJ~~.hu,3J1 iJm1~'I"l Ll1 LI1~~"il:;~m~lb ~ €l €lTIlJl Lll.l·:nnlJnldru~dlrn 1 ml'1~€l.J 

1.l11mru~~1l1rn.rrburnnu,€l~1.Jbb'l"l1'VH~lLl 1rnmbUU~1~€l.J<?l1.J"J ~nn~f1.J~u,iJn"il:;nnn1~u,rn 1 V;€l~ 
~ ~ ~ ~ ~ 

mLll~~ml:;~~lnrn b'liU, 1V;€l~1u,m:;mu,~Elt].mlliJl'1.J~ (Isothermal) ~1€l1V;~~nld"i)1>nrf'll~<.91fdJu, 
'\J ' '\J 

bbUU biu,<.91d.J~ 1€l1 V;"lJu, 1 rn"lJ €l.J~ €l.J 1'1.J~ bb<?l bbaJ-J1"i):;lJm1~'I"l LI1 LI1 ~~"i):;vr~m1 nu,€l ~1.J<?l €l b rt€l.J fi1:iJ iJ 

bbUU~l ~ €l.J 1rn~'\.h b ~€l n €l'l"l €l ~1~1Unld€l €l mbUU bl'1~€l.Jl.ll] mrubblJU~ ~ 1l1rn.rr-burn bbuulJ ~1 b 1.J1.ll] n~ Ll1 

~.Jt!u, 1 U,nld€l €ln bbUU~1€l"lJLI1 LI"lJu,lrn"lJ €l.Jbl'1~€l.Jl.l 11mrubbuu'W~ 1l1rn.rr-burn ~.JlJd1m~.J bb~:;~ €l.J 1 i'b 1 ~1 
~ '\J '\J 

1U,dl~dl~"JJ€l~~"i)lnnldi.Jbn<.91 [EI-Halwagi and EI-Rifai, 1988] bb~:;~.J~rt.J~md"i):;b<.91~LI~Hb~~€l 
'\J 

~1~1Unld1mlHf nld"lJLI1L1"lJu,lrn ~€l ilt1J~l~l:iJmrn~rn ~.Jbnrn"i)lnnld"lJ1rnm1~b"JJ1 hb~Ll1nu 
'I"l b] ~ md~"lJ €l.J ~ld m Ll1 u, ~ ~ 1l1rn.rrb urn 

'\J 

1TI'I"l~f'l1~<.91f"lJ€l.Jl~~b~~hu,lrn (CFO) 1~n11b"JJ13J1dJU,bl'1~€l.J3j€l'Yll.J1mmd~~"i):;1,nu,md 
"';",,-,' 

'Yl1U,1L1nldh~1u,~~lmb"lJu,.Jb'l"ld1:;iJm1~~lmb~:;~rnd:;LI:;b1~1~h1u,nld~'hmrn ~.J1TI CFO ~€l 

m::mu,nld 1U,nldU1b€l1d::bD LlU115b .:n.J~1 b~"lJ (Numerical Method) 3J1l.ld::Lln<.911 'li1 U,nldbbTld::UU , 
~~nldnldbl'1~€lU,~"lJ€l.J 'I"l~f'l1~<.91i"lJ€l.Jl~~ (Fluid Oynamics) nldti1m'Ylm1~1€lu, (Heat Transfer) nl 

'Hi1m'Yl~1~ (Mass Transfer) bb~:;~U,"J 1rnLl1'linldb';Llu,hhbbm~I'1€l~~lb<.91€li (Coinputer 

Programming) 'li1 Ll1 U,nldf11U, 1rn 1m LI tn'l!l-rn::~~u, h~l3J1dn~l~ €l.J~·1lU,~U1"i)€l1'1 €l~~lb<.91 €lib Vl LI.J 

bl'1~€l.Jb~Ll1 1rnLl1TI.m~~,hu,nld~~"ilUbbi1-J1iJm1~ti1b~€ln€lnU code CFO b'J5U, 11.ldbbm~ CFX 1u. 
'\J 

nld 1 i'b ~ €l~l~ €l.JbbUUUU,~u,~lu,'Yll.Jn ~f'l1~<.91fbb~::ilt1!~lnldrh m 'Ylm1~f€lu, bbUU~l~ €l.J b.:n.Jf11U, 1 rn 

1~ €lTIlJl mr.Jb 'W~~1~ ~ €l ~1.J<?l €l b rt€l.J bb~::b 'W~~bn~nldm:;"il1 LI~ll~ mbUU~l ~ €l.J~b1L1n-J1 Eulerian 

1 U,bbUU'ih ~ €l.Jdb 'W ~~m::"i)l LI~l"i):;nn €lTIlJl LI b DU,b~:iJ €lu,nU"lJ €l.J 1~ ~~1~ ~Iii €l b rt€l.J i.Jt!u, nldf11U, 1 rn 
'\J 

"i)::iJb'l 'I"ll::i~ ~1U,"lJ €l.Jl.l~~l<.91db'l~ LI, m1~ b11, bb~:;~U,"J 1~Lll:iJ1 'liflrn~~U~"lJ €l.Jbb<?l~::~ LI~"lJ €l.J h ~~ , 

.J' .d "I ~ Q..t d CI CI Q 6" d1 .... = VI i 
U'Ylfl11~U, ~"i)~lJd:;~.JfI~ ~m 'I"l €lU,l b~U,ElbbUU"i)l ~ €l.J'Yl1.JfI rn<.91f'11~<.91d 'Yl 'lI€l1iU1 LI b.Hrnd-, 

lrnu,liJntf~ bn~~u,m Ll1 U,bfl~€l.Jl.llJmru~~1l1rn.rrbu~ ~iJ~lb 1.Jl.llJn~LI1~1~1ul.llJn~LI1 €l€lnSfr-1'1 ~ €l 

~mim~€l1 V; 1 ,2-1rnfl~€l h~b 'Ylu, l~LI~~~~~lu,"lJ €l.Jilru~lbDU,bbUU Eulerian-Eulerian ~1~1Unld , '" ., 

1 ~ ~~ ~1 LI b ~ ~n mt 13J11 i'nm::uu~l.ld::n €lU~l LI"lJ €l.J 1 ~ ~ bb~:: €lu,mfl"lJ €l.J bb-ii.Jd1 ~~.J iJl.l 11 n~LI1'Yll.J bfl iJ 
'\J ,~ 

bn~~u, ~.Jj:.J~"i)lnnld'Yl1u,lLl1~mbuu'<il1~€l.J"il::nmb3J1bl.l~Ll1Jb'YiLluj:.J~nu"JJ€l~~~1~"i)ln 1 d.J.J1U, l'YlLi 
'\J '\J 

'I"l ~1 ~~n bb~:: b I'1lJ.i1 rn'l'lb ~ €l tju, rJu,m1 ~ n n ~ 0.J"lJ 0.:1 bb UU ~1 ~ 0.:1';)1 nt! u, 'It 1 bb UU<D1 ~ €l.Jdll.l'Yl1u, 1 LI j;..J ~ 5u, 9l:: 
'\J 

bn~,;)lnnld1.l1u bl.l~ Llu,~m1:: 1 U,nld(~1lb it U,nld<?ll.J "J 
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1 ,2-1~flsH)h~b'Y1u, (CZH4Ch or EDC) ~nH'dJu,ffldck\lt9lu,~hv\'rlJm:::1J1u,nTH.J~CiJll-Ut'!flt'H) 
h~1~ 1 u,b~flf (VCM) ~\lbUu,ffldbflil~H'nu,fl~l\lnll\l'lJl1\l~ff~'1l'U~'V\;1\1bbt'!:::t1n~~CiJmn~~~ lu,hn 

• 'IJ • 

1 ,2-1CiJflt'!fll d~b '1'11,1, ~lmdt1~~CiJlli1';JlmJ~n1tJlflt'!fl1b wE'u,'V\1flflflnonflt'!fl1b wE'u,'lJfl\lbfl'YlTI-~u,l u,~~lJ 
flflnonb';Ju,bbt'!:::l., 1mb';Ju,flt'!fll d~ 1~ r.J 1 u,bfl~fl\ltJ~mrufl flnonfl t'! fl1b wE'u,'lJ fl\ll d\l\llu,1 '1'1 r.il"j t'!l ~~n bbt'!::: 

bflilil rn~bfl'YlTI-~Wil::~:htJ~n1r.JlnlJm~ 'l., l~dfl t'! fl1n bb i\l bbt'!:::fl flnonb';Ju,lJ1~'Yltl U,~~il<ill b 1\1tJ~n1tJl 
(\llu,.u'1i Oxychloro VIII btJU,<illd\ltJ~n1tJl) ~~1ll1:::1u,md<iilbUu,md~tJd:::mrn 500 K bbt'!::: 3 

kg/cm 2G b~fllibnCiJbfl'YlTI-~u,1~flt'!flh~bbt'!:::Jl ~\I~lmdmb~~\I~~mdmdbn~tJ~n1tJl'Yll\lbflildl~11i1 .. 

bUU, 

1 CuCl l 

C2H4 +2HCl+"2 02 ~ C2H4Cl2 +H 20 

- flH,o = 295 kllmol 

5CiJdlmdbn~tJ~n1r.J11u.bfl~fl\ltJ~mru~1'V\i'lJ\llU, iftli1 .... hm';Jln\llu,'lJfl\l Wachi and Asai 

(1994) ~l'V\i'lJm:::1J1u,md'lJfl\lmdbn~ 1 ,2-'l~flt'!fl h~b'Y1u, bbt'!:::filb'V\~ldbflr.Jt1n hlu,\llu,'lJ fl\l AI-
'IJ 

Zahrani et. al. (2001) ~1'V\i'lJ~1ll1:::'Yll\l"iJt'!,"11!1~CiJf~bUu,tJlJn1tJlLUu,5u,ilJ'V\;1\1bbt'!::::ffu,nlJml~ 
b-nwnu,'lJ fl\l~ltJ1flfl t'! fl h~ (CuClo) ml~~~'I4'u,i'nlJml~b -nmJu,'lJ fl\l bfl'YlTI-~u,11i1t1mb~~\ll~r.Jnt'!1nt'! 

- 'IJ 

Langmuir-Hinshelwood fl~l\l'ldnCiJl~ ~t'!~CiJl~m';Jlnmdbn~tJ~n1tJlbtJu,'ltJ'lIi1~';J:::m:::'Yht9ifl~1U, 
tJ~n1tJlflt'!fl1b wE'u,'lJfl\lbfl'YlTI-~u,1~r.JfhtJ1flflt'!flh~ m~ 'l.,1~dfl1ila-1n bbt'!:::aanonb';Ju, bn~bUu,Ln~a ~ 

'lJ a\lfl atJbtJ af ~\l5CiJdlm1bn~tJ~n1r.Jlil~tJbblJlJi\!d 

d 
b~fl 

k,. = 26gexp(-37.81 RT), K" = 0.63 

lm\l~fl\l~l'V\i'lJ bfl~a\ltJlJmrua anonfl1il fl1b wE'u,l u,~CiJ ~1'V\ md~ilml~'lTlJ.;remmn 1~ r.J 
bfl~fl\ltJ~mrnlJ'lJu,l~ml~tJll1wll'l\1nll\lbimln'V\li.lr.Jb~CiJd (b~U,~1u,~u,6nt'!l\lbbt'!:::ml~tJll) '.\Ju,n\! 

'lJu,l~b~n 1 u,'V\Ulr.JiJt'!~b~CiJd ('lla\lb~n ~'lJfl\l~lu,md~~~bbn~Uau,b-nl) md1'Vlt'!'lJfl\l'lJfl\l1'V\t'!lu,tJ~mru 

lY;ml~fau,aflnmbUu,tJ1mrnmmlntJlJn1tJlmr.Jml~fflu,i\lJ'u,mdl~r1fl'V\~flb~u,~\Iilml~~l~'1! 
ml~b11'lJa\l'lJfl\l1'V\t'!1u,~1U,t9il\1 ~'lJfl\lbfl~fl\ltJlJmrnflflnonflt'!fl-1bwE'u,ilml~bbCiJnt9il\lnu,mn nl1 

bbntr'1!'V\lml~bbCiJnt9il\l'lJa\l'lJm~ml~tJllbbt'!:::ml~b11 (1~Urtl1tJfl~1u,'ll1\1 0.01 n\l 4 m. bbt'!::: 0.2 

n\l 100 m/s) '\Ajfa~nu,flT'il"iJ:::bnu,-nfl~ln~'lJfl\lbb'V\~\I'Yll\lmd~lu,lrn (Ranade, 1996 bbt'!::: Ranade, 

2002) i\lJ' u, \llU, d';J:::'\Il';Jldrnl bQ '\Ajl:::~lU,'lJ fl\lr1 fl'V\ ~ flb~U,'lJ a\ltJlJmrn1~ r.J'l3J~~dl r.Jt'!:::bB r.J~'lJ fl\l 
~1 U,~l\l'lJ a\ltJ ~ mru dl ~,.r\ldl r.Jt'!::: b~ r.J~'lJ a\l ~tJ mrn dfl \I i'lJ III r.J 1 U,bbt'!::: iillU flU,~ldbblJlJ m:::';Jl r.J bb1il::: ~1U, 
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"1.If)\!m,)~~:IJ 

tl5mrn 

nl'l1h~~n(i1"li CFD byj'lDli1Jl[Jnl"H-J~(i1 1 ,2-1(i1flflEl h~b'Yl'ut(i1[JtiBn1mElEln6frflfl€11m,t'U 
'lJ El~ bEl 'YlTi~'U 1 'Uti B mill yj fl81(i1'llb 1J (i1 • 

n1':i'il1GHhHtU1HtUU Eulerian-Eulerian 
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\!ludlim,):lJf)\!uqJ'VIlbbDD Eulerian-Eulerian l~mbl.l\!"1.If)\!l'V1l'1bUu~f)\!by.j~~my.j~"1.If)\!bbn~ 
bbl'l:;"1.If)\!bb~\! ~\!nl1"1.1f)\!mdf)w~'n~ml'lbbl'l:;l:IJb:IJU<?l:lJbln'\.'h6JlHnDbb~l'I:;by.j~ bdf)~"ill')rnln\!ml:IJ 

~. ~ 
o I n< e:::I 

<?lUI'I~n~l bUU~ f)\! 1 i~:lJm')L%l'Vl'rDm')l 'VI mbDD 5~<?l11~ mdmUlrnml:IJ'VIUlbbUU"1.If)\!bbn~'Yl'i)~ • 
~l\! 61 (buuVl'\!niu"1.If)\!ml:IJ~U,f)rn'VIl1lJbbl'l:;Jl'VIUn l:IJbl'lnl'l"1.lf)\!bbn~) 'i):;'VIl1~'i)ln~:IJ:IJ~hiluL%l'VIfD 

) '\ '\J 'I 'I .t3 

bbn~f)~:lJfI~ ~\!m r.J l~~ml:;~l icillb Uum')'i):;'W'l.r:hm')l 'VI 1'1 buubbDDlrulhu fllml:IJ b~u"1.lf)\!mdl 'VI 1'1 
• 

bbDDlrulhmln~ll'l f)\!bbDD 1~r.J HbbDD~ll'lf)\! k - & l~r.J~:lJm,)~lltlL%l'VIfDm')Y1lulr.Jflrn~:lJu~'Yll\l 
~ . 

1., l~')l~ullJn~~ f) ~:lJm')f)U fn~m I'Ibbl'l:; 1:IJ b:IJU<?l:IJ ~l6Jldmb~~\! l~i\!d 
• 

""3Jn1')\il113J1?i fl t .afl" (th'\ii~1J~"""fl" t ~"") 
a ~ 
-(rapJ+ V. (raPauJ = SMSa + I raP at P=1 

""3Jn1')t3Jt3J"<PI3J (th~'l~1Jun"") 

a 
-(raPaUa)+ v. (ra (PaU a (8) U a)) at 

=-raVPa +V.k,LlJVUa + (vuJ
r

))+ I (r;pup -r;aUJ+SMa +Ma 

(1) 

(2) 

""3Jn1')L3Jt3J"<PI3J (~l'\ii~mJfl"tt;J,,) 

a at (raPauJ+V.(ra(PaUa (8)UJ)=-raVPt -VP, +V·krJ+SM +M, (3) 

m,)bhm'Yll:IJb:IJu~:IJ'):;'VIll\!by.j~, MaP ,L1l~:TIu"illmmY1l,):;'VIll\!by.j~ a ~m:;Y1lnDby.j~ J3 
~')f)r.J~f)"1.If)\!~f)\!by.j~ ~\!bb,)\!~\!'VI:IJ~DUb y.j~ a "illm y.j~~W)bb~~\! 1~r.J M a bbl'l:;~l6Jl')n'VIlfll1~,,[~r.J 

M a= I MaP (4) 
p",a 

~ Q.,; ,::!:I, d.::t I Q..t.J' Q..t.,::o, Q,..I 

b'Ylf):IJ'Yll\!~lW15lr.J:lJf)"1.If)\!~:lJm')'Yl (4) "il:;:lJml:IJbbo/lmll\lnU"1.IUnDmblrnbbl'l:;l'In~rn:;"1.If)\!md 

l'V1I'1~\ll~r.J~ll'!Jbuu~I'I"illmm b'llU bb,)\!~lu,):;'VIll\!by.j~ (Interphase drag force), bb,)\!r.Jn (lift force), 

bb,)\I~m:;Y1l~f)~U\! (wall lubrication force), bb')\!~dl~"illnml'l (virtual mass force), bb')\!'illnm')tb'I"d 

bbDDlrWLhu (turbulence dispersion force), bbbi:;bbd\!"illnml:IJiu"1.If)\!bb-ll\! (solids pressure force) bUU 

~u 
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M iJ - (d)(U U) afJ - C afJ fJ - a (5) 

(6) 

(7) 

(8) 

G(rs) = GO exp( - c(rS - rsm)) (9) 

(9) 

Go = 1 Pa bb~:;; c = 10 to 600 (Bouillard et al.,1989) 

gUJ nT'j~TI·~ 1lJ ~r:n:lJl1ulhun nUl:lJ1 ~~'Jl:lJ b 'JJl n lJ l vJ f1'"11 1l\l"11 1l\ll ~ 1"1 T -Yol" • 
b~ tJ\llU U "15lllJlJ'iJll"11l\l 

'Il 

ml:lJl1ulhu k - c Uf1'~\I~\lf1':lJm'J~1l1ud 

m'Jbr:l ~ 1lU ~'lJ 1l\l'l"l ~\I\llWilI"lU'lJ 1l\lr:l"n:lJl1uihu 

a(pk) + V _ (pUk) = V[(J..l + ~)v k] + P
k 

- p£ 
at O'k 

( \0) 

m'Jbr:l~1lU~'lJ1l\l5<ll'Jlm'J~~I"I\I'lJ1l\l'l"l~\I\llU'iJI"IU'lJ1l\lml:lJl1wLhu 

a(p£) + V -(pU£) = V -[(J..l + ~)v £] + £ (Cc!Pk - Cc2 P£) (\1) 
& ~ k 

lUU1Ju<illl"11)\I'lJ1)\I~~lmvJ~ filb1)UYl~lhb~:;;1)rn~lliJ~1~11Jbb~~:;;bvJf1''iJ:;;~~bbtJn'iJlnnU m'J 
, 'Il 

til tJ b 'Y1ml:lJ11)U'iJ:;;nnme:J1Jr:l~:lJ len tJf1':lJm'J'I"I~\I\llU 'Y11\1ml:lJ11)U'lJ 1)\I~ ~l tJ b vJf1' bbf1'~\ll~1~ tJ 
'Il , 
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'lJ 1l~ b1l'Ylfi~'U 1 1-\1J5 mrn'I'J "li't@l'llbU@l 
~ 

bblJlJ'ih ~ eh'ld iinl''l'l'l1 ~~ bU~ rJ'lI €I \I gUJ md€l'\..b ~'\..b£~1 i€l~1J1 rJmdb u~ rJ'\..bbbU ~\llJ'\..b 1'il bdJ'\..b'll €I \I • 
iJ!l!'I'l1rn rJ 1 III a-l1TJ~'lI €llJ b 'lI 'il~ r11'1'l '\..b'il1'il rJinmdbbn a-dJ md'l'l1~1~ €llJlJ'\..b l4''\..b~1'\..b'll €l\l'l'l it\l'l'l ti, 1 rJU1dJ1 ~d 
~\lmdbbniJru'l'l1€l'\..b~'\..b£dii~€l';hin1v-l1w~ll€l~dJ (finite volume method) 1'ilrJa-dJmdb':n\l€l'\..b~'\..b£'iJ~ 

QJ ~ II Cj 

bba-'il\lbiJ'\..bmd€l'\..b1n~bW"€lmdJ1~dmlJfldJ'lI'\..b1'ilb~ndJ1n \l1'\..bdHdU11\1'l1€l\l~l'\..b~1VJ~~'\..b (riser) 'lI€l\l 
• • '\J 

unmrnv-l~B'il1'il~blJ'il"ll'u'il1'1'l~ bl rJ'\..b~'\..b~\I €l\l~Ud~n€llJbLa-~\lIll\ldU~ 1 ~'It\l'll€l\lU nmrnfina-dJdJ~1 'IK 
~ ~ ~ ~ ~ q 

L iJ'\..b~'It\l LLn1\1 bblJlJ13J~'\..b (no-slip) du11 \I'll €I \I Lfl~€l\lU nmru,1 '\..ba-1dJ3J~ €I ~rn rJlllla-dJdJ~qj1'\..b~';h Lfl~€l\l cu ~ cu II <IS 

U~mrnilm1dJa-dJdJ1m Ill\ltt'\..b 'I'lit\l1 '\..b~'lI€l\lU~ mrn~mt1dJ11 "ll'1 '\..bmd"il1~ €I \I LLlJlJLL~~'I'lit\l1 '\..bLLU'il ~l'\..b 
'lI€l\lU~mnr~mt1dJ1h1'\..bmd~"~'1\1 n1'il1'ilrJ 1UdLLmdJ ICEM CFD4.CFX n1'il~a-11\1~'\..bil"il1m'\..b 
tf\l'l'ldJ'ilUd~dJ1ru, 200,000 L€l~LdJ'\..b~ (il'll'\..b1~1~mtl1u 9 'lJdJ. LL~~il'll'\..b1~1'1'lq)~~'il 12 'lJdJ.) ~\lLiJ'\..b 
mda-11 \I €I ~1\1 ~~L~ rJ'il LL~~m€llJ fl~dJiJru'l'l1dJ1n~ a-~ b 'Yh~m1dJ ~1dJ1dfl'll €l\lfl €ldJ~l L~ €lf~ il'iJ~'Yl1\11'\..b 

q ~ q 

11ll 1'il rJn1'il~1 iil ~€l\l ~n~ru,~~ €I LLlJlJ L~m~~~d€l~ bL~~ bblJlJU1<ndJ n1'ilbblJlJ L~ ~d~~'ild€l ~'iJ~f1n ~11\1 
'\J 

ttllJ1L 1 ru,'lI €I \I iJ!l! 'I'l1'1'l ~\I'iJ1ntt'\..b~\I ~f1\1n1~ bblJlJU1<ndJ~'\..bdJ1~lJ1L 1 ru,~h'll €I \I Lfl~€l\lU ~mrn €lit\l 

U1dJ1 ru,n1'il ~\ln ~1l'iJ~1~flJ mduflJ b U~ rJ'\..bL ~ €I ~~U1dJ1 ru,n1~~'iJ~'U, 1 dJ1~1'\..b 1 ru,~\1 bL~'il\ld~lJlJ'lI El \I n 

1'il~L~~'iJ ~dJ1Jdru,1 '\..bdU~ 2 'iJ1ntt'\..bLLlJlJ"il1~ €l\lL .:n\l~1'\..b 1 ru,~~11\1~'\..bfl n"il1 ~ €I \I ~\llJ'\..b 1 UdLLmdJ~\I~'il1'il rJ 
'\J '\J '\J 

lli'V'l~~n~~f'll€J\I'lI€l\l1VJ~L.:n\lf'l1'\..blru,il~€l'h 1UdLLmdJ CFX 5.6 'lI€l\llJ1~'Yl AEA Technology~\lmd 
'il1~€l\lbblJlJfln'Yl1~\llJ'\..bLfl~€J\lfl€ldJ~lL~Elf~l'\..blJflfl~ (AMD Athlon(TM)XP 2400+,2.00 GHz, 1.50 

'\J • 

GB of RAM) d1rJ~~b~rJ'il'll€l\l~1cilbbUd~1'1'lflJmd'il1~€l\lbLlJlJa-1dJ1dfla-du1~1ll\l~1d1\l~ 1 • 

•....................... ~,.!1..~., ..... 

PLAN 

PERSPECTIVE 

12.2 M. 

ELEVATION PERSPECTIVE 
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5<f1'ilnl'~'Uel'\,WJJ1'lJ€l~ C 2H4 

5<f1'iln1'iU€ltl.L 'll1'lJ €l~ HCI 

5 <f1'il n1'iU €ltl.b 'll1'lJ €l~ O 2 

,hvnXn'll €l~id L 1~tJ l1n~rn 1 utJ l1mrn 

'lJUl ~ biu~.hu~ur.f n ~1~'lJ €l~id b 1 ~tJ 11 n~ rn 

ml:IJ'VIUl bb -u U'lJ€l~idL 1~tJl1n~rn 
Q..I ~ 0 Q 

ml:IJ~U'Y1ffflld~~l b UUn1'i 

€l ru. 'VIflilYiffmd~4ilb UUn1'i 
, 'U 

€l ru. 'VIfl il'lJl b 'll1'lJ 8~ bb n ff , " 

:©: 
, PRISM 

7008 m
3
/hr 
3 

13,600 m /hr 
3 

3,751 m /hr 

78000 kg 

51 ~m 
3 

580 kg/m 
2 

3.0 kg/em G 

500 K 

450 K 

355 K 



n1'11.b~t./n\il1'J5 CFD b~E1E1%lJlt./m"i~~\iI 1,2-1\i1flf18hl'hYlut\ilt./u5il1mElEln'ftflflEl1m';u 4ll , 

vi1~lnm"i'Y11'U1 rJ 

1'Yl rJ1Al ~l~~n LL~~bf1il.n rn.n 

~lnm~ 1 j~~1'U~~\911j1~~ 
, Q..; " v 

f1'-n:JJLL\91no/n~mu~n'U1HJ 

i'mj~~lrJ~lj~tJf)'UL"lh 
~~\91.nrn'l'l1~Uf)rJn11 

~Jll,)::; 

'ilnJVlJlihb1i~'lJ1 tih 
, 'U 

'ilnJVlJlil bbn~'lJ1'il'iln , 'U 

IV .::::.I 0 oC::Io 

'lJ E1,jbElYl%~u1 uu5mn!yj~ '51\i1'llb1J\iI 

1\91 mL'lJ'lJ~l~ f)~r1mb:JJ1 LU1rJ'lJL -nrJ'lJn'lJ'lI f):JJ ~m~ f)\91~l'\Pim"i:JJ~ln 1 j~~l'U 
'U 'U , 

~~~1~LL~~~1~1V;LV;'Uf)Eh~i~L~'U11ilwn:JJ~f)~f1~f)~Lu'Uf)~1~~n'lJ'lIf):JJ~ 
'U 

2 LL~~~L V;'U 11 ~~fil'UmjLU~ rJ'ULLU ~~~f'l1'U 1 rn l~LL~~~ln'Ym 1 j~~l'Uil 

L .nf)~:JJl~ln 1 'Umj~l ~ f)~LL'lJ'lJl3Jl~~\91filwJJ f)~mj~~:JJ'lJ f)~~lj~ eJ eJm1n 

'1'111 V;Sh~rJ~L 1 ~11 'UmjeJ ~1 'U1.J5mrnueJ rJnl1'r'h 1V;bll~mjbl.J~ rJ'Ubbl.J~~ bU'U 

bN\l1'W bb'lJ'lJ91rl'il\l "" %f'1m~bf'1rlmJ 

450 K 450 K 0% 

500 K 500 K 0% 

f'1,)ll-J~'W'V1~Jll,)::;~lb'W'WmJ' 
2 

3 em Ikg G 3 em
2
/kg G 0% 

J'::;t.J::;b,)~1~~1J''il~1'Wl.JDm'ru 29 s 23 s 20.69% 

f'1,)1l-J b~,) bbn~1'Wvi'il bl.J'i'h 0.21-0.43 m/s 0.33-0.58 m/s -

~~~')'WmJ'bl.J~t.JtJbbl.Jrl\l'lJ'il\l C2H4 
97.27% 93.12% 4.27% 

~~~,)'WnlJ'bl.J~t.J'Wbbl.Jrl\l'lJ'il\l HCl 99.62% 96.13% 3.50% 

'lJ'Ylm1:JJd 1~~mnmj:51~eJ~LL'lJ'lJ~1'V\f'lJmjtii1L1t'Um"i~~Jlll~~~~1'UfilWlJeJ-JLf1~eJ-J 
u~mrn~Uj~neJ'lJ~lm1f)'\Pi~eJb~'U b~eJ~mjbu~rJ'UbLu~-Jm-JleJ'1~jl~'U1iJn~'lJeJ-Jmjbf1~eJ'U~'lJeJ.mn~ 
bb~~ eJttJllfl'lJ eJ-J'lJ f)~ bb-1J~ 1~ rJ ~1 :JJljrl bb~~~mjb u~ rJ'Ubbl.J ~~~ bll\911 'Ubf1~eJ~l.J 5 mrn~l n mj~l ~ eJ~ bb'lJ'lJ 

l~b 1J'Ubi'Ubb 'U lj~~'lJ'lJ'U ~'U~1'lJ eJ~;'Ufil'U ~u 1 :JJl~1 ~ eJ~ bb1J1J bb~~-J<ll-JjU~ 3bb~~4 
'U 



412 

Gas Temperature I j OOJ.;{lO' 

~y 

3. 91ge-t{)() : 

3. 55ie+{)iJ2 
[K] 

C.O 

fl). ~lU1J'WmH1J.ilmrn 

':iD~ 3 bb~(~h'jm':im~"iJ1 rJil'lJ eJ\l eJ rn'VIJlii'lJ eJ\lbbn~um~'U1U~~1\l"iJ1m~'U~1f'f'UrJmn\l dJ'U 
'tI q 'lJ 'lJ 

1~rJ~ 0.15 b'lJ'U~lbaJ<;)':i "iJ1mD"iJ~bV;'Um':im~"iJ1rJil'lJeJ\leJrn'VIJliif1eJ'U'lT1\l~~lb~aJ eJ<;)laJbb'U11f'fiJ t<;) rJ~ 
'\J , '\J 

':i~ rJ~ 1n ~th~ll'U 'UeJn'lJ eJ\lUl1 mrn"iJ~iJ EJ rn 'VIJlii ~\l b -cteJ\l"iJ1 n llJiJyj EJ'VI ~ eJb U'U'ril mil rJ b'Yl m1aJ1EJ'UEJ EJ n 
~ Cj 'U cu 

bb~~"iJ1nm':im~"iJ1rJil'lJeJ\lEJ rn'VIJlii~\li\lbn\9l1<?l"iJlnu~b 1 rn~'lJ eJ\ll 'VI ~ l'VI~ eJ EJn (<?ll'UU'U'lJ eJ\lD l1m.:U) \9l\l 
, '\J ::.J 

':iU 3 n) 'WU11'lJEJ\ll'Vl ~U~b lrn'1iEJ\l~\l bn<;)"iJ1nm':i~<;):\l1'lJ tfl~'Um rJ1 'Ubfl~EJ\lD l1mrn"iJ~iJ eJ rn 'VIJln~\l cu ~ q 'U 'U 

n11u~nrn~'U"J 1U 3 'lJ) bb~~h'l1ibV;'Um1m~"iJ1rJi1'lJEJ\lEJrn'VIJln'lJEJ\lbbn~~u~nrn1::'Vd1\1yjEJ'VI~mu'U 
'\J , '\J 

~U~b 1 rn ~iJEJ'Ubbn~b 'lT1~u~mrn "iJ1nm'W"iJ~ b V;'U ':h m~ bb~m':i1 'VI ~'lJ EJ\I bbn ~~1 'VI ~ ~1'U'1iEJ\l1~'VI11\1yj EJ 
.d ,:::".d Q. d I I I ~ d Q. ~d ~ 

"iJ:: aJ EJ rn'VI Jl aJ ~\I 'Yl ~<;)U1b 1 ru "iJ ~ n\l n ~l\11::'VI 11\1 'Yl EJ'VI ~ EJ b rJ'Ubb ~:: aJ EJ ru 'VIJl aJ ~ ~ ~ \I"iJ 'Um~'Yl\l aJ EJ ru'VI Jl aJ 
Cj cu 'U Cj q 'i 'U 'i 'U 

I Q..< .d~ I I ~ .cd Q. 0:=. 11..1 11..1 d 0 'i.I 

b mnum-.n'lJ EJ\I'Yl EJ'VI ~ EJ brJ'U 'YlU1b 1 rum~:IJ r-.J ~ 'lJ\I"iJ1 n nl'i"iJ1 ~ EJ\I bb UU"il~~l:1J1':in bb~<;)\1 m~ bb~m1 :IJ':iEJ'U 

bb~~~l:1J11n'VI1f11 EJ rn 'VIJlii'lJ EJ\I'lJ EJ\l1 'VI ~ 1~<;) ~ EJ~'Ji1\1'lJ EJ\lUl1mrn~Yhm1~1 ~ EJ\I bbUU 
q '\J ::.J 

( 
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'lIfl.JbflYl~~u1utJlimrn~~~1@1.rrbU@1 

503 

502 
::.::: 
,,~ 501 
d~ 
~ 
(§; 500 a a;; 
;;:r 
ty;; 

e~ 
.." 
r.J 
6" 

a;;: 
~;> 

::s: 
~ 
r.J~ 

495
0 2 4 6 8 10 12 

01= .. 
j~rJ~ml:IJ~~'lJfh'lu!Jn':ib\.j" b:IJo/lj 

'itlfl 4 ~~rWI,J rll€J r;u Vlfl3J'lI €J,J Urli.mi'i(jJ!1 fwnw.ilNl i'l€J (jIU UJflJl3Jff,J'lI €J,JJJ n n'HU 
U 'J 'U 'U :w 

JtJ~ 4 bb~~~filbi1~rJ~ru,'V\1J:lJ'lJEl~bbn~n.J~o/lnl:Wvl~j:;~mrdl:IJ~~o/ll~") b~El~lj~~(9)'U~n 
1JElm'JJT9Jln(9)l'U~l~'lJEl~tJ nmrn 'il:;~~bno/lbV;'Ubb'Ul t U:IJmjb~:IJ;ff'U'lJEl~Elru,'V\1l:lJ~~;ff'UEl~1~Yl~b~11 'U 

~ 'I 'tI 'U 

·lh~bbjmbJ;1:;fi El rJ ")J;1o/j J;1~'il'UfI~~ b rtEl\l'illn 1 Wlil\lbbjn~lj~\I(9)'U'lJ El\ltJ:Dn1rJl~ml:IJ b'JJ:IJ'JJ'U~\IbbJ;1~fi €J rJ ") 

~ml:IJb'JJ:IJ'JJ'UJ;1o/jJ;1\1b~El1'VlJ;1~,hmtlm~rJ~'YIl\l:lJ1n;ff'U t~ rJ€Jru,'V\lll:Jbi1~ rJ~\I~~'lJEl\lbbn~~fil 502 K ~ 
q 'tI 'tI q 

j~rJ:;tJj~:IJ1ru, 4 b:IJo/lj bbJ;1:;~Elru,'V\ll:lJ'lJEl\l'lJEl\lbbn~~~o/lnru,.n~l~~filtJj:;:IJ1ru, 500 K 
, 'U 

1 

.." .8 a;; 

~ 
~ 
;;:J 

-~a;; .6 
~ 

V"" 
r 
(::: 

~ .4 r 
-ty;; 

d~ 
r 

-(9:: .2 

01"" .. 
j':;tJ:;('1'lld-J~'1'l1'ehlu{]mru, bd-JlilJ' 

'nJfl 5 ~~ff(jl,Jff(jli,humJ~JJ~uwnJi'l,J'lIflJ ('] fI-I ~w::: 11("1 (jIlm:::U:::flJl3JffJ'lIflJD.n mru 
" 'lJ dJ 
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~U~ 5 bbGf~-.1'i1i~"'lUnl'HU~£lUbbU~h'lb~mbnGf~,hu1:;~1Jm1lJ~-.1wh-.16)'lJEI-.1U~mm ~-.1,;)ln 
1U'jAj 1J 11 b~ EI bbn Gfb~U 'Y11-.1~l-.1,;)lnwh bb VlU-.1U ElUGf11b "JJ1lJ1n:ffu un Gf';):;i:ifi1 i~ "'lum1bu~ £lUbbU G'l-.1 
'IJ 

b ~aJ:ffu b iiEl-.1,;)lni:i1:;£l:;b 1G'l11um1'111U~n1£J11 UU~mmU1U:ffU 

Pressun~ 

(sym2) 
3. 138e+O.05 

3 . 114e-'-OO 5 

3.089e+OO5 

3.040e+00.5 
[Pal 

1U~ 6 bb~~-.1biubb U 11:;~1J'lJ EI-.1m1m:;,;)1 £l~l'lJ EI-.1m1lJ~U'Yith'lJ EI-.1~lUnn~l G'l EI-.1bb1J1J 
'IJ 'IJ 

(bf'l~EI-.1U~ mm~lJ m'il1) 'V'l1J111:;~1Jm1lJ~WlJ EI-.1 bbn Gf~l VI G'l ~lUbf'l~EI-.1U~ mmi:ifi1 G'l'il G'l-.1 'il t'1 EI~ bb U 1 

m1lJ £J11 b iiEl-.1,;)lni:im1~qJ b~£l'V'li-.1-.11U1 Vi' n1Jbb1-.1~lUwl1-.1 6) 

e.la;l1nm·nU~tI"LLua\li(;'tG'i1"m1i1E1"ftl1b1i'1 
elWl11m1UElUb"JJ1'lJEI-.1bEl'Y1n~U~m1bU~£lUbbU~-.11U'211-.1 400 n-.1 700 molls t~£luf1Jfi1m1aJ 

b"JJaJ"JJu'lJEI-.1m~1~t~1f'lflEl1mbfl:;ElElnonb';)uH~ 1069 bbfl:; 295 molls 'il1lJ~1~1J ~-.1elm1"'·:lUl~£ltlJ 
fl'lJEI-.1m~1~tmf1t'1E11mbfl:;ElElnonb,;)u~~biJu 3.6 bbGf~-.1t-Jfl~-.11U~ 7 'V'l1J11b~Eli~"'lUt~£ltlJfl'lJEI-.1bEl 

~ ( 
'Y1~~U ~U ElUb "JJ1i:ifi1 b ~lJ mn:ffu1 Wlf1-.1 bb 1nfi1m1bU~ £lUU Ut'1.J'lJ EI-.1m~ 1~ tmf'l t'1 El1n bbG'l:; EI El nonb ';)U 

b~lJ:ffU~l m iiEl-.1,;)lni:iu1m llimmnU'V'lEl bbfl:; 1 Wlf1-.1bb1nU1mlli'lJ El-.1~~'iltl lli<r1'1 ,2-1~f'lt'1 EI t 18b 'Y1U~ 
1~';):; l~b yj aJ aJ1 n:ffu'illaJ i~ ~lum1U ElUb "JJ1'lJ EI-.1 bEI'Y1n~u';)um:;~-.1 b~ EI i~ ~lU t~ £l llJ fl'lJ EI-.1 bEl'Y1n~ui:i 
fl11h:;lJ1lli 0.34 fl1i~~lum1bU~£lUbbUt'1-.1'lJEI-.1m~1~1~1f'lt'1E11nbbt'1:;ElElnonb,;)u,;):;b~aJf'l.J~bbt'1:;i~~lU 
m1bU~ £lUbbll t'1-.1'lJ EI.J bEl'Y1~~Ub~lJi:ifl1t'1~ t'1-.1 b iiEl-.1 ';)1 n el'il11 ~lU t~ £l taJ t'1'lJ EI-.1n'iq) 1~ t~1f1 t'1 El1n bbG'l:; 
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'lJ1l~~llYl~~\.\1\.\u5mrn~~~1@1i~lJ@1 

Hel 
0.95 

"? 
(?O 

~ 
0.9 ;! 

;;;J 

cC:==-=====::::::::::=--=:::<::: 
7' 

! 
-~(?O 

-;:::1 -( ) ~ 0.85 r 
c: 
;;::1: 
r 

-reo 0.8 
~~ 
r 

-<;: 

0.75 

0.7 

0.22 0.27 0.32 0.37 

t1
..J A I I ~ 

IIHHl1nnTH ,W"vfl!,VilliIJl.Iv\!'YlvViii'lvbtl" . .. 
f) rn'VlniJ ~1'Vl~'I.Jm::;'I.J1'U,nl'H.J~\9l1 'U,1 1.J.Jl'U,rlnm'I.J~:W~1'U,5\9l111 'Vl1il~1'U,'lJf).JJ1'Vl~f) L~'U, 1 'U, 
~ '\I '\I 1:j 

~d~.J'Yh m1~n 1!l-1 tl.J ~ 1il'lJ f).J f) rn 'VlniJ'lJ f).Jy] fl'Vl ~ f) L~'U,o/i f)fl1 m1L tJ~ (J'U,LLtJ 1il.J'lJ f).J Lfl'Yl TI~'U,LLIil::; f) rn 'Vln iJ 
q '\J q '\I 

'lJf).JLLn~~~\9l.nrn<J1~1~ ,;nmtJ~ 8 W'l.J11Ldmvj:Wflrn'VlniJ'lJf).Jy]f)'Vl~m~W\l1n 300 dJ'U, 450 K W'l.J11 
'IJ , 'IJ 

film1LtJ~(J'U,LLtJlil.J'lJf).J CoH4 ~filLvj:w~mln 0.927 ,;)'U,tl.J 0.945 LLIil::;flrn'VlniJ'lJf).JLLn~~1~~fil 
- , 'IJ 

Lvj:W~'U,''inn 497.5 "il'U,n.J 502.5 K ~.Jflrn'VlniJ'lJfl.Jy]f)'Vl~m~'U,LtJ'U,~lLLtJ1'Vlrt.Jl'U,~:wm1W~.J.Jl'U,ml:W 
, 'IJ 

~f)'U,LLIil::;Ld f) fl rn 'VlniJ'lJ f).Jy] fl'Vl ~ f) L~'U,~fil L vj:W~'U,"il::;~~Iil(9\ f) L 'Ylfl:wm1Ulml:wff)'U,f) fln"iJlntJ fi mrn vh 1 i 
, 'IJ OJ 

d ""'" 1nI':::' Q..I 6''''':,J'' Q..I 

:w f) rn 'Vln:w'lJ f).J LLn ~~ Iil (fin rn'Yl L W:W"LI w~n (J 
, 'IJ 
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0.96 r-------~--~-'---r--------.,505 

0.9~O-O-----3-50-----4...r.O-O------"'45~95 

U'lJ'lJ-:i)1~EJ-\I hH.J1TI CFD rln H'L~m11'in rJlh~~'Yl~l11w'lJEJ-\ltJIimrnvJ~~1~iL'lJ~ 1um1 
~ ~ ~ 

Ln~J..J~n~r.J1EJEJn6fifl~EJ~LUiuL~m.J~<il1 ,2-1~f1~EJ t 18 L'YlU ~IU'lJ EJ-\ltJ~mrn~ih1 EJ'VI~m~u~mt1m 1 i 
1 Un11-:i)1~ EJ-\I LL'lJ'lJ L rtEJ-\I"iJ1ntJ~ n~rJ1Ln EJ'lJ,.r-\l'VIdJ~Ln~~ GiIU d fi1~1<11"iJ1n nl1tl1U1 rJ'lJ EJ-\I LL'lJ'lJ-:i)1 ~ EJ-\ld:n 

m1dJ~EJ~f1tr EJ-\lbUUEJ cl1-\1~Tl'lJ'lY EJdJ~"iJ1nYl1-\1 t 1-\1-\11U u~~~~~1<11"iJ1n n11-:i)1 ~ EJ-\I bb'lJ'lJ 1 i'lY EJdJ ~ 1<11mn~u 
~ ~ 

b ~ rJ ITl'lJ W b1@i nndJYl1-\1W ~ fl1 ~<ilfl utJ Ii mrn vJ~~ 1~ IfL 'lJ ~ U~~ ~1m1rltJ1'lJ EJ nt. 'VI1l3J'lJ EJ-\lrl EJ'VI ~ EJ b tJu, 
~ ~ ~ ~ 

i~~IUn11iJEJU~11L'lY1, bb~~~U 6) b ~EJ1iLUUbfl~EJ-\liim~'1'V11'lJtJ1'lJ1h-\l~l111~ 1 Um1(;]1L iiUn11'lJ EJ-\I 
q 

t 1-\1-\11U"iJ~-\l1<11 
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nTnh:::~n'il',r CFD ~Yi1l1l~1J1rJm':i~~'iI 1 ,2.'1.'ilfllil1lh~m'\.l,t'ilrJtJEin~m1l1ln~f1Iil1l~mi'\.l, 4 J 7 

'lJ 1l~ ~ 1l'Y1~~'\.I, 1'\.1, tJEi mn! y.J~ ~ '1.'iI'lh 1J 'il 

~'\..I,~~lG~inr~'ilEl'V\i1>1'V\·I.b!J1.l13J1<?l':i, m2 I m3 

,maJ b'1laJ'1lWlJ El>lfb1.l1flfl&1 El hW11 Willb 1>1l.l~n1!J1 

m1aJb'1laJ'1lWlJ El>l bEli'lTI~'\..I,l '\..I,b vi ~bbn~, mollm3 

f11fl>l~"lJEl>lbb1J1J'il1&1El>lm1aJ~'\..I,lJl'\..l, k - & (= J.44) 

f11fl>l~"lJEl>lbb1J1J'il1&1El>lm1aJ~'\..I,lJl'\..l, k - & (= 1.92) 

f11fl>l~"lJEl>lbb1J1J'il1&1El>lm1aJ~'\..I,lJl'\..l, k - & (=0.09) 

f11 taJW1~~"lJEl>lm':im:::i'l1J 
'II 

, , 

f11fl>lfim':iW1W1.n1Jfi~ml:::~aJW1&1 
'II • 

f11'1"l~>I>l1Wil&1,r~1~(ilf"lJEl>lm':i~'\..I,lJl'\..l,'ilEl'V\i1>1'V\'\.b!Jm&1, m2 I S2 

f11fl~~"lJEl~elm1m':ibnW11.J~n1!J1, lis 

elm1m':ibn(il1.l~n1!J1, kg mol I s m2 

bb':i>lJ~'V\aJW1~m:::y'j11J'\..I,bvl~ a ~~1o/l11J3J1'il1mvl~~'\..I,"J 

m':ir\1!Jbi'ltaJbaJ'\..I,im:::w:h~bvl~'il1mvl~ a 11.J£T~bvl~ f3 

m1aJ~'\..I,"lJEl>lbvl~"lJEl>l1'V\&1, kg I m S·2 

m':i~{l>1m1aJbQEl'\..l,"lJEl>lm':i~'\..I,lJl'\..l" kg 1m S·3 

m1aJi'\..l,"lJEl>lbbiJ>I, kg I m S·2 

m':ir\1!Jbi'lm1aJ{El'\..l,'il1m:::w:h>lbvl~'il1mvl~ a 11.ltJ>lbvl~~'\..I,"J 

i~~1'\..l,tW1!J1.l1aJ1(i1':i"lJEl>lbvl~ a 

iW1~l'\..l, tW1 !J1.l13J1<?l':i"lJ El>l b vI~~3Jm1aJ'il m itEl>l 

i~~1'\..l,tW1!J1.J13J1m"lJEl>lbvl~~3Jm':im:::'il1!Jil 

f111aJW1~ ~ri~'V\ ci'\..l, ~~ml::: 81>1 ~>I 
'II • 

bb'V\~>ln1bUW1'1"l~>I>l1'\..1, , kg 1m S3 

bb'V\~>ln1bUW11aJbaJ'\..I,iaJ~bnW1'il1mb':i>l~m:::y'j1m!J'\..I,Elnl<?lrJ, kg I m2 
S2 

• 
bb'V\~>ln1bU~m&1, kg I m3 s 

Ellli'V\llii, K 
• 'II 

m1aJb~1"lJEl>lbvl~ a 
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Up m1~Jb11'lJfh1bvJ~ f3 

YA ~~~l'U.t~HJmfl'lJf)~ A 1'U.'lJf)~tVifl 

raP m1LL'IAd,nmvJ~a t11£T~LvJ~ f3 ,kg/ m s 

rPa m1LL'I"l1';l1mvJ~ f3 t11!T~LvJ~a ,kg/ m s 

& erm1m1fl~fl~'lJf)~'I"l~~~lWilflU'lJf)~m1~tl'U.th'U., m2
/ S3 

Aa fhm1l1,lm1~ff)'U.'lJf)~LvJ~ a, kg m/s-3 K 

f-L ~lm1~Viu~, kg / m s 

f-Lc m1~ViU~'lJf)~LvJ~~~m~f)~, kg / m s 

f-Lt m1~ViU~'lJf)~m1hflLLlJlJ~'U.th'U., kg/m s 

p m1~Vi'U.1LLtl.'U., kg / m3 

O'e ~lfl~~m1~~'U.th'U.'lJf)~LLlJlJ~lflf)~ k - & (= 1.3) 

T m1m~'U., kg / m S2 

Ts m1~L~'U.Yidl~'iiJ1nm1"1l''U.n'U.'lJf)~f)'U.111fl, kg / m S2 , 

Tap er~l11m1tVi"''lJf)~m'''~f)Vi~~Vitl.ltJmmm'iiJ1mvJ~ a t11£T~LvJ~ f3 
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