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MATHEMATICAL MODELING AND SIMULATION OF HEAT AND MASS
TRANSFER EFFECTS ON REMOVAL EFFICIENCY OF PARTICULATE
MATTERSIN VENTURI TYPE SCRUBBERS

Amir Rahimi & AnisBakhshi

Department of Chemical Engineering, College of Engineering
University of Isfahan, | sfahan, Iran,
rahimi@eng.ui.ac.ir

Abstract: In present study a mathematical model is developed in order to examine the effects
of heat and mass transfer on removal efficiency of particulate matters in Venturi type
scrubbers. The governing equations including the particulate concentration, gas temperature,
droplets temperature, droplets diameter, and droplets velocity equations are obtained by using
the conservation laws and solved numerically. To validate the mathematical model, necessary
data was measured and collected in acommercial cement plant that uses this type of scrubbers
for controlling of air pollution. A good agreement between plant data and the model
predictions is noticed in general, and results obtained from the model reveal that the existing
of temperature difference between gas and liquid droplets decreases the overall removal
efficiency of particulate matters. This is due to very rapid reduction of relative velocity
between droplets and gas, resulted from heat and mass transfer between them especially in
throat section of Venturi. The effects of variation of various operating parameters on extent of
reduction in removal efficiency were examined by using the model. This study confirms that
in most industrial applications of Venturi scrubbers it is necessary to use a direct or an
indirect cooling tower for decreasing of gas temperature before entering the Venturi.

&

olodly 2 @yl g 02 JUSI p5U g5le 4l 9 (8L g5
G959 rodiy gl 50wl Wlyd gjlulax

gs"*"-’u*‘*" 9 gs'%’)ﬁ"‘

e 5 i3 Jlm 5 639)9 55 sl gls 5l (b &l g oy JUanil 15U adlllas (] ) teuSy
5 =2l Siledoe 350 (5,505 0 g G dawgs oo VT sl WI,3 gilulaz ledly 5B adsl s,
chale ol s Lol dolre Jolis g (pl 0,8les 5 oS> O¥olee jolaie cpay .l a8 F 13 oiluad
Cagby «lylad e s ol k8 sles 5 sles Ol s alolae Jolis o3 S¥oles plos g 35 ol o 00is¥T 5>
03l (5,5 o3Il polae b Jow bl .cwl oays 5 > (s03e sla g, sl eolainl b g s a8 o3lasl ¢ 518
Ui 50 Jod BB illat 5 00,5 annlie Hlapw Cato )0 eolitwl 0590 (5,959 cuigd S 8 Slos 4y bogy o
3B e Lo DS 0g2g 0w o0 lis oy ol @l 10008 cssline a6 ,.5 o lail 1l g Jow slo
Saals o ol Jdo a5 v o el |y wlyd gilulas Gleaily gobj dg0 U olSelS o a3 ol 969959
o=l ol o (cooling effect of evaporation) ,.oes 51 _ab ioleyo 51 o0 55 g Olyhad 0 s S s

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

APIYINY i Jgog g,
AVINYINY iu g g )

rahimi @eng.ui.ac.ir «;lpiol olfiils ¢ awdige 5 (8 0SS o conds wdige 03,5 « ooy gl J5'S
Sleio! ol ¢ oigen 5 (23 0USLEIS (o wikigs 05,5 ¢ AT Lyl


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

s il 9 (oo y yunol

¥5

3lwlaz gleasily (M jgdas g ouns S (Target Efficiency) old o (sjlulaz plonil, als cel g0
Oyl s L o) (LSl (69559 Cusb) Jlade d dtey o )5 (atiie (rizres 83 0 (EB 1) ean gl
0l s (S loai]y 5 0,18 SO Baa ey a5 BB 36 5 Jale ol g anls 52
ot Sl 5 55l Olsmn o] S a3l y T g gy S5 cslas ol ilbes sl ol
) s 15 oSS slag s 31 oslitad oy o 0l 5 1 A b el 55 5 50 Sl

28,5 B Al 550 glelaz Csllae Gledily Jpax Caz (5 55 eabgd 4 ()] 959

Siledoe wlylad L5 (ol yhad ol (6,955 s g fguudS WladS

ool b sl &l gilulas lade (i o8elS isu o
alo Shld o Yo o s B 5b Cod S ol pen 55
b Sl i 5 Sl G s il Bl o)l SIS 5
Oloyen jsh g 0ol b3k G e als S s 5 Sl
Bdzme ik S Lo @ 50 ooyl 8 L sl IS gslulas
GoyP mbe b o aslol (Dl dad cwyil Saile g 58 ey alS)
P YL ey b aS oogll 5 g olS6lS 51 LS L g Tl jo 0l
cely alies (pl g ol had mbe )y sl lplad 4 el 05 >
5 Sl g e JEE oy wais g 0k Sl pled whaw obxl
GRS el (S5 a4y p3Y 00,5 o 00gdl S5 g mile o (g5lulas
355 peilSe (5585 ednsd S 0 welr oS (gilular Gl
(Direct Interception) owles wled puuesilSs ¢ (Inertial Impaction)
Gilwlaz leaily giladas b sow Gim 4 bgrpe Olallas osiin
5 anily cwad o 00 & Suo3 5,58y easd Sy eaty]
SlSes p oSl DYolee Jo 55 go0e slahy, 6550 L oje el
ilelaz gl (ot 58 (995 lataiise (5,555 slaoan gl
bhug oladss plxl g, 3l el gl 4 cnl 00ye)F Jol>
sdingds o e silelas pleasl, Y] cudl snys 8wl Rahimi
ale i b Gilisee sl el ) sloduarn b Sl 4 (5,5
oyl Slhhad ojlasl olFelS o 55 e pus olKws (58 olal B 4
8l mjs daolns (5, mlbe whd Oliee ol o3l misi 5 ons
il oo Oyl g oy Al Gl g onigdlas 58 a8 0aY ol)d
L5l ol 59 48 (0l o lalllan b ke 5 lo S ol Joboy
S orolin han g, i Sl €5 Dpgo i L
) x589 oangd S ilulaa plasily oliee Lol Sl oslial b olg
P PPN T A I RUW PRV P RO RS
@ Olgiee BLII cnl o i 55 (elie 28 5l Ll
5 oslizal b T o a5 [¥] Sheih o Taheri Lawgs 4185 & g0 aslas
CSlyiSo it iy Wlae b sl Glp @bl - Gy Jae K
Oezra Dgas 0 LIl 0l 4185 a5 10 (5,909 ooy gl pladie ;o L lab
a5 b alis Fathikalgiahi Lawss sus abxl gow oldlae
R PRC RPNV T K JUR R SRV IR TC A U JRCIES L 00

L5] g (o] cd,5 15 cn ) 590 0 u¥T )3 (g5lulos

doddio .

LSS il ate b g wazr Gl SSST anwgi 0jg
g el b pad Saales jolate 4 lga (Sogll J5uS )0 09290
2 1y ooVl el lre a> a5 a8l (pgad (uled
Sl Az LIS 4 S g wa0oe 18 azsl 990 el
Dl F9389, bS8 bl 4 azg gou wlow
Sl 009 ladaze A3Me 0,90 Dlegdge jl o,lgan

sloosing s y i cSlid 5 gilwdige @ 4255 Olo al )2
s g (Sog Il S8 cgar a5 ()5l lsie 4 (5953
el L] 5 D] cadl 009y iz 51 (s bas Slalllas £oo0
Syhy yaie Shg delx O3 ooyl slaylE lesen Ld>
Abl o0 S92 g0 (G ;00 b auglie jo Wi oy
Loy gy sl D13 6l Y leadly ol s (ol sbil3e
g oS e Ceend S92y pas S slad Jldl (ol &
58 ol 0,5 el 3 5 ean¥T 58 lojen (s5lulos cobls
Sad 4 Wl 1y ol (2 Ol gds S &5 ulio
2lp g il ceslin g pdyllasil el ools zol58l
w0Vl (89,9 cdale des Jolis (539,59 5 Ll &l pss
ol Sedgiia BYs K00 515 (cem (08 5 (5399 58 ush,
C3l 3sd Bl TS plee S57s b T e Jlads & bapiecas
e g S92 g0 Sl ;503 b dglie [0 YU s jLud
@ bptw (l calae jl Jol> gadgs Clay &8s 5 (59,95
ools Hlad V JSs j0 (6,989 caingd S Sled bl o Jled

] 00

-~ nlfslf \
L S-S e 1,51y Lise

- - - X

X X2 X3

(539559 owis g Sy Sl ) JSCi



https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

Fv S99 oty gl jd delr ©lyd (gilwlazr lewily y @yl 9 0y JUEL! J5U (g5l el 9 (LOL ) (g3luduo

ol 3B 5 05 B mn 350 010 052y (aalz SIS (s3lulax
Sl ool lis gilwlas (IS leadly 5 osyay

oLy Gilbudae ¥
L Gelate 5 39290 (Sod 9 W olgd 5l eolinal b g 2w ol o
2 Sl SYolee g5y oangd S Slkes 5 (ot LSl
9 8%9)9 S5 sles Syl o5 (> 50 (6,955 odigd Sy 3 Sles
0 sl el sl 00335 s bl g B 5 oo
o)l e539y9 S Cugh, 4 (5)5g Sangd o Shes Ll pd (nl Cou
Oty g 0 (K 38 g el o sles O ol lad
Sl (Bsl5) wle Go)5 4>l 10 ()l 5 p,2) Jll slaos] )b
5 009l S5 5l o e (LT Al cnl o ez e
el YU s okes el
S8 4 Leded 8 (69509 00 g (g ladde o oal 00 I8 @ wlus )8
il 5
Lol G O g0 4 JUI alaie pdaw jo @l jlad cdale &y 545
Sebse 28 b ES e Ce o mbe wlilad adsl e Y
Bro g 039 (5,555 yome a5 oon¥T OIS g &l oS > ¥
Dy oz 3B 03gi bolen lnlr il Lawgs
Oygo g oo o3l ol 4 pomie a5 0S5 @ Olylad 555 ¥
g god ALSE kB g 0y o3
ooldl,S g 0565 0 el bawgy Bro cu¥l I3 gilulas 0
Dpdysn e
boe b (Sl ol )58y glooansgd o oS> > 0 58
(05 g0 (2,8 Silliol oaty92) 3505 (g e
Olsd @ by OYolee 398 0ads &)l Slis,d bl o aslol o
23,5 o Oy Ol 2 e OYolee plo g os¥T clale

Olyd cdald Ol i dolzo
Sleslal g 5 JSi Bllae (5,955 51 (Job ledl (28,5 ,las o
1dg Olgen (el D1)3) odigd lax 2 sl o2 Gl (6B

Vn’ an
ol c,
I, Iy
Ty Tq
Dd Drf
Ax
-
J9io 43 5939 0y 9 31 P9 ko (Jgb lall ¥ S5
Sl ool ! sl
15x D42
_ _ L/ =272 7d _
GCp|x GCp|x+Ax CP EIV['K/d DSdS =0 M

Ao b legee ogas cnl 53 igerad sad plal wlalllas
o o, €] 4 prie Sl Clle SIS, @i 5,5
<8 3l baes a5 Cawl 00y0 F lide (gom 5l et Lo
IAL 5 IV] s o955 ol slao )5 g colio
ooy b bls )l o Sldlas Viswanathan  lawgs puzxes
ml &5 Cwl @85 G50 69y eangd S il
F@30 balyy (Fp pad Bld 4y azg b Slalllas ol 5l Lol
ke 5 Olykd ol @se8 e phd S5 (e ogas )
- sy SYolee o (Source Term) ol ylad aes e 4y Loy o
ol 2 Skae e SIS A 50 (bge L slapls olrl>
s a8 as Sae wb ] g [l Wi Jled @ bolfiws
Gl xS s @ 5 el &ty e ladus
Sl b ol polie (Fp S 0 @8 by,
3y Sllad glals T 3sa olie 5 mle sud olmy) ol i
o Sl )03 (BB 28 o lse (S ps elx
s o i pgar cpl jo (LS cldllas plod 4 b Koo
gl 558 los BB jl e )l gy 35 g990 &5

Ll 428,55 )15 Az g5 090 (a5
i 50 8 Sl Jley wile loj  (sie 00l &) g8
3 bosyay ol bl pae ogas 3 boes a5 (a5l 5l j2eS)
QO o ol ool xdly sliwl 550 ool &3l slagludans
Sl Jlws 35wl fley &SI e 30 a5 iz i ad S
(s S WS g 90y 5l D)2 5 52 Jobs a0
FB L 2 9 > Jobs laads 5 059 YUl 56 90
ryas o 48,5 Oyso g Sosll aS (g sk 4 el azgs
Sype Slles iged Kol (295 B sles 9 Cugb, nolis
ol 4y BB Sl ke ledel Glo A5 )3 sl
a5 LT 5l pgm 5 IYT el (39,9 polie & o n el
Jyel 5l ooVl Lialas alex 5l Jsl slaodssy  cales
ST i LT e 555 sl 5 00905 (59 e
sbbolS 5 s ojlul G5 eled o (ood Zo
oo Vb @ 2l o Olgiees widlbee Sie s g cale
Jodo 4 (65555 lrosngd by walr I3 lulaz plend],
2 50 905 o)Ll ool b gla el )l polie o9y az g LB
S Sl ) ey g Oyl JUK) ki glaosssy Cueal S0
5 polie gl lonsay pl Gl » 5 Julge aSCIl> j0 w0gis
e e ol e Bl pay s LSy sleosgase
angd o L8, ildae Jgol 5l eolitul bl oy F
i @le 5 5 sles DS s 4 ol jo 45 (5,955
5 okl 5 Loty Jlasl 39,9 5 Casb, il g 5
Oleily yds a3 9) HI5 Cae e Myud Ok izeen


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

sk gl 9 (sou 5 el

039 9y Jold 00 slogyud weatysd (28,5 )18 09 5 515 S >
@ azgi bogzy (al b oo S Jlesl Ol ol (e 1 5550
20,5 oo Jaidyo 60l 5 (135 Srg s 3l eansd o Swil wile oo
25 JSS  o,kad Cae o Ol pons dlolre (590 p90 i85l eolaiul b

il Gl B

%: 3ug (Vg _Vd)

C )
dx 4Dy ZPdVd o

D9bon dmilne 0 abai

Ol i3 338 9,91 g a0 lis > 4 (F) doles 4y 2
Ol s 5L S plealy asle Culed 30 9 5555 Jsb o Cp
u‘;’aﬁ 9 )lf O ‘sa.a.«d e g )lf LSLOQ ‘u‘]’aﬁ o)léul )J«)Lo.c
ASb e

sladl 51 86 b g 55 0l Sl el gl 4 Culie b 5w |
Sl g ez JE glacas 5, okl slul 5 &yE ol pad
Bl Dl Jlars 358 oud S5 slayiell (ooled g 0o 4z g LB
cdale ul),u.p B8 Sm i Sy S S9y2 [RURWRRVEYPeS
Cawd Ay ol SO layiall 51 G e s 4 by Yol
840 o (F) dolae b ylejon j9bo s g ool

Oyl 9 02 Jols Y olzo N-Y
O il g JUR (Gmie g (b lasl bl ke o
Ollad sl cake slaoi] B 0 am0 o 3y 6999 S 9 s
Oz 0 cplply el Jloye3 0 cawal IVL Gleo L plalass o
3 8555 Sl Lol pydga 0,5 & by 0,15 oz Jlisl ol
Lt 4355 ) DS 2 sotes S 550 )l 5 0 JLa
o33l 2 oot Db U Olae b 3T S3)lse iz 0 0l
L e).laé )Jd.9 .0)‘.) )lf )L.M.‘B ol 9 Laooq...:\l—l 6)51@9 6‘]1 u] u‘)Jaﬁ
S ol ol o 05 S sS L 5 Fp ed e o S L ol
2 ot dlae cnl o)l 0T s (59, 5 Sl 35 b g oo &
s 5 kel 08 o3lail o Lz 038 a Sl (s3lulir land] s,
wblyy 13 (7 dolee) .).Ju’,o St 4 gilwlas oojl dolee o
ok 0 a5 Shkd Gl Se g pr dod Sl (St
4 bgye Yol dalsl jo blod oy .l poe Jlown aijeliss gls
Sl s e JES Gleanl sgzy cle 4 &5 gloyally 4dS

A

O (1) dobee il o 35 sroge gex> 20 G ol o oS
129 se o3l ) &)

d(GC,) -15xC,EV,|LD4?
dx Dy V,

™

3B sles ywss 51, NRT IPG og psie dy azgs b
25 Doge @ (V) aoles wo)l> g a2 ol 5l 3L
D9l oo (o9l

2

dG . dC, -15C,EV,|LD;

C,—+G—2>
p
dx  dx Dg Vy

D!

OlFise JLid 5 550 55 (IS oo Dlpss (09 5026 28 L
(1) dolee Ll 0y 5 d9es 2,2 Les &b Byo |, G &l s

3905 2l g 4> nj S,

2
dC, -15C,EVM|LDs" C, dTy
dx Dy V,G Ty dx

9]

Cod S Al e 0,8 S (gilulas Hleasly B o(F) aobes o
4 b g asll (Target Efficiency) Gos leadl, leie
gl Jsl a5 opls 50 g Cons Sjpo 4 B iy yai Ll
3550 05z ge DS Ol alalo b ply gled b lopls alaie
Wibge oyhad b3 L (slopls ahaie mhaw (ag0 g 0ykad Lawys
abl, 5l E acilre gz dadllas opl 0 005 0 asie
Al o) Sen 5 Calvert g oads 4,1 ol 3,50 5 Cgyne
o | 0,8 Sy (g jluliz lealy byl oyl sl o sl

aled oo 85l 5 OBl 115 5 8,95 3 anilSle 90 3L

2
K
E=| —
(K+0.7j ©®

dlee o doles b aS cusl 0,55 5yl K dloles ol o
D9 50

K = PpDpM|

*
91y Dy

0 a8 e Ol juurs’ oo
Sz 5o ollhd oS > Ce e Il 6,98 o el o
Sz & de wSbeo S S 69 Jleel 58U b


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

Fa S99 oty gl jd delr ©lyd (gilwlazr lewily y @yl 9 0y JUEL! J5U (g5l el 9 (LOL ) (g3luduo

T, —6LD,?
~9__ TO%%Pd  |u.—
dx Dsfmgcpgvd[(Tg %)
XK MC oy (¥ =Y = Ty ~ T | av)

@ by e oud 2ol Luly, 5l ooliiul b gz 5 )l Jlis! colyo
e 5 el [1Y] Downing Liwg a5 [VV] Marshall 4 Ranz
3 oeizeen il ge Cuss @y wlowds gy et £33 (nl 50 05
@ Olyd lawgie sl aculxe cga [V] Boll lawg oty 4il,) doles

il ouds oolatwl 433 g0

15
b, =|[ 5000 |, 29(1000Lj foo) o
Vg Vg G

3B Sogee o gl dpmlwo
caw jlade VOSS o ead ool las (Sopd sl 4 axg b
Al 55 ool dl)l bulg, 5l s o 1) alals o 10 55 (5500 alade
o bl g a2 0 38 Cepw e a5 Cwl ooy 0ges
alys aule LB ooy 4 g 5e ahaie mhaw 5 35 adgl o>

O

A=2WN(H + (X, —X)tan @) x<x
A=2VH X=X 0%
A=2W(H + (x—Xx,)tanb,) x=x,

iVl cdale ol s 4y bogrpe SYolae Jolds 598 ooy ol ¥oles
¥olao) Slyld o5 > ety g b b (Sl yld glos 5 gles
JB soae g, L logil 5 0395 K0S 51 Jates (1Y 5 Ve ALY
15,5008y 4 0sd o el el Sy ol ol s il e U
gy 5 eolaiwl b cVolee cpl cuwl o ,Lil 5,50 dolre Canl) Comw
s S PgmelS dalp .l 0au0 5 o iz 4z 0 LEX, goue
4 e & boye 55505 e SYolae plapen Jo sln oud
B el ;3B iy ol ool s ags MATLAB 58l o5 oSS
$lod g Zop Grizmod g DlylaS Jlad g led iy 9z (la kLl
Soye ) 9ysln 5wl b g5y Bl ablie o | 5

ey )0 Joe L85 wypn jshiie 4 g oSl Yol S 5l e
Lo mls 2o sl 5l Fn polie gmiia
2 Slbes )55 sansd o a4 bgyje oad plonil gl Sl
oo bl slag,Soilul o8 awlie sl e a8
Casb, (9> 35 5 g i gles (295 mle sled 4 by

o yad yhad Ol pss dolze
dolae el 2 (5)959 oaigd Jsb p3 Sl ojlail &l pis
S o o ol o iz jlad ST ol le B ez s
Jedo a4 w8 jlad sl iy o)kl g o S LaS )
» el e S slad ST e s wbiee Gl Gl
oo 4 Sljlad a0l a0 (i Lid 5l 2eS 55 00gs
Teoy Sz p) Wl Bld oy Wgdoo SzsS S

DT T e s a4y (55355 Jsbo o 0,ka8 ojlail i
dDg  2K;M (R, - Pg)
dx PaVd

Q)

o8 slod Ol s alolro
Sl Jols Jdo a o85S slal jo eads sll &l lad
ol b o3 g 9SG 515 L Lo SN2 51 26 ol
Ol sleo Jld; Aoles 5 0 9,0 (651 s Jlzd S0 (55m
il Gl BB 5 S8 &

daTy  6h(Ty-Ty)  6NuM,

dX  pgCpaDaVa  CpapaDyVy

x|21-C g (Tg =Tt )l 0-)

3 Glod Ol yuoii dolro

Shhld 4 ol Jlal cde 4y 58 glos caily glopions jo
O Lo S| g2y cde @yl oo s D8 55
ool ot ol sl b o, il IS 5 8 s
slod 30 Vb Bpo 5B (6550 5l (i eizen B3 £
;0,5 L ogd co 38 sles b oyhad mlaws slos l (Jol> b
S w09 Sk Ol sl @il sl dslee
Ol @l ) oles (5 905 oaty o 5l Al o 0 Lewilyao
g o0 Jol> 55 sles Ol s

%[mgcpg (Tg _Tref )]= —Ny hﬂDdz(Tg _Td)

_ndNAMvva”Ddz(Tg _Tref) amn

slo S ol Ny 5 pyz JEl L Na 0)) dolee 5o
&l Ol Sl oslinal b oS el ploj 9oy Sl 4 69959
Vol (3lr b lor Coss a4 Sl gl b 5
e JUsl L g Gl axly el 4y Sk slass 4 by e
> 55 2l py8 4 Aol ()l G gles Ol s OYolas

Rese


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

s il 9 (g0 ol

@S (o) 9979 (I b abloo pugmine (6 Db b 00
Slyads Ny wizmen 5 398 oo plxl GlagsSojll b Jowo o
QQSGJJ&W@?JM@UJU»LMIEo.)..boliLngj;;.ol)li
S8 0 cnl oads s Joe and Coro 9 CBS e 525 Ll
90 ly s sy Jsb 0wl ol (glule plealy olpss ¥

Sl 0als oals Hlas &l g 0> Jl 0429 pas g 0929 Sl

D+

Slles Lulpd adboe IS sileliz plonly g (255 58
Sl S8 4 p3Y el 0al 005l Y Jguz j0 Sxiio diged oyl
eyas 55 sogazme Slles 5 2Ll glaeols Sk
a5 ol LS wblige s 50 )58y sbhoaned o ,Sles
S spe sl e s Al il sy
wynd cloo 8 sleo (il pdad olail Jolis Jow pl cBs o)
S50 oyl 5l il 5 o985 b o (mdee plendl,

YA Gletol low 4l 515 50 ooliswl 8590 (559569 oy ol Wlasino g Slhlos byl i ) Jgu

VA Mol SKea Lisw Job V#I0f M3/S G5 o> 0
/£ m o555 elis)| fyY K (59,5 55 sles
YI50 M ool Sy Sise Job ¥o- K (s> 35 sles
“IFA KGKG 5995 55 3llaa cugh, | +/+ oYY m®/m® gle o 5 Cos
ARTA az 0 (ol Kan a4l AL m o585 Jsb
ot ar)3 (2l Sls 4l AKe M «$,959 2 e

Pz JEST slaonsny Hea> 50 Sus plewdl; 2als ¥ S5 L Gillas
Ele Goyp ahai jl geS alols o g il <ol b Ol
Gl Loyl Sy Baa plenl) 350 el Sedoe Jol>
(F 90 OYolxe) WS co fo ho Caow 4y 55 g 0ykad e oy
a5 5 Dhkd e &)l 5 ey JUST g 0 a5 ol (a1
oo gy 09bon 1 93 (ol S Fad g S RS el
Al anlin b IS8 0 cwl g Hao G 4 Ban ey o5
bodos e g Lodedr & Sloe cdl> o wljhad 5 55 ceyus o 429
J90 pae 2,8 baes oSl I jelaie ol oad ool lis
S SeSlen Sl ol 0 il Ol g ey JUT slaossy
azgi BB ojlaen Oljlad o 58 o WS 000 o cowline
los Slss & S 0 o)l sgmg YL olens], sl Lolul 5 ol
aS &S led ol onls ooy lis eangd Jeb o i 4 58
o 5 S sk 4 IS sles oS5 iy 3 35 caslis
lilad g 053 G wad abule o)l Jsl Gl A6 Gl
P2 JUE culpd g uled o (5090 Yo ol (ol Jdo il oo alS
wilbor mlo g 5 m azs BB (oo Saepm 5l (SBU Ol
olea Ollad Sl sles cuwl snalie LB S j0 a5 s les
cewliin Loo ol o3l a8 cel (699,955 5 slos b Sbbol sleo
At IS0 a5l aS aisSiles Bl e (5995 51 sles 5 Zugb, b
e ay S5 Sl Sl gl el o Gy sles 29,5 e
Omzad Abl oo Jow gulis S35 whe el cpl g 00gs ol (6,505l
odaline 29,5 35 slos lp ) Jgao j0 cad 83 lade L Gillae
WS Dgo gt e boplp Cwyd e (pl 4 005 o
o 05 a8 By VS5 3 a3lgn 8 S 55 Jas bag
Cogb, o9 YU Lo a laml jo sl oals ools lid (5,959 Jobo

Sl 3,5 Hha o cwl ssslie BB pxl) 4 a5 4Sles
e il pledily 905 0 el Ol g e Jlaul
S8 Gl 5o mizmen 205 (St (Sly Jhde 5l i
Silwlaz L5 Hleadly Jlase b oo b s g0 5l Jol> gl
duolie 9,500 O olul L I3 @ b 0 6,5 ol
‘;M @ Jos.t).a Gwl.v ] UAM as AajiaLo.&b 9 Sl °‘)‘i°)§
Jlade 4 el ey 5 bl &)l g o sl @l 3 T e oS
G ke oo jeie SOl LS ol S5y ledil, (oadls
Lo ol ol a5 ol iy adly e 51 Jow ol s
ol oaingd ahaiie 3 Ol ylad Clile a5g5 939 b 4 bgsye
el 003055 Blod Ol ple o)y o addllas cpl o oS
Jsb j0 0,8 & Gae leadly wlss F G j0 oren
Sl 00 oals QL.M.: 6)9.45

00308 Loded Sl b annlin o &ljlad Gan L]y als
2l b Glae IS olaily pals Lo 50 Jole cran 5 ol
suslice L;L.Dusbu Jf}!o e x> B QL..: Ls‘)“ Sl ¥ J.i..:
Jsb ;o o,kd 4 515 cepw Slpss F 5 ¥ sl s [0 ool
ol ool u,«.vl.u 0 sz.v 9O ol oL o> 99 6‘)‘.‘ 9 8,959
S99 Sl co2line J—'lﬁg)i“’uﬂ )‘ @PM:‘SC\J;L«Q ]
b s 5l A6 ey Jobs g Slhkad 5 5 (e )l Jols
S Jsb jo 55 cepw Sl g wan Lzals cel gl
ShkS 5 58 G (o Sy (RS Sl 990 (nl g oS
S Baa pledly Gl a5 Ll 5 00,5 e o5S isw yo
u-" )‘..\.E.A Y )lf 9 u‘).]aﬂ 6_....._\ C s 0 e el.: o).!a_%
ol @Bl alS S leasly ases o 5 2l


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

o) G999 oy g 50 daler WIS (gilwluar plowily @)l g 0y JWESI Wil (g5lw dnd 9 (OL 5 3o

Lo a5l (pad il oo ol 0atygd Jobo 5o Les ol g oo, Sl
ol iy Sy Ly oo plad les s

5 olyhad oslasl Ol s gy By F mlbe adgl sles JINVY S (o
odd osle las IS gilulas fleaily g Baa flewdl)y joss ases jo
]

Slade oS oads (23 ¥ ply 55 (699,958 adsl Cugb, KA nl o
s oo olas IS pl 5o enld Il bl 4 LI .l 2y JB
okl ;2 b ol sy BB b Sy @l adl gles oS
15 ads) s, (99 Wl o ele 45 Lz 53 oSS (sl 3 Logeas
0335 e ) @lo wo,lad slod 39 Vb (s 0y 590 Jleil
IS 5o oljlad ol ools HLas YO K (639,9 (slod (gl a5 4elon 4
b 5 lalos plo oo o cbls winlgs o5l LaalS s ,5555 Jsb
Dyl 0g2g al,y Jlezal &l lad gles A5 islsal

i @l Gilepm b Ginla)S 93 » ol Olsie 4 g90g0 0l
sga el limlo g5 gm Oglita Jalge 3B o 4 45 |z s
bl leaily Grals b il el Ll poes b olhad i) o5
23,8 oo

olesily 59, » S5 3955 led e 23 VY USE s pizes
LaS caS ol oo S0 a4 a9 bl ouls ool las gjlulas
boe 2l ilulaz plesily (63959 55 sles 38l

S5 5 OB e sl 5 Sl Jol G il ol s
B Sy i e 85 )l Jl ol (695 Rl s 4
L oly oo Sl s lel el (6,955 o5HlS asu s
) 8 5 aaziS K g S, 3y 4 3905 oDl o b 5 (55
s 5)989 @bl RIB ) % i Wlgioe 5)989 edngd
oo o5 5l gl pgas o el (nl aSil LS sl
Lol osalie B (5,509 slaoaisgs

& S azis ¥

559 oxngd & (5399 35 o Dyl 5 oy JUE! slaodssy 3G
B35 oged B b g o S Joe S bl GRyp b s

L85I8 s 050 Dyl s oy Jols Yolee
Dld s b by o3l agel Ll wede (i ) ol b
e g gm SIS L ol &l Joli 51 8 e 2015
odingd Sy (IS ilulia pledily (i 0 o sl 4
zr Sl oolitul aslllas cnl gl bl 2 Grizren 33,5 (5,955
b Wlgge eansd 4 ol 29,5 51 S8 5 Glo s Sz 5SS
1) ossy dansd gilulaz ey ey g Ol Jobs i
2 Shles Gt syl 53U Gzren s ol (See o>
o9 lrosnsd o Slee jo ool ol slronsyy (5,la5 31 5

) °)§ [Cadbd

2 Sz ks ) eags o Ol Jlu Ji lad (sog)5 58
owwyomul)m)hsm)o‘wlwo)hs@bw
Sigy oy kS fsaze Gaa 5l g Gl ol
Azl 50 g oyl sled il T s a5 sl _zals
S oy e g ok gl o ST b i jlad il
Gan pleadly jo gage i Dl ol ol spp Bl e
ojoi‘ é’l-’ IR WY J""“‘)l’ u-l‘ aS |).> .>)|.> Sy o;.‘a.“é e
ok 8 5 gl Sl o slimlin A S5 3 i
ol ool uLw.: as jelagLo.lb Ll 00l ﬁl?y" (§,999 Jsjo 5o
Dbl ge ugSae Zugb ) g yhad Ol W,

ol 45 00ls s alS Cagby e el S oS g
Oyl Galidl Cosby a5 Ul j0 g Conl plase Jdo 4 £9.590
Ot Lol g Bhilas pts s 4 (nl & whoe el kb
@l peizes Sl S5 Cusb; goszae 4 sy ol b
00D g e e aS B oo plas S ol e s &l
SpSoshl i b ply B Jow bawgi (29,5 55 Cash,
J.>‘5 L Jo}:).a (605)5 )lf )..\ 9 S ‘_ng) L)uLM:‘ ]") [ XW)
odds &1yl Jow zull Cds Whe i fgd5e (pl 45 el Gllas
VIR

slash) @l )58y Jsb o lyhd s olpeas 4SS 0
R Jni..: d' 43‘)| )| Bud .Gl 00l oolo UL“" k_)jLM 4.».]5‘
Ll Dlylad p2ed b aly p (699,9 5 Casb, liee 30

L YL; $°9)9 6[@ ws.lo) B ol 00 L)GM as M}i.’Lo.&b
5 5 5l el Sl Jobs F1 e SLSU ale e o
g ools &) gl 58 ey po OT Sl Sz jlad o YL
Slhld gles ol s a4 o1 5l e g dled oo oy @l ylad
S a3 oo LS S8 (pl izres 355 o0 D90 0B pSS
ialS Byo olbs s ol s Swl adsl slacasb, o
Slaasd 2 63959 Susb) Oliee 25U 58 V0 JSS 0wl
Lol 00 o0ls QL..; T3 u\fla_% 9 )‘lf sl

Sl YL (639,951 Cagh; a5 (aulph 50 45 998 oo ala>Dle
oosr YL T Jdo o8 cal 5L 55 55 5 ol led slos
I Gtaloyes iSTa g Cenl (5399 55 bl Sl gles
Cashoy 5 o )3 mian Splyon Spo los il b 55
Sl JEl g plae glaonsay plejen oy 5o ol Jido
el ol

ol kB slasylal L wlpad slos wlyoss VY S o
adgl o3l b oy JSE cl @) 5l Gas el ond sols
a5 0gd oo aixMe Ll lag] sles Wlis Wiy, olyhad
Gloo 4y el o Sl 5l Sa jw jlws 5S> oS ojlil L &l lad


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

sk il § (o5 el oy

480 x - . - - - 100 ; ; - ; ; -
===== Droplet Temperature H; =048 90}
460p Gas Temperature Dy = 50 um el
L/G =0.00034 o i o= """ Plant Data
440 Dp =5 um 7 70F -
T, =473K e
o 420 - 5 6o,
g £ sop’
3 400F 1 w Hy =048
R w
e 2 401 Dy = 50 ym
3 380f ) =l s0h LG =0.00034
E Dp =5 ym
=~ 3601 5 20 Ty = 4T3K
2 3 — Without H & M transfer
340F Plant Data 1 E11] S— ] presence of H & M transfer
0 . A A A ) A
320F b 0 0.5 1 1.5 2 2.5 k| 3.5
Distance from injection piont{m)
300 ' p ' : * : ol A s S s .
0 0.5 1 1.5 2 2.5 3 3.5 Job y0 wle Wlyd gilulas Hlodsly Ol i .V JSCh

Distance from injection point(m)

S2599 Job 30 0yk8 g 55 (glod Wl iy’ £ S

D929 pUE 9 3929 & by po g L e Lo 9 (55559
)l g o JUl glrons oy

1
0.9
0.8
90 =048 1 L 07
Dy = 50 ygm g
L/G =0.00034 1 2 90 Hy =048
E Dp =5 um = 0.5 i Dy 5“..[““
= F'J ‘-'II?"‘K. e i LG =0.00034
% g 3 E % 0.4t Dp =5 ym
] I = 473K
o o
E | 0.3
Q
4 0.2 E
‘g_ 53¢ 7 0.1t s Without H & M transfer ]
E:: =1 1l es=a=. In presence of H & M transfer
Q 0 . X A " .
5.2 I o o5 1 15 2 25 3 35
Distance from injection point(m)
5.1 T o . . .
Job )0 6,8 G w by o S lowsly O s F S
5 1 L A 1 L L s . e
o 05 1 15 2 25 3 35 3929 pis 9 0929 4 by yo gl dulio 9 (55959
Distance from injection point(m) . s
Oyl 9y JUI ooy
G999 Job o o ykad yhad Ol i Y JSCS
120
oA . Hy = 0.48
0.6 v T T T T T x51£] 100} - Dy = 50 ym 1
=— Humidity ‘,‘. LAG ~0.00034
Hy - 0.48 ===== Droplet Diameter sl .;J; 5 um
I Dy = 50 ym I ®
h LG ~0.00034 E ;
o 1‘ Dp =5 ym 'g“ E" 60
o Y T =473K E 8
“ts‘.“ 1 bl T}
& 3 lant D g = 40 .
= Plant Data 155 §
g E: a
e — A\l {without H&M transfer)
E %’, 20F Vg:\mrnnut H&M transfer)
o ,? = Vd(In presence H&M transfer)
a ——— Vg{In presence HEM 7!-ansfer]
00 0.5 1 1.5 2 2.5 3 Fi5
Distance from infection point(m)
§a . . : ; . i 962959 Job 0 0 kb 9 55 Cat ju Ol ot O S
0 0.5 1 1.5 2 2.5 3 3.; B L b G TR
Distance from injection point(m) SR oM 099 pAe U 3959 A D gl yo 7 L0 Ay,
G959 Job )0 Cugb g yhad Ol pundd A JSCS Oyl g ey JUl


https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

oy G999 sy gl jo el ©lyd (gilwlaz lowily w @)yl g oy JUESH Jil (g5lw a9 (8L ) (6 3ludino

x 10 x 10
2.35 . - 11.5
—_— =04
2.3 __—-‘-\_\ 11 ——— =02
Se — Tdi=300K | Tk TN veeees Ho=0.05
- === Tdi=325K i
£ 23 commee Tdi=350K g£103 e "
% 515 g e
o < T 10p ""-'.._“ .
E 24 .E B N
a AT T s, (< e
E 20sf T o 9.5 e TR
a e 3 i
8 Hy =04
g 2 . L/G =0,00021 g o
. Ty =3500K | Dy = 100 gm e
482 B o JJL,;, 200 ym L/G =0.00035 e,
1.9 B - 851 1, -500K T
1.85 L L L 1 L 8 a A i i s "
0 05 1 5 2 2.5 3 0 0.5 1 1.5 2 2.5 3 3.5
Distance from injection point(m) Distance from injection point{m)
0 b3 a8 Ol pundi 3 (69959 b0 Slod i HSU Y Ui 35 0ykad Jhd g 659,59 35 Cugb,y Wil i il A Ui
S99 Job
70 —
500
1 480 Dy = 100 gm I, (Ho =0.4)
LG =0.00035  ceeeeeees Ty =0.4)
i 460 Iy =500 K - —— L. (Ho =0.05)
—_ - = T = 0.05)
& 1 =
& =
& 1 3
&
@
) Q
H =02 — Tgi=500K §
L/G = 0.00021 i MO ~
10 T = 550K gredts
Dy =200 um === Tgi=550K
0 i i " i i "
0 0.5 1 15 2 2.5 3 3.5
Distance from injection point(m)
jlalaz ylodily 1 699,59 38 los yis il Y s 300 - . . : :
il lodily (6999 35 Slod i i Js<s 3 = : = : o %
SO0 Distance from injection point(m)
B Gled (69959 35 Cugb) ol i p3U N SO
Solass | @ Me g olai 29599 Job 59 0,k o
m? 5 ¢ 9ue laiio mlans A 500 - .
S ade 5 . C 480 Dy = 100 gm T, (1o =04)
A i DN LIG=000035  eceweemes Ty (o ~0.4)
JIKgK s sl s C 460 Ty 500 K - = — T2 =005)
P — - = Ty (o = 0.05)
M coplad s Dy T N\
Me,kd adsl i Dy 22
M ol s adgl lawgia lad Dy > 400
|=%
058 S, (s3lulazr oland E T
=
N uj)b 65}"‘ FD 360
m3 /s G sem> 20 G 34
m‘é)}...jﬁu..)lm H 30:
W/m?K B E P Jg ¢ h % 0.5 1 1.5 2 2.5 3
Distance from injection point{m
WImK (5> colas co o k : rom injection poity )‘
. . S oyhad glod poyhd yhad oy WU YY) S
JCAY [FH I Jey [ H.M Job ) Slod 0 ,kas ol
kmol / NS s> Juissl cu o 9 S99



https://ijiepm.iust.ac.ir/article-1-275-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-26 ]

s il 9 (oo ) yunol

[5] Fathikaajahi, J., Taheri, M., Talaie, M.R., "Theoretical Sudy
of Liquid Droplets Dispersion in a Venturi Scrubber”, J. Air &
Waste Manage. Assoc., Val. 45, 1995, pp.181-185.

[6] Fathikalgjahi, J., Taheri, M., Talaie, M.R., "Theoretical Sudy
of Non-niform Droplet Concentration Distribution on Venturi
Scrubber Performance”, Part. Sci. Tech., 1996, pp. 14- 153.

[7] Boll, R.H. "Particle Collection and Pressure Drop in Venturi
Scrubbers’, Ind. Eng. Chem. Fundam., 1973, pp. 12-40.

[8] Calvert, S, Lundgern, D., Mehta, D., "Venturi Scrubber
Performance”, J. Air Pollut. Control Assoc., 1972, pp. 22-529.

[9] Viswanathan, S., Gnyp, W.A., Plerre, $t.C., "Examination of
Gas Liquid in a Venturi Scrubber”, Ind. Eng. Chem. Fundam.,
Vol. 23, 1984, pp. 303-308.

[10] Viswanathan, S., "Modeling of Venturi Scrubber
Performance’, Industrial and Engineering Chemistry
Reasearch, Vol.36, 1997, pp. 4308-4317.

[11] Ranz, E.E., Marshdl, W.R., "Evaporation from Drops'
Chemical Engineering Progress, Vol 48, 1952, pp.141,173.

[12] Downing, C.G. "The Evaporation of Drops of Pure Liquids
at Elevated Temperature", AIChE, Vol. 12, 1966, pp. 760-766.

N g

md/s pole goz> 20 L
gr/grmol v JsSge o, M,
kg/s G ez 20 mg

Kg/s ple ooy o0 my

0o ¥T &l,3 sluws n

ale ol,kd sl Ny

aay g s sue Nu

Pa.lus P

Pa o ,had slos jo ol glosl |y Lzé Pt
Pa 5 ooy jo Ol bu (J5o jLud R
Sas g Gy s Re
Ay g el Sas s

Ary gy D99 DIE ol

S b t

K oy sles Ty

K ;8 sbs Ty

K e los T

m/s 5 ce o \Y,

M/S wo,hé e Vy

m/s WSS o 558 Cepus Vgth

M/s (Vg =Vy) wd 555 oo e oo Vi
M (5,555 22 w
m g Jobo 5o alols X

b o 5> ST LBl Jpo S Yoy

B g 0 STy (Jse S Yb

kg/m? gl aneils Py

kg/m3 i adls Py

KQ/ms 5 4558y Uy
Kg/ms (ole au;65mg M
JTKG s ol oS A

olendl, n

&l
[1] Taae M. R. Fathikdaahi J, Taheri, M..
"Mathematical Modeling of SO, Absorption in a Venturi
Scrubber”, Air & Waste Management Assoc., Vol. 47,
1997, pp. 1211-1215.

[2] Taheri M., Hains, G. F. "Optimization of Factors
Affecting Scrubber Performance”, J. Air. Pollut. Control.
Assoc., Vol. 19, 1969, pp. 427.

[3] Rahimi A., "Smulation of Air Pollutants Removal in a
Non-isothermal  Venturi  Scrubber” Ph.D. Thesis,
Chemica Engineering Department, University of Shiraz,
Shiraz, Iran, 2002.

[4] Taheri M., Sheih. Ch., "Mathematical Modeling of
Atomizing Scrubber"”, AIChE. J, 1975, Vol 21, pp.153.


https://ijiepm.iust.ac.ir/article-1-275-fa.html
http://www.tcpdf.org

