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Clean Process
Gas to Stack

Hot Air for Preheating or Combustion leirimer

Suturous g}, Frefeat L) so2 | G2 Lyl Acd Acid Product
Feed oL Conversion Cooling Condensation > Cooling Kt Acid
Combustion
Supemealed E I I
Steam
Atmospheric Cooling Water
Air Return

Combustion: H,S + 1.5 0, = H,0 + SO,
Oxidation: SO, + %50, = SO; + 99 kl/mole
(in the presence of a vanadium (V) oxide catalyst)
Hydration: SO, + H,0 = H,SO, (g)
Condensation: H,SO, (g) = H,SO, (1)
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Illustration 2.2 Recalculate the rate of diffusion of oxygen (A) in Ulustration 2.1, assurning that
the nondiliusing gas is a mixture of methane (B) and hydrogen (C) in the volume ratio 2 : |,

The diffusivities are estimated to be D, p, = 6.99 X 107%, Do, oy, = 1.86 X 1075 m?/s.

SoruTion Eguation (2.25) will become Eq. (2.30) for this case. p, = 10° N/m?, T =273 K,
= 3% 0P, p,; = 6500, Fpy =902 %10, all in N/m% z=0002 m, R=8314

Par =
N m/kmol - K, as in Ilustration 2.1. In Eq. (2.36), yp = 2/(2 + 1) = 0.667, y¢ = 1 — 0.667
= (.33], whence

1 ]
Dy .. == _ =
TAT ya/Dag + g/ Dac 0667/ (1.86 X 1075) + 0333/ (699 X 1077)

= 2.46 X 10~ m?/s

_ (2.46 x 10~%)(13 000 — 6500) _ _s ]
Na = T gaaro0eo 00y - o0 X 1077 kmol/m®- s

Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com )

Mass Transfer

10/7/2011

17



A Gudige S 9 Olgse OYlgw dsé d5bls

JUS PR

@Cp-books

Slaglo 3 B35 55 S50 39k ol 5

215 39 SH5SIg0 398

ol )y 2 JUH 4L A5 ety Wbl JT ot 315 (315 &g 5 5

_Pu_Cu
PIr -

OYlw 40 W N5 Mol

N, Dy lnNﬂ((NA+Nﬂ)_C,42’rC

A

N

4

"N, +N, z  N,(N,+N,)-c,/c
DABP: In [NA ”(NA +N3)]R _}_’Az

N,= =
_ ! N,+N, RIz [N;‘I’{(NA-'-NR)]]){_p/H_

N, DB InNA/(NA+NB)_y,42

‘"N, +N, RTz NN, +Np)=v, |

b o (31 il pokae NB g NA o alasly 45 8 o5 00liiat 3lgF (o oy ¥8lzo ot 3f

Mass Transfer

O3 35 (50 (ki JA 3 90 i &) 4> gF

Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

10/14/2011



A Gudige S 9 Olgse OYlgw dsé d5bls
JbS BN

@Cp-books 10/14/2011

?k 0365 45 JoSIge 398

CH, —»C+2H, Mg S s 51
) g el b 5o (lie (iiSTg 1 JLie

98 ;300 g 4 (A) Gl &5 Sl 50
Olo (o Cwsis 1 30 (B) (39 0 g 09909

dgh) oyl Cg> OWS 40 g WT 39> 9 w40
N,=-2N, gl

CH, \N, 2H, 5N,

N, D5 lnNAf(NA_ZNA)_yAZ __DABR ln1+y“‘2

! N, 2N Rz N N ON R?z WM

| | Wl (o0 Ghay Sl 90 (ASTg (9 1B s 1 2
1Ny =0 ) ) bl < 53 B oSl B2 0g)3 A <3 S9i
oualico ol buwgi Sligel 5 (B) Iga bolse G 51 (A) Sligel ©d 53 550 o
ol 2l 0,5 uplgs 3985 Sligel had il juzb ol 10190 cuddl> (g2 Og o

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

i%“ Slulo 43 g0 398

2 Bl o el 5o bl g oSle aile 50 d9i sgkiin Cuomd onl 0
yaiio clake Slale oy JUEDH jo ol oo cdile ab gk o po wilwlbo

WO (o0 oolaiwl lawgio Clale ¢ bwgin 398 o o 3l (plpls oo g
(90l (oo yramno Sl g sl b gio clwgio 51 ) gliso)

i 99 s 3
d
G=22 > N=D NNy

0,10 3929 b ,)Lh abaly (gl <dls g0
AL i il T30 S (S5 99 Ygoro &5 Wil sy LG b Jiliio 398 51 1

J 1 @13 30 SR WT (039298
C
- _ A
N,=—N, mm) N,=-D, 2
dz
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)




A wdige S 9 Olgie «OYlgw digé d5lls
JUS BN
@Cp-books

iﬁ“ Slaslo 3 I3 g0 398

Dy

N= L, )= Liduci
z z

Can=%4C - (D) (ﬁ

c_P Z

I (X —%42)

&l uwgio e polio 3 albo sl Jelme 48 pio JESH SY¥oleo 31 ool 49
Sgu (50 0Lt 1 polyl (5959 T Sy

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

LL el )oB (Slusi (9)0 Asia Saiit Olulo jo dg&
e e

lgo (P 0 3545 ygiunl 9 O byl Jlio (ylgins (xSl B jo A 5o 39d 50
30 9SS (20 D Igd )0 (gl Hlh s (il o8 LS s g 0 50 518
redl oyl
Air
N,=cons N,=0

Z

ac
NA Z(NA +NB)xA _DABEA =LV Xy _DABE

a Xy2 dx
C
NA(l_xA)z_DM_A jN dz=-D,C, _[ =
0z ( X4 )
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

10/14/2011



A wdige S 9 Olgie «OYlgw digé d5lls
JUS BN
@Cp-books

LL el 1o B (Slusi> (9)0 Asia Saiit Olulo jo dg&

e
Air D 1
—-x, D X
N,= Algln 7 Alg;lriﬂ
Xpo —Xp
Xpy, —————
o Ine,, /xz)
L e
s Y
Xy
(DAB)m p
NG ﬂ (Xg—%p)
Z‘&M m .
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
et AL b o g Jb.o

3 oSl ¥ 51 ol Sutib 4z 50 1A o NaCl pyor JUl i Comsghiao Lo
iy a ol Slw a¥ (pl Gyb 9o yo NaCl cdilé 1w60.1 cwlis 4 of
0 et b Oyg0 4 ClLE b Sl O 3985 o pb g Al (0 1Ye 9 7

Yy

T=18 °C

M ,=58.45 g/mol

p =115 g/ml

(D), =1.24x10™° cm? /s

M, =18 g/mol
p,=107g/ml
(D,),=136x10° cnt /s

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

10/14/2011



A Gudige WS 5 Olgje «OYlgw dgé d5bils
Juts BN
@Cp-books 10/14/2011

Slasle o Sgii 1l

2 S W0 30 Wb ((Ng=0)ily (0 B (Sl s 32 10 A 398 & 5908 £ 92 JWS! 2 s>

P oo (g0 o 30 w1y mbo
D P
N, =82 = | (x,—x,)
Z)%M M m
M. )
x| |, _ OURB 714
> w/M, 02/5845+0.8/18
A= NaCl [x, =1-x, =1-0.07145 = 0.9285]
B=H,0
= QUSBAS e
0.1/5845+09/18

lxp, =1-x,, =1-0.0331 = 0.9669 |

T 096709285 _ o,
In(x,,/x5) 1n(0.967/0.9285)
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
Ol lo jo dg
il K

[M, = x, Mytx, M, =2089] [M,=x,M,+x,,M,=19.34

[L] L 0055 gmol /mi
M), 20.89

[Lj L0 055 gmol imi
M), 1934

[Dy=aC, +b |

C, =L PV 110x02 505 0 i

a M, M, 58.45

C,=Paz P 1070x01 ey )i
M, M, 58.45

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)




A wdige S 9 Olgie «OYlgw digé d5lls
JUS BN

@Cp-books 10/14/2011

Ol lo jo dg

_C,+C, 393+183

= =2.87 mol/lit
2 2

(Cu

(D), =1.35x107 em® /s

M z% [A_pljm(x/ﬂ _xAZ)

ZX%m

=5
= 13510 (0.055)0.07145-0.0331)=0.3x10™ _mol/em’ s
0.1x0.948
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

N e

(05a0) 31 G 53 5l go 4as (o50ab) 36 55 o sleSly

L SE e sl (ol 5 Jlw) B sle2aST5 g1
SN g Vsl (59,5 ke SU . i :
O=S1s 5 3 e JWE

Skl gy pchle U

a=b  N,=-Ng N, N,
bB < =
a=1b=2 Ny=-(0.5Ng @ b |

aA

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)




A Gudige S 9 Olgse OYlgw dsé d5bls
JL)'S BN

@Cp-books 10/14/2011

£od a1 25 0
3B(Gas)

|:> A(Gas)+2C(Solid)
ool gt ol S <%>

N,=-(1/3) Ng :3:
: Ny+#Nz=N,-3N,=-2N, <%>

A 4B —6, [3

G

g (50 Pl Taw 19 51 S g o0 Pl paRe W19 2 STy

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
03 95350 598 30
il (o0 GO Wl B (b SS90 L8 o S5 ) (90 3980
(S b (09 uad (S o3k £ ¢5Lad clod) 4 (JgSUg0 390

9,410 (S
TS Gl e o 56 witgl oo LT
\ Dae=F( T ,P, du/dy, sl ¢ 5, Ll ) \
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)




A Gudige S 9 Olgse OYlgw dsé d5bls
LJUS BN

@Cp-books 10/14/2011

) 8 Puod) 9 JLiS 43 1315 9T 90 S48 i po

H,-CH, 0 6.25

0,-N, 0 1.81

C0-0, 0 1.85

€0,-0, 0 1.39

Air-NH3 0 1.98

Air-H,0 25.9 2.58
59.0 3.05

Air-ethanol 0 1.02

Air-n-butanil 25.9 0.87
59.0 1.04

Air-ethyl acetate 25.9 0.87 Q& e 1 8‘
59.0 1.06 :

Air-aniline 25.9 0.74
59.0 0.90

Air-chloronenzene 25.9 0.74
59.0 0.90

Airtoluene 28 o8
s 0w L
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L )5 ol (9N 90 983 o po WSl
el et
Gas e/k, K r, nm Gas e/l K r, nm
Air 78.6 0.3711 HCl 3447 0.3339
ca, 3227 0.5947 He 10.22 0.2551
CH,0H 481.8 0.3626 H, 59.7 0.2827
CH, 148.6 0.3758 H,0 809.1 0.2641
/3 [ale] 91.7 0.3690 H,S 301.1 0.3623
r=1180" co, 195.2 0.3941 NH, 558.3 0.2900
& 8, 467 0.4483 NO 116.7 0.3492
—=121T, CH, 2157 0.4443 N, 714 0.3798
k CHy 27,1 0.5118 N,O 224 0.3828
CeHy 412.3 0.5349 0, 106.7 _ D.3467
\ Cly 316 0.4217 50, 3354 04112
Atomic volume, Molecular volume, Atomic volume, Molecular volume,
m’ /1000 atoms x 10? m’ /kmol x 107 m* /1000 atoms x 10° m’ /kmol % 10°
Carbon 148 H, 14.3 | Oxygen 74 NH, 25.8
Hydrogen 37 O 256 In methyl esters 91 H0 189
Chlorine 46 N, 312 In higher esters 1.0 H,8 329
Bromine 210 Air 299 In acids 120 COs 515
Todine 370 CO 307 In methyl ethers 99 C, 48.4
Sulfur 256 CO, 4.0 In higher ethers 110 Bry 532
Nitrogen 156 SO, 44.8 | Benzene ring: subtract 15 I 71.5
In primary amines 105 NO 23.6 | Naphthalene ring: subtract 30
In secondary amines 120 N,0 364
Mass Transfer Autumn 1390
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e L 50 10 J9 90 358w yo dilae
SLod 9 yhuodl 9 JLiS 43 (B) 192 ;9,33 1) CHSOH(A) Jlit Ot ylus 39 o 5o 1 S
39T Cawids ugudes 42 3 ho
T=273 K, P=101.3kN/m> M, =46.07

M, =29

S (o0 Ao Sl (1 3 g WT (0 Sy 198 (1 39 Jgu> 31895 9 &G polio )

10-4{1‘84_0_249 \/ 1 L} JL+ 1
D), = M.4 Mﬁ MA Mu

<0 & s b
E (?‘M )_ f ( HEHI]
€ an 1
Gas e/l K r, mn
Air 78.6 0.3711
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
e L 36 2 Fe 0 398 i 3o d3lao
el H
Atomic volume, Molecular volume, Atomic¢ volume, Molecular volume,
m* /1000 atomns X 10° m’ /kmel x 10° m? /1000 atoms x 10° m’ /kmol x 10°
| Carbon, 148 H, 143 | Oxygen 74 NH, 258
Hydrégen 317 O 25.6 In methyl esters 91 HO 189
Chlorine 246 N, 312 In higher esters 11.0  H,S 329
Bromine 210 Air 299 In acids 12.0 Cos 515 |
lodine 370 Co 30.7 In methyl ethers 99 4, 484 |
Sulfur 256 co, 34.0 In higher ethers 11.0 Bry 53.2
Nitrogen 156 SO, 44.8 | Benzene ring: subtract 15 I, 7.5
In primary amines 10.5 ™NO 23.6 Naphthalene ring: subtract 30 |
In secondary amines 120 N0 36.4

o0 = 2(0.0148) + 6(0.0037) + 0.0074 = 0.0592,

r = 1180/ ra =1.18(0.0592)'/% = 0.46 nm.
{EE ].217‘& rAn____q.46+2—03'711_=0-416
T, A = 3514 K and e, /k = 1.21(351.4) = 425,
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
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14 {_ T T i 05
-
1.2 it
1.0 0.4
““:_-T:O.G i___{-‘:
061€ im < 03
A ~
04 b— - =
. = 0.2
01 02 04056 10 2 4 B ;?r 20 40 60 100 200 400 1000
&8 =AE48p ‘ ET”‘ =\/425(78.6) = 170.7
kT _ 273 kT
—====15 LX)
tns ~ 1707 = 159 mp m) 0:595
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

\ 10“{1‘84—{}‘249‘/ ! +L}1"-5\/L+ l
|_D i MA Mﬂ MA M“

R ° 3 g bl
B ey
]

\T =273 K, P =101.3 kN /m?| \/M;+ML o /(H)=o_595

CAB

rap = 0416

p. . 10741084 - 0.249(0.237))(273*/%)(0.237) _
Ae (101.3 X 10°)(0.416)%(0.595)

1.05 X 107° m?/s

The observed value (Table 2.1) is 1.02 X 1075 m?2/s.

Mass Transfer Autumn 1390
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Ml 0 23 090 I W
N, = Na DAB(L) lnNA/(NA"'NB)_XM
A No+ Ny 2 \MJaw " N,/(Np+ Ng)— xp,
\. Steady-state diffusion of A through nondiffusing B. N, = const, Ny =0,
whence
_ Dus t p
= szM( M)“(xm XA2)
Xppy = Y82 ~ Ymi
In (xgy/ xp1)
2. Steady-state equimolal counterdiffusion. N, = — Ny = const.
DAB DAB £
Ny= T(CM - "Az) = —z—(ﬂ)“(x‘“ = Xa2)

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

Slaslo 48 g

4> 30 1Y 5o 401, (A) Sl dwwl 398 W 3 Jbo
oo) Cwlid 4 (B) ST 31 Sl 0¥ (9938 31 o gmuw
Syb 90 30 Sl ! S o3 59T s yiowiils
w30 ol (032 w033 ¥ g A gt 5 49 T pld
2 O 3900 o Lol gl 33 T 50 Sl ol 39i

i =Pl el ol

2 =000l m, M,=6003 My=1802 At 17°C,

0.1cm >
density of the 9% solution is 1012 kg/m’

_ 0.09,/60.03 _ 00015
*A1 = D.09/60.03 + 09171802  0.0520

= (10288 mole fraction acetic acid

xg) = 1 — 0.0288 = 0.9712 mole fraction water

]

£ TISITZ = 52.7 kenol/m?

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
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Similarly the density of the 3% solution is 1003.2 kg/m’

X a3 = 0.0092, xg, = 0.9908,
M =18.40, and p/ M = 54.5,

P\ _ 527+ 545 _ 3
( M)w = 222222 = 536 kmol/m
_0.5%8 - 09712 _
*8M = i (09908,05713) ~ 080
_ 095 %10~° _ - s 2
Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)

C(117.3x10 %)@ M )T

0
DAB_

0.6

HU

K 0)‘? 4?)6 T

(F=Y Jgu2) m3/kmol samb oo alall yo ol Jo s 32 S0 o> )
1.8 Jgitio s p T JM> 510 2.26 (o> Jog0 i w0

kg/kmol S JgSigop > I/, kg/m.s Jokowo 43wy 1
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Slalo 13 398 v 5o

wilesg Kl

30T 30 T @y Jokowo 381y CH,OH(CHOH),CH,0H , CcH,,0, Jguwilo 398 o 9o ¢ JUo
S dudlio Sl 0.56%10-9 M2/s pl 3 &S (39205 J1NE0 1) g 03903 Cpmitd L g 4> 30 Yo

Alomit volume, Molecular velums, Atomic volume, Molecular votume,
'/ 1000 etams # 10 o kel * 107 w’ /1900 stows x WP m?fkmel x 10°
Carbon 148 H 143 | Onygen 74 NH, 28R
Hydrogen o 256 Tn methyl estars a1 HO 189
Chlorine M6 N, A2 | Tnhigher esters 1o HS 129
Bromine 70 A 2% In acids 120 €08 513
Todine . o ) In methyl ethers 98 Oy 4.4
Sulfur 156 OOy 4.0 In higher ethers IO Bry 532
Mitragen 156 80, 448 | Benzene ring: sublract 13 I; 7.5
In primary smines [05  NO 136 | Naphibalene ring: subtract 30
In secondary amines 120 W0 164

v, =0.0148(6)+0.0037(14) +0.0074(6) = 0.185
» =226 il ST > 1
M, =18.02 T=293 K
1 =0.001005 kg/ms

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
A Slalo 3 398 v yo
v=0.185
=226
M, =18.02
T7=293 K

1 =0.001005 kg/ms

C(117.3x107 ) (@ M )T

0
DAB - 0.6

HU

(117.3x107%)(2.26)(18.02)°°(293)

i, =
g 0.001005(0.185)"

=0.601x10"° m*/s

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
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Olalo 10 398 wu o

el g K

g 4230 Vo 30 1) T 5o ol @dy Jsle 5o Jogswile 395 <y o
cew! 1.56*%10-9 m2/s plpas o Hlado L1y Olgs g 00408 drwlxeo

18 05 S A o
D° C(1173x10 " WM )T
v s
~18 0.5
D;:;z=(ll?.3><10 M)(gvMH) o
L.

A

)

at T=70C 1=04061x10" kg/ms
wid dE = plIE T S

(0.56 x107°)(1.005 x10 %) _ D,;(0.4061 x 107%)
20 +273 70 +273

Mass Transfer Autumn 1390

D, =162x10" m*/s

Ahad Ghaemi ( ahadghaemi@yahoo.com)

iﬁ Slaslo 15 98 v 0
s

m—
Temp, Solute cancentsation,  Diffusivity,f
Saltte Solvent °C kmo! /m* mi/s % 10°
Ci,; Water 16 0.12 116
HCI Water a 9 27
2 1.8
10 4] 33
25 25
16 0.5 244
NH; Water 5 35 1.24
15 1.0 177
o, Water i 1} 146 i . e ‘
X [} 177
NaCl Water 18 .05 1.26
0.2 1.21
10 128 Dy 1126107 0t /s
3.0 136
54 1.54
Methano! Water 15 ] 1.28
Acclicacid  Water 125 1.0 0.82
001 091
18.0 1.0 0.96
Ethanol Water 10 315 0.50
005 083
16 0 0.90
#-Butanol Water 15 0 077
Q, Ethanol 17 0 Kl
Chigroform  Ethanol 20 20 1.25

Mass Transfer Autumn 1390 Ahad Ghaemi ( ahadghaemi@yahoo.com)
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&
V Py JEI

U'/_ur.'.’-"'g aﬁ"{’

Mass Transfer Operation

POWOWIELE-T S
WWhlo 39 p 2 JEH ol 90 dmbno
bl g Ol
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CVlw OS5 > o gm s p @

o WSl e o (S @

S Js! A.r.o\:uoj:’u' By
o JEEl cu po 4 4 i b p o JW] S dlone

o QU Lol amlons (S JUT gla 3,
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s i S S 2 piln B 1 S > Clas b Min 45 43
O35 (w15 P02 JERI Ol 19 (oo pb e 4l U (e g0 358 il 3 T g
Caz z-L,

N = N, CD n[NA/(NA+NB)]_xA2
L=
N,+Np\z, -z [NJAN,+Npl-x,

(@]

A1 Z=0

_ N, Fln[NA/(NA+NB)]_CA2/C
4 N,+N, [N,/(N,+Ny)l-c,/c

S35k S pte w3 L N

ASL P st s chle Cpz 9 e Sl 55 cble Ca1

"CA]_W}“‘}L‘,:JJ‘-&SFw‘ww%‘ﬁq?ﬁb
LSl adls UL s nslie Cpy
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L3 oy g
eilein A 2 d wd 9O (oW )

TLZZZZZILTIITIZTZIZIZTE, s g 3 38 e Cy pyor JUH S oo 5

R =7 S -4 alé
o A JE 2 3 il (o o Sleiil 40 Bl Cy,
Sas,  » _ il (o0 230 350 4 Lgo yo b Clilé ! 31 (S
. on lin gas) P Jwast - yo )‘Ain » Jhw cdals ol o9
Evoporofing liquid K% 1)

VAL A A S . o i
: Semensu
— Lo 0393 Luwgho C& gw 11

€4 _LTXS .[OuchdS 1 %0 alado gdaw S

Sipo T 5 By Ao g0 S Sl 45 039 wo p> JUSH 0 y0 S F ylade
T (o cwis 36

Sgw 0 00N F, awgio shaio 318190 (s 0510 Jlw (31 3> 0926 4 (K F jlndo

S Sy g BT Ol g e EW I G 9,95 9 Wil (S22 WS i 1
999 W9 §OLo 1 e (31 39 (932 99 P92 JIAST 4 B g9 30 Y Lo g 0099 0O g
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e AR ‘ 9PJW|“”§“}},‘

CD )

F = AB ﬂ T s - i

z,—z, g o> (A
: s (v
C(D,z+¢) o ‘ :
F = L ) C.S? . ° ° -
Gy =7 ﬂ = 9 0% (C:

R JU e (8
L aols g @abo ¢35 36 898 (o}
: 0 g 3L oo ()§

BT 0 g X S 3O B F g 310 S &) (St b i1 5 S i o b &
(Colrd g o ) 35 wnlgs

(3152) mvio 3L fawgin slod g cdilé 4 F amilono (g 0 349
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: 2 JU e p0 iy
e
2Jghio 9590 93 Jud S8 9

Slodko 49 sl odlo JES —Y 0w jlw g9 31 Jolao sled g0 Jsliio d9) —
ol o A1 1 SY g2 (91 (6199 1 0399 P92 JIEN SOl 90 3590 99 (3l O 93 J gl Sy

Q.lé.l.'ﬁs_'e)\:.éhierﬁdu:ﬂ%rb:vﬁdu:ﬂ sl
‘NB =0, N, /(Np + Ng) = l‘ OSlosi 48368

lka(ﬁm — Pa) = K (yar — ya2) = klcay — can)  gases
N, =

ke(xay = Xaz) = kp(cay = €az) liquids

! = = —_— ' — ¢ _
kG(Pay — Pad = K(¥a1 —Va2) = kilcay — cap)  gases
N,=
ke(xar — Xa2) = Kp(car — Cad) liquids
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.é,&@Jﬂb@gJm‘d&@‘ﬁm&‘s‘ﬁuﬂ&oéh»‘ségsm
kg(Par — Paz) = k¥ — ¥a2) Cal — Caz)  gAses
N, =
k(Xa) — xp2) = kg liquids
Dy e
B 3B 03y Gl I S B0 g ») Aol 3 1RSI0

a,
&

G99 ¥oleo (pf by W10 (g0l sl codgumo ooliwt (sl y WYl ot 1S
05 WalgS dudo Wil pS 2> JUSI S Sboy

C
NA Z(NA +NB):A _DAB

39T 3O F od 30 &y il 1 LT Wb oo T Cawy p 32> JIRS o1 g0 31 0oLt 51 99
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. ‘ P22 JUS! i 3o (ow y
e

Np=-Np K cogr NS 3 3454

D,

Vs m(%l —X43)

kG(Pay — Pad) = K(¥a1 — Va2) = kicay — cap)  Bases

liquids
kr . CTD AR e s .
mp |k =—4— 1l 36 1y p 22 JUH oo 50
(Z nE Z 1 )
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el p L ‘ P22 JERN o 9o (o 3 9
N,/(N,+Ny)=1 B oSlwsya 3gs0 A sy dgh

N = NA DAB])tln[NA/(NA-'_NB)]])t_I_?AZ=DABI)tlnl)t_I_?A2
A — —
N,+Ny RIz [N,/(N,+ NP, —p, RTz F-pa

_Duh

N =DABPtlan_l_7A2 » F =
! RTz P-pa RTz

Bo’h;}?a,,éA;}?sgﬁ

D,P | _ _ D,.P F I =
N, ::A—B_(pAl_pAz) kG= AB_t = — - F_kaB,M
RTz.py RTZ1py Ppu

]

Pal — Paz) = K(Yar — Ya2) = klcay — can)  gases

N, =
k(xpar = xa2) = Kkp(eay = €a2) liquids
Mass Transfer Autumn 1390 ‘A. Ghaemi ( ahadghaemi@yahoo.com )
s )P P2 JES il po
—_—VV
[ o e Wl
Diffusion of il -ty
Equimolal A through
counterdiffusion nondiffusing B
o
Moles transferred
N, = kg Af, Nay=kg Ap, (Area|(timepressure)
. o |l Moles transferred
Na= ks by, Na=k byy {Area) itime| imole fraction
Moles transferred
N - o N, = e ——————
A hedey A= ke by (Area)(time)(mol/vol)
; Mass transferred
W T
a=ky 8, (Area)(time)(mass A /mass B)
Po Paom _ Ky . ; . P .
f(,—n—pr -k‘.ﬁ-m-kaprzky-krﬁ_-k,c
ke
] ) Moles transferred
No=ki A N, =k, Ac - L I
- L Sex e L 86A (Area)(time)(mol /val)
N, = k' Ax N kA Moles transferred
dindEs A= R BXp (Area )(time){ mole fraction)
Conversions:
Fom ko xp, a0 = kpp we = kie = k45 =k,
Mass Transfer Autumn 1390 ‘A. Ghaemi ( ahadghaemi@yahoo.com )
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N. = Na Dna(i) lnNA/(NA"'NB)_xAZ
L. Steady-state diffusion of A through nondiffusing B. N, = const, Ny =0,
whence
Dus ( o ,
‘ Nj= _szM(H)“ XAl = XA2)
o — _XB2— Xni
® " In (xp2/Xp1)
2. Steady-state equimolal counterdiffusion. N, = — Ny = const.
D D p
N, =|—2B(c,. — ¢ =—ﬂ(—) Xu1— X
A . (Car A2) 2 \ M w‘ Al A2)
Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
e | 3 36 £ JUE o 90 o

NA= Kc (CA1' cAZ)

NA=KG (PA1' PAZ) , NA=Ky (yAl' yAz)

NA=Ky (PA1/ Pt - PAZ/ Pt)

3052 JUS! o 5o b

ﬂ NA=(Ky /Pt) (PA1' PAZ) -_— KG:KV/ Pt
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S o i 6557 38 g5 Bl 31 2 JUESH o

NA=(CDAB/ Z) (VA1' yAZ) Aéj'b 32 ‘5,9“"’
NA=(CDAB/ ZyB,M) (yA1' yAZ) ‘\';Jl’ ‘il "J“"’

s 2 3 s 2 Sp e JWILW e PP a sl

F=[C(DaB+¢€)/ Z]

md)&:ﬁ-|€§€cﬁdu§.«'|%ﬂ=NA
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Wl (o Gl 31 30 Uad il St 331 p o JURI s 551 .0 55 00liuil ylgi o0 8

NA=KG(VA1' yAZ) u jg
NA=Kx(xA1' xAZ) u"wpu

Aihd

o7z
&Jh é NA=K'G(YA1- yAZ) u J“
J NA=K'x(xA1- xAZ) uﬂw"“
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Al sl Ol Tty 9597 Cwy

N,=(N,+N.)x, - CD,,(dx,/d:z) 341 al g5 s b oDl o7

N,= - [C(D,s+€) / (1-x,)].(dx,/d2)
N,=- [C(D,+€) / Z] .Ln(1-x,, / 1-X,,)
N,= - [C(D,s+€) / Z] .Ln[1-(C,, /C) / 1-(C,,/C)]
N,= - [C(D,s+€) / Z] .Ln[(P-P,,) / (P-P,,)]
N,= - [C(D,s+€) / (Z.Py)] TTPu-Psl
N,= K. [P,-P,.]
Ke= [C(D,s+e) / (Z.Psp)] F=[C(D,,+¢)/ Z]

Ke= [F / (o] ,
Caaly o) s KK g 2515 o U]
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&l phd (812 2 JUH 50

‘;}.\nﬁ 4.‘.:\;50
1 N, .-Ay+N,.Az = N,,,, .Ay+N,.\.02 |
1
(ONA!/ oY)+(o N,/ 0Z)=0

s o
2 N, =X(N,+N,) = X,.N =x,.CV, =C,.V,

N,;=-CD,;.(0x,/0Z) =-D,,(0C, / 0z)

3 o am ) 53 Y dslas (6,108 b

10(C,V,) / Oy - D,.(0°C,/029)=0 | ————
S 03 b 25 L
| Wy(0C, / 3y) - D,.(0°C,/02%)=0 | S 50y )
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z=0 > C,=Cy;
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(CAi 'CAo) 30 K
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22 JES oo o dilono
el Kl
N, =%,6(Cyy —Cyo) \ o 2 JUH oo
ac — 3B 30 398 93 7 S 10 4SIL
NA =_DAB[ ~ A} =k!_(C‘ﬁ—CAJ_) :m)‘éGéf&u
OZ J.

‘.u‘,“,e,m}mbyJ.g;|;,|;z=ooi,;}m;_;;mu\>‘5ﬂjl%gklwwdtﬂoz

N,.6

N,

\y+Ay

.5

v

N,y + N8 = N,
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d,=0.003 m

w, =0.055/50=0.0011 kg /s

gy B 30 I (02> O

4w

4x0.0011

Re L

* " ad . 3.14x0.003x1.8x10°

=26000

d,=0.0071Re " =0.0071 x26000 " = 4.27 x10 ™ m| =omdsls®

H=3m,p=1000 kg /m.s
— p=101.3+3.0(1000)(9.81)/1000 =130.8 kN /m*
p=116.0 kN /m*®
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diameter =1m
—> Cross sec tional area =1 x7/4=0.785 m?*
Vs 0055 00516 m /s 136 s A s

8 x107¢
0.785

: = 0.785(1.358)
V, = ———— = 000102 m/s
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0.4 | —] = - » F
il il -
L =00 107w
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d,=0.0071Re,"” =4.27x107 m

130.8

d, = [(o.omzn’m

1/3
] = 000447 m

32 JUS pdaw

Qs = 0.1097

=

69
dﬁ

a =

=

a = 147.2 m*/m’

cDy

D

F,d d g3
Shy=—=£=24p Re%™ Sc‘}_‘m( 8

302 JES i 30 Ao

&

At 25°C, D, for Cl, in H,0 = 144 x 1077 m",u"s;'

g =981 m/s%
|d,g'%/ D37* = 7500]

| gy = 8.937 X 10~* kg/m - 5|
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Sh, = 746.

D, =1.44x107° m* /s

d,=427x10" m

¢ = 1000/18.02 = 55.5 kmol/m’

[> F, = (cDy Sh;)/d, = 0.0127 kmol/m? " s
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el
Tower diameter, D, m Tray spacing, f, m
1 or less 0.50
1-3 0.60
3-4 0.75
4-8 0.90
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e Downspouts @ibo iy 5w
iy i B0 3 OT 5 ol e 41 i S 3 @il JUH
9939 <29 8 35 oo bl o o 3y e
|/ \ e TN Y- 15
1 ]
A
k€ 3
| ]\
N
&2 b
X% S }ST
Distance from center Tower area X
Weir length W of tawer used by one dawmspout, %
0.55T 0418IT 3.877
o.e0T 0.3993T 5.257
0.65T 0.2516T 6.899 —
07T 0.3562T 8.808 Ad _ XAt
0.75T 032967 11.255
0.807T 019917 14.145
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1 o .2 .
Cr=| alog: sCu! T Aol cof
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1. Flooding constant Cr [Eqs. (6.29) and (6.30)), &, < 6 mm (! in)
Range of Range of Units Units Units a, B
A, wle PRI o E(ﬁ)” oft  ofe Vg
Aa G‘.’!"’ Jhé A ‘SDR i e
> 0.1 0.01-0.1,
use values
a0l
0.1-1.0 m N/m m/s a = 00744 + 0.01173
B = 0.0304¢ + 0.015
g -3 a = 0.00621 + 0.0385
in dyn,/em X 10 ft/s 8 = 0.00253¢ + 0,050
<01  Multiply « and f by 54,/4, + 0.5
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A, aclivearea

d 2
A,' hole area =0'907(p_?)

[ Pitch=2.5-5 mm

Mass Transfer

2, Hole diameter and plate thick
Hole diameter Plate thickness /hole diameter
mm in Stainlzas steel Carbon steel
30 i 0563
a5 A 043
60 s 032
2.0 F 0.2 05
12.0 4 0.16 038
150 $ 017 03
18.0 2 0.11 025

Autumn 1390
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Typical active area

Tower diameter A,
m ft -j:
1 3 0.65
1.25 4 0.70
2 6 0.74
2.5 8 0.76
3 10 0.78
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3. Liquid depth

50 mm (2 in) minimum, 100 mm (4 in) maximum

Mass Transfer Autumn 1390 ‘A. Ghaemi ( ahadghaemi@yahoo.com )
1. Tray spacing
Towes diameier T Ty spacing ¢
= [ m in
013 & munimum
Nor less 4 or less 0.50 0
1< 410 0.60 24
34 10-12 0.75 30
-k 12-24 0.50 36
2. Liquid flow
a. Not over 0015 m'/(m diam)- s (0165 fP/N -5 for singlepass cross-flow (rays
b, Mot over 0.032 m’/{m weir heagth)- s .35 /01 - 5) for others
3. Downipout szal
¢, Vacuum, 5§ mn minimum, 10 mm preferred (}=} i)
b, Atmospheric pressure and higher, 25 ma minimum, 40 mm preferred (1-1.5 in)
4. Weir lengih for sralght, recangular weirs, coss-low ways, 0.67 10 04T, 07T typical
Distance from cencer Tower ares
‘Weir length W of wower used by ooe downspount, B
0T D4RIT 1877
o.6T 039937 52857
0EsT DIS1ET 6890
onr 05627 B.808
onT 0.12%T 11.253
080T 0T 14145
8. Typical pressure drop per tray
Total pressure Presware drop
35 mmHg abs 3 mmHg or less
15td amm S00-800 N /m® (0.07-0.12 1, fin®)
2% 10° N/m? 1000N /m?
300 oy /i 0.15 lby fin®
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V=0.1kmol/s , 18 mol % methanol
L=0.25 kmol/s , 15 mass % methanol

T=95°C
P=1atm
ekt U BYC LS B e S0
Mmethanol =32 :&
Mwater = 18
M, =0.18(32)+0.82(18) = 20.5 kg / kmol
Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
) tJbe
M .. =205 kg/kmol tb g 35 0 Ol gas
_ 205 213 _ Y .
PG 2341 m = 0.679 kg{m = gas density
0 = 0102241 2222 = 302 m?/s = vapor rate
pr = 961 kg/m> = liquid density &tlo ils
- 100 g Josgo 02>
Av mol wi liquid = m = 19.26 kg /kmol
qg= R0 5.00 X 10~3 m?/s = liquid rate
961 s b o> (90

Mass Transfer

Sguw (o S dg=4.5 mm d8lwo shad 9 5 gleio Sgu (o SIS goudno 1Y (I Y (o B3l shad
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A, activearea 907( }:_') i3 iosduo |V 35Lin 551 50 ol o35 (o0 St 10

)

A4, _ 0.907(0.0045)° 0.1275 ¥ sl 398 (o RN 1ab i Y gone aoliud

Aq (0.012)* ' 39 (0 WS yioukeo
B alold

Table 6.1 Recommended general conditions and dimensions for tray towers

1. Tray spacing

Tower diameter T Tray spacing ¢ &ﬁf Qﬁ & cebs b
= i m in s Aold a5 Sgu (0
015 6 minimum il w0 0.5
[rortess 4 or less 050 ) 20 SR 0
= 3-10 060 24
3-4 10-12 075 30
48 12-24 090 36

|:>r--o.snm

Mass Transfer

Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )

[

i b

A, _ 0.907(0.0045)°

= (,1275
A, (0.012y

r 5)“2&(&&)“:1(&)"5 _ 500 %1073 ¢ 961 05 _
G'(p,. Orclor) TO\R) |T7 302 (—*0.579] 0.0622

12/23/2011

Table 6.2 Recommended dimensions for sieve-tray towers
a = 0.0744(0.50) + 0.01173 = 0.0489 1. Flooding constant Cy [Egs. (6.29) and (830)]. 4, < 6 mm ({ in}
A = 0.0304(0.50) + 0.015 = 0.0302 Rangrof  Rangeof  Unis  Units Unis a8
&\u(iﬂ“ ofr efa of ¥e
Cp = [u IIJS-(E'/{")—(]—T -+ ﬁ]( n_;m )u.z > 01 0.0
3 )pg/ps) S
Cr = (004893 105 5 + 0_0301)[%)m - 0.0909 A0 m N 5= oy ¢+ au
i _—“;"’:_“"T_'_J’_‘_ E:n.;m;_«f_'o_.nso
N c,.( BLin: ”‘*’)m V= o.m(w = w242 m /s g flooding
Pe 0.6719 )

|:> V = 0.8(3.42) = 273 m/s, M5 o0 JA 38 GLib Lo g o g0 Ae 1y 5 S g

Mass Transfer
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0 = 010(241) Z222 — 3,02 /5 = vapor rate
= =230 2
V = 08(342) = 273 m/s, |:> 4y =L =3 = 106 m

PN 058 (@b iy S K9 b S S 50 @lo SS9 L 0399 Slw! (51 5
Ogw (o0 LR W0 30 Ve iyl L0 g LiS 1 Z 9 8 W0 38 Ao JJI P 3gua

4. Weir length for straight, rectangular weirs, cross-llow trays, 0.6T 10 0.87, 0.7 T typical

Drstance from center Tower area
Weir length W of tower used by one downspout, %
0.55T 04181T 38717

0.60T 0.3993T 3.257
0.65T 0.2516T 6.899 A
(o707 0.3562T 8.808) 4, =8.3084,
05T 03967 TT1.255 —
0.80T 0.1991T 14.145 W =01T
|4 -4, =4, [4,=88084)|4,(1-0.0808) =1.106| Oy [4, =1.213 m

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )

U : Jbo

[

T = [4(1.213)/#P5 = 1243 m, |T:1.25 m — A =r(125)°/4=1272 m2|
|:> W = 0.7(1.25) = 0.875 m (final) 10 Job

b iy y pdaw

Ay = 0.088(1.227) = 0.1080 m? downspout cross section

A, = A, — 24, — area taken by (tray support + disengaging and distributing zones)

A, = 1227 — 2(0.1080) ~ 0222 = 0.789 m” for perforated sheet| | 4

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
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h,, W g0 ghy Wiy 59y @lbo v gd

[

S0X1077 o9 x 102 mi/mes| 2D hy =25 mm = 0,025 m

0.875
9 _ 3/2
hy/T = 0.025/1.25 = 0.02. e = 1839

T/W = 1/0.7 = 1.429,

) -3 - ([ [ 2 5]] e -eo

h, = 0.666 ("—ji( r )% |:> hy = 0.0203 m

w

g
W

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )

hnmw,éﬁg}m <él

[

c - 1.09(%)"'” = [, = 1.09(0.0045/0.002°% = 1.335

A, = 0.12754, = 0.1275(0.789) = 0.1006 m?

.0 30 _ 28l 4 <
v, 4.~ 01006 30.0m/s 108k 40 o
] = -3 *
te = 00125 cP = 1.25 X 10~5kg/m - 5 £38in 10 jsis;
d,Y,pc _ 0.0045(30.0)(0.679)
Hole Reynolds number = = =k 10— 7330

/= 0002 m e g S s 1 St 5

g = 9.807 m?/s

2hp8p, _ co[0,4(1,25—ﬁ)+‘;i+(1—%)2] ca e s

Vo Pe » 0

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
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~ h, b S 59 @b Jolo gLy

301
Vo= 4 = 0789

= 33827 m/s

LT+ W _125+0875 _

z 3 5 1.063 m

hy = 6.10 X 1072 + 0725k, ~ 0.238hy, ¥, + 12254

> | A, = 00106 m

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
2 2598 Jolgs jlid céf
60g, 6(0.04)(1)
h=—0|:>h = ' = 5,66 X 10~ m
" odog R = 961(0.0045)(9.807)

4l 56 LS o s

hG“hD+hL+hR

E> he = 0.0564 + 0.0106 + 5.66 X 10~2 = 0.0727 m

s hy (e 49 39,59 Pl @bo 4LLS S

hy — 0.025 = 0.025 m

Ag, = 00219 m?| o »jdm

_ 3 q \2 w3\2
h, —g(z) |:> h2=2(gim)(5'°0f32‘|‘; ] =797 X 10-*m
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+ hy (e 93 o @ilo i 38y Jove 3 ol ELiS !

hy = 0.0727 + 7.97 %X 1073 = 0.0807 m

Sl (o 99 Ahold i 1 goS B HLAS SO S Wil cedao (214D 40

L hy + hy + hy = 0.1512,
by by | O B+ Ry

w

(/2 =025 m. Al oS (B (s Aol i 3 Wl 16 5
Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
SP 28l 3 @ibo b 39y 6
4. Weir length for straight, rectangular weirs, cross-Mlow trays, 0.6T 10 0.87, 0.7T typical
Dislance from canter Tower ares
Weir length W of tower used by one downspout, %|
W/ T=0.7, 0.55T 0.4181T 1877
0.60T 0399317 5.257
0.65T 0.2516T 6,899
(o701 0.3562T 8.808 )
05T 0.3296T 11.255
0.80T 01997 14.145
0.3562x1.25=0.445 . € i Lald
| | g 35 0 3 Job

|z =2(0.445) = 0.89 m|

” ) 0379 ; 0.293 24 d 28/(z/d,)""™
Lokl :0.0229(—“ o &J [—J ( s J
Ogc Ogchdo pG do \/gp

> V,, =871 m/s.
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bent sheet
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AN AN AN AN AN
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mir
Direction of flow: liquidy, gos?
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- Nominal size, mm (in)
Packing 6 (1) Is.s ) Iu B [ l 19(2) Izs(a) ISZ(I}) |
Raschig ring
Ceramic: |
Wall thickness, mm | O.¥ 16 4 24 24 3 a8
Lo 1600 1000 580 380 255 155 125
Co %09 749 457 301
e 0.73 0.68 0.63 0.68 073 0.7 0.74
g, m*/m’ (It /10%) 787 (240) | SOB (155) | 364 (111) | 328 (100) | 262 (B0) | 190 (5B) | 148 (45)
Melal:
0.8-mm wall:
(T‘r T00 1090 300 170 155 15
. 0.¢9 0.84 0.88 0.92
a,, o /m? (/1) | 774 (236) 420 (128) 274 (83.5) | 206 (62.7)
1 f-mm wall:
< 410 290 220 137 1o
o | €88 431 485 304
e 073 0.78 0.85 0.87
a,, m? Jm? (12 /1¥%) | 387 (118) 236 (718) | 186 (56.7) | 162 (49.3)
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log A2, pressure drop/ heght

S U > ol 4 ouST b 7 9 0 Jlid Céf
oo Olaie 30 1 0,10 K b g 3
Al ilo &5 (oKD oS (wi g2 1) 99 510909
0 w1 b Wil (o0 2 61,8 (ot S s il
o0 s JUd Y I Call (b > ol g0 b
el I Sl p3Y adaw Gl il b &5 g

Wb oo

logy G, supechicial gos mass velozity

L )& 491y oo po (Loading point) Kbl A dladi 4o
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g (o0 00 Wil (0 bl Tl 40

Sl @b g 5y @lo (5992 90 & gocto Cuwl i 39 T 90 9 50 @lo G092 90

Pr. = G0 T Pps
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PR N | oz lo g 39 Silo |
FT Re, [ﬂ}

h, = specific liquid holdup, m? holdup/m* packed bed
Re, = liquid Reynolds number = v, p, fap,

v; = supetficial liquid velocity, m/s

a = specific surface area of packing, m¥m*

Fr; = liquid Froude number = va/g

£ =acceleration of gravity

a, = hydraulic, or effective, specific area of packing

a 25 1= D
—£ =0.85C, Re}® Fr” forRe, 25
u : Pall gl 4> g1
a 05 .0
A= C.i: RCL FrL fol' RE-L <5 Packing a, m¥m? e Cy
a S0-mim metal Pall rings 1126 051 0,744
St-men Fliflnw rings 92.3 0977 (.876
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ALY &b — 35 Lulod adaw
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Pro
Prow

ay = dyy
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(1) gy Ao

ST Jokomo & 3 00l b Cunlgd Dlasino 1,18 o (T of yod JIF 3115 3 35 oF St (5
Y0 03101 49 (Suol g iNtAlOX JSKb (5 S F 33 31 0 g3 (ygiw S 30 PawigoT Ko 418
2o g0 oA (o> Gl Ol G518 &5 g 4 (53959 HB S 0 10> yonlue
ol y5bat Ly K0, wils g0 S0, w038 ¥ (590 Can s K 3Lid 3 4233 P slod 33 sl
o> 2 (S1410 g Wil o0 4l 3 TS TLA I 2 S 350 oo 12 35
orige Footy 4lid Co il (0 2.56-3 KO/ M S&is jgSun g g w0 g 39 5l 1YTD
N Q30 g0

S SRS g1 R S 2 amilio 15 )

Av mol wt gas in = 0.07(64) + 0.93(29) = 31.45 kg/kmol

. 273 0.987 1
Gasin = 080553~ 3547 = 0.0317 kmol /s = 0,0317(31.45) = 0.998 kg /s

_ OS9BKE/S _ | ue /s
P = ogomss - ke/m

SO, removed = 0.0317(0.07)(64) = 0.1420 kg/s.|
[Liquid leaving = 3.8 + 0.1420 = 3.94 kg/s|

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
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v TR Plb b e
o4 — - T T r
_"'__+-._ [ !\Pr‘llmm:nu- ] ] ! ]|- | | |
""-1...\ | Nooding
LR = et 111 "‘"< il : I
o= - Ap W0 N
h""T'*-.,___-'_L-\ | Z it m
010 i T4on T“'_\'\\\_\ S T S
O O 6 008 — T - .\ “:“'T " m
. 000 = 300, BL%H TSI T
oo SaSiiin E IS AN
Gz C 0.1 J 00 T~ \‘\\ N !
L ! \
fILlL 002 | Ban N \\—\J”]::‘\\'\t |
NN
_ —l | Jo : |
pG(pL pG)gc om | L] | SIS AN |
0.003 o pressure op = t S Cam
0.005 } st | SRS
1 “m | ___"|‘-_~,‘_ir TN ]
EEEurma | AN
0.002 1 \. \ | |
| SR
0.001
001 ooz o4 o 0.2 na o = 4 10}
) 1/2 0.5
L _p |7 394 (124805
G p, - ps 0.998 \ 1235
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) O a8 dmilno

L o ) 394 [1248\%°

G'[mp—pgj = 0.993( 1235 ) = 0.125

2 01
GCu J
7 0061
PP —P5)8. T (50 Sy Tyt o 4 S 31 39

o =] 0%61ea(e, — po)g ** [ 0.061(1.248)(1235 — 1.248) 1**
Cu ™ 98(2.5 x 10-3)%'(1.0)

= 1321 kg/m?*- s

(0.998 kg/5)/(1.321 kg/m? - §) = 0.756 m? 1T Qo g

T = [4(0.756)/ 7" = 098 m, say 1.0 m diameter | *s AR

T=1m Area=0.785 nt

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
U P22 JU it 30 amlono 2 Jlio
Wi Ty S Pl I SI OT balio 1 o5 Ol i iy
Bl 3 399 (o0 o3l 38 MM yhalks J 3 E 95 3 ) S O 2 3 o
sl 2 5158 4 9g2 90
WS Sl 1 p 2 JUS (o> 4150
b 36 3 6
M, =260 gr/mol M, =11 gr/mol
u, =2x107° kg /m s e =107 kg /m.s
p, =840 kg /m’ T, =27"°C
c=3.0x10"2 N/m P =107 kN /m®
D, =4.71x10™ m?*/s D, =130x10"° m*/s
L'=271 kg/m* s G =0.716 kg /m*.s
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330 ol
11 1.07x10° 273
= = (.47 3
= AT o x 106 2B +27 - 0 2kg/m
1x 1075
Sey = o = = 1.630
peDs  0.472(1.30 % 1079)
, 5 0.716 ,
G'=0716kg/m"*- s GNT=0.065]km01/m -5
b gl y
Br 2% 1073
= = = 4990
L7 oD 840(4.77 % 10719
Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
| 5T s NET oy A 1 aka!
O A = m(BOSGr/pGO,S)nLrp INC N Sy 31 &y
[m =624 n=00240L - 0099 = —0.0346| . =a Pro
N P T Bl
Nominal
sizs Range of L’
Packing mm in kg/m? s Ib/1t?+ h m n P
Raschig 13 0.5 0.68-2.0 S00-1500 2301 023231 - 030 -1.04
rings 2.0-6.1 1500-4500 1469  001I14L +0.148  —0.111
25 1 0.68-2.0 500-1500 3442 0O 0.552
20-6.1 1500-4500 682 0.0389L —~ 0.0793 =047
38 1.5 0.68-2.0 300-1500 365 004981 — 0.1013 0274
2.0-6.1 1500-4500 4011  001091L — 0.022 0.140
50 2 0.68-2.0 500-1500 3152 0 0481
(2061 15004500 3401 @ 0.362 )|
Berl
saddles 131  DS5f  0.68-20 500-1500 1628  0.0529 0.761
20-6.1 1500-4500 2561  0.0529 0.170
258 1§ 0.68-2.0 500-1500 5214 005061 - 0.1029 0
20-6.1 1500-4500  73.0 0.0310L' — 00630 —0.359
. 3 15§  0.68-2.0 500-1500  40.6 —0.0508 0.455
L' =27 kg/m" - s 20-6.1 1500-4500 624 0.0240L' — 00996  —0.1355
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Ay

Pre = Pr. + P,
pp in kg/m” = (Ib/I°){16.019);

Prw = Prow + Prow Pro ™ Prow:

Use only S units: L' in kg/m?- s = (Ib/ft2- BY0.001356);
@ inN/m = (dyn/em)(0.001); ¢ is dimensionless

Mominal size | 4, Prs Water, B, H
Packing | mm | in |m orcinary temperatares | kg/m - s
r -, dO)TE \ 1 . AT, Y QITIT =062 log L”
Ceamic | 13 | 05 |o01774 b = 15084, <401t ﬁﬁT( )
Raschig 5 1 00356 ||00488p, """ 241 % 1074 P M2.024L — ppL0o7m
rings 38 1.5 | 0.0830 131,037 PLaw = T
50 | 1 |ovizs
(2.09 = 10-5y(137.5L9° | 0012 2168257, 7" ( ° )“I'"-Mﬂ tog £
O == —
\ 42 ) p UB4(2.024 L0430 _ 1y L0.07
Cabon |25 |1 |oow3m B = 11044270 <001 AL, 00 ( 2 )““"'“’” -
Raschig | 38 15 | nosex | 00237uf 002 _ 50¢x 10-4 . *HM(1.393 L0315 — 1) \ 0.073
rings 0 2 0716 FIEDSCE L FLaw PIED
(7.34 % 10-4(737.5L7" 901 L1057,,03 o \GATIT= 0362 o L
v = E=T L | e | — s e (55)
4 £ M(1.393 L5215 — 1) L D.0T3
>
Ceramic | 13 | 05 |osiez B = 1.508d,237 <0020 | 14p4L?p, 00 ( R e
Berl s 1 00320 [4.23 % 107, PP40 _ 5014 x 1078 o (3.24L043 1y 0073
[_ saddles| 38 | 1.5 | 0.047 4,195,037 aw 413
\
(232 % 10-4(my75L)” 2BIDLA 5,2 ( o )m-m-m tog &
SLor = >0.020 ¥
a3 | pM(3.24L040 - |y 0073

Mass Transfer
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.&!/_

Jbe

2T (o0 Cuwhd T (5 plolyly ol Jou 3

L'=27kg/m* s d =

00472 m

B = 1.5084,07%6 = 0,478

Priw = d 1.56
£

~ 5014 x 1073

=586 X 1073 m’/m?

_ (232 x 10-9)(737.5L")*

Prow dl‘z

= 0,0394 m* /m?

Prew = PLow — Prew = 0.0335 m3/ m

3

"

1404'["0’57”'“1.&13

a 0.2817-0.262 log
= pLD,H(3-24LfD.413 — 1') ( 0.073 )

e
= 0.855
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&b sl Tl

sale St 5 il

_ 423 X 1077, 2%%05

Pps

d‘ I.5ﬁpLM?

= 4.65 X 1073 m*/m?

sk JS Saile

Pr = Pro + P, = 0.0286 + 4.65 X 1073 = 0.0333 m*/m’

Mass Transfer
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o

Mass Transfer

Jbo
L’ =271 kg/m?«s
B [m=624  n=00240L - 0.099 = —0034
- s dlno
808G" ),
p=—0I1355 a4, = m(—«r;;;-ﬂ-s—) P = 438 m*/m?
- ., _ 43.8(0.0286) 273
a, = a‘"p@hw =003 - 374 m*/m
£ = 0.75 || 7abte 63 Costinues
Packing Wum ]151;) ,TI%}NM?:[:TT;:J{:]EU;:
c.,.T‘_‘l T 1 — 1
(=3 ) "y 4y i 1w ]
= T e - )
q‘,m’fm’ll':’,fl'l’l_gtiﬂ}l &M{mﬂ 269 (82 | 24% (76) _lu{u;
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2 3 36 p 2 JUH o 50
€, =¢ = g, =075 -00333 = 0.717
Fg Scg? _ kaPs, s Seg*? = 1.195 4G’ 03
G G T e(1 = e,)
Fg(1.630 10| __00472(0.716) ~03¢
0.0651 ' (1 % 10-3)(1 = 0.717)
'FG = 1914 X ID_shﬂOl/mz‘ §= kGPB.M
@b 36 p 2> JUS v 2o dlno
k.4, d.L \%*% k,(0.0472) 0.0472(2.71) 1045
£ =25 =— Sc°'5|:>.L.._._= __(___)] 0.5
D, ( My ) ‘ 477 X 10~ 25"[ 0.002 (4990)
k, = 1.156 X 10™* kmol/m?- s - (kmol/m?)
Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
b 2l 3 p g2 JUEH o 3 dnulono
k, = 1.156 % 10™* kmol/m?- s - (kmol/m?)
FL = kLC,
b j6 yo Js claks

=840/260 = 323 kmol/m’

Fp = (1156 X 107%)(3.23) = 3.73 X 10™* kmol/m?- s = k, xp pc

2ol (o0 (0> il 50 1y 0 32 JUEH o 0 b o & yalol>

Fga, = (1.914 X 107?)(37.4) = 0.0716 kmol/m?*- s = kya,Pp, M
Foa, = (373 % 107%)(37.4) = 0.0140 kmol/m* s = k;a,xg ¢

Mass Transfer

ol o (3 M B F 1 K ot 40 Sl
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0 1032 JUH oy duilono

ool 198 Cagh y Wi Sl (il ¥ Sl y b dil> 31 5f oo ) g 3
Lol oS g0 S5 13 Sl S WS 53 45 039 T I e 0
3wl 923 0390 4 T YL Cumd 4 by 0

quw@)é\éa)‘}?b)é 55kg/8m2 :Ui’ulg)?i"de\&

ool 42 30O axye 110 Kg/SMmP:igs b o

JUSH Bty .28 5 6 3 K 5fgf (o 1 150 5 0391 yhmell oSy 4L

i Ao giuw SYU 501, 02
G’ = 1.10 kg/m?- s, 1y 56 36 olasie 1J>
G = 1.10/29 = 0.0379 kmol/m? 5] % 343l
u; = 1.8 X 1073 kg/m - s
29 273 _ .
P6 = 347 393 = 206 ke/m
Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
82 alo T Wilo 3 daw dmulono
L' =55kg/m? s.
d, = 0.0725 m B = 1.5084,%7¢ = 0.562
1wls padlgd Jgue>
2.09 x 10-8)(737.5L)*
247 x 10°%

P = =591 X 10~ m*/m?

d,"”

Prow = Prow — Prow = 0.0424 — 591 x 1073 = 0.0365 m*/m’
|m =34.03,n =0, p = 0.362,|

Ay = m( 8:33 ) L'P = 63.1 m*/m?
G

Mass Transfer Autumn 1390 A. Ghaemi ( ahadghaemi@yahoo.com )
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,\L )
sdaw dwilbno
= ¢LFH‘" _ 0.0424 - 3 k]
ayy = 0850,y S = 0.85(63.1) 5 53es = 623 m*/m
e= 0745, = e~ g =074 — 0.0424 = 0.698)
302 JUS o 4o Ao
F SC52/3 _ k(;Pn‘ . SCGI/J _ erf - 0.3§]
D A = )
Fo(0.6) 0.0725(1.10) —
——— = 1195 — = (.0378
0.0379 I [ (1.8 x 10_5)(1 — 0.698)
[Fo = 2.01 x 102 kmol/m? - 5|
|Faayw = (2.01 X 1073)(62.3) = 0.125 kmol/m® - § = kgyePp ar
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Mass transfer Operation

{CERT RO
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o Gas components
o o o
o
o ° o
o o o o (]

Liquid ph o o

-
T &

Intérface
Heat  Products
Reaction
Solute
Gases
Diffusion
Vapor Liquid
Mass Transfer Autumn 1390
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H Y 5] )U
Ke) PR PERYY Jbe 39,8
yon dgo Si> ol (5 gy ¢ 31 A U adad
b 5 S5 1g (s 3lutu> J¥ st I itz
Y gamo gilwodlol guddg | wdgi (S yailgw il wgi | (Sl piw
237 39 S
i Mol adg | (Slewd 395 caio
ol dis b 3 1 oT oo S o Sis
I sbob 2 et i 3 T 3B 4dai g gjlule
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1) £, .

" 37 99 S

T T T T[4 i1 sl S b 6 565 S 51

e | Sl 1 @tlo 39 ok Jo 315 CHALE ki g Sl

' b glod 49 (ol (0 992 90 Slod g LS yo (5

NH3,20°C '“‘?l?. (€] &.‘}s‘ ‘;‘..’M’ )m &‘}é‘ l?

0 a0 Ve Glod 40 OT 30 SligeT Mo 1 Jlo
= 4 o g

7= partial pressure of solute in gos, mm He

=
=]

-

HEL, 10
A

005 010 015
7 = mate froction of solute in liquid

020!

solubilityec P oc;

Mass Transfer

iy 3193 oo CBAlE Sy 8 536 ol i 51
45 WO (0 Gl B (imio wilo 45 wBd (0 ylid
it Jglrols by 5 315

45 WS (o b Cwiilo il o (Jolai jLiS )1
il o0 313 ol 49 56 caldlo

i JLid g (S ity piB) Lod b b 315 >
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. o0 W1 oo MT 4 e I Nt 94190
0 / ' L Cldlo 9ylp0 s 30 A 0 g Ogw
. Wl (o ol Lod gl 31

sol——L

|
BN

7T partial pressure of solste in gos, mm Hg

clddl> 4 g & A e Jho Glg
ST 40 g 00 428 To glod g0 Sligel
S 5 50 1 B v gmd 42 33 1+ 4 bt 0 S0

n
=]

HEL, 10
o A

o 00s [k Q15 0.20)
+ = male froction of sofute in liquid
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CalM> Jlo

39 &b (5 90d SO b (G eb ilod j1 w3 balo St Jlo
%;.m,@déwabque)éff sboo g Pt I jLd
VA YR T AR TE WA X LVA RN VA A | E R0 [P C e

P=2x10° S Ao |y Jokowo (FOW wuS 53 S gw (0 LY
Mole fraction
Component  Equilibrium Vapor pressure p in the liquid
partial pressure 7%, N/m? X 107%  at24°C, N/m* x 107 x=g%/p

Methane 1,20 = 0.6(2)
Ethane 0.4 42.05 0.0095
Propane 0.16 8.96 0.018
n-Butane 0.12 236 0.051
n-Pentane 0.12 0.66 Qliii

Total 0.261

S5 b il 3530 B ps S, (o9 31 A G300 JolS 55 (o8B 45 i, Lid o 0

Mass Transfer
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200 |

PAT

7% partigl gressure of solute in gos, mm Hg
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HEL, 10
A

o 005

00

. 015
2 = male froction of sefute in liquid

0.20
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