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Mass Transfer Correlations for Packed Towers

In the previous lecture we saw some methods for estimating k, and k,,

When it comes to packed towers there are some issues
« The geometry of the packing is not like the simpler cases where we have existing correlations
* ais dependent on the flow rates, packing design, surface tension, viscosity, etc.

Fortunately, there are correlations for H, and H,, directly

* H, = (0.9 ft) Gl B 03( > )0.51 *
T (1500 "’/ﬁ2 hr)/(o. go1cp)| \381) Jp

This was arrived at by taking experimental data for O, in water

« This system is dominated by liquid film resistance, so the experimental measurements are
essentially that of transport through the liquid film versus the combination

* G, is mass velocity and must be the same units as appear in the correlation, ”’/ﬁz hr

03
Data correlated to show that H,, (%) (5.)03

Avalue of 0.9 feet corresponds to G,= 1500 ”’/ﬂ2 o M=0891cP,S,=381,and f, =1



University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

Mass Transfer Correlations for Packed Towers

* The correlation on the previous page was developed using water as the liquid - use

caution when applying it to other liquids TABLE 15.1
Characteristics of dumped tower packings'*'=<’
* [, accounts for the type of packing used - Packing
Nominal Bulk Total Porostty _ Tctors’
" . . = 3 t ee2iped A .
e Be sure to use fp and not Fp Type . Material  size,in.  density, Ib/ft'  area,’ f/MC ¢ E [
Raschig rings  Ceramic 3 55 112 064 580 1.52§
i i : 1 42 58 074 155 136§
» F, is used in calculations of pressure drop 1 P 1 073 95 10
2 41 28 0.74 65 092§
Pall rings Metal | 30 63 094 56 154
14 24 19 0.95 40 136
2: 22 31 0.96 27 1.09
Plastic | 55 63 090 55 136
14 48 39 0.91 40 118
Berl saddles ~ Ceramic 4 54 142 062 240 1.58%
1 45 s 068 110 1.368
14 40 16 071 65 1078
Intalox saddles  Ceramic i 46 190 071 200 227
1 42 78 0.73 92 154
, M 39 59 076 52 LIB
2 38 36 076 40 10
3 36 28 079 22 064
Super Intalox Ceramic | — - — 60 154
saddles 2 — — - 30 10
IMTP Metal . — =: 097 41 174
14 = — 098 24 137
2 — = 098 I8 119
Hy-Pak Metal | 19 54 0.96 45 1.54
1} = = = 29 136 o
2 14 29 097 26 109 "
Tri-Pac Plastic I 6.2 85 090 28 —
2 42 48 0693 15—

"Bulk density and total area are given per unit volume of column.

*Factor F, is a pressure drop factor and f & relative mass-transfer coefficient. Factor f is discussed on page 603 in
the paragraph “Performance of Other Packings.” Its use is illustrated in Example 18,7,

*Based on NH,-H,O data: other factors based on CO,~NaOH data.
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Mass Transfer Correlations for Packed Towers

*

H, = (1.4 ft) Gy
y , lSOO lb/ftz Iy

03

1500 b/ 62 hr

Gy

0.4

(

Sc
0.66

)

0.5

1
Io

Correlation similarly derived for an air-ammonia-water system

G, and G, are mass velocities and must be in the same units as appear in the

High solubility of ammonia in water leads to system being dominated by

gas film resistance

correlation, #/ 62

Notice that G,, appears in the H,, correlation but not in the H, correlation

*

This is because gas flow rates are specified to avoid flooding in the tower
and therefore are usually in a set range for a given liquid flow
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Mass Transfer Correlations for Packed Towers

* Use arithmetic averages of mass velocities at the top and bottom of the tower

N (Gx)a + (Gx)b
G, = >

(6, +(6),
2

G

y
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Overall Mass Transfer Coefficients

Overall Heights of Transfer Units:

m
HOy = Hy +me
Ly
V
Hy, = H, +7Hy

* )i = my;

e L and V are molar flow rates
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Packed Tower HTU Example — problem statement

720 mol/hr stream of toluene contaminated oil (95 mole percent oil, 5 mole percent toluene) is to be
cleaned by countercurrent contact with air in a stripping tower operating at 25 C and atmospheric
temperature.

Tower is packed with 1” plastic Pall rings

Exiting liquid must have a toluene mole fraction equal to no more than 0.001
Entering air is pure and is at 1.078 times the minimum.

The tower diameter is 17"

Under the proposed operating conditions H, = 1.0 ft

Toluene will follow Raoult’'s Law and has a vapor pressure of 0.0380 atm

The oil has MW = 170, p = 0.730 <=, u = 0.86 cP
cm3

Due to low toluene mole fractions the physical properties may be approximated as those of pure oll

Using Hy,, and N,,, determine the required Packed Height %
» Use the “Usual Assumptions™ -~ Y



University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

_ y S 1
H) = (1-4ft)l (O.66> 3

m
Hoy = Hy + 17 Hx
No. = Yb — Ya W _(y_y*)a_(y_y*)b
oy — 7. o Im — *
> =Y )m " n (y—y)a]
=¥

Zy = Hgpy * Ngy
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Packed Tower HTU Example — preliminary calculations

1 hour basis
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Packed Tower HTU Example — minimum and actual air flow

* Due to the dilute nature and the fact that this is a stripping operation, minimum air can be calculated with the
assumption that

e Actual Air Flow



University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

Packed Tower HTU Example -Mmass rates and Mass Fluxes
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APPENDIX 18 Diffusivities and Schmidt Numbers of
Gases in Air (25 °C and 1 atm)
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TABLE J8.1
Characteristics of dumped tower packings'**¥
Packing
1
Nowsinal Bulk Totsl  Poroty _iwcters
Type "+ Material  size,in.  density, IbT"  area,’ /N0 £ P -
Raschig rings  Ceramic 3 55 12 064  S80 152§
1 42 58 074 155 1368
14 43 37 0.73 95 1.0
2 41 28 0.74 65 0928
Pall rings Metal 1 30 63 094 56 154
14 24 9 0.95 0 136
- 5 p3. 31 0.96 27 09
Plastic 1 5% 63 0.90 5] 1.36 |
14 48 39 091 40" T8
Berl saddles Ceramic { 54 142 062 240 158§
il 43 76 068 110 1.36§
1 40 i6 0.7 65 1078
Intalox saddles  Ceramic . 46 190 0.71 200 227
| 42 7 0.73 92 154
. W 39 59 0.76 52 LIS
3 8 36 0.76 W0 10
3 6 28 0.79 2 064
Super Intalox Ceramic 1 — — — 60 154
saddles 2 s - - 10
IMTP Metal | -— - 0.97 4 174
14 — — 0.98 24 137
 § — - 0.98 I8 L9
Hy-Pak Metal 1 19 54 0.96 45 154
11 — — - 2 136
2 14 29 097 2% 1.9
Tri-Pac Plastic 1 6.2 g3 0.90 B =
2 42 48 093 6 —

"Bulk density and total area are given per unit volume of column,

"Pactor F, is a pressure drop factor and J, 2 relative mass-transfer coefficient. Factor £, is discussed on page 603 in
the paragraph “Performance of Other Packings.” Its use is illustrated i Exampic 18.7,

*Based on NH;~H,0 data: other factors based on CO.-NaOH data.
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Mass Transfer Coefficients

0.4 0.5
03[1500 b
H, = (1.4 fo) Gy /5e b (SC> 1
g 500 B/ o Gy 0.66) f,
Ib .03 - ~04 0.5
809 -1 1500 b
H, = (1.4 ft) ftihr fehr| (186 ! = 4.8 ft
g 500 b/, 165 _Lbm 0.66) 1.36
_ ft* hr Ft2hr

H,=1.0ft

given in problem statement
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Overall Mass Transfer Coefficient

Overall Height of Transfer Unit
Hoy — Hy +

m

P /VHx where y; = mx;
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Number of Transfer Units

Yb — Ya
NO e
Y = Y)im
— =Y )a= =¥
Y —=Y)im =

n|[Q = y*)a]

Y —Y)b
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Number of Transfer Units and Packed Height
= Y)a= =Y

- (y—y*)a]

Y= ¥)b

O —Y)m
In
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Packed Tower HTU Example — preliminary calculations
* 1 hour basis
La f gZO%mOI V. = same
Xa = U (Veo1)q = 36 — 0.685 = 35.315 mol
L. =0.95 * 720 = 684 mol oil Ya =7
a
(L), = 0.05 * 720 = 36 mol tol
b
L. = 684 mol oil l ‘[ U o
X, = 0.001 Vo = Ve =:
Yp =0
q\
. _ _ (Ltop . N
xp = 0.001 = Topres (Lto1)p = 0.685 mol S
19 .« A
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Packed Tower HTU Example — minimum and actual air flow

* Due to the dilute nature and the fact that this is a stripping operation, minimum air can be calculated with the

assumption that

sat
tol

V) min =¥ (xq) = T Xa
. 0.038 atm
V) min =¥ (xq) = T 0.05 = 0.0019
(Vtola 35.315

(Ya)min = 0.0019 = = (V.)ymin, = 18551.527 mol

Veoda + Wdmin 35315 + (V) min

«  Actual Air Flow V. = 1.078 * (V.),;, = 19998.546 mol ~ 20000 mol
V, 35.315
y, = Wioa _ _ = 0.001763 o
(VieDq + V. 35.315 + 20,000 .
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Packed Tower HTU Example -Mmass rates and Mass Fluxes
mol oil mol tol 1lbm lbm
(SGx)a = [(684 hr ) (170 molou) (36 ) (92'14 mol tol)] * 45369 = 2637
. . mol air mol tol g lbm
(5G,), ={(20,000 ™227) « (28.84 —I—) + (35315722 « (92.14—2—)| « = 1279
mol oil mol tol 1lbm lbm
(SGx)b N (684 ) (170 molod) (O 685 ) (92'14moltol)] i 45369 = 256.5
mol air 11lbm lbm
(SGy) l(ZO 000 hr ) (28 84 mol alr)] - 4536 g = 1272
* (8G,) = arithmetic mean of liquid flow ataand b = 260.1 lbm
. (SGy) = arithmetic mean of vapor flowataand b = 1275.5 lb’:
2
« S = Superficial Cross-sectional area = nf = "MD" _ 4 576 42
o o P Liquid Mass FI
x S 1576 ft2 a ft2hr Iquid Viass FuXx Q
. o (6) _1275STR by
Gy = Tore ftz = 809 2y Vapor Mass Flux 2 K
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CIVITIES TABLE J5.1 o
APPENDIX 18 ,?gx%ﬂs'ghhld?g% e et "
N U M B ER S | Nominal Bulk Total Porasity }_r:::_l
FOR GASES Type . Material  size,in.  density, IWTt’  area,’ £ £ F 5,

IN AIR AT -

Raschig rings  Ceramic 1 55 112 064 580 1.52%
- ' - 3
Qf or A“D 1 42 58 074 155 136§
\ahamerric - 1 43 37 0.73 95 10
7 2
Sty O o 4 ATM 2 41 28 074 65 092§
Gas # o s % o Pall rings Metal 1 30 63 094 56 154
- 14 24 39 095 40 136
-t 0413 L2 - 5 n il 096 27109
Nl G L Plastic 1 ss 63 0.90 55
Ammgnta OAdn uil 11 48 i9 091 <) nt
Benaene clse LT : ‘ 3
= Buayl alcched €I L&8 Berl saddles Ceramic i 54 142 062 240 1.58§
Crrron dlaads 038 09 I 45 76 068 10 1.36§
Cacton et sbivende 0265 197 i1 40 46 0.7 65 1078
L hlanize o . 3
Crioectensme n;: §:: Intalox saddles  Ceramic 4 46 I?O 0.7l 200 227
E1rane % 104 | 42 s 0.73 92 154
Byl acwtute azs | 84 i 14 39 59 0.76 52 LIS
Elity ! aboodol A% 130 3 18 36 0.76 W0 10
o Lo o 1% 3 3 28 079 22 064
M!::Mn oy a3 Super Intalox  Ceramic 1 — — -— 60 154
0745 B
Methsl aicohel 0518 100 saddles 2 — — — 30 10
Naphthalens nlee 1 €1 IMTP Metal - p— 0.97 41 174
~lil#’l " m 0.7} | 4. — — 0.98 24 l -37
AOCan: n1s 140 , § - - 0.98 £ L19
Oxygen i) 0% Hy-Pak Metal I 19 54 096 45 184
::mmr N3 198 v 1} — — -_ 29 136
B 0 142 J
Sultlor Gxmite a4 2 14 29 097 26 109
Tobiene axs [ 188 | Tri-Pac Plastic 1 62 g5 (.90 B —=
Water vapor 0883 o g 2 42 48 093 16 —
’ By permaion, Gom T K Steraccd and B L Mgiees, Msogsion and £ "Bulk density and total area are given per unit volume of column,
hf'm%: . 'a'm' ,"gz;:‘?“""‘“""_ " ,:,T‘ Campany, s "Pactor F, is a pressure drop factor and f, a relative mass-transfer coefficient. Factor £, is discussed on page 603 in
& Cakulans »y t:. (. B = the paragraph “Performance of Other Packings.” Its use is illustrated 1n Exampie 18.7,

*Based on NH;~H,0 dat; other factors based on CO.-NaOH data.
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Mass Transfer Coefficients

0.4 0.5
03[1500 b
H, = (1.4 fo) Gy /5e b (SC> 1
g 500 B/ o Gy 0.66) f,
Ib .03 - ~04 0.5
809 -1 1500 b
H, = (1.4 ft) ftihr fehr| (186 ! = 4.8 ft
g 500 b/, 165 _Lbm 0.66) 1.36
_ ft* hr Ft2hr

H,=1.0ft

given in problem statement
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Overall Mass Transfer Coefficient

Overall Height of Transfer Unit

Hp, = H, + %Hx where y; = mx;
720
L/V = 20035 — 0.0359ata
684
L/V = 20000 — 0.0342 atb

* L/V =0.0351 average

 m=0.0384 vapor pressure of toluene

4
«1.0 ft = 5.9 ft

H,, = 4.8 ft +
Oy / 0.0351
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Number of Transfer Units

Yb — Ya
Np, = —— 2
A
W =(y_y*)a_(y_y*)b
o n (y—y’;)a]
Y —Y)b

° v,=0.001763

* =0

* y,=mxx,=0.038 +0.05=0.0019

* y,=m xx,=0.038 *x0.001 = 0.000038

* VY,—Yq,=0.001763 —0.0019 = —-0.000137
* y,—y,=0-0.000038 =—0.000038



University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

Number of Transfer Units and Packed Height
= Y)a= =Y

- (y—y*)a]

Y= ¥)b

O —Y)m
In

: ~0.000137 — (—0.000038) B
Y =¥)im = —0.000137 =—7.72 » 10
: .

N1-0.000038

 Yy—Ye 0 —0.001763
O -Y)m 772107

Ny 22.84

* | Z;=Hgpy*Ngy, = 5.9 ft «22.84 = 135 ft packed height
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