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We have all been concernéd about our inability to duplicate
laboratory and pilot plant results on stripping of VCM from

PVC slurry in the Burlington plant.

The attached article

points out the difficulty in translation of pilot results to
the plant and reinforces our thinking that power input maybe
too low in the. plant strippers to afford good mass transfer.
I understand that tests are underway in the pilot plant to
determine the effect of horsepower onm stripping efficiency.
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Scaleup of
Gas-Dispersion Mixers

Gas-dispersion mixers are widely used in fermentation processes.
Here are the problems encountered in scaling up laboratory data.

GEORGE H. LEAMY, Philadelphia Mixer Corp.

Dispersing gas into a liquid is an important industrial
mixing application. The role of the mixer is to develop
sufficient liquid flow to disperse the gas throughout the
system, and to provide sufficient shear for optimum gas-
interfacial area to give the greatest mass-transfer coeffi-
cients, ‘

With the advent of new pharmaceuticals produced by
fermentation (during and after World War II), the growth
in gas-dispersion mixers became a prime factor in the
industrial mixer field. Many of the early mixers were
hit-or-miss devices: little thought was given to gas load-
ing factors, optimum impeller-tip speeds, and total
horsepower requirements.

After the initial flurry of activity died down, a period
of evaluation and optimum-mixer selection followed.
Most of these early evaluations were carried on inde-
pendently by a number of pharmaceutical companies—
this resulted in widely varying mixer selections being
made by different users for what, many times, were iden-
tical applications.

During the last 5 to 10 years, a compilation of data
from both external sources and laboratory work has been
made available. These data, combined with practical
information gathered from full-size mixers operating in
f the field, have led to meaningful mixer selections for gas
L F AW dispersion.

The usual approach to production-size fermentation
tanks has been to scale up from a laboratory test vessel.
This has often proved to be a difficult step—not because
correct scaleup is unpredictable, but because of a misun-
derstanding of the factors important to the proper transi-
tion from laboratory mixer tests to full-size production
vessels.

Analysis of Scaleup Factors

Investigation into the scaleup of a gas-dispersion sys-
tem must t2ke a number of related variables into account.
For a gas-dispersion system, shear stress, pumping rate
and horsepower per unit volume are the variables most
important on scaleup 1o full size.

Z o« kNIDS (H
0 « kND? @
e Z/p &)

The value of k in the case of mixer horsepower (Z) must
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GAS-DISPERSION MIXERS ...

Nomenclatur

Impeller off-bottom distance, ft.

Impeller dia,, ft.

Tank height, Tt

Mixer constant varying with impeller configura-
tion and overall liquid system. For gas-dispersion
operations, values generally range from 2.5 to 6.5.
Overall liquid phase mass-transfer coefficient, 1b.
mole/(hr.) (sq. ft) (Ib. mole/cu.it.)

Impelier speed, rev./min.

Impeller power number, kF;/D*N?, dimension-
less

Reynolds number, dimensionless

Impeller power in ungassed condition, hp.
Impeller power in gassed condition, hp.
Impeller horsepower

Mixer pumping rate, cu.ft./min.

Tank dia,, fr

Mixer power, hp.

Mixer shear rate, sec.~?

Liquid viscosity, cp.

Liquid density, 1b./cu.ft.

- ~<>N'~1!Q,:t;u“vz'2 ‘22 E_>.~

be evaluated for both the type of impeller and the overall
liquid system. The same will hold true for k in Eq. (2).
Since shear rate (y) in Eq. (3) is dependent on the vis-
cosity and P,, any changes in P, will cause changes in the
shear rate. Therefore, the maximum shear rate occurring
at the impeller tip will increase in scaleup to higher
values if impeller peripheral speeds are increased.

Experimentation! has shown that gas bubble size is a
function of impeller speed. When the impeller operates
in a speed range where it begins to approach a Reynolds
number of 1,000 or greater, a decrease in bubble size
will occur.

Further work? indicated that the impeller blade width
has no influence on bubble size at constant peripheral
speeds. Variations in blade width will, however, give wide
variations in the power drawn by these impellers.
Increasing the blade width will give higher flowrates
from the impeller and a compromise must be reached
between acceptable P, levels and turnover rates in the
tank. This turnover rate must be sufficient to bring ali

i
3
1]

of the tank contents to the high-shear zone near the
impeller, at a rate greater than the coalescence rate of
the dispersed gas.

The writer's experience in evaluating data derived
from laboratory-scale gas-dispersion tests from many
sources indicates that too often the test has been con.
ducted with too small a vessel; e.g., | to 2 gal. Although
impeller-tip speeds in these small vessels are kept within
acceptable scaleup limits (800 to 2,000 ft./min.), the
pumping rate of the impeller in relation to the vessel
size will give turnover rates far in excess of any rea-
sonable scaleup figure. This will produce several undesir-
able side effects that will lead to incorrect data and
conclusions. '

Small test vessels usually have a liquid height equal |

to the vessel diameter. As mixing intensity is increased

to the point where N5, approaches 20,000, surface aera- :

: tion of the liquid will occur. At Np, of 100,000 and above, {

severe induction of surface air will take place. As N,

. approaches 105, all sparge air can be tumned off without {

any noticeable decrease of the gas interfacial area in the
liquid. |

This phenomenon is not experienced to any great extent !

(in production-size fermenters since the height-to-
y diameter ratio is large enough to preclude any appreci-
- able surface aeration.

Small vessels also experience high turnover rates that

i often exceed 50 or more turnovers/min. This produces

rapid circulation through the high-shear zone close to the
impeller at a rate in excess of the dispersed gas coales-
cence rate. Since @ (or tank turnover) is proportional to
the function of ND, the turbine bubble-size formula;

illustrates that any increase in pumping rate will give a
decrease in bubble size. Thus, any excessive pumping rate
in a small-scale vessel that cannot be reasonably scaled
up will result in a gas holdup rate and bubble size decrease
beyond the point of scaleup. This results in high mass-
ransfer rates that will net be obtained on produc-
tion-sized tanks.

Another factor to consider is the effect of proximity

e b p ANGE Ko

.

POWER CURVE for standard baffied
tanks is applicable to gas-dispersion
operations=—Fig. 1
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JERSION MIXERS ...

e Y ARD

iion effect on impeller power—Fig. 2

ler blade tip to the wall of a small test-vessel.

ment of high velocity flow on the test vessel

luce an added shear rate that will not relate

ssels on scaleup.

dispersion operations are normally done in
tanks, the power curve for standard baffled

B] licable to this type of operation.
1@ shows that as N, increases, the flow
s change from viscous to turbulent. Since
kP,
N, = ——— 5
> = DA% &3]

ywer number of the impeller will not be
| Ng, = 10%. Thus, when gas-dispersion lab-
are conducted in a 1 to 2 gal. vessel, it is
event surface induction of gas due to high
:s, while at the same time N, below 10,000
nsistent power levels with changes in im-
, since Ng, remains in the transition zone.

sumpti n of Impellers

s dispersion in fermentation, industry has
aded, disk-type flat-blade turbine the most
of impeller. It combines reasonably high
th good pumping rates. [ts most important
- disk, which forces the gas to flow out to
zone at the blades. Although uncommon,
ers are sometimes used. Also, adjustable
d 8-blade impellers are often specified to
n the impeller when the product is varied
onditions.
1 of data obtained from actual field units
tests has confirmed to a great extent the
‘bank?. Applied to both large and small

cu own in Fig. 2 has stood the test
lot the correlation between gassed

1 ey

O

- M"ﬁﬂ#&&m.gﬂ B e oy o x|
i T T PNET ISR e i b A
; 2o = T

‘ D/T=0.375
C/o=075
ZT=1.04"

Test tank dimensions:
Inside dia., 38% in.

3
f
i
Straight side, 36 in. C
’ Depth of dish, 5in,- ° i
Baffles, 4, each 3 in. wide™

o Full-y:alo‘tlank dirnem'ic‘ms: s
: inside dia; 144 in. ~ "'\:-:,' -.
Deptn, 2160 =~ . . }

I Hatfies, 4, each 12in, wide- .. -

SCALEU

and ungassed power as a function of both gas rate and
impeller speed and diameter.

Although some previous data have been presented
concerning the effect of gassing on multiple-impeller
installations, nothing definitive has been presented. The
writer’s experience, both in laboratory tests and actual
installations, indicates a modifying factor of 0,70 to 0.85
of the P,/ P factor for a single impeller should be applied
to all impellers located above the lowest impeller. This
factor assumes a spacing of at least 1%, impeller diame-
ters between impellers. ’

An important point often overlooked in fermentation
scaleup is bubble residence-time. Usually, scaleup is
based on geometric similarity of the vessel and impellers,
If, at the same time the superficial gas velocity 1s held
constant, the bubble residence-time increases propor-
tional to the tank size increase, Oxygen depletion of the
air will result and has to be considered in scaleup.

The mass-transfer coefficient &, is proportional to the
gas volume used, and it is important on scaleup to retain
the same or smalier bubble residence-time. This can be
accomplished by using a direct tank-volume relationship.
This relationship is illustrated in Fig. 3. ®
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