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traditional agitator impeller
A often functions as a rather ineffi-

cient pump because of the way it
produces fluid motion and pressure
head. However, one can improve the
amount of flow or shear generated by an
impeller at constant power consumption
and torque by changing its design.

For example, a high-efficiency, axial-
flow impeller produces more fluid mo-
tion per unit of power at constant
torque than an otherwise similar
pitched-blade turbine. The more-vigor-
ous fluid motion cuts blend time and
enhances heat-transfer in various flow-
controlled mixing operations, such as
blending of miscible fluids.

For most applications, a higher de-
gree of agitation intensity can be
achieved on the same machine by sub-
stituting a high-efficiency impeller
(Figure 1) for a conventional pitched-
blade unit. The high-efficiency impeller

FIGURE 1 (top of page). Featuring a
larger geometric pitch at the hub than at
the tip, a high-efficiency impeller en-
hances liquid mixing and heat transfer
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FIGURE 2. The larger blade-tip vortex in
a four-bladed pitched turbine (other
blades not shown above) accounts for its
lower efficiency, compared with a three-
bladed high-efficiency impeller

features a larger geometric pitch angle
(3060 deg) at the hub than at the tip
(10-30 deg). Results from recently con-
ducted controlled experiments indicate
the beneficial effects of the high-effi-
ciency impeller on blend time and heat-
transfer coefficients in liquid-liquid
mixing as well as solids suspension.
This article focuses on liquid agitation,
with discussions of solids suspension
set aside for a forthcoming piece in this
series of articles on mixing [1-2].

Selecting an impeller style

A proper understanding of flow, head
and the effect of blade-tip vortices is
important in selecting an impeller type
for a particular application. Any device
that moves fluid can produce some
combination of head and flow for a
given amount of power:
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The power not used in generating
head or flow is dissipated through
shear or turbulent eddies. However,
this “dissipation” of energy is not neces-
sarily harmful because there are appli-
cations where the generation of such




turbulent eddies or vortices is highly
desirable. For example, turbulent vor-
tices play an important role during con-
tacting of gases and liquids, mixing of
immiscible liquids, and drawing-down
of floating solids.

Much of the energy loss from an im-
peller in turbulent flows is in the form
of a blade-tip vortex. Nearly half of the
backside of a pitched impeller blade is
enveloped with this energy-dissipating
vortex, compared with only a small
fraction of the backside of a high-effi-
ciency impeller blade (Figure 2). The
smaller vortex on the high-efficiency
blade accounts for lesser dissipation of
energy, and greater production of head
or flow instead.

An impeller produces laminar flow
when the impeller’s Reynolds number
(Npe= pND?y) is less than 1. In lami-
nar flow, no vortices are formed from
blade tips, even for the pitched-blade
turbine, so the performance of the
pitched-blade impeller is similar to
that of its high-efficiency counterpart.
Transitional flow for most impellers is
considered to exist between N, values
of 1 and 10,000. For Ng, > 10,000, the
flow is fully turbulent. Recommended
impeller styles for transitional and tur-
bulent flows are listed in Table 1.

Selection of the correct impeller style
is very important as is the number of
impellers to be used. That’s because an
impeller, even a high-efficiency type,
cannot provide adequate mixing action
beyond a certain liquid level. This max-
imum liquid level is a function of
Reynolds number. Generally, for differ-
ent ranges of Ng, the ratio of liquid
level to tank diameter (Z/T) is used in
deciding whether to use single- or dual-
impeller agitators (Table 2).

Estimate power requirements
Agitator vendors can typically supply
the user with the experimentally deter-
mined power number (N ), which is a
function of impeller type, geometry and
Ny, This power number for four-
bladed pitched impeller and three-
bladed high-efficiency impeller (desig-
nated HE-3) can be obtained from
Figure 3. The impeller power require-
ment can be calculated [3] from:

P=N,pN*D* (2)

This equation can also be rearranged

Applications of Impellers

Impeller style

Recommended
applications

Preferred
Npe range

Three-bladed,
high-
efficiency

>100 « Blending of
miscible liquids
« Solids suspension

+ Heat transfer

Four-bladed,
45-deg
pitched

« Draw-down of
surface solids or gas

» Coarse immiscible
liquid-liquid and
gas-liquid dispersions

Four-bladed,
flat

21 » Local mixing
at tank bottom

« Transitional- to
low-Np,, mixing
(for 1<Np,<500)

« Agitation during
vessel pump-out

Six-bladed, I
disc e

=1 « Intense gas-liquid
mixing

« Fine dispersion of
immiscible liquids

+ Fast semi-batch
reactions

TABLE 1. A number of factors, including the prevalent flow regime, come into play in

deciding the right impeller style

to determine impeller diameter when it
is desired to load an agitator impeller
to a given power level. The torque de-
livered to the fluid by a single impeller
can be computed from the impeller
speed and power draw as follows :

p _ N,pN*D?
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Quantifying agitation intensity
Prior to a pioneering attempt to quan-
tify agitation intensities by Hicks and
his coworkers [4], it was customary to
broadly rate the degree of agitation in-
tensity in a mixing vessel as “mild,”
“medium” or “violent.” No quantitative
technique was available to consistently
define these agitation intensities, and
therefore, there was no way to insure
that such intensities could be repli-
cated on other batch sizes or for other
types of mixing applications.

Hicks [4] introduced a relative mea-
sure for assessing agitation intensity in
pitched-blade impellers by use of a
“scale of agitation.” Symbolized by S,
here, this scale of agitation is based on

a characteristic velocity, v*, which is
determined as follows:
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@ is determined from the pumping
number, N, in Figure 4. Ranging from
1 to 10, S, is a linear function of the
characteristic velocity. Accordingly, a
S, value of 1 represents a low level,
and 10 a high level of agitation inten-
sity. S, is readily calculated from the
following equation:

S, =328v* (5)

This 1-to-10 range of agitation inten-
sity accounts for about 95%, or more, of
all turbine-agitator applications, mak-
ingit suitable for a wide range of process
operations. Gates and his colleagues [5]
provide guidelines on how torelate S , to
specific process applications.

The primary pumping capacity of an
impeller is computed from the pumping
number, the rotational speed and the
impeller diameter:
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