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Abstract. The effects of blade number and blade tip angle on the performance of the Maxflo
T impeller have been studied. Specifically, the laminar, transitional, and turbulent power draw,
gassed power draw in mixed impeller systems, and solids suspension performance of the Maxflo
T have been characterized. In general, the Maxflo T outperforms the pitched-blade turbine and
can be used in applications where low power number high-efficiency impellers are impractical
because of shaft critical speed and/or diameter limitations.

Résumé. La perf de 1°agi Maxflo T a été mise en évidence grice aux effets du
nombre de lames et leur bout angulaire. Précisé la pui laminai itoire, et

tbulente, la pui ée dans les systd des agi mixtes et la

performance en :uspemi;n des solides du Maxflo T on éé caractérisées. En génénal, la
performance du Maxflo T est meilleure que celle de la turbine a lame inclinée. Le Maxflo T

peut &tre utilisé dans les applications dont lesquelles les agi de haute efficacité ayant un
degré de puissance inférieur ne sont pas pratiques et cela est di) a la fréquence critique de la tige
et/ou alors aux limitations des grades diame

The Maxflo T impeller is a high-
solidity, axial-flow impeller that provides
superior performance in a wide range of
applications including liquid blending, solids
suspension, and gas dispersion. This
impeller performs particularly well in
fermentation processes, with numerous
studies reported in the literature, including
Gbewonyo et al. (1986) and Buckland et al. e e O e
(1988). Most of these studies have not
considered the geometric versatility of this impeller. In particular, the three, four, five and six-blade
versions of the Maxflo T provide design flexibility. Further, the blade tip angle can be adjusted to
optimize performance for a particular application. This study examined the influence of these impeller
design variables on the laminar, transitional, and turbulent power draw, gassed power draw in mixed
impeller systems, and solids suspension performance of the Maxflo T. A four-bladed version of the
Maxflo T impeller is shown in Figure 1. A Chemineer HE-3 impeller is also included in this figure as
an example of a low-solidity, low power number high-efficiency impeller.

EXPERIMENTAL APPARATUS AND PROCEDURE

The time-averaged turbulent velocity field of the Maxflo T was determined in water using digital
particle image velocimetry (DPIV) in a flat-bottomed cylindrical vessel. Willert and Gharib (1991) have
described the DPIV technique in detail, while Myers et al. (1996a) have discussed its application in
agitated systems. The impeller diameter was 0.127 m and the vessel diameter was 0.292 m (DT =
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0.435). Square-batch geometry (Z/T = 1) and an off-bottom clearance of one-third of the tank diameter
(C/T = 0.333) were used.

Turbulent, single-phase power draw data were taken in water under the following conditions (unless
noted as different): N, = 3, 4, and 6, D = 0.104, 0.151, and 0.230 m, various T such that0.11 < D/T
< 0.67, C/T =0.333, Z/T = 1, and § = 18° to 26° in 2° increments. All vessels were flat-bottomed
with four standard vertical baffles (width equal to T/12, offset from the vessel wall by a distance of
T/72). Torque was measured with calibrated reaction strain gauges and speed was measured with a zero
velocity magnetic pickup.

Transitional and laminar regime power draws were taken in aqueous glycerine and com syrup
solutions with limited variation of parameters (N, = 3 and 6, 8 = 20° and 30°, D = 0.140m, T =
0.341 m, D/T = 0.411, C/T = 0.333, and Z/T = 1).

Dual mixed CD-6/Maxflo T impeller systems were studied in air-water dispersions in a 0.394 m,
dish-bottomed vessel. The CD-6 is a six-bladed, disc turbine with semicircular blades that has gas
dispersion characteristics that are superior to those of the Rushton turbine. The pertinent geometric
parameters for this study were: D¢y /T = 0.41, Dye/T = 0.58, Cep /T = 0.25, 8 = T/2, ZJT =
1.2, and 8 = 18°. The Maxflo T was always used in the down-pumping mode, and gas was introduced
through a 0.102 m ring sparger centered below the CD-6 impeller. Froude numbers (Ng, = N’D/g) of
0.3, 0.6, and 0.9 based on the CD-6 diameter were considered.

The gassed power draw of the Maxflo T was measured using a large ring sparger to simulate the
environment that the Maxflo T experiences as an upper, pumping impeller in mixed impeller systems.
The experimental system was basically the same used to study the mixed CD-6/Maxflo T impeller
systems with the following differences: D/T = 0.48 and 0.58, 3: 18°, 22°, and 26°, S = T/2 and T, and
sparge ring diameter = 0.279 m.

Physical property effects in solids suspension were studied under the following conditions: flat-
bottomed vessel, T = 0.292 m, D/T = 0.35, C/T = 0.25, Z/T = 1, X = 0.05, N, = 3, 4, and 6, and
B = 19.3°, 22.5° and 25.5°. All solids suspension experiments were performed in water with solids that
spanned the range of pertinent physical properties. The performance of the Maxflo T was compared to
a pitched-blade turbine (termed the P-4, with N, = 4, 8 = 45°, and W/D = 0.20) and a high-efficiency
impeller (the Chemineer HE-3 of standard construction). These impellers were studied at the same
conditions as the Maxflo T (i.e.: X = 0.05, D/T = 0.35, C/T = 0.25, etc.).

Two vessels (T = 0.343 and 0.597 m) were used to study the influence of impeller diameter to tank
diameter ratio (D/T) on the just-suspended speed over a broad range of this parameter (0.11 < D/T <
0.67). To compare data taken on two different scales, a relative just-suspended speed, N (D/T)/N,(D/T
= 0.35) was used. The geometries that lead to flow reversal were determined in the 0.343 m vessel at
a solids loading of five weight percent (X = 0.05). Flow reversal occurs when the impeller discharge
flow impinges on the vessel wall rather than the base. This condition leads to radially-inward flow across
the vessel base and high just-suspended speed, torque, and power requirements.

RESULTS AND DISCUSSION

Velocity Field

The time-averaged turbulent velocity field
of the Maxflo T is shown in Figure 2 (N, = 4,
B8 = 18, D/T = 0.435, C/T = 0.333, and Z/T
= 1). This velocity field, determined using
DPIV, clearly illustrates the highly axial flow
field produced by the Maxflo T impeller. The
flow field is slightly asymmetric because the
plane of study was 0.01 m in front of a plane
defined by two baffles and the shaft. When
viewed from above, the impeller was rotating
clockwise. Thus, the right side of the flow field
is just behind a baffle and the left side of the
flow field is just in front of a baffle.
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Power Draw
Figure 3 demonstrates the influence of Figure 2: The tme-averzged krtxdent velocty fiekd of the Mext T impelier
blade tip angle and impeller diameter to tank






















