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Abstract

The optimum design of mixing tank reactors is very important to increase Received: 2 March 2024
the mixing in industries. This study examined how varying operational Accepted: 9 May 2024

factors, such as the type and angle of stirring blades, as well as Page Number: 136-147

the rotational speed, affect mixing rates. Four types of mixers (Rushton,
Smith Turbine, Reversible Rushton, and Reversible Propeller) were
modeled using computational fluid dynamics techniques to assess their
mixing performance. The study analyzed the effects of varying rotational
speeds (20, 40, and 60 rpm) and inlet flow velocities (0.028, 0.03, 0.04,
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and 0.05 m/s) on the mixing efficiency. The results showed that, among Keywords:

the designed models, the Reversible Rushton has the best mixing rate and Simulation,

the closest behavior to the ideal state. Where 0 is equal to 3, its mixing Computational Fluid
factor is equal to 0.083879. Additionally, it was noted that as the inlet Dynamics,

velocity increased, the rate of change in mixing also became more Stirred Tank,
pronounced. It was observed that the Reversible Rushton shows the least Blade Shape,
sensitivity to the change of rotational speed compared to the other three Mixing

blades. The Reversible Rushton model at 20 rpm rotational speed and
0.03 m/s inlet velocity demonstrated the highest mixing rate among all
investigated cases.
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1. Rushton Impelle 2. Smith Turbine
3. Backswept Rushton 4. Backswept Impeller
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(1) Inlet; (2) Reactor Tank; (3) Batfles; (4) Impeller; (5) Outlet.
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Figure 1. A view of the studied reactor.
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Table 1. Parameters of the studied geometric shape.

Tank diameter (D)
Inlet diameter (d)
Number of baffles
Width of baffles

Number of blades in propeller
Ratio of mixer diameter to tank diameter

Propeller blade length (a)
Propeller blade height (b)
Stirrer diameter
Blade radius of curvature Backswept Rushton
Blade radius of curvature Backswept impeller

Blade radius of curvature Smith turbine

Parameters Value

0.170 m
0.0066 m
4
D/12
6

3/ dn/D=1

dm/4
dm/5
A
0.01m
0.0172 m
0.007 m

Backswept impeller

Backswept rushton

Smith turbine

g 9y 90 LA Had duia ) alad Y S

Figure 2. A view of the geometry of the examined mixers.
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Figure 3. A view of the mesh of the tank and the moving area of the mixer.

1. Finite Volume Method
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Figure 4. The results of independence from the mesh.
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Figure 5. Validation results of mixing tank — Rashton impeller for 20 and 40 rpm.
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Figure 6. Mixing of 4 blades at 20 rpm and different inlet velocity.
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Figure 7. Mixing of 4 blades at the inlet velocity of 0.028 m/s and different rotational speed.
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Figure 8. Blade velocity distribution at the input velocity of 0.028 m/s and 40 rpm.
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Figure 9. The compariosn of mixing of 4 blades at the input velocity of 0.028 m/s and rotational speed of 20 rpm.
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