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Introduction 
 
Alden Research Laboratory Inc. (Alden) was contracted by Westfall Manufacturing Inc. (Westfall) to 
analyze the level of mixing and head loss increase that can be expected from installing a fin-type open 
channel mixer in a 300mm wide x 500mm deep open channel at the Colborne Sewage Treatment Plant in 
Colborne, Ontario.  The flow in the pipeline was analyzed at minimum and maximum flows, with no 
mixer, and with up to three fin-type mixers. 
 
 
Model Description 
 
The model geometry was developed using the commercially available three-dimensional CAD and mesh 
generation software, GAMBIT V2.4.6.  The computational domains generated for the model consisted of 
approximately 5.5 million tetrahedral and hexahedral cells.  
 
Alden used the CFD software package ANSYS-Fluent v15.0 to calculate the full-scale, three-dimensional, 
incompressible, turbulent flow through the pipe and mixer.  A stochastic, two-equation realizable k-H 
model was used to simulate the turbulence.  Detailed descriptions of the physical models employed in 
each of the Fluent modules are available from ANSYS-Fluent.  CFD solver information is presented in 
Table 1. 
 

Table 1  CFD Solver Information 

 
 
The analysis was conducted in an open channel, with a width of 300mm, and a normal liquid depth of 
500mm.  Water entered at the upstream end of the channel (left side of Figure 1) with a uniform velocity 
profile, and a uniform 5% turbulent intensity.  Two flow rates were investigated, representing the 
minimum expected flow (1,000 m3/d), and the maximum expected flow (4,000 m3/d).  The flows and 
dimensions used in the flow model are listed in Table 2. 
 
A 100g/L alum solution was injected into the model through a ½” sch40 steel pipe that protruded from 
the sidewall of the channel at the same elevation as the top of the mixers (400mm from the channel floor).  
The alum was injected so that the final average concentration would be 100 mg/L.  The injection lance 
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was angled downstream at a 45° angle to minimize the amount of debris that would catch on the pipe.  
The injection outlet was located 150mm directly upstream of the top of the first mixer. 
 
The mixers consist of a center fin, which acts as a support, and also straightens any large-scale swirling 
flow.  The leading edge of the central fin is swept backwards at 45° to shed any debris that may be in the 
flow.  The majority of the mixing is accomplished by the leading tab mixing element that is attached to the 
center fin.  This leading tab creates two strong counter-rotating vortices that cause vigorous local mixing, 
and induce bulk circulation in the channel.  Alum is then injected into the inception point of these vortices 
on the first mixer (Figure 3).  
 
Due to the narrow channel width, the width of the mixer was restricted to half of the width of the channel 
(150mm), with a 75mm gap on either side to allow debris to pass.  The mixer extends to 80% of the height 
of the channel.  This particular channel is expected to have a low maximum velocity (0.31-m/s), and is 
expected to have a nearly constant liquid depth, which makes this channel well suited to this mixer.   
 
At very higher water velocities (much higher than investigated here), there could be surface waves that are 
generated by the mixer, which would entrain air and increase the mixer head loss.  Also, if the liquid level 
varied significantly, the mixing performance could vary as a function of liquid level.  Neither of these 
factors are a concern for the Colborne installation. 
 
Three mixers were included in the model as zero-thickness surfaces.  The model was run with 5 mixer 
configurations to evaluate the mixing performance of each configuration, and also the head loss at the 
minimum and maximum flow rates: 

1. No Mixer 
2. Mixer 1 only 
3. Mixer 1 and 2 only 
4. Mixers 1 and 3 only 
5. Mixers 1, 2, and 3. 

 
Mixers are numbered from upstream (1) to downstream (3), and mixer locations are shown in Figure 3. 
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Figure 1  Entire Model Elevation View (top) and Plan View (bottom) 

 
 
 

 

 
Figure 2  Mixer and Injection Elevation View (top), and Plan View (bottom) 

 
 
 

 
Figure 3  Model Layout, Isometric View 
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Table 2 - Process Flow Information 
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Results 
 
The channel was analyzed at minimum and maximum expected flows for each of the five mixer 
configurations.  In each configuration, the head loss across the mixer was calculated by subtracting the 
measured head loss from the head loss with no mixer.  The tabulated results are presented in Table 3, and 
plotted in Figure 5 and Figure 6.  A contour plot of the liquid surface elevation over the mixers is 
presented in Figure 4 with maximum flow, and with all three mixers to show the relationship of the wavy 
surface to the mixer locations. 
 
The maximum allowable pressure loss for the mixer was stated to be 180mm for the Colborne installation, 
however the highest head loss measured (with 3 mixers at maximum flow), was only 13mm higher than 
the case without mixers.  This is quite low, so none of the mixer configurations tested here should present 
a head loss problem at the Colborne Sewage Treatment Plant. 
 

Table 3  Head Loss Results 

 
 

 

 
Figure 4  Contour of Liquid Surface Elevation with Maximum Flow and All 3 Mixers 
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Figure 5  Liquid Surface Elevation, Minimum Flow 

 
 

 

 
Figure 6  Liquid Surface Elevation, Maximum Flow 
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The mixing performance was analyzed by measuring the coefficient of variation (CoV) of alum 
concentration at planes spaced at 0.5m intervals, beginning at the leading edge of the first mixer.  For the 
sake of applying these results to other channels, the results are also presented in terms of downstream 
length divided by the hydraulic diameter (L/Dh).  For this channel, one hydraulic diameter is 462mm. 
 
Without a mixer, the CoV of alum concentration after 10m (21.7 hydraulic diameters) is above 0.600, 
which indicates poor mixing.  A CoV equal to zero indicated a perfectly uniform concentration. 
 
With one mixer, the mixing improves to a CoV of 0.134 at minimum flow, and 0.196 at maximum flow 
after 10m (21.7 hydraulic diameters).  
 
Two different configurations with two mixers were tested:  “Mixers 1 and 2”, and “Mixers 1 and 3”.  Both 
configurations gave comparable mixing results, though the “Mixers 1 and 3” configuration provided 
slightly better mixing, with a CoV of 0.035 at minimum flow and 0.064 at maximum flow after 10m (21.7 
hydraulic diameters). 
 
The best mixing was created with all three mixers, with a CoV of 0.016 at minimum flow, and 0.030 at 
maximum flow after 10m (21.7 hydraulic diameters). 
 
Tables and plots of CoV results at various locations downstream of the mixer are presented for minimum 
flow in Table 4 and Figure 7, and for maximum flow in Table 5 and Figure 8. 
 
Figures showing pathlines and contours of alum concentration are presented in Figure 9 - Figure 13.  
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Table 4  CoV of Alum Concentration, Minimum Flow 
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Table 5  CoV of Alum Concentration, Maximum Flow 
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Figure 7  Alum CoV, Minimum Flow 

 
 
 

 
Figure 8  Alum CoV, Maximum Flow 
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Figure 9  Pathlines (top) and Contours (bottom) of Alum Mass Fraction (Green = 100 g/L), 

No Mixer at Maximum Flow 
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Figure 10  Pathlines (top) and Contours (bottom) of Alum Mass Fraction (Green = 100 g/L), 

Mixer 1 at Maximum Flow 
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Figure 11  Pathlines (top) and Contours (bottom) of Alum Mass Fraction (Green = 100 g/L), 

Mixers 1 and 2 at Maximum Flow 
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Figure 12  Pathlines (top) and Contours (bottom) of Alum Mass Fraction (Green = 100 g/L), 

Mixers 1 and 3 at Maximum Flow 
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Figure 13  Pathlines (top) and Contours (bottom) of Alum Mass Fraction (Green = 100 g/L), 

Mixers 1, 2, and 3 at Maximum Flow 
 


