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Welcome to this training module on Flygt submersible mixer positioning!
I’m Jim Fischer, one of Flygt’s mixing experts. Mixer positioning is extremely important to good mixing. A mixer is like a hammer – when you hit the nail on the head, you do a great job. If your aim is off, you have problems. The right mixer position is like having a well-aimed hammer. It gets the job done well with minimal energy. But the wrong mixer position can cause problems such as:
Damage to equipment like nearby mixers and air diffusers
A build-up of settled solids, surface scum or crust.
Calm zones or dead zones, in other words, areas that are not well mixed.
Poor blending of chemicals and other contents. 
Wasted energy. Bad positioning almost always wastes energy. 
The right mixer position will avoid all of these problems and get the mixing results we want. In this module, I’ll explain the basic do’s and don’ts of mixer positioning.



A brief History 
Submersible Mixers:  50+ Years  

• Submersible mixers invented by 
Flygt and first commercial 
versions in 1958! 
 

• Photograph of set up with flow 
guide for ice prevention. 
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And now for a brief history of Flygt Submersible Mixers.  The submersible mixer was invented by Flygt in 1958.  Mixers then were used to prevent ice in marinas.  It wasn’t until the mid 1970s that the technology gained wider use and acceptance.  



1975 

Manure mixing trial 
Overwhelming results 
Sparked  
•renewed interest 
•Re-dedicated effort 
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In 1975, a manure mixing trial generated overwhelmingly positive results.  The huge success sparked a renewed interest and Flygt rededicated their efforts to develop the submersible mixer.




What we discovered 

The advantage with submersible mixers: 
- Freedom of Positioning 
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First we sought to determine what made the mixer so effective.  We discovered two main things.  Firstly, freedom of mixer positioning enabled the submerged jet to be aimed in any direction. This turned out to be a key ingredient to create strong mixing in any tank shape.  




1977 
Submersible mixer  
re-introduced to the world 
 
Four sizes from 1.5 to 20 HP 
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With this new-found knowledge and enthusiasm, in 1977 Flygt introduced the following submersible mixer models:   4400, 4450 & 4500.  
 




1992 
BNR Market 
Compact Mixers 
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Fast forward to 1992.  The booming BNR market drove Flygt’s launch of the 4600 series mixer.



4610-20 4630-40 4650-60 4670-80 

4410 4430 4460 

JT4715 JT4720 JT4730 JT4735 JT4710 JP4710 JP4715 JP4720 

4850 4860 4870 

Submersible compact mixers 

Submersible low-speed mixers 

Jet mixers Hydro ejectors 

Top entry agitators 

4650 LSPM 

Compact HE 

Submersible midsize 

4460 7.5kW 4530 

Ultra-low-head pumps 

PP4630-PP4680 

Mixer and Agitator Product Line 

Installation Equip. 
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Fast forward to today and you can see Flygt has now developed an even wider mixer and agitator product line.  




Common Mixing Duties 

Circulation  
- Providing flow as in Oxidation        
Ditches 

 Suspension 
– Re-suspending solids off 
bottom or drawing down solids 
from surface crust 
– Keeping solids in a 
homogeneous suspension 
 

 Blending soluble liquids 
– Batch mixing 
– Through-flow mixing 

 Dispersion 
– Breaking up and distributing droplets, 
bubbles or particles 
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Common mixing duties include blending, suspension, circulation and dispersion.  

Blending includes both batch mixing and through-flow mixing.  
Suspension includes both resuspending solids and keeping already-suspended solids in suspension.  
A good example of circulation an oxidation ditch. 
Dispersion is the breaking up and distributing of droplets, bubbles or particles.  

Most mixing applications fit under more than one mixing duty.  For example, circulation in aeration tanks or oxidation ditches disperses air bubbles and suspends solids.  And in anoxic zones, the goal is to both suspend solids and blend all incoming flows.
 



• BNR – blending, solids distribution, suspension 
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Biological nutrient removal or BNR for short is our very biggest market.  This application involves blending, solids distribution and solids suspension.



Mixing goals for BNR: 
  
 
1.   Prevent settling 
2.   Prevent short-circuiting   
3.   Force good biological contact  
4.   Minimize energy use 
 



Repeat distance LR or the required 
number of mixers 

 
 
LR = 2.5 W – D   (SM/JM) 
 
 
 
 
 
 
LR = 1.5 (up to 2) W   (TEA) 
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Denied or ignored by some, the rules for mixer repeat distances have long been applied for Flygt mixers. 
Submersible and Jet Mixers have a repeat distance of about 2.5 times the tank width, for Top Entry Agitators use 1.5-2 times the width.
Other rules apply to e.g. very flat tanks.
D refers to the impeller diameter.



Multiple impellers  
in a tall narrow tank 

 
Rule of thumb: 
 
Add an impeller each 
time H/T passes a 
multiple of 1.25 
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So if liquid height / tank diameter is approx 1.25 to 2.5, use 2 impellers, if above 2.5 add another impeller, etc.



Flygt Mixer Positioning  
Creating Mixing and Bulk Flow 
Many flows, one source 
• Inflow  
• Outflow, better known as primary flow  
• Jet: initial jet and entrained flow  
• Bulk Flow 

Inflow 

Inflow 

Initial Jet Flow 

Entrained jet flow 

Entrained jet flow 
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Good mixer positioning hinges on an understanding of how mixing with a submerged jet works.  So before we get into the details of mixer positioning, let’s talk about how mixing is done with a submerged jet. It’s the jet that creates mixing, but how does it work?  It helps to break down the jet into its component parts. In a well-mixed tank there are many flows with one source, the mixer.  The image below shows three of these flows.  The fourth one, bulk flow, we will talk about in the next slide.  For now take a good look at this image and let’s talk about the three flows shown there.  The inflow is the flow that enters the mixer propeller.  It’s important to know that most of the inflow enters radially.  In other words, from all directions around the circumference of the propeller.  About 85% of the flow enters from this direction versus only about 15% which enters more axially or from the back of the mixer.  That’s why it’s important to have proper clearance between mixers and side walls or floors to allow for unhindered approach flow.  The second type of flow is the outflow, better known as primary flow.  This is the flow that actually passes through the mixer propeller.  Next let’s talk about the mixer jet.  The mixer creates both an initial jet followed by entrained flow.  The initial jet is the primary flow and the entrained flow takes place along the jet border.  Entrained flow is indicated in the image by the small curved arrows along the borders of the jet.  This zone is a very key part of mixing because it is actually here where the mixing takes place.  This is very important because it means the longer the mixer jet before it is deflected by something like a wall, the more mixing happens.  So to get the most mixing out of a mixer jet, the jet needs enough open space to fully develop. Then it can create a tremendous amount of mixing. 




Flygt Mixer Positioning  
Creating Mixing and Bulk Flow 

Bulk Flow 

Intensive mixing zone 
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Now let’s talk about bulk flow.  In addition to having room for good jet development, a well-positioned mixer also gets the entire tank contents moving in one large loop.  This large, loop-shaped flow is what we call bulk flow, and you can think of it like a racetrack.  So a well-designed mixing system includes two main ingredients; first, an intensive mixing zone directly in front of the mixer along the entire length of the jet; and secondly, a bulk flow loop.  Once the tank comes up to speed, every drop of liquid in the tank, carried by the bulk flow, (think of the liquid as cars on the racetrack) – every drop eventually passes through the intensive mixing zone.  And that, my friends, is the “magic” of submerged jet mixing. This image shows a well-placed mixer in the upper image and a not so well placed mixer in the lower image.  The upper image shows a single, strong bulk flow loop while the lower image shows the jet split into two smaller, weaker bulk flow loops.  This leads to an undesirable calm zone indicated here by the small circle with waves inside.  



Flygt Mixer Positioning 
Mixer Jet 

• Jet drives both primary flow and bulk flow 
• Jet brings the surrounding liquid into motion 

• The surrounding low-velocity liquid is 
entrained 

• Majority of the mixing is not in the prop-area 
• Intensive mixing happens along the jet border 
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In summary, the jet drives both primary flow and bulk flow.  

The jet brings the surrounding liquid into motion.  

The surrounding low velocity liquid is entrained into the jet, and that’s where the actual mixing takes place.  

Contrary to what you might think, the majority of the mixing does not happen in the propeller. 

Nearly all of the intensive mixing happens along the jet border.  




1. Determine an efficient bulk flow loop 

• Smooth jet deflection for low losses 

• Because mixing happens along the jet border, the longer 
the jet-path, the more mixing takes place 

• This often means the mixers are located in corners 

2. Locate the mixer(s) so they are directed along 
the streamlines of the loop 

3. Aim the jet to steer clear of obstacles 
 

Flygt Mixer Positioning 
 for a bulk flow loop 
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Now let’s talk about mixer positioning and how to make the most of the intensive mixing zone and the bulk flow loop.  

First, determine an efficient bulk flow loop.  An efficient bulk flow loop has smooth jet deflection for low hydraulic losses.  And because mixing happens along the jet border the longer the jet path, the more mixing you get.  This often means the mixers are located in corners.  

Second, after you determine the bulk flow loop, locate the mixer or mixers so that are directed along the stream lines of the loop.  

Third, aim the jet for smooth jet deflection and to steer clear of obstacles.



Submersible Mixer Positioning 
1. Determine an efficient bulk 
flow loop 

17 
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Let’s look at each step with a visual to help picture it. First, determine an efficient bulk flow loop with a minimum of hydraulic losses.  This image shows a typical tank with its length longer than its width.  In this case always direct the loop along the length of the tank in an oval or race track shape.  




Submersible Mixer Positioning  
2. Locate the mixer along the streamline 
of the loop 
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Locate the mixer along the streamline of the loop.  




Submersible Mixer Positioning  
3. Long jet path 

Large fluid 
entrainment 

and bulk flow 
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Always position the mixer so that you have as long a jet path as possible.  
This yields more mixing because mixing takes place along the jet borders, illustrated here by the green arrows. 

This provides both the largest possible fluid entrainment and the largest possible bulk flow.

This often means that the mixer is placed in a corner.




Submersible Mixer Positioning  
4. Smooth jet deflection 

Smooth jet deflection: 
Yields low hydraulic 
losses 
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Always position the mixer for smooth jet deflection.  This yields low hydraulic losses and conserves the energy that creates bulk flow.




Submersible Mixer Positioning  
Long jet path & smooth deflection 
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Creating both long jet path and smooth jet deflection sometimes requires optimizing or compromising.  In round tanks for example don’t aim the mixer directly towards the center or across the diameter as shown in the image on the left with the red X.  Even though that would be the longest jet path, you would get the worst possible jet deflection.  Instead, aim the mixer about 30 degrees away from the center of the tank.  In square or rectangular tanks there’s a similar situation.  The longest jet path would be from one corner to the other.  However, this of course would also be the worst position for smooth jet deflection.  A good compromise is about a 15 degree angle off the side wall.  




Submersible Mixer Positioning  
5. Away from obstacles 

• Pipes, Pillars ... 
 
 
 
• Bends, Aerators ... 
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Always aim the mixer away from obstacles such as pipes or pillars.  
Don’t aim the mixer into a wall.  
When positioning in front of bends, turning vanes and aerators, leave sufficient clear distance downstream of the mixer. 



Submersible Mixer Positioning 
Optimal positioning  

Rectangular tanks 
 

Circular tanks 
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Tanks viewed from top 

Presenter
Presentation Notes
13
In rectangular tanks with one or two mixers aim the mixer at the quarter point as shown in these two images.  In practice this usually means a 15 to 30 degree off wall angle.  

In circular tanks with a single mixer or two mixers the optimum angle is 30 degrees off center.   




Submersible Mixer Positioning  
Rectangular tanks: Single mixer 

Aim for 1/4 width for maximum bulk flow 

1/4 

24 

View  
from top 
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Let’s look a little closer at the benefits of aiming for the one quarter point in the tank as shown.  

This positioning will minimize the friction losses therefore maximizing the bulk flow.

In practice, you can’t always hit the quarter point exactly, given the limitations of the mounting hardware. In that case, get as close as you can. This often means a 15 degree angle off the wall for rectangular tanks. 



View from top 
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Looking at the two images on the right, the upper image shows the result when the mixer is aimed at the quarter point.  The lower half of the image shows what happens with the mixer aimed too far from the side wall.  This small change leads to big negative consequences.  The jet will be split into one strong loop and one weak loop, yielding an overall weaker mixing result.  A calm zone is created in the lower left corner of the image. That’s why it’s better to aim for the quarter point.




Madison, WI Nine Springs WWTP 

Anaerobic 
Selector 
Basin 
Dimensions 
 

33’ Long 
30’ wide  
17’ deep 



Typical Activated Sludge Layout 



Grit Removal 
Fine screens 



Anaerobic Zones 
Mixer sizing 

1996:    
   7.5 HP  -    1.15 ft/sec 

2012:  
   2.5 HP - 0.7 ft/sec 
   4 HP -  0.85 ft/sec 



Mixing energy  
Cut in half  



7.5 HP  vs  2.5 & 4 HP 

7.5 HP 
Before 

2.5 HP 
               After 

7.5 HP 
Before 

2.5 HP 
 After 



View from top 

Presenter
Presentation Notes
15
Looking at the two images on the right, the upper image shows the result when the mixer is aimed at the quarter point.  The lower half of the image shows what happens with the mixer aimed too far from the side wall.  This small change leads to big negative consequences.  The jet will be split into one strong loop and one weak loop, yielding an overall weaker mixing result.  A calm zone is created in the lower left corner of the image. That’s why it’s better to aim for the quarter point.




Most efficient mixer today:  
large diameter, slow speed 



      Questions? 
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