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1. Side Channel Pump – Function and application (1/3)

• Simple and robust construction

• Bladed wheel / Side Channel / Interruptor

Bladed wheel

Side Channel

Interruptor
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1. Side Channel Pump – Function and application (2/3)

• Fluid changes intermittently between impeller and side channel

➢ Helical flow pattern („internal multi-staging“)
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1. Side Channel Pump – Function and application (3/3)

• „In-between“ positive displacement pumps and centrifugal pumps

• Used for pumping entrained gas

• Self-priming ablility

• Fuel pumps for low flashpoint fuels (oil and gas, marine)

• Fluid transportation in chemical industry 

• Venting of fuel tanks (oil and gas)

Source: Mosshammer (2019): Maximum Efficiency Despite Lowest 
Specific Speed - Simulation and Optimisation of a Side Channel Pump
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Situation:

• Designed almost without simulation tools

• Necessity / Sensitivities of geometrical 
feature not fully understood

• Rare / incomplete literature on the design 
process 

A surrogate-based design approach applied to side channel pump design

2. Motivation / Task

Pumps

Fans/ Blowers

Compressors

Gas turbines

Hydro turbines

Side Channel pumps ??

Task:

• Gain simulation experience

• Investigate driving parameters and sensitivities

• Develop a design process
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3. Parametrization
Geometrical parameters

• One stage considered

• Impeller and side-channel have been fully parametrized (19 parameters)

• Robustness in focus

• Non-dimensional
ImpellerSide-channel
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STEP export 
flow domain

A surrogate-based design approach applied to side channel pump design

3. Parametrization
Geometry generator tool

STEP export 
material domain

Geometry generator tool

• Created with open cascade 

• Script based

• Viewer included

• STP-export

3D viewer

Parametrization
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3. Parametrization
Important parameters

Inlet plane

Outlet plane

Sensitivity studies

• Influence on head and efficiency (H, η) evaluated

• Executed around nq = 7  (2 .. 10)

• Clearance constant

• Interruptor angle constant

➢ Neglect minor important parameters 
(blade count, backbone design, hood design)

5 most relevant 
parameters

Da [m]

𝒅𝐢
∗ =
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4. Non-dimensional design approach
Dimensional analysis

• Scaling law can be smoothly applied (industry, CFD-tests)

• Dimensional analysis → Break down system behaviour to non-dimensional groups:

Da [m]

Q [m³/s]

μ  [Pa s]

ρ [kg/m³] 

n  [min-1]

H [m]

di

bLa

tSk

twist

η

dimensional non-dimensional

independent 
variables

dependent 
results

9 independent variables
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4. Non-dimensional design approach
Dimensional analysis

• Scaling law can be smoothly applied (industry, CFD-tests)

• Dimensional analysis → Break down system behaviour to non-dimensional groups:

Parameters

• Geometric
• di

• bLa

• tsk

• twist

• Physical
• 𝜑
• Re

Da [m]

Q [m³/s]

μ  [Pa s]

ρ [kg/m³] 

n  [min-1]

H [m]

di

bLa

tSk

twist

𝜑

Re

𝜓

η

𝜑 =
𝑐𝑆𝑘
𝑢𝑚

=
𝑄

𝐴𝑆𝑘𝑢𝑚

𝑅𝑒 =
𝑑𝑎𝑢𝑚ρ

μ

𝜓 =
2𝑔𝐻

𝑢𝑚
2

dimensional non-dimensional

independent 
variables

dependent 
results

9 independent variables

6 independent non-
dimensional variables

Flow coefficient

Work coefficient
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4. Non-dimensional design approach
Design process

User requirements

• Duty point ( H, Q, n)
• Fluid properties (µ, ρ)

Final Geometry
• Fullfilling duty point

Parameters

• Geometric
• di

• bLa

• tsk

• twist

• Physical
• 𝜑
• Re

𝜑
p1

p2

p3

p4

Calculate nq,res

Meta Models
• Nondimensional
• Pre-trained on 500 

transient CFD samples
• scale model (Da=const.)
• Constant speed (n=const.)

𝝍 (𝝋, 𝒑𝟏. . 𝒑𝟒)

𝜼 (𝝋, 𝒑𝟏. . 𝒑𝟒)

𝜓
𝛈

Scaling
• Scaling rule
• analytical

SF (𝝋, 𝒑𝟏. . 𝒑𝟒, 𝑸, 𝒏)

SF
𝜓corr

𝛈 corr

Re-Correction
• Trained on one 

“mean geometry”
• 100 samples

𝑪𝑭𝝍(𝝋, 𝑹𝒆𝒎/𝑹𝒆𝒓)

𝑪𝑭𝜼(𝝋, 𝑹𝒆𝒎/𝑹𝒆𝒓)

Optimization process chain

Design process
(approx. 30 seconds)

Optimizer
• Target: maximize 𝛈 corr

• Constraint:    nq,res =nq,req

nq,res

𝛈 corr

d a

nq,req (H,Q,n)
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5. Results and validation
Validation duty points

• Five pumps of different duty points and sizes have been investigated

Opt_01 Opt_05Opt_02 Opt_03 Opt_04

𝑛q = 𝑛
𝑄

𝐻
3
4

= 2…10
1

min

Cross sections

Opt_02
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5. Results and validation
Duty point validation

• We designed the pumps according to the approch and then validate them via CFD

• Performance forecast of the surrogate-based design process (takes several seconds)

• CFD-performance of the scale model (Da=150mm, Reynolds-corrected by adjusting viscosity)

 

  

  

  

  

   

   

                              

 
  

  
  

 

        

           

     

 

    

   

    

   

    

   

    

   

    

   

                              

  
  

  
  

  
   

           

     

Approach successfully fullfilles
duty point requirements 
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5. Results and validation
Best point validation

• Flow coefficient of approx 𝝋 = 𝟎. 𝟔 appears to be advantageous

• 𝝋 = 𝟎. 𝟔 not available for low nq

𝜑 =
𝑐𝑆𝑘
𝑢𝑚

𝑐𝑆𝑘
𝑢𝑚

𝜼 [−]

Target area

𝝋
 [
−
]

nq [𝟏/𝒎𝒊𝒏]
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5. Results and validation
Best point validation

• Flow coefficient of approx 𝝋 = 𝟎. 𝟔 appears to be advantageous

• 𝝋 = 𝟎. 𝟔 not available for low nq

Approach successfully finds best 
possible efficiency

𝜑 =
𝑐𝑆𝑘
𝑢𝑚

𝑐𝑆𝑘
𝑢𝑚

𝜼 [−]
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5. Results and validation 
Off-Design prediction

• Design point is predicted correctly

➢ Why not trying to predict the off-design?

Non-dimensional approach can be 
used for off-design prediction

Opt_02
Opt_01

Opt_03

Opt_04

Opt_05
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A surrogate-based design approach applied to side channel pump design

5. Results and validation
Design conclusions

• We are able to give a first estimate of an „optimal“ pump for the required duty point within seconds.

➢ Hence, we can derive an optimal pump for each nq-value

➢ Extract general design guidelines 
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Best machine size 
(Q=const., n=const.)

General design guidelines 
can be derived



19/2004/22/2026  |  © CFturbo GmbH A surrogate-based design approach applied to side channel pump design

Summary 

• Geometric parametrization → geometry tool to get CAD-files of impeller and side channel

• Successfully investigated the most relevant parameters for head and efficiency

• Surrogate based design approach validated for different pump sizes and fluids

• From duty point to performance curve prediction in some seconds

• General design rules can be derived
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