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SUMMARY  

Static helix mixers are widely used in chemical industry for in-line 
blending of viscous liquids and it is well known that mixing performance 
crucially depends upon the particular geometry of elementary mixer 
unit. In this study, we determine optimal geometrical parameters of helix 
mixer, which provide minimal pressure drop and best mixing 
performance, using mapping approach with novel adaptive sampling. 
Mapping methodology is known to be the method of choice for 
considered problem, in particular because it does not suffer from 
numerical diffusion effects; however, its efficient implementations 
require considering backward time particles tracking as well as almost 
prohibitive number of tracks. Contrary to the conventional 
implementations, our method allows tracking only forward particles and 
provides sufficient accuracy already for modest number of tracks. 
Moreover, we demonstrate that usual limitation to use almost regular 
inlet/outlet grids might easily be avoided and provide unambiguous 
definition of mixing quality, applicable to arbitrary spatial grids. 
Our improved mapping methodology allows to conduct automated 
design space exploration and optimization of helix mixer geometry with 
respect to total pressure drop and mixing quality. We present 
corresponding study in details and discuss established optimal mixer 
geometry. Moreover, we argue that our results for optimal geometry are 
quantitatively consistent with ones, found in straightforward CFD 
simulation of two liquid phases. 
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1:  Problem description 

Static helix mixers are widely used in chemical industry for in-line 
blending of high viscous liquids under laminar flow conditions. They 
consist of a cylindrical pipe containing a sequence of fixed helically 
twisted blades.  

Modern process integration and design optimization tools allow to easily 
conduct both the modeling and efficient optimization. We determine 
optimal geometry of mixer blades and demonstrate that mixing quality 
and total pressure drop of static mixer could be significantly improved.  

We consider helix mixer of fixed diameter D = 10 mm with geometry of 
each blade determined by the following parameters: 

1. Number of convolutions t ∈ [ 0.25 : 0.75 ].  

2. Length of one total rotation h∕(2D) ∈ [ 0.7 : 1.3 ]  

3. Blade thickness s∕D ∈ [ 0.07 : 0.1 ] 

Note that we do not introduce explicitly the angle α between 
neighboring edges of two consequent blades because its optimal value 
could be inferred from symmetry arguments.  

 

Figure 1: Mixer geometry parametrization 

2:  Mapping approach with adaptive sampling 

In this study we determine optimal geometry of helix mixer blades using 
mapping approach with novel adaptive sampling strategy, 
supplemented with automated numerical optimization methods. In the 
leading order investigation of mixer efficiency reduces to that of single 
module. Flow transformation can be defined via transfer matrix, which 
describes how position of fluid volumes changes from inlet to outlet 
cross-sections [3,4].  
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The prime technical difficulty of any mapping methodology is the 
necessity to generate large number of tracks. When this number is not 
sufficient, significant amount of “empty” cells appear in simulations. Our 
adaptive strategy finds nearest neighbors of “empty” outlet cells, 
reconstructs the set of corresponding inlet locations and injects 
additional marker particles.  

Geometry manipulations, CFD-meshing and mapping grid construction 
were performed using functionality of ANSYS ICEM and FLUENT. 
Thanks to adaptive sampling strategy at most 6.4 ⋅ 105 massless 
particles were required to get sufficient precision of transfer matrix 
estimates.  

 

Figure 2: Downstream tracking in ANSYS Fluent  

3:  Optimization workflow and results 

To automate the whole optimization process and to utilize cutting-age 
optimization algorithms we used process integration and design 
optimization platform pSeven, [1], which allows to implement all 
analysis steps with absolute minimum of efforts using specific graphical 
programming language.   

pSeven provides great variety of optimization algorithms and methods. 
In this case, the most suitable family of methods is the optimization 
based on the surrogate modelling (SBO). SBO methodology allows to 
explicitly limit total computational budget a priori. In our study, we set 
maximal allowed number of evaluations to 70. 
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Figure 3: Optimization history in (pressure drop - mixing efficiency) plane. 
Optimal geometries correspond to Pareto frontier of pictured set, most 
promising solutions are given in red. 

Summary of performed optimization runs is presented on Fig. 3. Since 
we are dealing with bi-criteria problem, optimal solutions are 
represented as Pareto frontier. However, due to the specific structure of 
the optimal set it is possible to select most promising solutions.  

 

t h  s  

Ref. [2]  0.52 0.026 0.0007 

Result of  this 
paper 0.52 0.026 0.0008 

Table 1: Comparison of the results obtained in Ref. [2] and in this paper. 

Therefore, performed optimization identified essentially a single optimal 
design, which might be interesting to compare with the results of 
Ref. [2]. In that paper the same static helix mixer with analogous 
geometry parametrization had been studied, but using straightforward 
two-liquid CFD-simulations. Obtained optimal solutions coincide with 
each other well within numerical uncertainties (see Table 1) and 
essentially represent the same design, indirectly confirming validity and 
robustness of our results. 
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