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скористатися перевагами цифрації результатів аналізів через відсутність 
негативного зворотного зв’язку з засобами технологічного забезпечення. 
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MODELING OF A STATIC MIXER IN BIOTECHNOLOGY PRODUCTION 

Shevchenko Andrii1, Prasol Svitlana1, Dolomakin Yurii2, Babanova Olena2 

1State Biotechnological University, Kharkiv, Ukraine 
2National University of Food Technology, Kyiv, Ukraine 

In static mixers, also called fixed or inline mixers, the liquid is pumped through 
a pipe containing stationary blades. This mixing technique is particularly well suited 
for laminar flow mixing, as it generates only small pressure losses in this flow mode. 
On the other hand, this design eliminates the contamination of liquid substances due 
to the closed piping system. 

The results were obtained through simulation modeling using the Comsol 
program, which provided a detailed analysis of the specified parameters under varying 
conditions. The software's advanced computational capabilities allowed for precise 
numerical solutions, ensuring the reliability of the obtained data. By leveraging its 
multiphysics modeling tools, the simulations accounted formultiple interacting 
physical phenomena, enhancing the accuracy of the results. The study utilized 

https://www.dsau.dp.ua/ua/page/materali-konferencj.html
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predefined material properties and boundary conditions within Comsol to replicate 
real-world scenarios, enabling a thorough evaluation of the system's behavior. Post-
processing features were then employed to visualize and interpret the simulation 
outcomes, facilitating a deeper understanding of the underlying dynamics. 

The geometry of the structure is primarily defined by the internal radius of the 
pipe, denoted as R, which serves as the key dimensional parameter influencing the 
overall configuration. Each insert within the pipe has a consistent length of 3R, 
ensuring a proportional relationship between the insert dimensions and the pipe's cross-
sectional size. The flow conditions at the inlet are characterized by a laminar regime, 
with the fluid entering at a specified average velocity, ensuring predictable and smooth 
flow behavior without turbulent fluctuations. At the outlet boundary, the pressure is set 
to a constant reference value of 0 Pa, establishing a fixed pressure condition that allows 
for straightforward analysis of pressure gradients and flow dynamics along the pipe's 
length. This setup facilitates a controlled environment for studying the interaction 
between the inserts and the fluid flow, particularly in terms of velocity profiles and 
pressure distribution under laminar conditions. The use of a reference pressure at the 
outlet also simplifies post-processing by providing a clear baseline for comparative 
assessments. 

The problem of finding the kinematic and dynamic parameters is solved by 
solving the Navier-Stokes equation by simulation: 

 

 

(1) 

where μ – dynamic viscosity, kg/(m×s)), u – speed, m/s, ρ – liquid density, kg/m3, and 
p – pressure, Pa. 

The mixing is convective and diffusive. The results show that most of the mixing 
occurs where the blades change direction of spin (three middle insets 2). 

The outlet uses an outflow boundary node to assign vanishing diffusion in the 
normal direction. At the inlet, a step change in concentration is applied using an inlet 
node. The input concentration is defined as: 

        (2) 

The concentration changes smoothly over a small transition zone δ = 0.3 mm. 
Due to the sharp concentration gradient and the fact that convection is involved, a fine 
mesh is required to avoid fluctuations in the concentration field. 

    
Fig. 1 Grid for calculating dynamic parameters and concentration 

The Reynolds number in the mixer, based on the average speed and pipe 
diameter, is small, on the order of one hundred units. This indicates that the flow is 
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laminar and the fluid flow does not require a particularly dense design mesh at the 
walls. On the other hand, the Peclet number for mass transfer is much higher: 

 
This means that the concentration gradient will be thinner than the shear layers 

in the flow. Consequently, a higher mesh resolution is required for mass transfer than 
for fluid flow. Since the concentration does not affect the fluid flow, we first solve the 
Navier-Stokes equation on a coarse grid and then apply the solution to a finer grid to 
obtain the mass transfer solution. The model further increases the resolution by using 
second-order elements for concentration. 

Conclusion. 
The study confirmed laminar flow conditions, indicated by a low Reynolds 

number, which simplified the fluid dynamics calculations while necessitating a finer 
mesh for accurate mass transfer resolution due to the high Peclet number. The results 
demonstrated that the most efficient mixing occurred near the middle inserts where the 
blades changed direction, highlighting the importance of geometric configuration in 
enhancing convective and diffusive mixing. Overall, provided valuable insights into 
the interplay between flow dynamics and mixing efficiency in laminar pipe flows, 
offering a foundation for further optimization of similar systems. 
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