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Abstract

When the rotating body gets into the ambiance flow appears the lifting force, called Magnus Effect. That lifting force may be controlled 

by changing the revolution speed of the body. That phenomenon uses in many engineering applications like wind turbines and marine 

ships. In this paper, the Magnus Effect simulation is achieved with Agros Suite, a multiplatform application for the solution of physical 

problems. The article presents the nature of the Magnus Effect and discusses possible applications in engineering. The  research 

question is focused on demonstrating the Magnus Effect with Agros Suite and evaluating the computational power of the personal 

computer that runs the simulation. The simulation is made keeping in mind the possible application of the Agros Suite tools for 

Magnus-Effect-based wind generator control algorithms optimization. The simulation result analysis shows that Agros Suite is a 

reliable tool in accessing and simulation of such phenomena.
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1 Introduction
The Magnus Effect is a lifting force produced when a 
rotating body (in the current case cylinder) produces a 
pressure ambiance differential. The rotating body's path is 
deflected in a manner that is not present when the body is 
not rotating. This is the same force that makes a golf ball 
or a baseball curve slice. The Magnus Effect is a function 
of the rotational speed. According to Bernoulli's principle, 
increasing the speed of an ambiance decreases the pres-
sure [1]. The nature of the Magnus Effect is given in Fig. 1. 

The first experiment in the field was performed by a 
German physicist H.G. Magnus in 1853. The scientist used 
a rapidly rotating brass cylinder and observed significant 
lateral displacement caused by wind. At the beginning of 
the 20th century, the Kutta-Joukowski theorem was devel-
oped, which allowed estimating forces affecting cylindrical 
rotor in uniform frictionless airflow. The lift of a cylinder 
presented as a vortex can be calculated according to Eq. (1).

L V G= ⋅ ⋅ρ ,  (1)

where L is the lift of a cylinder per unit length, V is flow 
velocity, ρ is the density of a fluid, and G is the strength 
of a vortex. The strength of a vortex G is given by Eq. (2). 

G r= ⋅ ⋅ ⋅2
2π ω,  (2)

where r is the radius of a cylinder and ω is the angular 
velocity of the vortex. 

This simplified model is often used to describe the 
Magnus Effect; however, it is based on the frictionless 
flow and does not take viscosity into account. Another 
more accurate model is based on the concept boundary 
layer presented by Ericsson [2]. It explains the Magnus 
Effect through asymmetrical flow patterns, created by the Fig. 1 Nature of Magnus Effect
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difference in boundary layer separation between the upper 
and the lower surface of the cylinder, and a phenomenon 
called the Moving Wall Effect. 

According to Seifert [3], the first application of Magnus 
force in engineering was proposed by Anton Flettner in 
the 1920s. He conducted research using a model boat with 
cylindrical rotors installed in place of conventional sails 
and discovered that the rotor produced significantly higher 
thrust while having the same equivalent area. This type of 
vessel propulsion system was called the Flettner rotor (also 
called turbosail). Two experimental 15 m high Flettner 
rotors were later installed on a 2000-ton schooner Buckau, 
replacing its original sail rig. They were immediately 
proven to have several significant advantages over conven-
tional sails. The propulsion system’s weight was only 1/5 
of conventional sails and rigging, while the ship was able 
to reach the speed of 8 knots compared to 6.5 knots before 
modification. Using rotor sails also reduced the risk of 
capsizing and increased the ship’s stability during stormy 
weather. However, despite initial success, two factors pre-
vented the new propulsion system from going mainstream: 
The Great Depression and marine diesel technology devel-
opment. Several experiments with planes retrofitted with 
Magnus rotors in place of fixed wings were conducted. 
However, those have proven to be inefficient and danger-
ous due to the inability to glide in the rotor shutdown case. 

At the end of the 20th century, ecological concerns and 
rising oil prices raised interest in new marine propulsion 
systems. Technological advancements allowed re-evaluat-
ing a half-century-old Flettner rotor and creating a new 
generation of rotor sails to increase fuel economy signifi-
cantly. This technology is currently used on several com-
mercial vessels, such as E-Ship 1 [4]. This ship uses four 
Flettner rotors in combination with conventional thrust-
ers, which, according to reports, helps to achieve a 15 % 
fuel economy. The other successful example of a rotor 
ship is Viking Grace [5, 6]. Its main component is a single 
24-meter-tall cylindrical rotor, which is used as a part of a 
hybrid propulsion system combined with propellers, sav-
ing 300 tons of liquid gas fuel per year.

Another application of the Magnus Effect is alterna-
tive energy applications [7, 8]. Using rotors instead of pro-
peller blades in wind generators potentially hold multiple 
advantages and attracts growing interest from researchers 
worldwide [9]. Some of those are: 

• A wider range of wind velocities: from 2 to 40 m/s 
compared to 5-25 m/s when using bladed turbines.

• High ecological and operational safety. Such turbines 

are operating with lower rotational speed and do not 
produce infrasound.

• Thus, the ability to operate with a wide range of 
weather conditions makes Magnus-type turbines suit-
able for high and low wind potential areas and makes 
them a viable alternative to propeller turbines. Some 
examples of such turbines are presented in Section 2.

In this paper, the Magnus Effect is achieved with Agros 
Suite [10], a multiplatform application for physical prob-
lems based on the Hermes and deal.II library. One of the 
most useful frameworks of Agros Suite is the Ārtap [11, 12]. 
Ārtap framework provides a set of numerical solvers and 
optimization tools for robust design optimization of elec-
trical machines [13, 14].

One of the main advantages of selected software is the 
introduction of h, p, and hp-adaptivity. h-adaptivity is 
based on mesh refinement, while the p-adaptive method 
is aimed at changing the degree of approximating poly-
nomial in the given element [15]. hp-adaptivity presents 
a hybrid approach that simultaneously refines both mesh 
and polynomials. Research shows that hp-adaptivity sig-
nificantly reduces the computational complexity com-
pared to h-adaptive techniques [16].

Another approach to simulation of the Magnus effect 
is the application of CFD software, such as ANSYS CFX. 
Research shows that this software allows to simulate and 
observe the Manus effect. The authors also recommend 
mesh settings for future research [17]. Introduction of 
CFD software into a chosen field of research allows to per-
form optimization of cylinders and search for preferred 
shapes without complex experiments in the wind turbine, 
as existing papers show [18].

The current work is related to developing an experi-
mental prototype of the high-efficiency wind turbine 
based on the Magnus Effect [1, 9]. Ārtap framework 
seems to be a perfect tool for the prototype optimization 
phase to reach a robust optimum. It provides a simple 
user interface with integrated optimization and numeri-
cal libraries. Ārtap framework has a plain three-layered 
architecture, where the user needs to define the problem 
class and rewrite the optimization function.

The main goal of this work is to assess the possibility of 
simulating the Magnus effect in Agros 2D. To reach this 
goal, the following tasks were established:

• Describe Magnus cylinder mathematically in terms 
of rotational speed.

• Design a wind tunnel with pre-determined parameters.
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• Perform a simulation of the Magnus effect at differ-
ent flow velocities and rotational speeds.

• Perform a visual and numerical analysis of obtained 
results.

• Assess the applicability of selected software for fur-
ther research in the field of Magnus effect simulation.

2 Agros implementation
2.1 Mathematical description of the Magnus Effect
To determine the speed of a cylinder, Agros requires an 
input of velocities along both horizontal and vertical axes. 
Solving this task requires analyzing the peripheral speed 
of the point of the surface of the cylinder. The formula 
for peripheral speed is Eq. (3), where r is the cylinder's 
radius, n is the rotational frequency in 1/s, and d is the 
radius of a cylinder.

U r n d n= ⋅ ⋅ ⋅ = ⋅ ⋅2 π π  (3)

To project the peripheral speed on the coordinate axes, 
Eqs. (4) and (5) were used, where x0 is the position of the 
center of the cylinder on the horizontal axis.

U d n
x x
xx = × × ×
−







π cos 0

0

 (4)

U d n
x x
xy = ⋅ ⋅ ⋅
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π sin 0

0
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In the presented model, both formulas can be described 
as Eqs. (6) and (7). In cases of these formulas, n can be 
varied for different rotational speeds. 
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2.2 Obtaining of Magnus Effect in Agros
This work aims to perform a simulation of the Magnus 
Effect using the Agros 2D software. Agros allows run-
ning computational analysis to solve problems in dif-
ferent fields, including fluid flow. The user interface of 
Agros is shown on Fig. 2.

Using the Agros suite, a model of a wind tunnel was 
built. The length of a tunnel is 2 m, and the diameter is 
0.4 m. The diameter of a cylinder is 0.1 m. The designed 
wind tunnel is presented in Fig. 3.

The space inside the tunnel is filled with air. Properties 
of gas are presented in Table 1. 

Mesh parameters were adjusted to create more sufficient 
elements near the boundary area. A triangular mesh was 
used with polynomial order of 2 and 2 refinements. The 
mesh is presented in Fig. 4. The final number of elements of 
the mesh is 8480. The solver was set to Newton's method.

3 Results
Two series of simulations were run, in both cases, the 
wind speed remained the same, and the cylinder's rota-
tional speed was varied from 0 to 60 Hz with 5 Hz step. 
Each simulation covered a 1 s period of working of a cylin-
der, which includes 1000 time steps. The Magnus Effect is 
based on the difference in flow separation between lower 
and upper parts of the cylinder, and thus, to evaluate the 
Effect, two control points were set. One issue is fixed at 
the cylinder's upper surface, while the other is located at 
the lower part of the surface. The difference between these 
two values shows how the flow separation is affected by 
the flow parameters and the cylinder's parameters. Later 
the difference between these values was logarithmically 
approximated and plotted. The graph is shown in Fig. 5.

In the case of v = 8, three distinct areas can be seen on 
the plot. The first area, between 0–10 Hz, shows are where 
the Magnus Effect is insignificant, and the flow veloc-
ity doesn't change with an increase in rotational speed. 
The second area, 10–30 Hz, shows the normal operating 
area of the Magnus cylinder. In this area, the dependence 
between flow separation parameter and rotational frequency 
is quasilinear. Thus, the Magnus-Effect Wind Generator 
(MEWG) can be controlled by adjusting the speed of cylin-
ders. The third area, 30-60, shows the saturation points at 
which flow separation becomes unstable. In the last area, 
the increase in rotational speed leads to a decrease in the 
difference between the speed rate on the lower and upper 
parts of the cylinder. This area shows rotational frequen-
cies at which the cylinder becomes ineffective.

Similar processes can be seen at flow velocity V = 12. 
The main difference is in the length of the normal opera-
tional area. At higher wind speed, it widens from 10–30 to 
10–40 Hz. At the saturation point (40 Hz), the difference 
between wind speeds is higher than at the saturation point for 
V = 8 (30 Hz). Thus, it can be seen that at higher flow veloc-
ities, the width of an area of regular operational frequencies 
of the Magnus cylinder increases along with flow separation.

A visual analysis of the results of the simulation was 
also performed. The image was captured for a wind speed 
of 12 m/s and a rotational frequency of 50 Hz. The veloc-
ity map is presented in Fig. 6. During the simulation, the 
cylinder rotated counterclockwise. Thus, the decrease 



134|Lukin et al.
Period. Polytech. Elec. Eng. Comp. Sci., 65(2), pp. 131–137, 2021

Fig. 2 Screenshot of Agros user interface

Fig. 3 Wind tunnel sketch in Agros

Table 1 Properties of the gas used in the 
simulation.

Property Value

Density, kg/m3 1

Viscosity, Pa*s 0.00018

Fig. 4 Mesh of wind tunnel in Agros
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of velocity at the lower part of the cylinder and increase 
of velocity at the lower surface of the cylinder is visi-
ble. The results shown correspond with the nature of the 
Magnus Effect, such as shown in Fig. 1.

Analysis of resource consumption was performed 
to assess Agros' load on the Graphics Processing Unit 
(GPU), Central Processing Unit (CPU), and Random-
Access Memory (RAM). Properties of the PC are pre-
sented in Table 2. 

Overclocking software was used to monitor data usage. 
The analysis shown that the average GPU consumption did 
not increase. The RAM consumption raised from 4000 Mb 
to 4350 Mb for the duration of the experiment. Meanwhile, 
the CPU consumption had shown the highest growth. The 
results of CPU usage monitoring are presented in Fig. 7. 
After the simulation launch, the CPU usage has grown from 
8 % to a maximum of 73 %. Before the experiment, the aver-
age CPU usage was 4 %, and during the experiment, the 

average CPU usage increased by 53 % to an average of 57 %. 
The total simulation time was 94 minutes, which is compa-
rable to other computational software. 

4 Conclusion
The goal of presented work was to assess the possibility of 
using Agros for simulating and evaluating magnus effect. 
This approach has multiple advantages compared to tra-
ditional software used for CFD simulations. The main 

Fig. 5 Difference between velocity in two control points compared to 
the rotational speed of the cylinder for different wind speeds (V, m/s)

Fig. 6 Velocity map of a simulation of Magnus effect

Fig. 7 Results of CPU load monitoring before, after, and during the 
simulation

Table 2 Properties of the experimental PC.

Property Value

CPU Intel(R) Core (TM) i7-6700HQ CPU @ 2.60GHz

GPU NVIDIA GeForce GTX 1060 3Gb

RAM 24.0 Gb
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advantages of this software are its open software code, an 
ability to integrate Python scripts and built-in hp-adapt-
ability, which positively affect simulation time and presents 
more opportunities for modifying source code and integrat-
ing the software into control systems. As a result of this 
work, a Magnus effect was achieved in open-source soft-
ware package for solving physical problems - Agros 2D. 

Agros 2D was shown to be a reliable tool in accessing 
and simulation the Magnus Effect. The application of this 
software allowed to study the fluid flow around a rotat-
ing body and observe dependencies between the rotational 
speed of the cylinder and flow separation pattern, and 
thus, Magnus lift. In the course of this work, two series 
of simulations were run to determine whether it is possi-
ble to observe and evaluate the Magnus Effect using the 
Agros software package. The difference in flow veloc-
ity around the upper and lower part of the cylinder was 
assessed in both simulations. Simulations have shown that 
with the increase of rotational frequency of the cylinder, 
the difference in velocities becomes more significant until 
it reaches the saturation point where the increase in rota-
tional speed does not cause an increase in Magnus Effect 
force. The research has also shown that the margin of nor-
mal operational frequencies of the cylinder becomes wider 
at higher flow velocities. Thus, the simulation allowed to 
obtain data on saturation points of the experimental cylin-
der. A velocity map was also plotted, and visual analysis 
has shown that the Magnus Effect can be observed.

Monitoring software was ran in parallel with the simu-
lation. Data logs from the software have shown that Agros 
does not apply significant load on video RAM (VRAM) and 
RAM usage. However, during the operation of the software, 
the CPU load increased significantly. Therefore, the research 
had shown high requirements for GPU proposed by Agros. 

Further research was aimed at comparing Agros to sim-
ilar CFD software. The research had shown similarities 

between results of simulation in Agros 2D and other FEM 
software. Despite discrepancies in numerical values, 
which can be explained by different solvers used in cho-
sen software packages, simulations in in different CFD 
packages follow similar patterns, which was also con-
firmed by experimental data.

In conclusion, it can be said that Agros 2D was shown to 
be a reliable tool in accessing and simulation the Magnus 
Effect. Features of Agros, such as hp-adaptivity, open-
source code, and Python scripting, provides competi-
tive advantage in comparison to similar computational 
software. Further research in this field can include cre-
ating a framework for determining the lift force instead 
of the velocity map and integrating Agros 2D as a part 
of control system for the experimental wind generator to 
achieve optimal power control.

Nomenclature
MEWG Magnus Effect Wind Generator
CPU Central Processing Unit
GPU Graphical Processing Unit
RAM Random Access Memory
VRAM Video Random Access Memory
CFD Computational Fluid Dynamics
L Lift force
r Radius of the cylinder
V Flow velocity
G Strength of a Vortex
ω	 Angular velocity
U Peripheral speed
d Diameter of the cylinder
n Rotational frequency
Ux Projection of peripheral speed on X axis
Uy Projection of peripheral speed on Y axis
X0 Center of the cylinder on X axis
x Location of a point on the surface of the cylinder
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