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Introduction

The sale of small wind turbines for individual
users in Poland is addressed to two main areas. The
first area includes individual farm owners whose power
needs can be evaluated as being of an order of 5 kW
to cover all-day consumption for hot water and
electricity. The second area is summer houses which
need electricity ranging between 0.5 and
1.0 kW. Unfortunately, it is the high price of wind
turbines which makes the basic barrier discouraging
individual users from buying. This high price is
connected with the fact that most turbines offered
on the market are advanced designs of horizontal-
axis type (HAWT) with complicated mechanical
part used for collecting energy from the wind. In this
context, offering other innovative turbine types and
modern technologies which provide opportunities for
decreasing this price considerably is believed to be
attractive and welcome by the market.

The object which seems to be able to meet the
expectations for a small, cheap and efficient wind turbine
for an individual user is a vertical axis wind turbine
(VAWT) of Savonius type. The turbine was invented
by Sigurd Savonius, a Finnish engineer, in 1924. It consists
of two semicircular blades displaced eccentrically with
respect to each other along the line crossing blade
edges. The blades are fixed between two endplates, the
role of which is to make the flow inside the rotor
regular. The principle of operation of the Savonius
turbine is the drag difference between two blades mowing
with and against the wind, see Fig. 1.

 Generally, Savonius turbines are used when their
efficiency is less important than the cost and/or the
reliability of operation. They have been an object of
research for decades. The past investigations, mostly
of experimental nature and done using relevant
measuring and visualisation techniques, aimed at
assessing the influence of selected geometrical
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parameters, such as the central gap width, the H/D
ratio, and/or the number of rotor blades and sections,
on turbine performance [1] – [5]. Only recently,
following rapid development of computer hardware
and software, numerical analyses were done using the
vortex method [6], [7] and the finite volume method
[8] to study in detail the unsteady flow through a
rotating Savonius rotor.

Fig.  1.  Principle of Savonius rotor  operation

The present article, making part of comprehensive
studies of Savonius rotor operation, analyses the flow
in the vicinity of the rotor blade edges, especially the
blade gap, and suggests possible blade shape
modifications to improve turbine performance. The
analysis is done in two dimensions to have an
opportunity to trace the unsteady flow phenomena
with the maximum possible resolution.

1. Geometry and flow parameters

The examined Savonius rotor consisted of two
half-cylinder blades having the outer diameter
d = 200 mm and thickness of 5 mm. The overall
diameter of the rotor, D, was 380  mm and the
eccentricity, e/d,  was 0.1.
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a b
Fig. 2. Two grid blocks:

a – outer block; b – inner block inside the rotor

The total number of elements of the calculation
grid was about 1.2 million. The entire calculation
domain was divided into two main blocks, one of
which covered the area outside the rotor while the
other – inside. The ratio between the diameter of
the outer and inner block was 20. Between the two
main blocks, a sliding mesh concept was used to allow
their relative movement. The outer block was semi-
structured, with increasing cell dimensions towards
the outer boundary, Fig 2a. The block inside the
rotor had an unstructured grid consisting of mostly
tetrahedral elements, Fig. 2b. Near the walls, the wall
function approach was used to provide acceptable
boundary conditions for the mean flow. The maximal
values of y+  did not exceed 3 and the average value
of  y+ was not larger than 1.

The 2D calculations were performed with the aid
of the commercial code Fluent - ANSYS. The external
boundary condition for the outer grid block was
defined using the far field concept, in which the
wind velocity was set to U  =  8 [m/s], and the ambient
temperature to 290 K. The Spalart-Allmaras single-
equation turbulence model was used. This turbulence
model was selected after overviewing other available
publications on CFD calculations carried out in
similar geometry and flow conditions to arrive at a
reasonable compromise between the expected accuracy
and time spent to achieve it, an important factor in
any unsteady calculations.

The angular velocity of the rotating domain  of
the rotor was assumed as ω = 2π [Hz] which
corresponded to one turn per second. The time step
of the unsteady calculations corresponded to one
degree of revolution and was approximately equal to
∆t  =  0.0028 [s].

The unsteady flow was calculated until sufficient
repeatability of the torque time-history over a half-
revolution period was obtained. It turned out that a
satisfactory number of rotor half-revolutions to obtain
this stability did not exceed three.

2. Flow structure in the blade gap

One of initial steps of the here reported research
of the Savonius turbine was analysing the unsteady
flow inside the rotor during its rotation, with particular
attention being paid to the vicinity of the blade gap,
the most characteristic element of the Savonius rotor.
Firstly, the mass flow rate Q of the air flowing through
the gap was calculated as the function of the rotor
rotation angle α.

Fig.  3. Air mass flow rate through the blade gap

Changes of the mass flow rate recorded during
one half of rotor rotation (180 degrees) are shown
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in Fig.  3 as the black continuous curve. The axial
symmetry of the Savonius rotor has made it possible
to extend this curve over the next 180 degrees, the
dashed part, thus obtaining the blade gap mass flow

a b c
Fig. 4. Flow patterns in the vicinity of blade gap in selected angular rotor positions:

a – position D: no flow through the gap; b – position E: formation of vortices;  c – position G:  maximal gap flow

rate fluctuations over the entire rotor rotation. The
result of these calculations, complemented by the
visual definition of the rotation angle, is shown in
Fig. 3.

The labels A to I in the diagram in Fig. 3 mark
the air mass flow rates for which data sets with full
distributions of flow parameters were recorded. The
first data set (A) was recorded when the rotor occupied
the position perpendicular to the air flow direction,
i.e. for the rotation angle equal to α  =  -90 deg. The
next data sets corresponded to consecutive rotation
angles differing by 22.5 deg, with the last data set (I)
recorded for α =  +90 deg. Here again, the symmetry
of the Savonius rotor geometry has made it possible
to extend the representativeness of these distributions
over the entire rotor rotation, i.e. 360 degrees.

The curve shown in Fig. 3 reveals two characteristic
rotation angles labelled D (α  =  -22.5 deg) and G
(α  =  45 deg). When the instantaneous rotor position
corresponds to angle D, there is no flow through the
blade gap. The velocity field and streamline
distribution recorded in this angular position of the
rotor are shown in Fig. 4a. The only noticeable
structure here, visualised by the arrangement of
velocity vectors, is a clockwise rotating vortex 1 whose
activity determined by the actual position and strength
effectively blocks the gap.

With time, when the rotor keeps rotating, the
gap vortex 1 moves off, thus opening the gap and
allowing the air to flow through the gap.
Simultaneously, a series of new vortices are formed
near blade edges, Fig. 4b.

During further rotation of the Savonius rotor
some of these vortices vanish while the others become
more intensive. The vortex configuration observed in
the second characteristic rotor position G revealing
the maximal flow rate trough the gap is shown in
Fig.  4c. The flow is regular, with the presence of only
one small vortex 3 in the direct  vicinity of the blade
edge. With time, this vortex gains in strength and
finally separates from the blade edge becoming again
the main gap vortex 1, which was already observed
in Fig. 4 as the structure blocking the gap. Then the

entire cycle repeats, with the reverse role played by
each blade.

3. Blade edge shape modification

The above description of the flow phenomena
taking place in the vicinity of the blade suggests that
the flow though the gap is strongly affected by vortex
structures temporarily forming in this area. Therefore
a reasonable way to control this flow and, consequently,
overall performance characteristics of the Savonius
turbine is to change the shape of blade edges.

The simplest way to shape the inner blade edges
is bevelling. A series of examined bevel angles is
shown in Fig.  5. In these examinations the shape of
the outer blade edge remained square.

Fig. 5. Examined bevel angles of inner blade edge

Figure 6 presents torque coefficient distributions
for various bevel angles of the inner blade edges.
The torque coefficient CT was calculated from the
formula:

HDU

TCT
22

4
1

ρ
=

(1)

where: T  - torque;
ρ – air density;
U – free stream velocity of the wind;
D - Savonius rotor diameter;
H - Savonius rotor height.
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Fig. 6. Torque coefficient distributions for various bevel angles
of the inner blade edge

There is a visible influence of the bevel angle on
the instantaneous torque values at  rotor rotation
angles close to 0 degrees (and 180 degrees due to the
symmetry of the Savonius rotor geometry). The
length of the interval within which the torque
coefficient changes can be observed is approximately
equal to 30 degrees. The maximum change of the
power coefficient CP calculated from the formula:

DHU

PCP
3

2
1

ρ
=

(2)

where P stands for power and the remaining
symbols are identical to those in formula (1), was
obtained for the case of the bevel angle -45 degrees
and was equal to 0.20% as compared to the reference
case with square blades, for the rotor rotation angle
equal to 0 (or 180) degrees.  The worst Savonius
rotor performance characteristics were obtained for
the bevel angle equal to + 45 degrees.

Another attempt to improve the Savonius rotor
performance was bevelling outer edges of the blades
(while keeping the inner edges square). The definitions
and values of the examined outer bevel angles are
shown in Fig. 7, while the torque coefficient changes
obtained as the result of bevelling are shown in
Fig. 8.

Fig. 7. Examined bevel angles of outer blade edge

Fig. 8. Torque coefficient distributions for various bevel angles
of the outer blade edge

Here again we can observe an interval, this time
situated close to 90 degrees, within which the blade
edge bevelling has visibly changed torque coefficient
values. The most favourable CT distribution was
obtained for the bevel angle equal to +45 degrees.
The power coefficient increase corresponding to the
rotor rotation angle was equal to 0.17%. The worst
performance characteristics were obtained for the
bevel angle equal to -45 degrees, which means that
the present tendency was opposite to that observed
for inner blade edge bevelling.

Conclusion

The article presents the results of the numerical
analysis of the flow inside the Savonius rotor, with
particular attention being paid to the vicinity of the
blade gap. The mechanisms controlling the flow
through the gap was recognised as having the form
of instantaneous vortex structures forming near the
blade edges. The conclusions resulting from the flow
analysis justified an attempt to improve the Savonius
turbine performance via shaping rotor blade edges.
The simplest way to do it was to bevel.  Series of
blades with either inner or outer bevelled edges
were examined. The obtained results reveal certain
potential for improving Savonius rotor performance.

The here presented analysis is the initial part of
comprehensive studies oriented on improving
characteristics of Savonius turbine performance by
changing its geometry. The next direct step of this
part of study will include a detailed analysis of the
flow structure inside the rotor having the geometry
modified in the above  way to recognise the cause of
the recorded torque improvement and optimise it in
a controlled way.
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Ïîñòóïèëà â ðåäàêöèþ 13.07.2012

Å. Øâèðûä÷óê, Ê. Êëþäçèíñêà. Ïîâûøåíèå ýôôåêòèâíîñòè ðîòîðà Càâîíèóñà ïîñðåä-
ñòâîì ïðîôèëèðîâàíèÿ êðîìîê åãî ëîïàñòåé

Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåííîãî àíàëèçà òå÷åíèÿ âíóòðè ðîòîðà Ñàâî-
íèóñà. Îñîáîå âíèìàíèå óäåëåíî îêðåñòíîñòè çàçîðà ìåæäó ëîïàñòÿìè äëÿ òîãî, ÷òîáû
èçó÷èòü ìåõàíèçì óïðàâëåíèÿ ïîòîêîì â ýòîé îáëàñòè. Íà îñíîâå çàêëþ÷åíèé, ÿâëÿþùèõñÿ
ñëåäñòâèåì èññëåäîâàíèÿ, ñîçäàíû îñíîâíûå ïðèíöèïû, ñ ïîìîùüþ êîòîðûõ ïðåäïðèíÿòà
ïîïûòêà ïîâûñèòü ýôôåêòèâíîñòü òóðáèíû Ñàâîíèóñà ïóòåì ïðîôèëèðîâàíèÿ êðîìîê
ëîïàñòåé ðîòîðà. Â ñòàòüå ïðèâåäåíû îòäåëüíûå òèïè÷íûå êàðòèíû òå÷åíèÿ âáëèçè
çàçîðà ìåæäó ëîïàñòÿìè è ðåçóëüòàòû âëèÿíèÿ ïðîôèëèðîâàíèÿ êðîìîê ëîïàñòåé íà ôëóê-
òóàöèè êðóòÿùåãî ìîìåíòà íà ïîëîâèíå ïåðèîäà âðàùåíèÿ ðîòîðà.

Êëþ÷åâûå ñëîâà: ðîòîð Ñàâîíèóñà, çàçîð ìåæäó ëîïàñòÿìè, âèõðè, ïîâûøåíèå ýôôåê-
òèâíîñòè.

Å. Øâ³ðèä÷óê, Ê. Êëþäç³íñüêà. Ï³äâèùåííÿ åôåêòèâíîñò³ ðîòîðà Càâîí³óñà øëÿõîì
ïðîô³ëþâàííÿ êðîìîê éîãî ëîïàòåé

Ó ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè ÷èñëîâîãî àíàë³çó òå÷³¿ âñåðåäèí³ ðîòîðà Ñàâîí³óñà.
Îñîáëèâà óâàãà ïðèä³ëåíà îêîëó ù³ëèíè ì³æ ëîïàòÿìè äëÿ òîãî, ùîá âèâ÷èòè ìåõàí³çì
êåðóâàííÿ ïîòîêîì ó ö³é îáëàñò³. Íà çàñàä³ âèñíîâê³â, ùî º íàñë³äêîì äîñë³äæåííÿ, ñòâî-
ðåí³ îñíîâí³ ïðèíöèïè, çà äîïîìîãîþ ÿêèõ çä³éñíåíà ñïðîáà ï³äâèùèòè åôåêòèâí³ñòü òóðá-
³íè Ñàâîí³óñà øëÿõîì ïðîô³ëþâàííÿ êðîìîê ëîïàòåé ðîòîðà. Â ñòàòò³ ïðèâåäåí³ îêðåì³
òèïîâ³ êàðòèíè òå÷³¿ ïîáëèçó ù³ëèíè ì³æ ëîïàòÿìè òà ðåçóëüòàòè âïëèâó ïðîô³ëþâàííÿ
êðîìîê ëîïàòåé íà ôëóêòóàö³¿ êîëèâàíü êðóòèëüíîãî ìîìåíòó íà ïîëîâèí³ ïåð³îäó îáåð-
òàííÿ ðîòîðà.

Êëþ÷îâ³ ñëîâà: ðîòîð Ñàâîí³óñà, ù³ëèíà ì³æ ëîïàòÿìè, âèõð³, ï³äâèùåííÿ åôåêòèâ-
íîñò³.




