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Drag and lift coefficients evolution of a Savonius rotor 
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Abstract. The lift and drag coefficients of the ror Savonius wind 
machine are determined from the pressure difference measured be- 
tween the upper plane and the lower plane of a blade. Pressure 
measurements have been performed for two sets of experiments; the 
first one for U~ = 10 m/s and the second one for U~ = 12.5 m/s. In 
each case it is to be noted that a negative lift effect is present for low 
values of the tip speed ratio 2. The lift coefficient becomes positive 
when 2 increases. The drag coefficient is of course always negative. 

List of symbols 

A 
Cx 
Cr 
Cx 
Cy 
D 
h 
R+r 
Re 
S 

2 
~2 

rectangular area of the wind tunnel 
drag coefficient 
lift coefficient 
averaged drag coefficient 
averaged lift coefficient 
rotor diameter 
rotor height 
radius of rotation of a blade 
(U~ . D)/v Reynolds number 
rotor projected area 
wind velocity 
central gap 
tip speed ratio 
cinematic viscosity 
density of air 

1 Introduction 

M a n y  studies have been carr ied ou t  concern ing  the Savonius  
ro to r  N e w m a n  (1974) and U s h i y a m a  (1986), main ly  experi-  

men ta l  works  in o rder  to de te rmine  the t o rque  and the 
p o w e r  coefficients. The  exper imenta l  knowledge  of  the in- 
s t an taneous  pressure  field on the blades  of  the machine,  
dur ing  a comple te  ro ta t ion  enables  one  to calculate  these 

mechan ica l  parameters .  The  pressure field measurements ,  
associa ted to the vor tex  fo rmat ion  visualized close to the 
blades gives a good  unders tand ing  of  the evo lu t ion  of  these 
vort ices Chauv in  et al. (1987). The  study presented  here, 

based also on the measurements  of  the pressure field, leads 

to the de te rmina t ion  of  the lift and drag  coefficients. Then  we 
compare  these results with those ob ta ined  with a ro ta t ing  
cylinder.  

2 Drag and lift coefficients 

2.1 Experiments 

The  tested machine  is composed  of  two half  cyl indrical  
blades with a central  gap (Fig. 1). 

At  each extremity,  the ro to r  is l imited by a circular  disc 
of  150 m m  diameter .  The  ro to r  is p laced in an ae rodynamic  
wind tunnel  of  rec tangular  cross sect ion (0.8 x 0.8 m/).  The  
na tura l  tu rbulency  level is abou t :  5 - 10 -4. Pressure  gauges 

, i  / 
Fig. 1. The dimensions are: D = 102 mm, h = 314 mm, 6 = 28 mm 
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Fig. 2. Curves of pressure on the lower plane for 10 m/s 
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are located into six circular holes in the mid-plane of the 
blade cross-section. The pressure gauges are of piezoresistive 
type with thermal compensation. The signals are first ampli- 
fied on the top of the blade and then transmitted to the outer 
measurement chain by means of rotating contacts. The ro- 
tating frequency is measured with a photo-diode installed at 
the axis end. Taking into account of the symetrical be- 
haviour of the blades, during a complete rotation, the D P  
transducers are mounted only on one blade. Details of this 
experimental work are presented in a previous paper Chau- 
vin et al. (1987). Figure 2 shows 6 D P  traces. The zero pres- 
sure level is the atmospheric pressure one. Two sets of mea- 
surements have been performed: one for a flow speed 
U| = 10 m/s and 2 values respectively equal to 0.2, 0.4, 0.6, 
0.71, and the other for Uoo = 12.5 m/s and 2 equal to 0.43, 0.7, 
0.8, 1. The tip speed ratio 2 is so defined: 

2 = co(R+r) /U~.  

The frequency and the pressure signals registered simulta- 
neously in a data acquisition system, can also be visualized 
on a memory oscilloscope. Then we obtain the instanta- 
neous pressure field on each side of a blade for a complete 
revolution of the machine. 

The blockage factor e = S /4 .  A, defined by Alexander 
(1978) and Backwell et al. (1977) is here rough estimate 0.013. 
So the wind tunnel interference has been neglected, in a first 
approximation. 

2.2 Drag and lift coefficients 

Using the pressure measurements we have calculated the 
drag and lift coefficients of the rotor in the two experimental 
situations. The flow is assumed to be inviscid and two di- 
mensional. 

Drag and lift are obtained by integrating the various 
projections of aerodynamic forces along the two fixed direc- 
tions i and j. The drag and lift coefficients are respectively 
defined under the following form: 

Zi~A+BFi" i (1) 
C ~ -  I S U 2  ~ 

N~A+sF~ "J (2) 
Cy - 1 S U~ 

During a half revolution, we distinguish the two blades by 
the letters (A) and (B). Then aerodynamic forces are noted: 

E~i = APi~ ASinl (3) 

where fi equals (A) or (B) according to the blade under study 
AP~ p is the pressure difference (Internal-External) at the M~ 
point. AS = R~ AO~ is the surface element and n~ the external 
oriented unit vector normal to the blade. 

From the expressions (1), (2) and (3) we obtain: 

R h {N (APA _ A Pi") cos (0, + c0} A 0 i (4) 
Cx = 1 SUZ 

R h {Z (AP~ A -- A P~'~) sin (0 i + ~)} A O~ 
Cy = 1 z (5) 

~ e s u 2  

The last expressions represent the instantaneous values of 
drag and lift coefficients, depending on the pitch angle ~. 
According to the symmetrical behaviour of the blades it is 
sufficient to study the Cx and Cy evolution during one half 
of a complete revolution of the machine, ~ remaining in the 
range (0, ~). The more interesting and significant values of C x 
and Cy are not the instantaneous, but the average values C~ 
and Cy. They are obtained by averaging Cx and Cy during 
a half rotation. 
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Figs. 3 and 4. The evolution of the drag and lift coefficients 
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3 Results 

The expressions (4) and (5), based on the pressure measure- 
ments, are then computed in each experimental case. The 
curves presented in Figs. 3 and 4 show the evolution of the 
drag and lift coefficients. 

First we notice that the drag coefficient C x is always 
negative. This means that the drag resultant forces are of the 
same sense as the incident flow direction. This result agrees 
obviously with the physical situation. 

At low values of the tip speed ratio, the lift coefficient Cy 
presents, for both Reynolds numbers, a negative contribu- 
tion (more important  when Re = 8.7 - 1 0 4 ) .  Then Cy becomes 
positive for 2>0.25 and 2>0.55 when Re is 6 .9.104 and 
8.7 �9 104 respectively. For  large values of 2, Cy has approxi- 
mately the same level in the two sets of experiments. At our 
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knowledge, it is the first time that one can notice such a 
phenomenon.  However a similar observation has been done 
in the case of a rotating cylinder Calamote (1984) and Char- 
rier (1979). The last author, studying the Magnus effect, has 
found an inverse lift effect when the tip speed ratio is in the 
range between 0.1 and 0.5, associated to Reynolds numbers 
conditions lower than critical Reynolds numbers. 

It would be very interesting to describe more precisely 
what happens for the low 2 values, for instance 2 < 0.25. It 
has not be done experimentally because of the technical 
difficulties to maintain constant the rotation frequency. 

4 Conclusion 

The calculation, in inviscid fluid flow, of the drag and lift 
coefficients, from the instantaneous pressure measurements 
on the blades, shows essentially an inverse lift effect associat- 
ed to low values of the tip speed ratio 2. Such a result is to 
be compared to similar observations on a rotating cylinder. 
For  a fixed Reynolds number, we notice that the Magnus 
effect appears when the values of the tip speed ratio are 
greater than a critical one 2 c. Of course, two sets of experi- 
ments, for the two wind velocities are not sufficient to de- 
scribe the dependance of 2c on the Reynolds number. 
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