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EXPERIMENTAL INVESTIGATION OF THE USE OF WIND .ROTOR 

AS A POWER GENERATING' DEVICE FROM SMALL RIVERS 
(Part 1). 

3 
N. SH. MATTA 

4 	ABSTRACT 

This work describes model tests performed on vertical axis 

wind buckets. A possible application of this wind rotor 

would be used to extract energy from slow moving water(no 

head streams) through small rivers. The mojor use of the 

design proposed is to provide small amounts of electric 

power for areas far from the main electric power systems 

especially for developing countries. The test model has 

been designed and aerodynamically tested for different wind 

bucket geometries. 
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INTRODUCTION 

As reported by ref.[1] Microhydro is defined as having a gener-
ating capacity of up to about 15 kilowatts. It can provide basic 
lighting and other services to a village in a developed country. 
Microhydro generation is best suited to providing small amounts 
of power to individual houses,farms in an isolated areas. 	This 
plants use much simpler and lower cost technology than minihydro 
plants. For thid resion,microhydro plants are usually will suit-
ed to village level development and local self-help projects . 
Units can be built by people without much special training, usu-
ing mostly local materials and skills. They are usually lower in 
cost than minihydro and conventional hydro plants, but they are 
also less efficient,and the quality of the electricity is not as 
good. They may be used also in grinding grain or pumping water. 
For the electrial gear, the system needs an alternator which pro-
duces low-voltage AC. This power goes through a rectifier and 
voltage regulator which convert it to DC, 'which is then either 
used directly, or used to charge battaries if more power is be-
ing produced than is needed.The batteries return the power later 
when more power is being usedthan produced. The system may be 
connected to an inverter ,which converts the low-voltage DC pow-
er from the batteries to AC, for use with appliances 	requiring 
AC power. 

For small head of water exists,a number of types of water tur-
bines are available for extracting power from the hydro sources. 
All of these work by the converting the pressure head to kinetic 
energy involving relatively high velocities. If the source is a 
river having a negligable head, the type of turbine reouired is 
one which will extract energy directly from a slow-moving stream! 
The turbine must be relatively simple and cheap to make,and must 
be. efficient. The ancient paddle wheel and the under-shot water 
wheel both suffered the disadvantage that they were inefficient 
and reqqired the use of a lot of material in their construction. 
The need to seek more efficient alternatives. 

The well known principle of the vertical axis turbine has been 
applied in such machinery as,-the Darrieus wind turbine for extr-
acting energy from small rivers or canals current for water pump-
ing and/or electricity generation. By means of pulleys,belts and 
a gear box, the speed can be increased to the alternatur 	speed 
range." Boissevain(1971) designed a horizontal axis propeller 
turbine attached to a float and the float was anchord to the riv-
er bottom[2]. NRC(Canada) designed a vertical axis water turbine 
with 2.4 m rotor diameter(aerofoil blades shape) 10kw output[3]. 

The aim of the present study is to introduce a possible des-
ign for a vertical axis water turbine with a bucketed rotor. 
A bridge-type plate form mounted across two floating pontoons 
made from wood and oil drums,must be used.The designated vertical 
axis water turbine would be mounted at the centre of the of the 
bridge structure. The whole assembly could be located in the des-
ired position in the river and fixed by chain or ropes. 
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This work concentrated to give some lights about 
the rotor characterestics experimentally. The test rig has 
been assembled at the hydraulic laboratory of Minia Faculty 
of Engineering and Technology. Different shapes of buckets 
were tried,each attempting to enhance the rotor performance. 

EXPERIMENTAL ARRANGEMENTS: 

Experimental Method: 

The experiments were conducted in a low speed wind tunnel for 
different shapes of bucketed rotors. Models were tested at 
Reynolds number 12 x 104, in terms of the rotor radius, to 
simulate the conditions of the proposed prototype. The test 
rig is shown in Fig. 1 . During the tests,each model was mou-
nted with the main shaft. A rope was rapped around the pulley. 
One end of the rope was attached to a fixed lever and the 
other end was attached to the weight holder(Fig. 1 ). Measur-
ments include rotor rotational speed, free stream velocity and 
rotor output torque. The data is presented in the usual form 
of the power coefficient C which defined as: 

T 
C 0.5 	V - u )2.u.A 

as function of the tip-speed ratio, (TSR). 

Test Models: 
The different types of the tested models are shown in Fig. 2 . 
The different models were made and tested to predict the best 
geometry of the buckets. 

DISCUSSION OF RESULTS AND CONCLUSION 

The rotor power coefficient vs. tip-speed ratio for the diff-
erent configurations of the rotors are shown in Fig. 3. 
Comparison between the rotors caracteristics are shown in Fig.4. 
The average value of power coefficient,Cp, for two blade rotor 
(model 1)is about 0.07 for TSR range of 0.03 : 0.06. If the 
same blades are shrouded as indicated in model 2, the average 
value of Cp will increase to 0.09 and TSR range will increase 
also to 0.035 : 0.08. Comparison between test models 1,6 and 11 
shows that the average value of Cp increased according to incr-
easing the number of blades which reaches 0..13 for 3 blades,0-18 
for 4 blades. Model 10 is the same model 6 but its blades are 
shrouded. The average value of Cp and the TSR rate are increased 
tm 0.15, 0.03 : 0.095. Comparison between models 3, 5,and 7 
gives the same trend. For 4 buckets the average Cp reaches 0.2 
for TSR range 0..055 : 0.098 . Prism shape model gives better 
results than the semi circular for the same swept area as shown 
from the values of models 7,13. The average value of Cp reaches 
0.25 for TSR range 0.05 : 0.10. 



NOMENCLATURE 
A = Rotor swept area 
Cp . Rotor power coefficient 
T = Torque 
TSR= Tip speed ratio= u/V 
u = Rotor tip speed 
V = Free stream velocity 

= Rotor angular velocity 
= Air density 

TESr 

SECTION 	Fig. 1 
PE,137, 	Test Rig. 
MODEL 

L WF78NT 
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For the semi elleptic -double buckets(Model 8),wide range of 
TSR is obtained(0.08 : 0.13)when comparied with Savonius model 
(Test model 9). Comparison between models 12,14 for the semi-
elleptic rotors indicates that increasing the bucket opening 
(for the same bucket dimension),increase Cp to average value 
of 0.25 for TSR range 0-05 : 0.12. 

Therefore,models 8,13,and 14 are recommended for the propo-
sed system. As a conclusion , the efficiency of the turbine 
rotor remain low, of the order of 20%. During preparing this 
paper, some modifications are studied experimentally to refine 
the design of the models 8,13 and 14. Few percentage points 
may be gained for rotor power coefficient. 
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SPECTRAL RESPONSE IN POLYCRYSTALLINE 

SILICON SOLAR CELLS 

S. Elewa, M. El-Koos", A.Zekry, H.F.Ragai and N.Saleh. 

ABSTRACT 

A theoretical model has been introduced for the calculation of the coll-
ection efficiency( spectral response) in polycrystalline silicon solar 
cells. The contributions from emitter, base and depletion layer are taken 
into consideration. The effect of the grain size and the effect of the dri-
ft field in the emitter or the base region are examined. It is found that 
the dominant mechanism of photogenerated carrier collection at asmall grain 

sizes. (10 ep, or less) is the built in field collection, where as at higher 
grain sizes (100 el or more) ,the collection is dominated by carrier diff-

usion towards the junction. 

Faculty of eng. Ain Shams university. 
Armament Authority, Kobri El Koba,Cairo. 
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INTRODUCTION 

The interest in polycrystalline silicon has increased recently because of 

its potential in the fabrication of inexpensive solar cells , however the-

se solar cells have low efficency due to the recombination of photogenera, 

ted carriers at the grain boundaries. 

The cell performance is affected strongly by the grain size which is in 

fact the major mechanism in the performance . 

In this work, the effect of the grain size on the spectral responce is 

examined,further more,the effect of an electric field is examined too. 

THE PHYSICAL MODEL AND THE NUMERICAL CALCULATIONS 

The geometry of the grain,its symmetry axis,and the coordinate system to 

be used are shown in fig.1 , it is assumed that the poly. silicon layer is 

composed 9f columnar grains , for the purpose of calculations,the grains 

are idealized to right circular cylinders. Inside the grain,the material 

is assumed to be uniform so that symmetry exists about the X axis, thereby 

reducing the system tozindependant coordinate variables. 

For the implementation of the numerical simulation,the grain(except for 

the depletion layer)is divided into 6 and 100 parts in the X direction 

for the emitter and base region respectively. The large number of divisions 

in the X direction is dictated by the rapid change in the carrier concen- 

tration caused by the high absorption coefficient , for the radial direction, 

the grain is divided into 3 parts for the emmitter region and 4 parts in 

the base region(since only diffusion limits the rate of density change in 

this direction),see fig.2 . For each elemental volume formed by the grids, 

the steady state continuity equation under optical illumination is solved 

in cylinderical coordinates. 

The continuity equation can be written as : 

-D 
rq
('a2m/fix2) - Dm  (-62m/ar 2  ) +Au  Em(amia x ) + (pin  6- Dm  /r )(arm/Dr) + 

+ 	/r )2_1m  6 m = G(A ,x)+m/Cm  (1) 

Where: 

D 
	

is the diffusion constant for the minority carriers 

fl I 
	 is the density of excess ( photugenerated ) minority carriers 

L- 
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rrn 	is the minority carrier recombination time constant . 

is the genracion rate of minority carriers . 

ie the drift field in the given direction 

The generation rate for each volume is determined by dividing the AMO spect-

ral responce to 1 5 packets of 0.5 cum width , using the appropriate coeffic-

ent for each center wavelength , the generation due to each wavelength packet 

is assumed at each position alog the axis. 

The excess minority carrier density is assumed to be reduced to zero at the 

back due to the ohmic contact and to zero at the depletion layer edges due to 

the barrier electric field . It is also assumed that all carriers generated 

within the depletion layer are collected due to the high electric field in 

this region and the low carrier concentration through bulk recombination cent-

ers or through grain boundary states. 

The continuity equation (1-21is solved numerically using the finite - diff-

erence method [3],the system of linear equations obtained by the finite-dif-

ference method at the different grid points is solved numerically using Gau-

ss-Jordan elemination method [4].In this way the minority carrier concentra-

tion in each volume is determined using the following boundary conditions [5] 

1-For the surface 	-On  -t-F:)1('-■-d.i E P = - S( P - P ) 	(2) 
p xp n 	p n 	nO 

2- for the emitter grain boundary 	-D PA+p E P --rj 
	- p  ) 
( P 	(3) 

vor fp rf 	gp n 	ri0 

3- For the grain center (emitter) 	- D Aft
0 

+c p E P - - 	(4) 
p 'ar 	p rp n 

4- For the emitter junction 	 P = P 	(5) 
n no 

Dflp 
5- For the base grain boundary 	-D ---  -p E n 	= S ( n -n ) 	(6) 

n 'Dr 'n rn p 	gn p p0 

6- For the base grain center 	-D 
I  
--- -pEn 	= 	0 	(7) 

n )r c n rn p 

7- For the base junction 	 rl = 	n 	(8) 
P 	p0 

8- For the ohmic contact 	 n 	= 	n 	(9) 

computed The gradient of the minority carrier concentration computed at the depletion 

layer edge is then.used to compute the photo current components for each wa- 

yelengtrl packet. 
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The data used in our calculations are [ 5-6]: 

a) For the top region; 	b) For the base region; 

N= 5 x 109/ cm3 	 N= 5)(1017/ cm 3  
D 	 A 

D = 1.295 cm2/ s 	 Dn  =27 	Cid.; 

Z = 2.5X 10-6s 	 7:
n 

= 	0.5)4 10 6s 
p 

NUMERICAL CALCULATION OF THE SPECTRAL RESPONCE 

Definition 

The photocurrent collected at each wavelength relative to the number 

of photons incident on the surface at that wavelength determines the 

spectral responce of the device . The internal spectral response is 

defined as the number of electron - hole pairs collected under short 

circuit condition 	relative to the number of photons entering the 

material. 

The internal spectral response can be expressed as [ 1 ] ; 

.300 	3B (-X) 	id 1(  )  
SR = 	 (10) 

q cp (A) 	1- R (A) 	cit.(A) f 1 - R (i\) 	cicP(A) [ 	R (A) 

Where; 

) is the short circuit current density du to the emitter regi- 

on at wavelength A. 

J
B
()\) is the short circuit current density due to the base region 

at wavelength A,  

3(
dr 

) 	is the short circuit current density due to the depletion r- 

egion at wavelength 

1--)( 	) 	is the incident photon normal to the surface at wavelength A. 

R Oi ) 	is the reflected part at the surface at wavelengthAr 

RESULTS AND DISCUSSION 

Fig.4 shows the 3 components of the calculated spectral response (the 

diffued top region ,the depletion region and base region ),It is cle-

ar f m the figure that the base component dominates at long wavelen- 

gths where most of carriers are gen 	in this region due to the 

low absorption coefficents. The contribution from the emitter region 
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r 
is enhanced in the short wavelength region where most of the photons 

are absorped near the surface . The contribution from the depletion 

layer is considerable only in the range from 0.4 pm to 0.6 ern ,this 

contribution will not exceed that from the diffused layerbelow 0.4 gri 

under any practical conditions due to the very high absorption coefficent 

of silicon below 0.4 em which causes almost all the light to be absorped 

in the first 1000 A next to the cell surface. 

The high value of the absorption coefficent for silicon in the small wave-

lengths is responsible also for high spectral response value in the range 

from 0.4 to 0.5 em. The decreasing of the SR values with increasing A 

in this range is mainly due to the decrease in the absorption coefficient 

and the absence of an effective base contribution . For higher wavelengths, 

the base contribution begins to play the main, role in the spectral respon -

se and the curve starts to increase again rapidly due to the base contrib- 

ution ,see fig... 

EFFECT OF (11RAIN SIZE ON ITIE SPECTRAL RESPONSE 

Fig. 4 shows the variations of the spectral response as a function of the 

wavelength ( A ) for different grain size It is cle r from the curve that 
for small grain sizes ( 10 pm ) the spectral response is maximum near a wav- 

elength equals 0.4 em .The decrease observed in the spectral response with 

increasing the wavelength is due to the fact that the probability of the 

carriers genrated away from the junction by long wavelength photons decrease 

exponentially to zero. 

With increasing the grain size,the diffusion length increases and the pro- 

bability of collection of minority carriers generated away from the junction 

increases also. The peak point is shifted towards longer wavelengths as the 

grain size increases due to the same reason while no difference is observed 

in the short wavelengths due to the absorption of photons in this range at 

the surface close to the junction. 

CONCLUSION 

The performance of polycrystalline silicon solar cell is greatly related 

to the average grain size for the used polycrystalline silicon wafer 

The computations showed that SR enhances with the increase in grain size. 

An improvement in the collection efficiency can be attained also by an 

electric field in the emitter region or the base or both 
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