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1., The subject matter. 

PAGE 8: 

The actual '\'Iork for this thesis started in iebruary 1964, 1-Then 

the author uas given the responsibility of the Investigation 1'lOrk in 

the Znergy Generat ion course offered by J?rof. Adnan E. Tas?:!;nnar at 

Robert College. 

A survey made in the 'Bngineering Index 1960 to 1963, shO\ieid that 

there uas plenty of information available on IIwind pO\-Jer". A topic 

had to be selected i'or an engineering project during that semester 

among modern meth'ods of po\<Ter generat ion ,such as: direct ,conversion, 

solar energy, geothermal pO"rer, atomic pOl-ler, .... Tind pO\'ler, etc. The 

sub j ect of '<Tind pO\-ler 'Has considered by the author to be the most 

interesting. 

The encouraging results of the preliminary experiments and the 

suggestions given by Frof. Ta9plnar, moved the author to decide on 

\'lind Power as the subject for h-is thesis, and abandon the first idea 

on the subject of IICotton Standardization", for uhich he had started 

early in January 1964. 

The preliminary proj ect concluded sho\'1ing thnt there "laS a large 

field for the research of I1l'1ind rotors and their a:pp1icat ion in 

unuerueveloped are:J.s lI
, and this ylas taken as the specific subject 

matter for this thesis. 

2. r-1ethod of analysis. , 

~:hroughout the ';Thole '1ork, the author attempted to separate tpe 

I 
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I problem in three main interrolated items: II 
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H I :N D -lnOT OR POW B R 

~or this reason the: 

Survey 

- Theory 

- Design 

ere 2.nalyzed taking into cons.ideration this basic classification. 

:3. ~'iethod of work • 

. l!'ollm·Ting the suggest ions made by the advisor, Prof. TaSlpJ..nar, a 

ystem ,.;as developed to handle the i\rork, based on the items: 

a) Gantt's chart 

b) Agenda 

c) Diary 

In this i>fay it i'laS possible to develop a systen, that can be sum-

larized with the following scheme: 

Outline 

( \ 
Plan :'::hase 

. Think 

. .-Jl, 

l 
I 
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4. Physical and mental hea-lth. 

PAGE :g-

It 1'las found out by eXperience, that health influences creativity 

cI efficienc;y. In order to be productive it is necessary to be in 

od mood and this is only possible through a balanced diet, physical 

ercises and spiritual recreation • .L·'or this purpose the following 

,ints "lere cons idored as es 8Gnt ial: 

- Cod lever oil 

Carlsbad Sprudelsalt 

- 'Dried yeast 

- Gele Hoyale 

- Yogi 

- Halking 

- Gardening 

- Decorative arts 

Classical Turkish music and poetry 

- Turkish proverbs 

Heligion 

- Admiration of Hature 

5. Related activities. 

Besides the \'lark for the thesis, the author vras engaged in the fo-

lm'ling studies: 

a) Engineering 3ducation 

b) Hydraulic r·lachinery and iluid hechanic5 I:otes 

C1 Hehabilitation l'lans 

d) RevievT of undergraduate courses. 
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[t \'ras possible in this ""my to alternate the vlork for the thesis 

ih other activities, and at the same time these stUdies helped in 

~)rovinG the methods and information for the thesis. 

i.'he follOilling scheme 'ias appli.ed in revim"i'ing the undergraduate 

llrses: 

I 
BLE:JTIUCITY 

6 .. Results. 

PliiS res' 

T liERr·lO 

I 

HATH 
I 

HEAT EE G :t~'TE ~~R IUG 

t 
I,IATERIALS 

RES IST A1~CE 

;'lAGh n~E DES IG11 
I 

The development of the thesis made it necessary to deal \'lith seve-

al basic engineering sciences: 

- .f.'luia Dynamics (airfoils, circulat ion, etc.) 

I 
I 
I 
I 
I 
I 
I 

I 

· i 

I 
! 

I 
- ;'iachine Design (bearings, rotor balancing, etc.) I 

- Engineering Economics (cost estil:lation, economic analysic) I 
I 
I 

'hich tocether i'li th l1eat ~'ransfer are the cornerstones of Ylechanical 

;ngineerint3. II 
Besides this, tne author "as forced to develop a syst~matic ,lOr); II 

~~,.~~_~~_J. i 
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. order to accomplish Bomething efi'i9iently, and the method of tacln-

.ns en 811r.;i:1e"ring problem, is in the aut:lOr rs opinion his ~reatest 

'ofi t. This can be sum:nariz ed ,'/i th the follo1'Ting diagram: 

Plan 

Result 
I 

·1 S V A L U . A T 109 

7 ~"pomments on thc'tmrk accomplished. 

~' BED B A C Ie 

.; 

.~lthough the author attel1pted to make his v70rk as compl€:te as po-

:sible, the lack of the necessary engineering background prevented 

;his to be the actual case. As a I'Thole the follO\'ling items may be 

!ommented: 

a) Content of the report 

As a '·Thole. the thesis is the result of compilinG a large amount of 

i.nformat~on and not as the author intended : the result of the dev8-

lopment of an idea, the survey, theory and design planned in such-a 

day as to bring light to this idea. In other ivords ,. -the i'lor1c should 

have been developed in the form o:f a cycle, -repeated several times 

leading to the development and i: . ..'1provement of an original idea. The 

report is more of..-'an !1introductory :vTork rr and not a comnlete proj eot. 

II I 
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A suggested scheme for this cyclic work is as follows: 

Data 

----_._---

PAGE fj]. 

Design Creative Thinking 

\ J 
Experimentation 

b) Surveydat a I I 
t I The survey on the available data ,vas made in order to ShO'VI the 

~ in the development of "rind power, and not to give a complet e 

dea about the subject. 

c) ~xperiments 

The experiments are not sufficient t ;norc accuracy and further :Hork 

eing still necessary. 

8. Recommendations. 

During the development of the project the author "('ras faced \'Tith se ... 

~ious technical difficulties that he could not ahrays solve satisfac-

:orily • .r'or this reason the author 'VTishes to present here an outline 

)f' Hhat he considers should be clone to improve the condit ions and 

:J.elp graduate stUdents to be more efficient in their ''lOrk. 

- Clear uefinition of regulations related "lith thesis 

lfork. 

G-raduat e students meet ings \'iith the teaching staff 

~iscuss problems related. to their thesis,. Hork in COJlmon bet1Tcen 
i 

to I 
staff ~ 
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id students may help to solve minor details and even to select the 

tesis topics. 

- Seminars \'lith teaching staff to help students to make-

) for their undergraduate deficiencies • ~Phese seminars should also 

Jal with the basic principles of Engineering Design. 

The author feels that the follm'Iing items may help in the develop-

:mt of a' thesis: 

1. Select the t~pic for the topic from a real need of 

he com:aunity in ':Jhich you li~ie. 

2. Isolate variables very carefully. 

3. Try to make research i'lith the materials and equipr:.1ent 

.vailable. 

4. Avoid becoming saturated '\'lith the subject 7 alternate 

he 'Hork of the thes 181'11 th other 1'iOrk. 

5. Time should be allolled for nei'[ concepts and ideas to 

)ecome mature. It is not ahr:,;;.ys possible to understand something the 

:irst time it is read. 

6. ~hen dealing with other persons to get their help be 

J.s polite as possible. 

7. Try to ;nake the design as flexible as pos~--;ible so as 

1;0 be ab"l.c to change vari.ables 'l'Ihenever needed. 

I 

I 
I 

I 
I 
I 
I 

! 

I i 
I j 

8. Be ahmys read:l to receive ne\-l inspirations. II 
9" The '!ark "hould 1) e und ert oj: en for person"l sat i sf act ion "0 I 

1\ i 
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1.1 statement of the nrob1em 

PAGE 2. 

The aim of this work is to study the possibilities of the uti1iza-

,on of I-lind rotors for the generat ion of povier in underdeveloped areas 

Today there are around 50.000 i'lind charges in service in the United 

;ates, with an average rating of almost 2 ki'l; and aproximately 

)0. 000 ~lindmills in service developing an average of 0.25 h. p. In 

mmark 88 ",ind turbines generate from 30 to 50 InT. (1) 

This gives an idea about the importance of the subject, a11.d the need 

~ developing more efficiellt 'methods of ,-rind po\Ver generation. 

The \'lOrk is divided into the, follo1-Ting items: 

8.. Survey on the research t'lOrk carried up to date. 

b. study of the basic theoret ical 1rinc iples involved. 

in \'Tindmill design 

c. Experimentation on different \'lind rotors to analyze 

their performance characteristics. 

d. Economic analysis in the design of ,'Tind machines. 

1.2 Descriution of the sciences used 

The folloving sciences we used during the work: 

. 
1) E.Ayres and C.Scarlott "Bnergy Sources - The I'lealthof the l:lorl<.P' 

Ee Grau iii 11 Book Co. Inc. 1952 pp 255-263. 
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a) Het eoro logy 

b) fluid Dynamics 

c) Hachine Design 

a) ;Yleteorology 

The careful design of \lTind machines requires knm.,ledge of 

e chara.cterist ics of Ivind the forces that generate them. Neteorologv 

'lps in ;predict ing "i'lind regimes. ;( ) 

t VVl')t)~\<'5 ;,)~~P~'" p. q- 12.; 119 

b) l'~luid Dynamics 

The basic princ iples of aerodynamics are ~lf~ry important 

~thei1latical tools in the study of rotors and airfoils. 

c) Hachine Design 

~'he kno'!:lledge of the propert ies of mat erials and machine 

lrts are a prerequisite for satisfactory design. 

1.3 Available facilities 

The followine equipment available in the j·lechaniqal Engineering 

!ooratory at Robert College "Tere used in the performance of the ex-

;riments: 

Tacho~Jeter 

l,'lind tunnel 

\'later flo"1 channel ( l;~B Thesis 1961 ) 

-' Soldering equipment 

,Anemometer 

Vibrodyne for balancing of machinery 

I 
I 

I 
I 
I 

I 
! 

I 

-.1 

I I 
I' 1 
1 i 
I i 

I · 
I 

I 
1 , I 

------------------------~------------,------------------~~ I 
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Variac 

'he follo ... ·ring apparatus \"las used in the Physics Laborat ory: 

~ Optical bench 

Lenses 

I 
L.4 J:1escrintion of advices and comments I 

A. Advices given by Prof. Adnarl H. i Ta§lpl.nar I 
1. Study of "'ind rotors (jnettner· ~otors) 

2. Select ion of an airfoil profile .for the Impala rotor 

3. study of the wind stucture 

4. study of the performance characteristics of dfufferent 

. i'lind rot ors 

5. study of mUlti-stage Impala rot?rs 

6. Use of airfoil discs j 
7. Study of rotor balnncing techniqu s 

8. Study of source and sink principles" 

9. Study of circulation principles 

10. Visualization of steamlineformation around stationary 

'"lind rot ors • 

11. Design of a 'dood pattern for the manufacture of blades 

12. Use of plastic materials to manufacture ro·t;ors 

13. ;"leasurement of torque by means of springs 

14. Design of a 1181"l stand 

15. Importance of rotor balancing (efficiency, vTear,ctc.) 

16. Visualization of the eddy formation in mUlti-stage ro--

tors. ~ 
. ..II 
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17. Utilization of the roto:r in other fields. 

PAGE !L 

18. Analysis of the pmTer output of a rotor from theoreti-

cal considerations 

19. Improvement of stand to reduce yai'ffiing of rot or 

20. Circulation models 

21. Improvement of the visualization techniques 

22. Heasure of torque by prony brak~. 

}3. Gom!:lents by Prof. Stanley Thompson 

1. Place of "Tindmills in the porTer, economy of a part icu­

lar count r"./ • 

2. Importance of \findmills today. . 

C. Comments by the Comprehensive COIllmittee 

1. Proof of the· relation: P = k • v3 in ,'lind povler 

2 .. Use of stainless steel as a ra1'1 material 

3. Aproximate pm'Ter developed 

4. JOUlc01'lSky condition in the design of airfoils 

5. Calculation of torque developed 

6. Type of generator to bn used • 

1.5 Bathod of procedure 

ieb ruary 1964 June 1964 

1. Engineering Index survey 

2. Survey on L.Vadot articles 

I 

I 

I 
II I ,; 
Ii 

4. 1'1ecC80110 model of a '-Tind rotor JI I 
~.-~.-----.. -----_. \ 

3. f.lurvey on .Encyc lopedya 3ri tanica : rotorspip 
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5. Impala rotor 20' em in diameter 

6. vJind theory 

7. Circulation theory 

8. Preliminary survey on I'utman and. Jevi Delhi Symposium 

9. Contact with E.Golding 

10. Preliminary survey of Horld Pouer Conference 

11. Printing thesis paper. 

12. i'I81>1 12 mm shaft 

13. ~press type Impala rotor 

14. Htll t i-st age Impala rotor. 

September 1964 - January 1965 

1. Survey of thesis regulations 

2. Survey of HE articles on rotors 

3. Survey of Vlorld Power Conference 1962, New Delhi 

Symposium, Golding, Putnam. 

4. Thesis outline 

5. Rotor balancing stand 

6. Use of plastic materials 

7. Progress report I 
J 

8. Nei;[ 20 em diameter Impala rotor 

9. Savonius S-rotor 

iebruary 1965 - June 1965 

1. Visualization of fluid flov! 

2. Intervie1,l on Prof. Ta:;>plnartsresearch l'Tork 

3. Hind theory 

------------~------------------~----~------~----~------~----------

I 

I 

I 
. I 

! 
I 

I 

I 
I 
I 

. I 
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4. ~ixing wood stand 

5. Vibrodyne experiments 

6. Wind measurements 

7. Visualization of flo\·, techniques 

8. Bearing selection 

9. Design of nei'l stand 

10. Experiments with new rotor 

11. Progress report II 

12. Soldering techniques 

13. I·;anufacture of nei1 rotors 

14. Testing of nevI stand in the ''lind tunnel 

15. ferformunce charact erist ics of the Impala, .. rotor with 

different angles of attack o£ blades. 

16 .. Aerodynamic principles 

17. gXperiments i'lith ne1'T rotors 

18 •. .i:'inal report \-Tri mng. 

1.6 Units and abbreviations 

The large variety of sources from 1'1here information '.'JaS surveyed 

'or this i'lork, forced the author to unify the terminology as much 

s possible, and include a glossary to define the most important 

terms used ill the report. 

The metric system was used throughout the whole work for uniformity. 

The nomenclature used in the theory is given in the form of a tuble 

a..t the begining of each ·section. 

'rhe references are given at the end of each section. 
t 

------~------------------------------------~------~~--~----------------

,'·1 
'j 

1 . I 

I 
1 

>1 
1 

1 
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"We !lIP 

A total of around 550 hours '.-lore used in the preparat ion of this 

.esis over a period of one and " half years, Hith an average of 10 ...... 

lurs per \leek. A s:J:mp1ified progress time chart is Given be10i'l 

.arting on October 1964 tin June 1965. 

/96~-S . 
THe":>16 Octo6r~ XIo v-zm6e.- [)oC4mk, ~"()~ &!Jrvu; IP~ A/r;/ /-tOLy r/Jd. 

vQ)i~6/~ /)OJia 

~e.or.t:f,·G,}/ BOki.,c. ~ 

pm !'l222A fl?Zm lZ2: . 
~e.r. S<!:t. tf 
) • .17".,. Co #e ch" Jr., 

~ ram 
\ 

~e)0'71 tor:;/i''"j F'.lZ2l22 

1fJ:'~# .f tJr.:..tif 

?r/'--r..-C.·~ mz 

l.a Outline of the reTJOrt , 

1. Introduction 

2. Survey on the Availahle Data 

3. ~heoret icul liacknTound 
c~ 

L} • Practical 8onsiderations 

5. 15xperime:1tal Set-up 
.-' 

-

I 
I 

I 
·1 

I 
I 

·1 
! 

I 
I 

I 
! 

I 

I 
I 
! 
i 

I 
-I 

1 

I 
f 
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7. Economic Considerations 

8 0 Conclusion 

9. HecoElraenaat ions 

10. Glossary 

11. TIeferences 

12. Appendix 

,. 1\ ,.. i\ 

rI Tavslfi mus:!..klye blra.'\.:mak diler Kemal 

Eulmaz -lisanda nagme sena-han 01a..'1 sana." 

Y.Kemal 

PAGE q. 

-----_____________ ...::::,I....:....:l"""'~;..._.,..!.1:!.;;o:.~_I.~s_ _~_________ 9 
- ----. ,.....J 

\­
I 
j 
i 
I 
I 
i 
I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL 
PAGE AD_ 

.jele1eyin, nefret verip kaglrmaYln va biriniz klzcl1 :111 Gussun.fI(Hadis; , 

2. SUR V E iON THE A V A I LAB L B D A T A 

2.1 aistori6a1 Background 

2.2 Main Engineering Projects 

2.3 Design Considerations 

2.4 Conclusion 

I 

I 

I 
I 
I 
! 
I 

I 

I 
I 
I 
I 
! 

I 
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I 
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I 
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I 
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I 1 The hj.story of the \;1indmill 

:t seC,:1S very proos.ble trlat the :'.esopot2.~i1L:. is the cradle of the 

~se :;1c;l8ilines, it is posni;)le t::.i i_a;~:ine that they were vcrticul-

:s :Jills. It \-l:lS thou,r::ht t:)at the OrLls::..ders introdu:.:ed tho ¥lind-

~l tOi:,ure'pe, out it now see:n:' th:lt the ;':editsrranean countries 

:1 them Duch ~efore the year 11CO. iro~ there it was spread to the 

~th of ~uro?e: windmills are ~entioned in the ~rchives ofCroyland 

,. 

.1Qlni lls:lp~'eared in tho 13th century; in ·jer:i1:J.QY in tht~ ltlth cen-

r,'/. In gener~cl europe::..u .... rin,dmills had u. 11ori::',;nt:.i.l axis i-lith 4-

aded rotor in "GlIB for:n of a cros~:;·. These machi:les · .... rer'.:.· u0e5 to 

A~out. the year 1350, in tne low Countries mil:s were first used 

r .pu::1pinG vater, \·rith the object of drainins t~:e l:~.nl: situ::1t.cd 110--

level. A spe.:;ial design 'i'laS' developed for this· purpose in 

;30 in Schoon:l1;wen ( ~lOll:J.nd ), an~1 SOO:1 they aJ.l the 

luntry. Uindmills :Joon 1;72re e;;.tended all o\)er :for 

~ fcedint; fOU>,t,lins. !in article publis!led in 1588 b~y 

to :~:arry I'ntcr b:l vessels tied :J:I chuin:3 to :feed .[). foun-

lin (~iG.2.11-1). in .1.686 Andre :.2.r::c:l:ler pI'opo~:ed a nCl:l type :):f:'. 

:nu;ill in the II Thco..t ru.m m.~c~lin3.rUlll .:o',.'u:! II • . i't uses a chain pUiJp 

ith clou81e Ce':T trL,.in.(,:,'ig.2.11-2). .:n 1578 Jacques Lesson ill the 

;, 

I 
I I 
: ! ! I 

I 
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I 
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nd~ill driving a chain 

~pvia a double gear 

ain,yaimin& mounted 

, rollers, from AndrG' 

'oclcler, 1636 (1) 
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~indilli11 drivine a chain 

pump, from !i.gostinoEa.rne11i 

15e8. (1) 

I 
I 
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. ,'-" U~U. !>" TI ~TRlor_:AlJS. 

Figura ~inqu~gefim3. 

I 

I 
1 

I 
\ 
I 

H----=-=:. ______ J 

• 2.11 - 4 . 

i-governing windmill with 

atable paddles having 

ing return, driving 

ingle action pump, 

m Jacob Leupold, 1724 

&#---'---..:--------.---------~-- _ . ., l 4," 

I 
I 

,ig 2.11-3 ! I 
Vertical windmill which does I 1 
not require a ya'\'lning mechu- I 

niSffi, driving a chain pump: I 
from.J~ques ~esson 1578, (1) I 

I I 
~ I 

I I 
I 
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I 

I 
I 

~ I 
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des,:: r:i b.~·s 

ertic2.1 ",i ;d:.till \'1£11C:1 recalls tne u~)dern ::a':o:::i'.ls rotors. (l"i2~2 .24-6 

I 

I 
I 

Drin ,i ~l(js ;j.eveloped ~.~ld mo re ra- I - , ~ . 

r:s .;;0 c.ura' ,Ie that they st ill 

mnJ~. The evolution led to cO~D~ruc-·1 II 

~;urVl~:e 1: tHeIr ::i8.1n ou.tllnes. :r:18 ~ 
a I 
I I 

I I 
~ i 

i 

II II 

wlndmi1~s workin~ in s6ries according to the plans ~f ~ecghwater. 

are.l. o:~ c~bout:L 17 2.C acres recovered by mca::s ~:;:f L50 cd ::ld.;;i11s. 

: mopt i~teresting ~a~hinc was propcsei by Jacob Leupold in his 

heat rum' ;nachinnrlltn hydraulicarum " pr int Gd in leipz ig. ,\n (3 b la-

: rotor drives by means of a crankshaft u.nd a tie rod,. a s in[;le-

ing pump. The ma'~hine has ,spec ial mechanisms for self-regulat ion. 

:[; 2.11-4). I 
:0 1739 ;;8li ;or pu,:?lished in the " Archite~ture hyJ.raulique 11 se- I 

I 

~1 windmills. Among others, one had an inclined axis, on one sid~ 

! \'I'heel ,,,.:.~s supported, and on the other an elevating ;-;he,-.;l 'fas 

lnr;ed directly into the u~1.ter. Another "i'lindmill made use oJ a ro-

very sir;;,j,lar to modern high speed 'propellers i'lith t'Uistcd ";::1<1-

I 

I 

I 
I 

I 
I 
I 

~' \ 
B 

auxiliary wheel or fantail, used to tUrn the mill into the wind 

;omat ico.11y, a device Dt :';'lJ. used to,~8.y o~n 1759 : meaton presented 

the l·.oyul ~)ocicty 3. re:port lIOn the con~,truction and effects o:f 

ld:nill sa.ils ", "L1ich des ~rijes experimental study to .:rlee.sure 

~que at different speeds. (1) 

-,'. 

:'1 " 

-, 
-,. '., 

; 

" 

'j 
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2.11-5 

mill driving a tread-

direct 1y, 8.:..'1d a 1'lincl-

with a piston pump, 

5e1idor 1739 (1) 

.-----------.--.-------~--'----..:... 

F~.ft,,".lrL..~',.,.,.'~ , 
-c--r~r:_=_:_.::..c...:::;:..:____'7oJ,'.J,. IM-·R .... lu- ,....1."'1 

r-·E;l-wrI7. lUr' 
'~~:"-I<>', k-",rnI.J."...,,,.! 

.. ~ .. , 

?'ig 2.11-6 

Windmill driving a chain 

plir!1p through a cable trans'-

mission, ~rom Be1idor1739 

(1) 

I 
I 

i 
I 
I 
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~idence exi3t of the utilization Ji wind~ills during the last 

~ury in Den:.lark. Seve:-;ty or eighty years ago prac:tically all farm 

r 1n Ierimad;: I·W.S peri'orme~ ~:y men and animals. Danis!l :farms are 

~ rule 100 to 15(:,000 r/ large, und the .::ountry is divided in 

os of such size. Jra::'n ''ias rrou:id 1:1 1ndust rial mills mainly dri-

~y wind power ~ii~ 2.11-7). The windmills as a rule were of, the 

:h type with four s~ils a~d a swept area diameter of 20 to 22 m, 

1 prov:Lding 30 Li'o". Sails had to be reom'led every IS to 20 years. 

develo;ment of the ranish agriculture forced f~rms towards the 

of tl~e ~;entur:l to 'mi Id their o't'ln house-mil Ls, tha.t ·\'ler:." very 

aitive in con~tru~tion. Several manufa~turers saon st~rted the 

:uetion of ilOuse-mi11~) made of ir8n a. r3. steel. 

)OU.t l890 lrole8 or I. 1::t Cour, a teacher of phys iCG :.md che!nist r,f, 

1 the financial help of t~).e Dan ish Cover.:Jent 3tarted a researGh 

on wind~illG. (2) In 1898 W.h.~ooreland started some experi-

I 
i 
! 
I 
I 
; 

I 

I I 
I 
I 

I I 

GS .in r·leerut (India) -on the use of ,-rind!!lills for \'lell Irrigation. (3)1 
I 

red Chat~erton, }rofessor of ~ngineering in ~ardas (India) con-

ted DOlle experl~ents'in 1902 on the usc of winC~ills for irriea-

1. The l,'linumill h9.U a dio.r;leter of ').2 :n, \'n.s rla:ed 23 :n a:;ove 

lild level, i'later !Jeinr; rn.i.sed to a level .of 8 1:1 •• ;e m~.lde 8011e S'.lg-

Gions obout the p~n-r(:r ',)btainable from the "li::d L'-!leI t~le ::'e~-3t 10- I 
I , 

.', 

! ;:::;oskjr, 8a'o1nln from Hussi8.; Pran:Jlt, .. ·etz l'rO{J1 Germany;.;onstantin,p i 

fel fro~ ~ran~e bocame interested in the Janign of more i~ter8s- II 1;[ j 
! and effioient windmills. ;~m~e from Jer~any built in 1920 a [' 

i I. 
~~~="".~"""~&.1UiJ:a~'!iE ._~~IIG'~ 
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i'ig 2.11-7 

·Industri:::.1 ;ni11 in 

Donmark (19 th cent.) 

(2) 

1!'ig 2.11-8 

::,'h0 tumr:1e i·rind turb ine built 

in G-erm:-J.ny, 1920 (5) 
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ilettner started hi work on the wi~d rotor, 

"--~-~l 

In 1924 I 
,)f t he ;:.aGnu~~ I 

= 

,'p. 2~' ) \ . .If·l~: • J . .. : -8 .. 

effect; in 1925 he ~rosseJ the ocean with hi~ rotorGhip ~aden-Badea 

(Jig 2.23-1) 1 fol10\"lGd ::y the se(;ond ship .,arb'.ir<.:.. r~'he :::.aif!e ye:s in 

,:'inland, :~:avonius ;)uil t his ,~~-shapod rot or. (5) In 1929 the /adras 

oepart r:lc:lt of ;~,.':r icultLlre in ;ndi~ 3et up 8. \'Titdmi 1 L at ,;oinr)at ore, 

4 m in di~metGr aaJ 13 ill above ;;,:round level, "lith a uaily :.~ver~::'Ge 

output of 60 litres. (4) ]n lS29 Darrieus in Bourget (~r~nce ), 

biu1t a tva-bladed unit 20 ~ in dia:t1eter and a ratio of tip spee ~ of 

10 (":'iC; 2 .11-9 ) . 

"n 1931 8. . ussian desiGn was tested, after two years of wind nea-

S'.lrc:ments. ~'he unit \'18.8 33 'iil .;n ,}iamster, 100\"\'1 ~u~;put, 220 ',:01":. 

il1duc:tion generator, connected to a 6300 volt line, to t:,lC 20,0('0 lnr 

peat 11urning steam station at Sevastopol, 30 l;':a distaYlt ,~ Yult8. ). 

Peculation was by pit..:h control al.!.Q a:1 '-.l.tJ-tomatic Yai'!:i.ing sj'stem 

',' ,rl i ,0' b 

\:ino 

2.11-10). In 1932 ~adarus tasted his 30 ill hiehr 9 ill dia~eter 

rotor with success'(Pip 2.23-12). .. ) In 1933 Hon~ef proposed a de-

sign with 5 turbines (85 ill in diameter each) mounted on a 350 ill hign 

• 

I 
I 

i 
i 
~ 
~ s , 
i • I. 

I 
~ I 

I I 
I 1 I ! 
§ I 
I I 
G I 
I I 
, 1 

~ ! 
J ' 

~ i 
~ . 1 

~ 1 
tm'lcr, the generators being built in the tur:iincs, generating a total l : 

a 
a 

of 5000 kw ~ ,U'ig 2.1],:....11). (5) In 1936 the [,lysore Depc:.rtment of j 
Agriculture ( :India 

~ 

set up a windnill at Hibbal near 3angalore, I 
13 ill in diameter, 17 ill from the Cround level, producinsl00,COO litres . 

i 
In 1941 the ~~mith-futnam wind turbine ii:::.S installed on t ila :,;rantlp~J. IS 

l(nob in \]er::lont ( J;::A ). It vias :;. tHO 01ade, 58 m c,iaueter .... :t1eel, on 

a 41 :n. high t0118r develop ing 1(00 1n7 in f:).v~)ra;;.le ,dn .. t;;; U'if, 2.25-3), 
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. F'ig 2.11"';10 

l.'he nussian 'I-rind turbi-

n e, 33m in d i 2.tJ1 at or 

built in Yalta, 1931 

(5) 
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The 20 ill D;),l'l'ieux \lind 

turbine t 1929 (5) 
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1!'ig 2.11-11 

Design proposed by 

Honne;e 1933 (5) 
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~ind turbine system visua1i-

zed by Percy H.Thomas 1945 

(6) 
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I I 
::ased Ol1 the resu-LtD obt3.incu from this first ;.;om:,8rcial c:.:perimen­

tal uni 1;, ] er::y Ii. Thomas engineer 0'1' the ;J31\ .\.'ccler::.l.l rO\'ler ~omission 

1-'" . 

! j 

II 
I' , 

designed in 1945 two speciul units: one a tva blade turjine for 7500 

~w_, the other for 6500 kw. with three blade2 (°1'" 2 11 12') (~\ -
J; /:.:, •• - -. 0) Ln 

1947 r8i]o:::.rch on e;':porimenta1 ..... Tindmill and. Hind tilYlnel i:1vestigation 

started at the tom'whip of li3.slev in Denm:.~rl: tHinGr t~1e ;]}:;1\8 organi-

zation (£'i[-: 2.26-3). (2) ~:11 1949 :he :ritish .:le::tricD.l and Allied 

iydl.'J"!'~t 1'i (~S Res earch As ~)·:)c iat ion (1r~-\ InA), conduc·t; cd 1rv ~l.. U. Goldin;: .., ~. 

e;.:perimental unit on~osta l:er.:.d Dillon the)rlmey COf::'2,t one (Ii' the 

'\"!indiest spots ·:m oarth, to Dener'lto 100 l:vT. (6) ~i'his 1'1:18 fo11m'lod 

by other two 100 kw. units (tic 2.27-1 and ~ig 2.27-2). (8) 

In 19~1 the hesear~h ~oun~il of IsrJsl e~t~b1iGhe~ a ~ind Fo~er 

~o~mittee, in order to study the potentialities of vind power in the 

country_ (8) In 1952 J.i'l.Stlll pu:)lL::ihed his resu1tfj on the 1-.'ind-

m-ill in i-oona ( India ). lie reported that the plant ':lao not Gffit:!ient 

the use being limited to places of plenty wind. (4) Durin~ the sa-

me period, .; .HUtter ,'?;..t the !i.llCaier ,ierke 

hlOC' ~/ " 1' TT ,~ 0.0 r .... 'i·.' 220/380 volt, 10 !U prope ller 

\~tjich turned a 3 phase, 50 dycle generator (~ig 2.1l-13).(9) In 1953 
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! 

3 ' ··t ' . t t· t ·°1 t ' ° at llu" 'folt,"' .. - I.-a ~:i'l. U:11' Has ~u't lU:J oper,?.-lOi1:; _:.,1 [1', '.'1·;r1(1.:1(;· - ' . -' ~ 

'C. (10) In 1~5'i Australia ,-,tarts "- PI'-')!,:"''" 01' or8ct:io~ of 27 HLld I 
survey f3tation~) in 'Juri.ous r:J.rts of the south. 'te.tL:;tica1 8.ata. l'iaS ~ 

;~~:.:..thered .in order to stU'iY the C .;onomiC!s of 1dnd pOl'ler ::;encrat :i.on. (111 s 
R 

! I 
B I 

In 1956 1. Vcl,.o·ot, E'rance, reported consul tE'.flt en,.:inecr at 

r:1anufa.::; tu re i I 
meter. (12) (i'-i,,, 2.29-1 to .:i.':" 2.29-4). In. 1957 Vi.;\ • .. arrison reported. ~ \ 

,-' ,. l~. I 
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Fig 2.11-13 

A11eaier small p01'ler generator designed 

by EUt.t er, 8 k"·T. (12) 
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I, 
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I 

(13) • 

I 
I 

earried satisfastGrLiy on a .'. \'Iat~ ;ri,Li nt,;r (he; 2.210-1) I 

The latteElt report 8.',·a~la!)le on p )1ier in the 6 ti, 

I;orld ~:O\'ler :;onference :leld u.t _:,;el_burne -lurl'11 c- 1 q62 "e~e 'n u. t.:. -~ • h ~, ::~rc is st ~l.l 

Jeing carried in ';':;nglr:md in the .0Titish ;~le,:~trical cL~d Allied 

trieD Hesez:,r(!h As:'ociation and 'in -;8r2.e1 by the i-:ese;'Lrch Council. (14) 

--_._,--_._---
f 1 ) t -

(2) 

I .... adot II Viator, lumping ,)y \lindr:li11s '1 hO:li.11.e ln~1.Hc{le. :'optem:\re 

1957. pp 524-529. 

J.Ju'...~l !I ~'Jind .-:achL:es If ~'find. a.d ~,oL~r ,ncrGJ. l:ro,:;e,.:dL1gs on 

the nm·,' ; o1:ti y:np:,sluiil.J ~;8J 19./6. p;.' 56-73. 

5 th ~or:d iower Conference. Jien 

n.'LL:.miah II Some lro;jlems Ll the Jtili:-;:1tion of '.-find l'oi·:er in 

I. 
i 
! t 

I I 

II 
I I 
5 II 
~ 
~ I 

I 
1 

I 
~ I 
i i 

I
H I 

I I I . 

I j India ". \'iind and ~~olar L~l1er·g'y. l'roGeedings on the 1:01'1 Delhi 

Symposium.jNCS;O 195$. un 102-105. 

(5) r)"'·l~'er" "ut"}'''ln II I.oT,;e .... '0 !~~I~o'n thp. "":l'n rl It '}-:.n "'o-'-:-r"""~ 19.d8 'n'" 08 10'81 \.- ..La ~lJ. _.J. •• .J.- .I. (.... \1 J. ~ _ It .... 4 ,\.N ....... .:.) u (" ....... il/. I. ~J ~J ':..' -

(6,) B •• \yres ando':.::::carlctt "Energ7 Source,:; - ~he dea1th of the \';o1"ld ll 

~ , 

I I 
I 

I 

. I' I . j 

I r 1 
a \ 1,' 

(7) 3.;J.:'oldinE", and r.'::.i:iontap:non IlDevelonilent 
..... '.-' • .t 

of n IGC k~. VinJ Io-
'I.-leI' Plant in the Jni t sd Xing:2 am II Comision .:ine.rgias 
'", .' 1 ',' ~ ·1°~ 10'-0 bSpOC 1a es. :'r!J.Qrlc.. June ~..IO • 

(8) 5 th ~Iorld I;o .. ~er ~on;ference ~ .den 1956. pp 313-314. 
(9) of ::ma.l1 ~. ind 

iOHor l'lant s II ,lind 8.i:ct;:olar .0nergy. Proceed ineD of the , 81'; 

i.elhi 'ymposium. U:~EfjCO 19:;6. :Pl~ 7,:.;-89.' 
~ I 

(10) J. -:.'1'en1:ie1 lI'jLld ~'o\'t.=;r HeS8cTc::;i'i iI1 Israel" '.Ii.:L a;1<1 ;'olar:ner,:-::y D I 
.i:roceedings :)I the ,; e1'l Delhi Sympos iurn. ':;'; ::8;0 1953 pp 108-114. 11 

(11) 5 ~h Jorld rower Conference 1956,Jien. p 125. 

I 
a 

I 
~ :~nt?;ineerinE~ ::,01 76 No.5 1-13.y19,)7 p r: 418-422. g 

(12) tiThe Production 0:' .Electri'::al ~;ner{~-y by the ~lind " 

Eouille ;':,lan:;he. Octobre 1958. p:p 5C3-525. 
. (13) 'up!;ly II Electrical 

, . ..,_,.... r-r- . r . - '" \ l,S14) 6 th ,;orld ~;o\'lC'r;onference, .:e1bourn8 .I..,)i.)2. PI> 31')-370 F;.iHi 450 • .J 
-- - ------~-------___.. .......... t .. _ ... .., 7.1''''' IIBI;-aJ._ .... _rrm ..--~~~ 
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i'ollo':ling informat ion 1'T1:.1S obtained from ,:m intervimv \,Tith 

F'rof. professor of ;'iechanical j~ngineering at 

hobert Golleg and adviso~ for this thesis, held on March 24, 1965. 

The purpose of the . terview was to find out the dev~lopment of a 

neiV' idee.. for the ut ilizat 1 of wind power, carried out by Prof. 

~:a9Pl.nar that made it pos sible :the invent ion of a n8\': 1'Tind rot or. 

Prof. Ta~plnar, shOl'led since early childhood great intcr,.ett for 
~ .. / 

machinery. lie st ill remembers 1'1i th Pleis~o, 11 trip ),p/{nut-olia 

. w'here ,he sm'; a simple "mtor 'dhoel turning, "u~ed ~,9/scare birds from 

" / the fields. When' he started teaching lJ'luid ;!~~~'l~nics and liydraulic 
. ... 

Nachinery at Eobert College, he vms invol~ed in :t!}G desien of pro-
/' """ 

peller turb ines as an assignment ~o t)lee/'senior class >--He ·was then 
/ 

./ 

interested on the lattest dovelopm,e"nts made 
/ 

,/' . 

dynamics and specially on the p/inciples of 
/ 

,/ 

in the field"'~dro­
floH. During his g~adua-

t e ''lork in n. 1. 'r., he planr;,.ea to prepare his thes is on "Three <limen­
/' 

sional balancing apparat,ti~". There he \'10.8 introduced to })rof. 
// 

Spannhalce, professo;;/of hydraulic r'lachinery. Prof. l' 8.~plnar as 8ie-
,/ 

ted him in the e,Y8ction of the :avitation laboratory, cavitation 
/ 

./ 
being the suh5ect matter for his thesis. During their 'VTork, Prof. 

". /" 

Ta9P lnar -?uggest ed l)rof. f)panilhake an ide?. about ~;c8.ilenging IO:3, 
/ 

/ 
"Thich the latter developed Qfteri'!D.rds ,·;hen he returned back to 

;' 

J~a~Uhe. Ger,"a~y. prof., Sp,m'1hake was the Director of the llesearch 

listl.tute for liyctr2.ullc ,:iaclllnery. 

Prof. Ta$.plnar h!.ld also the op-portunity \'10 r};: in£; ;Ii it 11 ;'1'01'. 
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Th. Rehbock, from farlsruhe, Director of the Resc~rch Laboratory 
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:Blades manufactured by 

tig 2.12-4 

Paper model by Prof. Ta~plnar 
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-
r Regulation and 13.nd Reclamation, specially in the drai113.CG pro-

jects ereee in Holland and river Hhein in Germ::tny. 

After his return to~key, Irof. Ta9plnar C;avc a lecture at Hobert 
'-,-

Goll'::ge on Hodern .i."luid -=ynUrtti-~nd Gavitat ion. lie soon started his 

experiments on a neu uind rotor, b~~hiSideas on the basic prin­

ciples of hydrodynamics. iig 2.12-1 ShOW~~Of ;;lings used for 

his experiments • The outline of the e:z:perirnents c~~ follovTs: 

-
1. 3xperlments to study the flm-[ conditions :J.round the statio-

nary \Olind rotor, using paper strips attached to tl1e i'lings. This made 

it possible the analysis of the blade profiles .:-.:nd stream tubes in 

the \-lheel. 

2~ Torque measure~ents 'to study the power characteristics of 

the \'lindrot ors. 

3. study of different blade profiles. 

. 
4. Study of the performance characteristics of d.ifi'erent models 

varying the diameter to height ratio: 

- one to one ratio 

- one' to ti'TO rat io 

one to four ratio (Express type) 

-four to one ratio 

tl-TO to one ratio.' 

5. :3tudy of the performance charact erist ics of three stage 

rotors, placed 120 degrees out of phase from each other. 
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'rhe most inter),stin,<; characteristic of tho rotor is it reversabili- II 
,) I 

ty, that is to say the ability to turn in clock and. cou.nterclock'iiise ~. \ ___ ~ ________ .-.-.. ....... ~J ! 
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?ig 2.12-2 

Frinciples of the 2:mp:J.1a i{otor 

~lig 2.12-3 

Different app1icat ions of the rotor 
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iirect ion. '1.'116 idea, 'das f'inally I)at ented by the Turlrihh gov"errne11·t. The 

)0culiar characteristi8s of this rotor makes it possible its applica­

;ion in other fields of' energy generation such as "Tater turbines 1 ' 

3team turbines and also gas turbines, and as ship propeller. (Fig 2.12~2) 

Prof. Ta:;;plnar" has also prepared a program for the implementation 

):f the hivention f taking into consideration the existing conditions 

in underdeveloped countries. The aim of the program is to utilize the 

rlind rotor in small com:nunities .Hith \·mter scarcity to pump \1011 or 

;round Hater to be used for irrigation. '.)1he plan envi8a~~cs the pobsi-

J ili ty of financine: the proj ect in such a m:;.y as to e.ccept payment 

:)fthe cost of the equipment and its installation only after "!:later 

~as been pumped out. 

A field of application of this rotor than ban have still further 

iev~lopment is the one of the gas turbine. The gases produced in a 

~ombustion chamber may be injected in the rotor through noz:;les pla- I 
ced in the: 

- main axis of the rotor 

- nose of the blades 

- tip of the blades 

- upper chamber of the blades 

- lOi-'ler cha.mber of the blades 

Another pos~:ible ~l:pplication may be the use of :GUO ram jets in the 

form of airfoils, placed instead of the blades, developing in this 

\'JUY an eztra'J'rdinary torque. (.Pig 2.12-3) 

In .i:'ebru.ary 1964 t Prof. 'l'a9pll1:J.r brought to his Graduate class 
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at Robert College, a paper :nodel of the II Impala rotor ll to eZri!3.in the 

basic principles involved in such a rotor. (Fig.2.l2-4). ~rom this 

model, the author of this thesis started his -preliminary ·work. 

" Cigeri l~apt In ama 1 tarifi hendo •.• " ( 
'T ,- , 
il • it. / 

I 
i 
I 

I 
I 

.JOI::Q/.LtJ c - I 
I 
! 
I 

! 
! 



".~ 
--- -_._--, j 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE 31. 

BE8EI~ • ISTANBUL 

-.~------------------~-~-----------------------

lier yigidin bir yonurt yiyi:;;i varll. 

2.2 [·lAIN mWIllB3RING PRJJ.GCTS 

..... 21 L" 1:" t (,.' , 1'-'00) ~. . a 00ur ~roJec ~enmarK,~) 

2.22 India. Hese8.rch J:-'ro,j eet (1898) 

2.23 i1et'lner \1 ina Hot or :~xperif!1ents (1924) 

2.24 . Savonius \:ind Hotor Project (1925) 

2.25 Smith-Putnam Bxperio(mta1 l)roject (1941) 

2.26 :J:SAS Eesearch T'roject (Denmo..rlc, 1947) 

2.27 riEAIHA Rosearch Project (England,1949) 

2 28 I 1 '· h r (lg· r)l) • _ srae hesearc .l!rogrn.m __ 

2.29 :experimental I'rogram inJ."rance (1956) 

2.210 Wind-Rotor Research Project (USA,1957) 
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i-Jindmills are an important factor in the developme:1t of the Banish 

aE:r icul ture. ~;ei'ore t he end of the last century, t:~rain \'TS-S ground :'n 

·with four sails and a swept dia2eter of 20 t~ 22 ill • At that time 

there vere a;,)out 3COGui,ndmills pro(lu(;inr; each 30 !.u., j;heir sails 

having~o be renewed' e~ch 15 to 20 years. The develop~ent of the ~a-

nish agriculture to\mru.~3 the end of the century forced mc:my :1'armers 

to build their Oi'ln house-mills, that; itJOre very ?rblitive in con:3truc-

tion. Soon several manufa6turers started. ~he production of house-

mills of iron and st,eel .. ~~his mills ¥lOTted very satisfactorily at about 

7 ill/sec vlind speeds or more. About 35 years as), 30,000 of these 

house-mills i'rere \'lorking produc,ing about 100,000 k'\L (.i:'ig 2.11-7). 

About 18g0 Irofessor I;. La~our, a teacher of physics and chemistry 

at· the Aslwv.:olk nigh :"ohool, booame interestecl in the utilil:.ation 

of ''lind pm'wr. ~~e had previou.sly '\w1'ked at the hoyal ~:nstitutG of 

:,:eteorol02Y in::opEmhagen, 1:111e1'8 he had sturted stuct,ring the pr·Jble~n. 

The Danish Goverment granted him a sum of money for the erection of 

an e::perimental :.rlill at ,\sl~ov. A i'rind tUl1nsJ\8.nd a laboratory \'ms 

also erected near the experimental mill (~ig 2.21-1). ihis mill .pro-

duced enou~h electricity for light and power to the tOWTI2hip and 

high school of ;',skov. About 1900 l,a Cour presented his design of a 

: l1indm'i11 for sup I-'.ly lnt; eleGtrL; i ty for fanl1 use. Dur inc t~le follcH'rinG 

'Ie .J... ~ y~ars 

ra.t il1gmh~h 5 to 25 k\-J., 110 or 220 voltage, sup :'1 i eli ,-ri th:.':. 100 to 300 

amper-hour batt§ry for periods oi' cJ-1m \·lind. 
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.Jtilization of electri;:;ity soon Qeca:ne very ~OGicJOn in ';en:nark, ancl 

the conventional type of d.ie~:;el enr:ines \Vere i:ltrocluced to tho 0oun-

try. :\fter the ;,'orld \iar II, an interconnected neti'Tor~~ ';)et~'lCen ;en-

1~llrk, :.:'i·Teec~en and t~ealand I'W .. S esii:>lished. 'T'he large 2.rilOunt of avrtila·-

ble electricity in ':;enmark maoe it pos"iblE the utiliL:x'cio::1 of elec-

tric paller :for-.::ooki:lg, he:;·.t in!:, poult r,)T, farm lV'ork, eta., v;i th the 

conseque,Jt rise in the living standards. (1) 

i.·'ig 2.21-1 

l;iind ~unne1 at Askov, 1896 (1) 
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!:n 1898 ii .R . . ·;oorelar;d started some ex::·erir.1ents in ;':eerut on the 

Uf~e of l1indmills for irrigation. n 1902 Alfred ':;hatterton~onducted 
... 

somee:<:perLnents on the same subject. in 1952 ,J.;'i.~.,til1 pU:'Jlisheil 

his results o~ the windmill in Poona. esides tho above rnc~tioned 

experiments, some iueli vidual attemptr3 for eXl)lot inc i'lind pO\'i8r ·';lere. 

the problem. The Indian Gover;~[ent be:.;a::le interested in the :'Jrao:ern 

end started a research program. 

The .indian :,eteorclociGal Jepartment ( 'iED ), !UantD.ins regular 

o~servatio~s of wiGd velocity a~d direction at more than 200 places 

Dcattered allover the country. Data relating the average monthly and 

annual mean hourly \find velocities at these stations iJ(;;re published 

in 1948. 1:hese data provided useful infoTmat ion on areas vlhere "lind-

mills may be set up, but thel are of little value for estimating the 

available vlind p0'2ier. ;101'e recent ly the n,:D has instalJ.ed re:.::!ording 

anemographs at selected 24 places r and a proposal for installing 

anemographs in 15 ~o1'e places was ~onsicered. An estimate of the a-

vailable enerE0J for \drHlmills ,;"l.t 20 selected place,:> i1a;,;~ been made ~:)y 

Dhatia. GonsiJerations to :)0 taken into ac,:;ount in the :ne8.curemont 

of vTind pom:;r have also been annlJzed by Ven';:ite~-:h\'mran, D:nd tilGY 

constitute the preliminary approach to practical large scale project8~ 

Ihe surveys reveal that prospect::; for ',.rind pOlISI' exi3ts in various 

regions of La.iast :lan and the ',i est Coast. r~he Second Five 1 ear Plan 

cnvisavGs the Dossibilities of setting up 5000 mnall units and 100 
,J .. 

medium sized units for irrigation and rural e18ctrifi~ati6n purpo-
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l-n lq26 Anton .i,'18ttnor in l'ii~ i'lO,)l"'- 01") t '11e l'~.t..CJr~ .. 1,\:p. n:-" o ;"il "Ie~ _ ~.. .., 'JlJ _,:.",.!.. • .·l'~~~ r G 

urn Lotor It (1eipz ig), 8iJphas ::'zed the importanc e of find inU; an 8cono-

ical solution to I:lal~e use of the enor:IlOUf; a::'lOv.nt of uind pOi-Ter a',1ai-

aGle on land a~d on sea. He haa started making Gome resear~h on th~ 

erodynamic :,o.b oratory 01' the U::d verG i ty ,)1" Got t inssn ( Ger:!,a,,,,'}r ) in 

922, to i.nprove the existing methods of utilizing wind power. -y 

sans of these e:-:periments he \i8.S able:; to c()ufirrn 11isilcli'l thsories 

.ad est:Jlisn the coeffi~~ieLffi uliich made it p08:ih1e to decide on the 

Iroport ions of his fa::lQus rotorshlp . 

. rotor. ~n both cases streamlines are ~oflected to one 'side of the 

)OGY, "l"111ere an acceleration of the fluid talres pl~lce, with a reduction 

)f prescure, vlhile on the opposite side,the fluid is retar5ecl with 

I 

i I I I 

II 
I I 
; I 

I 
I 
I 

In'in~rease in pressure,· causinf.~. a lift ~pon the ~ro~J'rnted Qrp~ of I _ ,. 1", o'~ C4 ~a. - II 
;h8 hody. In the case of the airplane i';inr:~ tile deflection of the stre~G'l. \ 

Lines. is affected by rIlEnnS of a 8'oe::::1301 'oroiilo Boetion. The rotor II I 
k L ~ , 

~':'-.I.~."~~,~ ·t n I 1:1 if; revolved about a fi::~ed axis, therefol'e offeril1{; a :101'1 -0\ .. -,-_. __ .J i 

l;he \'lind making the act:im c;o::-d:; inuous. l1'his act ion 1'e::ei vas t;ie n8.:lie 

firf;t liiade investieations on the ~~:J.b;je:;t. 

1. :.:evelopmc:::lt of the e:,~ T,sri!:lon ts 

The first application of the rotor for p ropo.ls i on i-1~L3 t~le 

Buckau - later na~ed Badon Baden. ~his rotorship provej that the 

application w~s to:hnically fea~~jle. (1) Tne' ship wss 3 .Jasted, 900 

I I 

I I 
I 
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I 

3CS, rotut ed oy mot ors at .:::.. ~;pe(::d of 125 rpm'"i tll a tip veloel ty 

20 m/see, usine 9 hp power. (2) In "rind and sea Quch c.1S she 

~ountered in the .::(orth ~;ea in mlduinter, as ;1el1 as on the Atlantic, 

ere she also pas~ed thro~gh terrific storms, the rotors proved to 

. entirely safe, reliable and efficient. The rotors accomplished 

actly as much power as sails of about 10 ti~es the areu it formely 

r1. In plae e of a ere;-! to handle the sails, there 1ms only an e1ec-

I 
I 

~ I i I 

I I 
E I 

ic controller on the bridge for each rotor. (~i6 2.23-1) The second i I 
I I torship, "r:.s the 30('0 tonsjarbara - the first rot0r~}hip a::tually 

.ilt for Gorn:'ler::ial servi:~e- vlhose perfor:nance agree(l t"lith the I I 
pectet ions of designers and ',,,mers.< 1) 't ''''-0 built in 1927" cons is-l \1 

cl of 3 verti~;al rotati;lg c:/l':nderG t 7.5 ill in diameter, 32 n (ugh. J i 

.8 maximum rotat ing speed af aa~h rotor about its -vert ical 

.8 150 rpm. (3) 

hlthough i'l indoills h:.id. been used very ext ens ivaly duri:1g tile last 

II 
II 
II I . ,. t . 1 ..t..' ~ • t' , " .(' 2 -'.l.' t '1 +, lS lC uCSlgns un 1 line 1 lrd' QecaueSOI cne v Gfl ::!e;.!.·'ur:{. ~. e OJ enar 

;udied this problem for yeers and c0rried on e~te~Div0 cxperimetlts~. I 
~ I 

) a result he hael come to the G~mc11.lsiol1 t:lat a 1111881 i'lith ... ·linee ~ i 

superior. t·,} alI. e:{istin~ I! lilt on the plan of the current 'liould be 

r:pes in effi~ie~cy a~d ability to sta~t at low wind velocities, end I , 
1.e E-a.den i,aden confirmed hh; ·~onclusions and a uindmill based on thts I 
lthstand the highest 1-lind pressures. The sw:::cGssful opc;rat ion of 

rincip1e3 ,';a;3 ~oon designed and erected. The wheel of the windmill 

=.d a diameter of 22::nu; the to\·;rer \'1i18 35 ;ll i.1iga. 'rhe four rotors 

?ch diameter of 14 em at the outer end and 11 em at the inner 

i 
I , 
~ 
~ 

r4':C:T.~~ 
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I 
.8 2.23-1 

~den Baden rbtorship 

.925). from Putnam. 

1!'ie; 2.23-2 

First large rotor windmill 

to be built (1) 

! 
! 

I 

I i 
~ I 
I I 
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and 5.3 ru long. The shells Here made of 0.8 lfi;1 aluminium alloy. 

1 rotor was driven by a small rotor bdilt into the inside of the 

Ll. The top housing contained the electric generator ",hieh '.'las dri- ; 

by the \'lheel through a 1:100 transmis~3ion. The eenerator I-JaS of 

~ecial desicn Civing constant voltage a.t i'l'idely varyine speeds 

~ the basis of the experience gained with the first wind power 

lt1 it was proposed to build a 35 m wheel. This d~sign did not 

electric motors to turn the rotors - i'lhose regulation i'laS an im-

tant factor for best' operating conditions - but Savonius rotors 

acheu. at t he ends of the :;Jain rotors. The regulat ion 1:18.8 8.r~!1nged 

iJeens of pivoted flaps in the "lings of the auxiliary rotors .... lhich 

n and check the speed increase as soon as t:le lii'tld ~3pecd 8xcee,is 

ertain amount, the opening ':Jeing resisted by 81)1'12188 (iig 2..23-4). 

I Savonius rotors were 2.6 m high, 1.6 8 in diameter. The main 

Ittner r',Jtors ';Tere 8 Zl long and 1. 5 :;1 in di3.ineter ut the inner 

and 1.95 at the out er end. The inIer vTaS planned to be 8;3 m height. 

characteristic curve of the rotor shows a 3aximu~ output of 136.5 

, at tile "lind velocity of 36 km/hr. (2ig 2.23-5). 

~. Chara~terjstics of tlettner rotors 

[he ~lettner rotor can be considered as a mechanism which, when 

leed in th~ current of fluid produces a force nearly at a right 

1 

I 
I 
I 
I 

I 
I' 
I 
I 
i 

\ 

I \ 
I i 
ft I -'". 
i I 
, ·1 

,.~ I 
~le to the diree:tion of flm7, ~'lith ti'iD Gompon0 i1JGs : the lift (281'p011 ! i 

:u1ar to the direction of i10v) and the drag (~ar:11e1 to ~h: :l~V) !\ I ~I\i 
9 1I;:;.agl1us effect 11 dev,~~oped \'lhel:l a ,.:;ircular cy 1.1l'1u.er 1S rO·vEil-eo. 1.n a 

streamline can be expres:Jed mathemat iGally by the equatilon: [i \ 
. ~ \ 

~ : 
!l 

. "~oj' 
",/.1 

." •. ·1 ... 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL - PAGE·40, 

BEBEK ,ISTANBUL 

E'iG 2.23-3 

Another Vie'l'T of the rotor 

"lin(]rnill. (1) 

.... 
" 

ig 2.23-4 

roposed 1,rind poj>;er plant 

f 135 Inv. ( 1 ) 

l"---' . 

I i 
i I 
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i I , I 
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itere t, is the projected area, J tile a density of the fluid, V the 

elocity of the fluid ~iith respect to the 'body, and ,,, a coefficient 'J 

::::pending upon the characteristics of the body. In the case of the 

irplane i'ling, this coefficient depends upon the angle of attacl: and, 

he aspect of the profile, while for the rotor it also varies with 

he ratio of peripheral velocity to fluid velocity. In a airplane 

rind the vacuum on the upper side is responsible for 60 to 80~5 of the 

;otal lift, the same is true for the rotor (.r'ie 2.23-6), uhile the 

~est is furnished by the pres~mre increase on the opposi to side '.lheFe 

;he cylinder surface moves in a direct ion opposed to that of the 

mrrent. 

There are three characteristic diagrams of the Plettner rotor, which 

llave been published and their act ion eXl?Q.ined: 

a) The first one &i ves the : lift and drag coofficienr; of a rotor, 

for constant "Tind velocity and vary ing perj;pheral speed (Fig 2.23-7). 

?he value of the lift coefficient for a sail under the best. conditions 

does not reach the value of 1. 

b) The second one gives the lift as a function of the peripheral 

velocity and'tvind. velo~ity ratio ( u/v ). 1'he curve illustrates h011 

rapidly tho lift increases as the cylinder accelerates and re<::.ches 

a maxir;lum "There the peripheral speed is about 3.5 to 4 times larger 

than the vTind velocity (FiG 2.23-8). 

c) The third one gives the total pressure against the two rotors of 

1 
I 

II , . 
1 

I I 
I 

I 
I 
i 

I 
R ! 

i 1 .. -I 

I I,' 

H I 
the Baden Badan, plotted aGBinst the wind velocity. The upper curve I I 
represents the conditions "lhen the rotors are turninG at 0. Gonstaht i I 

-- ~--~_._.-.. _~-~-_ .. ~_:!" __ .;o --._. __ ......,..", aI 'all. JCIIP' ..... V"'.IIP ..... --et "I~j t 
\ 

I 
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~o ./36.$!:w .yo' 

flO 

roa. 

6a 

curve for the propose~ 

135 In·l. liouer pl:.lnt. (1). 

i::'ig 2.23-7 

r.PYpical polar cli2.gram of a 

~lettner rotor. (1) 
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Distribution of pres~urc a-

round a ilettner rotor. (1) 
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l~lig 2.23-8 

lAft plated against ratio of 

peripheral speed to wind ve-
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speed, and the lOvIer one l,'lhen they are stationary. l"orthis particular 

conditions, the pressure against the rotors ceases to increase after 

the· \'Tind has reached a velocity of abou-I, 43 km/hr (itlig 2.28-9). 

The study of this characteris·tic:i can be summarized as follm'iS: 

l) the lift coefficient of a rotor is much larger compared with a 

curved ourface -"such as a sail - or the best airfoil profile. 

.2) the resistance .in the direct ion of the "lind - the cirag - is much 

larGer than for an airfoil,and the lift -drag ratio is relatively 

Iml, but the resistance is not e:.:ces':".ive i'Tnen dealing \1ith natl.lral 

i·;ind. 

3) the total pressure exerted by the wind upon the rotor at any gi-

ven \'lind velocity, when changing the speed of rotation, vary bet,'reen 

a minioum '.lhen the rotor i~3 not revolving and a maximum 'i1bich depends 

on the ratio of the peripheral speed and l'lind velocity. 

4) the pm'ler required to revolve the rotor at the velo~ity glvln,'; 

maximum lift islesG than 1071', of the energy abstr::~ctod fro,:) the 

l'lind. This figure was o:-jtained from laboratory :.md pract ical expe-

ri ence, but improvement is pos ;?ible :w chancer, in the desie::,"!l. 

The main advantages of the wind rotors are: 

ability to start at 1mV' '\'lind velocities. 

- ability to Generate povler even ¥Then the Hind velocity exceeds 

the value for \'Thich it "las designed. It reaches a. maximum and 

then remains constant. 

II 

I I i 
~ j , 

I 

I 
I 

I I 
I 

I I I ~ ! 
I I I 

~ I l 

I ~ i 
r. ! l 

II ! 
; I I 

I I: I' 
I ~ 

I \ 

- ability to run vrith '~!inds 
'. 

co~ing in .all directions~ i 
__ ~ ___ ~,,~~.-.-...-~..unw~"'#~~~ 
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;;. Applicat ions of .i:1lettn f3r rot ors 

The Pl~ttner rotor can be used 2.8 
, 

a~ a ~ .. lindmill to pump \'later or generate pmoJ'er, 

b) a means of Sl1ip propulsion 

c) a "rat er tU.rb ine 

d) a ventilator (1) 

PAGE Iflj. 

The only important commercial attempt to utilize the principles 

I 
! 

I 
! 
I 

~ 
f the .ilettner rotor \'ro.s ::lade in Hast Burlington, Ne'hT J-ersey (USA.) ~ 

.n 1932, by six large light ami pm-ler companies: }'ublie ,;ervicc i I 
;lect rio 2.nd Gas COr.Jpany, Ii;iddl'e t'/est Ut ili ties , Detroit ~dison, Gtan:- I ·1 

lard Gas and :>lectric, United. Gas Improvement and United Light. and I 
?ower companies. The original design consisted of 15 to 40, 50 tons I 

iertic2.1 rotors mounted on trucks which circle around a 10 ill gage I 
I 

~rack about 1000 ill in dia~neter. Each rotor consists of an aluminium 

shell bruced and support cd by a dur2.1umin frame"i'rork. ~he roto..t ing 

t 
I system is given its initial rotation by means of a motor. The i'lind 
I 

! 
i propelo it around the track and drives a generator coupled to the 

i I 
~ i 
~ ! I I 
I I 
• I 
I I 

other. :8ach rotor unit ',ms i' ! I ' 
I 

rotor, and at the time gearing' m3.intains the requ is ite rot2 ... t ion same 

of euch cylinder about its axis. The generators Q.re operated in pa-

rallel, feeding their output through trolleys to an overhead ous. 'in 

order to provide for continuous rotation of oach rotor twice during 

a cO,-:lpleto circuit of the track, otherui5e the torques produced on 

opposite se:nicircles i'loulc1 neutr'l.lize 8<lch 

expected to produce 1000 kw. under the ~ast favorable wind velocities 

(Lie 2.23-10). At \'lest l)urlington a full size rotor Has erected on 
'" 

stat ionary founu8....,t ions for the purpose of confirming the results 00- I! 

tained in wind tunnel test on a small worki~g model. (4), ~ 
-----_____ '""~_ lit' "P'SI'7'Iltalllf~.W!"G"7fo&~~1 
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\ 'dind rotor generator at 
; 

\ 
I {iest .Burlington. (5) 
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Total pressure on the two rotors of the 
. 

.i..laden naden rot orship, plot ted against 

"rind veloc i ty • (1) 

i:'ig.2.23-10 

Vind rotor plant proposed for 

Hest 3urlineton, in iTeH J-ersey 

(6) 
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The results of this first experimental wind rotor was reported by 

Julius D. i;ac1aras as sntisfaGtory; '.rhe tm-,rer i'i8.S about 30 high, 9.3 ill 

in diameter and developed. a peripheral velocity of as high as 24 km/hr. 

vlith 16 km/hr i1ind the to'\:ler DhoHed a translational force of 4000 kg 

at right al'f9-es to the directiol1 at: the "'lind (~lig 2.23-11 and ?ig 2u23-

12). (5) 

(1) ',;' :-\ 
"" • '-.,J. 

;,;il1hofft !l IncJJ.lstrialiq:mlicationsof the .L"letti1er E\otor" 

j!18chanical ~.ngineGring. 

(i) l::ricyclopi'dia Britanica 

(3) Hichard b • .ci 
.. i).9.,O 1Ii:'luic. 

Vol 49 ~o. 3 1927 pp 249-253. 

(
A \ 

'-f. J 

(5) 

"Rotorship II 

-' "~J i:-( Lurge light and Power ~ompanie8 ~ack ~xperi~ental Wind 

fiotor Plant". Electrical World. October 3, 1931 P 574. 

_ lI';iind Eotor :;:;xl)ori;.ncnts 'ecid.ccllv ~~atisfactoryfl :Electrica.l 
~ ~ 

Yiorld, Jct ober 28, 1933 P 548 

(6) - lI\lill TOVlcrs Like 'I.'hese Dot ·the I;and II 

1932. P 914. 
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2.24 Savonius Hind Hotor Project .. ( i'inland, 

1. Development 6f the project. 

PAGE liB. 

1925 L 

;-~;.J. Savonius, froD Helsing-fors, l"inlanJ, became interested. in 

Lerodynarni:.; problems in 1924u11en the .J:1lettner firl3t rotorship Baden 

laden \'las tested. Ee had trlen asl:"ed to himself if' it Here not P9ssi-

)le to s~bstitute the electric motor needed to turn the cylinder ro-

;ors by \'lind pm'Ter. He made some experiments hy cutt ing a .;Plettner 

! ' 

I 
I 

I, I' 
~ylinderfrom top to bottom into semicylindrical surface~, moved I I 
~hese side\'Jays alonG tho cutting plane, formine; a rotor \-fhiGh in cross J ! 
section resembled the letter "S", placed a shaft in the center and I 

i 
1 

[)losed in the surfaces betv18en the t,'lO circular end plates. He tested 

this model in a ,·[indy day, an unmistakable pull manifested itself, 

IThich tended to press the shaft side\vays. The next step 1-laS to make 

1 

i 
! 

another similar structure and to mount both all the ends of 0. common ,I 
"haft, to the middle of l'Ihich he fixed another shaft at right angles. ! I 'J 

'1.'his resembled a ·tvlO-bladed propell'3r ori:lindmill, v]ith ;3-rotors I II 
instead of ordinary vanes. Holdine- this structure in the \'lind the ro- I Ii ;j 

~ I 

tors spinned around while the \vhole. propeller revolved at a fair sta- I... I 
'j 

t e • 'O:~"7z,;,i.",...... =-

In this 1,1ay Savonius able to rnake use of the :·lagnus effoct and 

at the same time avoid the need for an external l)Oller to turn the 

rotors. The problem vTaS then to i'ind a \'lay to increa:::;e the speed of 

rotation o'f the rotor: this ';"as accomplished by mov.ing the half cy-

linders slight ly back t o\·mrds each other and the G0ntral axis, having 

ill this vIa:! a gap or air. passage in the mid,lle of the rotor. It "EtS 

found that the uind striking the cup of one vane l'lOuld 1'10\,1 through 

I 
I 
I 

, . 
i 

! 
~ I . I 
, i I! 
i; ~ 
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Fig 2.24-1 . 

a) ~'ling rotor "Ti th closed passage (vacuum at concave sid.e 
of "I'ring a.) 

b) \ling rotor ",ith open passage. (2 ) 

, 

j:"ig 2.24-2 

Boat equipped. \vith Sav,onius 

rotor, sailing at 11 km/hr 

(2) 
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" I ~ the central gap into the other vane, reple.cing i'lith presslire there 

the vacuum i'lhich caused the drag. (1) The torque is increased in this 

'!tray by 3. times and the peripheral speed increased by a factor of 1.7. 

(2) There is also an increu,se in the sidepref:3sure caused by an 

i~provement in the Magnus effect 2.24-1). 

Savonius applied his device for the same purpose as Flattnerhad. 
. ? 

lie equipped a 5 ill 'small bout with two metal S-fotors of about 10 m-

area each. '~Phe vanes "lere mad.e reversible, so 6.8 toal10l'1 sailing f 

i'lith' "lind fr'om either side. The results of this experiment~:: '\-;rere very 

satisfactory (Pig 2.24-2). ~he next applieati011 to un6ergo te~;ts 

a rotor of 2 m
2 

for pumping ;·laetr. The result,:,' obtained Ivere very 

encouraGing, comparing the output !,d.th ihJ.t ;):1-" Q 2 ::l '.1indmill of Ame-

rican manufacture, tho S. rotorprooved. to be 707~ better. 

A,fter thi s preliminary experiments, Sevonius' r:.e.alizedtl1Q...ll,eeJL.gf 

more scient-ifie research to determine th~S.ji vane form and to study _ . . --- . --~~---"""'a_ ssnww_ """'. 

I 
,I I 

tile influence of size and shape of the central openning, end plates, 

~,; a~so o~her det~~~~~'~'~;'- I i 
se, he: redisgned and enlarged the \'lind tunnel he had used and equipped ~ ! 

~ I 
it with the necessary recording instruments. The test mod~ls were ma~ I I 

~ i 
de comparatively large,i-dth a ,dnd area of 2.300 cm2 • In all some I! 
50 different models were made and tested in the wind tunhel. These ; I 

~ ! 
models included several aeroturbines and windmills of the ordinary I i 

~ I
i 

horizontal type, several models of vertical ainlheels of oldGr cons-

I I, truction, and finally more than 30 different models of S rotors. I 
~ i 
~ i 

2. Testing of the S rotors "I I" 

According to e;periments carried up to the first decades of the 20th ~ I 
j t 
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century the highest efficiency, reuched \-rith modern design1:.'! of i'Tind-

miils v'las 40% ('<lind tunnel at 3-ottingen, Germany). The most common 

range of efficiencies runned from::, 10):' for the older \'!90den 1'rindmills, 

to 15-207; for average multi-vened steel t.,rindmills, the highest value 

I 

reached for t he last ones being 30-327; • The 4 vaned i-'Tindmill of La 8 I' 

Gour developed an output of 21;;. This results were obtained from wind .1
1 

tu.nnel experiments,' conditions in natural vTind being somG'what diffe- ~ I 
~ 

rent. It Vlas est imat ed that in actual condit i 011S 10~: of the pOi'ler 

obtained in I'lind tunnels could. De developed. This difference is due 

to-two main factors: 

a) a I'lindmill provided "lith a fclnetail cannot instantly follo,\-l 

the frequent changes of '.'Tind direction. 

b) losses due to turbulence and resist&nce due to friction are 

larger by a factor of 1.6 in nature (af,teI' iJilau). 

~ I 
I I II 

I 
I 

1 
, ! 

'/'1 

I 

-L~--------------------M_--__ Y~--~~------------------------~--------------------t!-+~ 
~ rrofessor, Detz had calculated the efficiency of vert ical ':lindmills' I 

compared \-1i th the common type hori:j ont2.l windmills and est imated ! 

and found for the 10. Cour ,-;heels for example 20 to 22% effie iency 

~ i 

I I I I 
& I 
i i 
I 
i 
Ii 
~ 

that only 207~ of the theorct lcal m,::3.xirnum could be developed 1'11 th the 

vertical ,vindmills ( 1/3 of that for horizontal vrindmills). In prac-

tiee only an efi:iciency of 5-10% 1-JaS a;LloHed for this type. 

Savonius con·firrned in his experiments most of this estimations, 

(for a peripheral speed wind velogity ratio of 2.25). Jsing a 12 

0
1

'" I 
ver-, 

curved vano turbine model of Geri31an def.;ign he found an efficiency 

32.5% (for a rat io of 1.25) It :.i i th the ;uul-t i-vaned turbines of the 

tical type the best result obtained ~as l4~ and this with a 3 va,ned 

\'Theel very simiiary to a S rotorw'ith the addition of one vane. This 

van '..;, '~ed b\r circuiar end Dlat es; Hhen these "Here re;noved 

l 
a 
a 

I 
~ 

, \ 
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the paver dropped to 7%. The corresponding power o~p~ vith ~ •• ls I 
having 4, 6, or more vanes 1m8 DGti1een 8 and 10~~ "lith endplates and G 

4 and 5% without them. The best of the rotor models gave 31% (for a 

peripheral speed uind velocity ratio of 1.74), the best output being 

at a ratio of 0.85. 

'I'he comparative study of the 12 vaned i-rhee1, the Ia Gour '\'Jheol and 

the S-rotor, sho'ws that the characteris:tics of the pOi-:er curve of the 

S-rotor an.a the 12 vaned '\'Theel are similar, ~lhi.le the La Courhas 

the characteristics of a high speed "lheel, with the consequent 101'[ 

I 

I 
I 

starting allmrable torque. Savonills proved by his .):periments that 3~% I i 
efficiency could be obtained liith his S-rotor against "hat "as predlC-! I 
ted by Eetz (only 20~; theoretical and 10% IJI'actical). Of course Betz 

had neglected alltogether the L·iagnus effect "Thieh accounts for the 

big difference (l<'ig 2.24-3'a) 

,2avonius be6amaalso interested in the torque problem for the s~ 

rotor, vlhich apparently \1a8 not constant around the rotor. He compa.- 1 

red his rotor i,'lith the 12 vaned ahd the La Cour i'lheels~ and found that I, ,J 
I 1 

"lhile the ,las,ttwo ".;er!3 constani;, t:'18 torque of the S-rotor reached 

a value of 100~ great er t han the 12 vaned \1heel a.t its maximum point 

and, 617~ smaller at the minimum point. The 90?Cpositiondoes not, as 

might be expected , give the greatest torque, the :na.~imum oc'::uring at 

the aIgle of 40. In the 150 position ",hen the turbino present;3 its 

smallest area to the ,'rind, there appe:lrs another maximum, equal to 

the torque of the 12 vaned \'iheGl~ though in this position the uind 

iSblo~dng over the back of the ;Oi.dvancing vane. If area isa160 taken 

into corisideration the to:;"que is Cit its maxLnuI:l in this pos it i'on • m" .L,ne 

relative sum of torque for one complete revolution for the 'o'Thee13 

c i 1 

I !J 

r I j 

'1,\ ! 

, I 

I ! 

L II 
ft. 

II i 

i 

I , 1 
I 

i 
I 
1 

I 
j 

j 

I 
J 
l 
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pO~'ler diagrams taken in Hind 

tunnel (pOimr output in per 

cent of total wind Dower) 

1) S-rotor, 2) 12 vaned mill, 

3) 4 vaned La Cour mill. (1) 

BEBEK ,ISTANBUL 

40 

L J 

-~,.,--.. ----------.-----~ 

a. c 

~'ig 2.24-4 

Different forms of wing rotors of the 

first type tested by Savonius. (2) 

--:--' -------._', --~.---' 

PAGE 53, 

7 L.odd 

II 
I I 
I I 
~ I 
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I 
I 
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10lar torque diagram 

1) S-rotor 

2) 12 vaned uindmill 

31 4 vaned La Caur mill 

PAGE 5"4. 
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idered is: (Fig 2.24-3 b) 

'.rorgue 

S-rotor 100 

12 vaned 'i.Theel 87 

La CourHheel 11 (1) 

long the ;nany test 1ngs, Savonius experLnent ed "lith different forms 

~ot ors, uith openings betifeen ,'lings of the order of 1/4 to 1/5 of 

spread of the "'ings, "lith end plates. The results of the compara­

i tests are given as follows (Fig 2~24~4) 

T'\'lO 'i'linged rotor "Ii th passage 100 

Ti';O '!,'Tinged rotor 'i-Ti th - '- :.; lor/e;j pa~-;3::~ ~j.ec 

'THO "'Tinged rotor i-lith crossed \lings 20. 

Three winged rotor with passage open_ 80 

Four Hinged rotor with inside opening 30 

a '·lindihill. He then investigated the efficiency of his rotor com-'. "....... 

'ed with a well designed modern windmill (Fig 2.24-5). This wind-

.1 had a diamet 9r of 70 em "lith 18 vanes, the latter having curved 

':faces \rith 15 angle at the outer tip and 44 at the base. TiW types 

wing rotors were tested against the more conventional one. Wing 
/ 

;or No.1 having a semicy1indrical form with the passage 1/5 of the 

.'ead, and "ling rotor Ho.2 havingi·rings of 165 circumference i'lith 

:I middle opening 1/4 of the spread. The three mod.els, had the same 

)jected area perpendicular to the '·lind. :he results from numerous 
--' 

3tS in the open air, were the following (no units available in the 

I 
I 
I 
I 

,-J ' 
~ I 
II 
ijl 

I 
; 

I. I I :1 
~ I 

~ ! 
~ ! j . 

i 
I , I 

, ! 
I I 
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• ~ I 
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a I 

I \ 
I, I . : 
il i 

I 
i 

I 
i 
1 



----------------

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE 56_ 

BEBEI{ ,ISTANBUL 

)avonius,\dng rotor arranged 

:orpumping \'Tat er. (3) 

I"ig 2.24-5 

[ciodern 18 vaned i'lindmi11 

tested against the '-li.ng ro-

tor. (2) 

, 
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{(,/ 
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// 
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ourcel: 

Type Load RDm \'lork Ratio of 

18 vaned \'lindmill 1.3 390 507 75 

Uing rotor No. 1 1.3 520 676 100 

.. ling rotor 1~0 • 2 0.9 705 634- 93 

The 1:Ting rotors \-lore able to start even i'lith very feeble 1vinds. A 

~omparative test 'was macle uith a La Cour Hindmi11 of 4 curved vanes. 

[he rotor witidmi11 carried 4 radial wing rot are each pr?vided with an 

end disc. The area of the vanes -of the La. Cour uindmilluas eaual to 
, ~ 

the projected area of the four rotors. The co~parative results were 

01:1 

j 
'l , 

I 
I , 

the folloi',ing: , I 
Type I.Joad Hum 'dark ;;atio of 'OmlOr 

La Cour "Jindmill 30 110 330 '72 

'Viing rotor 120 38 456 100 
" , 

! 

II 
I ! I tl 

i'; ,I, I 

I I I 

T'hese results show that the -rTing rotor i1ind:r,il1 has a • -L. • s"tarIJlng 

torqu..e 4 times as great as the more convent ional vlindmill,the speed 

being -much Im·rer. (2) , 

After the completion of the ~.;indtunnel tests f2avonLw continued 
c..... 91 a t ¥>~!D~~.~~~~~~·~~~~~'r'ir.:-~,,::s\s~~~,,~~~t~;,~~~~~+~~~~~~~~· 

~ his test ing ",ark in the natural \·!ind. During these t c·sts he conflrr:led 
. '---.~-~~~~ 

tunnel, 'i'iith an in·::!rease in the PO\'HH' output, i1hich \'las 

not the case '''lith the conventional \'Iindmills. The average pouer out-

I : 
~!I··] 

put as fized 'oy several testo rose to 37% on the ax.is. Also the star- i I~ , i \ i 
~_ ... .......osh ......... _",..oiik.gtoRlO1" ~_~~~~~_~'~'f"¥"'JOf!W"~"-

ting pOllerunder,..,load ',.IaS not inferior to the conventiono.l type, the I M 
latter loosing muchpo\'ler due to changes in '\'Tind direct ion. '_ 1lY1 +~r-_ t I() 

------~~ ! 

, 
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er hand the S-rotor C?,p-_in9tantlv adant .. to cJ1an.r;es",1ll .. _V,.rectionr 
--= ......... .. ...... 

matter hou frequent they may occur. The only important difference 
_. ....-, ~iIiofWIW.-r:--.... ?_% ... T .... ~ 

the rotors is the increase in the optimum peripheral speed ratio 

m 0.85 in the wind tun;1cl to 0.92-1.0 in the \·lind.tunu4.l.(l) 
/' 

i. Applications of the S-rotors< 

'he advantages of the f)-rotor can be summarized as follo\'lS: 

- gre::.ter pOi·rer obtainable from. the, f;~me projected area. 
, 

ability to generate pOi'ler fro::! \lind coming in any direet ion 

(no need for fantails). 

simRlicity of construction. 

vertical drive shaft (no need for gearing). 

- possibility of' speed regulation '('lith a si:nplc device. 

possibility of' changing direction of rotation. 

Th.ere ~re .rnanypossible: applications of the S-rotor, among others 
. 

te follo~1ing can be mentioned: 

for 'wat er pumping 

for generating electric pO'>ler 

for ventilating and dust elimination 

for propelling rotorships 

as mot ors in rivers e.nd in tidal flo\'ls. 

for moving o.dvertismellts and siGns outdoors 

aS1';ater, air or steam meters 

as a steam turbine 

a) \'Iat er pumping 

Ifhe S-rot err pumping plants \,[ere first tri~d in 1925 in .ii'inland. In 

I 
I 

, I 

II 
I i • I 

I I 
I I 
~ I , 

: 

''''I' " 
! 

I 
! 
I 
I 
I 
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I 
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hese plants the S-rotor is fixed to a vertical :;haft running 012 

tfo self-oiling ball bearings situated in a central bearing tube ri­

ing half-"lay up the rotor (Pig 2.24-6). ~:he uPl~er bearin{~ is sitt\a:-

ed practically in the middle of the rotor, and the strains are tlms 

a.:wn up ::iirect ly '-Ti thol.lt any leakage. The !)earing tube is fixed to 

he mast or tm'ler r::::.ising the ro.tor to the necessary h:i.eht over the 

round. The pOVler shaft is continued straight dOim to the ground le-

el or to the pump of a special design. larger units are equipped ",ith 

l~ps to limit the rotor to turn over a predeter~ined speed, acted 

:r the cehtri fugal force depending upon the speed of rotat ion. The 

peed of 'rot at ion depends upon the proportions oithe· rotor. A rotor 

·f large 'diamet er and comparat ive'lj 'short in length, runs at a slo'r1 

peed and' is suitable to use for' h0:::VJr loads, i-lhile one of equal a.rea 

ut long and of small diameter Gan have a speed several times higher.' 

rumping p'lants are built in sizes from 1 m2 up,'lards,depending u:oon 

heapplfcation. (Pig 2.24-7). (1) A type of iJindmill '.-;i th S-rotors 
I 

! III 
~ 

. , I 

lount cd radially as vanes seems to be .not very practical 1)ecause it 

:annot take advantage of, ,-rinds co::ling from all directions. (2) 

b) Ventilation 

Another application is the rotor ventilator, equipped vlith a centrl-, I 
'ugal fan at the lower end plate, tho co:obination mounted on a central I I 
;hai't on ball bearinGs over the suct ion pipe. (Pig 2.24-8). ~:his I i 

, .1 

lrrangement vTa:S found to five an efficiency higher than any other I \ 
--'pe +' 1 d - d' f (·_P;g.' 2.24-9). 'J~'.·he i~trone: suction DOI'ler I,: oJ.. em'; eSlgne De ore. .1. - ~ '-' 0-

it develops is of special importance where air has to be drtnm by 1 
~ 

~ent ilat ion through ducts or pipes of C ollsiderable lenGth t orvrhere I 
~he air due to 10\-1'or temperature or other causes - mixture of air and' I 
l1eavy !':8.ses. 80". p:asoline fumes J exha.ust - is heavier th2~ 

I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK ,ISTANBUL 

!n~------~-I --=-------~~.---~--.----~-

f J I 
~ ! 

(~:~.~?~,:. ~) ~ 
'·· .... ·1··:-v

. 

, f' 

.I!'ig 2.24-7 l;ig 2.24-8 

PAGE 60. 

~~or of 1 m2 area used ~or Hotor centrifugal vent ilat or 

vrat er pU::lping 

.3 

10 

consisting of a driving S-rotor 

and a driven centrifugal fan.· (1) 

(1) Lloyd ship ventilator 

(2) John TINA ~entilator 

(3) 2-X';)tor ventilator 

,./ 

Diagram showing air volumes and. pressure differences 

II 
I I 
~ I 
r, ! 
I i 
I I 

I 
I 
i 
I 
I 
I· 

i 

I 

I , 
I I 
i I , I 

~ \ created by various cO'lils. (1) ---_. ___ ""'_.".3 I I 
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3.1. '1'11e totor ventilator can tie used for vent,ilating all kind of l' ':1 

iings - fact aries, movies, theat res, schools, barra~kS, s\':im;ning I 
s, fortifications, amul1itiol1 ~,tores, subterranean chaot)ers, cable 

3- specially in those ,,[here electricity cannot be used or 80110-
M 

They can also be used in. farm buildingG such as stables, henhouses I 
ies, 'storage cellars, granaries, etc •• Also they can be useci on ~ 

I I 
. I I 

I cilos~d roons without danger of 8zplosion they are indispensnble~ I I 
1 '. • • 1 1 t l' . .I d ("'. r 24 le \. ~ ! ,or~-:S'ln venlC as even inen.US J.f; s~oppe '!"l[; c. - )). ,1.S a ~ 

e;{ceeding ! I 

s and'motorboats. The rotor ventilater has the advantaGe of being 

rt ight and can \'1Or1::: on heaV";'{ storms. ~'or removing gasoline fumes 

mey c:01·,l the rotor is able to create a counter pres~"JUre 

ivind pressure and drau out smoke and stop b8..01:£101-[. 

I 
I 

I 
i 

c) Current and tidal motor 

)me early trials shcH"ed that the 2.-rotor Harked in a l-rater stream 

:!tly in the same '.'lay, ,·:ith the same peripheral speed r2.tio 2.nd effi-

lCY as in an air stream. 'dater being about 800 heavier than 

I 
i 

, the pm'Tor genern.ted is greater ill prOI)Ortion, although the flovT 
I 

I ! 
~ivers or tidal streams has lower speeds - from 2 to ~ ill/sec 

apt forl'raterfalls. Even a speed of O.6:n/sec gives the s:.::.me a-

nt of po\,;c~r an air speed of about 5.5 m/ sec, lihich is the vind 

rage. 
? 

~10r a \yater speed of 2 m/ sec the pOi-Jer per m~ 01' rotor area II 
I \ 
~ : 

about 1.6 hp. The rotating speed of a rotor - completely submerged 

the water stream - is 6 '{,imos higher than for a pad:.ile \-rheel ,\-lith 

.a1 pO,"ier - only submerged in its 10iver quarter. Such a rotor Sl1.h-

'ged in the '-l?-t er is l;ell protected from I'raves, d.oes not ne·:::d el9.-

'ate dams, earth ''larks, :.!hannels and chutes, [1.-. simple frame or 

)at bein sufficient. 

I p 

j 
I 
I 

, \ 

I 
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l~ig 2.24-10 

Comb inat ion of S-rotor Vii th ordinary pro-

peller fan for vent ilat ing closed vehicles. 

Pig 2.24-11 

"Hater rotor used at :\lonaco. (1) 
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l8 only applicat ion of this princ iple '"laS illD.de by nr. Richards, 

lirector of the Institute. Oceanographi'lue at r,lonaco, l'iith a double 

)r of 0.4 m2 area coupled to a pump \-lith a stroke volume of about 

liter. lie "las able to raise I'rater by "rave motion to 6, 8, 10, 20 

finally to a height of 34 ill. The pOi'rer obtained 1-laS at times 

hp/m2 • It ""~S then decided to- build a three rotor model mounted 

~he same shaft ilith a total area of 3 m2 for the purpose of raising 

3r to the acquariums of' the r':US80 Oceonagraphique,. O'\ig 2.24-11). 

rotor ~·ras fitxed in a sort of cavity 1'lOrn out of the rocks at the 

er line by the "Taves. The cavity 'Has so shallo~l that a third of 

"rotors '!:Tere ·out of the water, and {'Then the i'laVeS recided they -

a ent irely ollt. Because of the proximity of the roc1:8 the greater 

t of' the power of the '-laves was spent in the impact and friction, 

interference of" tho ,,;rave action being considerable •. In spite of 

s the Tatar "las driving t\'lO aoble acting pumps lifting the \Jater 

. f 65 t f 1 8 2""" / 2 . - , d a hOlght 0 "m. A pOi-ler outpu 0' • ,- -. I np l:l " "TaS o!)'t(;.l.lne 

h wind speeds ~rotind 3 m/sec. (1) 

d} Ship propelling. 

:s a method of propelling ships, the S-rotor is an interesting idea, 

auseunlike the £lettner rotorohip, auxiliary :nachinery. is not 

~essary. It also offers more res istanco to the l'lind t,i1an a stat io-

~ cylihder, so that it could be used for driving a ship directly 

;h the 'i-lind. The variation of the passage permits the regulation 

the speed, thus ai' sailing. Actual testing on a, small boat 1-laS 

:-ried ",ith satisfactor.'l results (Fig 2.24-2). (2) 

3avonius considered his I-Tino; rotor as a method of generatinG po-

r in. small scale, i'lhore simplicity and 10\'1 cost are important 

\ 

, '. f 
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:actors sucha.s irrigation, lighting of far:us, vil1a[;,es, ate. (1) 
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i 
nearing VolUme 53, Ho. 5 Nay 1931 pp 333-338. i 

(2) Alexander Llemin "The Savenius ~jinG Eotor" j',Iechanic8,1 EnginGoring ~ 

,VolumeA7 No. 11 1925 pp 911 ... 912. i 
(:~) Palmer C.I)utna.m tlPO\·;er from the 'dincJ.l' Van l:ostrand 1948. ; 

~ 
(4) .P.;]. i'lillhof'ft, 1/ Industrial Ap~,licat ~ons of the llet:tner Rot or" a 

~ 

(1' \ I S.J.Savonius "The :~:-rot or and Its Applicat ions H ~Iechanical Engi-. 

Mechanical Znginecring VolunG 49 No. 3 1927 pp 249-253. 
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2.25 Smith - Putnam Experimental I'roject (U.S.A.,1941} 

The Smith-Putnam proje;t started in 1941 id.th .a long and exhausti-

I 
I • e research to find the best location of site. The location had to bcl 

n the state of Vermont, an extensive study on the 8cteorologic:.:.1 li_' j 

onditions vTaS made. Some favorable sum:nit points l'iCre selected and 

odels of these - 1/5000 scale - \'lere prel)ared. and tested in 'Hind I I 
unnels, under the consultation of von harman. Very c<)..reiul m,easure- ~ I 
entsi';ere taken, "but' it Ivas found, cO::llparing thcse results "'lith actua~~ I 

-.-.~ I 
,ata from anemometers and pilot balloons, that: experimental results ~ I 
,ad n~- ~a;u;~~~:;~:=:i-~;:=;:""b:;;:~l~~'~~:~::=~ ! I' 
~ . .,.AM.,..,.liiIJiA iF" ~ ",,,,,,iK 1'~I1:~~~~~~~~''''1l$..1<"'!'-r..~ 

YSi~"Of:~~~~~~rgence 
. ~.' - ~'~~"t!:~~.,. .. Y.' 

'as the fact that the compressibility of air uas insignificant in 
~"e:eerc M;!:}"'~~II~~.):-if..::e;::;:"''-''''~'''£l'I.)~ d"'i!!,~!.i"·~~~'-':;''':'~!.W'~·~''·'l':;;:i1~>@.~:,.,.~;::t;~~~'''''''~~~:~~~ 

.hemodels and the actual natl..1rq, of the free-a{r velocity' '\:las unknou:n. 

... ~~;;:\,>r.n~~:~",,~~~!~~~~~~~ .. 'f<;;t .. ..:.;.~...;,,~.~.~ 

'1'he failure of the. eXperimental results forced the research group 

;0 'talee actual data ui thin a certain area of "fermont, by means of se-

feral portable anemometers located at several. keylocat'ions (height 

md topOGraphy) in order to find ,a relationship bet"reen the g(~ometry 

)f the profile of a site and the Wind flow characteristics. Measure-

i1cnts\';ere carriea.in 20 selected sites to :find the \"lind velocity 

~radient, estimate the free-air velocity and thus calculate the acC!e-

leration factor. In some cases it 'Has necessar~T to use heated anemo-

neters (gas or electrically heated), because of icinG of the cups ;the 

instruments being frequently checked in llind tunnels. A 60 ill high 

Christmas tree \'la13 erected on Grandpa IS Knob, and severo.l anemometers 

:nounted. The structure of the tree itself caused some errors in the 

measurements that -nad to be considered. Account of the fact that an 
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lig. 2.25-2 

A.ssembly of the blades 

or' the ::'(mi t h-Futnam ",ind 

turbine in August 1941. 

(1) 

2.25-1 

Gran~pa's Knob 1250 kw. test I 

unitaf the Smith-Putnam I I 
\'Tind turb inc. (1) I 

--. __ ._-. -. ---~.,I···~--------
I 
I 

I 
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i 
~ 
~ I 
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'ig 2.25-3 

;mith···Putnam ~·!in.d turbine 

:Ayres and ;3car1ott) 

~i~ 2.25-4 I 

E!ca1e ,:lodel of the )?roposcd I 
prototype of a new Smith-

rutm:'f:i '·lind. tarbine. 1500 

(1) 

--___ _ ____________ d~_ftT~W 
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n.emometer and' a Hind turbine are dynamieally different had to be ma-

e, the inertias being different. The anemometers recorded '..:ith 0. 1)8.-

tery driven stylus each time 800 m of T;lind had pas:3ed. Another ane-

mueter \'1hioh r.ecorded the distance e.:ich 15 m.inutes was added. Heasu-

'ements made on the temperature gradient, shmfed a strong variation 

if temperature 'I'lith height. 

Aft er many theoret ical, pract iCfil.:, met eorological and economical 

;tudies were made~ the final design of the wind turhine was decided. 

:he characteristics df the prototype were the following: 1250 kw. ra~ 

~ed capacity, 58 mdia'1leter of blad.es, 600 rpm, 41 m hub hcight ~nd 
./ . J 

56 m tOlfer height . Blades "'ere nACA 4418 profile usinea hydraulic 
...... 

pitch control system (Fig 2.25~1). The aims of testing this unit ~ere: 

a) adjust the turbine to best operating ·co!1ditions. 
J 

. b) measure the aerodynar;lic and mechanical efiiciencies 

c) measure the stresses developed 

A large number of recording instruments 1'lerC' fixed to the i'find tUI'--:- I 

bine in order to measure diffenent variables. Tho unit \'laS i)rought 

into operation during October 1941, and it 1'lOrked smoothly JurLlg one 

I 
- I .~ 

I 
I 

I 

I I 

II 
I 
I 
I 
I 

I I 
year, several variables having to be fixed durine; ol)er9.tion O'ig 2.25-1 I 
2). On iebruary 1943 a lUo.in hear{ng had to "oe 8ha'1Gcd and this caused i i 
an important disasnem'bling opera·t ion; the repair oeing cor;rpleted in 

:'larch 1945. Aft er t'l'lO \'lee]rs of cont inuous operat ion, the failure of 

011e of the blades forced the Droject to be discontinued. Very valua-
~ '. I j 

( ii g 2. 25 - 3 ) ,\ 1 

Based on these resul'ts a neu model, rated at 1.500 l:';T. I·ms CiesigneJ.(l)' \ 

ble il1format ion Has obtained during the runninG periods. 

- ·x· - I ! 
; (1) Palmer C. Putnam lIPover from. the Viind" VaIl iiostrand 1948. ~ I 

~ \ - _______ lIIIRrrnn ce;:.~~ , 
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2.26 SEAS Research Project ( Dennark 7 1947 ) 

Although all the demand for electric pm-Jerin Denmark after the 

orld \'Iar II, \-Tas satisfied by means of a larGe interconnected net-

orl{ oe"Ii,\,Ieen Denmark. ~3;-leeclen and Zealand., t~le high cost of imported 

'uels left SOilie incent i ve to invest igate the POf3 ~~ibiliiies of us ing 

rind power in a sma:Ll. This could help for a continuous utilization 

>f the power generated by "lind machines and the cohsequ8nt saving of 

:uel or ,-rat e1'" head. '2he development of the pOI'leI' capacity in Denmark 

Ls controlled by a country ,\,iicle organization. 

In 1947 a research programi'las started by the S,EAS (Syd0stsgo~ lla:dds 

Elektrici tests Akt ieselslcab) 'in the t o'iffiship of Ha:-;lev. The \'Torl~ Has 

divided into the following items: 

a) measuring 1'lind energy, 

b )i>Tind tunnel investigations of rotor blades, 

c) building an experimental miil, 

ci) measuring efficiency and energy production of the experi-

mental mill, 

e) determination of the effect of '.lind upon uind motors, 

f,nconstruction of future vTLld p01:1er plants, 

g) economics of fature i'lind, pOvIer plants. 

I 

I 
II 

I \ 
~ I 

II 
I I 

i 
\ ' 

The project included the study of the \lind stru:::ture and the mea- I~ 

surement of the '-lind velocity under different conditions. (Fig 2.26-1 ' 

I 
! 

and:t'ig 2,26-2). ~heoret ieal considerations of the output that coulet 
; 
I 

be obt ained "tas also 6:iscussed. The 1'lind tunnel experimonts \'lere 0011.- ~ 
siderably improved all accont of the long and thorouGh reseanh carried i \ 

I 1, 

on aeroplane ,blades. f3ti11 there '\'lere ti'TO mc:;.in differences to be taken~~ I 
~ ,I o. ~~_. rM!'O"~ I ! 
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SiAS automatically registering 

anemomet er. (1) 

I 
I. 
i, 
I 

I 
j 

i' 

i 
J' 

lig 2.26-2 

f3.8AS automatically registe­

ring anemometer. (1) 

I 

I I 

I 

I 

I I 
I I 
~ I 
~ ! ____________ =_, _____ ~._r_J~~~~. I 
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aeroplane vTings is more importa."'1t than for the blades. 'Phe research 

on "\,lind tunnels proved that there are differences i-lith the results 

obtained in the laboratories and those in the open air 4 still it 'vas 

possible to determine ·the optimum tip-velocity and i·;ind speed ratio 

from the experiments. The SEAS ellperimental mill at Vester Egesborg 

had e.s purpose: 

1; study the operating conditions vlith AC generators connected 

to AC lines. 

2,,' test blade performances and charactel'ist ics in the open air 

to compare i'lith "i'lind tunnel results •. 

3. record performance and d.etermine annual production 

. 'rhe' generator \'las mounted on the top of the to\-Ter directly coupled 

to t:he rotor (Fig 2.26-3). The blades \'lere provided 'i'lithflaps to re­

gulate the speed, being operated by an air-pres:;:u.re cylinder e;over-

ned by a specially deviced control mechanism (Pig 2.26-4). The gene-

rator had t·o polar sets, one of 6 poles foritJ"ind velocities lo.i'l"er 

than 5 m/sec, and oneoi 4 poles for ''lind velocities higher than 8 

m/sec. It lias found that 35 to 40 m/sec i'ms the ,optimum tip-velocity 

and the 4 poles set i·;as dismantled.. it circuit breaker mounted in 

case dangerous vibrat ions "'lere started. /m anem01l10t er vIas also erec-

ted at a distance of 80 m from the mill, at the same le'vel of the ro-

tor axis. Fr.om the experimental resu'lts it 1-las c0l181udeo. that the 

knol'lledge of the \'lind regimes helps to :3elBct the 'Jest tip-velocity 

sa that the ma.,~imum anaual output is obtained.' The efficiency is. 21so 

influenced by the blade profile and its t,·rist. 

! 

I 
I 

1. 
\ 

i I 
M 1 

I 

I 
I 

I 
I 
i 
i 
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iig 2.26-4 

:~draulic pitch control 

system of the experimental 

ni11 at Vester Egesborg in 

Denmark. ( 1 ) 

BEBEK, ISTANBUL 

l' 2 2'- 7-.t!lg • tl-) 

2xperimenta1 1:1.i11 at 

Vester igesborg (Denmark) 

(1) 

I 
I 
I , 
I 

I i 
I 

." "~ 
] 

1 



"------.-.--------.----.---.------~~--...... --. -, 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL G '"'-3 

=_ba~8E~,~ ______ , _. __ PA~~~ll 

';he Vester ;~gesborg experimental mill obtained an output of around 

I 525 In'Th/m2 of s\'iept area, or 39% of the i.'lind energy measured. Some 

~Grest ing stud ies on the amount of force excerted by the i'Tind pre-

.lre on the blades ,,,as made, and ,it "Tas predict-ed that c~lreful strue-

ral analysis could help to reduce the amount of lTIuteriG.l needed, 

th the consequent redilction in the cost. Some investiGations were 

de to des ien a 24 m diamet or i'7ind:~lill, '\d th 40 rn/ sec tip speed 3.l1d 

maximum capacity of 200 kt'l. w·ith a 8 poles, 30 rpmgcncr::.:.tor. (1) 
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2.27 Bl~AIRA Research Project ( England, 1949' l 

The Brit ish Electrical ana Allied Industries Eesearch Association 

,-lith the financial support of the Hinistry of POvrer, Horth of 

Scotland Hydro-Electric Board e.nd the British Electricity Authorit:r , 

started in 1949 a program for the economical explotation of uind po-

Her Ll the United Kingdom. (1) 

An extensive survey was carried on the possibilities of the utili-

zation 'of "lind pOvl~r,. and it i'las found that if all suit[~ble sites 1'-'e-

1'e used, 'the equivalent of 2 to 5 millon tons of ,:.:oa1 per year - 4000 
. 6 

to 10.000 x 10 boTh per year -Gould be generated.. The survey also 

estated that they ,,,ere probably several hundred sites having ecol1omi-

cal usable "Hind speeds - 9 to 11 m/s-ec - on hills or ridges on \",hich 

windmills with a total capacity of 1 to 2000 MW could be installed. (2) 

Besides the studies on the 13 ehaviou.r of I'Iind - i'lind speeds, variat ions 

9f I'lind \Tith time - a research program on the effect of vi br:.::.tions 

on the desigll was condu.cted.. 

The first experimental \'7ind driven generator designed for a maximu.m 

output of 100 1n1. t'IaS installed and ready for ''larking in the Hinter 

of 1950/51, and ,·;as coni1ected to the loeal' ele~tricity supply system 

in JGhe Orkney Isla..7J.ds (Scotland). The shaft on uhich the blades \Tere 

mounted 1'1:::'.8 connected directly to a 440 volt, 3 phase induction gene-

ratar having a synchronous speed of 750 rpm. ~'he i'1hole gearbox and 

generating system, together i-lith the 3 blade propeller "lUS mounted at 

the top of a 26 m tOlver, that could be rotated so that the blades 

ahJays faced the v!ind. 'The ge:-trbox, gener:.;.tor and control oystem 'l'Tere 

i housed in a caslng largG enough to enable men to i-rork inside it unc1.Gr 
I 
........ ~-
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J 
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II 
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)V'er. The blades ,'Jere controlled in pitch by an hydraulic mechanism 

perated by the pOi'ler output. Safety controls Here incorporated to 

ring the machine to rest, in the event of overspeeding or power 

ailure and also if serious vibrations occur. The data obtained i'Tas 

cry valuable, the l1hole control system prooved to be too complex for 

ontinuousand reliable operation B,nd it \'ras primarily the difficulty 

if cont inual maintenance and modification of the system that led to 
. . 

~bandon the turbine alltogether. (jPig 2.27-1). (1) 

The second 100 k~'l. pilot plant built, folloY1~d the principle deve­

Loped by J .l~. Andreau of Paris. 1:..y means of the, (lepres~3ion centrifue;al 

9rincipl~, airflo", is induced up a vertical converging duct vTithin 

~he tm'ler to the hub of the propeller, and by centrifugal action is 

e:~hausteci through the blade tips in jets, that at the same time assist 

the rotation. The air ent ers at the base of the tOi'1er through the 

blades of an air turbine coupled t'o a generato:rl~' r:.his system avoids 

the use of rigid mechanical connection bet\{een 'vindmill and cenerator 

compensating for the lm'rer efficiency of the transmission system. It 

also al101.'red to place the turbine and generator at the bottom of the 

tOl(Ter, thus reducing the total vTeight of the rotating p8.rt at the top .. 

The results i'lere reported as successful, and this unit 110\'1 operates 

on 8. hill a rew kilometers from Algiers, operated by the Electricite 

et Gaz d f AlGerie. It w'as found. that the design i'ms not economical 

enough to be exploited commercially. (1) (2). 

i 
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, 
Doth des igns prooved t.o be very complicated, and the fact th~t fuel I 

Ha~ not a pressing problem for the British economy, made the t'linistry ~ 

of I'ovler consi~ier the possin iLl.t ics of devebping a ne1-[ and more 8im-:--
~ 
B 
~ 

. th - '.\. ' i plified o.8sign for underd.eveloped areas overseas, "nth e conCUulon , 

" _____ ~ __ ,.j .. __ '"'"tIIIUI!'~,,:a;. .. ,."_X'"f~~~~~ 
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E'ig 2.27-1 

100 ki'l.. uindmill at 

costa Hill on t~e 

~oast of Orkney in 
~ 

the United Kinedom. 

(Ayres and Scar1ott) 
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:l 
100 k1'i. Hind turbine with 

tip flaps. {I) 
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. keeping costs to a minimum, so as :-:::':: "i:-::~ c~=on:ll 
-U.rces of energy • .e'or this reason a 25 k~'T. i'Tindmill uas ordered, built 

.cl tested at Cranfield - Electric Hesearch Association testinG sta-

on - and put in service in the Island of r:.an connected to the local 

;ectricity net\'lOrk. 11'he 'ldndraill had a tripod tm'Tcr of 10 m high, on 

lich .... ms mounted the blade system, gearbox and generator. The three 

:ades had a diameter of 11 m vTith a small angular t'vist in the bla-

lS. In operat ion the blades 'I'lOrked in a fixed. pitch, but they \'Tore 

lrued to 45 pitch by a hy('~raulic mechanism, a~ a means'of 'bringing 

1e system to a safe speed \-,hen the genetator ... laS disconnected from 

:10. main-pm-rer sup}Jly. A simplo friction brake allm-red the system to 

~ held ~tationary vIhen required. 

?he output from this machine agreed with the 'theoretical predictions. 

t ~'lithstood satisfactorily \Olind speeds over 125 km/hr, in the Isle 

f Han. ~he hydraulic syster~1 proved to be a \-Tea~:neGs, as it failed 

oeause the piston jam:Jed. The design still i'IS.S high in cost, special-

";[ because of the control system and the fact that the blaq,es l.'lere 

ad·;:: out of alu:ninum. 

It \'Tas though neces8ary to simplify the design still more. Some 

'eoearch had been carried after the Harld i!ar II in the Jational 

:hysicalI.ahoratory, and it vTaS found th2.t the maximum output for 

~xed-pitch windmills could be increased by smoothing out the blades 

ourfaces, and a still c:1eaper !':lolution could be foune: by using un-

;T,jisted blades. The addition of artificial rouGILless at the outer 8ec-

I 

I 

I 
1 

I I 
I I 
I I 

~ \ 

I I 
hons of the blades could red.uce the m:L"Ciaufu output '1:ihe~18i!er rcqu.ircd.~ I 
Jnder the light of this research a 100 }:\v. ''lind f;onerutor \"[QS c.esigned i 

uhich consisted ofJ a tower on top of which a three bladed, fixed-pit- I I 
~ I 

:MiI.....-.:.:¢tt '1Mt .. ~~ I 
; ---_ ....... .- .. 

j 
. ., 

I 
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:::hed rotor made of e~truded aluminium section, driving an incluction I 
;el1erator~ t'las 1l1Ounted. r:'he I'lnole !l18ch;:mism rotated at the top of a 

tO~:T8r by means of a fantail, to keep the blade:::; heading into the 'i1'ind. 

')'ho structure i'Tas desiGned for blades rotating 2.t 75 rpm, and the 

generator at 750 rpm. The only auxiliar;y mechanism "'Tas a security de­

vice to prevent the Hindmillfrom overspecding. This consisted of a 

magnetic brake, added to the generator shaft 1 and large flaps fiEred 

to the blades tips '-lith a shear pi!} so that it tmuld. blow' out and act 

8,suind. brakes in case of emerg.ency. (Fig 2.27-2). The tripod tot-Tar 

11as 11 m high made of tubular steel frame\'Tork, hinged at ttW legs to 

1m,rer it for maintenance, the blades ';7ere 16.5m in diameter. ?he w'ind­

mill was installed at the Isle of Han, on a convenient,ly situated hill I· 
\lit h a fai r ly good ;rind regime. and connect cd tot he local net'lOrk. (1) I 

Although the rated capacity at 72 kill/hr "laS 100 hI. t outputs of up 

120 In;. were achieved in "lind speeds of 80 km/hr .. In 1000 hrs of ope-

r~~tion i~ produced 25,000 1nlh, including the c~l;n weather and quite 

severe st 0 rIDS. ( 1) ( 2 ) The follm'ring recording instruments were fit-

ted to have a record of the performance: 

a) k\vh meter 

b)'time clock 

c) t'lind speed recorder for averages oj 2 minutes 

d) power output recorder 

e) maxfrnum current i'ndicator 

Besides these permanent recoy'ds, some te;:morarydata "las obtained: 

high speed simUltaneous records of power output and, 'I:!ind speed, rate 

II 
I I 
~ i 
I \ & ' 
= I 

\ 
I I ! 
\ \ 

cu.e to dl f ]'crent operati nc: condit ioes. Some very -=-~e st ine; re su l':~ . \ 
of slolfing dO\'TU ~s brake i'ras applied, stresses arisin,s in tl1e blades 
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.i,<'ig 2.27-3 

''lind duration curve for the 100 In-r unit.(l) 

1:'ig 2.27-4 

~utput-'-linJ speed curve for the 100 ku 

unit. (1) 
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'ith respect to maximu::l output ... ·1ere obtained. :;~t "laD found that the 

,aximum output point did not coinciC:.e Hith the experiments in "lind 

Ul1!1els - actually the point is delayed - and that a larger ma:ximum 

IUtput \'Tas obtai~led that "That it lIaS expected (]lig 2 .. 27-3 and X/lig 2.27-

.) . 
irom the results obtained, it 'Has cO!'lC1uded that ¥lith a fei'l Elinor 

);langes on the prototype a commercial type could be manufactured. The 

lodificat ions aro: 

1. ,the stresses on the bla.d.es i'iere larger thall expected, 

.2. a better balancing of the blades is ne:.::essarY'1 

3 -' the mechanism of shear pins to open the blad,e tip flaps, 

should be centralized so tho.t all thf~ three flaps open si-

multaneously, , 

4. the enere.! necess~rY' to start the ::Hlchino to generate pO .... 18r 

is higher than expect cd. 

It "laS expected that the c.ost of pm'Ter could be reduced by further 

simplifications and better balancing of thG output and dem8.T).d. (1) 

(1) 

(2) 

Golding and I? E.. !,lont agnon IIDevelopment of a 100 In;. }?ol'ier 

rlant in the. United Kingdom" Ilational '~ommittee of ~'~pecial 

Energies.,'7adrid June 1960. 
5 th ~or1d Power Jonference.~ienf 1956, pp 226-227. 
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2.28 Israel Besearch Project ( 1951 ) 
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The possibilities of the utilization of ''lind pOi'Ter in· Israel, . attrac-

ted attention even before the creation of the state. In 1949 the 

Research Council of Israel started a program for the development of 

:tsrael. Among the energy sources that vTcreconsidercd, Hind' nouer ,·18..S 
, ~ 

of especial interest and a committee vTaS formed in 1951 under the 

chairmanship of Sydney Goldstein, Professor of Aeronautics at the 

aaifa Institute of Technology, in order to study the question and make] 

the necessary recom";lendat ions. 

A survey made on the available ,'lind data prooved to be unsatisfac-

tory, but, frOn the rough records obtained it \>las possible to select 

the most probable '-Tindy regions of the country for further investiga-

t ion. The recording stat ion already in existance in Jerusalem and, 

'.reI-aviv, sho1'Ted that an average of 16 to 18 km/hr of \orina velocities 

ylere available. A recording instrument uasinstalled on Hount 0anaan 

in the Upper Galilee, the highest inhabitated spot in the couetry, 

1010 m from the sea level. 

It ,·:as decided to ask for expert assistance from mmsco t and the 

purchase of the necessary equipment to carry out a research program. 

:.' 'H _I. I'" • Golding of the :Sri t ish Electrical Eesearch Associat ion \'TaS in-

vited to Israel at the end of 1951 and he made the follOi"ling recommen-

dat ioris: 

a) a country ,dde, 2 to 3 years long '.'lind surveYt 

b) preliminary trial installations of 3 ku. cenerators, 

c) perfor~ance tests of the small units,. 

6) installation and testing of medium size ,generators at. appro-

I 
I 
i 
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I 
I 
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piate aGricultural settlements. 

e) investigation of the "Tind- ::;tructure of one or tuo sites se- I 
lected for a preliminary survey, on the basis of avo.ilablc\'lind data, i 
in order to establish large scale vlindmills, cOIlnected to the main 

electricity net-vTorlc, 

f) establishment of a large pilot plant. 

t 11:: e e:::::::
C
:::::::: i::n:: t :::: ::1i~: r::I: C:::: 1:0::: ble to b eli eve I 

1. f5mall units connocted to storage batteries, to· be used in i 

farms that cannot afford the cost ~f connection to high tension lines. 

r,jedium sL~e units ivorldng alone or supplementing diesel engines 

for rural settle:nent in \'later pumping, destillation, refrif,eration, 

i'later heating, or other uses not reQuiring specific time. 

2. Large scale units in plants favorably located in the I;orth 

J 

. and center of the country connected to main netiwrk. 

According to the proGram and reco:llmendations made to the Concil, 

.,1 I' 
I 
i 

a '\'Tind survey I'las carried, installing anemometers in hill tops, Hhen­

v~r possible. Selection of smooth topographical areas .ati.made in 

order to reduce obstacles and surface roughness. Instruments installe 

on peaks made it. possible to use the acc;lerating influence of ·their 

slopes on the "Tind velocity. The data obtained '(:Tas analyzed and <::0-

rrelated to long:....rangc data of the e:ciGting stc,tions, the results 

obtained were the following: 

a) the best potential sites for "'lindpo,;wrgeneration are 

Situated in the north' of the country, 

I 
I 

I 
I 
I 
i 
I 
! 
I 

i 
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b) at the highest sites the yearly 1dnd velocity is aro:-l 

8 m/s ec , 

c) vlind drive machines of about 200 k't,: capacit.Y giving full 

output at 12.3 m/sec uind velocities could be con:lected to main network 

IJroduciimg 3000 In-Ill/year per k'H. inste.:Hed, 
. i 

d) several other sites "lere duracterized by uind velocities of 

around 6.6 m/sec, 

e) considering the high cost of electric pOI·rer generated by 

conventio_nal means (diesel units) at the extreme cl.mter of the country 

(bilat region) installat ion of "Tind driven machines ~'lould be econoni-

~ally just ified, at mean "lind speeds of 5.3 m/ sec. 

In June 1953 a 3 ki'T. unitwas'put into operation in accrdance i'lith 

the program at Eilat, working at 110 volts DC, toeether ~'lith a recor-

cling instrument. Relat ions bet"l8en ca1culat ed pmver (from ~'lind data) 

and actual pO .... Ter, shm'Ted that the estimated values agree very much 

"'i th actual ones. :::fficiency vJaS calculat ed as the rat io between elec-

trical energy obtained and energy availq.ble in the "lind, and it came I 
out to be 3l.5?~. The pro:peller diameter l'r.tS 4.6 ill) meaning o. 945 kHh i 

2 ~. per m. (1) (2) ~ 
I 

'rhe results of the countrY-';lide i;lind survey, shoued that the best 

\'lind pmwr sites belong to either of t'.'lO broad topographical catego-

ries: ij 

I a) a.. hill forming part of a mountain ridge, i-lith steep lee~',re.rd 

slopes, 

b) an isolated peak in a valley in the general dir,ection of the I 
L
I D." revailin:9: vinde I ~ , .! ~) ~ 3 

I t 
___________ ... ~" ,11: __ " L .~~~'""'">'I:i.r~~ 
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etailed investigation of wind structure was undertaken over two 

as of t opographical condit ions, as ment ioned above. It Has fOtL"ld 

.t the mean '('lind velocity vert ical gradient at the hilltops influ­

:ed the output considerably. The optimum conditions'vTere found on 

;ular and ::;;nooth slopes of about 1/3.5 in the nearest feH. hundred 

,ers from hilltop. 

:he operat ion of the small "I.'lind eenera:tor at ~ila.t during 3 years, 

)';red that in any underdeveloped area there is definite advantage in 

i11G ,.find pOi·Ter units in the place of diesel generators 7 Hhere the 

m '<find velocity is beti'leen 4 and 5 til/sec. (3) 

.) 5 th'World fower Conference, Wien 1956. pp 313-314 
~) J. ,b1renk iel "Hind Pm'ler Hesearch in Israel" V;ind a.YJ.d Solar Energy 

Proceedings of the I{e,\'l Delhi Symposium.U1T:GSCO 1958.;..p 108-114. 

i) 6 th World Power Co~ference.Melbourne 1962. pp 450-451 

! 

I 

I 
1 

I 
I 

I 
I 
I 

I 

I 
I 
I 
I 
\ 

I 
! 

I 
I 
I , 
j 

i 
. I 



---_.- ._-. __ ._-_._-- .,.,. -.------

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEI(, ISTANBUL 

2.29 Exuerimental Program. in ~'rance ( 1956 ) 

The :31ectricite de ~'rance, the nationalized electricity su;pply 

PAGE 65. 

J,uthority, is the responsa'ole organ for the reses~rch program on "'ind I 
p01-lOr in }'rance. It has been i'lOrlcing for the past 10 or 15 years, i'li th ~ I 
several ~rench engineering concerns, on the development of wind power 

plants. Several very thorough theoretical studies' on vlindmill dCBign 

have been made and t\'lQ large machines, one of 600 kw., the other of 

130 lew. have oean lnlilt. (1) 

An important research program ,'ras carried by the irench engineering 

COI!lpany flNeypric II p manufacturers o~ hydraulic equipment, under the 

d~rectiori of 1.Vadot, as con~ultinB engineer. l.Vadot has ma~e an ex~ 

tensive study on the historical b~ckground of the problems, the theo-

retica1principles involved in the design of windmills, the principles 

of 'dind survey and the application of 1 .. !indmi1ls to i'13.t8r pumping and 

electricity generation. The Neypric company has erected 3 l'lindmills 

for 't'laterpumping: one of 6 0, the second of (3 Tn alld.tht; third one of 

I 
I 

I I 
~ I 
1 . I 
I I 

II 
I I 

I 
I 
I· 
I 

I I 
pU:llpS, ~ t 

i I 
13 III propeller diamat c:r. Special proble;;ls of speed ret'.;ulat ion, 

blade design, structural analysis 1!ere solved in this 9rojects (1'i[; 
:V'J 

." 2.29-1 ,Fig 2.29-2 and 1:'i& 2.29-3). (2 Y . 

.:,esides this ,-rat erp'.l:nping ilindElills, l1eypric m:.ll1ufactured 3. proto-

! i 
" I 

i ! 

I ! 
havinG a rotor of 21 ill I 

';/ith variable pitch blades, 132 In'T. outP'l";.t s.t 11 m/sec \rind 

type ::)-21 aerogenerator for energy generation, 

di8.i:let 81', 

VelOCity, turning at 56 rpm an asynchrounoU:3 motor, ,t"ig 2.29-4. (3) I 
(1) E.1;1. Golding IIE'nergy from i'iind and focal .J:"uels II 'rhe .Frob1ems o:l' 

the Arid Zone. froceedinGs of the 1'aris Symposium 1960. IJn~s::::o 

t 

I 
~ , 
\ 
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j:lig 2.29-1 

Slow running windmill ~or 

reciprocatinG pump~ l'rope-

lIar diameter 6.1 Ill, manu-

i'actured ~y ~{eypric. (2) 

~\iG 2.29-2 

High speed windmill with 

spring linkage adjustable 

'!:llades, for a centrifugal 

l)UDP. 'Diamet er 8 m. I-lanu-
~ -

factured by Neypric. (2) 
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:Ugh speed "i,iindmill 
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iriving an Alta propeller 

pu:np for irrigat ion purpo­

ses. Diameter 13 m (2) 

iig 2.29-4 

D-21 aerogenerator, 21 ru dia:neter,132 1:\,;,. 

;.~ cy pri c , 

'PAGE 81· 
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L.1ladot H\iater I'umping by ~·.ind:nills'~ •. douille l.lunche ::;epte,11bre gil 
1957. pp. 524-529 
L. \iudot liThe Production of ;_,lectric<:. ... l Lnergy by the ';iind" Houille 

:clanche, Octobre 1958 pp 503-525. ~ 
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2.210 Hind Hotor }~esearch :Proj ect . ( U.;]. Act 19.57--1 
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It 'VIaS reported that experiments have been made uith a ne\'! type of 

rind-operated electric pOlfer supplier t "Thich sho'.'!:3 considerable pro­

lise for the future. A prototype "las built, with an effective "lind 

~ros:J section of about 0.1 ::J.2, '-Thich has operated continuously for 3 

rears, under normal "leather condit ions. 'l.'he average output ,,'ms 1 ,';rat t, 

."iJGh i'lind velocities of about 17.5 k:n/hr .. :lJo maintenance 'Has req,uired 
, " 

luring the period mentioned, thanks to the special.design made to a-

void the ;wearing of parts. 

The turbine type of vrind rotor used, consist of a set of stationary 

deflecting blades which captrire the wind co:ning irma any direction, 

a.nd increasing its velocity due t ~ I" .. '0 ~unne lng, senas it to the rotor 

blades causing counterclock rotation (.r:-'ig 2.210-1). T:1e rotor is mOUl1-

ted on the shaft of a ver;nant magnet generator, provided i'li th ball 

I 
i 
i 

I 
I 
I 

I I 
I I 

I 
\ 
I 

! be'arings for long operat ion. ,The gener:.l.t or is mount cd. \'li th a,i .... cather i! 
pro 0 f hous ing "hi ah prot e at s it fr 001 a limat ia aondi t i 0tl3 (>'ill 2. 2l0-2 ).1 ! 
As all. i'Tind directions are erlually f8.vo1'9.1)le to the rotor, the ::ysteo 

generates enercy continuously. TIo rsearinL~ is ncees:::;8,ry to adjust for 

'Ylind direction changes. "the rotor turns at lou speeds "lith peripheral 

velocities of half thci wind velocity (~iG 2.210-3). 

IHades arrangements are tile result of' experiillents. In this C8.:"1e 24 
-

rotor blades and 20 stator blades v;ere used. This arr::;.ngoment increa-

sas wind speed 7 or 8 tifues. (jig 2.210-4). ~he genGri~Or is a oulti-

pole rotating mag,\1et "iDuna-stator tYl)e <.l.nd gener8.tes ai1 alternating 

CUrrent having a frequency 30 times the rott2.tion speed, uithout the 

Use of slip rings. '1.'he altern9..tinrr current is converted. into DC, by 

§ ! 
~ Ii 
~ 
i 
~ 
G 
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Fig 2.210-1 

sectional cross section 

of test model. (1) 
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RELATION OF 

ROTOR TO STATOR 

IB) 
MOUNTING 
~ENT 
USED IN FIRST 

WORKING MODEL 

! 
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, GENERATOR 

I 

----STATOR l 
----eROTOR I-

I 
1 __ -----------------~' 
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General layout of medium 

size wind nower plant. (1) 
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Fig 2.210-4 

Hot or/ 

, . 

j!'ig 2.210-3 

Assembl:r of stator· :..md 

electric generator. (1) 
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LoAf) 

Load circuit used in the test of prototype 

8 

7 

6. 

(1) 

2. 

Pm'Ier vs. ,'lind speed for steady 1-rinds •. elY 
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diode rectifiers, connected to a constant load, vrith storage battery 

in parallel, to absorb excess of enerfg during high 'winds, and provi­

de continuity during calm periods. The generator produces 1\C voltage 

"lith open circuit voltage and frequency about proportional to the 

"\dnd speed. T)le capacitor and' inductor resonates the generator output, 

and the AC is converted into DC, i;ihen tile voltage exceeds the voltage 

of' the storage battery. This help to make use of the i'lind over a 1<Tide 

range' o:f speeds, ,-,ith no auxiliary controls or regulators. The cir..;. 

cuitreSOl1utes at the frequency' corresponding to the. lmvest ''lind speed. I 
Tpe voltage across the inductor increases VTi th frequency, so that sa-

me DC is delivered (Fig ~.2l0-5). 

. The results obtained from ·the experiments are plotted in gra.phs, 

the relation b~ti-leenpOi-ler and velocity being cubic ( ... 'ig 2.210"',6). A 

variety of electric generator ty.pes could. be used, depending upon 

each spe,~ific application, In larger units special compound' i'Tinding 

_ to obtain good impedance match to the load for a ,-rider range of 

Hind speeds - maybe used. (I). 

(1) i-lo A. Harrison Ii. ',"lind-operated Electric P01'ler SUP1)ly II 

Engineering Vol 76, If 0.5 1,lay 1957 pp 418·-420. 
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2.31' Collect ion of Hind data 

The first requirement in d~signing a windmill is the study of the 

prevailing conditions in the place "There it is expected tobe used. (1) 

The problem is a:, c6mplex one because "i'lind changes "i'lith place, height, 

time, tempe:rature, origin- from the' sea or land -makingthe descrip-, . 
tion of the ~lil1d structure almost ll..l'l!pre.dictable. (2) Nevertheless 

it is possible to study the directions, velocities, turbulence and 

duration of the main ~inds affecting a given area. 

The measurement of the \~Tind characteristics becomes then a very im­

portant factor in the design of windmills. l.£heoffic1a1 or local me­

teorological dataaoout ,,,ind' is never sufficient for this purpose, 

because the local topographical and geographical conditions iilfluence 

the characteristics of the surface winds - those which are of practical 

application - ;. uith regimes changing considerably "rithin a, fe~" kilo-

meters OI distance. (3) 

. In order to record the changes on the ,vlind cho.racteristicswlth 

time, specially velocity and direction, several methods are used:' the 

simpler and cheapest one being the cUP anemometer. Some of thi~' ap~ 

paratus -are equ'i:pped ''lith electric impulse devices that, record on a 

80ving band ar graph a sign each time a certain amount of idnd has 

past. Hhen several tJ'pes of anemometers are used they should all be 

calibrated and factors accounted for any difference, rec.dl.ngs diffe-

ring with the are~ ~wept. (4), The values of the wind velocity are 

also varying vi th the height from' the ground. In locat inc; th,eanemo­

meter it is of special importance to place it high enough so that the 

bUilding or stucture \-There it. is I.10unted \"lill not affect the measurc-

I' 
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!i1Gll'ts, \'1hatever the 1-lind d' I'rectl'on, m"'y be- I' 't ' . , ~ _ n some cases 1 1S POSS1-

bleto determine a correction factor to account for obstacles and thus 

calculate the "effective height" assuming that the shape of the ohs­

tructions do not change .. dthtime -trees grouing, new buildings, 

etc. -, .• Uni'oriunatelythis is not, al"Tays possible, and measurements 

under this conditions, should be avoided. Considering the effect of 

the topography on 'the<"lfnd structure, it seems that the' best locations' 

nre the top of hills having no large obstructions in the vec{nity alld 

commanding a vim'lof the horizon all arouJl:d .. " i''''rom measurements 'taken 

at specific points it' i-s possible to drive some genere.i conclusions 

about thevlindstructure in broader areas having, sirnilar configura -

tiolls,,\'[hen wind pOller is considered for irrigation, 'the sturlyoi' 

\·rind regimes should be madel-There ~iater is 'available. (3) 

,I 

I', II 

! 
I 
I 

I 

Jother important :factor ill the design,is the lcuOliledgc o:f the ",,_I 
riation of thei-lind speed "lith the height from the ground. 'The utili­

zation of anemometers :fixed at various levels is ver:t- GJ:pensive,in~ 
I 

S:e<id 11i1 at balloons: can be used up to a height of 500m. (5) Here 

it must be noted that errors are introduced in the observations i'7hen 

I 
I 

I tho balloon ris'es with strong vertical motion. (6) U,iud changes '"lith 

height are less near the sea becausethere,there is no retardatJon l 
friction involved. (4) 

A .. l1other pOSBible method ,to be used in :::;tudying the vTind characte-

l'ist ics is the geformat ion of trees. 'dind causes certain permanent 

ueformations over the surface of the earth. This can be seen specially 

011 trees, although the effect of tempel'ature,'diseas,es, insect injury, 

lighting, salt, iC0, "mter 1 may mislead the observations. There are 
--' 

several types of possible deformations: 

I 
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a) Lateral branches just belm·, the tips of the trunk may be 

berit to leeward (the opposite side to the wind direction) bj strong 

"rinds, ."\1hile they are stl.ll younG, and held there unt ilthi:)ir tissues 

harden. 

b) A young branch generally bends into the \vind rather than 

before 'it, and the lee side gravis more because there is .less absorp';;" 

tion of humidity. Even vlhen some branches may succeed to grm., in the 

trindiiard side during summer they are killed in 'rlinter. 

c) The direct ion of the i'Tind, spepiully the strcmger ones is 

revealed by the fact that. the small particles abrade the trunk. of the 

1'lindward side of the tree. Nevertheless in\vinter, sno".l, may act as 

a cover an this incrtlstations .may not be seen. 

Although there has been sqme research carried on the subject·, still 

there is . no clear evidence that the conclusions arrieved at are at 

all valid • There are :certain·types of deformation that are clearly. 

dist inguished: 

1 .. Brushing: bending of the branches inleei'Tard direction •• 

2' <.,'11"'·0"(1'; cr stretchl"n· g. out of branches to lee'~lard direct.i.on • "" c:;.:t,.,b ... nr.>: 

so it looks like a bare trunk. 

3. Throwing: bending of trunk in leeward direction. 

4. \"lind clippine;: leveling of the tree grovrth, so that all 

branches do not grm'l above a certain level. 

5. :J.1ree carpets: no branch is strong e:1.ough to grOl'T above a 

few cm fro~ the ground, so the [,rm'lth is too. 

I 
, I 
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tally in the- n' or'~_;';:'"ontal ~. t· , Ulrec lon formine a 

carpet. 

6. 'i'lint er killing and resurgence: some t:rees grm<fing as a car..:-

pet manage to grOl:l a leacler 

during summer that is killed 

partly in ''linter; the process 

repeating each summer lTith' 

a nm'l leader resurging. (6) 

-~--~------~----~~---
(1) J;o 'ladat u~1at er Pumping by\tlindmills II Ilouille Blanghe 0' Septembre ' 

'1957. pp 524-529. 
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Blanche,. Octobre 1958pp,503~525. 
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(4.) J. J'uul "Wind' !'lachines tI lUnd and Solar Lllerg,y Froceedings of th:e ' 

{5 ) 

(6 ) 

He"l L:elhi SymposiumUNESC01958 pp 56-74. 
. . ., 

J.J.i\~Ramdas and lC.p.Ramakrishnan !lV/ind Energ'j in India
ll 

\1indand 
U1T~8SCO 

• S.ol:3.r Bnergy rroceedings of the Ne\f Delhi Symposium 

PI' 42"'754. 
l'almer c. Putnam IfpOi1er from thcWind" Van Hostrand 1948. 
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2.32 , Analysis of \·rind data 

PAGE qq', 

J:'rom the records obtained from the anemometers, the follo\iing cha.., 

racteritst,ic curves can be' drawn: 

1) velocity-duration curve 

2) ,\,lind-frequency curve 

"3~ pO\.;er-dura.:tion curve 

The first 9urve,gives t~enumbeT of hours ina given ~etiod of ti-

hl8, '1-Thich a certain vaiue of Hind velocity bio~m. Hearly all velocity- ' 
. .' 

durat 1011' curves have the sa.lle,sha-pe ( a hyperbola) ~ The curve ~s 'also . 
, . ' 

ch8:racterized by the :mean .• : The \'lind frequency curve gives the reeu1a-

rityof: th~ \tind, ~ho1'i's .the number of hours' during l'1hich the"lindspeed 

remains' '·Tithi~1, a given range, during a given perlod. '(1) This cur ... 

va ,is' gerierally hell shaped sltei-Ted to the left' side. (2) The power 

distri.bution' (based on the theoretical calculations of po\'/er as a 

function ,'of \-lind velocity ) gives an idea of the output. It also is 

I 

I 
I 

L 

very use'fulto dra11'th'ecurves giving the energy produced tor a given I' 

incre~entof' ,dnd.velocity. (i) • ' 1.\···· 

If the, values for the t'lind veloai ty for a period of time, .obtaineci . I
j 

. 

from the anemom'ete~ records, are ploted ona graph and the ma."'{imum I 

and minimum >lind velociti.es are ·c:unted, a frequency distri-butionon- I 
on percentage bases for' maxir,num and !-ll:i.nimum i'rind ve1.ocit ie~' can be I 
plated, (I,1ig 2.32-1)., The :differtmce,bet,.,een the maximum and minimum 1 

i 

l'lind velocity is the arnplitud of tne'turbulence ( v ). If 'vB assume 

. ~h'at" turbulence is the result of the superposition of the average Hind 
• 
velQcityand haLf' ,of the amplitud of turbulence forming an angle\,iith 

~1t" '. ' ' 

theVa~erM:e velocit:l t ,the direct ion .of variat ion can be 'calculated. 

/1 
I' 
I 
1] 

\ 
\ 
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t 
Fig 2.32-1 

Wind durat ion curves (3) , 

.F'ig 2.32-2 

Amplitud of turbulen6e (3) 
N 

s 

iig2.32.-3 

Graph cif wind directions (2) 

•• ::' ; -<~" ,:- ~ 

<·i·o~~·_~ ; 
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The half of theamplitud of turbulence is called the. eddy velocity •. 

\'1hen the eddy velocity and the average \-lind velocity are parallel 

and in the same direction 'lfle obtain the maximum speed: v +- v/2,. 
.m 

when the direction is opposite : vm 

(J?ig 2.23-2). 

v/2 J is the minimum velocity 

'Ihe rosults. obtained from these calculations are near the actual 

values. The knowledge of this angle is very important in the design 

of the blades because of . large stresses are developed when thel'lind 

form an angle 1'li th the direct ion of the axis of rot at ion. The stress 

vary in sign in each rotation, causing dangerous alternating fatiGUes. 

It is interestinG to note that the variation of winO. direction is 

slo;'1Gr in strong 'i·linds than in 101-[ ;-linds .. 

. Due to ·friction on the surface of the earth, '-Tind velocity varies 

\lith the distance from ground, the ~;radient depending partly upon. 

the local con:fioourat ion of the ground. B.."Ccept for mountainous regions 

the variat ion of l-rind velocity (v) is a function 01' height. (h) above 

the :ground according to the folloi'ling 1mV' . . 

llherev 0 and 110 are the ',-rind velocity and height at ground level 

respectively. The value of n varies \,lith the roughn.ess of the ground. 

ior sea n is' large, for land ivind n is smaller. li'or flat ground i'lith 

normal roughness, n ;nay be taken as 5. (3) 

This discussion does not hold true in mountain sides weI' turbulenoe 

and accelerations occur ,·,h1ch are almost imposGible to predict. Ano' 
. . . 

ther important factor is the variation of temperature ·\'lith height, 

I 
I 
i 
I 
I 

I 

I 
j 

I 
! 
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I 
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because density changes "!:lith tcmper~ture, thus also the powervar;ies. 

The design is also influenced by the gust t the change' of "lind direc...; 

tion, 'i'1hich is difficult to measure. i:Tevertheless a graph can be plo-

ted and an idea obtained about the vTind characteristics (Pig 2 .32...;2). I 
]:he analysis of annual velocity distribution curves show that they 

remain constant t'rith the years 'within l01,j for a particular region. 

'rhe study of the variation of \'lind velocities 'l;lith the year - seasonal 

changes-: from ,these curves can gi va a good idea about the ':dnd cha-
, j.. 

racteriatics in the region. (3) 

~1) L.Vadot "\'iater Pumping by llindmills" iIouille :Blanche Septe:nbre 1957 

(2) l)almer C.Putnam "Pm'Jar. from the tlind" Van Nostrand 1948. 

(3) I;. Vadot tiThe Fi'oduction of Electrical ~nOl:'g'y from the land II Houille 

Elanche Octobre 1958 pp,503-525. 

I. 

I 
I 
I 
I" I 
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Power calculations 

'1 

Acco~ding to Betz theory the pDl'ler in Inr. developed from' 1 m2 of 

-;rind cross sect iOll at a speed v in in/sec is expressed as: 
; 

- ---------------
not all' this energy can ·be captured, some pass to the other side of 

the rotor" and enerey is necessary to evacuate ;the air \<lhich has done 

.. rorl;;. The ma.."{imum ratio betiveen the ,'lind speed entergng the rotor and 

leaving it is 1/3,.' This reduces the t o'1:al pOlTer by 16/27, so 

1\' . 0 0'003t"4 3 ,,/.,..,:::. 0 . V 
.D ; . 

There are so.me losses due. 'lio ,friction in the blades, n12.rginal eddies, 

etc. 

N ::: 

T'he rat,io H / Nt is knmm as thepOl1cr coefficient Clr . £Or a. ro~ 

tor diameter D the pow'crbl)tained is: 

'.1 

. \ ~ 

then, ,. ~~ "-. 

0.000482 (1) . 

According to Juul the' pOl'Ter' developed can be calculated in the fo­

llo'l'ling \jay ~ 1'ho density of air at 15 C and 760 ID:ll is 0.00122 gr/ em) • 

The· Height varies according to 

1(1 = 1.3 p 

760 • (1 + 1 t ) 
-273 

. /' 

I 

I 

1 . i 
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\./ : w'eight of air 

p barometric pres8ur~ (mm) 

t temperature (C) 

The 1'lind energy is expressed as: 

. ., 

';There, 

E _ ro' v3 
-2 

E · ,energy · 
m: · mass of · 
V · velocity · 

(kgm/ sec) 

a.ir. ( 1.22 ka; 'sec2 

9.81 m' crn . 
of ,air (cm/ sec) 

PAGE ·104· 

) 

Only part of this energy can be transferred rnechanic<.}.lly, thefor'"- ' 

mula being derivecl emperically as: 

E _ 1.22 ,,2 '; 
- 9.81 -2 

e : efficiency 

e • 

A ,sect ional ,area 

A • v 

2 ' em ) 

Por an efficiency of 0.6 8.i1d unit sectional area 1 

1<' ' 1 22,,,2 0 6 '1 v 
J:J_ ••• ' ,"~ 

- g .. 8i T 

- 0.037 V3 

Expressed in pOi'ler units t 

B (hp) = '0.,000493 
3 \] 

I 
I 

I 

I 
\ 
'I 
I 
i I ' 
\ 

I 
I 
I 
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or,'1 
E (In·T) = 0.37 (V/IO)' 

~'or a' cylindrical ,{ind column of· diameter D, 
~ . 

13 ( b'l ) =-0.000 28S . ~ 

}\nefftciency factor has to beint.roduced to account for mechanical 

·108s$8 t 

c.... =- '.' 'ehergy obtained 
'2 3 0~000285 .1 D • V 

(2) 

According to Golding, pOYler is expressed by the formula: 

"There ~ , 

l' · pOi'Ter generated (InT. ) . e. 

.. . . 2 
A · area sivept (m ) · 
V · ''lind velocity ( m/sec ) · 

.. ,-"-- ~ 

. ! 

I 
. . 

'.1·· . 

I' 

I 

(l)L, Vadot"The Production o:f1l1octricul .Energy from the 'Iilld" Houillo, I 
~ . t 

Blanche, Octobre 1958pp 503-525. 
(2) J. Juul "'lUrid Hachines II Viind oand Solar Bnera Proceedings of the 

'Nevl i;elhiSymposiurn. UNESCO, 1958 pp 56-74. 
'(3)E.\~.Golding "The Economic utilization of '.:ind .8nergy in Arid Area3 1l 

;'lihd and Solar Energy Prace edings of the N ow Delhi 2'Ymposium. 
~RESCO. 19p~_~Ep __ ~~-=-~8. _~ ___ .;;........ ______ -' ___________ ~---J..a' . 
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2.34 AnaJ,ysis of paller demand 

PAGE -10(" 

Since it is not possible to change the characteristics of, the wind 

regimes, it seems more· reasonable to study the characteristics. of the 

pOller demand and try to fit it' to the available output from the "'lind. 

The demand shou.ld oe balanced in such a ,-ray as to reduce electrical 

storage ih batteries toa minimum. The enerr'!;Y een"crated from. the ,'rind 

can be used for many different purposes,suchas: 

a) ¥:ater pumping, 

b) electricity generation, 

c) grinding, 

d) savling, 

e) compressing air or other gases, " 

f) refining metals, 

g) ice production, 

h) i-rater destillations 

i) damest i cappl ianc es , 

j) product ion: of nydrogen, 

Ie) cooking, 

1) creating:::. Hater head; 

m) heating and cooling,etc. (1) (2) (3). 

i'later pumping-and electricity generation deserve' special, analysis •. 

\-later pumping 'is used mainly ·for irrigation, for this reason the study 

of the different crops need for ,-rater and the avo.~lability of'rain­

falls should be carefully made. The purpose of\'later pu.mpinG is to 

snpplementrainfalls ",hen the crops need "Tater, so' as to improve the 

harvest .• The regime of rainfalls during the year, the needfoTvmter 
. , . 

-'.' -"-"';",..,;~-.~.-~.---":'--' .-~~-~----....... ---....,.-------....-...... -----~-", 

, , .. 

j 

~~.';. 
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and the available;'Tind should be studied and "lin,: driven pumps loca~ 

ted so as to match these factors. (4}Hater tanks may be used to 

compensate the irregulari t les of wind reGimes. 

Another important application of "lind p01'ler is the generation of 

electricit;)T. This can be done in· tvo i'JaYS: 

a) as isolated units, 

bj supplem'enting other sources of' energy. 

The utilization of th.e first seems to be re<lucecl to snalls3lJ.le ap-

l)lication .. The second one, ca.'1 be used together ,·rith: 

-. hydraulic povler plants 

-steamp0i,·ier plants 

- internal combust ion pOi1er plants 

- solar energy 

- local fuels pOI'ler plants, 

connect ed to the main net'YlOrks. The mergy dmnand ce,n be c1et ermined 

from an empirical formula, obtained. from experience: e'represents 

the ratio betueen the cormected load (Lc) and the actual demand (Da ), . 

uhGre ., 

~~r'farms 

e =- 100 x 

D.., • in k'·ih 
'-'-

1 in };:,{ 
c 

At in hours 

%y for cities 4-6 
~lAA ....... --

I 
II .\ 

I' 

I 
I 
f 

i 
1 
I 

I 
I 
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I 
i 

I 
I· 

\ 

I 
1 

I , 
\ 

\ 

\ 
\ 
\ 

I 
:j 

1 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK. ISTANBUL 

--~~q 
PAGE 106. I. 

16;G .. In general a i"lellequipped fa-rm I.'Tillneed 6.000 to 8.000.lnrh 

per year, (5), i'lhile a community of apprOXimately 100 people ,.] i 1·1 

require 100, 000 k\;;h per year. l'ihen~.ver possible storage of electrici­

ty should be avoided and ~~mmited to accumulators for light iug. It 

is also posGible to arrange .the demand: .sothat theenel"gy generated 

is distributed according to a predetermined schedule of preference. 

Auto;natic devices can be used to si'titch off andtr.:msferthe energy 

iromone demand .to a.."'lother as soon as the needs of thc.:first one are 

s~.tisfied'. (3) (6) . 

·..1 

. , 

. . . 

i . 

{,I) Palmer C .PutnamtlPm-rer from the l'{~nd II Van nostrand 1948. 

(2) IJ. Vadot uThe Production of ;~lectrical Bnergy from the Windt! ilouLLle 

Blanche Octobre 1958 pn 503-525. - ~ 

(3) E.:Il.Golding II Bnergy from ~~ind a.nd Local ~ueJ.s II The .f'roblGIns of the 

Arid Zones. Proceedings of the Paris Symposium. UNIiiSG,)' 1960 , 

pp 249-258. 
(4) R.V.Ramiah IISoUle Problems in the utilization of'\HndPoi"len in In-

dia" \'lind and· Solar Znergy- Proceedings of the i:lel? Delhi Symposium 

GNSSCO 1958 pp 102-106. 
(5) IT .. HUtter "Planning and Ealancing of Ener t'3.Y of ;::.rnall.:.,output ~iind. 

Fm'Ter' Plants" 'ilind and Solar l~nerbry Proceedings of the N e\'1 Delhi 

I 

\< 
.1· 

l" 
I 
\ 

f 
1 

i 

II 
II . 

i 
t 

I \., 
I ! 

r.;ympos ium UNESCO 1958 Pi? 76-87. 
(6) R.I,j. GoldiJilg "'I'he Economic ut ilizatiol1 of i'lind J::nerCI in Arid Areas" 

Hind. and Eolat 2nergy froceeclings of the HevT Delhi Symposium 

UNESCO 1958 pp 90-98. 
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Design of uind machines 

1. Development of ,vinclmill design • 

. . 

. PAGE ,joq. 

Althol.lgh .'·lindmills' are more thon thousand yeans old, the maximum 
~ II . 

ar;lOunt OI pm-Ter produced by anyone unit \tas since' half ',Fi century not, 

IJore than 15 hp. In BUI'ope \·rindmills consisted of 4 sails turning ,'lith 

10i" r.p.m. In contrast ':lith the German and. Dutch type W'indmills,' the 
. . . 

Americam '"indrnill consisted .of a turbine \'Theel'i'lith numerous blades 

generally curved and made out of steel. Since the relat.ive velocity 

of the vlind respect to the blade varies \'lith the distance from the' 

center oi' the 'iheel, the blades "reret.'t'listed to secure the proper an­

gle at each point, or made in sections having diffelwntentrancean-

r:;les. 

The first important development' in 'windmill' desien t·ms made '\.;hen a 

smaller number of blades for the same size of wheel started to be used 

1-lith the result .that the flow' conditions behind.,' the blades vTere im;;'; 

proved and t.hus the efficiency .At the same time the spe'ed' "nis . incre'a-' 

sed, thevlheel could be made l;t.ghter for the sarue pOI'ler, but at the 

sacrifice ofth,e abi lityto start ,at 10i'1 ,dncL speods. In other i'1.ords, 
, . 

;vhile the old i'lheels started under load at a vina velocityofB km/hr, 

the high, speed ~1heel could not start belO1'! 13 l:m/hr. This was a- seri-

QUS disadvantage for the ordinary pump \'I11e02, l;"hile the increase of 

spec:d at average ,,,ind velocities 1!JJ..S not much mo~e i::nportant for elec:­

'tric generators. The tip velocities used to be only three times or 

higher the i'lind velocity, against only ti'rice for the .old types. 

7'henext improv-ement 1m3 the ~se of regular airplo.ne cross ,sect ions 

(airfoils that itiere Gubst i tuted for the turb ineblades J and. thenUill-

I 
I 
I 

. , ... 

I 
I 
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I 
I 
'\ 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK • ISTANBUL 
PAGE -Ho. 

-----------~~-.---------------------~-------------------------------------, 
ber of wings reduced tQ nix, four or even tuo. ~~'his resulted ,in grea-

, 
ter efficiency and higher speed, but still <nore unfavorahle star'ting 

conditions, so that these sort of 'i'findmills could only start ~be(;J 

15 km/hr .vlilld speeds. Eere the \'Iork of .:."lettnor and Savonius set in, 

and the vlind rotor vertical \·;indmill i:aS introduced i'lith good results. ! , 

(1) Von Karman painted out that the rotor type turbines u9re lo\>' in 

effic iency, difficult in rei.:;ulat ion, having a higher thrust requiring 

a. larger investment. 'Savonius rotor had reached an efficiency of 31 % 

but in order t a develop 1000 k'~l in a "lind of 50 km/hr a cylintiar of 

ahout 35 m in diamat ar und 100m in height iwuld be' requir~d. The 'sa~ 

me pm-Ter "lOuld be generated by a 60 TIl diameter turbine,using 1/30 

of the material. (2) The uind rotor Here soon abandonedandtl10or 

three blade ''lind turbines 'vlere designed and erected. The development 

of the airf'oil prof:iles forairplal1es i'laS used in the design of bla­

des t increasing the . efficiency considerably ~ 

2. Classi:fication of '·lindmills. 

l~ind machines can be classified according to severalcriterlas, 60-

mo of the possible groups aregivcn above: 

- A .. ~is 

a) vertical axis 

) 1 · (~) b horizonta aX1S ./ 

- Number of blades 

a) 2 hlades 

b) 3 blades 

c) 4 hlades 

d) multibla.de 

! 

I 
I"· ,', 

I' 
'j 

- I 
I 

j 

I 
I 
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- Haunting of blades 

a) variable pitch blade (for speed regulation) 

-

b) fixed pitch blade. (4) 

Scale 

u) 
-, 

small scale (from 1 to 5 ku. output) 

-'0 ) medium II (from 5 to 50 k'i'T. " ) 

c) large II (over 100 ktl. , output ) 

Rotor position 

a) facing the i-rind 

b) receiving th~ wind from behing (4) 

Speed of 'rotation 

a) high speed 

b) 10\'1 speed 

( 101'[ numb er of '0 lades ) 

'( large number of blades ) 
- ~-

- Startin5 torque 

(5) 

(6) 

a) lo{; start ing torque (can start under load ) 

b) high starting torque (6) 

3.. Rat ed vlind speed 

The operation of uiiindmill is limited by three va:hues 'of vrind speed: 

a) cut-in speed : is the speed at ""hich theraachine begins 

to supply pouer-. 

b) rated speed: lsthe speed at\1hich the rated pot-ler 

of the machine is deli~ered. 

I 
I 

I 
I 

I 
I 
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c )ftir:I.ing speed : is the speed at and above 10thich the 

machine is put out of operat ion for sa-

fety reasons. 

'Phe selection of these values:depends upon the total ener(5jl: produc­

tion, the turbine diameter, the load conditions, the speed ofrota:t;ion1 

etc. A careful selection of these values l;'[ill allo,,: to ohtainthe ma­

::dmum annual output. (7 ) 

4.- Design principles 

In the~esign of :i';ind machines the follmdng it ems should be consi-

dered: 

..... ma."'timumpOi·ler output 

- speed regulat ion 

number of 'blades 

conning (angle formed by the blad(;)s and the vertical 

axis of the tm'ler, to avoid the tip of the blade touch , 

thetm'Ter) 

- yawning (rotation of turbine according to changes in 

uind direct'ion) 
. 

- inclination of axis of rotat ion (angle forf.led by the 

axis of the turbin.e Cind the horizontal line) 

- iocation oE site· 

- location of auxiliary equipment 

'- coup 1 ihg sy,at em 

(f ., -tl'on" atl(~ f>l·,-.. ,'rl ~pec>a.1r-~ ... ) - safety measures 'or Vlora . b u;' ~ -_ ~ -

t , (~) (~-;:) - he;ght of· ouer. ,-, ~ 

5. Blade (ie::ligTl 

··I'-"~" i . 
I 

I 
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rehe select ion of blades is based upon the follm'ling calculat ions: 

Gl · lift coefficient · 
" · drag coefficient vd · 
1 length of cord 

u · tangential speed · 
v · "'lind speed · 
w relative speed 

R · radius · 
z ., number of blades .. 

1 · length of blade elements · 
A ~. lift ,. 

.f~ density of a.ir 

I · [loment of inertia of the · 
() · stress .. 

ca. • 1'. z - R A 
- ulv 

section' 

Hhere 1\ is a function of the ·rat,iou/v. Ifz. is choosen it is possi­

ble t odet.ermine the length of cord of the blade sect ion. 'The lift 

is calculated as 

'A = C a 

}'rom this equation, the bending moment H developed ::lay be calcu­

lated e There are tvTO cases in the des ign of blades! 

a) lLxis of the blades is perpendicular to the, axis of rotation 

\ .' 

The stress on tne blade rotors depends on the u/v ratio, the stress 

I 

I I 

I 

I", , 

I' 
I 

I 
I' 
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I 

I 
I 
I 

I 
.. ; 

I 
I 

I I 



f ;7':: . 

~~--'----------------
I 

'---'--' .---:c--------_-..-: __ _ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 
PAGE -/IJ.{· 

~--------------------------------=----=----~~~-==----~--~~----------------------
oftt'lO blade rotors being 0.45 the stress of three blade rotor. The 

maximum stress occur at 0.6 of the total length. 

b) Axis of the blades makes an angle other than 90 with the 

a..'{is of rotation 

The bending stresses are replaced by tensile stresses. If Fe is the 

centrifugal force on the. blade and i'f the bending force, the resu.ltant 

force }it"will produce tension in ,.the blade,. 

·~rhere . is theanele ,<[hieh the blade mak~s \-lith the pl;;,4'1e perpen,di;...· 

cular to the axis of rotation. If· V 'is the .volume of the blade and 

the dens ity ,then 
" 

F R c 
= g -""-----

. V • u 2 

I 

I 

'rhe desired density is 10H, so holloH blades are used •. Special con-:- .. \ 

sideratlons should be made in l)oth cases to study the forces develo-

ped ',.Then the blades are standstill, due to high uind velocities. The 
I 

maz~imum st ress occurs' at the root oi'the ,slades. T1'l0 blade designs 

offervibra"tion problems that overthrov.ght the advantaf";es of tl"lO bla-

de rotors. (4) 

. 6. Auxiliary machinery 

a) Pumps 

l'here are tl'IO types of Hater pumping systems to be considered: 
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- low power piston pump 

IIhe i'lindmill used in this case is one of the 10'1.'T speed types, pro­

viding high startin,storquG for thepisto~1. In this case rotors have 

large number of 'blades and consequently large inertia, \'1hic11 limits' 

its diameter to 7-8 m. The efficiency drops COtlsiderD.bly during high 

winds. The rotat ional mot ion of the rotor is c(~mvertec1 into a recipro­

cating motion by menns of rods, slots,. ecceC1tr~cs. The. speed of the 

rotor has ·tobe reduce:] by means of gears to reduce inertia stresses 

and resonance in the rod, "lhich causes the rod' t 0 Qct like at ens ion 

~3pring. 

- high pOVle'r rotary pump 

In case of high 'Ivindscent rifugal or, propeller type of pumps are, 

preferred. This type provide small lifts at 10i-1 \'linds, a re,gulution 

s,Yst em is needeo.. ('n 

b) Generat ors 

The 'electric equipment in a ivindmill is subjected to ,the folJo,i<1ing 

conditions: 

needior minimum pOG sible maint enan'ce 

'"" autoIIlutic operation and regulation 

- . variut ion 9f pc)\';er 

- frequent· connection to the neti'Tork' 

- torque undergoing cycles 

- vibrations 

..... - 'severe at~no~phericcondi tions 

- need i'or a braking system 

I 
./ ..•... 

I 

I I, 
J 
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~wlut ions for pov;er gen'eTat ion under this condit ions arc: 

1 .. asynchronous generator 

2. synchronous generator 

- i'lith intermediate set 

..,. directly drIven (4) 

3. induction generator (Hith condenser) 

" j 

PAGE A~6, 

The generator can be connected directly to the turbine shaft at the 

top of thetOi'ler or do;m on ground level. (8) ,In th~ larger machines 

for use '1ith a net '.'10 rJr , alternat ing current operati6n through induc-
; 

tion generator i.s pref'ered. jihen the plant is to run independantly., 

a specially d.esigned AC generatoi' is needed for varying spet::d of the' 

rotor. Direct current for battery charging can be used, ~:ihenproduced 

(1)1'\.0. vii Ilhofft " Industr.ial Applications of the .i:"lettner Rotor ll .Ne­

. chanical 3ngineering. Vol 49 1'70. 3 1927 pp 249..;.253. 
(2) Palmer C .Putnam!1 Power from the .. lind 11. Van li osiir.and 1948 

(3) .:S.H.Gording ."The .2conomic Utilization of \iindBnergy in Arid Areas It 
hind .and Solari-nerbY Proc'eedings of the Ne\·r Delhi Symposium. 

u;r~(~(1!'j 1950 -'\,., 90 08 .\.!.:Jh,..rV'.... U};.t' :- J .. 

(4) L. Vadot liThe ·l~roduction of Electrical 3nergy from the IHnd "Houille 

Blanche. Oct obre 1958 P.P 503-525. 
(S) l~.,~l.Golding "Energy from i·lind~LoC8.1 Fuels" The I'roblems of the 

Arid Zones Eroceedings of the Paris Sy~posium UNESCO 1960 pp 249-58 
(6) U • .rilitt er III-'lanning andualaYlcing ofinergy of sma.ll~out put 1Iind 

POt-ler Plants rt--'\'iind and ~jolar EnerGY Proceedings oft he He,-] Delhi 

.' S'"r.n osium.iJNBSGO lssenu 76- 87. 

I 
I . 

1 
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(7)L. Vadot u\fat er lou:nping by ;;iindmills" Houille Dla"i.1che Septembre 

1957 pp 524"':'529. 
(8) Palmer C. Putnam "POi'ler from the ;Jind ll Van" Nootrand 1948 pp 109-115 

I 
I 
I 

I 
\ I ' 
I 

\ 

! 

\ 

"\ 
i 
! 

1 "1 
\ 

\ 



THESIS 
--, '-I 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK • ISTANBUL 

PAGE 11~·1 
~~----------------------------~-=~~----------------------------~ 

2.36 Economic analysis 

. \Jhen making an economic ano..lysis of i"lind pOi',er, it is "lise to make 

the studies on comp3.rat i ve basis ,'lith the conventional sources ofe-

nerg"Y available • The procedure is asfol10\'Ts: 

1. Calculation of the annual specific output Ts ( kVlhr per year/k\·r) 

from. recordines, of 1'lind veloei tics. This value varies '\"ithin 10 % 

from year to year, measurements for one year being .sufficient. 

2. Calculat ion of the capital cost C .. Ijjhe ranges are the follmiing 

Hithout battery (1956) : 

smaller than 10 1\:1-" 420 - 560 ,$ /lnT 

b etw'een 10 - 100 In1. 280 420 n 

larger than 100 . In., 14,0 - 280 .. II 

3 .~alculat ion of the annual operB.t ing, cost p (int:crest I . deprep ia;... 

tion and mai~1tenance) ifllioh, can be taken as 12 % of the 'capital ca.st . 

The cost of power is then giv~n by the 

p = ....;..:.'O~-=­
.0 

T s 

ex'Oression: ... 

'llhe cost thus obtained should 'be compared 't'iith alternative sources, 

considering the fact that ':lind pOI'ler ,is random and provisions for· its 

efficient utilization has to b'e made. It is up to the designer to chan 

ge the rated speed of tho ,vind machine a[ld find the optimum ratio of: 

c 

I ,. 

I 
I 

I 
\ 
I 

I 
\ i I 

(1) . I 
_ ~ ____ .-:...-.-_ .. J \. .1 . s 
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In order to find the o::;timura Gi;~(,~ Qf I'lind turbine, analysis of di-

fiercnt alternatives should be made to find the least cost. The items 

that should be considered in an economic analysis are: 

1. Installed costs 

a) Engineering costs 

- Personnel 

Overhead ( 30 ~~.) 

- Trave~ls 

Consulting 

li'urriishings 

b) Hanufacttiring costs 

Generator 

Gears. 

- Electric coupling 

G.overnor 

- Bearings 

- Sl1itchgear . 

- Flexible coupling 

- Eoists, lifts. 

Electrical equipment 

- Tm'ler 

- Faint 

- Transformers 

_ Distribution line 

Blades 

. , 

I 
I 

I 

, I 

I 
I 
! 

\ 
\ 
I 
I 
I 
! 
I 

I 

.~ __ . __ . ........aJ \ 

- Assembly 

_ Tools, jigs and fixtures 
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- ~easurement instrumentR , ~ ~ 

c) installat iou costs 

- I:'reight 

- Land· 

- Hoad' 

- Erection 

Connections 

2. Operat ion.costs 

a) Interests 

b ) Dividends 

c) Tru::es 

d) Depreci~:J.tion· 

e) l'laintenance costs 

f) Operation costs 

3. Energy cost 

a) Operation costs 

b) Annual' output (2) 

The future of t'lind paver depends upon the improver.1entsthat can be 

made on the cost of the enerGY generated, and this is' possible if 

some of the following items are considered: 

1. Detter selection of materials (stcel,aluminium, etc .. ). 

2. Better selection of supplies (ball bearings, shafts,. etc.). 

3. Better selection of sitE? 

4. Analysis of alternatives beti'leen 

ne units. 

5. Analysis of cost of other pouer systems. 
-' 

6. !letter fitting of the demand to 

I' 

\. 
,I 

.... I . I 
. I 

I 
I . 
I 
I 

r 
i 
! 

\ 
! 
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7. Simplification of design (avoid usc of variable pitchblad.es, 

speed governors, etc.). 

8. Elimination of ge::trs. 

9. Standardiza.tion of design for mass production. 

10. 31iminat ion of vibrat ions. 

11. Reduction of '.'lcight of parts 

12. Better and stl~onger o.e8i;5n8 to reduce maintenance and increa-

se the li£e of the units. 

13: Careful selection of rated speec5. to increasc .the annual out-

put. 

l4. ReG~arch for better efficiency. 

15. Hesearch of potentialities of -i'lind pmler in 1<lide areas. 

16. Improvement of pNler storage system 

17. heduction .of stres$es in the members •. 

IS •. Improvement of the predictability of uind ree;ime vlitpin the 

- next. 12 hours, so to fit the de:nand. (1) (2) 

------,-------------------
(I) E. ·,I.Golding liThe BconoIUic utilization of l'lind i~nerGY in Arid Areas' 

1;;;'·1'1- ,a: l1d GOl'lX' ·~'ner~y· l-)I'or~ec'din.0"s of the i:ev Delhi ~?y,m'Posium . 
d _ ~, ... ...~ (: .w c~ . .- v ~:.':l 

ilNZGCO 1958. pp 90-98 
(2) Palr.ler~.Putna:n "povler from the ';iindrlVan ilostr£md 1948. 

I 
I 
I 
I 
I 
I 

I 
\ 

I 

I. 

I 
'I 
I 

1 : 
I 
! .. 
!. , 
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2.4 CONCLUSION 

, 
L 

PAGE 0.:1.. 
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out of the informat ion obt ained from the survey on the available 

data, it is possible to estate the fallm-Ting points as a conclusion: 

1. The history of the \vindmill starts most probably in the· 

j.lesopotamia to\'fards 1500B.C. 

2. The first signs of the ut ilizat ion of i-/indmills in Europe 

date from 1000 A~C. 

3. During the .18 th century the sudden development in engi­

neering and technology made it possible to develop new· and original 

windmill designs. 

4. At the end of the 19 th century a scientific research star-
. 

ted on ''lindmills, and experiments t.-lerecarried on ne"I and more effi~ 

cient types. 

5 ~ In 1925 i"lettner and Savonius started they ilOrk on vertical 

type windmills using the principles of the wind rotor. 

6. The i'iirid rotor idea ~'las soon abandoned, because it '-las 

considered of 10vl efficiency and it required more material. per unit· 

pOI'Ter than other conventional Hindmill types. 

7. In 1940 new wind turbines Vlith 3 blades - made,hth· airfoil 

profiles _ and high output started to be designed and test~d. 

8. After the year 1950 large output Hindmills proved· to be 

too complicated for practical operation, and simpler designs \vith 

lOVIer output \'lere started. 

\ 
----------------~ 

1.. 

I 
I 
I 
I 
I 

\ 

I 
I 
I 
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9. India and Israel started a .country 'i'lide research program 

md e:x.perimentat ion on vlindmills, following a basic outline of "lork: 

study of the "lind regimes \'1i thin the, country. 

- Data collection on ,\-lind characteristics allover the 

country. 

Data collection on p01'ler generating systems and availa-" 

bIe resources. 

Erection of small vlindmills in favorable locations 

_ Design of largeruniti to be installed in sites where 

best conditions existed. 

10" Research is still being carried today in Isrb.el, India and . 

England, for ,\,Iindmills to :be used in underdeveloped areas" 

j."or the time being, the future of uindmills seems to depend upon 

the following points: 

1) The unpredictability of the uind characteristics, makes 

it necessary t,o carryon more complet e surveys on \dnd regimes. 

2) The 'fact that the pOI'Ter generated:from a vrindmill is direc-. 

tly proportional to the cube of the ,"rind velocity, ;an,kes it necessary 

to improve the designs still more for better overall ef:ficiencies 

3) storage of p01'Ter has been found uneconoin~cal, so a more 

careful analysis oi' pO\'T8r demand.s - ·"ls.ter pumping, electricity gene-

I 
\ 

I 
I 

I 
I 

1 
I 
I 
\ 

I 

I 

I 

i'ution, cookinG' heating, etc. 

~he efficiency of windmills. 

_ seGmo to be a better \'l(,J-Y to ir!lprOife I 
___ - ....... J\ 

. ) 

1 
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4) Economy being tl'le ultimate ,test for the utilization of 

:dnd pm,rer , it is necessary to make the follo~:iing analysis: 

a. find the optimum size. 

b. compare the efficiencies of one sale unitvs. several 

small units. 

c. findthc most favorable location for the units. 

d. analyze the possibilities of using \viridmills connected 

together or to a main netl'Tork. 
I 

e. compare the cost of power with other conventional po~ 

ller sources. 

5) The future use of ,·rindmills seems to be restricted to under-

developed areas ,I-There the cost of gencrat ion of pOvler b;)T other me-

thode is hieher. 

6) There is a need for simpler Hindmill designs, and the i'lind 

rotor seems to have the eharacterist iCB required for a fee.sable so-

lut ion: 

a. independance from changes in,'.i'lind direct ion. 

b. possibility of t'lOrlring at very high speeds. 

c. no need for gearing systen 

d. ease of manufacture 1 operation and maintenance. 

He can conclude in the follovlinc; vray: 

Hind can st ill be a source of pO¥ler generat ion, such as \Tat er pu!n-

pine;, electricity production, ventilation, etc. in uiHl:ertleveloped 

areas, if simple designs such as wind rotors are used. 
-' 

I 
I 
I 
I 

\ 

I \ 
~ \ ___________________________ ~~A l 
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;j&sed on this state::lsnt the folloHillC outline ':7i11 be taken U8 a 

"uide in Qur 1'lark: 
" 

- Study of '.rind theory 2.nd, characteristics. 

Analysis of basic aerodynamic principles involved in 

the application of Hind rotors. 

l~xperLncnt2.tion on different tYP83 of I'lit1d rotors and 

stu(ly of their 'Deriol'rnance cho.racterist ics. 

_ Design lH:l.sed on the most el.'ficie:lt solution. 

_ Scononic analysis of the design. 

Analysis oJ.' the :possible applice.tiollS, and manufactu-

_ RecomCiCndc.t ions for :future "[or::::. 

I 
1 

\ 
I 

1 

I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
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i \ 
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I 
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I 
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3. T II E 0 RET I CAL B A C K G R 0 U N D 

3.1 Uind Theo~J 

3.2 Aerodyna.mic Principles 
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'dind motion is a continuous and cyclicay tendency of the atmosphere 

to stabilize itself and to roach an equilibrium. ,Temperaturediff'e-
/' 

rences in the atmosphere causes pressure gradients; \·rhich create 

1erces trying to reach a state of balance. 'i'farmer air rises, J.eaving ------.:...--------------- . . ~ 

a releti ve. ,deficiency of air at the surface, "Thile cold air flmrs to 

compensate this deficiency creating a motion called uind. Cold air 

descends under the influence of its higher \veightand this cause an 
._---------_. __ ._------

increase in the air pressure, i'ihile the raising of air .causes a decrea 

se in pressure. Thus all 1'1inds are the result of horizontal differen-

ccs in pressure, and all \'linds t enu to blm1 from high to 10\,1 pres:;ures. 

l'he velocity of air £'10\0[ l'lill depend upon the magnitud of this pressu~ 

1'e gradient. (.J!·ig 3.11-1) '(1) 

H0:3~ J I· .~_?"" 
77777// 1/lJ/1771177J I 777777 77/ 7 7/11 /77/J771J/lI77Il7777l117777711777777177777717711777//7771777 

Pig 3.11-1 
Pressure cradients 

The best exa;nple of , .. rind motion can be found in the thermal cir-

I 
i 

I 
I 

I 

I 
I 

\ 

I 
I 
I 
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culat ion that Occur locally. The basic cause of air flow· is the tem-

perature contra.st. A sea breeze is caused. in the shore "1here the cool 

air fills. the eL1pty :3pace left by the air heated by the land, raising 

due to drop in density. (Pig 3.11-2) 

LANlJ 

Pie; 3.11-2 

Sea breeze 

The process is often reversed during the night, ':Then the land cools 

faster than the Hater and an air motion i:1 the reverse direction is 

generat edo. (2) 

(l) ','/i11iam L. Donn "VIet eoroloEY II He .. Gravr iiill 1951 pp 140-147. 

(2) George .i,I. Taylor tI:Uementary ;'Ieteorology tI}lrent ice Hall Inc • lieV! 

York 1954 pp 121-140 
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The speed and direction of the ,-rind motion \-rill depend upon the 

int eract ion of the follot'ling forces! 

Pressure gradient force 

Coriolis force 

Centrifugal force 

l"rict ion force 

The analysis of the forces affecting i-Tind motion can be done wathe .... 

matico.lly· and for this purpose the follo"'.'ling nomenclature \'Till be 

used: 

W angular velocity of rotation of 

t time 

v · velocity of air · 
a · accelerat ion of air · 
m · . mass of air 

.P density of air 

11 axis in the horizontal direction 

¢> latituo. angle 

It 
<.J acceleration of gravit~T 

c · \-rind speed. · 
z axis in the vert ieal direct ion 

P : geopotantial 

~ . Coriolis force c· 

I' radius 

f fr i et.-i 011 force 

earth rad/sec 

sec 

m/sec 
2 ill/sec 

gr 
7-

gr/c[J.J 

m. 

degree 

2 m/see 

m/scc 

m 
2 2 

ill Isee 

dynes 

m 

dynes 

I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 

1. }'ressure gradient force 

PAGE A3:l. 

hind flO\-r iB caused by a pressure difference .in the atmosphere. This 

ressure difference can be denotcd by means of pressure Gr~dient 

ector, \'lhich indicates the direction of flow' at right angles to the 

,res sure lines (isobars). l)res;:;ure lines form a pressure field,and 

he pressure gradient is expressed symbolically as dp/dn ,or the 

'ate of change of pressure '\'lith distance. (Fig, 3.12-1) 

i?ig 3.12-1 

Pressure ~radient 
, -~.' 

The expression 1/.f dp/dn' is called the pressure gradient force, 

\'I11ereJ is the density of air. Actually it is not a force, but an 

accelerat ion, so i·;e can cons ider it, the force that acts upon the 

un it mas s of air. 

2. 00rio1is force' 

Due to the rotation of the earth around its ovm axis, the i'lind is 

affected by the Goriolis forces. The motion of the curth continuously 

deflects any freely moving obj ect, and this deflect ion acts so as to 

-.......---~.-----... -~"'-.-------..:.----~-----~------~ 
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I 
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ause the object to move tm·;ard the right in the northern hemisphere 

.nd tm'Tards the left in the southern heillisphere. (£1ig 3.12-2) . 

N 

s 

l'~ig 3.12-2 

Deflection of wind 

The forg e that causes this deflection is proportional to: 

a. the speed of the moving object 

b. the' mass of the moving object 

c. the sine of the latitude 

. 
'}'his forces act at right angles to the direction oftha noving 

object so that it can be affecting only its direction, and not its 

speed. T his force is called Coriolia force, and can be simply d euved 

as follm'ls: 

Assume 2. parti'cle at the Horth 101e movinG freely tO~'iards the 

:~outh "lith a velocity v in the direct.Lon FA. 3y the time it 118.8 

arrieved at the point in spa.ce represent ed by A, the earth \·;il1 have 

rcvolve~t a distance EA, and the particle \'1ill actually reach 13, 11a-

Vbg folloi'Ted the curve path PB. (i'ig 3.12-3) 

L. ' 

I ",' \, 

I 
I 
I 
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A 

.e'ig 3.12-3 

Coriolis force 

hus it is deflected to the right. If the ee.rth is revolving about 

ts axis vTith an angular velocity W 1 the angle BPA \'fill be u.;ji .dt 

.Her a small intervCll of time dt , and the dtstance fA i-lill, be 

v dt .(Fig 3·.12-4) 

p 

welt 

trcJt B 

A 

l"i.; 3.12-4 

Deflection angle 

~[he a 1 ng e uJ • dt is equal to the arc ds 

v dt ,or 

w.dt = ds 
v dt 

divided by the radius 
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ds = V w ( dt ) 2 ( :3 1 ) 

In general the distance travelled by a part icle depends on the i­

Ltial velocity and its accelerat iOn 

s = v t + 1/2 a t 
2 

o 
( E 2 ) 

For an initial velocity equal to zero and a suall interval of dis-

cnce and of time: 

ds := 1/2 a ( dt )2 3 ) 

Equat inc; equations ( E 1 ) and ( l~ 3 ) 

v W ( dt )2 - 1/2 a ( at )2 

;i1erefore 

a:2vw ( E 4 ) 

.erom hm·rton's 1m'1 

.l!'\ = rn ( -.' 
..j 5 ) 

Subst i tut ing equat ion ( E 4 ) in ( E 5 ), 

.i = 2 m v 
( E 6 ) 

taldng the component of c.u at B.ny latitude sin t:P , , "le have 

P .,. 2 m v c.O sin c:p 

This is the ~oriolis force. In vector notation thesarne equation 

~an be expressed as: 

---------------,-~--------~---..-
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]I. part i:::le moving from the equator nor"tlnraro. i'Jill be deflected to 

he right, 'l'lhile a part icle moving tmmrds the equator xiill also be 

,eflected to the right.' (Fig 3.12-5) 
N 

\ ._ .. -v=. 
I 

1"ig 3.12-5 

Deflection of a moving particle 

vihen t he only forces acting upon the air are the pressure gradient 

md the Coriolis force,the blowing wind is called geostrophic wind • 

~he equation· for the geostrophic ~'lind states that the Corio lis force 

~q\lals the pressure gradient force.' Taldng both forces per unit mass, 

from equat ion ( E 7 ), 

2 eN sin ¢ = l/p dp/dn 

c _____ 1 __ dp/dn ( E 8 ) 

2 W 8111 '/" f 

uhere c is the uind sp~;cd. The uind speed can be represented in 

the pressure field as in iig 3.12-6 

.. -_ .. __ .. ,------------------_ ...... 

I 
I 

I 

I 
I· . 
I 
I 

I 
r 
I 
\ 

\ 
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Geostrophic wind 

Bauation ( j~ 8 ) sho'\'1's that the "lind speed is 

directly proportional to the 
, 

gradient pressure 

- inversely proport ional to the sille of the latitud 

inversely proportional to the air density 

o 

PAGE 

:rhis equat mon should not be used for lat i tudes belov 10 • \-;hen 

~es to 0° then c goes to infinity in the limit. 

IutIle northern hemisphere a person standing 1.rith his back against 

;1:1e i11nd "rill feel the 101"1 pressure side on his left J i'lhich is in 

~ccordance i-ri th this discussion. 

As the't\Tincl speed is inversel:\T pr.oport ional to the air density f and 

::.ir density decreases ",ith height, the Hind speed increases .'<lith 

iLBight from the surface of the earth. In 'order to see thms behaviour 

lie can substitute J hy its equivalent from the hydrostatic equation: 

dp = - J g ( " .t. 9 ) 

• I· 

\ 
I 
! 
I 

I 
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rhere z is. the vertical dista.l1ce and g the acceleration of gru­

dty, therefore 

J= - dp/g dz ( E 10 ) 

i"rom equations ( 1~ 8 ) and ( . ., 
l!, 10 ) 

c g dp/dn 
;: 

2 W sin f dp/dz 

)T 

c g dz/dn :::: ( E 11 ) 

/ 2 oJ sin tf 

In this ,·mythe pressure term is eliminated. andvlind speed. is ~e-

Jcndant upon the vertical distance dz and -the horizontal interval 

dn - • It is possible to plot constant pressure charts, \·,here the 

lind speed chunges ''lith the height from the ground. :Dquation ( E 11 ). 

12.[3 the acceleration of f.~ravit.y in but this varies -practicall:T nohe -~ '. , -] 

lith height f'or all pract ioal purposes. l"or more precise ,,;ork, g dz 

:an be replaced by 

if 
cr- . 
bO . 
J:.J : 

" 

g a 

10 

gcopotent ial 

2 9.8062 ill/sec 

radius of the earth in meters 

3. Gentrifugal force 

/ 

(E n.) 

In general it is :.;.ssUlled that the \'lind flOi'm in a straight line, 

I 

I 

I 
I 

I· 
I 
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It actually Hind travels large distances so that the curvature of 

18 earth enters into picture, does tlie air is affected by the cen;.. 

rifugal force due to its curved path, proportional to mc2/r., w'he-

:3 m is the mass of, air, c the velocity and r the radius of the 

lrvature of its path. 

Hinds that blm'l in response to Coriolis, press'ure gradient and 

entrif~gal f'orces are called gradient Hinds. There can be several 

Iternn.tives as shom:l in iig 3.12-7. 

c 

d) b) 

c 

c 
c) d) 

,i!'ig 3.12-7 

" I 

I 

I 
I . ! 

'\ " 

, ·'1,"· " . , r' 
:! ' 

I " ' 

I 
\ 

\ 
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In l?ig 3.12-7, 

i c 
2 c /r 

. . 
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Coriolis force 

centrifugal force 

11j> dp/dn: pressure gradient force 

As an cxa:nple take from the same figure case b) 

l~ dp/dn = 2 w c 

c 2 + 2 r W sin cf c r/ f @p/dn o 
J 

then 

C :E, /
0 " I ( ,..,t... )\2 r) C1PI dn + r w sin , 

4. }'riction force 

PAGE -fifo. 

rwsin ¢ 

In nature the effect of ,friction caused by the surface of the 

earth shou,ld also be considered. ,l!'rict ion deflects thci·r.ind so that 

it ahlays has a component from high to 101'1 pressure. This provide~ ., .,' .\ 

a mechanism for the interchange of air between high and 101-: pressli~ 

re systems that ,would 11ardly be possible othervrise. 

;dhen friction enters. into' picture, the speed is decreas~d and the 

Corio1is force at, once becomes too "Teale to balance the .pressure 

gr~d.ient force. (Fig 3.12-8) 

In order to restore a balance of forces the i.J'ind shifts so that 

the friction force f can assist the Corio1is force i,n maintaining 

a balance. This si tuat ion is seen in .lig :5 .12-8 1:lhe,re f and .l!' , 
c. 

st ill just balance t'he fore e lip elp/ dn. rrhe pressure grad.ient force 

. .1 
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c 

--~---------r--_7~~----~---A 

-----------+7S~---------/3 
c 

----------~~~----~~---------~ 

~~----~--~~----~----~~. 
/ 

Fc 
--~--------------~----~------------~--~-/~ 

f;; 
------~------------------~-h 

Eff~ct of friction on wind 

PAGE -tll·(. 

ioes not change, the Goriolis force is ah/ays normal to the lTind 

ii1'ec"\:; ion a.nd the friction force isal~'rays directly opposed to the 

'lind.. It must be remembered in all discussions that the Hind vector 

itself i~ not a force, since the wind is assumed to be blowing with 

3. steady velocity. 

III theequa"tor and for local uinds the Goriolis force is zerO, so 

thQt the \dnd speed is dependant only on the pressure difference and 

frict ion. (1) 

(1) 

f . 
~ A 

George l!'.Taylor "1Uementary i·leteorolo{~ytl Prentice hall Inc, 

He"l lork 1954-pp 121-140. 

.. I i 

I 
! 

1. 
I 
I 
I 
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I 
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" Dest-busl arzusuyle olUrsem dostlar 
A 

Kuze eylen topraglm sunun anlnla yare SUo n 

3.2 A:ERODYliANIC }RINCIFLES 

3.21 Parallel flow 

3.22 Source flm.: 

3.23 Circulation flow 

3.24 Combination floi'T 
«I 

3.25 Il1agnus 'effect 

3.26 Drag and lift in airfoils 

3.27 Power in wind machines 

3.28 Graphical solutions 

( iuzuli ) 

PAG~:l 

i 
I 

I 
! 
i 
! . 

I 

I 
I 
I 
! 
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v 
A 

Q 

E 

r 

D 

a 

1 

· • 

Nomenclature· : 

velocity of parallel flovT 

cross section area 

: floi'1 rate or rate of dischar[,;e 

: . source 

· · source strength 

circulat ion 

: radius 

· · 
· · 
· · 

· · 
: 

diameter 

distance from stagnat ion to sourc.e 

moment of the dipole 

distance between source and sink 

ve loc i ty at the surf::tc e of a b ocly 

velocity due to circulation 

radius. of the cylinder 

t:lG angle made by the radius ",ith the 

2 In 

3 !n / Gec 

m 

m 

ill 

sec 

m/sec 

m/sec 

m 

i I 
,~ i 

I 
1 

I 

2 I! 
or ~ leer I 

I 
! 

x - axis at a point on the periphery degrees 

p 

f 
.l!' L 

1" · D · 
AL · · 
AD · · 
" \.I D 
r, 
V L 

total pressure 

static pressure at a point on the 

parallel flo\'1 

densitY' of the fluid 

lift force 

drag force 

lift projected area 

drns projected area 

coefficient of drag 

coefficient of lift 

? 
Ire;/ sec m'-

2 kg/sec m 

kg/m3 

l:g 

2 
En 

2 
m 

. - I 

--,----.-------.-~~--.-.~ 

j 
I 
1 
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i I 
r. I P 

Po 

"P 
"'"a 

I 
V ... 

B 

S 

f.> 

ill 

· · 
· · 

· · 
· · 

pm·;er 

pmTer output 

pm-Ter available 

m8l(imuGl theoretical efficiency 

velocity of source 

closed curve 

angle made by the circulation 

velocity ,\-li th the tangent 

total velocity 

angle of attack of airfoils 

mass floii rat e 

kg m/sec 

kg ill/sec 

lq;; w/ sec 

ill/sec 

m 

degrees 

m/sec 

deGrees 

kg/ sec 

I ! 
I ! 
i ! • 
I 
I 
I 
I 
~ 

I 
@ 
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II 

I 

3.21 1~arelle1 flo\,1 

The ideal flow is defin~d as being non-viscous, in other '\'Tordf; 

I , !lare is no friction. Therefore ideal flovT is frictionless and steady 

equal. II 
i I 

low: the velocities throughout a cross section in a pipe are 

/ig 3.21-1) 

v 

----~-----,-.... t----

------I----~--..... r__---

Pig 3.21-1 

Ideal Hlov] 

In the ideal flm'l, the flovT rate or rate of discharge is 

vThere 

Q 

V 

Ii 

. . 

Q = V • A 

flO1<! rat e in m' / sec 

velocity in m/sec 

2 cross section area in m 

( B 1 ) 

The continuity equation for an incompressible fluid (density cons-

~!lt throughout the flo\-;) is according to ~\ig 3.21-2: 

( S 2 ) 

i i 

I I 
I I 

I 

I 
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i'lhere 

velocity at point 

velocity at point 

cross section area 

cross section area 

Vi A __ ~~I 1 

'c'ig 3.21-2 

1 

2 

in 

in 

at 

at 

2 

I 

Cont inuity equat iOl1 

m/sec 

m/sec 

point 1 in 2 m 

point 2 in 2 
ill 

A .streamline is defined as tl'~e tangent line to the instantaneous 

:locities at successive points in a flOi'li!1g liquid. U'ig 3.21-::n 

v, 

li'ig 3.21-3 

f.~,treamlines 

~ I 
I I 

I 
I 

I 

i 
I 
1 

I 
I I 

I 
I 
j 

I 

! 
i 
! 
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Accordin[; to 

sified as : 

1. Parallel flm·r 

2 .. Source floH 

3. Circulat ion flov1 

4. Combined floW" 

Parallel flow': 

-·----·-----·----····-····----····--·1 

! 
I 

I 
I 

i 
I 
I 
i 
j 

i ! 

~ I' 

I I 
I I 
I I 

streamlines are parallel to each other. (Fi~ 3.21-4) (1) 
I ! 

I ! 

. iig 3.21-4 

Parallel flm'/ 

I 

r¢ 

rri 
I 

._ •. _----
)) Adnan H.Ta$plnar f1]?luid :.~echanic3 l'ictes II (not published) 
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3. 22 :30urce flm'T 

JI source is a :point from which fluid is generated at t"ln uniform 

~te. The stDength of the source is the r!..'.te of £101''- passin{:, through 

~ surface enclosing the source. (Fig 3.22-1) (1) 

v 

Source floi-' 

ior a 3- dimensi0l1al flo"" the strength of the source is: 

ilThere 

E ::: V • 4 1T' r2 
s 

.( E 3 ) 

E 

v s 

strength of the source in m3/soc ' 

velocity of the source in m/sec 

2 41l'r: " h . 2 area OI a sp ere In ill 

lor a 2- dimensional flow: 

E = ( ., 4 ) ::1 

I I i I 
i I 

J. I 

II 
I I 
~ I 

~ I 
I I 
I I 

I 
I 

I I 

! ! 
II 

I 

I 
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strength of source in m2Jsec 

source velocity in m/sec 

2 'il'r .. perimeter of a circle in m 

:squat ions ( 2 3 ) and ( E 4 ) are si~nilar to equation ( B 1 ), 

since the strenGth of the source is actually the flOi'j rate of the 

source. yihen the velocity Vs is negative, the :floli is iuuards and 

in this case we have a .§.ink .. (2) 

-------------~----------~--
(1) V. ~~treet er "Fluid Dyuar:lics It i';c.. Gral'T Hill nook Co" 1948 P 43. 

(2) Adnan H. Ta$plnar "Fluid ;·;echanics ~;otes" (not published) 

I 

, 
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i 
1 -
I 
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I 
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I 
I 
I 
! 



--------------_. ------- -- -------_._---_._-------- ---_.---- ---- --'--" --.- ------j 

THESIS I 
ROBERT COLLEGE GRADUATE SCHOOL PAGE ,(~o. 

SESE" . ISTANBUL 

5. 23 Circulation flo101 

iIhen fluid circulates 8.round an a~ns, strea:nlines arc concentric 

rcles, aild there is circulation flmT. (1) 

Circulation is expressed mathematically as follous: 

If e closed curve S is dra'l.'ffi on a t\-'lO- dimensional steady i'10i'T 

cllmline, "Thene the componetts of the velocity v at all points c 

ong a curve are v c. cos (3 , the circulat ion r is defined as, 

g 3.23-1 : 

r ~ j v c' cos r· ds 
.5 

( " c:; \ 
.!j ,..I ; 

"There 

i: line integral alonG the closed curve ~. 

from 

vc. aos~: component of the veloaity va on the curve S 

. . circulati.on velocity in m/see 

ds infinitesimal clement of the curve ~-

----
Jig 3.23-1 

1 

I 
1 

I 

I 
j 

I 
j 
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In the case of a free -vortex, the :velocity is Given by the 

;zpression; .i!'ig 3.23-2 

r v ; constant = C ( ":-1 6 ) . c :.:-

If '.1e apply the equation ( E 5 ) , then 

1""' .: f Vc . cos ;3 . ds 
5 

and cos 0= 1 

-r -fv ds - c 
$ 

r :- Vc l ds 

-= v c 2lrr ( Ior a circle ) 

irom equation ( '";'"." 6 ) .w 

Vc = C I r 

Therefore 

r = 2 lYe 

or 

r = 2 1/ vc . r ( Z 7 ) ((2) 

:~o 
--------------------------
1) Adnan H. Tas>pJ.nar 11}'luid Iilechanics r10tes " (not published) 

2) Richard H.,iI'. Pao lIl<'luid Hechanics /I John ~'li1ey and Sons 1961 

pp '~22-424'-

~ I 
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I ! The superposition of more than one kind of flo1'1 is called a 

mbined flO1-1'. The Jl1ethod of solving such a flo\'l problem is shOlm bJT 

ans of e;;:amples: 

a) Parallel flmT and source floy] 

A body '\:lith a source So has a strength E. The fluid coming out 

om the source remains within the boundaries of the volume of the 

dy. In addition of this, there is a parallel f101'l around the body 

\'lidth D. The distance of the source from the stagnation point of 

(; body - 1:1here the velocity is zero - is expressed by a • 

In ord-er that the parallel f10\-1 of the surroundings remain undis-

roed, the quantity of fluid displaced by the body must flOl'l out of 

e source. (Fig 3.24-1) 

: - ~; :T 
--1-~ ---- - D· -----

I I So 

I : -L 
~~ a~ 

l"ig 3 .24-1 

Parallel flo'iT \'Ti th source flO1'1 

If He assume the body to have a cylindrical cross sect ion, then: 

I . I 
I 
I 
I 

I ! 
~ I 

I 1 . ~ I 
a I I 

I 
~ 

! 

I 
I 
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= 

where 

E strength of the in · source · 
V · velocity of the source in s " 

11 r2 · cross section are:::. of the · 
c'rom equat ion ( E 8 ) 

1 r = D/2, so: 

~refore : 

2 r = 

-= 
4 

V 11 
s 

E 

V 11 s 

D = 2 J vE 
tr 

s 

( E 8 ) 

2 m /sec 

m/sec 

cylinder in 

( E 9 ) 

If the distance a equals r ,then from equation ( 3 9 ): 

V 1f s 

( 
71 
.b 10 ) 

2 m 

b) Parallel flOl'1' 't'ri th a sorce and sink of equal strenf..rt;h 

. 

ilhen the distance beti'T0en a source and a sink is reduced so that 

1 = constant 

"There 

I 

! I 
I I 
I I 

I I 
I I 

~ 

I 

I 
I 

i 
! 

\ 

~ ! 
B I 

n I 
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I i 1 

· · 
· · 

strength of source (~ig 3.24-2) 

distance bet~:leen source and 

obtain a Dipol , or doublet. (~ig 3.24-3 ) 

Source and sink 

Dipol 

-' 

The moment of the dipol is defined as: 

in m 

I 
I 
I 

i 
I 
I 
I 
) 
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r·1 = E • 1 .8 11 ) 

In the case of a parallel floi'T \'lith a dipole vIe have: 

T'\ 1T 'Y 2 
L = v • II r s 

• r 

so combining both equat ions: 

The velocity at the surf:lce is given for a t\'lO dimensional flm·j by: 

v = 2 V • sin DC 

:lhere 

v · veloCity a.t the surface of the body · 
V · velocity of the parallel floi'l · 
DC · angle i'lith the x-rods (1) · 

------------
1) Adnan II. :l'a9Plnar "Pluicl J·jechanics II at es II (not published) 
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,.25 Magnus Effect 

l'il18n a rotating circular cylinder is placed in a flOivine; fluid. ,,'e 

IJtJ.in the combinat ion of a : 

a) Parallel flow (Pig 3.25-1) 

b) Doublet (l<'ig 3.25-2) 

c) Circulation (.Pig 3.25-3) 

.60 

I 
"'" .. 
... 
.--
..... -
~ 

Parallel.flo,\'i 

l!lig 3 .. 25-2 

Doublet 

Circulation 

V 

I I 
5 I 
I I 
~ I 

! i I i 
I 

1 

1 

1 
. I 
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The combinat ion of the parallel fl'ow' and the doublet, represents 

"the flpi'1 pattern of a stationary cylinder placed in a p:J.1'allel flo1J. 

The velocity at any point on the surface oi' the cylinder is given 

by the expres::don in equat ion ( E 12 ) : 

v = 2 V sin oc. ( E 12 ) 

Hhere 

v ': velocity <J.t a point of the ::.mrface of a 

stationary cylinder in a parallcl :rlO\,l 

v velocity of the parallel flou. 

angle made by the radius at a point of the 

suri'ace of the cylinder lrith the main a;'(is 

of the parallel flow. (Big 3.25-4) 

--------------------__ -r--~~-. ---------

I 

--~-
---------~---. --- ------

lig 3.25-4 

Iarallel flow with a doublet 

The velocity on 1J1e surface of the cylinder due to c irculat ion i::; 

giVen by th¢ expression in equat ion ( E 7 ) ! 

I I 
I 

I 

I I 
I I 
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I 
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1'There 

v c 
2 1( r 

o 

( .8 7 ) 

. . velocity due to circulation at a point in the 

cylinder. 

r : circulation 

ro radius of the cylinder 

The superposition of the t,-TO flO\-1 patterns, namely the stationary 

linder in a parallel flm" and the circulation is expressed by the 

_perposition ( algebraic sum) of the velocities. j:'rom equations 

E 7 ) and ( E 12): 

-vThere 

v t -= 2 V s in DC + 
211r o 

Vt is the total-velocity. 

( B 13 ) 

As r was taken clock"rise, the velocity around the upper portion 

: the cylinder is hie-her (velocities add) than in the lOVier portion 

relocit ies sUbstract), this meuns that the pressure at the louer IJor­

lon is higher than at the lOi-ier portion. This presrmre difference 

~Odllces a lat eral force called lift. The magni tud of this lift may 

; calculated applying the Bernoulli's equation: 

+ 1/2 • J v2 
1/2 • J 14 ) 

I 
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p total pressure 

stat ic pressure of t he parallel flOl'l 

velocity of the parallel flow 

total velocity from equation ( B 13 ) 

If '\1'e substitute in equation ( B 14 ) the value of v
t from the 

Qat ion ( E 13 ) then \Ve have: 

p = Po + 

~he lateral force 

2 
1/2 • .p V 1/2 _" J ( 2 V sin oG-

dEl acting on an elementary area ner unit lenp:th 

. the cylinder portion r 0 • doC, is: 

dl? == 

where 

di' . -

p ( ro • d oe) sin ~ ( iig 3.25-5) -

luteralforce . element per unit length 

dF 

l"ig 3.25-5 

Lateral force 

i I 

I 
I 
I 
I 
I 

! ! 

I I i I 
I 
i 

J 

I 
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The neGative sign indicates that t~1e 3!ressure force is aluays Ill' 
direct ed t o'\'rards the surface and cont ribut es a negat i ve increment 

of force "hen sin oc is positive. 'I 
I I 
I 1 

The total lateral force -I?L acting on the cylinder P61TJ.l1it length 

is obtained by integrat ion: 
I 

t 1/2 • J ,V2 1/2 _y ( 2 V 
r )2_] I 

sinoC- 211ro I I 

• rod pC sin oC 

All the integral terms except: 

27T i -1/2. f (2 • 2 V sino<!. 

are equal to zero because they are sin and sin) ter!:1s integrated 

from 0 to 2 • 

Computing this integral: 

l!' V sin 0( • T' f
2iT 

L ______ doe 

o 

JV r 
1r' 

pvr 
1t' 

This is the total latcrnl 
~~~--~-

1r 

oC 

2 

• ( 2 7r 

2. 

J 
27T 

:in :0<; 
4 0 

o ) 

( E 15 ) 

i I 
~ I 

I I 
! I 
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Illation is kno'i'm as the Kutta - JOUkOl'lSki theorem, and the phenome­

on "Tas first observecl by .l\lagnus, German scientist i.n 1852. (1) 

Experiments made to study the steamline format ion around a rotat inc 

,Under shcm very clearly the lifting effect. (fig 3.25-6) (2) 

Fig 3.25-6 

Nagnus effect 

I 
! 
I 
I 

I 
" I 
I I 
I 
I 
I 
~ 

I 
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3. 26 Drag and lift in airfoils 

-1 I 

Any stat ionary solid obj ect inmersed. in a fluid st ream experiences 

a resistance called ,9:ra,c:::. '.1he total drag can be considered the 8um:na-

tion of the frict ional drag and the prcs::mrc (~rug. 

The resultant force on a submerged object cante discomposed LltO. 

tHO forces.: 

-""':-------
Drag force parallel force to the i'loi'; 

lift force perpendicular force to the ..£1'" ~ tl - -~ ...... - floi'l 

~he most important applic.at-iol1of the lift and d~:ag cO~1'.~e'Pts is 

found in a part iCUlar~·:a·~le lmov1l'1'3:s the ail'-:rc;~~. O'i(; 3.26-1) 

The streamline of a parallel flow is spaced equally. The spaGings 

19tHeen streamlines is decrc3.sed at the tip of the uirfoil i'lith an 

increase in the air velocity, and increased at the bottom \-!ith a de-

;rease in the air velocity. This causes a pressure dii'i'erence that 

:auses a lift in the vertical direction. 

L II=T for<s.surcL .... 

- -
.~~ 
.' '\ -'t" 

tra:..sso ret.. + 

------------~--------
-.~--{ 

.i'ig 3.26-1 

Ie : __ ,r-- _ 0" ., 

I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 

I 
I 
! 
i 
i 
i 

i 
J 

I 
I 

I 
! 

! 

I 
I 
~ 

i 

I 
5 

- ; 
1 
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The mathematical expressions for tne lift and the drag on an airfoil 

are: 

'l'There 

1? 

}' = 
L 

L · · lift force 

P V2 

2 

J 
P V

2 

2 

CL coefficient of lift 

· · projected area, c x ~ 

jD density of fluid 

· · velocity of fluid 

iD drag force 

C D · · coefficient of drag 

AD projected area, d x b 

b 

..::'ig 3.26-2 

Kirfoil dimensions 

The values of thEY coeff'icients of lift and 

( l~ 16 ) 

( .B 17 ) 

(ii'ir; 3.26-2) 

drag depend on the angle 

I 

I 

I 
I 

I I 
I I , I 
I I 

I j 
I 
i 

I 

I I 
II 
i I 
i 

I 
i 
i 
i 

I 
I 
ij 
I 
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Df a.ttack (f, \'lhich are given in special graphs. (1) 

Tha spapes of airfoils are gi von by tables, i'ihich plot the 10\'r81'" 

md upper chamber as a funct ion of x. (fig :3.26-3) 
I 

I 

I I 
I I 

. I ~I 

1- 0.5' 1 

Pig 3.26-3 

Airfoil profiles 

1) Hichard Pao 1I~1luid .i·lechanics II John ;;liley and :Jons 1961 pp 420-422. 

1 
I 
I 

I 
1 

1 

! 
I 
I 
I 
I 
I 

I 
1 
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3.27 Fower of wind machines 

PAGE 1b6.-

The power of a wind machine has been found empirically to be pro­

Jrtional to the cube of the i-rind velocity; 

J? 3 v 

l1his can be (shmm mathemat ically to be so., as folIous: 

vlhere 

p . . povler 

i force 

v velocity 

He\'-rton's 1m-I states that 

elv 
o. 

l!l = m • a _ ill • 

dt 

"There 

ill . mass floi'l rate . 
a acceleration 

ld 
p 

m = y. v . A 

\'I'here 

.P · density of the · 
A · cross section · 

'l'herefore 

i~ = .\.\> . v . ~. dy/dt • v 

fluid 

area 

! 

I 

I 
I , 
I 
I 
I 

I 

I , 
i 

I 
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Therefore, 

It can be proved applying the Bernoulli 'sequation that;: 

v -

so, 

f 

2 

'I 2, 
'2 ) 

The available power from the ~lind is given. by the e:;:Ilression: 

"'There 

= 1/2 .? A. 

V 2 
1 

P : pO't'ler available from the "'ind a 

?he maximum theoretical efficiency is then : 
oM) 

P"" 
(v 2 _ V 2) 

]. 2 

/ ~ pV 
a 

(VI + V2
) 

I ---
2 . 

1/2, • J. A • 

(V 2 
1 

-v 2) 
2 , 

V 3 1 . 

v 3 
~l 

( B 18 ) 

I 

I 
I ; 
i 
~ 

'I 
I 

I 
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The maximum theoretical efficiency CM be calculated from the kine-

;iC energy principles; the output of a Hind machine is given by the 

'olat ion (lig 3.27-1) ! 

Po 

where 

Po 

III 

VI 

V2 

ince 

A 

v 

~. , ,2 
V22) := 1/2 • 8 (VI 

· p0i-Ter output · 
· mass f10\f rate · 

velocity input 

velocity output 

cross section area of wind machine 

density of the fluid 

: velocity of fluid through the machine 

---v, 

j:'ig 3.27-1 
Emrer output 

.:z 
I 

1-....., ...... Vl.. 

I 

I I 
II 

I 
I 
! 
I 
I 
! 

I 
I 
I 
P-

i 

I 
! 
I 
I 
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i'lhere 

/. ma..ximum theoretical efficiency 

Differentiating 7 "lith respect to V2/V l and settil1g the result 

;qual to zero, gives 

I 
i i 

I 

and 

7 :: 16/27 = 59.3 ~s , I 
I 
I 
I 
I 
! 

I 
! 

rh.ich is the maximum theoretical efficiency. (1) i 
I 
I 
I 
I 
I 

e I 

I I 
I 
~ 

i 

I 
~ 
~ 

i 
---------------------~---
1) ~John Vennard f'21ementary .i"luid ~·leehanics II. John \Hley ano. Sons 

Inc. 1940. pp 105-108. 

I 

I 
1 
1 
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I I I. f.'lagnus effect 

In the combination of a parallel fl0'.1 "lith a rotating cylinder i'Fe 

have: 

a) parallel flow 

b) doublet flo1'1 

c) circulat ion flO\'I 

1. Draw the streamlines of a parallel floW' \'lith a spacing m • 

2. Dra\"l the cylinder of a diameter D i'li th cent er o • 
3. DravT circles ta..l1gen,t to the pOint o and passing through 

the inte.rsect ions of the steamlines \'Ji th the periphery of 

the cylinder. (Find the center of this circles knm'Ting 

three of its points) iig3.28-1 

4. Plot the streamlines at the intersect ion of the tangent 

circles "lith the parall'el streamlines. The result is the 

combination of a parallel flO'l:1 with a doublet .. 

I I 

II 
I I 

II 
I 
I 
I 
i 
I 
I 
I , 
j 
I 

I 
I 
! 

f 

I 
! 

I I i 

5. Draw' concentric circles i'lith center at o • 

6. Plot streamlines at the intersection of the concentric 

cles \'lith the previous streamlines. (:iPig 3.28-2). ~Phe 

I 
cir- 'I 

~ 
I 

result is the combination of a parallel flOl-1, a doublet 

and circulation 

II. Joukm'lsky profile 

The JOukO\\Tsky profile of an airfoil is obtafned. by the method of 

Conformal mapping. It can be construct ed pract ically as follm1s: 

I ; 
I 
I 
I 
I 
I 
~ 

I 
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tlig 3.28-1 

rarallel 1'10\-' and doublet 

I 

II 
I I 

I 

I 

, 

I 
I 

I 
I 

I I 
I 
I 
i 

I 
i 
I 
I 
~ 

l 
I 

1 

I 
I 
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I 
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I 
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i?ig 3.28-2 

Parallel flm';, doub let and circulat ion 

I 
I 

PAGE "'{l - I_ 
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~ 

I 
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I I 
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M i 
I 

I 
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I 

~ 
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I 
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I 
I 

I 
~ 
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I 

.l!~ig 3.28-3 

J oukot-TSky profile 

I 
. I 
I 
ij 
z 

I 
I 

I 
I 

I 



[,'" 

~ , 
f---------------------.-- --,-.--------.---'-- --------------------, 
~ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE .{ 14 , 

BEBEK, ISTANBUL 

1. Dral'[ circle I of radius· r and center '0 • 

2. Lay off::m = OA = 2 r on the x-axis 

3. Take 8. displacern~mt p:: OK. 

4. Dra1'T CD through point K. 

5. Layoff ICE = .KD= R • 

6. Drau circle II through point C 'i'lith center at D 

7. Draw circle III through point C 'tdth center at B, 

8. 'rake 0<:1" OC f 

9. Draw PP and TT lines through 0 • 

10. At the intersections J II J' of lJP and Trl' li-and III 

nesi·rith circles II and III, drayT parallel lines. The 

intersecti6ns of'this parallel lines give points M 

of tha airfoil profile. 

11. Repeat items 9. and 10. taking different values of 

ex .iig 3.28-3. (1) 

------------~------------
.) Adnan Halet l'a~nllnar lIi·'luid (·lcch8.nics Notes" (not published) 
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4.1 Wind Neasurement 

4.2 Visualizat ion of iluid :''1ot ion 

4.3 Selection of Bearings 

4.4 Rot or !3alanc ing 

4.5 flhaft r'esign 

4 .. 6 Soldering 

4.7 Speed governors 

RATIons 
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Inc order to get an idea about the characteristics of ){ind, it is 

'f primary importance to study the 1-Tind Bpecd and the variations of 

lirection. 

There are too many factors that influence the charact crist ics of 

iind besides the temperature and the pres:.mre differences • .i.'·or 8xam-

lIe the surface roughness, type of surface - ice, uat er, land, et c. -

ircsences of buildings or other obsacles such as tOl'lers·, trees, etc. 

:110 ·\.;ind· characteristics change ,'lith heigi1t from the grounu so l118asu-

~emellts of 'ivind arc necessary starting from 2 o.r 3 m to heights as 

luch as 500 m. 

The method of measuring "lind speed and direction should be carefully 

:tandardized·. An open space shoulo be utilized, far from trees, b11il-

lings or hills. The wind instruments should never bo mounted on the 

'oof of a building because this "''1i11 almost certainly c:::mse the r!:;a-

lines to be too 11igh dU.e to (:rovlding of the steamlines 8.~j air moves 

Iver the building. 

1. Wind direction 

In meteorology, the i'lind direct ion is ahiays given as tho direct ion 

~om Which it is blowing_ The surface wind direction is usually 2ea-

lured by same sort of "Tind vane. (Fig 4.1-1) The position of the va-

l8 Illay be determined by simply ohserving it by eye, but usually 80-

Ie i'lay is provided to tr::ms:nit the direction to a dist2.~lt point 

rhere it may be indicated or recorded or both. 

i The simplest t:rpe of direction transmitter uscs cam CO.::lt8..cts ar:, 

I 
• ! 

! 

I 

1 

i 

I 
I 
I 
i 

I 

I: I I I 
~ i 

i 
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I 
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1 
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I 
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l"ig' 4.1-1 

iJind vane 

i,: , .. 
; . 

.< .1 ( 
'i 

......... -...... ,-. 

.: 

'.\ , 

j:'ig 4.1-2 

" 

r 
:0 i 

".', \' 
. ~ J 

'.' 

I 

I 
" 

I 

Potentiometer type wind direction 

transmitter \'lith propeller driven, 

,/ :aagneto type anc!l1o:netor. (1) 

PAGE -111· 

• 1 

I 
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the vane rotates, and closes a circuit to a 12..mp, that is liehted I 
[{hen the vane reaches the contact. '1'here are generally 8 lamps, 1'1:lich 

indicate the i'lind direction to the 16 pOints of the compas,;;" sin.:!G 

the instrument is so disigned that -t\,!O adjacent lie;hts e.re liehted 

for intermediiate directions. In some cases a I'rind speed measuring pro-

peller is coupled to the vane, so that the l;!ind speed is transmitted 

Ghrough ~ addi t i anal connect ion. 

Another type of direction transmitter uses a continuol...l.s rotating 

~otention:eter at the "l'lind vane, and a I1lilliamme,ter, calibrated in di-

rect ion, for an indicat or .. This syst en is thus simple, emci re:!uires 

mly t"10 "lires betl'lcen the Hind vane and indic(~tor. (Fig 4.1-2) 

IJ:'he most reliable and satisfactory system of.'trD~nsmitting the ivind 

iirection USGS small self..:..synchronous motors at both the ",ind vane 

t'1Q the indicator. 1nthis system there !lre no rubhing contacts, hen-

le friction and wear are reduced to a minimum. ~ive wires are needed 

;0 connect the ''lind vane and indicator, and a supply of al'lierrwting 

:Urrent is required. No ,special attention need be paid t.o either 

roltage or frequency stability. 00nt inuous indicat ion of all 6irecti-

:ns is achieved I'lith an ac:mracy o;t' 2 or better. 

S.'he ,vind direction may be observed and recorded either oypoints 

..c> t (I .• 4 0 f1 :J.: he compass or by degrees on a . 0 - 3bO scale. \'Inen points of 

:he compass ure used, the compass circle L1UY be divided into 4, 8 
,. 

.... tJ () 0 

lr 32 points. In the 0 - 360 scale, 0 :i:s l'iorth, 90 is ;::o.st, 130 

is fJouth, 270
0 . 0 

is \'1 es't 3.nd 360 is IIorth again .. 

2. Vlind speed 

- Be8.ui'ort sc:.:.le 

I 

I 
I 
i 
I 
1 
I 

1 
- I 
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'Table I .3eaufort Scale 

Definition km/hr 

Calm 1.5 

Light-air 1.5-5 

Light breeze 6-11 

Gentle breeze 12-20 

Moderate breeze. 21-30 

tresh breeze . 31-40 

strong breeze 41-50 

j·ioderat e gale 51-64 

iresh gale 65-75 

strong gale 76-88 

'\lhole gale 89-105 

storm 106-125 

Hurrrcane 125 

Definition of effects 

Smoke riseS vertically: no 
perceptible movement of 
any thine;. 

Smoke s110'\18 \'lind direction 
and barely moves tree 
leaves. 

Wind felt on face; leaves 
rust Ie, s;:Jall tHigs ;;:ove. 

1e{';l'\res ;~i!lrl BJil.:li 1 tllies in 
constant motion; 010' .. 13 up 
dry .1eav(;s fro:n r:::round. 

i'ioves smallbran;::hes; dust 
and paper raised and dri­
ven along. 

Large bran8hes and s~all 
trees in leaf s'YTaY; cres­
ted wavelets form in water 

Large branches in continu­
ous motion; clouds of dust 
raised;whistling of wires. 

Whole trees in motion; in­
convenience in walkinc 

3reaks "ti'Jigs 8071<1 small 
branches ;ualLing difficult 

Loosens bricks on chimneys 
blows roofing slates off; 
broken branches. 

Trees uprDoted; considera­
ble danage in structure., 

Widespead damage. 

~3evere dafficl.ge. 

--~------~---------------------------------------------------------------~ 

I 

I 
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'The surface vlind speed can be measured in a 1~1rge variety of rmys. 

he simplest is the direct obser~ation of the effect of the force 

f the wind on the surface of the earth, without using instruments. 

hC fa:nous Beaufort scale of \·Jind force i·ras thus developed by A6mir,).1 

ir J."rancis Beaufort in 1805 for use, at se.'l. It ifas lat 8r :J.(L~pt ed for 

se over land. This method can:.:1ot be. used Ifere ac(!uracy is re(lU~h!:Jd _; . III! 
~ld has been subst ituted by :nodern measurement techniques. The ,X::8.u:r art I 

I I cale is given in Table I. 

- Anemolueters 

i·Iidely used \-lind speed device is the threi?- or four-cup 

as shovm in l:'ig 4.1:....3. This is used both to rne::!.sure speed 

2;.ny inoment and tot al \'lind flO\'1 per unit time. L'1 one type 8. CO:1t ,;:wt 

S El.'lde each time a cert 2.in amount of i'lind passes the ins-trtHlent. An 

bserver can measure the Gpeed with this type, by countine the ~um-

er -of contact s - usuo.lly ind icat ed by a buz ~ er or a light - that 

I i 
~ , 

I I 
~ I 
I I 

I 

I,' 

c~ur in a minute. This gives the speed directly in km per hour. Since. I 

hI' e instrument also records the total air flO\·; on a dial, the obsorver II 

an easily compute the average \'Tind speed, bet'\':een the readings of 

he dial. ~ 

Another modification of this instrument is one in i'7hioh the turninG 

f the cups rotates a small magneto. The alternatinG current produced 

n this I'ray is nearly proport ional to the ",ino. speed. It is rect ifi ed 

:nd then indicated on a small milliamneter ~lhose scale is calibrated 

,irectly in "lind speed. 

A modificat ion of __ the cup anemometer is one in T,'Thich the cups do 

:~t revolve. In this instrument, called a bridled c.t..l"lGlllOmoter the pre-

I 
I 

1 
I 
j 

I 

I 
1 

.1 
I 



Fig 4.1-4 

Bridled ane"Jomet or (1) 
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i'ig 4.1-3 

Three cup anenometer 
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~raininB springs. The displacement is transmitted by a selsyn motor 

3ystem to indicators or recorders caliorated directly in vlind speed. 

(.dg 4.1-4) 

other anemometers depend on tho pressure of the HInd acting all a 

~ube that faces directly into the idna.. Still others depend on the 

~ooling effect of the air on a hot ,·Tire. 'l'his chances the resistance 

Jf the \'rire, hence the current which passes through it. Such hot-uire 

lnernometers are specially useful at lDi'l \'l1nd speeds, they also have 

small lag and thus very useful in meteorological measurements. (1) 

3. ·"'lind representation' 

Hinds may be described by the compass direction and velocity in 

lem/hr On in Eeaufor't scale t or they may be 8hO\'111 c1 iagramat ieally as 

011 vleather maps. In this maps "lind is indicated by an arrol'; ' .. ihich 

flies i-rith the i'lind, thereby indicatinG the direct ion. The number and 

~ength of the tails on the arrOi'lS indicate the Beaufort nU~:1bGr of ,the 

\'iind. l~ach half tail stands for 1 Beaufort force, as shoi'!l1 in 

J."ig 4.1-5. , 

I 
I 
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To 8110\" the average IrTipd cO::1ditions. in a given localit:l the 

U!d rose is used. ':.'he lengths of the radiatinG lines are proportional 

o the frequency i'1i th iV'hich the i'lind blmm from the different com-

ass directions, as shown in Fig 4.1-6. 

So % 

iiG 4.1-6 

'.'/ind rose 

1'he perce1.tage of observatiol1G I-lith cal;ns can be represented by 8. 

ll:!iber that is ind icated by a number that is indicated inside the 

incl rose circle, as 8hm-Tn in .i.·ig 4.1-7. (2) 

.i."ig 4.1-7 

Calms percentage 

(1) George .1'\ .1' ::.ylor "Elementary :·[et eorolo~;y fI rrent ice liall In C! • 

New York 1954. pp 40-47. 
(2) ','j i11iam I. Lonn "I'iet e:;ro1ogy \·ri tll ;::arJ.ne App1icat ions II i';C (Ira,,'; 

;,i11 Book ;;0. inc. 1951 pp 135-137 
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4. Practical values 

- The average ~Tind velocity can be tabm as 5 :n/sec, for land 

oing as lOi'l as 3 tn/sec and for sea am/sec. 

The '!,'lind velocity increases in the middle of the day or early in 

he afternoon and decreases during the night, specially just before 

he sunrise. 

- The duration of ,'rind velocities during the year is : 

v ( tn/sec ) Duration ( hours/year ) 

0 - 3 3.200 

3.5 5 3.000 

5.5 - 8 1.50C 

r. t-
0.:> - 10 600 

11 - !i1ore 40C' 

- In winter, the average vlind velocity is hiGh~r than during SU:21:rrer. 

- The velocity decreases next to the earth surface (iuo t,) friction 

~nd turbulences. 'l'he inc;rease in velocity 2.ccor~:il1g to the- height 1:1 

.S : 

H .( ill ) 

0-3 

6 - 12 

20 - 300 

---------------

!ncreasc (mince per ill ) 

1 

0.4 

v.l 

----.-------

, -- ) I ." \..-" 

',"') ) Adnan halct 'i'a::;plnar "Uind rOi'ler Hot es II 1946. (not published) 
-' 
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Visualizat ion of' j:'luid i'~ot ion 

PAGE -lee. 

~here are several methods used in the analysis of fluid motion in 

~dcr to visualize w'hat is happening when fluid flou around an object. 

mse methods can be listed as follows: 

1. Smoke technique 

2. Hot \·rire technique 

3. Spark technique 

4. Chine-clay method 

5. Liquid-film method 

6. Tufts method 

7. Photo-viscous m~thod 

8. Schlieren method 

9. Shadow-graph method 

10. Interi'erometer ;nethod 

11. hele-sha,·J analoGY 

12. l~lectrical analogy 

13. HJdrogen bubble method 

fu order to decide which method is the most practical, lets 

Bhort description of euch technique. 

1. Smoke technique 

~:E10l-~e consists of suspensions of small solid or liquid particles 

n a transparent gIlS. In t his method smoke is introduced in f':. l:Tina 

'111n81, anq the scattering and reflection of lig!1t p.:1S:3in.::s through 

~ese particles is used to study the flovl pattorn. 

I 
I 

II 
! I 
I I 
I I 

I I 
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~;moke should not disturb the fl01'7 in the \'lind tunnel 

osi ts, should be light enough not to be influenced by gravity, should 

(3 clearly visible and non-poisonous, non-corrosive, should be easily 

roduced controlled and still be not too expensive. Several srnolce 

Qurees heve been used, and. the most connon methods are either frol1 

:18 comoustion of organic material or vaporization of liquid. If ''iCod 

3 used it is nocessary to filter the s;Hok'e and a specially Ciesigned 

18.Ylt is necessary. 

WOoD 

AIR. 

( '" 4? 1) ;:l{i .---

'------' WAT£.e. IIZ..AP 

iig 4.2-1 

Smoke technique 

Oils can also be used as a source of 

:18 ':lirid tunnel by mop.us of hypod.ermic 

~ 

WATEI2.. 

COOLAloIr 

/ 

ri-__ I-,_O~W._,/NO rClNNEl... i

l W'Ar£.4i!. rlii!.../(p 

3::lOk8. 2rJoke is int roduced in 

tubes. (lie 4.2-2) 

~-----------------------
E= 
! 

l"ig 4.2-2 

Smoke technique in wind tunnel 

I 

I 
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This method uses fine threads of silk or cotton to indicate the 

general direction and steadiness of the flow close to their points 

of attachment, and is useful in the visualization 01 the floi-l close 

to the surface of the body. 

7. Photo-viscous method 

In some liquids, viscous shear gives rise to optic~l effects 
, . , 

'cl111 cn 

I 
I I 
I- I 
~ ! 

are simileI' to the uell-knOi-m photo-elastic effects of streSf] analysis. - j 

In such cas-es, the flQi.-r iT!ay bo observed by !H1SGing a beam of polari-

zed light through the ficld~ This :-aethoQ is \'lidely used in research 

\'iOrl: • (1) 

8. Schlieren method 

7his method depends upon the change of refract ive index vIi th chan-

G8S of opt ical media. LiGht 'from a source (preferably ~1 line source 

instead of a -point· source) is focused by a condenser. ;':t the I'OCUG 

a staight edge is placed such that, by intercept ing part of the light 

\-le get a sharply de:fined edge of light This light then passes 

through the working section. (Hig 4.2-j) 

j 
1 

! 
1 
I 
i 
i 
I 

I 
I 

! 

I 
I 
I 

! i 
I I 
I I 
I 

I 
~ 

KNIf:E -1 WOR-IcING :::J;:C.TloN SCR.E.E'" J 

iiC 4.2-3 
Schlieren apparatus 
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At the nei'; focus of th8 light a c:.leGDnd knife is placed, such tbat. 

t intercepts a part of the luminus flux and the intensity is thus 

eminished. The light is then recorded by a photographing machine. If 

~ere are no gradiends of refractive index within the working section, 

]18 c.,lount of light reachinG the film or Bcreen is fixed by the re-

n.tive position of the tl';O knife E:dCes. If a c;radi811c1 normal to the 

l.ane of the knife edge exists hO'Hever, the beam ',rill be refracted 

!) or dOim according to the gzradiend - so that it either adds or 3ub-

trac:ts from the light normally present on the Si...:recm. :::l1UB :J.. ~\'OrkinG 

ection involving a nattern of' gases is reproduced in various tones 

The~e are various methods in which the various sleDcnt~ of this me-

lod :Je arranged.. In General, because lenses of good quality are not 

.'i2.ilablc in s i'~ es of more tha,l1 a fc1'l G~ in (1iame'~ or J it is found 'rlO-

~ convenient to use concave . l' par8.8o. lC " .. (,:\" " 24·) mIrrors • ~ 1[: ,+ •. - '; 

l"ig 4.2-4 

:3chliCT'811 8.:r::t:t.ratus 

·1 , 
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This system has the advantage that parallel light rays 

he Horl( ing sect ion, thus pI'oducing an image of superior resolut ion. 

urther hecause the light source and the camera are nlaced on oUDosi-
... • ,.I. .!o 

G sides of the light path bstvreen mirrors, CO!:1a is cancelled. Another 

dvantage is that the 'IwrJi:ing sect ion is a'.'Tay :Cro31 the mirrors, in 

act since the light bet\·reen the Elirror.s i8 parallel r -ehey ~]2y be 

1:;'8 eO. as far appart as desired. 

The knife edges are placed in such a Va:/ that 50 % of the total 

llumination is cut off. iJo'dc'"!er, e2.:rt1 ;:n.wt be talcen not to exceed 

he 'i'lOrlcing range otherivise \,'e shall get a black or ,;:hi te area i'lhere 

he changes are not shmm and ,so detail is lost.. (2) 

9. Shadm·, graph Elethod 

'rhis method is due to Dvorak, and is the s irnplest of all opt ical 

ethods, but it finds use in high-speed Iyind tunnel studies. It uses 

he same principle of deflection of light T..rith density gradieat. A 

ight source is sent to the model in the working area and the Bhadm[ 

rojected on a screen or a camera. (j?ig 4.2-5) 

i I 
I I 
I 1 
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I I 10. Interfero@eter method 

This method is based on the fact that interference fr1ne;es :ctre fo1'-

ed when the light from two cohorent sources - sources emitting liBht 

a.ves of constant phase diffenence - is combined. A monochromatic li-

Ilt is split into ti'lO and used as a source. iTom the fringes it is 

o8sible to m.easure relat i VB dens it ies which 6i ve an idea about the 

luid flow arou~d the object. 

11. hele-Shai-l analogy 

This method is due to li.S.dele-Sha~T and it produces fJtreamlines in 

',~o-dimensional steady potential flo\', of an incompressible fluid 

round an obstacle throughout the channel. 

In the original apparatus strear!llines are visu8.lizecl by theJ intro-

uction of coloured fluid through .J. rm';- of o1'1ficms, into a flo'\-l 

llannel clet ermined by tvlO narallel plat es vlhore ':Tat ar flo',iS. The ob-

ecto to be studied are introduced in the channel and the distort ion 

f the streamlines observed. (I"ilS 4.2-6) 
t ')tIATt=1i!.. 

.~-----P-O-T4-S-:sI-(J_"'\M P£"MA''''''''tlbo~ 

--t 
n' 4 ') r J.'J.G: • .::.-0 

hele-Shaw an~:.lloGY 

0.3 o/Rl 

I 

I I 
'I . i'-' I 
I ii ; II 

I 
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It must be noted here that the streamlines are not shaped at the 

contour of the object itself due to the influence of the boundary 

constraint. (1) 

12. }Uectric analogy 

The boundaries in a model are formed out of stips of non~onducting 

uaterial :nounted on a flat nonconducting surface, and the end of 

8q,uipotential, lines formed out of a condw:d;ing stri}) (brass or copper) 

An electrolyte is placed 8.t uniforiTI depth in the fIOl-; space and a 

voltage potential applied to the cnd of tae conducting strips. 3y 

:noans of a probe and a voltmeter,' lines 'i'lith const<.lntdrop in vol-

tage from one end are mapped' out and plot t ed. 

13y reversing the process and making the flo\-[ boundaries out of 

conuuct inc materials and the end equipotent ial lines from nonGonduc-

ting mat erial the streomlines are :napped. (3) 

13. Hydrogen bubble method 

In this method, hydrogen is generated by electrolysis using a DC 

pOI-Ter supply ( 2 ampers at 30 volts ) I-lith a small amount of salt 

pl2.cedin a recirculat ing' Hater flOi'l. The cathode is a fine st eel 

"lire ,-,hich is crimped. The anode is a plate placed in the do"mstrea~a 

part of the ivater flo1<1. (l"ig 4.2-7) 

I 
1,"10\-1 velocities less than 0.3 m/sec give gooel results. :;ubThles shOU4 

be of sufficient small size that they do not rise too rapidly to 

surf'acG. (4) 

the I 
• i 
~ 
~ I 
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.30 Vo£t,S 'D.C, 
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__ ~ __________ ~'~~~O~ ___________________ _EW~dU/?~w.Za~?d~l ________ __L --r 

Hydrogen bubble method. (~) 

(1) H.G. Tlankhurst and D.~i.dolJcr "Uind iiunnel ','echnique ll ~?ir Isaac 

l)itman and ;:;on8 l.td.. 7.ondol1 19)2. pp 137-173 a~1d 575-57[). 
(2' \ ) Orhti..l1 Rural rltrhe ;·hal1o'I'T ';Jater Analogy iH Jas Dy.cUlIJics tl Hobert 

College ~'chool of ~ngineering ('1'he8 is) ;,,1} 1961.' 

(3) Victor streeter "1;'luid /t)chanics r
• j\:cGravT dill 1953 pp 258. 

'\'.1) 1)'111.'11.'1) \. D '1 II '1 'd .- l' • t _., t ~ r.r: ,1; l. rll1.,:er l' Ul ~.yna';llcs !.c'.lXperllllen'8 and ~JQ..Ulpmen lor 
r r '1 II ~;' T m 
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4.3 Selection of bearinfs 

According to SKF standards, in order to select a bearing, the Dro-

cedure is as follows: 

1. Calculation of the radial force n in kg. 

2. Calculat ion of the axial force in 1-:[;. 

3. Galculatio11·o6f speed of rotation n in r.p.m. 

4. CalculatioYl of the total force P in kC from: 

P = 1 R + Y A for radial bearings 

; 1.5 R 4- A for thrust bearings 

\1here X andY. are correction factorsc1epending upon 

the type of bearing and whether the inner or the outer 

ring is turning as given in Table 1. 

5. ASSULt1pt ion of the life time 1)h in hours. 

The value of JJh Hill depend upon the llOrking conditions 

and is given in 'rable I I. 

6. Selection of the value of f .h 

~rom the vulue of L 11 
the diaBram II gives the value for 
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7. Calculate the value for th8-' ~lctual bearing load in 

kg. from 

.. ' r == un 

I 
8. I'rovide a safety factor for beariIlgs \1orking 2.bove 125 c, 

I I I 

according to percentage value given in diD-gram III 

C n = c ' n 

9. Determine the value of 

( 1 .,. p/100 ) 

f 
n 

Knowing the value of n from diagram I select 

10. ,~a1culate the 'ill.lue of the dynamic bearing load 

from: 

C =- Cn / fn 

l·I. Select bearing from c8.talogu. t'3 lwm1ing the value 

~------------------------~-
(1) - " f:.!K.r' Ha1z ernesi II ::;:;::i Turkiye 1951 pp 3-7 

f n 

,., 
'oJ 

of 
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4.4 Rotor balancinp; 

In all rotating machines, the rotation axis should coincide ,,'lith 

one of the principal axis of inertia of the body. 'l'11e magnitud of any 

2 unbnlance is equal to the centrifugal force : my /1' • 

'fhe condition of unbalance of a rotating body may be classified as 

static or dynamic unbalance. In the case of static unbalance, the 

unbalance apIJears in a single a.xis plane and on the same side of the 

axis of rotnt ion, as silo'm in .b\ig 4.4-1. 

iig 4.4-1 

static unbalance 

Consequently this type of an unbala..'1ce can be detected by a static 

test 1 "There the rotor is placed on a pair of parallel rails. In prac-· 

ticc, hOi'lever the effect of the unbalance is m~;Lgnified by rot::.tion. 

'.i'he unbal8.J.'1ce of the disks is essentially static unbalance. 

In the case of dynamic unbalance, the unb8.lance can bo in e. single 

axial plane and on opposite sides of the rot at ion c0~is, as in 

iie 4.4-2 or in t~lO different axial planes, as sh-::nm in lig 4.4-3. 
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On.a. ay.I.S 

Single axis dynamic unbalai':.ce 

PAGE Aq'f, 

In Fig 4.4-3 it is possible for the center of gravity to lie on the 

rotat ion axis, an,d hence the rotor ;,lay be in static unbalance. Em'T-

ever, under rotation, the two unbalance forces form a couple ",hich 

has a tendency to rock the axis of rotd.tio~1. The unbalance indicated 

in lig 4.4-3 is the 'most general case, \'lhere the rotor is in static 

and d.ynamic unbalance. 

1 
- -------------~--------, 

Two a~Ls 

iig 4.4-3 

TvlO axis dynamic unbalance 
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In all. cases, a complete bala.'1ce can be ottained by adding or re-

moving correcting .. .,eights in hro arbitrary and. separ:lted transverse 

planes. In general the end planes of the rotor arc convenient .:::orrec-

tion planes: i.e. for the rotor in ihg 4.4-4 lilith unbalance \'1- ::md 
.L 

1'1
2

, the correction "Teights at the ends are \'11 8'/L a;:ld i"l (1-a/L) 

in the axial plane of i';l and \'12 Hlay be resolved similarly. 

L 1 

.t'ig 4-.4-4 

Balancing method 

Combining the noces::3ary CO!'rE;lctions for each unbalance, a single 

lleight at each end placed at a proper radial distmlce will comple-

tely nalance the rotor. 

The determination of the magnitud and 8.:lgular position of the un-

balance is performed by means of the balancing machine. All ba18.ncing 

mp.chines are provided \'lith elast icaJ.ly support ed bearings in vrhich 

the rot or may spin. (.i!'ig 4.4.:..5) 
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l:\ig 4.4-5 

Balancing machine 

Because of the unbalance, the bearings ,·rill oscillate la.terally, 

arlO the umplitud and phase of the rotGr are indicated !;lith respect' 

to an arbitrary rotor posit ion by electrical pickups 2.nd. a strobo-

flash liGht. 

In the case in 'which the rotor is very long and flexible, the posi-

tion of the unbalance ,·Till depend on the elast i~ c.onfigurat ion of the 

rotor, "Thich is dependant on the speed of rot3.tion, its temperature, 

etc. In such cas'es , it is necessary to balfu'1c€ the rotor in its nor-

raal operating environment and speed by means of a portable balancing 

apparatus. (l) 

I • 

I 

(1) Theodore 3aum eist er • Ed it a r ";,\echan i c al 3ngin e ors' Hand book" ·1 
;'.10 Gr3.11 .liill Book Co. Inc. 1958. 2, ixth ;:;di t ion. pp 5-102 to 5-103 J 
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4.'5 Shaft des ign· 

If a shaft has to transr:1it a pO'.-ler l{ in C.V. (metric horsepo\·;er) 

"Ie have fDom l;lechanics: 

N P . V P d 7T . n ( C.V. ) ( n 1 ) .: = \ .£J 

·75 60 75 

1-,here, 

p force in kg 

cm/sec v · velocity in · 
d diameter of the shaft in · em 

~ 

n speed of rotation. in r.p.m. 
... 

Sincethe t'i'listing moment is equal to 

Hd P 
d ( cln kg ) ( t., 2 ) = 

2 

Subst.i tut ing in equat ion ( E 1 ) 

2 . Ed 
0 

7T . n 
~j ;. ( C.v. ) E 3 ) 

60 75 

or, 

~1d 
60 . 75 . 100 H . -- - 71620 N/n (l~ 4 ) 

'2 . 7T n 

expressed in ern kg;. 

~'le have from strength of i,~aterials : 

I 
! 
I 
I 
I 
I 
! 
I 
\ 
! 
I 

I 
I 
i 
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I I 
I 
I 

C)d 

Ear a circular cross section: 

Therefore: 

Z d 

d= 

3 
16 

( -, 
D 5 ) 

( l~ 6 ) 

( em ) ( B 7 ) 

Shafts being also subjected to bending, the" value for ~1 
'--

allow'able is: 

= 120 for JrouGht Steel. 

I,ong shatts must be tested also for allmmble torsion angle. It is 

generally required that the t'wist ing angle ;should. not be ;nore th:J.n 

1/4 per meter length of the shaft. te get therefore n~ain from 

3treneth of ;·jaterials: 

l~d 1 
5=----

G I p 

Takine; the corresponding values: 

llhere G 

G = O. 4 E = O. 4 x 2, 000, 000 

is the modulus of rigiuity. 

t1 
d' rr 

32 

(}:.: 8 ) 

i 
I 

I 
i I 
I I 
I I 

'I I " I 
I 

a 1 

I 
I 

I 
i 
I 

I 

I 
I 
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and 

1\1 

so 

or 

.i:'or 

2 

r~'id = 71620 

. 1f 

360 

n 

1 71620 
= 

4 0.4 :~ 

4· 

d~12~-
short shafts Vle use: 

d 10.5 

( em kg, ) 

~. r I n 1 ~', 

2000000 d 411 

32 

( em ) ( E 9 ) 

( em ) ( j~ 10 ) 

"here 1 is the length of the shaft. 

~rhe dist anee bet,-reen trIO bearings in transmis :ionline!;: should b 0: 

L ::;" 100 {d em for shafts supported by 2 bearings 

L - 125 ~ em for shafts i'lith more ti18.n 2 bearings 

(1) 

--------
(1) Adnan Halet Ta9plno.r "l-iachine De~3ir.;rl .:io"tes" Hobert College 

Bebek Istanbul 1965. 
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4.6 ~;oldering 

1. Definition 

~oldering is the method of dniting two or more pieces of metal by 

;:Jeans of a fusible alloy or metal, called solder, applied in Bolten 

state ( below' 425 G ) • 

Lead and t in are the bases of most solders. Since solders are of 

low strength and the join depends upon adhesion of the metals, the 

design should be made such that the solder does not c'J.rry much load. 

The solder should serve primarily as a filler material to st op leaks, 

seal joints and carry electricity • 

.2. Solders 

Due to the scarcity. of tin, hundred of different alloys have been 

tried and reco:nmended for use, among ot hers \'18 have: 

1. 

2. 

3. 

4, 

~. 

r 
0, 

7. 

Tin 

100 

60 

50 

40 

·20-

95 

Silver 

( 0'<) 
7" 

5 

40 

50 

60 

80 

Ant imony 5 

95 

3. Strerigth of soldered joints 

helting ( c) use 

232 high temperatures 

190 General purpose 

215 i',;ost used 

237 General purpose 

277 .For fillings 

232 High at rengt h 

305 EiCh t emperat ures 

I 

I 
I 

; I 

I I 
~ I 

I I 
I 

I 
The sheur stren.:;th of soldered Joints at room temperature depend en1!" I , \ 
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b) 

c) 

d) 

e) 

clearance 

soldering 

duration 
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in the joint, 

temperature, 

of heating, 

base material soldered, 

flux used, 

f) solder composition. 

4. Design of solder joints 

----.---------------.-~ " 

PAGE ..104. 

froper clearance bet'<l9(;11 parts should be allo"\'Ted. Best strength is 

ontained ,vi th 0.125 mm clearance, but a range bctvleen 0.075 to 0.25 

um. is permissible .. The melting of the metal to be joint, may cause 

free alloying betvTeen metal and solder, thus changing the composition 

of the solder causing difficulties in the application. In such cases 

a. larger clearance must betaken. 

Parts should be allo1'led to remain fixed i1hi Ie the filler is at ill 

Ln the plastic state or just belloi-; the freezing point, other-~'lise the 

.filler vlill be granular i1ith cracks. The max:imum shear streSE; is from 

L40 to 350 gr/cm2 • 

5. Soldering fluxes 

Absolute cleaniness of surface to be soldered should he assured. 

,Jil and grease -should be rc:nov8d by a solvent, then the dirt and oxi-

de should be removed by scraping the surfaces • 

.J!'or large areas it is better to precoat the surface~; either 11ith 

solder or pure t in. ~r in coat ings of approximat ely 0 ~ 005 mm are sat is 

fu.ctory if soldered \'lithin six \'Tc,::}~s. 
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'I'he clean surfaces should be covered i'lith flux before heat is 

PAGE .20~. 

applied. The choice of flux depends upon the material beine; solderea. • 

. dux is a chemical agent serving three purposes: 

a) coat sur:faces to protect from oxidation by tile atmosphere 

\"hile heating. 

b ~ dissolve any oxides that may forr.n in the ~mrf2.ce. 

c) 100wr the surface tens.iol1 of the molten alloy to all01'1 

it to flow more freely into the joint. 

~rhere are t1-TO t.ypes of, ff,uxes: nOll-corros ive :lnd corrosi vo. i"or 

copper, brass, aluminium, bronze, zinc, carbon ste~l, nickel, the 

lilO;:,t commonly useu fluxes are: 

1. analine phos:phate ( paste, non-carras! ve ) 

2. zinc chloride, runonium chloride plus water ( liquid, 

corrosive ) 

6. .t'inal cleaning 

To avoid corrosion of surface any residue of the flux must be rc-

moved, the best. vlay being by hot. clean I'Jater fIoHing, to remove the 

residue and prevent any concentration of flux to build Lip at a point. 

(1) 
I -

-0-

I 

(1 \ - . -. 11-'- t . al"'· n'na' ... 1:-1. o, .... eq q r:q II John ;,1 ille." and ::;ons Ins ,James 1". j:,Qung l'la erl- u ~ ~ -~,.~ j 

Nei'T York 1954 pp 848-855. 

\ 

I ! 
~ ! 
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4.7 S:Qeed governors. 

Governors are mechanisms designed to maintain the speed· of the 

prime mover (r.p.m.) vTithin reasonably constant limits, whatever the 

the load may be. Nearly all governors depend for their aetion upon 

centrifugal force, and consist of a pair of masses rotating about 

0.. spindle driven by the prime mover and kept from fly i.nc outuard by 

a controlling force, generally applied by springs. (1) 

naps can be used to govern the speed of >lindmilJ,s based on centri- I 
fugal action. The flaps I" produce resistance by flattening. (.l?ig 4. 7-l~ 

~ • 
(2) I 

I 
i?ig 4.7-1 

Speed governor 

• 
- \11-

----------------------------
(1) Lionel S. ~arks "Nechanica1, Engineers' 

i 
I' 

I 
\ 
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,c!.rrai'l Hill Book Co. 1941 • pp 1012-1013 • 

2) j\.naan Ea1et Ta$plnar uI'lind PO\'ler f,y ot es II 1946 (not published) 

PAGE 2.01_ 
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5. EJ:PBR If.1ENT ilL S.sT-UP 

5.1 Development of e:r..peril!lents 

5.2 Apparatus 

5.3 Instruments 

5.4 Wind rotor models 

I I 
I 
i 
I , 

a I 

I I 
I i 

! 
I 
I 
i 
I 

I 
I 
I 
I 
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Development of the eXperiments -
1. Preliminary 1'lOrk 

The experim'ental.t'lOrk started immediately after tha preliI1J.inary·' 

research on the available data, in Narch 1964.- Prof. 

advisor of this work, explained the basic principles involved 

~pala wind rotor on a paper model he had made. (~ig 

auth.or then started his eX~Griments by prepari~g a snall rotor fiader 

Dade vlith i'ileccano tools, 60 mm in diameter 2.nd 40 mm in height~ 1J'he 

Clodel resembled a Savonius i)-rotor, but it 1'1'.:lS not up to the 
I 

2nd it did not w'ork satisfactorily. ,Frat. 'l'as;pmar nade some 

Dents on the vanes, and the, r,esu1ts i'lCre 

The author \-laS adviced to mal~o a study on airfoilo
J 

adequate 'profile to be used in the experimen-t;s' of the Impala 

:::'hc· profiles given by H.A.C.A. 1-lOre not satisfactory for the 

bacuuse t'hay had small lower chamber. The advL:~or th.on suggested 

from his o'lm experience an airfoil that res8labled 

turbine. 

It w'as. then decided to construct a F.lcdel 20 em in diameter 

cm in height in order to be tested. A steel shaft of 7 rom in 

and 50 cm long "TaS threaded. to 22 em, mounted on t"TO 7 mo 

fiXed ball bearings, mounted. on a 1'lOoden chair used as a stand. The< 

rotor blades 1;lere made' of 0.2 mIll t inned sheet metal and the discs 

0.6 mm gal vani;;; cd sheet metaL The bladeG uere :i1ixed to the discs 

:Jeans of 3/16 n machine s:mnw. The rotor tras Good enough to 

: ~l'inciples 'involved, but the shaft ,'ras very ~.·;eak 'I'iher;: tested infrcili~~>::,:i: 

of the fan at 600 m/min vTind speed. (.dS 5.1-2). A bycicle 
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oupled by means of a fixed coupling to the shaft and Dounted to the _I 

ooden stand. The rotor discs i!ere also very thin to stand the big 

ir pressure. 

The advisor suggested to study the performance characteriGtic~: of 

he Impala rotor, changing its variables: 

a. Ratio of diameter to height 

b. Blade position 

c. Vlind velocity 

d~ Number of stages 

.{or this purpose the speed of rotat ion, povIer output and "Tind ve-

Deity had to be measured. 

During the month of June 1964, a new' shaft llas manufacturfred, 12 mm 

11 diameter out' of brass, "rith a 1/2" thread .. The -hnll bearings ~fiere 

hanged, ·_the lOvIer bearing changed into a 10 mm thru.st bearing to 

apport the load of the rotor. (tig 5.1-3). Next, several 10 c~ 

.iameter rotors of different sizes "ler manufactured and tested, as 

:een in iig 5;1-4 to 7. Some rough attemJ?ts to test multisti~ge rotors 

i8re made. To the experiments made in the laboratory follOl'led a test 

In the terrace of the Perkins Building at Hobert Gollege ¥Iith -;'rery 

iatisfactory results. At this stage the expori::.1snts '\'lere discont inued. 

2. New developments 

In i{ovember 1964 the exuerimental 'wrIt vms restarted by making 3. 

I 
I ' 
I I 
~ I 
I i 

I I 
i I 
I ! 

I 
I 
J 

! 
! 

I 
i 
! 

:otor balancing stand using smT blades. (l<'ig 5.1-8). A 1!JQod pattern 

)f JGhe blade profile to be used for the Impale. rotor \'Tas prepared t I I 
,\ 

1 

'1 

1 

I 
I 
I 

I 
I 
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l:'ig 5.1-1 

1,'Ieceann model 

Fig 5.1-3 

\'lood st3.ud 
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Pig 5.1-2 

Lllpala rotor I 

1.£ 

l"ig 5 .1-4 

E~press ~e rotor 
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.J!'ig 5.1-5 

T1VO stage rotor 

iig 5.1-7 
--

W < 

I: rir II 
~ ~ I, 
\~ ; 

I] I; i 'I' 

l;li -, l' ; II 

I,:!" Q'[tJrr-nr II ! . bi

\\ lIT 
\:'.<, ". (<PO JI ~J. 

• I " ~s~..<l·;:!r .. 

."Cr ! ;~~~t> ! I 

\. 
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Ii 

!1 

Ii 
Il 
Ii 
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t 

\ 

Fig 5~1-6 

Tl'iO separate stage rotor 
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Three stage rotor Savonius S-rotor I 
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Rotor balancing stand 
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,b'ig 5.1-9 

\'lood pattern 

~~ .) 

r _ .. ~,. __ "-.' " ..... 

'" 

,b'ig 5.1-10 

.Plastic blades 
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I 

. I 
! 

i 



I ,:. ' 
~-
I' , 

----.. -~------,.,-----.--,---.-.,---

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL . _--.. ------------------_.'I_ .... ..., ___ I&.:.It......., ........ 'Io!fII~~, r ~ .... __ ....... wa:a== 

" \ 

E'ig 5.1-12 

vla-cer·· flo1'1 channel 

i"ig 5.1-13 

Fig 5 .. 1-14 

Schlieren apparatus 
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Vibrodyne 
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.Pig 5.1-17 

l'lind tunnel 

I 

\'lind tunnel electric system 
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l!'ig 5.1-19 

I>ieta1 stand Express type rotor 

~- - """- -
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l,lig 5.1-20 

Tvro stage r,otor 
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~1ig 5.1-21 

Fan 
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and the possibilities of using plastic L'laterials to manufacture rotors I 
uas investigated. (.Pig 5.1-9 and '10). It ~las found possible to give 

form to floor plastic covering material Hhen heate.d. Unfortu.nately 

the sizes of plates ( 25 x 25 ) , its thickness and JGhe difficult ies 

of binding parts vlith adhesives, 'uere important drav'ibacks for their 

immediate utilization. 

A ne1'1 rotor, 20 em in diameter and 20 em in height \'las manufactmred 

and fixed to metal sheot dis,,;s by means of rods of brass in order 

to var;y the 8.J.'1g1e of attack of the blades ~ 

. 
Iniebruary 1965 a SavoniuG S-rotor "lith 1/4 spread (Distance 

between blades equal to one forth of the diameter) Fig 5.1-11 • 
, . 

The design of a ne'.., stand i'JaS started under the a,ivice of Prof .. 

?a:;;plnar., Contact, with mc .... istanbul ViaS of no use in helping in the· 

design. li~ith the suggestion of Yusuf Usta the use of tiJO conical 

tsarinas was decided. 
'-' , 

In [,'rarch 1965 experiments on visualizat ion of fluid ;notion I'lere 

started. \lith the suggestion of Konr,tantin Kaminaris, Senior rijE, glass 

nozzles were prepared and dipped in the i'later channel prepared by 

Orhan Rural for his thesis in 1961. The glass nozzles 'i'Tere 'filled 

''lith potassium permanganate pellets. J:'irst experiments viere very 

promising. It 1'TaS decided to use several nozzles to represent the 

streamlines of a parallel fIm-T. Various I:lethods of suspending the no-

ZZles were tried. "1 

The experiments 'I'Tere not satisfactory. It ,,'ras difficult to fix Glass 

l7ith the available material. The floll in the channel \-ms disturbed 

I by the nozzles and uooden parts introduced. (:E'i.g 5.1-12 and 13) 

! 

I 
.1 

1 

I 

I 
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Finally the dye pellets w'ere placed directly in the flow channel 

and by proper adjustment of the 't'later flo"7 it 1'TaS possible to obtain I. 
the desired floi'T pattern. 

some adjustmemts. "rere made to the \'Tood stand and the distance bet,,,;, 

HeEm the bearings reduced from 23 cmto mnly 15 .. It i-las necessar.r 
. . 

to fix' the position of the bearing housings in three directions s.o 

as to obtain proper alignment of the shaft At ' 

It. i'las ,also decided to try setting the, Schli~ren apparatus, lj'lith 

the cooperat ion of therhyj;ics Department Ilead, Prof Hac Hickle an. 
. . ":, \ ..., ~ 

optical ~,ench, lenses and light source was obtained. After several 

trial:;:;, . 'the light source uas' changed for a point source, but the ex-

perimEmts w'ere discontinued becausetthe area of the image obtained 

~~asto small toa1lo:t'T for good results. '(Fig :;;'1-14) 

Some experiments \liere carr~ed i'lith the Ijibro~yne apparatus to balan-

ce rotating machinery .. The apparatus T.las set up, but the fact that 

rotors should be rotated on an horizontal shaft, forced the author 

to discontinue the experiments.. (I;!ig 5.1-15) 

III liiay 1965 the n81'T stand vTaS manufactured in the \'lOrk shop by 

Yus'.lf Usta and mounted on an available stand in the l~O\'Ter Laboratory. 

(Pig 5.1-16» The. "lind tunnel available at the laboratory,·ras pre-

pa.red for the exneriments. (Fig 5.1-17 and 18) 
~. . 

An expresst.ype Impala rotor and a t\·to-stage. Impala rotor was ma-

nufactured and tested. The ymming of these rotors around their axis 

forced the author to finish his experimentations at this point. 

(Pig 5 .. 1-19 and 20) .. 

I 
I 
I 

I 

I 
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5.2 Apnaratu.?.· 

5.21 Schlieren apparatus 

The a.pparat~s is mounted on an optical bench, provided uith 

a source light from a 6 volts lamp, tl'lO condenser lenses andtuo 

razor blades, all mounted on adjustable supports. The object ioplaced 

immediately after the second lens, the image being projected on a , 

screen. (.b'ig 5.21-1 to 5) 

5.22 ivat er flDi'l channel 

The 'vater flo,'1 channel ,,,as designed by Orhan Kural.for the 

"Shallovl \'later Analogy in Gas. Dynamics lt thesis, and modified.to have 

a 30 cm width channel vThere water flo1'lS -~lithouii turbulence. Pellets 

are placed at the entranceo! the channel and the hlodelat 10 cm 

f~om the pellets of potas.sium permanganate. (Fig. 5.22":'1) 

5.23 Pan 

A 320 mmdiameter outlet duct fmn used for Pitot tube experi 

ments. Driven by V belt 1iith speed reduction possibilities. (Fig 5.23-

1 and 2) 

5.24 Wind turinel 

2 . 
A 70 x 32 cm outlet cross section area tunnel used for air 

i10H experiments. Driven by a DC motori'lith speed regulation by means 

• of a rehostat. (Fig 5.24-1 and 2) 
-' 
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l:'ig 5.21-1' 

.Schlieren apparatus (1:7.5) 
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i'1a.n (1 : 12 • 5 ) 

1?ig 5.23-2 

Fan blades (1:12.5) 
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Wind tunnel (1:25) 
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Wind tunnel electric system 

,Induct ion fVIotoJ: : 

3 phase ,220 volts 

10 liP 

26 amperes 

GB. 

Generator (Interpole ): 

DC , 80 volts 

700 rpm 

4 1/2 kw .• 

50 amperes 
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5.25 Rotor balancing stand 

stand prepared "rith saw blades, sharped in the form ofa V 

at one side and mounted on a vwoden frame in the form of a JJ ''lith 

the possibility of balancing statically rotors of any size by fixing 

the stand in an appropiate table. (Pig 5.2.5-1 and 2-) 
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5.3 ,Instruments 

5.3'1 An emomet er 

Diameter of the anemometer is 90 rom, one revolution of the 

needle represents 100 ill of wind. Measurements to be made with the 

aid of a stop v;atch~ (Fig 5.31-1) 

Bicycle dynamo, 6 volts and 3 "latts output, to be coupled to 

the main shaft by means of a flexible rubber tube. (l!'ig 5.32-1) 

5.33 r,iultimet,er 

Voltmeter, ammeter and ohmmeter for AC and DC current for a 

1'lide range of values. [·lade in Huneary. (Fig 5.33-1) 

5.34 Tachometer 

VEE Hessgerate und Armaturen 'Vlsrk- Karl Earx, ~'iagdeburg, 

Buckau. Ranges : 40/160, 120/480, 400/1600, 1200/4800, 4000/16000 

12000/48000 r.p.ill. 

5.35 Vibrodyne 

nanufacturcd by Tinius Olsen .. stat 1c and dyna'llic balancing 

of machinery, for speed ranges 225 - 3600 r .. p.m., coupled i'Tith a 

strobostac light and pickuI)S to pic}:: vibrations through a magnetic 
--' 

pendulum transmitted to an electronic! amplifier •. 
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I 
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Blade ( 1:1 ) 

( 1:1.25 ) 

Ste Anne des Etabts. 

Jules Richard,Paris 
100 meters 

j;'ig 5.31-1 

Anemcmeter 

; . 
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Prima (;.Iade in Japan) 

6 volts 3 '·l8.tts 

056 

Pig 5.32-1 

D,ynamo (1:1.25) 
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. 5.4 Wind rotor models 

5.41 Heccano model 

60 mmrndiameter S-rotor made of Heccano tools. O'ig 5 .. 41-1) 

5.42 Hood stand 

stand made out of a vTOoden chair 520 mm in height, vlith a 
• • ? 

brass shaft 12 mm in diameter, mounted on t\'10 ball bearings Of 10 

mm in diameter. (,r'ig 5.42-1 and 2) 

5.43 Fletal stand 

B~aring housing pipe with two coriic~l roller bearlngs of 

20 mm diameter mouned on a metal stand and fixed. by means of a ,disk. 

(Hg 5. 4 ~:"l to 3) 

5.44 Savonius S-rotor 

20 em diameter and ·2'0 em· height rotortvith t1'10 circular 

blades of 135 mm in diamet.er placed so as to leave an air:flow' passa­

ge in betvteen of 54 mm which' is 1/4 of the rotor diameter (Fig 5 .. 44-1) 

. 5.45 Impala rotor models (Fig 5.45-1 to 3) 

D . diameter H . height • . 

a) Rotor I D: 20 em U . 20 em . 
b) Rotor II (Express type) D: 10 em H . 25 em . 
c) Rotor III ( ti'1O stages) D: 10 em El :H2 : 10 em 

9-) Rotor IV (three stages) D: 10 em lll:H2 : 10 em 

H3: 5 em I 

\ 
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e) Rotor V ( ti10 separate stages) D: 10 om Hl :H2 : 16 om 

f) Rotor 11'ith variable blades D . 21.9 cm H: 20 cm . 
g) Express type rotor D: 21.9 om H . 60 om . 
h) T\'!O stage rotor D 21.9 em 111 : H2 : . 20 cm 

5.46 Blade profile 

The airfoilpro~ile used for the Impala rotor can becons­

tructcd by plotting its values of (Y2) upper chamber and (Yl) lo\icr 

chamber against the distanoe (x). Values are given in percent. so any 

size of profile can be obtained by mult.plyingiHl values .by the '. 

disircd factor. eng 5.46-1') 

5.47 I4anufacture of blade profiles 

1. Sheet cutting 

2. ii'iling sheet edges 

3. iorming. i-1ith~ pattern 

4. Solderigg 

5. Cutting edges 

6. li'illing excess solder 

7. Turning edges 

Equipment: scisE;ors, files, scriber, measure, triangle, solder 

sold~ring material 8..'rld flux, \'lOoden hamr.lcr, . brush. 
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II Yigit alan done done dogUlUr." (Koroglu) 

6. D A T A A If' D RESULTS 

6.1 Visualization of fluid flovT 

6.2 Preliminary data on '!trind rotors 

6.3 Data on diffenent angles of attack 

6.4 Data in the ,·lind· tunnel 

6.5 Data on ne'\'1 rotors 

6.6 Discussion of results 
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6. 1 Visualization of fluid flow 

1. Schlieren,apparatus 

After several trials and adjustments of the apparatus, a \wrIting 

area of 5 cm in diameter '\'laS obtained, the image being of the same 

size as the object but inverted. The ,\forking area being very small 

the experiments Here discontinued. (Fig 6.1-1), 

-' 
.Pig 6,.1-1 

Sdliieren apparatus" 

2. 'Hater flO1'1 channel 

It ,,,as possible to investigate the eddies and vortex developed in 

airfoil profiles. '.rho results are sl:etched in Fig 6.1-2 to 4. The 

channel i'iidth is 320 rom a..'1d 9 to 12 pellet ,Sources can be, placed to 

generate the parallel streamlines. 

It must be remarl\:ed here that this experiment represents only the 

flou pattern around stationary blades • .i,!'101'1 pattern change i'lith moving 

airfoils. It \'iaS possible to observe the halo effect. around the bla­

des due to retardat ion in the f10'\'1, Also some of the point sources 

did not gener[;.te any streamline because they "lere disturbed by the 

obj ects introduced in the f10\'1; these are sho~in as IlbackfloilT
tI 

.. The 
--' 

adjustRment of the "later flo\,1 is. an important fa.ctor in the success 
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of these experiments. I'Iodels must be heavy enough not to float. 

6.2 Freliminary data on ~Tind rotors 

Results obtained on June 30, 1964: 

Wind velocity 650 m/minute 

Rotor I ( one stage ) 

Rotor II ( express type ) 

Rotor III ( tvlO stages ) 

Rotor IV ( three stages ) 

Rotor V ( tvTO separated stages ) 

6 .. ,3 Data on diffenent an,gles of attack 

1 . . Preliminary dat 0. 

Hesults obtained on Harch 20, 1965 

Hind velocity 650 m!minut'e' 

a) Impala rotor 

L 1 

A 355/- 1f 

B 340/-

c 285/-

D 285/-
,~ 320/45 Jj 

Iii 410/-

2 

285/40 

210/230 

295/240 

310/260 

300/300 

520/310 

640 r.p.m. 

650 

320 

420 

320 

3 

280/200 

395/240 

440/220 

370/20 

520/40 

520/40 

* r~p.m. values both in clock- and counterclock"rise direct. 
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b) Savonius S-rotor 

·900 r.p.Ii1. 

2. Hevl data 

After the ,wod stand viaS fixed and the ball bearillgsaligned, the 

fallm"ring results l1"ere obtained on June 3, 1965 

a) Impala rotor 

2 3 

A 220/520 580/540 

B 490/510 500/370 

C 585/580 610/440 

D 550/500 600/420 

E 600/550 540/40 
~\ 625/40 

Rotor II, Express type , 10 em in diameter .: 620 r.p.m. 

b) Savonius S-rotor. 

940 r.p.m. 

6.4 Data in the1>Tind tunnel 

Using the metal stand and the E.- 2 position of the Impala rotor 

: the fo11m"ing results \.[ere obtained in the" "rind tunnel on June 4· , 

1965 : 

" It ' .J 
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Hind velocity 

540 m/rnin 

600 

700 

780 

6.5 Data on nen rotors' 

R.p.m. 

200 

250 

290 

-360 

Using the metal stand in the uind tunnel the follo\'Ting data was 

obtained in June 10, 1965 1>lith tile ne11 I,mpala rotors : 

Wind velocity 600 m/min 

Express typo; 20 em diameter 

TIro stage' 20 em diameter 

6.6 Di~cus~ion of results 

. 
e' 

280 r.p.m. 

-;;20 .,., r.p.m • 

1 . .Prom the experiments on the angle of attack of the blades 

of the Impala rotor, it Has seen the large variety of speed of' rota­

tion availablc. Certain b1adepositions give high rotation in' one di-

rection only t others a high rotation in one direction and 10\'T rotation 

in the other, and finally some give ·the same speed in bathe direction,s .. 

2. E.."Cperiments on the Savonius S-rotor ShOi'led a very high 

speed of rotation: 940 r.p.m. (compared 'tJith the same size Impala 

rotor of 640 r.p.m.) , but i'lith the disadvantage of one directiona.l 

rotat ion. 

:3. Experime_l1ts ',ii th -(jhe Expres~} type Impala rotor sho\·red that 

it is possible to obtain very high spee'ds of rotation. 

\', 
I 
I 
J 
i 
I 

I 

i 
I 
I 

I 
I 
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iig 6.6-1 

Wind velocity vs. speed of rot~tion 

1 
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4,,~xpcrirnents "lith multi-stage Impala rotors sho1';ed that the­

re isD. \'lide range of performance characteristics that can be obtained 

from this type of rotor. 

:5. Experiments in the '>'lind tunnel l'ri th different ~'Tind veloci-

ties shm'rs an approximatc cubic relation ,'rhen plotted in a graph, as 

seen in Fig 6.6-1. 

6. Although it 1,18.S not possible to make accurate measurements 

of pO't'rer output l an attempt to find a mathematical relation betw'een 

the pO\'lcr and the speed of rotation \'Tas made: 

Power is expressed by the lormula-

P . . 

. From Fig 6.6-2 

T 

T .. n 

75 

]:' . t 

.Pig 6.6-2 

PO\'ler output 

I 

I 
\ 
I 
I 
J ; 

I 
i 

I 
1\ . I 

1 
I 
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The force is the res. ultaI"+' of th 1" ~t l' .~~ C II anc urag forces. 

on the airfoil blades, (see 3.26) : 

( 

( " 2 1.1 2) 11-
1'L .+ J: D 

i'There 

.P · ,., 
? A '12/2 L · ""1 • • • L 

.P · (' f AD V2/2 D · vD • ~ • 

The velocity at the tip V is 

.... v Of • r . . • .L 

Pinally the pm';er output is: 

p 

where 

. . k • V
2 

.' t 

75 

60.. V 
2 1I: r 

:k . V'. 60. t 
211 r ... 75 

k . . 

k 1 • v2 

kD • 
1[2 

, so n 60 V / 2 '1l'r 

This analysiS Shm-TS the cubio relation bet"Teen the pot·rer output and 

Ghe velocity, but it is only a simplificat ion of the actual case, 

3ince the effects of th.e follol-ring items are neglected.: 

e.) Circulation . lift of the \'Thole rotor \1hen rotating in 

-I· 
! 
I 

I 

I 

I 
! 
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a parallel flm·r. 

b) Pressure drop de~eloped in the airfoil upper chamber 

due to the air :rIOi'; chamber occuring bet"reen the· disks 

in the outer region . 

c) Streamline formation around the cylinder rotating ex-

round his axis, 'i'lth the development of eddies near 

the disks. 

d) Blades changing constantly their positiGll, change the. 

forces a.n.d their point of application. 

e) . Effect of the. blades upon each other. 

i 
......... ...L. ... "-~'~~r- s 

7:\' ,. 6 .... 
J.'lg o. -) 

Running ccmdi t ions 

I 

I 
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7.1 Economic survey. 

7.2 Design of'.;ind rotors 

7.3 Cost analysis 

7.4 L,:anufacture of ~lind rot ors 

7.5 Comparative economic analysis 

7.6 Conclusion 
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"Engineering is the economic solut ion of human needs". 1"01" this -

1_--

reason it is necessary to analyze the role of '"rind" pow-er in the frame "I 

of the energy gene,rated in a given community. 

A suggested outline for an oconomic survey on 1-Tind pOifer is as 

fol101'ls: 

1. Pow"er demand analysis 

Population and population growth 

Per capita. pm"Ter demand 

Pm-Tel" da.mand forecast i11gS 

2. POI'ler supply analysiS 

Thermal pOvler plants 

Hydroelectric pO\'1cr plants 

Local povre1" S01..1.1"C68: uindillills, Hatermills, etc. 

3 .. POi.;er sources availa1;>le 

Oils 

Coal 

Solid fuels 

Gas 

i'later heads 

Local fuels ('t'nlste, i'lood, tar, peat, etc •. ) 

Solar 

lHnd 

Nuclear 
-' 

Other -

I 
I 

·1 
i 
I. 
I 

- -' 

I' 
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4. Comparative cost analysis 

Thermal 

a) Oiii 

b) Coal 

c) Gas 

d) Nuclear 

I;ydroelectric 

Solar 

l'lind 

Geothermal 

Local fuels 

5. Planning of pOrler generation 

Balancing of supply and demand 

Locat ion of pm-Tel" plants (according to lowest cost) 

Research 

In this i'laY it is possible to determine the position of each pmfer 

meration method in the "1hole economy. In those regions 1',here "lind 

)"weroffers economic .solutions, planning and fometing the utili-

3.tion of· this pmmr source maybe possible. 

7.2 Design of wind· rotors 

Assuming that the result of the economic survey ShO\"lSPOssibilities 

using "Tin<;'i pm'lcr, the design of the wind' machine follmrs. liere 

a procedure for the design of ,-rind rotors: 

1. Determination of the pOI'ler demand 
--' 

a) Field of application 

I " 

I 
I. 

I 
[ 

I 
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2. Determinat ion of the '\'lind pOl1"er available 

3. Design of the rotor 

a) Calculation of cross section area 

b) Calculation of speed of rotation 

c) Determination of performance characteristics' 

4. Design of rotor shaf-t; 

5. Selection of bearings 

6. Design of bearing housing 

7. Design of tower 

PAGE Q.(;,o_ 

8. Design of pOl'ler transmission mechanisms (couplings~ gears) 

9. Selection of auxiliar,f equipment (pump,generator, fan, heat 

pump, refrigerator,etc.) 

10. Design for storage ("later tank, batteries, etc.) 

11. Design of governor. 

7.3 Cost analysis 

In order -to calculate the cost of a "lind rotor the follo'Vling items 

lould be considered: 

1. Haterials 
. 

Blade sheets 

Disc sheets 

Shaft 

l>earinr's . .J 

Housing 

Pm-ler transmission mechanisms 

I 
I 

I 
I 
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2. Labor 

Paint 

'ilelding material 

Storage 

Lubricant 

Cutting 

,...: . ··,"'elq.ing 

Lathe 

Foundation 

Erection' 

3. Equipment 

Lathe 

Drill 

Uelding 

]'iles 

Sav! 

Scissors 

Hrenches 

4. l1aintenance 

7.4 ri~anufacture of ",'lind rotors 

The follot'1ing items should be considered in the manufacture of 

~d rotors; fo~ production in lots: 

1'. Prepare pattern of blades 

2. Measure blade overall length 

• r.1arh: leno-ths on metal sheet 



4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
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Cut blade sheets 

J?ile edges of sheets 
-:1 .corm blades in the pattern 

Held blades 

l!'ile Helded surfaces 

Mark end disles and cut 

\'le1d end disks to blades 

Cut shaft 

12. Lathe shaft to size 

l~. Cut bearing housing pipm 

14. Lathe bearing housing to size 

. 15. Hake transmission. Rlechanism 

16. Cut and 'veld tm-Ter profiles 

17. Paint 

18. Lubricaite bearings 

19. Erect tower 

20. Hount housing and shaft 

21. Nount rotor 

A rout ing dia~am for the manufacture is as fol1ovlS: 

Blades 

I 
I 

ROTOR 

Disks 

Bearings 
I 

T.O\'llm 

Sha.ft 

I 
STAND 

1-1 _____ -t-____ --IL 

V1TI1D ROTOR 

PAGE ~6i-
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7.5 Comparative econo:nic analysis 
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As in any other engineering proj ect, it is necessary to. find a cri­

~eria to analyze the different feasable a:lternatives •. A comparative 

malysis of the ~olloHing items in necessary: 

1. Optimum size selection 

2 .• Determination of best location 

3. Selection ot number of units 

4. Naterials alternati ves analysis 

5. Comparison with other power sources 

6. Hake or buy analysis 

In order to give an exaTJlple and also an idea of the order of 

n~.gnitud, the comparative cost anal~rsis be-taTeen a gasoline engine 

~:nd a'-Tindrotor in pumping water is taken. Assumed po w'.e r 2.5 kw 

and 20 m'\'lat 81' co:1umn. 

1. Calculation of the cross section area 

P: 0.0006. A • V3 (see 2.33) 

p 
A 

0.0006 • V3 

Assume a maximum ,-rind velocity of 12 m/sec .. 

2.5 
Ii 

0.0006 • 123 2.5 2 
m 

Take a diameter of 0.75m and a height of 3.5 m 

2. Cost estimation of shop 

I 

i 
1 
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Shop ~rea 100 m2 x 400 T1/m2 

- Equipment 

Lathe 30.000 T1 

Drill 2.000 

\lelder 3.000 

~'iles 10 

Sa;u 25 

Scissors 100 

Other 100 

Erection (15~~; of equipiJent ) , 

P ( ~ hC" ..c> l • Id . ) ower ~Jfo o~ nUl lngs 

3. Cost of mat erj_als (per unit) 

Blade plates 

Dis~ plates ( 3 mm ) 

Shaft ( 30 mm diame.ter 

- Bearings ( 3 x 30 mm ) 

Bearing housing pipe -( 2" ) 

Touer members 

Coupling 

Paint 

\'le1ding material 

Storage tank 

110 

20 

8 

50 

3 

100 

15 

7 

29 

200 

632 

T1 

TL 

40.000 TL 

35.235 

5.000 

6.000 

86.235 TL 

I 
,1 

I 
I 
I 

I 

1 . I 
I 

I 
r 
I 

! 
1 
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4. Cost of labor (per unit) 

Cutt ing and 't'ielding rot or 

1 \wrker :{ 2 days x 30 TL/day 

..., Cutting and i-lelding tOl'10r 

1.I'Torker x 2 days x 35 T1/day 

Lathe and erection 

I vlOrker x 1 day x 35 '1'L/day 

5. Cost of general expenses (per unit) 

of total cost 
, . 

6.° Cost of overhea.cil'charees 

100 IfL 

Depreciat ion of buildings 2% per 'year 

40.000 TL x 2f~ year 

8.000 hrs/year 

Depreciation of machinery 

46.235 TL x 10J~ year 

8.000 hrs/year 

\ 

0.10TL /hr 

10~~ per year 

0.57 '1'L/hr 

Total depreciation . . 0.67 TL/hr 

~lorldng hours per unit .: 25 hrs 

60 '1'L 

70 

35 

165'1'L 

Overhead charges per unit : 0.67 TL/hr x 25 hrs : 16 .. 80 ~:I 

7. Cost of product 

Labor 

I 
I 

I 

I 
I 
I I ' ': 
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General expenses 100 

Overhead charges 16.80 

913.80 TL / 1iri.it 

8 .. Cost of water 

If ue assume that '[;l1e average annual \'lind ve1oci'CY is 8 m/sec, the 

H'Ter output is : 

p · · 0.0006 x A x V3 
7: 

0.0006 x 2.5 x aJ : 0.7 kw. 

ThisLpO\·rer 1'iill pump : 

P: 

· · 

.JL. Ii 

75 .j 

p • 't). 72-
H 

0.7 x 0.80 x .~5 

20 

take 

: 2.1 ,kg/sec 

6 8000 6'0500000 l/year : 60,500 m3/year 2.1 x 3 00 x x: 

9. 

Depreciation 10~ 

Haint enance 5?G 

136.90 TL/year 

60,500 3 ill /year 

Cost of power with a gasoline 

Cost of a 2.5 lnl gasoline 

91.40 TL 

45.50 

136.90 TL/year 

0.00225 TL/m3 

engine 

engine 1.500 TL 

r .. ' 
I 

I 
I 
I 
I 
I j 

l 
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7.5 

Brection 10% of cost 

Depreciat ion 10/~, . 

Huint Gnnnce ,10~,', 

.l!'ue1 0.3 kg/hr x 8000 

The amount of tmter pumped is: 

Q p x ) x 75 

H 

. 2.5 x 0.80 x 75 . 
20 

hr x 1 

7.5 

150 

1.650 TL 

165 

165 

TL/kg 

TI. 

kg/sec 

330 

2.400 

2~730 

x 3600 x 8000 . 216000000 l/year . 216.000 ' m3/year . . 

2. 730 T L/year 

~ 
216.000 m-'/year 

lO~ Comparative rulalysis 

\'lind rotor 

Gasoline engine 

0.0125 TLI m3 

0.00225 TI/m3 

0.01250 T 1/m3 

TL 

i\lthough it is not possible to take the cost of Hater as the sole 

riteria :for the se-lection of any o:f the alternati'Jes, this figures 

________________________ -mJ 

I 
\, 

I 

I 
I 
I 
I 
! 
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not considered in the above analysis: 

eHigher investment required by the gasoline engine 

- Difficult ies in the transportat ion of :fuel 

Difficulties in the maintenance of gasoline engines 

Need for fuel storage 

7.6 Conclusion 

In order to obtain the most favorable design the follo1-1ing items 

should be cons idered: 

1. Determination of the capacities and type of vlork in which 

the wind rotor is going to be used e 

2. Standardization of sizes according to a certain range 

3. Use of modern manufacturing techniques and materials to 

reduce cost and increase the efficiency. 

4. Design of portable units, middle size units and large size 

units for pOl'ler generation. 

I 
I 
I 
I 

I 
I , 
I 

I 
i 

I 
I 

I 
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The aim of this ''lOrk is to study the possibilities of the utiliza­

tion of "lind rotors for tile genarat ion of pOlfer in underdeveloped 

areas. 

2. ·ilistorical background 

The first evidence 0 f the ut ilizat ion of \'Tin~ pO'\'Ter in' l~urope dates 

from the year 1000 A.C. in Zngland. Nevertheless it is assumed that 
\ 

the cradle of the \'l~nclmill may be found in the f.1esopotamia t01'rards 

1500 B.G. ,f 

The first important application of ilind pO'YTer is found in holland 

in 1350, i'lith the object of draining the land situated heloi" the sea 

level. During the 18 century several engineering designs nere put in-

to practice ''lith the main purpose of., pumping 'Ylater. 

The first scientific research on ,\-lind paver \'Tas carried by Prof. 

La Cour in Denmark to'\'lards 1890, usinG,' a small 1'lind tunnel to test 

models. After the \'/orld dar I, several famous engineers became in-

vol ved in the design of more effic ient i'iindmills: Prancllt, Betz, 

Joukm'lsky, Eiffel among others. 

In 1924 .r1lettner developed the first rotorship Baden Baden, ,,;hich 

Used rot at ing cylinders instead of sails t to creo.te a thrust based 

011 the lifting effect of a rotating cylin'der in a parallel fl01'1, 

effect first investigated by r·;agnus. He also studied the possihilit;ies 

of using rotors to design "lind machines. During the same years 

Savoniusclesigncd his S-rot,ors (t\lO circular blades placed one in 
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I 
\ front of the other, betHecn t'wo end~ disles) and used them for pumping 

! I'later, ventilation and sailing. The idea of using rotors' (cylindri­

cal shaped ~iindmills \,iith vertical shaft) vTaS soon abandoned because 

it was considered of low efficiency. 

In 1941, the Smith Putnam project Has started in th.e United states. 

It consist cd of research and experimentat ion on a 1000 k'l:l, 2 blade 

,,,;ind machine. The erect ion and operat ion of such a huge machine 

proved to be very complicated and commercially not feasable. 7,'11e 

',Thole project had to be discontinued "I"hen one of the blades failed. 

In 1949, the British Electrical and Allied Industries ResGe::.rch 

Association star'ted a research program on "I'lind pOl'ler i,iith t't'TO 100 b'T 

units placed in the i'lindiest region of the "IofOrld, in the north of 

England. l1:his units also ,·rere very big, and a simpler type 25 ki'l' 

unit "iaS designed' and tested. :L'he researc,h sho"Vled that complicated 

\';ind mach~nes having variable pitch Here not practical. 

In 1951 Israel stnrted a research program "Thich '\'lGnt gradually 

from small size units to large size plants, tOf,cther ''lith a very 

",ide meteorological survey. 

In l!'rance some experimental "",ork ,'las carried by the Neypric Co. 

llsing aerogenerators up to 21 ill in diameter ":lith satisfactory re-

suIts. 

2 
In 1957 a small vertical rotor of a cross section of 0.1 ill , i'lith 

an average output of 1 1'latt i'T3.S tested in U .~:.A. ~lith satisfactory 

results • 

.l."inally the research \·;or1<:: started. by Frof. Ta~?l)lnar on the Impala 
I. 
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rotor has to be mentioned. This rotor consists basically of tl'lO air­

foil profiles placed one in front of the otiler betueen tHO end disks. 

study of the performance cha.ract erist ics of this rot or showed the pos­

sibilities oL designing ~xpress type (height equal four or more times 

the diameter) and Hulti-stage (rot ,rs placed one on top of the other 

at diffenent angles) rotors uith good perspectives. This rotor has 

also application in other fields. 

i 

l!'rom the research carried up to date the foilovTing information 

about the design of 1'lind machines vms found to be interesting: 

a) It is possible to have an idea about vTind regimes in a 

region from the study of the deformation of trees. 

b) In order to analyze the available vJind it is necessary to , 

plot the yearly i'iind duration curves (number of hours each 1-lind velo-

city blows per year). 

c) \'lind pO\'ler is calculated from the empirical relation, 

P : 3 0.0006 , A • V 

where A is the cross section area of the machine, in m2~ V the wind 

velocity and P the pOl'lCr in kH \'Then the velocity is expressed in 

m/sec. 

d) \'lind rotors have the advantages that they can start at lOiv 

vlind velocit ie8, run at very high veloctics and run vlithuinds coming 

in all directions without the need for adjustment. 

3. Theoretical background 

I 
I 
! 
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The theery of rotors deals '-lith the study of the lift developed vThen 

a cylinder is rotated in a parallel flO'\:1. Here there is a superposi­

tion of parallel flO\'7, source flOl" and circulation, 1'1'hich cause a 

pressure difference to develop betiiieen the Im'ler and upper portion 

of the rotat ing cylinder l'li th the consequent creat ion of thrust or 

lift. 

The suudy of the airfoil lift and drag forces is an important tool 

for the mathematical analysis of rotors. 

,i~'rom kinetic energy considerations it is possible to calculate the 

maximum theoretical efficiency of a vlind machine, ~'ihich comes out 

to be 59.3)~. 

4. Practical considerations 

a) Wind measurement 

In the study of the characteristics of i'lind t\'lO instruments are used 

the vTind vane a..."1d the anemomet er. '1'he data obtained can be repre-

sented graphically. on maps by means of the \'lind rose, H11ich fixes the 

direct ion, speed and frEquency of the i-rinds. The average '\'lind velocity 

can be taken as 8 m/sec. 

b) Visualization of fluid floH 

In order to have an idea about the flou cha.racteristics around-

submerged bodies, several flol'] visualization techniques are available 

among 1'Thich the Schlieren opt ieal method and the hele-s11m·; unalogy 

are the most ·pr8.ctical~ The first one uses the principle of change 

in defraction due to 8. chaage in density of the fluid, this cha."1ge 
-' 

being proj eet ed by means of difraet ed rays; the second one uses' dyes 
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such as potassium perma...'1ganate to vtsualiza streamlines 

c) Selection of bearings 

PAGE .zjS". 

In order to'select a bearing from a catalogue, tpe speed of rotation 

the eXpected life, the axial and radial forces have to be calculated. 

The dynamic load is determined and the bearinG selected according to 

the required dimensions 

d) Hotor balancing 

In order to obtain a satisfactory ~erformance of a rotor it is nece-

ssary to balance it statically and dynamically, special apparatus 

being deviced to measure the amount of unbalance from the vibrations, 

balancing being performed by; adcUng or substract ing ueiGhts by trial 

and error. 

e) Shaft design 

The diarnet er of a shaft is given 

d 
16 • ) 

by the 

1/3 

expressLm: 

the deflection of the shaft havinG also to be controlled 

f) Soldering 

Careful selection of solder material and flux are prerequisites for 

good soldering. The cleanness of the surface and the clearance betl'Teen 

parts should· also be checked. 

g) Speed governors 

In order to control tIle speed of rotation it is necessary to in-

clude in the design speed control systems; flaps being a good solut ion 
-' 

for controlling the speed in wind machines 
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5. Experimental set-up 

a) Schlieren apparatus 

PAGE .( 16 . 

The result obtained in the Schlieren apparatus Here not 

satisfactory and the experiments 'ilere discontinued 

b) \'jat er 1'10\'1 channel 

. In troducing potas~)ium permanganate pellets in the laminar' 

flo'\'1 channel it is possible to study the strearnline formation around 

solid bodies. 

c) Vind rotor models 

Several models for vlind rotors i'lere manufactured, including 

a Savonius S-rotor, an ~~xpress type Impala rotor and a ;·,:ulti-stage 

Impala rot or. 

6. 'Data and results 

'The experiments on the Impala rotor showed a wide variety of per-

formanc.e characteristics from one directional rotation to rotation 

in both directions The maximum speed rot at ion obtained i'Ji th the 

models ¥Tas 640 r.p.m. The high torque developed caused some troubles 

in the stucture and reinforcemC!lt of the stand i{as found necessary. 

The 8avonius S-rotor of the same size developed a m[tximum of 940 

r.p.m. It \'las also possible to sC1!e the relation ;)eti'ieen i·lind velocity 

and speed of rot:.:;.tion. 

A t:lleoretical analysis of the pOi·rer developed b:r an Imp~la rotor 

\'las attempted, but this had to be done making to:) many simplifica­

t ions, the actual' case be ing too complicated. 
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7. l:;conomic considerations 

PAGE ~ ft· 

In order to determine the economical i:aportance of \'Tind pOl'ler it is 

necessary to make an economic. analysia and sec the relative importan-

ce of all po\'ler generat ion sources. The cost analysis of 2.5 In-T uind 

turbine I'TaS made, and the cost of one unit together vTith a storage 

tank for .... rat er uas found to be around 1.000 ~r L ,. The anal:ysi..s of modern 

manufacturing techniques and materials remains' to be done. 

8. Concl usiop 

This 'Hork should be considered only as an introduction to the pro­

blem. Through the survey on the. available data' it ",as possible to see 

the trend' in the development of ,'rind. machines and have a glimpse to 

vThat the future may be. The examples of Holland, Denm.ark and Israel 

in developing a program for the utilization of \"Tind pOi'ler should bo 

remarked. 11any fields of applicat ion for "lind pO .... Ter have been found: 

'-later pumping 

electricity generation 

grinding of corn 

sawing 

compressing air or other Cases 

refining metals 

ice production 
'~ 

':Tcher destillation 

domestic appliences 

production of hydrogen 

cooking 

creating a "later head 
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- heating and cooling 

- vent ilat ing 

- ship propmlling 

PAGE :1.1 8 . 

The experiments on wind rotors although are not complete, they are 

very promising and more investigation should be carried in order to 

get better idea about the performance characteristics of different 

types so as to apply th'is information in the design of desired types 

It reoain8 to make a complete economic analysis of the problem 

and flalce the planning and implementation program for. the ut ili:~ation 

of vlind rotors in communities of scarce resou.rces. 

n Nasibimizi aldlk " 

II Ylktln perdeyi 

Eyledin viran 

Varayim sahibime 

, . .lem~n. II HaDer vereYlm 1 -

(Karagoz) 
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« :tyiye ve gUzele do€:ru." 

9. R E COM MEN D A T ION S 

j 
: 

'1 
. , 

. , , 

I 
I 
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The follo'l'Ting items require further i'lOrk 

'/( 1. Heasurement of the torque by means of a stationary rotor pla­

ced in the air flow, using calibrat ed springs. ~. 

t 2. stUdy df the flYlTheel effect in the rotors. ~/ 

3. Design of bearing housing for self-lubricat ion.. ~' 

4. Study of the possibilities of the utilization of vrind rotors 

for ventilation, electricity generation and water pumping. 

5. ~Irnprovement of the ~'lil1d tunnel design. ~/ 

6. Study of the influence o:f the rotor i-reight on the performance. ~ 

7.. Study of the effect of increasing the diameter of disks. 

*" 8. Design of disks with airfoil shape. (.Pig 9.1) ~/ 

*' 9.. Increase of the number. of stages to 6 and 9 .. 

10. Study of the difference in output in the natural ''lind. 
. V/ 

¥.-ll. study of the eddy formation in the mUlti-stage rotor in the 

water flm·;· channel. V 

i'12.. Study of the streamline .formation around the blades and disks, 

using blades fixed to glass disks. in the vlater flovT channel. 

13. Improvement of manufacturing processes.~ 

*" Suggested by -,Prof. Adnan H. TaGPuiar. 

I 
I 

1· 
< .. 

I 
, I 
I 
I 
! 
I 

C I 

! 
I , 
I 
! 
I 
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Fi"g 9.1 

Airfoil disles 

Fig 9 .. 2 

Prony brake 

;:::::.:r=: ~ 

L.......,- L--,-

'-~ 

~\ig 9.3 

Rotor blades 

l!'ig 9.4 

Blad.e profile 

-1 I I 

1 

I 
I 
I 

! . 

I 
I 
I······ 
I ., 

.1 

I 
I 
i' 
I 
!. 

I 
I 
i 

I 
i 

I 

,I 
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14. Contact Israel, India, Great "Britain and Denamark to stuQy the 

lattest developmenta :in the field of Hind pOl{er. 

15. Use of plast ic materials a..'1d ahlmil(lium for the manufacture o:f 

rotol~S • 

16'. Study the possibilities of casting plastic or aluminum blades 

for mass production. 

~ 17 .. i·measurement of the output using a prony brake, to be compared 

\'li th the maxirm.u!l theoret ical output. (Pig 9 .. 2) 

18. Study the effect of replacing the blades by tvlO rotors. (iig 9.3) 

19. study the influence of mass production in the reduction of cost. 

20. study the plCl..."1ning, financement and implementation of a 'Hind 

rotor program. 

21. Use of the Vibrodyne dynamic baLmcinc apparatus for balancing 

the rotors. 

~ 22. Study of the performance of other b12de profiles. (Pig 9.4) 

23. Analysis of'optimum '-lind. rotor size. 

* 24. Frepare circulation models: 

a. cylinder placed in a troley. Ciig 9 .. 5) 

b. spinning cylinder (Fig 9~6) 

¥: (Jf r'etal ~tan'~ to account for the rotor ymming. 25. Improvement l1.1 ~ - "-

I, 
I 
I 
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Pig 9.5 

Troley model 
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--I 

---- i.-..---+ -
-~...l~-~ --- If 

j --
~ 

I 

Spinning cylinder 

iig 9.8 
I 

iig 9.7 

~lind Tunnel diffuser 

Reinforc'3men~ of stand 

! 
! 
i 
I 

I 
I 

I 
" i 

I 
\ I 
i 

I. 
I 

I 
I 

"\ 

I 

I 
I 
\ 
I 

I 

\ 

• == "~ 

'1

1 
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~ 26. Improvement of the ','rind tunnel by 3.dding a diffuser to reduce 

losses at the exit. 

27. Survey of thei~ngineering Index for ne'l'T literature. 

* 28. 2tudy of the blade flapping of very long nxpress rotors. 

J.t- 29. Improvement of the study of the performance characteristics of 

"lind rotors "lith the purpose of obtaining data. for the design 

of different types of rotors to serve in diffenent applications. 

30. Survey on the Wind machine sect ion of HUtte 

*" 31. Improvement of p01'ler transmission mechanisms for rotors.' 

....... c 

I 
i 
I 

I 
I 
I 
I 
I 
I 
I' 

I 

I 
I 
I 

I 
i 
I 
\ 
I 
I 
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I 
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10. G LOS S 'A R Y 

~ .• 
PAGE :2S{. 
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special vane plnceu 'Hith tpe purpose of guiding a 

"lind machine through changes in the \'lind direction. 

2. ilapping: vibrations of the blades due to high vibrations. 

3. Pitch: angle made by a blade '\'lith the axis of the rotor. 

4. Governor: special device used to regulate thc speed of rotation. 

5. i'iotoring: pOl'lOr that is required to turn the \-linu r:18.Ghine \.!i th-

out delivering any pOl·Ter. 

American Association dealing i'rith the research of 

the Aeronautical sciences. 

7. Tip velocity ratio: ratio betvicen the speed of the tip of the 

rotor and the uind velocity. 

I 
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It Qole olmyan dct!,il <{ok gez en b ilir " 

11. H E li' B REne E S 

PAGE l81 
I 

,I 
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A • Lit erature on \-[; nd P01';er : 

PAGE Lee, 

1. B.Ayres and C. Scarlott "Energy Sources - The Health of 

the Horld 11 ;·,\c. GravT Hill Book Co. Inc 1952 pp 255-263 • 

. 2. L.Vadot lIi-!ater Pumping by 'iiindmills ll Houille Blanche" 

Septernbre 1957 pp 524-529. 

3. Proceedings on the Ne,-, Delhi Symposium UNESCO 1958. 

4. 5 th i'!orld P01ier Conference \:ien 1956. 

5. Palmer c. Putnam "POi-ler from the Hind" Van Nostrand 1948. 

6. E • .,l. Golding and P.'E. l·iontagnon "Devi?lopment of a 100 k'-l. 

'Hind Pm'ler Plant in the United Kingdom" Comision Nacional 

de Energias 3speciales. Madrid June 1960. 

7 •. L. Vadot "The froduct ion of Electrical Energy by the 

. 'dind II. houille Blanche. Octobre 19:>8 pp 503-525. 

8. ~J.A. Harrison "A 'IJind Operated l!ilectric PO\1er Supply" 

Electrical ~ngineering Vol 76 No. 5 I·lay 1957 pp 418-422. 

9. 6 th Ilorld Povler Conference Ilelbourne 1962. 

10. P.O. \-iillhofft "Industrial Applications of the ilettner 

Rotorll Hechmnical Engineering Vol 49 no. 3 1927 pp 249-253. 

11. S. J. ::;avonius "The S-rotor and its Applicat ions" r;Iechanical 

Engineering Volume 53 Ii o. 5 ;·lay 1931 pp 333-338. 

12. AlexandEr Klcmin It The Savenius \'iing Rotor
ll 

Hechanical 

.~ngil1eering Volume tt7. Ho. 11 1925 pp 911-912. \ 
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13. E. H. Golding tlBnerf;Y from .and and Local iuels" The Problems 

of the Arid Zones Proceedings of the Paris Sy~posium 

UNESCO. 1960 pp 249-258. 

B. Theory on Wind PO"Ier~ 

1. Ii illiam L. Donn "Heteorology " Hc. Gra\'l Iiill 1951 • 

2. George 1". Taylor "Blementary I'iet eoro~ogJ 11 Prent ice lIall . 

Inc. 11m1 lor};: 1954. 

3. Adnan Halet TaSlplnar "}'luid r.iechanics" (not published) 

4. Richard Pao IIjpluid ncchanics" John ~iiley and Sons 1961. 

5. John Vennard "Elementary .l!'luid ;:Iechanics 11 John Hiley and 

Sons. Inc. 1940 

6. Victor streeter "Fluid Dynamics" Hc. Grall Hill 1948. 

Co Practical Considerations 

1. R.C. Punhurst a..'1d D.ii. Holder "\'lind 'funn.el Techni'lue" 

Sir isaac Pitman and Sons Ltd. London 1952. 

2. Philip A. Drinker "Pluid Dynamics: Experiments andEquip­

ment for Undergraduake IJaboratory Instruct ion II H. I. T. 1965. 

3. Lionel i:.arks "Nechanical Engineers I Handbook 11 

4. Adnan Halet Ta$pinar "[.lachine Design Hotes U Hobart College 

Bebel!: Istanbul 1965. 
-' 
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5. Victor Street er II l"luid ;~lecl:lanics rr He. Grm'! Hill 1958 

PAGE .)'70. 

6. James .P. Young "Haterials and Processes" John \'lilcy and 

sons Inc. 1954. 
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12. A P PEN n° I x 

1. Correspondance 

2. Instructions for the operation of 

Wind I~tor experiments 

PAGE 2ff ° 
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1. Correspondance 

PAGE .21:t. 
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______ • ________________ ~ ________ ~~~_r~ ___ • ______________________________ _ 

m~;THUCT IOnS FOR THE OI'EI1AT ION GE' 

'\'1 mD ROTOR EXP2HI;~ENTS 

1. Visua1izat ion of fluid f101'1 

2. Savonius S-rotor 

3. Mlgle of attack of Impala rotor 

4. Express type J.mpala rotor 

5. i"lulti-staee Impala rotor· 

! " 

I . ~ 
I 
i 
I 

I 
I ., 
I 

. j 

j 
i 

I I 
\ 
! 

\ 
I 

I I 

____ -J\ 
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1. Yisualizat ion of fluid flo1'l. 

1.1 Object 

'« IJ arounu J. Ierenv . ade profiles in the study the I~loT-l pat'!-ern ' d' f" .to bl 

1.2 Apparatus 

- i'fat er flair channel 

- Potassium permanganate 

- Blade profile models 

1.3 Procedure 

_ Open the tap of the Ilol'l \'rater channel. 

\'fait unt il the "rat er reaches the channel region. 

Ad,just the tap and the gate until an uniform flo\'1 is obtained .. 

rlsce pellets of potas~-'iurn perrntmcanate at the entrance of 

the channel at 1 cm from each other. 

_ \'Io.it for an eguilit)rium in the floH to be reached, so as 

to obtain parallel flow streamline formation. 

1)lace blade models at 10 cm from -the pellets. 

_ Change position of blades 

1.4 Data 

_ Dravl the flow patte.rn of different blade profiles "lith 

different positions. 

x __ _ 

2. ~avonius S-I~tot 

I 

I.: 
i 

j' 
I 
i. 
I 

! i .. 
I 

l 
I 

I 
I 
; 

I 
if 

I . , 
~ , 

·,j .... ··C 

I 
I 

1 
I 
I 
I 

\ __________________________________ -4--------~r~ ! 
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Study the performance characteristics oJ the S-rotor 

2.2 Apparatus 

- Sa'lonius S-rotor blades 

- [.fetal sheet disks 

- ian 

Dynamo 

Tachometer 

Nultimeter 

- Hood stand 

2.3 Procedure 

¥>Jount blades on disks by means of its screi·7S. 

_ Place the rotor on the 'Hood stand and fasten the bolts 

- liiount t :1e dynamo 

-Open the fan 

2.4 Data 

i.leasure the output in volts and amperes 

l~easure the r.p.m. at load and no load conditions 

------- x ------

3. Angle of attack of Impala rot or 

3.1 Object 

... _-----, 
I 

PAGE .).<jJ. I 
I 

Study the performance characteristics of the Irapala rotor at 

different angle of attack of its blades 

; 

\ 
\ 

I 
\ 

III ____ -11 
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-------------------------------._---------------------------
3.2 Apparatus 

- Impala rotor blades 

- Metal sheet disks 

- lPan 

- Dynamo 

- Tachometer 

r'lultimeter 

- ~ioodstand 

3.3 Procedure 

- Pix the Impala rotor blades on the metal sheet disks 

- Place the rotor on the i-lood stand and fasten the bolts 

- Hount the dynaEJ.O 

Open :far-

3.4 Data 

?'leasure the output in volts and a3peres 

- Heasure the r.p.m.. at load and no load conditions 

_ ;'lako measurer.lents in both direct iOllS (Glock- and counter 

clock wise direciions) 

Change blade positions using different holes.available in 

the metal sheet disks and repeat the same procedure. 

------ X ------

4. Exn~ type Impala rotor 

4.1 Object 

;:tGudy the performance characteristics of the E:{press type 

t -
,\ 

I 
! 
t 
I 

! , 

I 
i 
1 
i 

\ 
i_ 

"\. 

I 
I 
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. ---
m.pala rotor. 

4.2 Apparatus 

10 x 25 Impala rotor 

- 20 x 60 Impala rotor 

- \'1ind tunnel 

- i,let al st and 

Tachometer 

f.letal disks 

- Anemometer 

4.3 Procedure 

_ r~ount the Bxpress type. Impala rotor on the metal stand 

_ Connect the AC motor to the mains. start motor with the 

start ing compensator. ;~onnect the DC generator, ad just the 

voltaGe to 75 volts and connect the trind tunnel. fan. 

_ start i-Tind tunnel by me2.l1S of its rehostat 

4.4 Data 

Neasure the r.p.m. 'i-lith tachometer and i'Tina velocity l71th 

anemometer. 

GhanGe uind velocity and repeat meusurements 

Plot r.pm~ vs wind velocity. 

______ .x ------

5. I1ult 1-8t age Impala rotor. 

l 

I 
I 

I 

I·.·· 

I 
I. I .. ' 
.\ 

I···. '. 
I " 
I 

I I· , . 
. \, 
i' I. , 
I I. 

I \ 
! 

I 
I 

5.1 Object 

-_._--------------~ '., J 
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Impala rotor blades 

- Metal sheet disks 

- J!'an 

- Dynamo 

Tachometer 

- I;lultimeter 

- Hood stand 

- Fix the Impala rotor blades on the metal sheet disks 

Place the rotor on the\'7ood stand and fasten the bolts 

- Hount the dynamo 

Opon fap 

3.4 Data 

- r.ieasure the outDut in volts and amperes 

- Heasure "!:ihe r.p.m. at load an.c1 no load conditions 

PAGE 

- Flake measurements in both direct ions (Glock- and counter -

clock wise directions) 

Change blade positions using different holes available in 

the metal sheet disks and repeat the same procedure .. 

------ ;~ ------

4 .• Exuress type Imuala rotor 

4.1 Object 

:~tudy the performance characteristics of the .8xpress type 
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:)tudy the peri'or£nance chan'.cteTis-G ics of the :nultistage lrrmala 

rotor. 

5.2 Apparatus 

20 x 20 Impala rot ors 

Uincl tun:1cl 

j'letal st.anc1 

Tachometer 

i'letal c1isks 

Ansmornet er 

5.3 Procedure 

i,lount multistagG rotor on metal stand 

I'roceed same as 4.3 

5.4 Data 

- Plot r.p.m. vs ';-rind velocity. 

-------- X -------

, 
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"Allah, insanlara bahl?ettigi nimetlerinin eserlerini gormek ister: 

3ilginlerde·, ogretme z evki; amirlerde, adalet; zenginlerde, yoksullara 

rardJ.m gibi ••• " 

A. Criticisms by Prof. Adnan Halet Tas>plnar: 

1. A report to be added as preface summarizing the content of the 

;hesis ",ith a conclusion at the end 

2. Complet e layout of a Pal a Wind Rotor POvTer stat ion. 

3. (1.1) a) \-/hy "lind pOi-ler? Comparision bet\'1een "Tind, heat pOI'Ter, 

lUclear pOI'ler and "Tat er pOi'1er. b) state the fact that as long as the 

flOrId exist "'int?- ,·Till exist; and if Hater is used for generating po­

"or ''ihy shouldn It ''lind be used too. c) Give re,asons "1hy "Tind _ pO'VTer 

is not used, and state if there is any future for it. 

4. (2.12) Prof. 'l.'al?plnar became int erested in hydrodynamics even 

jefore teaching at Robert College. He '!,'laS involved in the complete 

lesign of a "Tater turbine, pump design, I~E scavenging and "Tater '·Theel. 

rhe name (;i ven by Prof. 'Pa$plnar to his rotor is "Pala \'lind Rotor". 

rhe Pala \-lind rotor is suitable for the pm-ler genera~ion with the 

Least available head. Por example it could be used in the "Akintibur-

lU Eydroelectric rm-Ter ~,tation Project", using 4 or 6 rotors in series. 

Prof. TaGplnar follo\-led closely the "10rl~ by }rof. J."orheimer, professor 

)f' Hydraulics at hobert College in the Bosphdrus pm'Ter proj ect "Thich 

lsed a head difference to generate energy. This proj ect ,·;as not sa-

G isfact ory, the Pala rotor being more efficient in this aspect. PO'.rer 

~an be calculated taking the velocity of "rater as 5 nautic miles/hr. 

5. (2.4) Hind pOIJer storage . Although use of batt eries is unecono-

nical, "Tind pOi-ler "can be stored as 'dater, compressed air, heat· ( i.e. 

'l n art of the enerm: is lost in the conversion, 
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i.t least the "Tind energy is not lost. 

PAGE .lee 

6. (3.25) Dipol should be preferred to doublet. There is a similar 

~ffect in electricity. 

7. (4) DesiGn to be revised and rearranged. At first a design out­

Line to be discussed. 'deakness of this section is, due to lack in the 

)reparation in the undergraduate years and specially in Hechanical 

ra"ling, :·iechan isms J ~,:achine Elements, and :lachine Des ign courses. 

Design Outline: 

1 .. "iake a sketch of the design 

2. List the component parts in all its details. 

3. ~)pecify materials' of each part. 

4. rL'ake each component part and analyz e all forces affect ing 

from t rle me~hanic and dynamic point 0 f viei": ac 8elerat ion, inertia, 

3tres~;es, stress,deforrnations, stress concentrations. 

5. i'lake strength of materials calculations 

6. Develop equat ions for the design of each par·c and apply 

~hem to various sizes and types. Tabulate the results. 

The follo\'Ting design analys is is required for the Pala rotor: 

a) Forces on the end plates due to centrifugal force 

b) Forces on weldings due to centrifugal forces 

a.,) b) 

cl stress concentrations at the blade ends due to the deformation 

of plates. Eresses can be reduced by reinforcement (fiber glass) 
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d) Deflection of the blades due to centrifuGal forces. This deflec­

;ions may be reduced by using stays across the blades. 

f) ~'orces on: rotor attachment to t~e main shaft. The attachment 

should be designed so to be easily dis:nantled. 

-~ n , I 
I i 
I I 

g) Forces on bearings and main shaft: torsion and bending combtne,:'.. 
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8.8. ( 4.1 and 2) \Hnd measurement and Visualization of fluid motion 

should be separate chapters. 

9. ( 4.7 ) Governing of the Pal a rotor should be expanded: 

a) f3tudy of the forces i'Tith position: velocity, torque 

and acceleration variations. 

b) Study of the variations vrith "Tind veloo-i ty. 

10. ( 7.2 ) To be revised addirrg items suggested. 

11. e 7.4 ) Plant layout for the manufacture of Pala rotors. 

12. e 7.5 ) To be expanded, proportions of the rotor to be 1/2.5. 

13. ( 9) To be classified and rearranged in Groups 

14. e 9.25 r Y mming of the rotor is due to the suct ion effect. This 

effect should be investigated. 

15. ( 9.26) Viind tunnel to be used for the l'ala rotor test ing should 

be of quite different design. 'rhe exit .should be designed so as to re-

duce the turbulences. This can be cheked using the smoke techniqueb. 

16. ( 3 ) Special chapter to be added on the theory of the l)ala 

\Hnd Rotor 

a) Aeorodynamics of the Pal a Wind Rotor 

b) Aerodynamics of thc parallel flO1'1 bet"reen head plates. 

c) 3fficiencies 

- mechanical 

- hydrodynamic 

volumetric (amount of air entering) 

d) F'erformance characteristics of the Pala i':ind Hotor. 

e) Pouer output analysis per revolution. 

B. To be added: 

1. ( 1.1), e) Ec onomic analysis in the operat ion 

l 
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d) Technical measurement 

e) ]~ngineering economics 

f) Industrial lill.gineering 

PAGE 3"3. 

3. (2.12) Prof. S-pannhake "TaS Director of the Resee.rch rnst i tu-

te for Hydraulic i'lachinery in the 'l'echnische Hochschule. 

~,'he use of rotor also in pumps, pO\'Ter bralres, -pol'ler transmission 

mechanisms, fluid drive, fluid clutch, compressor, ICE etc. 

4.. ( 2. 34 ) n) heat pump 

5. ( 9.15) Glaso-fiher reinforced plastics 

6. (9.17) Prony brake or fluid brake. 

June 17, 1965 
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