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In prac,ti~cal machine construation, waterand a ir  are,~reated ~,i::~!,~ 
t~o enti re ly  .difi~eren,t working m~diums. "The l n o o m ~ s i b i l ~ . t y  o f  i:~.,!,i ~• 

• water permtl-tt~d a,speclal theoretical handling ~c~ ; , ~: ...... . ...... :-,~,.:: 
f ,%he b~draulio ,~pr, ob'~:. 

.ferns offered bx water turblm~., and pumps.while ?in•._~ ,/::n-tru-ti:~n-eos c 

m~dium.,~st:'.be:oonsi,~red a~ a de~idlr ~ £~°~or. Accordln~ly hydro-~.,-~ 

±_ " " % ~i 

dewlope.d into i:~O ~la~g~ inde '="- !:~ ~!! ./!:~ 

~ 1~ n 

m~n~al research, relatl.ve to their m~hir~. '::" . 

(:,~nder r 

oon~i.der~.II 
on.:an ~. e ~sentiai~ dl£fe~e ,:~eem~: : ~i. IIII '"~'::/~i 

:The ..:more physl,~al as~ee,ts .Og ' fl~ i:~ho,:v ~hat :in both ~•~a~es.~:.~i;:~i.-~_ #i;.i?,~-•;:i.,•:;::::~;;:!~ 

: .. . •. " 
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" : "  ' . , ' . '  ' " " ' ' "  . . . .  0 ' ' X ; ' " '  :: ~ " ' "~ ' ,~  ialI.""~~.,Ot~O ,:and:~'aeronau¢ieal T l ~ ! p r '  Ule~s ~e " ~ v e  'i,t6;"de~ 

',"!i:"::~: .::,.:,Israel ;-with"" h~,',::ease. !,T~ thiS~ r ~ d e ~ : t i e l ~ d  o f .  k ~  e . t~e , ,a i r  ,~ ../; : . ) ,  

,% [ 

' 7,, 

, L i t t l e  -~ppli.ma%ion,~.. has,.~.really: ~een.=_-~. de : I - -  of  t N ' s . , k ~ t l e d ~ e  ot  ' ? 

~ a e h ~ : - o ~ s ~ r u ~ o n .  S t i ~ l a 1 ~ d . b y  %he aerody~ 'No  ,Mewpolnt ,  ' L C O 4 ~  r ~' 

, - ~ l n : e ~ e r ~ m e n ~ s  were s~ar,1~ed e few yeers  .ago..In . , ~  .~.se:of.:~ir.:&~ iI iii, i 

e x p e r i ~ n t ~ l  medium,,instead 'of .water ! , ~  p~essur~ .  ~ e a s u r e ~ n ~ s  .,"on .... ..:: [' i;i 

:inEt~rldmal parts :or mehlnes~ pipe lines, .':drs£% '..~bels •of~:we~er...~r- 

binedi),'=throttle., v~ive~, etc, I 'I~ the. numerous 

.water. has hi%her~o been used for '%Pro ::.'study. oI..all ~ ': 

l @ r ~ . ~ e l s  .Of sSUOh, under operati~ eon~Iti•ens :in whloh.:em~rgy~ii:s /:-, i:.)'.:::~ii~'-'i~!(i!i 

_exehanged :.be~een. ,-workl-m~, f l u i d  - and im~eller..  . . In %}~ :£011~t~. . . . . :  . . . . .  ':: ':~i 

P~egrap.hs:is descrlbed.a m~der~, e~rlm~nt•.plant-of.ithe~:~cNr.::;:i.~• :•-.::'i.t~[ i 

, ~  ~-~ : ~ -:L, v :~ '  :: 

" "": ~'-":~ ~m~-~-r  ~ . . . . . . .  
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: w  , .  

• : ,  . . . - - ' , t  ~ ' " ! '  ~ ~t . ' .~ '  "~.~,~. ' , '  

' "  " ~ a ' "  - - r e  q u  A 1 ; ~ t z  a ~ a s u r e ~ n ~ s  i'~hat }eve b e e ~ m ; > ' .  ~ n  d e b y  . - - . - - -  w ~ " ~ ; ~ , ~ a ~ " ; : " ' ~  . . . .  ' ~: 

p l a n ~ s .  

Sin~e , . t he  c a l c u l a t i o n  with compressible ~ mediums :an'd with :ii,: 

posslbilitlea o~ the.representation of w a ~ e r : . c u r r e n t s  by~:air-:~:our 

".are evldently but- li tgle known :~o ;i%he hydraulic extort, '.'~,the.i~~~ 

. . . ? .  

• - , ,  . r "  

Z _ 

' p e r c e n t  t h e o r e t i c a l  r e l a t i o n s  b e ~ e e n  ~as  ; ~ m d : . ~ a ~ r  ~ v ~ n t s , . . , ~ l ,  

: f t r s t : . b e  e ~ p l a t n e d l .  Our ~oal t ~ t o : ! d r i v e  -a ~ 

turbine plantwlth air, for ins~nce, a modern,Xmplan ',tu~blne pl~" 

• The , r ~ l a t t o n s  : s h a l l  .be c h o s e n  i n  e u o h a . w a y  aS  .~0 enable"~h~.~: .perfo:  
/ i  

i,a~ce ;of numerically accurate experiments wI~h a~el turblnes.~ueh:i 

-" are'poasiihlo in a;hydraulio experiment ~tation, as, af,~i~e~:y t~:~ 

m~asuremsnts of 'aischarge, charaCteristics,,eto, E~dently, :;i.~ i~ 
• . . . . .  , . . .  

first . o f . a l l  be , a l e r t l y  known h~ large .the velocity .of f l ~ : o f ~ S L i :  
.. --. 

mu~t be-with rospect to.the :compressibili~,i and ~Im%l~r.. one canoe!.: 

~.pect a. reliabl~ :rmpr~sentati, on f .the . ,~ :~urbSne : o r  
• : / ' , " :  : . "-'i 

- . _ ,  . . ;  - . . . , 

.prao~Ica! -wor l~ng  ,range" with " " .... " " ' " ' ~ • a e c u r a . ~ e l y ;  m a  s u r a b l e  !.pre~su~e '~dif fer, 

,.ences ;;and-~ V~ lo~i tle~. " " ~ i 

- . . . . :  " ". . .  ~ i  ~_~-:.:;. :}::~:.~.~. 

;6f the f l ~  throt~h ~'the.~-.pneum~o-,mch~n;.~r-~con~ider~z~Oni!~;~, 

¢ 
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Translation No. 17ZITR. $9-4 
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densities ( p  = v/g) of the!~ases~:'and,their variations.~+appear,~e~er- 

minatlw. In contrast to water. ,p is herenot constant ~. ,A(;~i'~r'e~.t :. 
: . , , ~ . p  .+., . : ;:~: ~:.;/ . . . . .  , 

.'::% he :, r a t i  o ~aaure, for the compre ssibi li ty r' i S : the re lation..~, ,:b~ :4' 

change • in. dene£ty p o f . a " g a s  to%a:'correspondin~ ~preasure~ohenge 
. , , • ,J 

AP. For relatively small pressure,changes,:.whi~h-are:.assumed,in:"tbe 

. • 

.. 

ii!? 

case under consideration, we assures as. equivalent,: tb~:: reciproeal valtm 

o f  this relation ~ ,The expression for,theveiOoi~:;ofsound+~ia 
dP " 

a - , and thus. our characteristic measure Lfor" com~ress~bili~ 

is on fir=t:,approach Simply 

• . • ,Y; 

r 

. - , • . ,  

Ap _ = +I 
a p  2 . - ' i ( 1 )  

We can express the-pressure ,ch~u~e ~,.&~' as correspondin E "to <%be<dy- 

hand o pre ssure p 02/2~L at a ve ioci t.y c. ?,It :ifoll"~s :by~insertimg 

in (I) that ;S ; 

Ap 1. ~:c 2 ~.2 
, r l ~  , 

- . . ,  . : , ,  

P 2 , a2  2 ~ ' s ~ :  

(M,:=. Maoh number =ratio of 

At.an air velocity of,c 

fl~ veloci>ty+to sound:veloolty) + 

+ 

,'- , -+ 

".r 

= i00 m./sec. (M-<':0.29) < the density/.: 

air i s ~4 ~ 2%. ' Fi 8 • i I ,! sh~s ~:;~he ,,approx, ch~n~e~with respect~to still 

i~ate percenta~_e of denslty chan~e +as.the,+velpoity~is,~iz~reased. _ 

The ~eneral equation of,.continuity for :~steady+flcw~ ~ + 
- i+ -+.- . 

• . 

. . i= 0 " (s) _ - -  - _ _ • ~ -  . • 

" L 

<. 

is. expanded ,."to 
;?.. 
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Transla tion N~.. I73.TR'.$9-4. 
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(:~) 

(x, yo , -space coordi~tes ~ ~u,.,v.',,..~.,,~v.loci ~ co~po~e~ts-~i~,i!x, y.~.~ii., :i':.:i~ill 

z.'dlrectlons). The continui~.,.equation for: li~qui~ds (p . ..constant) • - ~~~'!°~, i 

thus ,become s . . . . . . .  ~ ..... i"!i/.>i 

_ au ~.Ov 
e~ * ,~y- * ~ "  o .: (,s) .~ .~'.:~.: 

For simple-;ur~dimensional fl~ (v-- O, ~'i-..'O)~theoon~lnuity ;' -.i 

equation~for the variable hydraullc cross-section .:f is :,. i 
j.. . . 

P f" u = oonst., or " .... " i~ 

fu = const, when P~=:~cOnst. (8) ..... 

In the general>~uler movenmnt equations ."for.sf~adyiflow.wi~h '-: " 

~x" gy' gz as foroe components per unitmSs~,at ~x, y,~and,~z, ! 

• ~u ~u ~u " 
u--~-+ V ---:--- +'w ~ ~ .,-~ 

Y m .~ '" " 

P Oan also be regarded.as consf~n.t~;with ~i'~tle~.error,, as.[Inililqul.ds * " 

For a streamline, irrotatlonal motion, :this : resolves into !the,'ener&y...~iT:~i--~:,i!.i,, 

:~ 

'The-Influence of the -compresslbilit~.of:.tl~:ii:ai.r.:on :,the:, 

equation i s thus 1 sss ,than..on the .contin~i:%y equa%ion, Th~:i~:reame ~.: 

l Prandtl-Tie~jens " . . . . .  ili 
z :h~dro-und,,~ __. Aeromscbanlkl I.- ~:,. :..vol. :.i, :p,,:?'212 ~ .. -~ii:~iil;:':. 



:'• •7,., ; 

;z~$ <. 

~f.[< 

7; 

J.i'Tj,". " - 
7: ;7 i, 

7 

i: 

J . 

Tran Sla~i_on.LNo, ~!T3.TR. 39.4 

• " :  .' ' . 7 . ' : " ;  ' " " . . . . .  

., .;.' ~.i:•,,!/"~ ~ 
i "  ;7: !~;~;•+.~S"•";,'i. •:d,7 i~  ̧. . . . . .  ~__ .r 

• 7 
APst 2 . .<,~ " " ,:24 " ' ' :- . :-~-~ 

F i g .  :2 Shoves;as a f u n c t i o n  :of the :air velOei:~y, t h e : a m o u n t k o f - e r r o r  !:i ~-~,~. 

involved wheh the pressure of the.'air;is-~oalofilated :in the. sams:~n- ; :;7,~&o.,• ,.;r~.. 

• = • , . , ~ . . . .  . - '  j ~  - , J net ~s for an incompreesitile"fluild, At a ,veloozty.of~.c- 100,m,/s@ci, i:. ~. 

it i.s•around ~..Thus i:fa pressure of 800,ram. ~ater, for exa~le~, ...... " ..... ~ 

is m, asured by .T~n.ns of a manometer at'r.orniil ~alr "~ensity, p- O*'12. • ::7.ii 

. . . . .  ".P:t i7:!ii; the corresponding actual air v~locity is :.mot c = < = 
• ~-V z / 2  . .p ,,., ~ - 

• - "  t " 

""  .=i) I 

V . . ., . . . . ..+.. / 

600 = lOOm./sec,, but i% smaller, or 9 9  m:IsoC.: Since the '0.06' ' . .: 

t e veloclty decreases,, .the. error in . . . . . . .  . . . . .  

troduced is practically negligible!for :our.purposes' . . . . . .  

If the hydraulic model n~cb_£ne is:operated with air , .'-.the pfizer ~;- '"' ........ 

action on t~e vanes is not necessarily noticeably influenced by the 

compressibility. TMs'problen is treated:in an~in~eresting theorem- - .i! i 

~l : " ° !i! icsl investigation,by Ackere~ one of thc f e w  exis.+~n~. ~works. ~onvro.b..,. , " :""7.,...::~:]!i~,;:,.,,:;: 

lems involving great velocities. In ~this .study is/estini~ted ~he coef,:i.;;i:!i!i:;iii~ ~' 

ficient of lift c a of a surfaee,_for :i~stance a blade.pr.ofile:,;i~i, th .. ;.7Y; 

co~,~pressible fl~.. It isdemonstrated therein that,::w~%hi:Macli:coef- /";i~i 7:~ 

£1clents up to relatively large, ~ vel,es,,~ I M 2< .0.8, - : , . .  . . . .  ~::;:~"~:~!i i . :  <.~.~::~ 

(compr,)--c tin~ompr.)" , (approxii~.ly): L("9) 

. . . .  " ~ I - "  . . . .  " - ' : " ' ' - - "  . . . . . . . .  " . . . . . .  " . . . .  . . . . .  " . ' .  . . . . .  - - . ~ . . - . ~ , - n . . . .  ' .  ~!7::;:; 

, J. Ackeret: -'Air.;-Pc~er at ='¢e~y Great Velocities ParticUlarly, i;',:;i'/7 

~. ! ...-i~•,: 
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 .ii: 
'Referrln~_ ~.ain recur exneri~r~,n~,l, ilua,.,,, . ,air,, :£}~~'actor_ :'," ":'~'., 

_ ~ '! v a r i e s  wt:thr..~he :veloci~y:.as s h ~ n  i n  fig_..~i ,~t an?:!i~, . ':"i!:i i 

air velocity of i00 'm./sec. %he:cO~Pres~itii.li%y;h~s~ 4.~ increase " , .i. 

in llftin C •effect. At sm~ller velocities this influence .rapidly ~e- :~ 

c r e a s e s ,  as in  tb~ d e n s i t y : a n d  pres sure  c a l c u l a t i o n s . ,  ,~"70  ' ~ ' - . ' , :  -~,~,, __:,~,.~e~. / 

the c o m p r e s s i b i : l i t y  produces  :on ly:~¢  : .variat ion .f'rom the. :lii'quid:.ease ~ , '  :, ,:- 

From these .consi derations seems possible i:tt:e.% "~i.t}~ e.Xtr~ " 

vel oci tic s ' (relative %0 the ~bl~des) ..oi' .perhaps ..100 ':to 150 m./se:c.:, !-i 

:the action withair should not sh~" :.an,e.~sentilal ~.qua~ti.t~.ti,ve-dif.fer- 

ence from the=action ,i'tb water•. •:The.oractical air .,velocities nec.erS - 
/ 

sary ..for ex?erimsnts are .becoming s:~ller, ~s~e ?shall.see:.-later on. ,.. 

Althou~h t~w: first considered founda~.ions :of :aerodyna~.ttcs were known, :, 

to our knowledge no ores has ~inves~igated 'the.possibiilit_~ • of.condu~ ~ 

i ng c crop I eta L hydraul i C e xperi s~nt s • ae r od.3auami c a'li~.: .:: ~In . su c ,5. a , plant ,i .: i:iii:i!_ iF:.,.: 

air is drawn .into the expezimental:LmaChi.ne, by -means of"m: &ciide!appa-:i :i :~V. ~-: 

. ,-. - .,: • , 

ratus, as will be.. explained belch- usir~s :the new '" ' ' " " .~ .. Escher .~rss 'e,x~er£~nt • .ii 

plsnt ~ s an~exa~le. . - " - :- i I 

Figures .4 and 5 illusbrate ~ the ,Si~le layout of,an=derdd~mi~ ~ 

.e~T~eriment plant based on t~e~e pri-nciples. Afan ('i:) ar~en ~.by-,~.an -.:.:. ~:'~:~) 

electricmotor draws (in case A) the~a~r f'romtb.e entire 

exhau~t, it to the atmosr, here !at (2;). The •air enters i~leti!:(,3~)~ii(~oea:/:;"=!'L"•: 
through the :~u~de apper~.%t:s into t:be. turbine (4:)i, and-'.~P~n:.:f.i~:s ~ i":•,ii~!!:i:i~:i'i •. 

~throu~h the d r a f t  :tube i n t o  the pr  assure equa.iLzin~ .~m~e~ (-5i), . .: ..:" :" 

F~om--~re ~-t passes t}:rou~h•a ~a.surir~-or~flce .(6)-to:~ ~: ,.-.an ,(!.)... •. •', ~-.:.,•~ 

~- -Li:i. 
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Trans'lati on .No, '17~. TR.Sg'~4 ' :: :'~:: /~.".:."•... :~Jii:i;)iS~./::: 

:":The entrant ~ir drives :the runner .in :,t,le :,sam~ i~nner:ia s wa~er,.i .......... The .. ." ":..:,,"-"- 

power ,developed by ~.the ::turbO.he i,s msa~sursdby.:~ahydraul~tc.~or.slectr~i~c ~ ~.:, 

brake (7)* The ,actual turbine pla.tcom~r]s'es only =~he :par'.t ~fronA the: ~~i~ ....ii 

i n l e t  ' to  the  end of  t ~  d r a f t  t u b e  .(.~a . to  c)i .  The p r e s s u r e  :~at tho:.~~:i~:i:-ii:i:i, if'i 

f e r e n t  p o i n t s  i s . s e h e m a t i c a l - l y  s h o r n  ~'in f i g  .: ~4. :In tl~t~ :,case a :vaauum :'~:~ 

exists in the entire ,?ayetern and :tlm plant".~ast therefore "~ 

airtizht in order that only the air:fl~fln~ throu~ the guide,apparatus : 

and ,the runner be actuallymeasured. With the small vacuum ,;dsed 

(about lO0 nml. water gage):the necessary density:is easi'iy :obta'£me~,. 

The air can also be forced throu~h~t~m entire plant as i:n case ,- 

B, fi~, 5. In this case s fan (i) disCharzds-ai:r into the turmbine 

inlet (3), from whence it ~lows thrbughthe turbine (14'),.then,throug.h 

the draft tube into the equalizln S cha~.ber (~,), and ±~nall~ .... ~o the 

measuri,,~ orifice (8). We nc~; have a small~nressure a.bove~atmosphsric 

,,~. entire system except for ,a sma~ll vacuum in ~he ne~ d! 

, .•of the runner . . . . . .  

Beside these~:t~o lUndan~ntal•ly, different sol~' i ::'" •tzons.,,:'~,~anl,a~le,s•" " ':•:-':~. : .. 

the ~aeasuri, ng oriTioe can be olaoe~d a:ny~.~•re in :~thd:~•'inlet:.accordi,_~ "?~':' 

to the requirements. _~Iso,o tbe.-draf%tube .can :lead di:rec~l~"i,~£to:. ~.: :::,. ?!: :i:i 

the  atmosphere_. It i ,s  a lv~ays.:e:ssen~ttal t h a t  !the m o d e l . t u r b ! n e  c o r -  ..~ " : - " : ;  

respond  t o  the p r o t o r y ,  s - a s  c lo se . l yOns  p o s s i b l e : a n d  t h a t  ~t~  ~ a s u r . -  ~:!::::;~:~: 

ln~ o~ifice indicate an even fl~ :So that no meastlrlng e:rrorS ;oc:d~!r~ 

:The .head H o f  an a c t u a l - w a ~ e r  ~'turbine c o r r e s p d h d s  i n . . o u r : ~ S ~  '~ 

to the d£fference .... :~•n:ai,r pressure :,iAp be4~veen turbine i,nile~; and .... ..... v.~,,~ :~":.~"•:,-"~: ..... •~. •::• 

J: : i ,, , "  " • 

c,:.: 



.a 

..~W. 

,~' , " " ~ : . : i  " ¸ . . . .  . . ,  , ~ .  ~:  . • . . ,  . . . .  • " "• , '  ~ - '  . ~ , ' / . : . , ,  ~ : .  ~ .  ~ , ' . ~  . k'F " , ~  ~ ' , , ~  q : . , , > [ ~ ' , . ~ : . ~ ' • ~ . ~ ' ~ ,  

",~ " .~ . ) ,  ' : i" . ' , " ' ~  ~ • ~ ~ ~ ' ; ' -  " ~ ' ~  ~ . ~ .  % " :  ~ ' " ~ " "  ," , .  "~:" " : C ; % : ~ ( ~ ' j  ~ "~' ' : ' : : t * . ' ~ / .  ' 

, : ~ ~ . . . .  ?, ~:i~. I : ,  , . ~ .  

represented by.'.'th~ : V ~ c u u m : i n i t h e  Chambor e ~ i ~ " n e . ' d : ' i  " . : . ,  

i n  ; g r e a ~ r  ,•~e~o~tl }~re . .  :::The~..water: di:sc~mr.ge .~ooree .~on'ds / i to .~he  ; ~ V ~ .  : :  . •  .:<:.~. 

ume o f  a i r .  dP~v~%hrol~|gh tua~ m ~ s u r e d  .at.:.(6) a s  ...pal.. : - : . . -  " ~ : ~ ; ~ . i / ! ' :  . . . . .  ; .  ...... ~- 

A s / i  s known,  '.c o n d i * i  one  u f i s i m t l a r i l t ~ d b e ~  e n  . .~.,~ .-. -,-: 

t y p e  must be Ob~!medi[for'.the ,eohievoment~oi;-'ao~u~te ;mo!e'liCreis~!~te~ 

This an iies -to water !bxpe~iments as 'wdli ::as..to::ai:r e xpefi'~nta~; 

The first :condition. . is :geom~trio -.~simi?Xarity,~:...~.: :•;: :: ;w~i:dhi~,~st'/~pp~%. .• :~. 

not o n l y  t o  the rmaner~, . but  to.:al'l-ac0~SSori'e.S,..~uch-as:!fg~ls!~i.i.ff~:~e ' .  i; "'! 

-appears%us, draft t u b e ,  ..etc:, '.The. second impor.~n% -condi~ion!!i~'s,:.eh~%/• /:. i. ~ ::"i 

the-Re3mol'ds numbers Re !for.- mod~!,mnd f~IX-.soale~:~meC~ne::bo .veer. 

nearly equml. In the ;average :~resent'~:d~ experi~nt ~plant:.o66ra~od, •:. : 
• : C 

with ~mter. t hi-s re qu~ rement i s never <~o~olete,~y a f;~ined,~ i 'iiDue ):~o 

the small .di~nsicns of .::the model and. ~t.he. ~: ~ i! i 

compared to protoL~rpe,-theReyndlds .numbe~ o .... -' -% "-~." '" '  

only :about-.:I/lO to 1/20 of ~mtof the .Ur0tO~ype ,- Long :experi,n~e 

.with hydrauli c e~xperl ment sta~i'ons ~ shc~a.;'.::!hT~e~er.,. %'.dat :ehdSe '~ ~ao.v£~ 

tions do not,essentially affect .~thg~del e~eri~n.t results., and!::!,i.","~!i. '' : 

t h a t  ~hey can  be  used iDrac . t ioa l~ ly  ~i~th;<suff~cien~-:accuraoy~-wheu .C~or~i.. . "?'~:. .- 

:.It.,aopear.s-t.~at ~iththe sams Si,z~'.i~el;: .isimLlar:;.~T~6i?d~:-~n~7. ~:;:i:i! ~} 
'.be.re ~re ~obtained in :air exoebiments ,as .~in ..e,~erimma~s usin~!,:~i~ir.. ~ :..: .i::, !i 

~.~e~-~nolds numbers bear the ~lation "" ~:":"~-"~ " ,' .~ ,.: -::':~::~i~%-. ~ .+,:~, . 
: - . " " " " _ " . -  " ~ . ; ~ i " ' . 7 - . -  

: ' ,q ,  



•D. 

:>  - - o  

i~. -2 

!i!! "- 
, -  , . ! -  J 

3,7 - -  

) / ;  

- .?~ 

F• 

.•\ 

"/ .;. 

,<~,' ' T~anelation ~o. ;17'g~,TR*39"4 - i ' . + ? .  

- L  , ; . 7 " .  . . . .  : '  . . . . . .  

. . . .  >Y~ 

):,W " _,.':! 
. .  ' f , . . ,  • 

" " " '-"i ' . ? '  

i ~ < ~  : ! , i :  

, 

where Lu -. peripheral ,veloclty ; ~ad .@ = !-Rinemti'c. Vi:~~o;s~ty ~ .  ~.: ~,~. -;,.~ :." :.. .,, . ..',..~:~...~...~:.:., ;71~k.!.ii~;ii~i~j!j..,,,....::~...;: :~..,,,,:,~""~' 
" '  ' : ~ . . U '  ' ~ . ,  ' "," • ' . '  ~ '~;'~ 

1 5 ° - C .  I , a t m . .  ~)~; " 1 5  • m. s e c .  ~ .~w - I : . , 1 5  ::.,~',i0., ; m. - , , /se~. : ;~ ,V~ :. , .  

With a valt~ of u,. ,:of;about ::120 m:/sec, and a :,u W •of about i0...: ,,,,,"eL "";7!-": "c~!i:77£ 

m . / s e  c .  ( t h e  I a t t e  r va lue  - : c o r r e  s p e n d s  ,-',to • a ~ r a g ~ - ' , n o r m a l  ,;:eondf.4~t:Ons,.. < , ,- :~,%~i~;-! 

in hyd~aulic experi~nts~ 'Two ,have --"'-" Ibm. /,i~", -' ., 

f o r . o u r  p u r p o s e s  i s  c l o s e - e n o u g h  ~o- ,u i i~ t~ .  ~;; :',~<., .,,.-,,:,.:., . . .-;.!r'.'..:L ~';, 

An aerodynamic turbine experlm~nt plant is ttherefore" no , .. ':; 
• ~ d . ,  

disadv~atege~us in,regard to rela~,ve 7Re.ynolds'numbers than exist- . /.- :.. 

: 2 . ' . "  ing water :experiment plants. " ": ..... ., , ';..i 
. . ~  , . - - . .  . , , - :~: ~ : . .  ,,.,;.Q~ 

It shall now be e stlms~ed :what ' power .to e~pect ~ith~air :~~,~w°rk'.' :7"/!:"'.~!:'"~:;..,;~ 
, - . ; ,  . : " , . , ,  ' " . '  " '  - ~ , @ , ,  . : . ~ . . ,  " . ~ i ~ ' : '  : , .  

Ling fluid, with the kr.own lim1:t values of~the-porioheral ..veloc~i.....~s,.. .... ;... 

'" H i,n.~ With a discharge o f  Q i n  m ; ~ / s e o .  i l n d a  h e a d  .o,i. ' ; . . , ; ; '  .•.;,":' . . . . , . ,  . . . . . .  +- .,,.,, 

the oe~er o f a  wator turbine !is 

Nw = 7 5 : -  ' 

The ,corre spondfng- pcwer -of, an air ~-turbine wi.th 

• a~d an~ avai lable ~,pressure difference 

NA..~.. • ; : 

. :In order tOhe-.able ~o.eo~pare similar po.ints ~of obse~at~°n:iOf' : ; ; ~ - -  

red   ed .,~a;t~.r :~ and ,~.r (~wi th 'similar ve I ocl-ty, planes) vel:oei~e= ~..i; 

.. -. . .. !- . -" ~ ?..-i~ 

37 

, ,  w + ;  ' . .  



-'L:: 

~:" . 7:.')'" 

:,,,. _ -,. , 

'r;< " * . : e  

,; .) : " -, 

i::i:)!::ii::::! :!/: ........... . -.. . • ,. , . .... ~, ..',:';..... ;,;;~..::/<, .. 

; : :  ' o:' ' - . . . .  " : 
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/!..: . . •., . .a~id,'~l:so tP~ :.usual ~ mnslonless. e£f£~lents u:sed 

: ' ::: ~,t:-be e~r~d...~rom.th~:~air da~a, ... - .... -.: 

' , ' . . W i t h  . u . .  s - p e r  . ' " r m ~ e r , . a . .  

'"' .. .:for hlgh~-speed.is:e~pressed by:-.: 
i . . . .  

,~. :Begveen g ~d ap.::w'm have the, :relation 

For the ,air turblne. 

m -- - = . 

UA 

] 

I t  " fo II o~.=-:~h~% 

..,Si 

, , J  t . 

'~2:.'-':" : - . " • • . " 

<, 

., :. ,: %,:. ,::~:: 

' .:" 4"; / :: 

.:(la) 
,> '.? .::> 

- , , - .:," y:': . " . 

" ",t': 
M 

-", . : .:: ' (zs) 

-:.~ : - {:? /:: 

' :The -: sxlal veioo£ty "gin thr°ugh%}~ runner',.s .or0ss-s~tfo~l:: :/ " . 

i::::7 :area .:F~ of:a high speed:.turbine ::is given by . . " " : :.,':-- 

• . ' f -  . 

• . ,  - 

-.:i ',.:3:, : ::: 

/ t ~ ¢ ,  

,: -i'; : :?%.:' -- 

I:<, 

.,[ "t 

-C 7 ~  

• :-~s-above " ': ' :' :: .... ,JFor 8 it. J 

. ,:m ; " " : , 

%A :o 
. ~ - 

:Tlw:volum~-of flow '(.Q/-:Fom)~co~ ..... 

• .: " : . ] ":. 

"; ,: ::..:: 
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T ~ a n l l | t i o n  ~0. 17~.TR.39-4  r 

,The r~sduoed q u a n ~  ot" ,f'low .+on  +the 
• " . "  , . + : . . ,  + +!  - 

Tim followtm,~ r+l,vk.ione.,r+.sts 'bo't~een tl..m .+speo:Li'to speed (~. o.,.e ~. + 

a n t e r  t u r b i n e  +and-~be ~ e o L f i e  speed n of+kn~+air:~ 'bi~e • • |I , A n  "A 

~Ir moh~nm is eq~lwalent+to~a ~l~en ~hydraullc .mo~J~ :ii£:~at ++the 

speed i t  has tPm same volume of ! f lce.  The ut~li+led heaSdeiia+~ +propor- 

tional to the opeoifio ~ v a v i t i e s .  - 

~ + ~  

~ie 

' ( . Z g , )  + ' .: ~,.~..+ 

+ , 

From the  d e f i n i t i o n .  

m N W '  

I t  P o l i c e s  t h a t  

, , o .  ,,+Q~,2. :+...~z +..+/+ :. ,+p.++/4.1~.,/2 
+ - 

For a i r  

'nSA " n0-,~2 " T5"I/2 "+"¥A 5 / 4 ~  CAp . ."y'A~ ~ 

The r a t i o  of  the  e p e e t f i c  speeds i s  t ~ r m e t t h  

n i l  

(2o) 

Cs2) 

+ %!i 

+ + ~ ,  

• ++ 

+ i ~ ,  

! /  
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. . . .  :'YT ' :; 

Furthermore, :,in "~orkiz~ Wlth'alr, ,it .mJy i~be .a~[.Tantage0us -'to:use - i:.i~i;:. ' -: .i .:;~!i ~ 

the u~Jal-, coefficlen~s in ~the I'~n ~esl~nj : ~he .pz~ssure"::coeffl"Cien% .! .:'L ~., ...:.::.,,,:. 

_:~p cm 
Y " ~z • ~.=d t~ rz~ ~coeefi~oient. ~ " .~'"' -, ~S~WeZz:'LI" ~:U~:: "/::,,ii., :".. i:'!: 

dl~nslonless .~eci£1c .~peed o,.:-'2;I'05 ) ' - ". nsed".. ,~ " : ~*.,:!/i 

- ~ 8  o,~, •- - i~ ~- -r =- , • ~: 

The pc~er of a.model*runner driven:~by,:air, for-!insta.~oe "rOf :'m ";'/'~ 

modern propeller turbine, .can .n~ be silly estimated, The mdd~l ,.,, 

r u n n e r  diameter :shall be D - 500mm., the hub ratio ~ -.d: D ~ !: 
J 

i! 

that gu- 1.6, ,K c - 0.5. !~With ,u-" 100 m.,/sec., e~uation ( ' 1 5 )  i :i" 
. : ~ . ! ~ . ~  

_104,~-,  0 ; i 2  - 2.~5 . ]q; . / 'm.  2 - 2 ~ 5 . m m . . , w a t e r .  ;:Prom equ~i~ i," giV1~8 r6P " 2 * 2 ; 5 6  " l " L 

(z~) % -  ~s.9.=./,eo. az,o. ~•-~F%:- ~.SB="Z/~o, ~ , , - , ~  ~e- ::i;.'! 

speed n 18. ~Ou = ~800 revoluti~s per minu%e, 
.R 

- 1 1 , - 1 4 !  . i , e . ,  

• n .= SO8 wheT~ ~ - O . S 5 .  -.. 
8 W  " . 

C.. Keller: "Axle1 Fl~.efr~.the S~+~ndpoint. of. theWin~ ."! 
Theory. t DCssert~tion E. T. Hi.:.Ig3&. page 29 and-foll~tin~..o~e~,,...-, 

k 

/ ." 
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s u m  , p l a n t s ,  ~rAth . f a v o r a b l e  : ~ d l m n s i o n s  ~:and ~teo~a~oal~ly;:~favor(ble~ : : , 

• p l e a s u r e s ,  m ~ l  a~r , t u r b i n e s  : d # l t v ~ r  po~.er, s'~w~Oh :.oan a l s o  :,be. f a ~ e l j  :'~': r =" :" e'~ 

.The f i r s t  e x p e r l m e n t  p l a n t  . o f  t h e E s o h e r ;  s labdrator£es. i£4for ~ - ~-~",~: 

~water :~urblnes ~s built as in.fig. 4,wlth/a i:euotion ~sys~m. 'The =:.'(i '~: ....... ::::"~:;!:£ 
¢ 

: p o s s i b i l ~ t y ' . o f  ~ , i n g  a n u n d i s t u r b e d  . t u r b i ~  ~ i n l e t : : : i ' s " / ~ t h u e - a ~ i n e d ,  ! - .':,i 

"and both 'the t u r b l n e . a n ' d  the draft ~tube :can,be °annexed to .~the~e,qu&li ~' ~! '51:i!i!iii! 

• a ~ i o n  ~ h a ~ b e r . .  P h o ~ o ~ r a p h l  ::is a".View ,Of t h e .  p l a n t  :,from ',the ~Inle~,..:.ii .: 

s i d e .  The t u r b i n e  s h a f t  :and t h e . d r a f t  '~tube :'XiS-, ,as w e l t ~ a s  ~tb~ .!: 

p i p e  s y s t e m  are  arranged  i n  a ; " h o r i z o n t a l p l a ~  .over.,'~he.~Io~Or...::iinl ~:~ '~ " ':!i~ 

contrast to plants u s i n g  water..,wherethemaohlnca~e~,~e.t:be Vet. k" . ~ i ?  

tieal to utilize the natural hsad~iany oonvenient~arrange,nmnt~,cen -~ 

be u ~ d  f o r : a n  a i r  : p l a n t .  Ready  : a s ~ m b l a g e  -of  ' i ' ~d iv idua l  uni:,ts i . s  

_ a - i ~  - 

permitted by ;the 'horizontal :layout. ,The ,:~ree ccesslbi,llty ::,~o~a~1% ~ 

pointi in t h e  :~urbine  plant iis .:a great ,-a~vantage; :i.n "~,ydraulic :":~ '~ 

periment .plants .the, entire ,;plant ~Is ,'Inacceesible ~er,wa~r.. , "The ':: 

~new a ir . ,  e x ~ r i ~ e n t  p l a n t , . e a n  be,  e a s i l y  :a~ap~d: , -~o /any  ~; locat lons . ,  ~"As ~-~. .., . ' 

the  p h o ~ r a p h s  show i t  i s , : m o u n ~ d  on . l i g h ~  a n t i , e a s i l y  move d , : ' ~ m -  :~:: 

.work~ so that dif£eren~ .t~rbine arra~e~ents .can .be 'experlmr~teg Wi;~h ":- 

after a l t e r a t i o n s - , t h a t : ' / ~ n  rbe:quickiy . :mde: . . . ' iS i 'noe  .only  air:-~imerv~:s . : ":: • " 

a s  ~eb~ive po~er~ many .p lant  p a r t s ; c a n : b e  made o ,  "" ' ood=whtoh~ " -' " " I s  ~ l i ~ . h ~ :  .... 

a~d cheaper. 

 draunc e x p e r i m e n t  p l a n t s  r e q u i r e  ! long i n l e t  ::and discharge,,, !: ~"~!),;ii~ 

maeurI~ ehar~ I s ,for ~tabili~a~ion. .This is .not the ca~e ~In . :.., ~:,.: ~,';:~: 

i ,  ¸̧ .%, 
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j.... 

aerodynamlo plant and thersfore ilts ~floor space requirement;s,:a~:!~ ~::i~ 

~slderably.,smm!ler, as shown in fig.. ,'6, whe~ :',t~ :dl'd.:.hy~rauI'i,a 4~d<~,¢::!i : ; ..! :~ 

the new aerodynamic exl~rlmn t plants of. %he. ':Eschar WysS'" ~abo )r~e)~ 

(bui'It for ssm~ model sizes)are oo~al~ !in the ssm.-so~le;. .... ~.. --"~".-::;.i 

In.photograph :I i s seen in the .'riCh% "~f°r~sr0und i~an- inl.e+.~-u~e,_ _., ~ ~ "  ,~ ~i'~ ".~: " ' 

the turbine h o u s t ~ ,  and-the adJoiniN.d~,ft tube:'in : "+:: .. he:.!rea~; . ~  "': ~'; " Far-'i~"~" ":i~ 

ther ba ok i s .t he e. quali, z~a%i. ~.°n e hamber~, ~Zhe ~ subse quart% ':ma.sUri~ i'.:. :. 

ohannel  is given three e!:ght-mngled bands,,:to save islmoe,., .i~nd.•i~tN':..~ . 

fan i s o o n i ~ i m  d. in  ~he i:la s t  h o r i z o n t a l  ,pa~t":%o ~the" " " ":"i~. 

d r i v e s  the a i r  :through a v e r t i c a l  Flue  , i n t o  the,~a~o!snh~re,_~ - 

hydraulio brake seen  i n  the :middle :foregroUnd:ii~s •o0upled :'%o!~~e. - i~.:.;: 

. L~tt~rblne shaft. ' >~' - 

Pho%ograph 2 i so view of the  ~:~ir plant from:the':fanilside, iTo 

the left ~i~s t~ .e.qualizatl on ~ohamber:iwi~th " ' .... i~ 

orifice, and the fan is in , he oioe tu,n~ r'-~a±-'es S~e''~ : ' - 

.b~ok. Zhis i s  a~i~o-s~age• ~..~t~lal' fan:wlth, adjustable :•blades :f0f.. %he. ?: ,i~¢i 
of ~:%he 

oo~eyea ~voAum~ Q and .the head". :H (or :'~P!),' " iTh~ .~'::-:~'- ' -<' ~ ~' 

:fan i s .o~erated by a beIt d~ive 2from~ a oontrol.lable :eleotriC motor., 

:The adJus~nt:of :.the s p ,  ed "of the turbine ~end 5fTan. ~l.t~ : ' O l ~ ~ ? : r ~  - --: :~ <:~i::!::!~i'!i~ "~./'~i~'i. 

'~la~Ion .bY:-%hrottllng <appara.tu,, ~heihydrau~e " ~. :::'. ':..//:.i~ 

.well as '.t~ .rsadlr~ of el:lrequired pressu-~s ::by.:m~ens .of-i " " ........... .:~. 

..ease ef.adJustmon* :~.a stable .condi.~&, ~ e e s u r e m e n t s  .:ea.u be:;~ : .'("": 
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are avoiRed, ,The ,~i~sdh~rge a'~ ;any. momnt....; ~:is'(:ascer%~:'d;_... ._.. ~t .least e,.: . 'if 

aacurately by means :of. orifices.;'as'.wi%h.,a;;wei~, - 

.wy ,  a , , e r a  . o h o , e n  I n   -oh 

Experiment Plant could" e ,used.extensively..:-in :/: :; 

The possibilities of experimental investigation .we ' -i'/:; i/~i~ 

enlarged by means of this-interehangea~ie .fabrica~ion,~"'~D~ee'~i:com -,'' - ':i,:~:!!i! 

partite tests can be .perform@d onthe :same%urg[ne:plant..a~.~he.l-same . ::.-;.,%.!./:!~ 

time with both water and air to check the '.~lidity.of .the theoretic~i . 

-Fig. 7 .sh~s comparative efficiency tests .; on ' ~~t he ':.same: ~.runner 
.,: .- 

"with sire%far geomBtrio construction .and directly..measuz~d'.values.~.ma ~ .... .:::".~! 

%he old ND water :plant wlthout.:famy ~pplemem~~ oor+e~%~toms -~o~ :.~.~e : .-:;:. 

f o u r - b l a d e d  ,Kapl~n ~unner.:.W~%h:,. - ,  . ,; i?:ii I new air plant. The. model wheel was a ::.::~ 

an -n of ~approximately 650. 'The ~curves show the effielency/~(~÷. ' : .~ i/i~ I 
. . . .  ~ 'L"" 

for~water .values, 0 -~for .a£r ~a.lue s) asa funetion :of. ~.the :speed-~ :. .... '~:' 

in ..r ,p .m. ~with 'fixed .pf!~i ~ions of guide vane s .and. ~runner .:blades..,,:..... ., :. i.~:~{ I },.~.t/i;: ~:. ~., 

The correspondence :be.~eenwater and air.v~lues is :~e W good,:.i@~n: " : "~'~:': 

to details. The fle.ttening.'at the .crest., and in particUlar the ,::,;, 
/, 

high ~pe.eds, . are .accura%e_!y .reproduced :.1,n bo.th .case a.. . • . _.": 

F i g .  8 compares measured v a l u e s  o f . . t h e  d i s c h a r g e  i ~ '  The s m ! l  -:!i: 
• L ;  

difference in the-.discha~ge is oaus d by sa$,ll va~i~.tions of .theguide 

wheel opening which cou:id.not be v~ry accurately reprodu~iby- he.-" ,::!:{~'~ 

See : "The Hydraulic :-Experiment Plants of-the Eschar :.WySs "" !~,? 

T'i.r~--..,, Speciel ;,Edition ~-Mittl~,, 1954.  
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o. • 

¢compara~eSWa'ter ,:,!m~.~ursm~nts . . 

respects. . .,... 

}iBe ~de i'the .;:pre v!oUsly),men~ione ~ ,._ 

, ~ t  i:s .above a~i .'i~O ~nt .for ~,,sro~ ..ju~ 
":~'  - , i  

-sure -•.measurements on,.d£f:ferent ,pan~s.. Of •the.. pi  e 

-" .. • .. 

~reat pressures exerted by %he-.water?!on:itl~ ;Pito.%'.tUbe,pre~lud@d .... ,,,,:.,IL~.,, 

a c c u r a t e  r e a u l t s .  -On the  ,other' h a n d ~ t l ~  neoeesarT.-meai~trements., .of ": " ii 

small positive or..neg tire p~sures ..of~a.,.few,,cm.~W~%er..are ,~ry..:ao- . ;:-;i 

curate ly.:obtainable wl~h ~senSl%i~.~.m~no~,~ta~s :in %he ~L, : i,.._, 

out the"introduction .of errors..To!-!tP~ ;hya~aulicl~"i'ithe .,i:'i:i 

6f , u o h  ~ii ~r. ,,ure d~ffe~n~'s -is' p~i6~abiy .m.su~i ~,t:!-.n.~t; :?'I' ' ' ~':~: 

for no i~mdamental diffiodltie~. ,.:.., ..:.: .- .~•:~'!;~j~/~-:,!i~! 

This ."fact encouraged us" ~e~roh ,.~re .,~carefuli3r ,tto ,see..:i,f~.a ;., .... ; ,,,, 

.measurement of the ..s%atl c ,pre ssure.s -on :the ro%atin~ ,,runner."~bi~de,"::i ~. :" i' " ',,;;i~ 

might :be .possible. ilf-the ..pressure di s%ribu,tlon..on~..the ;~"iJ-s ":" ' ':~ : ~ 

detail, whieh-.na%~.~r~lly.i,"~ !:.~ ;important 'forward i;~.~p compared ,~o ,.p~-.. !~.,;;~J 

~ o u s  observat ion:m~thOds .  :For the-~purpose o f  euch-:m~surements::":~: ' ..,"~iiiii'i. 

or-.t~ pressure-upon-'.~e ~.ru~e r bla'de 0 r ..a-,l~apl,n ::~bi~,,..;~asuri~ - " .~i: 

ducts .were made .in :the .model ,blade s, openin~ .,into ,Sm~l:l h o l e s  ....on ~%he i;':: .. ~i.~ii~!;}/i~i! i 

~,su~face. The hollo~, turbine shaft con~eined~an.~l ,plunover mov~_bie ~~!~.->,., 
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'measur in~  d u c t s  .to the ' ~ u ~ ) s e : a e . . B g  ~mean~ 

r)),pr~ SSUre ~ S tr~nsmi~tted "to ~be  . .coupItng 'end:'or, ~%~e ' :hy~rau l t c /~br~e  

:from the rotating par.t:.,to a statfonary prei~sure s'torage , e ~ ; : i  ,,~ 

,:!;i, i,i:;•i • : 

. r  •. 

[ i? ,  :• " " 

[ '  4 - . :  

i)!> 
& 

i s  t h e r e b y  ~ o s s i b l e ,  "to measure  .dur~~.~ ~tbe rot~ on.. . ,of:~;~he : ~ r ; : :  ~ :"!: )i"i;~a ,: ::". :;:.:/~ 

. ~ o ~ 1  p r e s s u r e  , c o n s i e ~ n ~ ,  o F  bye  ,eomponents,• , , one;~b~;i.ng:-~l~ ; ~ e t ~ o  " . . ' , . '  

p r e s s u r e  on the  s u r f a c e  of the  runner  bla~e, , iand ~ he o t h e r  ~ h e ~ p ~ , ~ -  

sure in the msa'suring ducta set up;;by '%he ~"~<~..~: 

certain ~ de sired +Static :.pre ssure;., :+the • dynam£ c .~ompond~% ~mnS.t-~be ++ + ~':': : i 

-deducted, the .correcti, on depending;~;on .'the :dls~ance :f~r~Om;~N. !~axi~iii~of:,.-L.~ ,, ,,:;,~,~ 

ro~tion. The difficult problem-~i,:mm~.surin~ ,~s-: ; ......... 
• :~?/r i:; 

sure on •a runner  revolvir~at.;.l.iO001.:%o ~l 

be solved by this method.. 

:'.,b •', 

• %'" 

" , L  

. " % ,  / ;  . 

:~ion of  a Kaplan 'blade a t , / d i f f e r e n %  ;~ad~/~and ~ i~de , ,vane  ~opezL~n~e" 

~o" The l o e a ~ i o ~  o f  the  f o u r . ~ e ~  . . m e a s u r i n ~ p o t n t ~  ,~n ~ b e  ..,croas~.i ':i ~ . , '  i 

s e c t i o n  i s .  ~ i ~ n  .above .  The r ~ e - o f  p r e s s u r e  d.~:,s:~r~u~.on"ion ;ea~l~" ~ ,  ~/::: 

~.. : . . .  " • b lade  s u r f a c e  i n  ;normal workin£  f i e ! l d s  K u . a : i ! l ; 7 5  a :2,~.O,~i:ii : . - ' ~ : _  

.. : :  . : e ~ p e o l a l I y  on .the . s u c t i o n  s i d e ,  i s  .a .con~e.quenoe " "the" - '~ 

,~!:!i/~:. ~ :_ ~;' ,. effec:t . . , .of  n e i g h b o r ! n  g -vanes . .  'In : t h e , e a s e  Of ~:~,~u:!~ !):1~:2 , ..She : ~ i ~ . : - ~  ' :,..:.~"./:~. :~;.. :.~../i!: i 

~" ~; ~ d e p r e  s s i o n  .po in t  ,on . . the  ~ r o n t  e dge ::is a r e s u l t  , o f  " . . . .  " ~ ":: ':' ? > : "  ~ . . . .  ' 

.~:~ ties .-at a large .a~le of Inclden@e I;o %he aurrac@ .... i, 

: ' ; ' ~ : ' ~ : " ~ : "  . . . .  : t h e - r e s u l , ~ n ~  fOfi~e""emd the .torque o f , ~ h e : b l a d e - n ~ y ~ b e : d e ~ e r ~ d  , - : . ,  :.!... 

:~"~.~.: - -~?from the  ~:Pressure d i s t r i b u ~ o n .  T h f s i , - ~ t , ~ : : . i r ~ o r ~  :t-o.%he ~' r. , . ; ;  : " "  
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-:.~ , ~. 

.-, ?:~ransla%ion.:No:. I:~~B~,TRo~9,4 .: ::. , ~: . , ~'::-.: 

":~'spec% '!%o .,tI~,.4.gove r ~  "' "-"~: 
- . f  

! t n g  f o r c e s .  , In " i ~  ' ; f u t u r e  s u c h  m~asu~ntS:(rahould:al,so.:~onsi'd~r '~ :£ ,~.- 

• a b l y ,  a s ,~ i  ~ t  i n  t h e  ~ x p l ~ n a g i  o n  o r  %he . i grea t  ~ :~aso ' l~d  ,que s ~ i o n  .a s : :~  :/. :~:2:: :.:;,~,.:.;. 

• : e r r e 0 f  or.' i g : p r o n ' - -  ' . . . .  " '  

i T h e n ~  , ~ a s u ~ 5 1 e  p r e s s u l ~  ,¢  - : . . :  : 

• e n t  o p e r a t i n g  ,condi:.ei:ons : , o f f e r s  :us f a r t h e ~ r e ,  a.; ,m~ans ~ O f ! : a p p r ~ o ~  i ,  -: 

a l o n g  a new l t r ~  o f  t h o u g ~  " . . . .  ' " ' . . . .  ~'~ " " :'" '. ~the . Impon~n%: que s~ on)?.of-.~oavi~at~(on e~ 

: f e o t s ;  :In : t h e  o u s ~ m a r y  ~ : h ~ t r a u l i o  )ND :~:de ' l  ,expe .where  . . ~  :i -:-'';~ 

.works .:ohlefly width :a~.head ..of , only a.. f~w.'!metdr s~. : , ~! 

/ '- -il 

, p l a c e  'be  oau se  t h e  v e  l b . c i t i e  s on t h e  -.blade a r e  :s m~l-1. ; :"Ji:i 

• %he .air ,.start on. :.For t[e-.cavi~t~ton £nvestige:~t'ons:?~ model~%mners.,-;:,. : . ::<i: 
- . ..: . " ~ .'?. - .... -i,.-~?'!. ~ :..-' :i ~ :.:.::..:~i( :". ~ :C: ': 

w e r e  : o h a n g e . d  ' . i n  a m a n n e r  c u s t o m a r y  . . f o r : ! ~ r e a , e ~  : ; ~ a d s  e n d .  Y ~ s ~  : , : ' / -  .i:.'.il 

wlth o o r r e s p o n d i . n ~ i y : h i g h  v e l o o ~ t i . e s : : : :  . . . .  . .  ..." : -,.,. . ... 

Aerodynamic expe ri merits ,wlth'~pre s SUm 

place oavi_%ati on Inve stigatlons :%o ,some-ex%ent. ITI~ :ipre .ssu~ d£:8~-'ii:.;: ..... =:Y~"-.:~ 
- -- ~..- :"i'i:.i :... ... 

hutlon in .the fUl'l~scale .;~blne .i s'.slm£ l a r  ~o :,%~% iiof '.the ae', .,:~,:i!~ 
• : . ~- .'. -~ . ..', .'..: .:~-.~"~,~ 

mode I unde r -e qu~l • ope r ~  ng o ond i  ti ons:,, i ,e..., ,Wi%h: s i  ~lar ,.vei0oi:%i ela!,~"J'i,:. ..,i:,:i:iii' 
• . . . .. ! . . . .  : .y!:<.;' :" :.... 

The a b s o l u % e . : w a t e r  :pressure of '.the . , , p a r t i c u l a r  

o a l c ~ . l a % e d  i n  the.a~r model experi .~ts from:~he":::~l~on ,.o~,:.:~he :spe~• ..=.:: 

cl fic: g ravlgi es: of. a £ r and. wa~ r..~:~f t,w p~'S su~.: i:s ~bei..OW?:~:~he .:,~po..r. ,, :.....: 'r'" ~,$' 

pressure of wa~r., then :o.avii~atlomwl;'l.l ..oo~ . i . .  ,,,, 

Since , the  . n e g a t i v e .  - p r e s s u r e s  are. unlimi:ted .in ,-~.r "m~ton3."i~he~vaPOrii~ i .  :-. 

p r e s s u r e - e s t a b l i s h e s  :a l ~ e r • : l ~ , . t  :~o t h e .  pre.s .suPe . r a ~ e  . o n " - , ~  i ~ ;  .i 
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. . + ~ i + + '  +++I ~ +  +++++ a + ~ 191+ ++ L ' . . . . .  

+ + p ~  + + '  , ,  . • - , - . :  + 

.:~r.ansla4il on ' o. , , -:., .... - ..... 

~:L'-, - ~ +i . . . . .  . ~' < ..:..: 1 ,::~' 
• + + ~ .  

n n%s ~.in .~ 'ms~sured", +,!+pressure.,cu"~:+:.+::T~:: .Ss++ _ .... +.,, 
. . . . . . . .  -" ...... + ,,'.../:: +, '+ ~!,5:+ .~ 

BUr49 ,on were . s~ 'd : .byAckere !~ l+  The: m~nim~m+pre.s ,the :suc%iOnaide 
++ -: . : . . . .  ! + :  

+of +a K a p _ a n  t u r b i n e  : . runner  , o ~ + ; b e  + s h ~ n : + a s ~  
• + 

.!.' y/, 

i+:ii+ 
.... +:,+.++ ~,+$, 

d ~ f ~  ~ / b e  ,efflcienoy+, X " m e a s u r e  o f  l o c a l  .x J . . . . . . .  ~ 

. t h e  b l a d e  i n  m u i ~ p i e s  o f  t h e  p r e s s u r e  .. ,~he .w, o r ~ +  

H m i n .  o a n  : r e a c h + n e s r + - ! y  : z e r o ,  w h e n c e " : w e  . +the.2/~ :!~:" [ " ;  ::i 

T h o m a s  n u m b e r  ~ "  o f  .:~he , c a v i ~ a t i o n :  !'::: '.:::i '-" " ' . . . . . .  " ' 

a *  . -  i N  ' " ~ ]  / :  ÷ : X g Z  : :  : .  ~ '~,~! : h :  .+  ' m : + + " ~ 1 ~  + ~  + " m ++ 

. • 

~ . .an d X + O ~  +~m TOU r P .Om Se +~ L+ dl.rec+ly o~l,cull%ed for: %P. :il;~ 

• - , - +  

.elf. %turbine  +,plaint,::..-.. ;+ ~=:" m e t  exi '%,  .fr.om t h e  ,pro s s u r e " m o a s u r e m ~ n t  e+ .:On t h e  +,. ":.: . . . , +..,. :::;+:": . 
- - H+ ; + 

• , - - + -  ++' :+ , i  : :~I~ 
+ ; ,  + .++ + + 

, + P + '  , x . + -  m~n . . . .  s +  • : + ( z + ) : . +  . :++:+:]  

~s " + : " ,.. i+++ +~;-i+.+.~ :.+'+' 
. '5 ~" 

+: + . . . .  + +  

l+m~ n -' S~.o ~p~SSure ::on':~he /.:>.:.: .pressure i n  t h e  e . ~ u e l i z a ~ t o n  c h a m b e r .  ~ . . ~ ~ +.:~!. :: .:., .~..:.~:+ 

blade, su ~aoe, w 2 - rela~i.+ve emersion:..ve:'IOcity +f.rom+irum+ r)~+,+ !~; . ++.,._ :. ~:,:+~.++~ 

. -+~ .-me~suremeng i.n f~g, :S w!,;+~h 

w~el posi~on = 5~ and K u • + '::";~i" ': ~"+~:+: 

~rblne.." sp~++.i,, ~ u , z e i ~ n ~  v . . a I ,  sl, p, ~+ss 

¢ ::2 

+t  + 
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":~' ""  Q,,. ~we hl~Ve ':C .'r''~:"I2~"2 t ' t ' : fOlt :~ '  i~ee . U a ~ ' O r ,  l ..5 

~: :'.:~.:i~,... . : : "  Om - 

:;~ i:, .  ,;:) : .~be ,  iW 2 oan .be  . . ca l cu la ted  £ . r o m t h e  ~ t u ~ :  " : 

' -  : :i;i • : . .  " .  . . . . .  , ' ~ . .  . " • 

il i, ,:oo,~n~ ~ r t ~ .  g , - ~ s  -s~ =,,~,,~-~er;, t h e : , e e ~ e  X ; . . . .  ',P "':-" . .- ::. 

:~ ~ ' : - .. . .  ' / ,  .... ; . .  

~t~r~': : 0 . 1 2 2 .  : U s i r ~  k~h~s ~ t a  ~,~* :.~s evalu 'ed :£rom:e~ua_~i.On-:(~27':),,~,,a* :;'~: :::,: 'i: : /  : 

; ~r " ~ 0 . 8 ~  • 0 ° : . 6 - ÷  ' 0 o I 7 2 .  L , 1 . 9 0 - : 0 . I ~ I  + '0..$2,..:-~Or'~'''" ''t ~ . . ~ , : ~ . . . ~ ' ,  '~;~': "'''' " 

: :,- o f ~ .  ' . t h e : b e g i z ~ i ~ g  Of o ~ . ~ a t i o n  i ~  ~ J ~ e : ' ; e x a m i ~ d , . ~ t e ~ : s e c ~ o n  !q:,.,:; ! 

" is to :be expe~te~. It i s  ~een that 

is iaf£eeted by the ~seeond memlo~r of 
• • : . . :.- . . 

greatest l o o a l  negati,~e :n~.essure,, By.:the :;,e.~..:by " 

I & V O ' i ~ , ~ I : ~  8 1 1  n e g l ~ t i ,  v e  r i ~ : s a u l e e  p o i ~ g s , ) ,  : o n e  : o a t i ~ i ~ b ~ ' l n  - U l ~ d ' e s  . S i : r ;  . 

from - ~ v i  ' ~ t i  on .  'The :a~r -:.experiment makes i t  pos:sk:ble t o  ~ire~tiy 

:measure the efect , o f : b l a d e  altera~on:s ,cau 

va@uums, and thus ~0 de~velop:-favorable pr0f: 

actual O a v A . r ~ - o n  e z p e r z m e n ~ s ,  -~-~" ----" ~ - . .... 

For t u r b i n e  :design, In e d d f t i . o n t o  the ~" "~' 

. u  , . ,  

q , ,  e . 

~':'' 

Z , : - -  

,:..: • 

- . . ,  , 

~on the :runner, dt is also I or~ant:~%0.;: ~ir~ -.:.- .... 

exact ~inlet end r e ~ a r  ~ :  '".~:.. 

. . . .  : . . . .  , ~ L _ ± _ _ L ± _ _  _ " 

~ m e n ~ I  Dev!oes  ~and. S t u d i e s  f o r  ~ r . b o  , ~ o m p r e s s ~ r s , "  :Etcher  ~ i ~'~ . . . .  ' J" " / "  
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d i r e  o t  : . s % r o b o s e o l s i O , : o b s e r v ~ l  o n e .  i . . ) ~  i.:'i: ; : . : : - . .  . 

., - .. Y'- '- . -. '~. ".- :i :/. i. ~: ,i:,~.,.: ,'~,'~<: -~'. ". 

~arad with :th~oretlo~1 eV~iu"~io~-s '  .~IW-i~if, f e~enae  . . . . . . . .  - : :- . . ~,d.:.:.Si:,,,,...; , 
• "ki 

i SUr feoeis ::.:of:• ~I " s%ati:c p r e s s u r e s  : o n , t h e  entPanOe.:a~f~.eXi'~:  . . . . . .  ; ' " '  ~- ~ e : ~ ,  ": : ,  .i~,:-:::i:i:..:. :':• 

measurements in tb~ I n r l o ~  ~d ~llsoh.r e:;ahamber8 ~ of  :a'~kh:.i~ :- : ~: ~i 

~unn~r. The axial Velooi%~:ana.%~e.gan~en~i~. m~ ,, .+. ~ +,: ....... 

' :'.} % .:" '/i 

resented re speotively.~ 0 -and. O 

. prod~e the -..v~ri ous ~detai~Is wl~th::re~k~ble ..a~ou~a.oy, 

u l s n t  "for :investlga~ on : o f  p ~  i~:]~lerSr, desire d';ia~ :::th~'::~'~'l~i,~' -: : ,i':::r#?;~''~::;~ 

o f preVl oU s experl m~nts • in iaerod3a~aml c :~ . . .  '--~, 

%Im~ ,go 'in the ~..gsoher~Wyss lab.0ratoz~es;:: .T~s: . _ :i., is~e~ed -,:i~:.ii:::,.il 

• i n  fig. ill, :In :co~t~st- to the :abO.ve.:::de~r~be~ :::!:!£" 

ii::: .. plant oan b e  :. o p e r a t e d  " in  ~ a o c o r a a n o o  vii%h ~.::prO~ :'i;!~::i! 

..on:':.%he ~prinoiple, of wind %u~nelsiwi.%h .o~n Or 'olos In " ':~i:i~!! " 

the c I osed :~ olrouit :~he al r i S circul ate a :by:p~ :'(z,~) :arlWn .~:::Wto~G: ~ .  ,. _~ :,: ~:.~:i 

(11. Ths:closed,:olreuit -has the "dvanta~•~i~ !.%he ~Re~old~:::~r:i:/~: ::: ii ":~ 

:.oan be oootro.!led :by v a r i a ~  o n : o f  ,~he ~ai lr  ;:~n.~l.~,~-.ei't~r :bYi:~dmli-.~ '-~ i/.i 

• . . D  

!i :.i•ii .... 
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o omRr*,sed.:, ai'r' o r~.g2-::drawing ."air:;0u%,.:'o: r ':"-~he,~.~nin,":':" ':~ :~ ~ : ~: L.,(a::/"; :" 

;in.::the~e~;s-s 
"... ; " ~.. ' " ,i:-;i ~' ". : i ' ,: 

U~; '.'~ ." ,. :', •-:. ~ ':":;.'~:T' • -i,.~L 

. "Is !inversely proportl:on~l "..~o ::,tIw p~'ssu~'.),, .I'~T~ ..... ~'~ " • . . . .  . .  s ! : j ~ p u ~ m p  

/ .  

~ins%ea~ o f  wa%er"!.~hr~oug ~ ::S):~izi%o:i.: 

..... ' :-4);,( w h - - - e r e  the: " acoumml~d~i.~i.oti'- ' :::•~ ~!: :i: •: :•.. .... :::,;~i".::...:..:i:~t%:,;.~.i~.i~i.,.~,har..:;~:..,, :~:" i;. 
• ,,..~.: " . .:~ ..:-':,~ , 

' ~can be throt%led: at ':the :.:'r~dia%or .ini~%!'~ :: .;~1%-fl;~,:s •~i I" "-" 
:- • . " .... : .. ..... .. :~:.: :" -... ~i ::-.,;:..:.!i':. -.~ 

• r e c ~ f t e r  (5 )  .to t.he : : c~nge i t~ le :  :mea• ,uring ~n0zzle• . . ! (B) ,  

-again -from :the pump impeller, I.TP~ pu~'.,~:%h-~he .dri~ 

):ili, - 

y 

~ing arraugement of this plant~ar'e j~sh6wn:~in::ph ~ .~!':ii.: . / :  ::.~...:.. , .:..~:.:.~ 

alrea:dx ........... : ':':! "" 

years -at ~che' new :.aerodynamic experlm~nt :i~Is.nts ::of .the :Es0h~riW.~!~"i~:./.:' i:-:i:./;i~::~ii" 

". ..labor,torles for :hydraulic m~cmr~.s.:.i ,:!Tbxou~h':~%b~;s~.~.~er.i:mmnts:• :. :."~;:i:;'' ""'•.~. 

a ~ r o d 3 ~ a m i e  ola~ts h a v e  ~proved .~v~ luab le  supplemen%s':!'.to:~Iie ~exi:s~inE- . .... :..~.~.~:.;::~ 
" . . . .  ' i.:'?:t " " " 

hydraulic experim~nt.,.l~lants ;',in.mddem ~reaearch Stu~lies. of. ~h "~ " '"'. ":~":"::"::~ '~; 

• " " . ,; :,.-;:i ?::,' 
- machines .under opera~ , .n~  ..:condi~.~'ons. : "~:Tbef r'~i::o~ ' ......: 

I s that"with relatively : low e~en:cli'~res,. '~n3 - 

:~nd t r e a s u r e d ,  thus promlslx~ :rapid strides .~i-n '~..%h~ ..:scientific :in-..~ '-:.,.-: 
• .~'::, .'.. ,. ,-.. - . ;: . ., ..-...:: 

.Te stigati on or hydraullc machines. 
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