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8ubject~ The fluid polariseope. 

i. _ n e r ~ l ,  de.s.oription. The diverse r, esponses~Of;za~-flowlu~ 

fluid to variouxly shaped formJ iC :a fasein~tir~ 

ex~ot one . u n l e s s  the d~reoti~ns of the ;~,flow ,oan~be~de visiblee f 

A ~e~ method of 8tu~y developed during ~r, eeent 'ye s' 

Xn.titu~e of Technology-promises a ~real ,advance 

o o n t a o t  w i t h  Mr. ~ a l t e r  L e a f . o f  t h e  

~ . i l ~ o a d  who  h a s  m a d e ~ p r a o t f o ~ l  u s e  o~  ~the ~ f l u l d  . , ~  

investigation of the design of looem6tive firebe= • ~! 

. p r o b l e m s .  The m e t h o d  i s  a n a l o g o u s  ~to t h a t  w h e r e i n  p o ~ r i z ~ l £ g h t . ~ i ,  Ls '~. " 

used to render Visible ithe strains in plastic modeils o s o ~ d : . ~ a t r u e -  ~ . 

o e n a  and  ~ w ~ s t  ~ h e  p o l a r i z e d  llghtpasslng ~throu~;h~t~In ~ m a n n e r  , ~! 

s u e ~  t h a t  v l s i b l e  a o l e r  b a n d s  o r  f r i n g e s  show ' ~  '"" ~ ' '  

These frln~es p~otograph well-in £iaok and w g l t e  ((figure. I'A)! ibu% in .- 

most .oases involving fluid motion, oolor photographyls I 

the analysi~ of fluid flow, a suspension of ~bentonlte in ~" 

~ d i f l e s  t h e  p o l a r i z e d  l i g h t  i n  a m a n n e r  s m i l a r  ;~o , ~ t h a t w h i c h o e o u r ~  . . . . .  . r ,  

An a s t r e s s e d  p l a s t i c  m o d e l .  ,_ ' 

The bentonite particles oon-~i-st of plate.lets ~ amall,;that there'- ~ "  

is no tendenoy to settle out of t~.'= suspension and so light tMat ~hey ~.~'!' 

move with the fluid, apparently having.no appreolablo ine~tla ,of :their- 

o w n .  These physleal properties, as well as its ~eptlea/ properties, ~ " • ~' 

~ ~,~.~ make bentonite suporior to other substanoes used to follow fluid flc.r~ . ~ . :  

;7. 
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such as ink, smoke streams in gases, or fine bubbles. The ~latter ma- 

terials cannot follow the paths :of fine :e'd~y motion ~ere s%~e~Ine 

flo,~ is disrupted. 

In the anmlysis of fluid stream £1ow the i:bentonite so modifies 

the light passing through the stream that-colore'd ~:.bandS ~or fringes ~are ¢ 

visible, connecting points ,where a 

of the fluid prevails. ELi gh~speed 

Strobolux and the Stroboscope, obta 

p a z ~  o f  Cambridge, ~Massaohusetts, h 

!turbulent flow as well as more ~nearly streamline flow. " 

The method san be usedsu~li~atively .mtO observe how.a mov.in~ 'ona '~" ': 

stationary object.affects :.the )flow, or-:quantatively ~to':eaiculate the: -,i:'~ ,, 

n e c e s s a r y  data. I t  i s  e v e n : p o s S i b l e  b y ~ p o i a r i z a t i o n ~ o f  ~ Z i u i d  ~flowi~to :; ' . : 

• calculate the rate ::at which heat will i be :transferred .:a • 

liquid. . . . . . .  : 

Within limits, the .information :ob~ained ~w[th _fluid .flow :i, 

c a b l e  to gases ,  so the method  i s  useful Infuriation and a z ~ n ~ , ? ~ h e r  .. ~ . ° 

fields, - " 

"Detail, del and reiated:~el ni i.-ent. /~A ~;two-dlm~n si0ne~l" ~ 2. of .me 

model u s u a l l y  ,:onsists of 'a ~ 

be tested, approxlmately I/P- -:inch to i-.~ilnch :.thi;k.:,":. ' mounted" ........ 'be ,~'~;n::;.tWo '"" ":' 

p a t e s  oe• l ss or . l e a r  p l a , t i o .  A • 

wave. pla~e are plaoe'd"betwoen one face ..of '.the~ model ,land' a :dlffuaed - " 

light source such that circularly polarized :ligh~ 

portion of the model to be studied. IA second.::po:; 

wave plate are,placed on the!opposite.ozviewlng slde:,Of :the .-model..~ 

This second pair o2 plates :sez~es to r e , t u r n  .%ho circularly polarlzed. ~ . . 
> m 

• from ,the Polaroid Corporation, Cambridge, Mass,j or the photoelaatio 

Company, 55 West 42nd Street, New York City, 'N. To 
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The bentonite ~is of ~a special type w hich must be optical~ly active 

or double refracting. .The Colorado,-the~Ut~ ...... 

are, in general, not optically active. ~The 

comes from California desposlts and ~y be ~urchased fr~ 

@ 

should be dissolved in dist~11e~ Water makin~ not over~a-5_per.cent ~ ' 

solution, by weight, to allow <the grit,,~d other foreign ma~ezlal:;to 

settle to.the bottom. The solution should be :stlrred oceas'ionallyldurL' 

ing the first few .days and then allowed o ;stand t'ora~month or more~ 

undlst-_rbed. After the settlin 

liquid at the top Of the contai the 

milky material ,at the bottom of the ~conl 

water can then be evaporated an~ ,the d~ 

containers, or the bentonite mixture .can ~ stored in pyrex :',bo,ttles. 

Separation of the foreign,materlal,can also be acCompiisheO 

Sharples supercentrifuge, This m equire ~ch~'iles and 

probably will result in a superio~ .... ~ : :  " 
• "'3 

The bentonite ;md water mixture should.lcontiin roxJ 

percent of bentonite, by weight, and O.O1 percent of ~sodlum 

phate. .The fluid should be stored ~in ~Pyrex i~ 

to contact ferrous met'/s, as the bentonite-,~ '. 

these metals, partially.@estroylng ithe.optical effect.; /ii~ Ji~ 

b - , i i/ ..... A suitable .pump for small models may e obtained 'from !the'~Kastern 

En£ineering Company of.~New haven, Connecticl, This i~a small, cen- 

trifugal pump, called the model B, dJ.~.J - ~" ~cctea to a rheostat- 

• controlled ~metor, making it possible 

is 7 gallons per minute at zero pre~ 

at 17 lbs. ~pressure, 

A photograph of a model a'ith necessary equipment i.s shown on fig- 

ure lB. The model to be tested is located between the two _quarter- 

wave plates. A reservoir cepable of holding several times the amount  

of solution actually required for .operation ..of the model is ioc~ted 

The 

~r 

r'?. 

° 7gulate illow. The c~p~city 

a, or :zero gallons per minute " 
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beneath  t h e  i d e l , /  l h i i ; , a m t . l l ' ~ l a b o r l ~ l  ......... ~ - ~ -  - ^ _  . 
< " + 4 - . #  :ywmp c o n , u n e  Jlerr . O l r O u l a t e l  

the liquid .thrcu~h:~the m6de.i - - -  . . . . . .  -~  , ,  

the pumpL~ o ~ . b , e  intrellel 

thus it ,is possibl~ to ,view !iamAnar 

Operation eould ibe ~Improved 'by i mount 

.surf see ,would be above the hi~h;:pOin 

~vould eliminate certain difficulties 

entrainment of, air ,::in ~,tHe ,model, ~, as : 

~. Method of adjusting ,Po,lai'ize1"si tTo<,adJuat ~the<opti 
- i n t r o d u c e  the two. polaro Id :polarizers . ; ' ~  ~ formate, ~ n e .  Of ; : , t h e . s e . , : : ~ o ~ d  

its axis until extinction of :. 

izing axes of th~ polarizers.: 

aid of a thin, polished, :circular, :%ransparent!:bakelite :disk.lbade~ at 

each e n d '  of a diametrical ver.%i.o~l llne,~ .<:If a~p, - " :  : ' . . . . .  : " :  ':~" 

b l a c k , . h i n d  i n  t h e  f i e l d , o f  : m d l t i c o l o r  s t r e s s  . f~  

polarizers in ,%he s~me. directioniby L t h e " ; ; s ~ e  ~ , ~ o l  

extinction~of light,unaltered) until ~;%he ornss :!is ~:formed The . r e s U l t "  ~ 

is plane polarized light. - " " " '  ' = "  

.To :. eliminate :the .isoolinlos ;:f~m ..the .field ...., 

trod-uoe ~ One : quarter-wave ~ retardation plate ;: be~een .!,;:i: 

describ ed above, and rotate i:t- until extinction of 

, ~  

~?. :" 

; ; -~# : <. 

the : remmlnln~ polsucizer~ and ~ rot~ 

A. restored. .The axes .of ithe ~two 

%0 each ¢;a%~r. and each i ~ ~.at ca ~:4B~degree ~:-angle with 

pc lari z ei~s.. :The :ll ght between ~the. ml oa 7 P ~ t e  s is~L:then 

pc lar.~zed. Thl s Ii t h e  -type of li'ght " 

w o r k  i ", ..0 . . / ~  

• . ;References.,. The :first refelence applies 'to t~-dlmenllonal 

~ - : k L  4 : ' "  
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