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r ~ ' the v a r i o u s  methods  f o r  meeeJ~ ing  :~he v e l o c i t y  ~end 

pressure  a~ e ¢el- te/n p o i n t  i n  ~lo~rln~ w a t e r ,  . . . . . . . .  - - - ~ -  -- ~. p t -  

t o t  t u b e s  a~e .o~  g rea~  ~ p o l - t e n e e .  The beha~r~ot o f  suoh ~ u b e s  

when submerged and h e l d  i n  p l a c e  i n  e s~ream d e p e n d s  o n  t h e  f a s t  

t h a t  t h e  E l u e t i c  e n e r g y  oT t h e  w a t e r  is t r a n s f o r m e d  I n t o  p r e s s u r e  e n e r g y  

es  e r e ~ t  o~ t h e  ~ e s i s t a u e e  o f f e r e d  t o  t h e  f l ow  by t h e  a~ee  r O~ t h e  

t i p  o~ t ~ e  ~ D .  I ~  e h o l l o w  tube  i s  ben t  t o  ~ r i g h t  a n g l e  e n d h e l d  i n  

such e way the~  one l e g  . is  o r i e n t e d  a s a i n s t  t h e  s t r e a m  .end t h e  o t h e r  

I s  h e l d  u p r i g h t ,  w a t e r  approeoh iug  w i t h  e v e l o c i t y ,  vp p u s h e s  e column 

o£ w a t e r  up t h e  r r i S i n g  l e g  t o  a ee~-~ain h e t g h ~  above t h e  s u r f a c e  o f  t h e  

e t reem~ , t h i s  v e r t i c a l  d i s t e n e e  b e i n g  d i r e o t l y . p r o p o r t i o n a l  t o  t h e  

. v e l o o t t y  h e a d ,  V2  ~ ,  a t  ~he o p e n i n g  on wh ich  t h e  f l ow  , r e a c t s .  The 

h e i g h t ,  --~ , i s  e x a c t l y  eque l  ~to ~ 2  ±f  t h e  preastL~e on the op~lID~ 

n o t  a l t e r e d  by the lateral s p r e a d i n g  ,of She :f low lines e t  :the ~Im 

o f  t h e  o p e n i u g . .  I n  any e v e n t ,  t h e  r r a l e t l o n ,  

= 

should  be determined f rom a o a l i b r e t $ o n ;  a f t e r  which .the v e l o c i t y  a t  

t h e  open ing  oan be  computed .2Tom~he , obse rved  v a l u e  o~ ~__~. 

Because  t h e  d i ~ e o t  r e a d i n g  o f  . . ~ ,  r e f e l T e d  t o  t h e  s u r f a o e  ,o f  

t h e  s t r e s m  es  a datum, . I s  s u b j e c t  to  d i f f i c u l t i e s ,  t h e  , v e r t i o a l  l e g  

i s  l e n g t h e n e d  by Jotntn~.~/,lt ~ I ~ .. . .  " " , a  t e r r a i n  ~ ~eboTe 

• ne  s u r f a c e  o r  ~ne s ~ r e e m ~ e ~  s u p p l i e d  wl~h a s top-oooE .a t  . ,~e '~uppet  end,  

Then t h e  column o f  w a t e r  i n  t h e  g l a s s  ~tube-sen ~be saoEed ,up t o  e eon-  

.ven ien t  e l e v e t l o n  f o r - r e a d i n g .  .~Jhen ~thls  i s  .done, .a s e c o n d  ~4~ube i s  

;x'e(l~l.-z'ed. The o p e n i ] ~  .a t  t h e . . ~ e l , ~ e d  ,end of' t h : l s  . tube i s  i n  e .p lane  
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p a r a l l e l  ~o the  d i r e c t i o n  of  the  . s~eam ,'~ines; ~thus no  impact ef feo~ :l's 

r e g i s t e r e d  in  t h i s  %ube and ;the t op  o f  ' the water  column w i l l  s tand a t  

the  same e l e v a t i o n  as the  sUrface of  the  stream. Of course ,  t he re  a~e 

smell  d i s t u rbances  a t  the  submezEed.openln E because wate r  ' f lowing p a s t  

i t  i s  d iv ided  a t  the  edge d i r e c t e d  ups t ream and, t h e r e f o r e ,  edd i e s  sine 

se t  up, though they  a r e  ind~ed smal l .  ~he n e t  change i n  :the h e i g h t  o f  

t h e  Water column as  e r e s u l t  o f  t h e s e  ~eddies amounts to  o n l y  ~a :areal/ 

f r a c t i o n  of  t h e  d i f f e r e n t i a l  head end can ,be determined d~-u~ng the  

c e l i b r a ~ i o n  o f  the  p i t o t  tube.  Hence t h i s  second %ubemeasures the  

h y d r o s t a t i c  p r e s s u r e  ac t i ng  on the  Openin~ (assuming ~a cons tan t  depth 

of  f low a t  the  p o i n t  of  measurement) wh i l e  the  f i r s t  tube measures  

the  dynamic head. Suppose t h a t  ~he a~mm~ t u b e  i s  a l so  lengthemed so  

t h a t  i t s u p p e r  e n d u e  ~ u e e t e d  to the  p rev ious ly -ment ioned  s t o p .  

cock. Them the  two/~eolumns.___ ..... can be d ~ n  . u p , ~ s i m u l t e n e o u ~ b y  a p a r -  

 .sver,  ooi .i,, the 
tube w i l l  s t i l l  s tand /% h i g h e r  than i n  :the s t a t i c  tube.  

The first desJ4~n of such a measuring .device .scans ~o have 

beam .developed by H. Pitot in 17Z0. ' Since the dlffeM~lel head, 

is qUite mall for low velocltles of flow/(.less ,5 
9 - ~  b ~  - than 0 f e e t  p e r  

s e c o n d ) ,  the  s t a t i c  : t u b e ~ m s / ~ e l s o ~ b e n t ~ i m i l a r  :%o t h e  dynamic t u b e  

but  was o r i e n t e d  i n  the  oppos i t e  d i r e c t i o n ,  t h a t  is, downs%ream. 

A suc t ion  i s  developed a t  t h i s  downstream opening '~b/ch i n c r e a s e s  t he  

d i f f e r e n t i a l  head.  ~ w e v e r ,  t h e : i n c r e a s e  .=ia:~aot s u f f i c i e m t  to  :be equa l  

to  ~( ; on t h e  c o n t r a r y , - t h e  d i f f e r e n t i a l  h e a d  l s  t i t t l e  mere $han 

the ~velool ty head ( • ~ew ex~erlments and ~ ~ , h a v e  ~esUlted 
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i n  ~a~ ,ont inuous  ,supply o f  :new d e s i g n s .  ~ ~ n y  ~o~ ,~hese ' a ~ e . : a v ~ t -  

able.~aud have been c a l i b r a t e d  i n  :the 'Ber l in  ~ydrsul~,c  , ~ b o r e t o ~ .  

The read ing  o f  ;the ' l eve l  i n  ,f~he g l a s s  ~ b e  : is  . c ~ p l t c a t e d  

by t h e ~ e n i s c u s ;  t h e  sm~l l er  'the ,d~smeter o f  the  .tube, t h e  ~ e a t e r  

the adhesion of the water to ,the g~ass,~s raising the ,bottudary of 

the  s u ~ a c e  ~above i ~ s  oen~er.  Strong ,oapi~ll~ry a c t i o n  i s  .a di~st~uct d~s-  

advantage i n  s m e l l  b o r e  tubes  and ~is : o b j e c t i o n a b l e  , in  ,~ubes ~ l e s s  

than about 10 ' m i I l i m e t e r s  ~in .d iameter .  Furthermore l a r g e  e r r o r s  ere  

i n t r o d u c e d  by p a r a l l a x  when t r a n s f e r r i n g  .the h e i g h t  o f  ,the e ~ e s  to  

the  s c a l , ~  ~.If t h e  tube  :i's d i r t y ,  %he m e n i s c u s  : is  a p t  %0 ,be i n c l i n e d .  

i f  ,the %ub~s e~e ?not .uniform i n  d iameter ,  the  columns wil~. ~o~  ~be ,oT 

comparable ~ieights because the capillary action in each tube is differ- 

ant .  ALl o f  t h e s e  f a c t o r s  i n t r o d u c e  e r r o ~  ~of ~observation ~ h ~ h  i n -  

crease in relative i~portanee the .smeller ~he-differential head. The 

following me~hods of decreasing these sources of error sx-e used ~n the 

Berlin laboratory: A strip of mirror with suitable scales on ,each 

s i d e ,  as 'sho~n i n  f i g u r e  ,1, . i s  p l a c e d  c l o s e - b ~ h i n d  e a c h  ~ a s s  ~tube :end 

i s  l ong  e~ough to  cover  t h e  f u l l  r e u s e  o f  d i ~ f f e r e n t i e l  head,  'The 

meniscus appears in the mirror even -though ,the @oltt~n is read ~f~n ~he 

side. A reading is .made when the ~meniscus .~and i~s image in .the :mirror 

have a @o~n~o~ i h o r i z o n t a l  ~ :boundary 1,ins ?,which ,can ~be ~eas l ly  ~ e a d  

on e i t h e r  . s c a l e .  Auother d e v i c e  ~cons i s t s  o f  :a movable  ~ a~ound :a 

tube e~d v e r n i e r  a t tachment  which ~t%s ~nugly  ,to a :.base ~ s o ~ e l e . " . , . W i C ~ h .  

this arrangement, ,the ~meniscus is ~ead in ~Ine with ~he ,~op .:of '%he rlng. . 

The f o ~ o w ~ n g  . e ~ n p l e  shows t h e  eXoTeo$ o f  an ,,savor :in . ~ [ ~ [ ~  ~ . ~ . ~ _  ~,,~, 

. . , 3 .  

millimeter erisin~ from ~eny .of  ,the P ~ e v i o u s t y - m ~ l o n e d  sources ..,of , .i: i,i 

. . . :  

! 
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. e r r o r .  ~ i t h  v = 0 . 1 4  m e t e r s  p e r  second ~ 0 , 4 5  f e e t  p e r  s e c o n d ) ,  ~he 

the  OOZTespondin~ velocity he~d is -_'V~ = h = 1 millimeter. Assuming 

:a coeff icient ,  c = 1 obtained by calibration, for an crier'°of i/g 

m i l l i m e t e r ,  t h e  p e r c o n t a ~ e  e r r o r  amounts to  :50 pe~c~n~ ~ d  t h e  corn- . . . . .  

puted  v e l o c i t y  may be e i t h e r  0 . 1 0  ~ r  .0.17 m e t e r s  p e r  second.  For 

v = 0.i0 meters per seo~ud corree~ondin~ to a velocity head, ~ = h = 

0.51 millimeters, o~her comdi~ioms x~maining ~he same, t h e  exTor may, 

emoun~ to  100 perce~ t~  t h e  computed v e l o c i t y  b e i n g  e i t h e r  0 . 1 4  o r  0 

m e t e r s  s econd .  For s t i l l  egnailer v e l o c i ~  t h e  ~e~e, e n t e ~ e  e r r o r  b e -  

comes very g~eat. As the velocity increases the percsmtage ez~or 

decreases and the spread of the computed velocities also becomes less, 

Unfoz~una~,ely, devices f o r  n~nifying the r e a d i n g  (.for e=ample 

oil on water) are not ~exmlsslble for velocities less then 0.I0 meters 

per second (0.~S feet per second) for other-4~M~Uil~eee ~ which  

produce addltlonel errors. Therefore for veloeitles of about 0,i or even 

0.14 metersper second (0.3~ or 0,4~ ~eet per secon~ the use of ~Itot 

tubes is not  ~o be 1-~commended, 

Rubber ~ubin~  i s  ~used to  =onnect  t h  e g l a s s  tubes  to  t h e  %~o 

meta l  l e g s .  A i r  can s e p a r a t e  i n  ~he  t u b e s  ,whe~ t h e  w a t e r  c o l u ~ , s  e~e  

sucked up to  a h e i g h t  o f  about t ~  m e t e r s  ( 6 . 5  f e s t ) . T h i s  a i r  u s t ~ l l y  

collects in level sections of the ~ubes ~o ifoxm elf bubbles or air 

pockets, l~or a givsu head, ~gew9 ,bubbles cl~ate a posit2~e 1~adlu6 

error. It is therefore strongly reoomm~ded tlmt the 1~b~er tubes be . 

~ - ' ~ , . ~ , ~ ~  ~ I r ~ ~ ~ ~  ~ s  by  s q u e e z i n 6  t h e  tttb;L1~ 

ilumEam~ne~om .the.'lower er~(i ~ [ ~ h e  t o p .  
' . i . ;  

.Smell d i f ~ e ~ e ~ t i a l  ~eads  can b e  -read ~d.~,h ~ " e a t e r  p~o~ . e£on  
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by an inc l ined  gage. O~.~qga~u, a f t e r  d z ~ L ~  'up •the two ,wate~ col= 

u ~ s  ~to eye-ZeveZ using an :l~t~r ~ u ~  ,and ~hem ~ . o ~  ~l~e 'air cook, 

.the sPeoe above ,the ~'wat;ez, oo~uima can be ~ i - l l e d  ~liTa~ so=e ~"J.~Ltd t~:t:e,~ 

~ o a t s :  on w a t e ~  ~sueh a s  ibenzine.  Al~e~  t h i s  ~ s  done the  t h i r d  ~ e k  i'e 

closed !(.see fT~u,e ~2). The :appaz~tue mow has the foz~ aho~ in ~u-e 

2 to the  l e ~ t  :of the  dot ted  l i n e  A-~.~ Le~ ~ =  the  s p e c i f i c  g r a v i t y  of  

the ,auxiJ.~el-y fluid end assuming e = I, then fox, =the h o r l z ~ t s l  :line 

r - ~, we have f o r  e q u A i i b r i u ~  

and P2 = ~ H  - - '  

~he~e~O~e 

H =  ( n h  . : ~  

-i:: i :~ 
For .a - ~ =  0.9,, n -- 10 ~aud H = 1Oh, ~that i s ,  theoz~lg luel  d i f f e ~ t t a l  ./!: 

head, b = l(p 1 _ P2) is magn/~led I0 '~imes. i~or le.Tse veloclt£es, how- :..,?~. 

ever9 ~he .g£ass  t u b e s  m a s t  :be ver~r, l o n g  and :x, e a d i ~ s  ;oan no • Z o n e r  ?be :•ii~: 

made.at .the eye l-oval° Therefore ~hle device $e o n l y  convenient ~o use ~"~:': 

:re2 v e l o c i t i e s  leae  ~han Z~2 meters pe~ seoond ( 4  ,:feet per  :=m~nd)., - ; ;  

Yeloc i ,~ i e s  be~wee~-0 ,3  end 1 . 2  m e t e r s  p e r  seoOnd :{.1. to  4 f e e ~ p e ~  ~ee-  /~ 

,end) .:can ;be ~ead wl~h , su f f i c ien t  accuracy ,t:..~ . •::" 2: 

tqo .great confide=ace..~can be placed ,on :~eadf~g. ~ , ~  ~eloot~tles less~than ; •~: ill! 

0 ,~ mete~ pez" seoond  '(:0..:3~ fee t  ~e~ :seoond'),, S~noe .'~ ~he : o l ~ e  to  " •::~i 

,*he .Stream "flow e ~  small i.( say .,about ~.~ . m l l l ~ z e t e r ) ,  :and •the .:Ln~;e~el : . , ,  ~); 

diameter of the .glass :.tubes : . l~  l ez~e  t~saY 9 •to -11 -m~l l lmete~) ,  ~oon-~ 

.~] 
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p r e c a u t i o n  1.s 'not I n L f f i c t e n t l y  Observu~.  The  e x t e x ~ l  : foroes  : for  low 

velocities are not suf~ici6nt ~o " ' " / /  ~, o, .~ . v .overoome t h e  ~ s l s t e n o ~ ~ e , s i o ~  and 

g l a s s  ,tubes,  rubber  ~Ubtng and meta l  ~legs.  'This i s  eepecl,  e ~  ~:.rue :with 

tmTavorable external temperatures. Thus :wt't;h v = 0.i :meters per second 

~(O.B~ feet per second), the d:Lfferantiel head, ~ = 0~00051 mete~ ~ ~= 

about l /J~O ce~time,ter.~ On 1 square  c e n t i m e t e r  ,of  ~the e r o s s - e e c ~ i a , n e l  

e r a s .  the  f ~ c e  ~-~ '~ . . ,~ .o :A . . . .~ .~ . ;  t.~,-. 

,= 1 ~g~m~/c= ~ x 1 em 2 x , ~  cm •~ o . o 5  gram 

"~lth v - - ; 0 . 0 5  met,~rs p e r  second ~(~0.~6 f e e t  p e r  s e c o n d ) ,  t h i s  f o r c e  a ~ o ~ t s  ~ 

to  ,:only l ~ m i l l l g r e m s .  11% i s  t h e r e f o r e  s e l f - e v i d e n t  the% r e l i ~ l e ~  ~ , 

:measure~ent~ cenn,ot be ~ntlclpated for-velieitiesAO~O 5 m e t e r s  p e r . . e a o O n d  

orless unless some ,other method ls available. This same limit ap~lle,s 

also to reliable measurements ,wi~h ~trrent meters of ~the presem~ d.ey 

sensl ~ivity. 

~he Berlln laboratory has •made :systametlc tests o~ %he px~p- 

erties when used ~wi•~h water of .various aux~lary fl~Ids :Such as :pex~o 

fin . 011 ,  anise oi!, petroleum, machine .o11., ed; .1~:1 ether, :bemzlne, , t o l u e m e ,  

ni~trobenzine ,  e~c . , ) .  These  ere  d i v i d e d  , i~to ~he  ~fo l lowin~ l ~ e i ~ u p s :  

i. Those whase specific ,g~e,v~y :is less ,~hem I; ~'~ :I 

, z .  '• ~ o ~ e  ,wit : , ,  I -/.. ~ ~ 2 .  . . . . .  

. ~  ~uids in ,groups I end :2 increase the ..readi~. ~ those :~ gmo, u p :~- .~::. 

d e c r e a s e  ~.the ,reading o f  .the d£1~eren~te£ head .in ~he ,81ace-!;ube.So.. ~ --.":" 

U - t u b e  :£s~iused : in c o n n e c t i o n  width ~he l e s t  ~wo ~g~oups. ~lu ~thts e a s e  :~, 

H = - 3 - - h  .= n h  - -~ 
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>~luids"whose specific gravity is : c lose  t o  i, ,althg~ ~theroetlcally they 

produce t h e  greatee~:me~nificaticn , o f  reading, canno t  '~be use~ .because 

,i~" they have ~a'tendency :~o mix with water#~,forming :~.streaks 
.... -" _ . . . .  ~ L , ' r j . ~  r~ ~ , . , : ~  ~ 

. . . .  te~:i.,~,...,, . • ..... / 
-,,=<,.-,-- n - . ~  0 ~  ; .~,n:.~<.) , t J 3 . - ; , - ~  ~ '  - .  ---. , , -  " , t . - - - - - - - - - - - "~ 
, , ' l ,  ~ -  - ~ ~ t . ~ > ~  .... . ......... "~~roup i. "/r< ',i 
~I}' ...&k~ i .~a ~ " ~..~--. : .............. • I.' 

O . 1 .  " ~ t h y l  ether ( 0 . 7 4 )  n = 3~85;good" meniscus o n  water; ;its specific grav- . . . . .  {~.-.< .......... . 

ity,generally varies when :it i s <in, contact with ,water.. 

& ° - ~  ~ e ..oil : ( 0 . 9 8 -  0.991,, ,n = 50 to i00; clings t o  mad ~eadily-con- 

geals-on glass; has tendency to form stz~aks in .water. 

. :Benzine ( 0 , 8 8 4 ) ,  n = 8 . 6 ;  must  be c o l o r e d  ( f o r  example w i t h  i o d i n e ) ; ;  

goodme~iscus; after long contact with w s t e r  forms a layer o f  :scum 

4 .  

at .the surface of .separation; stzongly corrosime . to .rubber ~mbing. 

Fennel oll ( 0 . 9 7 ) , n  = 33.3; similar properties to I I i i t ~  

i 

:5. Ce=phor o i l  ( ~ . 9 2 ) . n  = 1 2 . 5 ;  i s  a t t a o ~ e d  ,by w ~ t e r ,  hence  n o t  s t a b l e .  

6. Linseed o i l  ( 0 . 9 4 )  n--16.7; . c a s t o r , o i l  :(0.97)~; rape,oll (0 ,9 i~) ;  

o l i v e  o i < 0 . 9 ~  ~, .turp.~ntlne ( 0 ; 8 7 ) ;  and wha le  ~o i l  <(:.0,'.92) ;n = t ~ . 5 j  
~ 2 ~ . ~  ,O-~'~-~m.~ 

~tn c o n t a c t  w i t h  w a t e r  w i l l  , 1 ~  fox~n ; s t r e a k s  ~nd : l i~mJ~ , c l oudy  

emulsions. 

?.T,.: =. 

: ; ,  . ° l  + 

, i t  

7. Mineral oll (machine oil) '(0.90 to 0.93),n =" lO to 14; adhezes 

~ y  .to .g~assl .,some oils :are not s~able :~ua others are .ve~ ,~. ; / 

%1' .... : ~ 
@ O U 6 ,  "" ~ ~.' 

8.  P a r a f f i n  o i l  ( 0 , 8 6 8 )  n = ? .7 ;  g o o d  men iscus  in~wa~e~,  s t a b l e ;  ~ad,  

.heres~li~tly t o  g l a s s  wa3. Is ;  : .... 

9.  Petzoleum ~(O,f19 t o  ,0 .82)  ~! = 4~8 t o  .5 .~ ;  ,~. inigs ~soNewhat ~o @1.ass .... 
h i 

we&is ;  fozzm a scum a t  , the s u r f a = e  o f  s e p u r a t l o n  ~e~ter l o n g  con-  

t a c t  wi-th ~wqter. i 
t . . . -. 

,Tolue~o• ( 0 , 8 7 2 ) ' n  = ? , ~ ;  good menis~us; ,  , st,  ala],e . . . . . .  a ~ e ~  a ~ , . . . . ~ , =  M . , L  ~ 1 0 .  
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tact ~th water; no need to ,he,col'o mad •because it refracts light 

well, therefore is well suited as an indicator. 

Group II; i ~- ~i 2 

i. Aniline :(i.02 to 1.04) n = 50 to 25; shows tendency'~%o form streaks 

when .in contact with water. 

2. Nitrobeazlne (1.15 to 1.20) n = 6.? to 5. F~eezes at +8 ° C. {~6 ° F.) 

The vapor .is dangerous to .hesl~h; after sometime a gra~-Ash-white 

layer of scum forms at the surface of separatio'.a between the water 

and nitrobsnzlne. This floats in the water in flakes. The memls~us 

is not stable. 

3. Carbon disulphide (1.29) n .= ~.4~5; th~fluld; does not cling %o 

glass and is stable; recommended as suitable (pungent odor). 

. 

. .- :~" 

Group III; ~ ~ 2 

Bromoforn (,~.9,) n = 0.53; good meniscus, which is slightly convex :.:. 

toward the water; disagreeable odor, ~olsonous; becomes cloudy a~, '" 

ter ~ appears to be slightly soluble in water, i 

... " 

:.., 

i~::--~(~"/'~ ,. ~, 2. Mercury (15.5 ~o 13,9) ; n = ,0,08 ~o O,OgSi stable and suitable. 

... .;~,~ .... only slightly when in contact with water, ,nevertheless may cause errors ;: 

in measurements requiring a considerable .perloa of time. l~Igure ~ ;mho~s ':" 

~"~ ,e~ ~~.:~¥~'K,:,.~y ~or-.~etermining the specific g~avity of the aur~liax~-...): 

fluid while a test is in p~o~ess. .]ror %hls pu_~pose~ ~e heights a an~.' .... :,,i 

. . . . .  b are read in addition to ~he ..differential head, ~i, ~or equi1$brium .at 
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the 'horizontal plaue passing ,thro~h r- r', assuming ~he 'speci~'c 

gravi.ty of water to be unity, we ~have 

: (~ 'b  + ~:Z.) .+ ( l y ÷  ..]:a.) - . ( y  . '~-÷:. tb) , . l y  = 0 

or ~b ÷ :In =:~b . .. 

The f i r s t  equa t ion  f o r  H may now be  ~ t t e ~ :  

i-~; 
, cpl - ~2) 
k /  

• The a c t u a l  s p e c i f i c  ~ a ~ t y  o f  the a u x i l i a r y  f l u i d  a t  ~he t ime o f  

measurement can be computed .knowing the  r a t i o j  ~ .. .For example, 

if ethyl ether is employed for the auxiliary f, luid,~its nominal mag- 

nification value of 3.85 could be m~ch more accurately determined. 

Figures 3 to 22, inclusive, show the various types,of Pi~ot 

tubes tested ',by" the Berlin laboratory. .The results of the celibratioas 

end also special co~nents are i~cluded in these figures. Values of 

c as defined by 

V2 .h- -  c _ . .  

are given gor ~ angles of 1'low measure'd from the axis .of ,the 

upstream dynamic leg. However, in general, these au@vlar flows only 

included deviations in the ~horizontal ~plene. 

Since in practice, conditions of flow are usually present in 

whlch.~he stream s~rlkes ,the dy~nic opening from e,~0ve or from below, 
.~..., ~,.~...~.,, j ~ ,  ~ , ~ , ~ _ ~  ~ -  ~ , ' ~ j  ~ . _ ~  ~ 
( t u r b u l e n c e ) ,  o n l y  ~hose P i t o t  ~ b e s  are : su i t ab le  whose c o e f ~ , c l e ~ t s  

follow the cosine law or remetn eo~staut~ ~hrougho~t am augularit¥ 

of ~.0 ,to -S0 ,degrees. Furthermore, ~those Pitot tubes which ere com- 

pletely symmetrical with respect to the axis of ~he dynemic leg are 

to :be pr~fer~e~. ~ p h s  o f  ~c ~ - ~ e i a t i o n  ~o .~he ~ e  ~o~ ,.n~ldenoe o~ 

:il 
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o f  the  f l o w  measured f~om the  a x i s  o f  the  dynamic l e ~  e~e shown i n  

f i g u r e  23 f o r  ~ome o f  the  P i t o t  t u b e s .  Sme£1 v a r i a t i o n s  i n  o are  

r e f l e c t e d  in  ~ma]_Zer v a r i a t i o n s  o f  v computed t~rom 

~Por example,  t h e  P i t o t  tube In ~ t g u r e  6 g i v e s  t h e  f o l l o ~ u g  v a r i a t i o n  

in  v from i t s  v a l u e  at  00 f o r  an a n g u l a r i t y  o f  +20 ° o r  - 2 0  ° . 

0 ~ .  985 
= 1.025 = 2 . ~  

The same computed f o r  the  P i t o t  tube  i n  f~gure  12 amounts to  o n l y  1 . 5  

p e r c e n t .  This  tube  appears to be the  b e s t  o f  those  t e s t e d .  In g e n -  

e S ,  ~he c o e f f i c i e n t  o f  an ord£ue_~z P i t o t  tube d o e s n o t  vary a p p r e c i a b l y  

With the  v e l o c i t y .  Whether t h i s  i s  t r u e  f o r  v e l o c i t i e s  l e s s  then  0 . 2  

meters  per  second ( 0 . 6 5  f e e t  per  second)  i s  d o u b t f u l  because  measurements  

o f  such v e Z o c l t i e s  e~e not  s u ~ f t c i e n t l y  r e l i a b l e .  For t h i s  r e s s 0 n ,  

mea~arement, o f  v e l ~ c i t i e s  lower  than 0 . 6 5  f e e t  per  second should  n o t  be 

at tempted  w i t h  e P t t o t  tube .  Also  may P i t o t  tube whose c o e f f i c i e n t  

v a r i e s  wi th  t h e  v e l o c i t y  should not  be  used .  The f l o w  t h r e s h  the  ve~ tu l~  

p i p e s  i n  f i g u r e s  21 end 22 i s  a p p a r e n t l y  i n f l u e n c e d  by the  f ~ l c t t o n e l  

r e s i s t a n c e .  An i n v e s t i g a t i o n  showed t h a t  c f o r  such tubes  fo l lows . -  

~-- ~ i n v s s t t g ~ i o n s ~ ~  ~ ~ ~ o l d ' s  law o f  s i m i l i t u d e .  

~ m m ~ q ~ A e ~ t e r  t h i s  P ~ e ~ w e n t  to  p r e s s .  

According toAabove res t tZts ,  the p r e s s u r e  mad v e l o c i t y  o f  

f l o w i n g  water  can be measured r e l i a b l y  by P i t o t  t u b e s  f o r  v e l o c i t i e s  

o r d t n e ~ t l y  encountered  i n  ~ t r e s m s  or  from 0 . 2  to 3 meters  p e r  so=end 

( 0 . 6 5  to  11 f e e t  per  s e c o n d )  p r o v i d i n g  a P l t o t  tube  i s  employed whose 

coe~'ftcle~t does no t  ve~ 7 enough to create errors  o f  mo~e then  5 ~ e ~ -  

r"  
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c e n t  l u  f l o w  o s c i l l a t i n g  between an ~ a z d . ' C y  o f  .from -20 ° to +~0 ° .  

Such f l o w  i s  l i k e l y  to  be e n c o u n t e r e d  i n  t u r b u l e n t  s t r e a m s  (meandez%~ 

s ~ r e a m s ) .  Pi%ot tubes which  are  s y ~ n e t r i o a l  a b o u t , t h e  a x i s  o f  t h e  

upstream dynamic lee are particularly suitable. 

Velocities fTom O.l ~o 0.15 meters per second (O.SS %0 0.5 feet 

p e r  second)  cannot  be d e t e r m i n e d  wl%h s u f f i c i e n t  a c c u r a c y  u ~ l e s s  some 

• means o f  m a g n i f y i n g  t h e  d i f f e r e n t i a l  head  i s  u s e d .  

A l l  d e v i c e ~  f o r  m a g n i f y i n g  t h e  d i f f e r e n t i a l  h e a d  f a i l  f o r  

v e l o c i t i e s  l e s s  t h a n  0 . 1  meter  p e r  s e c o n d  ( 0 . 3 3  f e e t '  p e r  s e c o n d ) .  

. . , . ,  
' .i: ~ 

//%~i : 

. k  

. :  
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~he: a c t i o n ,  o f  ,~_~_._L "_ .. . . .  p i t o t  ':tubes e n d . ~ o d i f t o e t l o n s  :of  

the  l a t t e r  - ~,u~luenee o ~ e ~ o v s  o f  o b s e ~ a t i o n  o~  % h e : a c c u r a c y : o f  

mee~urements - Advau%a~es end , d ~ s ~ d w m t ~ e s - : o f  de~rlees f o r  me~nify~n@ 

the  d ~ f f e r e n t t ~  head,  :h; f l u i d  f r i c t i o n  in  %he t u b e s  - . ~ u f l u e n c e . o f  'the 

manometer f l u i d .  (~0 k~nds) on t h e : ~ E n ~ t u d e  rOI t h e  .head r e e d i n ~  - .De- 

r e , m i n e % i o n , o f  %he s p e c i f i c  ~ a v l % y  durtn~ ve~oot%y measurements  -.~Re- 

s u l t s  o f  oe~l ibra~in6:25  types o f  p l t o t  :~Izbe~ :In t u r b u l e n t  f l o w  ( i n c l i n e d  

f low) - Va~ la~ton  o f  the c o e f f t o l e ~ t ,  c. 
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FIGURE I 

I 

t l  i 
, . . . . .  f . L x _ .  

Stab-cock for 
r(,teas;nq nit 

A 
I 

I 

i '  
I ] "  

Oil, ether or 
simi;or fluids 

Water 

FIGURE 2 

. . . . .  t -  

1 : 

" " -  . . . . . . . . . . . . . . . . .  500 ............................... --: 

F I G U R E  3 
(D imens ions  i.n m i l l i m e t e r s )  

e (3* ~," I0 ° 20" 30" 45" 60" 
C 1.24 LS;~ 14) l ~  L?4 I,e) O.e2 

Not  recommended for u~,e rteor walls. I t  is seen to be 
unsotisfocto~'y when inclined to ~he direct;on of the st ream. 

i • 0 

4 ~ .  I 

FIGURE 4 
{O~mt, ns;On~ ~rl mirl i~netrrs) 

e O" 5" I 0 "  ; ' 0 "  ..~0" 60" 90" 
C I O0 1.04h 1,105 0.e98 0,8s4 -()49~' "0,656 

Not to be used r`ear walls. Very "~enslt~ve to flow 
O~rected f rom I"elow of cb0vc ;  at "!"_20; C*O.T6 and 
I llJ respect ively.  

1 

- ~ -  F IGURE 5 
(O;rnensions in m i l l ime te r s )  

e O" 5" tO" ZO" .30" 60" 
C I IU I,e al |.4~ 1.41 144 0.7~5 

~f the sh'eom flow osci l lates even a small amount,  th is  
pl tol  tube is not rel iable, for the OOSSible error in v is then 

~ =  1,10, that is tO percent ,  

i ~ SECTION o ' b  

" ' ~ t . . . . . . . . . . . . . . . .  ' 

I~ ,~ ~'~ '~- ............ ,o  ......... -.-.'---. 

FIGURE 6 
( D i m e n s i o n s  ~n m~ l l imete rs )  

e o* 5" IO" ~0 e 30" 60" 90* 
C 0.941 (1945  o . ~ r h  0.982 O.gSe 1.04 -0,963 

Dorcy's (3es;gn. U~ol~e {.~ narrow sections as weli as near 
wails. Also well adapted to f low oscillofin q as much as 30; '*hen 
the Probable error in v amounts to ~ ,  o t.O;tS, Or only 25  

percent. A completely symmetrical Pitot tube is of great a d -  
vantage for turbulent f low. 

r'~ ap. . . . . . . . . . . .  i s  . . . . . . . . . .  . SECTION a - b  

III bl L ...... e-!-. -,~ • '~ 

FIGURE 7 
(Dimensions ;n milhmeters) 

e O* S" IO" 20" 
C Gege ~030 I 0 . ~ 3  I 0 ~  

UD tO 20'~ i ts behovior iT, similar to that of Dotcy's det~gn. 

_ .  x o 0  - .~ 3 2 6  
- - -  . i i ~Tmm,,,, 

- -  ' - -  I i ii L i u ~ / ~ . . , ~ : ~ , , : . . L ,  ~ ' ,  ~ L . : ~ ; ; . . :  ~;-:.~%~, .~ ~ ~ .,~ -~. 

• r  I 
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S~CTlOi~ o -  b i 

- o. , .  /,,/" ".11 
41. 

"" ' t  ;~ J [ ~.---'.1~ I .f/-~ _..~ 
F , . . .  - 

: t  . ~ b" ,o. o,.~ o.,% ._.._, 
I~ f'~mall Ol~nlP41) 0,14:, - -  - -  - -  O.SS4 * o . u I  *o,e?e F I G U R E  i I 

(D imens ions  In m i l l lme le rs )  
Oeel~n.oc¢ordll~g to Plrondtl end RosonmUIler.  8ehov lo r  

OS fo r  (IS l O "  os ~rovi~mlly given, • o. ~* . to* I o -  30" 45" 90" 
C I.OI I*lOe 1.091 i,oeo O.eI? 0,7'71 --i~3AS 

Flow osct l lo t ino os much os 20" Is m@osured reliobly. 

I .  

i 4(.. 

:ii!~ . . . .  

• ; / i :  

. , , .  

~,~'. • 

":" ~Mo 

i;!;. 

. F I G U R E , 9  
' (O~Tltefle|oh$ In Lml | t l f l~ I~rS)  

• O' IP I0"  * ~0 ~ , SO ~ 60 ~ TO" t o e  
C I.~ll L I e  I.Jl.I i . le i.o? , ~.14 0.40 O.lO 

OlSb3n b~ GO~I~t,  U 4 O I ~ S  very r~ i iob ly  f low o e c I I I G t ~  

. .or io les o. l le  

F I G U R E  I 0  
(Oimec~iioes in mttlimmelrs) 

• O" tO 'b : ~ ~0"  4 0 "  
- ¢ , ( ~ m ~ '  o l ~ t m i n ~  L 0 4 4  I.O',O • ~ . oJr l? o . m  

~¢,q~omer ~ D . e a t  O . R O  ~ e  o ~ ' o *  o, slls 
. . . . . ~ . ~ t  J e.01~ (FlOra ~ ~qlht) i. J ~  e.t l ' t  Ge4,1 0.040 

~¢I(I~I ,,w,,,--~m ]1, t,Ol'O (FlOw h'lW~ l e f l )  G i l t  0.880 ':'O.SO0.-o,i'lre 
• . ! LoIo (Flow hem f i t ~ )  a s l ~  o.to3 -~s to  -c~yeo  

o l x m m l l  ~ l . o n o  ( F l o w  f~om l o l l )  n . , ~ ,  * . o r l  O J * S  ; O S O  

pIlrolr l rU•(  .. ~aTOT V U I £  

• G '  t O *  ~ 1 0 "  E O *  
G~ 0.~1'3 OJ[SO ! .11: * ~ ! ,e $3 

- CI J.SGi I . I41 0.1141 l~ ,e?  
.. CS- O.gOl  OJJO4t O,~4T G . ~  

¢4 1 . 0 0 4  at l t l 'o  o.O~? O.S.~O 

To l l ,  or  p i l o t  sp lqm l  f o r  f ind ing l i fe d i~ lche~ of  
f l ow ,Czo lad  ~ I~owl fred values (l~¢h orJ:ort i i l tg to  
~ h e r  Ihe  f l o w  i~ ,d~e¢ lod  f rom t im  ~ql,ql o r  l e f f  

F | G U R E  L 12, 
(D imens ions  in m i l l i m e t e r s )  

,C o.e14 o.e4e , o.eee o.szo o, le4  o.loe 

• Improved O=rcy pilot tube. Uloble, in.strongly 
I~cl l lof lng f low (upto~lo') ;  v "~r , ; i /~ t '~ '~* l .OIS.0r  
o pmboble error of t.5 o e r c e n l : T h e  profile O! me 
hp is rounded to o circulor Orc end is, tdnQentiol 

, .at the t ransi t ion 10 the cyl indr ical• tube.The com- 
;p let - ly  symmet r ica l  des ign permi ts  i ts use in 
t u r b u l e n t  f low.  

II ! 

F I G U ~ I £  13 
(O imens ions  in m l l l ime le r s )  

• 0"  5" tG e ZO" 30" . SO t 
C 1.47 1.4S 1.43 1,46 1,37 I,OS 

M e o s u r e s  re l i o l01y  f l ow  osci l lot inQ os much 
OS ~0~. Nol opp i l0b le  t0 h0r row CrOss s~c f ions  
((Ur examp le ,  sme l l  p ipes) .  

X -  
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F I G U R E  , ~ 6  
( O,m~nsi~s *n mdhm9fl~r$ ) 

• 0 ° ~I" I0 ° =0 • ,ll~, • eOo 
0 / 4  0117 0.71 07~, G~H, *o.l~ 

| f  ~d f l d  obou f  O hore;'.ontol o~is  t h i n  f o r  
t 20  ~ /, I0  e .10 o .RO e 

C 0.66 O lO 0 ,7 l  0.92 

1 : ~  by BIo|ius. No~ odcpfed to incl ined f low.  

' : " l i ~ , ,  ,, - I m "  I ' r " ~  

,l L • ~ . J  

FIGURE 17 
(Oimsnllons in millimeters) 

• : oe 2'5° : 5 e I 0 ° :'0 ° 30 o 
• G i . l O  111~1~ O ~  0 7 ~ 0  0 3 1 1 ~  0 SOl 

' l~ tot  tube occordmq to Bsyerhous. Very 
14misfire to i nc l ined  f l o w  ond hence on m d i c o f  
O~fOr f h l  d i r l c l ' l on  of f low,  bu t  l i t  t i e  su, ted fo  
ve loc i t y  m e O s u r l m l n t s .  

:_. fi ..... ! 

E • l ...... ~'" 

~ F I O U R E  IO  
( D*mnnslons in millimeter=) 

• 0 ° 2 S* S e I0 ° ZO* 30 ° 60 o IOo 
G o e l o  0.111 T O, STS 0,184 O0te  G044 °1119 • oLo~e 

This 6~e~gn by B i y e r h o u s  Owes resul ts  s lmdor to the Previous cose, 

I-I 

, " ~ - '  '" I - - ~ 6 "  , , ,  
' . ,  " ' ~_~; . . . .  " : v; 

. . . .  ', - . 1 . ; 4 ~ : ~  ' P , - ~ " ~  

' "'*: ................ .450 .................. 

' F I G U R E  19  
(D imens ions  in m i l i ime te r~  } 

O 0 ° 5 ° iO o iSo ¢ 1.19 1115 160 !:33 ", 

. OesiQn by Blesius(See Zentmlblett 
der  B o u v e r w o l t u n g , 1 9 0 9 , r N G ,  8 4 )  :, 

I 

F I O U R E  16 
(O mer ls ions ;n m,lhmeters.~ 

e 0 °. tic ,0 • ZO ° 4 0  o uO o ~0 a 
~t o 9 o  one7 ot~74 o7:)7 o931 - i  13J 
C 2 0934 09 ,H  ~9~5 oe~o OIT~ - 0.922 -O Ie?  
C3 0 ~ 9  0 94O 0.~4~ 0 928 0 ~ o ~3£ -0 389 

f i:: ' 

:L 
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F i 6 U I I E .  ~ I 
" ( Otmm~ons In mll l l r~ete~ ) 

_ ~  I fa~r v" 2.82 
• o '  8" me' . eo"  4o"  : eo"  . ~  ~to z e e  f t .  

~¢; .' I~IM ~ | J I 3  ' | ,J@ ,~.40 UO I ~ o  J J ~ r  sec,  

• 'P~tmt tu l~  ,me~ b y ~  remorch Ioboro~:y f o r  special I ~ r p o ~  
:.Um~sie in rogklJ y o~tL'~ltmQ time (upto 4¢~. The value of, c varies 
~.wtth the v~lo~fl~ ~hgs: 

v ( / t p e e l ~ . ) : o J ~  • 1~4 '&2O. ,~41~z 6J~ .,oJto IL04 
C I . I I  ' , U I  :~ ~ . | 0  ILL40 ' | .74  [114 : |.BI~ .- 

The ooer/cle~.~r¢." ~ e  msiectlnQ tu~e alone.ore as tallows: 

'.¢ ?0.~ , Oil7 OJ)~ Gllll 0,1)1) 0,tl Sl G99 

81[G~rlON o - b  " ! ~  " ~ " 

F I G U R E  2 E  
( Dimanglons |n.mNimMLq-s ) 

i )  0 ~ 5" I 0  w ~q~ ' 8 0  e " CO' ~ ~ f o r  V*1 ,64  
r t o A S s f t .  G ~Ogl . &OI)4 ~.114 ,lUU4 :3.*eS OJe2 -o.eisJ p*r sac. 

C~m~k~o~s (I,le ~so fIQure E I) I)ec~se of ItS high values at* ¢, 
.Usably f~"  s t a y  oscil lating 1low (up to $o" ). The values o*, .c 

~, ( fo r  0") vary v**th v as fo l l ows :  

.'V ftpm'lMe~, 0.89 I,II4 ~kl~ll **4~t .eJH; : U 0  S~4 
C ~.O0 L~O 3.81t - & 4 8  ~ l . M  ~l, liB 3 .72  

The ~ w f / ~ . m ~  ~ ~he p r o j e c l ~  t u ~ s  a ~  ~ as fo l lows:  

I r a  ~re~all vorm ~ n t  I n ~ M s h o ~  0~0 gx~NiMrle intreducedlnto 
• the e~rc~ce of thec~strlc?ecl t u l ~  ' ~  c o ~ l ¢ ~ m l  foe ~he whoae 
~ t~1~ tkre OS fGllows. 

V (ft.persecJ 0~S0 ;A4 ;LIIO 4Je ILN 
C IJ  - LO . r.o P.O Z~ 

g *' 


