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-th investigation has been iinde CoriCern.Lng t h e  di sturbances f r om  a

surface cylinder aligned with the flow in turbulent boundary

layers . The object is to study t h e  f l o w  around Pres on I ,  i t ~

Mean velocities and rms—values of the fluc tuations were obtained

in the centre plane of the cylinder when inviersed in turbulent

pipe flow . A rough estimate of t h e  drag ~hie to the surface cylin-

der was also obtained in  L ids  ~~~~~~~~~~~~ 
The pressure d i s t r ibu t ion  iie;ir

the cylinder was mea sured in a f lat  p l a t e  bou ndary layer , and flow

vi suali zations were nnde wi th  the oi  I f low t eclu i ique .  In  addi t ion ,

sm oke pictures were obtained of’ t h e  f l o w  t’or t h e  cases when t h e

boundary layer thi ckness on the plate Was nv(~l i g 1 b 1 m  compared to

the t ithe diameter .

l im e present  results are of interest  in connec t t or i  WI Li i  t h e  u s e  of

Preston tubes , in particular w i t h  regard to  t tie ineasiireiw’rit oh ’

s t a t  ic  pressure .
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DES PERTURBATIONS DES COURANTS A CAUSE
DES PRESTON TUBES

DANS DES COUCHES LIMITES TURBULENTES
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R~~SUM 1’

On a I’ai t liliO ania l yso (‘Xj)erimefl ta I t ’  concernan t des pt ’r tur lua t ions
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FLOW DISTURBANCES ASSOCIATED WITH PRESTON TUBES
IN T U R B U L E N T  BOUNDARY LAYERS

by

.1 ri/cl Bt ’r t e/ r ud

I .  I N i R t ) l  ) 1.’ ( ‘I ’R)N

Ii i ’ I l  i’’’s t n t  l l ’ I n l i ’ I  ~~ ~~~~ 
(I I  a pr~ .p’e I oil flIe~t 5 i l i ’ cIlli ’ 11t ot ’ hO C~1 I

sk i i i  Ui’ I c  I I oil , c u i r ’ r i u m i t  i~ i~~ p~~~t r ~~~s it I l”FA . 1 ii 0 f ’ Oc(’  i l l  f ’ i ‘ f i u f ’ I

ni t cal ihr’; i t. i oit of Pres t on tjuui )es w i t h  c i i  sc iuss i omis i l l  nccu r ’ac\’ a rid

ii I t  onia I I vi ’ ca I I bra LI on ~~un’anK’t (•m ’s r i ~, ~ m~~iijIi)tu l ’ of’ (Juos I io ns t i l l —

cerlli itg t i me  (‘ l ow around I I  me oI i st  at ’  ‘‘s aro se • I n  a Pr ’s Ion t . t i l  ~~ ‘

cii I i hr’i m t i nit t i m e  pr ’essii re m ’ i ‘adinig I s taken w i t hou I. mcdi Lion t ion;

al  h dis Lii ci I~ mi t t ’  i ’ s t.o t i m e  Li ow c ri’a h e  ‘d by t lie pr’obe i t i t ’  (‘Ofl Iit int’d iii

t ime cal  i bt ’a I ion . ‘I’ite r ’eport. m ’i f ’ i ’r ’  red t o  abov ’ i l i d i  c~~i l o s , however ,

thu i t :  t i m e  resui I t  s oh Lii m e d  are si’ixs i I i v i ’  ( I )  how the static pressure is

measured , an(I Liii s raises f l i t ’  (
~IIe S I I (ii) I i i  - where f t  i(’ static ito ! es

should he located n’ela L i v e  t o  t I m e  (iii to • Ait t i I t ier  s i ih jec  I ot’ m l  i’ r’i ’s  I

i s  I l i t ’  l inr i I ing d i ame te r  of’ ( l i i ’ P res ton  h u i t ~~’ . I I is o f ten  a r gii i ’mI

t h mat  time reatli ng is val Id o m i l  v is I omig as LI mc ’ tube does not, pro —

trude beyond the logarithmic re~’io n.

Severa l i nvest i ga tions have heeii lliLtde o t ’ h I  u ’ so caLled “displace-

me nt 1  e f f ec t  o t ’  ~~ t o t t i i iu , ’~ I n  s i t com’ l’ I t >ws “
~‘— ‘t ], w i t _ j olt  mn cnj f i ’s  t s

i t  s(’ If’ as an ott tward shi f t  oC t he  tflt’;iii st  re1unhli nes near l i i i ’  ti l L )l ’

niot i t i m .  Ti n.’ e E’ I’ect of’ m l  ( u t  goonhi ’ I cv on yaw cl i ; i r ’o ’ I e f ’i  st  ics hove

a 1St) been s t id ied [r ’, j~ 5011K’ i ndi Ca I i  o h S  ol’ t iii’ i ’ l ’I ’ c’t ts on v.’ t’a I I

bou ntia r l;i ( ’ m ’  pa rameters  have in ’e i i  g i ve l i , lii i I I n  l i i i ’  au t h o r ’s

knowledg e rio mnontsuremn ent . s oh’ t ime ’ at’ t i n  I f low J M ’ I ’ I  u i i ’k i t i on s  a rotn i t i

sl rr t ’~t r i ’  p i t  o i l  L imb o s  iinvi ’  iuin ’ i i mnmule .

i i i  f l u ’  p i ’eci ’i I i i i g  h e ~~~t~~ [I ~ ino~ I of h - l i t ’  P i ’ t ’s l o i t  t , i i t t ’ ~~ I u : I t I  t h i i ’  sh10 I ) ( ’

oh ’ ci  ~‘, l u  t (‘ i ccii m r  c v i  i rmder s • Time I n c a  I 11 ow Iten r’ tim e rikil I I i i  i 5 ItO I

i r . i ch i  i h i v e  h t m l  l v  t i  ii’ interna l 1’ low ant I  su ch a h i  11)0 ~ O h i 1)0 I l ’ e ’ i i  I eel

as a c loseul ho, iv in  order t o  r epro(Il lce t h ut ’  f l o w  I ’  ii’ 1 ( 1  • ‘I’Iie ~~~~~~~
1 ru v es I I go I i on w I I I a I I ciup I I t) eli’ to m u  ito ti m e I ’] ow Ui i ’  hi a t ’ou m d  sue t  i

art equ ivo len I c I ost ’o I body i itiiii ’ rseti l i t  a l u rhu m I i i i  I hoi t i t dau’ v  I. l v i’  I ’ .

I I I ‘i i i i  I i i  I i ’ i ’ t ’~~ I I i i  kimuw (Iii ’ 1’ 1 (1w il j s l u t !  t~ lIl ( ’ ( ‘5 11 (1111 Iii I t ’ l’luIs (II ’

h u t’ fllOiil t arul I’ It ic I tin I I rig va Ii i s , us hot hi do I i ’ l ’ i n i  iii’ liii’ 1 .1 ow coitel i —

loris i ~i a I i i  rI n i I e~iI hot, iuikm I V  1 ; i  vi’r’ ;l j ui I I ut’itri ‘ h l i i ’  I i ’ s l u a u  Ii i i ’ ’

ti l l
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()in.’ trio y i ss i tllio ’ lii ;, I t iii ’ o i l  s l i t  i l u . t i i o t ’ -, t o t  i l K ’ l l i  Ohi o ! h u t ’  l i i , ,  u Iii: ’ i—i l h ’ o’ ,iii i—

w is .’ vi, l o u ’  I u I i’s , I u,it i ii~ or ’ t I ;u  ‘~‘e :-~ I ii I Ito ye r ’ t H a I o t t  i : ‘ j u l  alit’

of Lh t ou ( ‘ v i  I r id e ’ r • Eo r l i i i  5 i’l ‘ I Still awl i i i  Il i’ 0 let  II keo p I i i ’  t ’ I  l e u l ’

W I t h ij i t  i’e t sot~ i t i  I t ’  I i  in] I s a I I v’ l u t e  I t V j~~’ol ’ i I t ’  i u i i ’ ; i s  I i ’eihii ’ii IS W i t ’’

it • t’tt)ml ulo (I iii m l i i  s ci ‘iii I - t I l l ; l i i i ’ .

A s I tig I i ’ h u n  I w I i t  pi ’o ) I 5’ was i L-~t ‘ i t  • \i ‘ l i t ’  r L ime t. flirts ye rsi’ h i I i  ‘‘~ I 1 0 1 1 1 —

I vi’ l i v  I u y u ’  I i  I I ,’ s n Ii - t i n  I ’ l u  iw i i i  u t  ‘e,~ I b i t  i n  L i l t ’  m e t  o , e l r  i i i  ‘ i l l

ph  aii i ‘ co in  I ‘ I  l i i i  t i  hi ’  i i i ,  t i ’  mini I i i  ud im(’ar I i  i( ‘ ; v I u t i l e  i • 
• P i t  • ilK -‘151 1 ci un ‘ii I s

sir o i ui lii I i o ’ V t ’ i  II U ‘‘55 ~~. Vi • a plc tu,ro’ of ’ l i i i ’  I ’ I ow l I t  ‘ Id m e  I t  I j \ ‘ • It )

i t i m o l  I s l i m  t ’ht , ’d L , o u i i u e l a  m’ I •mvo’r ’ t’ Low .

2. l x i i i  R I \ h I ~N TA1. AP I~AR ATUS AN I )  I)ATA REDUCTION

2. 1 Tc~ p ipe

‘ lii i ’ iuxperimnentai rig (sco Figure I )  is described in more detail

in I , where it is shown tha t L im e flow can h o ’ considered (~ii] ly

u l e viSiopoel turbulent a t  the measurement station used in the presen I

expori ine r t ts

shou Id ho ’ no t  eel Limit I for I lie experiments at low i~eynolds nitin—

‘u ’rs , i i i  t h e  laminar flow regime , the flow can~not he treated as a

(‘u t l I  I y developed l ami na r pi pe flow ~(> ] .

lie’ test p i pe has a total  l ength  of O~~’3~ metres, and l a s  been

assembled t’rotn lengths of’ l os t  I c  ma t o ’ I  j ; m  I ( pvc ) tubing , w i t h  inn

t i e ’  r ’ o i l t on i ’  I c c  of 105 nm . !‘Iitum ’t ’ I s on I v Om it’ j o i n t , so as t o in] i i i  —

u u i l z e  Its ’ yarialion in flow qiu ti I v .  A (‘Low st,rui i~ ’, iit: i ’uit ’m ’ aitel ii sci’vt ’ui

I ma vt  ‘ he i ’i i  1)5 j I: i on e t l  h o ’ l ’wo’ o ’mi th e’ i t m i  t- t a u t  t i  ii’ t i l l s  tri_’m imi u c i i i  oh ’ t . i i o ’

P iP e ’ . ‘I ’ii o ’ flow th.rougii t u e  p i p e  is esttilnl isiicd liv coiuit’ ct I i i g  I lie’

o lowiis I ream cuo l of ’  the p -i ~~~~ 
t i i  l i m o ’  VitO , 11 1 01 ~ys t e ’iii of ’  FI”A S 5113)0 ’ r—

SOn I C  w i n d  hzn.ne .ls. \ - t ’ l e t e i  I v  con t rol i s  e ’ I ’ I e ’ e ’  I ee l by hil(’Ofl.5 (it a

vii I vu ’  w b m i  c i t  cut_n I t o ’  k ep t ii t tin po si t .  ion  110’ I wet’n ci u i-ou t and t’tul I v

o)pi’Il
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2 2 Inqru,, i t ’ ,it~ t,o,,

I l t o ’  IIK )ilSll r o ’ i l l o o i  I i’i g m l i i  t,i’s I t~ox i I i g u r ’ m i 11 ( 111  t I m t  • st i o w i m  si i i .  ‘ h u i l  I i cIt  I I v

i i i  I” iglrmo )s I moul 2. Figures  ‘3 and !i sitow piio I~og r ’;ip ims t , I  l i i i ’  j hi S I h i — -

th en Itt I i o n  ilSeti. ‘li me s l i t _ I ,  i o ~ i~~’~~~~u i i ’  wa S  i h i l e i t S I l  r i  ‘i i  n I S Itt t i otis 1 I i i

I ~l , ;ts I t r o~~o’ values were nl t )e ( l t , ( l  (‘or h i n ’  do It t r o ’ohm c I I i ) h i. t in ’ SI t i  i i i ’

pressu re a I S It , Lion 1 hehj_nd t ime screen WaS tlSi ’’I no l ’ i ’ I o ’ t ’ i ’ riCe

pressu ~ ’e t o  i mprt)ve ti n ’ mm h I-a i rio1 ) I i ’  accuracy. I) ’’ I t I l  I ‘4 t) I ’ iii mnome t o ’  1’

cor 1 ‘i ‘c I, l t iii~ etc • are I’ouritl I n [1 ].

AL S la  L i  ( i rt 12 mi t o  La ! 1 ’ ~’— ~- om n o  probe , t t t ) f l o )  ted it iki ’ II , 0 0115 i .~~ I I itg

oh ’ 1’) t_ i ihes was itseti ~_ l ~. For t ime i t r ’ t ’~ t~~h u h  l ’ x J ) o r i l u I l ’ i u t s  iiii i ii 1 _~ t i l t ’

co’ m u t i e ’  1 in t o tube was m tso’d in  t h e  (10 La rOthlC I 1 0 ) 1 1  w i i .i It ~ t ue  0) liii ’ l’ i-,

wor e used to verif y t’Iow syllilne try e Ic • ‘I’ii e l ioi I w I ro’ rwemusui r ’ o!n~ ’n h s

wer e ’  perfonned nea r S Lation C)  W i  t i m  m i  1)1 SA Typo ’ i-~~ 1 1 1 ) 1  wI i t ’  i I J t t ’ I IK ) —

Inc Ler , t’i f Led wi Li t a single w ii ’ .’. i i  u ’ anemwnne t o ’  n ’ was tempera t i m  r’ o ’

compensa t j ug anti was t ised w i t im a 1 inca ri ze r’ • ‘I’iu~ signal was

recorded on ~~tpe r’ I m’ mic t ’, hu t  con I d also he moni b red d i  rt ’ct ly ofl

a vol Lmw~t o’r ’ .

Time z’ms va lue  of’ t lie f lue timating signa l wits recorded by a Itrile I &

K j iur Levo’1 R ecor t ler Type 23Ot • The signa l was monitored and

recorded by means of an osc i 1 loscope to set ’ i f ’  i f  Challge(! in

cha racter WI tin Heynoid~ number 01’ Wi t im proxilmil t y t o  the surface

cyl int ler  or f- li t ’ pipe wa l l

Pal ibm li on of the hot wir e was perf ’ormed by measur ing  the centre—

lIfle veloc i ty In the empty tes t section wi lim Rake B t t t  Station 12 ,

( t i e t e s t  section being empty. The hot wire was tra versed h o  time

pi pe centre ; t t  S t a t i on  i t  and tI -me readin g tak en. From ear l  i ’ r  ]
t e s t s  t I  ] t im e mean velocities at these two points have heeim found

to agree w i t i t  each other within ttme exper imental ace . ‘a cv of ’

(iii’ total pressure t u t u ’  rakes.

l’ i i o ’  s i irt ’ace cy l inder  was mounted a I tu e ho t. t oni oh ’ tine p1 po murt tl t h e

h o t  w i  m ’o ’ probe Wd5 i r u s o ’ r ’ t  o ’ o I  t i ur o t i g l n  m m  hole  in  t i n ’  I ~~p ot’ ihi t ’ pi p0’ .

The tIn I w i r’o ’ was t.r’mtvo’rsed i’ roni flu ’ m i~ pi’r’ wt i  I I tit ,w i i to I III’ 1 owei’

wa I I i i i ’  I ho’ 511 r ’ I ’m i ce’ i ’~ ’ I i 15101’

- - — —  - 
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+ I
V = 1 0 0 :

t u ~~ = .-l( R )  I im y ~ + I b (  t~~ )

S h i r e ’  - l (  U )= ~ 
— ~~ 

I s- b 
~ 

1I (u )= I0.~~
’! — 0.~~ 1’-i J o  U

Fl ue’ wmt ko ’ r ’ t ’ 1 ’ I ou u i s  ° ‘  \jor ’u’ ssu’(l i f l  t i c m , ’ o o r o i t i u i e o ~ W i  I h i  Co I t  (it ’tiI l I t  I t t 1, 00 1 1

s o m  I l o:i I i is st r’ ’ng t .im (i’ , i V O ’I i Io\’ fl) t m-c given as mu I’h Iii(’ 0 10 ) 11 of’ 1 1 .

I SI l I r ,  1 1 0 0 1  I m i l  S I m u t  10)11 12 w h ir_ I t  s- s  a sslimosol lii  i i . ’  u r’ma l’I ’ec te ’ ol  by

h o t  Iii’ ‘ s t ’ u u o m o ’  oh’ I t o o ’ j m r ’obo t , one obtai 115

~~~ - \ ( H ) ~ I u i y ~ + 2fl ( i i ) sin
2
(~~~y/D) +

U / o t  — t t ( i~ ) ii
where fl ( i i ) = [0 ~ 

-~( i )~~~ 
+ 

— th(
~)1

I f fl is estimated using n( H )  one ob ta ins  a ra thoe i ’ significan t H

variation, as contpared to t ime v a l u e  of’ ab o I t h  O. ’3 2 obtained practi-

cally independent of Reynolds numbe r by cmi l c o i l uu t i n g  is i th Coles ’

values A 2• Li~’J() and B = 5.0. (Citangiomp t i u ( ’  vullue ’ o f  II to ~i.2,

as suggested by Itrederode and Itradsitaw ~) j, r e su l t s  in a reduct ion

e)~TT by ~~~~~~

Rather few of time present measurentents are taken within I Ito ’ viscous

suiblayer or buffer zone and the main requiremen t is therefore tha t

the s- t o ’  le ’c’Iec ! expresston si-mali match in u’
~
’ and (11.1+/dy at y

+
= !~~~) •

( Devia t loin s from the l ogari tinmi c law oE ’t  elI mine Cons ider’e d l e o  he

Si  gni f’i cs-mt somewhere be low y
+
= ‘30 to 50 . ) A utmodi Ci c mi  l i o n  o1~

Umeum i o’ ’s 10 ~ i ’ X ~~0 I ’ ( ’ 5S i 0) 11  15 chosen:

im ° = o ’ ( u ) t an l t ( y”/ D) ; (
~ ( H ) =  17 . 1’, — 0. 11 I n  H ; 0= 17

( Umu umn i i  0 lSi ’ (I (~ I) = 1 1 . ‘i~, n~t t cli i rig mi Ii 1( ’ , t I I  - I 1 1 1 1 1 1  i t ’  I ; ils si flu 0 0 1 11 —

so I ,, l i l t  A , t o l o l  I I  m i  I ml  t o  ow l  ‘ I ’  Vu I i  I i ’  . )

_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _  _ _
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‘ h o t’ i ‘ l ’ t ’ o s - o :  I u I ’  I lii ’ ill t ’ l t ‘ r ’o ’ u u  I t h ttm 1 ° - i ‘ i-i o i l ’  1s t - t O 1 0 0 10 cl  V t ’  l o o t  - I 0 I )l ’t) I ’ I l o -

1101  ‘~ l o t ’  0 ’  \ i  ‘111 1 0 1 i i ’  I t  ‘ i i  l i v  1’ I ‘ ‘ I  0 1 0 -  Ii , show i oip thi t ’  si t o un I i oil l ’ t t I - R o ’ =  ~o o  0 I i ) .

I t i t u n u - ’~h i  I i t o ’  m i - i t o ’  n u e t n l  mu I h ow v be I S t ’ o ’ i i  I i u i ’  A ( l i  ) , ii( U ) —  I l u l l ’  t I m I d

I its i u , ’ bo I s - i I r i ( o ( I  i)\’ l ’OWt i Set fl ( I S ~ I 1 
‘

~ ooq tu m o L i  o mo siioi u 1 1  oo ~ i ’ o ) h i s - - ,  I de ’i’u ’ t l II

O t t o  m i i i ’  i (h ou r_ i ’ I t 1 1 h o s t  r’s-i I C’s I l i m i t  t u S S I l 0 0 0 i  to g A tu~~l I t  C O l t O t t i h O l  I o u ’ f l o e ’

t ’
~~ ’° o~~ p i’ri ~~~~~ ~. w~ u i i  ci toot lit’ ,joist, i f ’i itch.

‘I ’ l i o ’  vc ’ilewm L I  I i ’ s  em o uim ~o Im t o ’ d  f’romn tit e eqm l mu li o toS 1 iuv cm i ving io r’ t ssl o rI’ pi’t i—

o i l  t I l t  o ! i ’ 1 u i ’ r m u i i ’ n c m o ’  are eoi ts ioio’ r ’e ’ci I t o o ’  nom inal 1110 5110 vc I oc i 1 l o s  I , s -t o o l

l o u t ’  O I l i ’ t 1 5 0 1 1 ’ i ’ h o l e t i i t , S in t ime  c ij , s h l r b e t d  l ’ I e u ~ 1 1 0 0 1 ( 1  h. ho ’ hiKomlS t l ro ’o h quaint i—

I e ’s t o r ’ o ’ e l i  vi ded by t i-mi t orop e ’r ’ I u s m m o  I I

y FX P E R I \ I F N ’ 1 ’S

o / Lxper zonumnts  ms- - o t h en ipt ’y test sect ion

I t o ’ t o i ’o ’ mol t s - ’  IOK ’ t tO - t t 011 ‘ttlo’1i t O W ( ’l ’ ( ’  flflde near t ime (my] inders , mm so’ r’l i ’s o il ’

r l m r u s  W t ’ t ’ t -  I ) 5 ( ’oj  t o  ‘s I , a i u i i sh  a ‘° re f’erence ” f l o w  s--c l I’ u m i  I I 0) f l  over I i i i ’

o ’ut t I i - i ’  Ue’s--ni; his nIlniI)c’r range to he i nvoos L i  ps- u ted l t u t  e r .  s-- omt ot ‘ 0 ‘ ‘ i t r o i

r n uu s  o f ’  l i i i  s k 101(1 so’ is’ also nude near t h e  end of’ t h e  t i’t-c t s • ‘D i i ’

i’ t ‘ s i o  I I s a I i ’  stuo ruwlx’ i ze ’d i n  F igure 7. Tliesc’ I ~4 nmns  a,’’o ’ s o o b ,je’c I

I n  mt  t t l o )  1- 0 ’  ‘ 0 1 0 0 ( 0 h i  - I t ’  d i  sn iiss ion  in L7 ], wlmere the pro I’ I h I s  a re

O lii i 1 t I e  ‘01

I- i gi l i i ’  sI 00 015 5 I hmu t l i i i ’  nueastire ’d urleao-t veloci t y  prof i le’s in gen e ‘i’m i I

m o f ’, ri ’o’ wi I l l  l ime’ ~lssi1nIed Oflo’ • I , -’’t t s  0 squares curvefi t,s 1cm  (‘h ell ~~~~
I i I i ’  I o ’  l o t  s I u j o i - s  ie w ’r’ I hari p t ’es tlrlhoo t l , mit abou t A= 2. ’!. ]‘Iii s is

hi ’  I i l v i  ‘ i t  h o  he ml t ’ o’m-s m I t  0 )  C t i m e  hili cer ’ I m u  in hot - w I  ci’ ro’spons ’ I l l  I Im o

1 u  r’ 0 t \ l iii j t v  o i l ’  lI m o ’ ‘o~ t I 1

1 ) 1 0 0 ’  o f ’  h i i i ’  f l u  r’l i l l  I i  ‘ i O ( ’  t ‘ ~
)
~~0 1’ I I i’ .-~ oluensI tr ee! iu e ’oo ’  t u t u I e ’o ’ i  I 1 1 1 0 1 1  I t ’d I i i

I- I ~~i 1 0, 0 ’  -
~~ I ’e t i ’  coiump mm c i s-con w i t  it  I iii  I t ’ el ’  1 5 T I 2 i’o’si m I I • I~ I i ’  umg u ’e’t

uflc’u i I I o i’t’a so m i u u h  I v  pot te l For s- ,-~U 
- I) .’! I • o’ . m~ It s - t i  tIe 1 1 0 0 ’  1 opt u u ’ i I l u —

1 1 1 1 1 ’ I i ” ’ , oat • 0 ’ I i  t 5 t ’ I ’  to I I t o ’  wt  I 1 1 100 I i l l  5 oil - I . 1 1 0 1  t ‘ h ’ ~~5 I I’t i t j h o’ 0 1 1 0 1 0  c ’ I I i  -
‘ I  ill I t ’  I i  lu  I ui ’ i ’ I l l  r ’l I t  I o ’ u m c ’ ’ l u l l  l u ~— I I ~~

- os l o  I lit’ h i t  ‘ s t ’Il I • U t  ‘ i t  ‘ I I I  I t  ‘ s--s- u I I s

l i v  I ’ t ’  i S V  1 1 0 1 0 1  ~o ’  I I I ‘I on ’ , u I si t ~ I o o it s II . h o ’ s -  1~~th j o ’ 0 I i ’  I 1 1 1 1  I I l l  s - I
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I - i ‘ ‘ , ju l 0 1 -‘ 100 , y It < 0. I I it i ’ m u  ‘ m o 0 O ~ s’ I ~~t ’  I o o u ’ l m o u I i l  u o ’o ’ j i l l  I l O : ~ I I ~ I s

(s-OTI S Itiji I • ,0 0  h o o t u ’  1 1 0 0 1 1  l o t  t t ue , m m s l j r ’ i ‘ I i u i ’ t O  I 5 I I ’ O ) l l t  t . l o i  ‘ t m ~ ‘ s-—,i ‘ I i i  5 0 ’  0 I q i  ‘ o  I ,—~t u

1 tidi t s -u  t o ’  t hun I limo ’ r’ oog 1 0 ) 1 1  o i l ’  do ‘ v i t o  I I on t’rooou m m ihut ‘mt i’ t o  la I ioit s i u i ~ t

I m—m — - t i oo i I t o ’ i ’  i hit to i 1 1 0 1 ’ 1 ot~m u m l  I o t t o  I C o ’ o ‘
~
‘ -

‘ 
I ou u  , s - o u c h l’o I ’  0 t o o  - h i l l I ‘ t o e  t t— ~t ‘s -— i t  0 ’ I _ t o o ’

o l ’ o ’ s o O O l  O ’ t ’ h O , ) u ’ t ,  i t  s i l l  . ‘ i c t ’ s - —  to IOimmki ’ to I I h o t ’ m o i ’  Cli o’ ’ s ’o - I  I I h o u l S e t h  C I I I  l o t t i I u t 1 - _

to  I. 0.2 < v/Ft < ~~~~~~~ mu ud c s t l; m ’ ml I oem is - i I o c t  miCros -c I l~~ o o ’ r o l  j o t ’  , o i l to ’ .—, u ’ o ’ t  i t , , o :

/ ‘ 2
~~ii = X ( i — y / h t ) +  -~

Least squ os re st fi  ts of ’ the  preif’i I I t s  sh ow 0 k m  0 loo t - h o  X wnl  w h im , vi ’

t o it ‘Vt ) i) ld S numbe r’ d l t ’ b i o ’ I m ( h o u I e m t o  . l ou’ s im p Li ci tv  l i i i ’ vaItmo’s are cite se’ uo

~s-otms t m i o i l  For t i m e ’  u o i e ’ m m s i i m ’ i ’ o u i o ’ u i l s o  near t i le  cylinder (Re -~~ 1 • 1 1’
~ • J O  ‘)~ ‘7

X = 1 . 0

= 0.05

12 Experiments -zs- ’,tb surface cy linders

lie cyl inders Were positioned i n  vari ous locations wi th t it e  hot

w i r’e t ot [‘1 xed s tr cman ~~~i so position to give a large number of’ r ’ m u o h —

i l tps--o a t  t h e  sta Li o n s  considered to he of ’  ur~i i tu  i n t e r e s t, nanme ly ft c’ s - or

the l e a d in g  and t r ai l i n g  e t c h p o ’ s  ( see Figure 2) . T h e  hot wire  wits

raversed t ic  r’oss the e ’nl  1 no ’ dioo u mu e l e r  0)1’ t Im e t e ’s  t h i  b e t  to obtaim t

iu il’orrnation on possible asynnnetries arising . For tlte runs and

l o r i o l o c ’  p051 t i o n s  considered t o )  h s t t  of’ niom l o t  i n ter e st  t h e ’  traces on

l i e ’  O ) 5 ( t  0 1 LOS’’0J)e were r ecorded.

I t i i i l  e ’ give s I hoe overall da Ito of tite nu ts wi Ui stirf’ncos- cv I i  moder’s

b oo s i t loumed an(1 tile rotcorded ti iemu u veloc i ty auucl Ii ,‘I oo t Le’m i c t ‘ 1 hl teli Si I y

~ ro f t  LeS

A m-i L i m o ’  m t  orlm t 1- I en) cam 110W the cv I I o o o i o ’ u ’  d i  sl uoi’I o s I hut’ I’ I os i t-c I t , ~~i ii

On ho I w I r eo i l I o ’ s - u s i t r o ’u l l ( ’ l m  I s  w i  I l u  l i m o ’  ; m s s i u m u i j m t .  1 0) 11 I l u m m  I t I m o ’  f ’i  it s- I s

b )( t  rT 50ti ( i  I ( s - I l  I s - u r t o )  t b o o ’  h o t  w i  re , a few I i ’ s  I s s--i’ m’ i’ 1101 0 ho’ l o t  o s--s-i t - l o s  I I I

mqi’ le 1 1 0 0 ’  1’ (It’ rIco h  t i l l  S ms’O S  j im ( leo ’ol j l u m - c  I I ii coi l • 1 1 1 0 ’  b o o  ‘ 0  s i t o  - O~~s - i  s-—i I~ 
I o o’ t ‘ o h

i i i  t i l e !  1~’ 1)0 ’ o ’ e ’ l u  I r ’o ’ I l i t ’  s - i n t l  i’o) I s - i t  ( ‘II  I I 1 I 1 1 1 0 ’  r o ’mt t i l 0 I ~ ’ O sas - - ’ 1 1 1 1 0 1 1 1 1 1 1 1 1 1 .

\ lu o I W I  ro’ h)t”t)i)t’ ~)s-t h a  I I i ’  1. I t t  I I o i ’  I’ I i  os hum u s-—i t u  l ot’ , I I I i  i s-—s - s - -  o i l ’  1 1 1 0 0 ) 0 0 1  
—

o
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~~~~~~~ -
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o i l ’  I i  mt t I is h o o t  I 1 1 0 ’  i~ I 1’ o’  ~~~~ I u _ u - h I t ’  1 1 0 1 0 0  i i  I i i  I t o  I l i i ’  I - I i  I o n I 0~ is Ii i  cli

0 ’ \ 1 0 1 , 1 1 h 1 5  h oo t I , o t h o ’ l ’  h u I ~ ’ I i u o ’ t m o I i u o s - ’ ‘ O h t t t i l u t ’ 0 l .  ‘lu.’ bo i l i s I i ’ i ’ Os l O  I I i ’ s —

i l ’ s - — a o l  t I t ’ i ’ e t t - s - t — s- l i i i ’  p i I ~~’ —, o ’ t ’ I  t o o  m u m ~l s - — o i i ’,l u i  1 1 1 , 1 1 0 1  o I o ’ I o m m m ’ l u u o  ‘s f ’ o o m u i o  h I O o ’

o -
‘ -to I u - , - I I uot - ‘s’s l o o t ’  ~ is o i i  l o l  I 1 0 1 1 1  0 s - m  u 0 0 - — s  I i - I l O u  u m II l o u  - I l o o t  0 0 0 5  I i i  -: or j t  ‘~ I l l

I h u t ’  f l i t s  11 om ‘e ‘e ‘ i t ’ —  I s--n s t - u  o - 110 i o u ’  ~i I th u 1 °~ b ~‘ !~~o ‘~r u u t m I oh s - -. i u i  i t ioh  I ’ m  i i :  -

I ’oo m ’ 11K b—i I e m l ’  I hut’ hhIO’ tt s - —0 i l o t  ‘1101 011 s — O t t o . ’  w i  t .l 00)0 0 I s - i i’m - ’ I I uuo h ‘ I’’ 111 0 11011 o ’ol , c u lt

m i i o e m e ( t  c m l ’  f l o e  c m - h  i ru d e’ ,’ m u nch ont o ’ in I I i i ’  is’s-I I~ t - 0 ) 1 I I • T l u e ’ ~~t ’  I u t o l I o ’ s - o  I o ’ o i

tl m m t I emru et looly I i’i ’ m u  I l i i i ’  p Line ’  oh ’ fllO ’iIS t l r’o’ tmoem t I m i s  m u  I I) it - syilImuoo I o’ m- ’ I I  t o l O ’

t o  ii ’ I lot ’ I’ l o  lOs

‘s I o t s l 0 ) 1’  l i i i ’  o ’ s - ’ s , I i e ’ i ’ I  lllO’lI Is os-t)I ic s-o’n’mi (’oI I lo ts - I’ld)W ~trotun eh I hot ’ I t )  111111 cy l I l l —

d i r ’ s i o u  f ’I s  I Iv i i t ’ ’ s i ’  I ope’oi l,m l rhhu I coo l f’l ow , iou’ w i mi ‘Io I lit ’ l i i  I t O ’  jto ’vIle ) loI s

t t l l l l l i o e ’ m ’  °os t l s - ’ - 0  Is’ lot t I }qul’ o)Xi 10 01 I i ’  I s - ’  c s - ohms I m ui ti wi I ho s - I 1 0 1 1 0 0 ’  0t ~~h 1 I rot I i n).’ tIIo’s -t iu

‘s’i ’  1 or I I v ot’  m u l u ol u I 20 0 1 0, 5 • A t’s- mmli s - u  i d  I I t o’s - - - i  I 1 1 1 0 0 1  1 rig I I  i i ’  It eyu to  his

ill o l h l b 0 0 0 0 ’  o ’ h ’ t ’ o ’ c ’ I s  m m f ’ ’w i ’ iou m s - - i  s-e r mm dc ’ to I I m l i ) O ) l t 1 10 m u V s t imid  t o  f ’o’w m i t

I t I I t ci u I ctw t’ i’ vol l ) ( s -  i t  ii’s ts I t i m itilol l oar f’iow . ‘l’bmt ’  t ’ I ’ I ’ o ’ o’, t o i l ’  c s -s - i irmdel’

o h  I t  1 1 0 0 0 ’ i o u ’  O s ,  is I tm vt ‘s--c t I (~s-~ I o ’ cj  1 i s - -’ nu u tmons of’ 10 s-u~c 1 S hfllfl 1 , 0 1100 ‘ s-—n w i  t hu  (lilt ’

t ool ‘ t e s i m m ’ o- I l t t ouu  I I t o I l i i ’  w m m k o ’  of’ e s - t o mb .

0 0  l° o - c ’ s o l o  c o c //s  f r i  bu t t ion OtO m O S S  l o O t e r

I I l u o t o p h u  I boo ’ I to l W i  ci’ t lIe ’ m , t s l o r ’ t o m i u e l m t  s e s l t u i o l I  s- - chie ’d f l u e  Io }ls t I’ettlll j Il t ’ III —

one s -i’ tO ’ m l s - -,ilm’f t ie s - I  - i - v  I I rider s - u n c i  f l u e ’  1’] ciw’ V i sum a l i z m i I 0 0 ) 1 0  I los  h ’m l I o ’ c l

I l o i s  t ’ I ’ l ’ t ’ o ’ I e~ t u  i It’ i s- I o ’to r l y ,  i 1 was cons 1dm ’ red c l i ’ s  I r ’ m o h  o l e ’  oo iso I n hIIo ’ tl s~~

to rt’ I l o t ’  I I pS I h ’ t ’t l l l I  i i t t ’ i t m e i t c e  out I I i i ’  s-s I s - i l  Ic 1~r~ s--s~o~0’ 
l’i o ’l iI . ‘I’luo’u’ o’f’t ml’ t ’

I! ‘—0 i n o j m l i ’  I ‘‘ci iI ‘r I m n o tui I WIt S di’s I gust’ tl

-\ I ’  I s - u I i ’  t o o l  t ’  ost i I ho II s l o t u i ’ p  I e ’ s - u t l I  it~ ’, o ’ e 1 ~ ’, c ’  ~~t o s  11 0 051111 c ’c l iou I l I t ’  1’ h - -\ 0.
0 0 ~

I 0 111 ’ I i t ’  I ~ t I L i i i  imp Ae l ’o)ei yul iI IlI Ii’s (II \ ) — ‘1 )11111 0’ I . Al oe t i o l  I 1110 ’ I I t ’  t ’i ’i mI ll Il u t ’

b ,  ith j I l 1 ’ tsi go ’ so u l ’  I ’ m o t  - t - c 
~ 

I I uutbe ’u’ s 0) 1 ’ l ’oo t m ’  oi l I ’ I ’ u’m’ t - I I I  di  t 1 1 1 1 0 ’ I i I ’ S  ( 1, 5 , ( 0

s - I 1 00 1 1 ° )  uiull ) t o t ’  0 0  - 1111 )1 1 1 1 1 0  ‘ol s- I J i l l  1~ l b Ii’ 1~ h u t  t ’  o ’ o ‘I l l  I’i’ I l o o t  - , I nd m u I got  ‘ii is I t o

I II.’ I 
- t o  oi~ • —; 0 , 0  I i i  - h ’ o ‘s-— ’s-—.il l ’ ’  I s - u t  t m—o I o o c ’ ,u I i ’ t I  l u t  t m l u i ’  5 I T o ’  iIIh’ ,s’ 0 ‘, o  ‘ s - I l  ul  i l i m o ’

s-~~b 0 , l Im Its - I s - — n t ’  h o  t ic i s o  - h i ’  o i s o ’ o b  m u o u o  I 1 1 1 0 ’  I - ‘s 1 11) 0 Ii ’ I S t ‘I o - ~ ° s - —’ I I u t m l m t ’ l t  s - i l  i i i  I I  o - I ’ —

1- 1 0 1  I iou’s - i I I t u t  Is-—’ I I ’ i) ht l 1 1 1 1 1  I t o  1 ) 1 11 , s-— ’ ot I l i i  I 1 1 0 1 -  t l o ~ s O I l  I I ’  i i i  s-—n i i i  h i l l ’  1 0 1 1 0

s - I l o  00 0 1 0 t h  ‘- s - i  i i  - Ii i l l  ~u l o s-—n I t o ’ Ii’ 0 - t I o u  1 0 1  t i ’ hl ~ l~~i~ t i  -o I . ~l o o s-— I r~ I i i ’ -’ s o  - I t - tui Ii Ii — s - u I ml

0 0 1 I’ .OlO t t, t ’  b o o’ I I \ o i l  - u l t o u o i  I _ ‘0 0 1 0 s-—n • - 0 ’ - — 1 0 0 1 1 1 1 1 0  i s - i  I’\ l o  ‘, t ‘ I - h i l l ’ s - i  s - — i  01 I ‘ l o u t - t i  I 5
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v. I e ’ i I s- Os’ I h i m  - I 1 0 1 1 0  l I l t  I t o l ’ s  I s - I  ‘ s o - u  I I I  I t ’l sll o ‘‘n’ . t o t  , 1 0 1 1 0 0  0 - 0 0  IlIlil. 

--



-- 

~~~~~~
“.: ~~~~~: 

‘-— ‘- -‘ -.------- - - - ------
~~~~~~~~~~ 

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

h o  I- h , ~ Ri ’p o m ’I  I 2 ,
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As i o u  i t  l o b i i i  ( I o ’ t , 0 0 0 ’ n h i l m m n t g  I h u e ’  t ’ I  ( 1W o i l  x’ec I i ons 1 1 ( 1 1 1 1  h o  h h u t ’  t ’ I ’ h O  I I I ’
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pat I em on flue’ cs-y l inde’r il - so’ It ’ woos i I li o s I r to ted to SOlfl it c _ N  t i ’ m t l  by
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b o o  h° ’ I go me J O m t ,ri I n I  ( ‘o ’ I u u’ ~ I mo l o o i  o of’ .1 1 I I bo o ’ noes-u sui i’t-.d lIlo’itfl V u  - h i t  - I I s-

pi’ol’ I los lime s  I t o  ‘en n u d e, indica t I op Is - t u e h ’ve b s of’ time i’ ,ot - L o 15/U
N
.

I I. j s--j st’o ’ml I,lt u h. ll100a5111’ooei Viu fott i l i e ’ s  il l  I t o o ’  es - t O l l  no ’ f i b s - l i m o ’  obsu’ c u ’  h u e

cy l indos-or do tin t, s b o w  s- u i  oy i roe reast-. do i t’ I ut I t !  otm k I i t~ Itfi l I ~t UK ) no ’ Ii m s - I o u

one cy I~ ir ider (InLin e ter beh ind Lit . ’  iu ody.  ‘I’liI s mulou y iii’ see’!! u s--n s-Il l

ir mdicat int o that limo’ I’ low 1 s p o’inh i ri I y t ’orcood around 11w s l o f t ’  o f ’

the body ra llier tb ’ no being disp laced Vet ’ Li eu 1~ ly. ‘flu i 5 FIi1~~ be nK)r e

[)roflOuflCed w h e n  time cyl inder’  is iw urtted on a f l at  p la I -

I
‘I’ho Hey’nolds number and cy linder diameter os-I’!’o’c It’. m u x ’e  i i  lu stra l t o !

in Eigureo I i  . T h e  profiles for I I 10 and 20 nV s-~ m o r e ’  practicalLy

i dentical, I • e.  t u e  Re~~ io Lds ~~imber efl’ec I baseod (~n hu K) d e.l (cylinder)

scale and pipe s c a l e  ar t’ bo th too sr iuuLi  to lie mo’s-oshired. Rega r di np

the diameter et ’fects these are djffic~~It t,o 5 0 ) 1 1 tin t s - O S  [ t i m ’  wake

behaviour is l ik o ,s-iy to scal e m~~iin ly on I hue c y ii n e lo ’ r  diamume l, o s m ~ wil l ii’

the p r o f i l e s  were taken l’or X
0= 0.245 , 1 . o o .  s o s - m t  l t d  on pi ’ot ’ radius.

4.2 Turbulence intensi fy profi les

1 i p it  1’I ’5 I , ° to J 24 show tht e  t t m rb u  lence inten s  it - ho’s f’ronu time pro f i lo ’s

‘Uhmey s-u ’o’ given s-us RN S/u T to indicat , ’  f l o e ’  o ’i ’fect s of ’ tim e v er t icm t l

velocit ies  in c e r t a i n  regions ahead of and behind t h e  cy l inder .

h ere u is tile undisturbed f r ic t ion veloci ty far f’rom thin surface

cylinder.  As could be expected time turbulence int e nsi t y  h is- u s  a

l m o r p e  value where the mean ve loci ty gradients s - I re  l arge . l ie l u i rud

t I l t ’ cy l inder the flu c t u a t i o n s  are seen 10) be progress lvi - ly S Lu ’onmpe’r’

eiitw’notreautl in the wake , but as shown in  1°’ i glIro ’ I ‘3 liii’ mo ’mtsltr’000l

i n t e n s i t y  I s  s ignif icant Ly larger t h i n  j I m  t h e ’  °‘ i ti)lll j 110 0 J 0  m s- I S O ’  W i  I . l u i  Ii

1 ) 1 1 0 ’  ha i t ’  cylinder diameter from i t  • Au u t !  I c s - u t  I dul l 0) 1’ - u Ho’yrto l ola

mt t mmuitn ’ r o ’ l ’ f ’ o ’c . I on t l o t ’  tiirbto Io ’o ico ’ l o s - v i o l  m o b  I t l u u ’ o i up lu  I boo ’ o ’ i ’ o l s s - — t  ,-n i - o : t  loI n

I s i ntl i cs - i t  o s - uI iii ht’i(~Im r’t’ I 1~ , 1)111 I h u ’  o i l  —~ t I I  m’I o~ u o m o ’ i ‘ o f ’  t h o u  - o v I 1 1 1 0  I o ’m ’

s- I 1 i s -  c ’s-o r’s to i t s - ’ Ueynoi do nu mber i mO ( IO ’ po  ‘i~o I o ‘mm I • -\s--n ii I ho ’ c ’ u s o ’  o u t ’  f l i t ’

mnt”an velocities , it is agaIn (l i f f’ I C l l tt  to eli’s-mw o s - l l l m o s -  to t s  1 0 0 1 0 0  0)11 ,II]V

r1 ( I i  111100 e’I - .1 i’i I ’i ueimo’ 0
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4 3  Oscilloscope traces

I to thin I”igus-ros-s 1 ~, 16 s-tri d 1 7  s - u s o ’  h i - u ’ I  I onu o o l ’ i - i’ b o ’ vs - oIlt u SC ii losceojo .’

traces oh time signs-i I s -mi’ .’ p I -v-e im.  I” i j ’ i i o ’ o ’ I S sluI1l ~’ s---n r’.’coi’om1~ f ’ I’t o uii s - thou’s - I ll

oh ’ tb - ios - cyl inder and F’ I go r ,’ I ( m pro ‘si l o I s ol.’u I s - i  l’ r’ em u I w o o  ~ I mt I I ems b o o’ —

hind the cy l i n d er. 1 1  i s  si ’ o’Ii l h o , u t  f i l l ’  ‘i ’ molt’o ’ I i uuo ’ signs - Il is nit—

a f f e c t e d  by the sn rf ’aco ’ cy I i u i e !o ’ m -  h ur ’ t ’ s i ’II O’o- , wh mi i i ’  flue’ luuugn t ttu oie’ o m l ’

1-h oe var ia  I i ons s- opre o ’  s - o h ) l m r o x i n u u I . ’  I v  w i  I ho I huu I o ’~~jto’i’ I o ’ o I  UOiOl’ th io ’

cyl inder. ‘flm ero s- does riot oe ’o ’imu te i 1 0 0 ’  s - o I l s -  elo ’ I i i i i  I - i ’  b m w  I ’i’o ’qiio ’mt cy

I)001’i oObi C i Is - - Iii L i mos - I ’ Il u cIio s - l ti ims . b- iguI re’ 17 givo’s f I t -  s igna ls  fro m

a st s - ut i o n  aloes-id of’ the cy linder a t  lime ’ two iii f f ’o ’r ent,  I~o ’y umo lds

numbers , correspond i rig to 1 5 =  1 C) or 20 ruV s . ‘Flit’ sea lo’s Oii I l u , ’

plc ts-uro’s are Vol t s / e i t I  I t witi cit corresponds t o  s-i ye In c  i t,y f~1i i c tI i s - u t i  Ofl

of abou t ‘3. ‘~ mn0 1/un i  t . I t s - t i  o u u o ’ s - t  r ’s tha t m o I~ i,l u o ’ lower h~eyiio Ids  rui Iiu ll )t’r

tb-ic highest frequency osc i l la t ion s  are mochi weaker and sb-mow up , j I O 5 t

m is a rippl,e on the tow f requency signal.

4 4  Pr e ssur e dz~tr i butwn

The I” i gimre s 1S and 19 show the most important resul ts  from the

Jir’e ss’tore tlistributjon experiments. Figure 18 gives an overall n~ &p

of the pressure disturbance caused by time presence of the cylinder.

I I i s evident tha t the largest pre ssure deviations s-ore concentr ateol

o i  a na t ti er sii-nli region along the centreline just ahead of l i m e ’

cyl inde r .  Time di sturbance is ra ther weak on the sides , which i s

importan t j u t posit ionirog Preston tubes relative t-o s t , mo tic holes .

I I sh o u t Id too ’ observed tha t o’veri the 1 0 )  mm tube, which here occuip i eel

m u ro ’p ion n. ichu lar ger than the logaritiunic ro’g i on, sbooweti i’estj its iii

accordance w i t h  those of the sn~~iier cylinders . F’i;’~u o! ’t ’ J i )  shows t ’\ t ~~’1’l—

iile ’ru Is -u 1 ni’si u I I s-i m u iormg t i le centr e 1 inc compared Wi Ii m I t  SlIliple Cs-Il.—

o’o  o Is - u I l oot . h~ ~~‘ s im p l o ’  i nvi s cid  calcoola I, i o a u  lout s h eelm po ’r ’l’on iku (l I t  I i i’s - l i —

i mu g I ti e ’ e ’ vi j nob ’ i’s m i s  a I lmt’o’t’— ojjmeito i Ofl~ ~ 5~~m i l ’O’e’ luue: t ted s - tI ‘~ I ~,

y= 11 / 2 .  ‘ho’ W a l l  1 t 0 ’ o ’ s . ’ mmeo ’  i s  account ed f’or It s - ’ s - u n i nitgo° s-enllrco ’ at

x =  0 , y - — I ) ,’ ‘‘ . I ’ b io ’  sI)e l rco’ SI ni’I)p I I I  i s  de t o’llIl I ioi ’ ol t v  t ’ t mrc i ng l It . ’

i s ’ s -u k , ’  u i  t.hu o ’ lII)Iu000’ Soi l I ’ r o ’  I n  ~‘ o t  I h i rnooglo s-’ I )  I ’ s - I  I o t t  tWOS 1-m au i wlmo’oi ‘

_ _
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1 1 1 1 1  I o o ’ i u u  t ’ ro ’t ’  s l  m o ’ s - t I l l  I s i uuu juouso’ul. I- ’i ~- , oiu ’ .’ I i )  shu ows I,hi o’ 1 0 - 5 1 1  I I a t~ l

t i m  i a s-—s - i n i p  I i ’  o ‘~~ o ‘ i ’ d - i  sm ’  o n t u ’  o a m s -  i ; o n u c 1 , i u l o ’  I t o o  I m oo Isi ole’ t ,lu e’ i’e?’ l u l l

ol’ tl)e )il I- tom e ol i s - b I b ’ t o ’ ! ’  t romI ul t. i u .s - t v  I inde’r  I b u t ’  I o m e : ; O  I l o l l  - s - ’ s - s l o m o ’  0 s i s o ’  I I

ci ‘to’~’s-’~
’, o m o ‘oh I o s -  a 1 0 1 1 0 1 . ’  co umu s  I o!e’r’s-t L i tots I i k e ’  1.10 0 turn ’ s - mt uovo’

4 5  / / o s -  s- s- , c :u,i /z,’,z( zoon

I ui F’ 1 s - - m i r ’ o ’ ‘
~ ( )  , o i I I low s on the I’ I s - i I p im s Ii’ s- u r’o’ ~ iio,w’tt for flue 1~~ mm

c v i  I ote h’t’ . Ilt o’ r’ajuid (iuVer ’pe’Ol o:o - of’ s--s - iir’f ’s - oco’ s--i l r ’i’, o o o u l  j uie s s - o h i o ’ s - i d  of ’  h o e ’

o s - s - - I i n do’r c s - mum b e  s e ’ o ’ o m , s- ms w e b -  I s - u s  L i m o ’  s os-p s -or a t i o n  itn i’ s-ubo)ul ono’ o il s - u —

0110 ’ to ’ r s-b  lie ‘mum I of’ the  I e s - m d  I oug e ’e  I; ‘ i  - . ‘h i o ’  st rorog b y mt’r Lurbed i’ 0 ‘~ 
— 0 ) 1 1  i s-—

s o ’ o ’ u o  to ~‘x I e-iod s-&bomu t (> 0 0 0’ Cy 1 inofe’r olitiu iue Ic r t o >  1)0 LIt  a i o he ‘s 01 t I m e  -

ob~ I s - to- los - • A o’s- o t ,t ie r’ 1m io’ ~ç o ’  So s-p s -i ra I o s - o l  s- ir . ’t u  ear l h o e ’ s o ’ e ’ u u  ,jlis I h e ’h ti m od t i l e -

c v i  I nder’ I em ’ i I jug c Op e . ‘ l i i i  s 1’I ow pal I o’rim isO t ho s - tiles - or’ mort ’ horse—

s im oo s -  v o u r I  s - c m ’ s - —  i s  riI)th m i rop iu rl e ’xp i’e’ I o ’oI ; the’ di I ’I ’o ’ l ’ ~’o m 1  s i ls -tp ( ’s  nccu i r rj i ot ’

I t s - u v o - h oe t ’ou ( 1 0  s0s - Ios - s - s -S o ’ ( l  e s - s - o r b  I o s - i ’ , t ’or t . ’ ’uii t mml l t l o s -  j u l ~ 1 S j. Thtos- n~1iro d i f fer ’—

o ’ o uos - t- is t}I, o t, most iuuVe ’sl Iga l i ons coflicts -o’ui cy l I um oit’r’~ WI Lii li mo- axis

lie) r’n~ u I t oo t hte ’ wall , me ‘e tango Is - o r lit cut s - k s-i o ‘ Le • ; wbmos -ro’mts Ii me prese nt

d o  o i l  Ci ~‘1 I t ’ s - i t i n s - i  ftos o ’(mnc;ov (’ (s -of lb( ’ r’5  r uci u r t in ’  Wa 1 1 • The t~~() vortices I

in I t I l t  (s-o)rtue’rS formed by t tu o’ cy 1 i m i u l e ~ ’ s-o,nd w s - t  Il appear to feed n~ o t e—

r i m  u I in to thio ~ sc’ps-m r;o t I on 5 ) 0  iI  ) [o  t o ’  fr’om held uid. TI ut ’ wake deve lopunent

i n  I lot ’ um o ’ m t r body aruel I hu e (‘m oi’ Iuo(ly rep i ons cmuu 1 I~~o u be SC(Ifl Lit h ut ’

1’ I , ‘~~o 1 0 - ’ • l I m o ’  e f f e c t  o C c v i  i tod e ’r ’  51 ze is o l em e ) mo ,s I rm I I~~’ o i in Figure 2 1

W I t e - l o -  1 1 1 0 ’  sn~il l i ’s t  cv l  I o m o l o ’ r  extends to m t h oul- 10% od’ til es - loca l

looo t oiois - o m’ v I s-ovo ’r tiiio ’kito’ss • ‘l’lier ’ s - o t u t u o ’ s - u  Cs t o )  be s - u a l m t m  i i  o ’f f ’ec t o f ’

1 I r u l i ’ r  ( J j s - m m o s - l o ’ I -  j i m  I b o o ’  f’ roni t I’O s -p i Ofl • ‘Flo’ wm u k t ’~- oO ’ Ito o ’ e l i i’1’e’i ’o’ it t

I j rR ie’rs s - u ro ’ s -- u i oue ’ whu s - u  t, di i ’l ’e’l ’e’ o i l ( I ’  I gu u C e’ 2:! ) . ‘l’I I ( ’ S m und I C )  mm l i m b o’s

b o s - m v o ’ mit )  o h s--i t inc  I s o ’ I ) s - u i’s- u I l oom 1)111)1) i t’ s - i l Itto ’ r’e’;It’, mln u.l i 1w i h o ’  I i t  01111

I i  l i m O ’ , im t t I s - u 1 os - mi’ I l ’ t’t ) l I I  l i i  I s--s- flit ’ o’ o ‘ I s - i  I , I i-o ’  iscul-¼’e ‘ I zo’ m o t e l  t b - i t ’  ~ t ’ i i e ’  es- u I

I ’ I ow t i i ’~’u ‘I eo j urn o ’um 1- mu t o p o’s - o u’ s--i t o o  too ’ si mil l Is-or. I I  ~ 0 O u ° ’  .~~t s-s- I t iu w s I t o e ’  f l o w

I t s - o f  I i ’  0 0 1 Oil h u m ’  c ’s - ’ I I u t  li’ r I I so’ II ’ . ~\ I t i ll’ t i’un I I t u b u t u ( ’ i l i ’ s-’t i ll Lii i ’  I it’s I

1) l O  t I u i 0 ’  s - I s--m is- u 1 1 s e l t s -u r u l I i s - e l ro’g he ouo e -  ~ I o’o 0 i lip umi Iv a001010 ’ ter m i ll ni ’ - I 4
o’ ~ - I I m oobe’ r d l  Iti100 ’ t o  - I - o Iowns I o - ‘s- urn. Shoe - O I I 1 0 ’ I ’  p 1 0 - I o u  re’ ole’nieuuis I - i -s - u I i ’ s--i

s - l i m o > I I t o ’  i’ h o o l u -  u t  - ,~ I I mi ~ t ’e ’ s - u  t o o  I t  - ; I b u e ’  I w o) ‘o, o m l  - I It - o ’s l’o rflie ‘ci 0 1 1 0 0  Ii’ I’ I I It -

os - s - — I I u m u t o ’ m ’  , o I I lu ,’ t o o o i o  I • t is - i ’s - si’i’110 I o sI - m I t  limo I but’ c’s-’ I i  ~io b.’t ’ \~ , o  1 I mi u tol

t’ r ’ou m u u Ito ’ i - o r - h  j o t  l ’ l ~~I I I ’ a - s -—o I I  s - u~ o j t e’s - I o’s l’I u o t l l o ’ u ’ o o l e i ’ t ’ l b s - u t  I - h u ’ j l  I i - b o o ’ s O i l )

I l i e ’  5 0 1  i l -  t o  t - 0 ’  I i  ‘11 0 1 0th I i~ O u t  Is -—, 0 1 1 1 1  I I b o ’  v s - u  I t  - ‘ I I  I I ’ s - u  h i t - o f  i l i  I Ii.’ l uo o u ’ s-~ t ’ —  , I i ’ o o  -

Wo o l  - I i ’
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‘ 0  I I -  \ b~e’ I m o r I  h

I- i pu ui - i - ~!~t s- i lao l us -is s- i s--i i&le vi e’W ott ’ I I  t o ’  10 )  11111 es - y I h i d e’ m’ • Ii u I hut’ C o o l ’ ! I t  -
l t i ’ I i s t - , ’ l l  t i m e  is’s - ill s-oiod time cyl Iuo (l (’r t -l u ’r’e is s-i di s t - i ou t ’ t O ’ 0 ’ ~~ 0 0 0 0 1  wluo’re’

I Ito ’ loo>r’so’siiot’ vortex is I di es-i ted.

mo 01110 ’ slo ’i ’i ‘ t o  pito togr s-tpims h u s - u v o ’  l oe ’ os - r j  t m o k e o n  of’ fl i t s - om i I I’i OWS 0)0) fl It’

It ) 011111 e s - v t  i oo e le ’ m ’ in 1110 ’ t l m r b m u i i s - n I bononds-ir’y I s-iyer (Fiptor e 2~4 , Loll)

s-uno .I ud ’ smoke vi s--ttializs-i L i 0)115 h u m  1)0) t,t’rit Ia I flow roes-or’ s-i is - u rpo’ plt’xi —

p ls - o~~s os -yb l ittler (F igure  2~I , bot Loin) • I t simoum Id be n o t e o d  tb-is-i t 5 I,000’ e’ e)

I o’oms , ‘s-i s-i ,‘e needed to see tins- pho Iograjuhs iii Lhr’e’os- dimloens ions • lii

fl oe’ sn~~kos- ptiotogra pl-ms streamlines can too’ seen to enter Lim o s- l l K ) U t i l

of ’ I b o o ’  o ’ y I i nth ’r , whereupon they suddenl.y turn ou tward ag-s-tin

4 ,6 Iures s ,mre drop

‘[‘hi s part treats the drag of the surface cylinder in pipe flow .

From the experiments pos-rforrned earl icr [i ], data are available on

lim o’ loss out ’ static [tressure c~~ue to the presence of the cylinder.

1 lit’ daIs-i were’ obtained as indicated in Fig-ore 25 in the form of’ s-u

tlisp ts-uct’rneoit o ut ’ t u e  ftj [u (’ sta tic pressure line. This disp1s-ict’rnenl

i s  as so rnK ’t l  l o u  coulsi sL of’

— h” o)r i i I  rIo ’s-if’ 00) I , t i t ’  O t y  I i  tooler i tse I f ’  (Pml’iie s-~~md sk i r t  fr i c t i o n).

— I I ms - l ug.’ ii i  skin fm’ic t i  on drag otto time i 0 1 1 0 0 ’  wal is.

In ot t  I s - i i l l  I rig thio s - o muo’s- o  s t t ro s-uol t ’n  I s-i needed for ht m ( ’  COI i~iR i  I s-i f l  ons--o two of

r h o’ I n c  l ined r rimnome te’rs wer ~’ used for (ii l ’t ’o ’ r ( ’ I i  I parts of ’ t i me f m i l o o ’

so~ tb t I s t - s - i t  i c [)r(’sstu 1”~ ahead arid s - o f t  of’  L i m o s -  Pr’os ton to ils ’ were’

t s - o k o ’ i m  t ’ro ru u dj fCc r eu iL li~ tflornos - t(’ i’s . ‘l’o cor ’ro ’c t f’ox’ I - l u is one of ’  I I  I t ’

ur ’e ’ssi u r ’ e ’ was recorded on 1)0 tb nEuiio fluo’ Io’i’s s-If l ( !  1 1 0 1 ’  vii J o  mt ’s t i e s -o h i ceol

We’r e colrupares-el. One of the two) ~ o ‘f-s of’ rnem~ sur’emero I s-i w; 05 t Im. ‘it sl u I I - t o - o h

b y  h i m  I s s-niuouiit to s-i lo~g-n t h e  ii UfloI I s Lurbed” I~~
’
~’ss~ I 

i’t -s • Slo e ’ t’e’I l l i l i i i —

j nig s--iIii f’t ttmo ’ii represents t i m e ’  ~ur ’ess tur o’ o l u ’ o u l u  o h i o ’  t o )  o ’ s -  I_ i r o o le ’ r  I o l ’ o ’s_

. ‘ u u c l ’  o!~i t iote Ib i s - i t in  1 “
~ time I Il i o s - l u  i’ 1’o’Os - I e’ o t vim lout’s iso’ I c ’  pr i l O t  o ’ t  I

l i i i  5 cei r’r o ’cI jolt  p r oos- eshuu ’e  i s  o u l ’  O s - 0 1 0 0 1 ’ s o ’  (~ o b o ’ s I i o ) r o s - i l u h e ’  m o od  i s  s m u i t , j e ’ e s - t

l ou st ’s -u I I e m ’  uu n d 1) 1 s- o s • I ru e urob o ’r ’  t ,o) i’ 1 i m l  mum . Ii’ out’ h o’ s - li l O s - i - t h e ’  s-mvs - - , I ( ‘ l i t—

s - b l O c  e rror’s s - u 5 0 1 1 0 ’ S  ( u t  t’t mns wh im o’oumjulv t e a l s o - i t iou i o Wm os Oslol.

- -  
‘~~~‘---— ~~~--~~~~~- -~~~~~~~~~_ _ _ _ _ _ _
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I - i  pool’.’ 2 1, sitouWs ( i i i ’  n ’ s - i t i o  (ii l u m ’O ’sMu i’ e’ (ii’olu to ) o i y l o s - u l l u i o ’  I t I ’ e ’ ’~s - _ l 1 t ’ e ’

tI l l ( 5 1 0 1 0 1 1  i o ’ o h  vi ‘o’s-ooos Ueyuool  ti_s n oium u h , ’ o’  l ’ou i ’  o l i I’f ’e l b  ‘ TO I I i~ I i u i do s - r’

el jm l l100’I .‘rs • lou Lim os- tigujr (s- no os- or ’r e ’o ’  l i o n  boa mi ho ’o ’ro 1 1 1 1 0 1 0 ’  f o r ’  5)15 1 t I ll-

s - u i  i Os - t ’ t’r’or’, s- uiol s - u  I l i m e ’  b-ms -m s bo’o’n dr’s-own correspond i rig t o t  t ip
‘ 0 vi’

‘I \ /  I ll I t o  i mi t h~ es - mi te I b i s - m t  da ta of l ower rr~ogni t;tidt’ s-trot (111cM I i o lu —

m e l t  I t ’ . ( I n  t i ous o s -  os -s-- us c’s the Co i’re’s t ions t,o 101( 11 v i  thin I 1110’ s - ISo  0 0 , 0 - —

rli o ’ i m  I s--i a i’os- (t omlua r s-ub I i ’  w i  Lii I ho ’  l I l t’s - b s--mmiremn ent i tse It ’ . )

I I  i i  s--i s - u I sot ruut ’s- ins t h u s - i  I onl y ols-i ta Cronu ~
‘ l ] Ofl the 0 I m r ’ i ’t - cy I indos-rs

tist’tI lie s-re , 0 ) 1’ ( I i  s - l I m b ’ l e ’ o ’ s 05 , 10 mind 1~ ) loin , gi ve’ resuil l~~ (if m uo s - c t ’ 1 m 1 m u b  h e ’

s - i c e s - u i  0 ’s-icy. I I is  ron 1:10 rio I to 1 r ’~s- and express I t u o ’ drag of times - suu u —

1’s-ice cyl i tooler’ j u t  ws- o ~i I v s - u  i - I s - u I  o i i ’s , s - u i  tit oug im t huo’ 1’) in n hotly o ’~~ t ero ds

I’s- m r O i l o t s  jo l t ’  t b t t s -  ws-i l I t o - p  lo om. Exturessing t , i u o ’  dra f’ os - o u i ’l ’ t ’ ie s - o s - out - s- us

C +
= el lu /~ em ‘

~~ I too ’ u’esu i I t s  I’or’ t h e  dl [‘t ’eroni t o h j m n o u t ’ t e r s  s - t ro ’  ~Iioisoti) pr .! T
h u m  1”igm iro’ 27.

I i i  t i l e ’  nor’oun l o s - o m o m  0 o ’ \ I -  of ’  
~
‘l) I)/~s- p l i 0 , 

- w i t l o  (~~ bei ng t h e  centro’—

I i no’ mean ye’ I oi ’s -  I I y , I- l o is iue’o :o)m es-s

I) 
2

P , - 

~ I )
1 ) 1 1 ) 0 ’

I” re)tl i t he ’ t ’1 go u m’ o’ i t s-mj op t ’s -or s t b m m o  t limo ’ cy t m o lt’ rs cx Lentil rig om uts I o t t ’

( hue  I ogs-ir I tlom Ic  rep ion  tis-uve s - u counp s-mr’m ubl  y I s -u r g e r  dra g titan tbies-

sr u t a l I o ’r ’  cy l i nders .

-\ 1 t l uo’ I leg i tri m i mu g ot ’ t h i s  sec t I on ( /~ . o) th e unes-tsti i’ed }) 1’0’Ss m oO’ t ’  dt’0)~ m

was s - ms --ismmui uo ’e l I mu consist  out ’ drs-ug oru the’ cyl I utolo’i ’ i Iso ’if ’ s- in t l inf Im oe nc o ’

on 1iuo ’ p ipe ’  is’s - u Il s Ity blockage’ o’I c • ‘ I o u  o i tu t s - o  i u o  s - un  o u r o l o ’ u ’  0) 1 I lOmo g ol i  I - t itle’

o’ sI- i tin I c’ Con’ t h e ’  to iocks-tgo’ o’I’t’e’c t.s , oult’ ton y s-u sstlI ul o’ s - ux u  d o  t o  iva los -nt

ts-ioudy e’q~us - u I h e Lhu o ’ cvi i ndo’r e s - lo I s - - ms si’os - l 10) 10 s - m m’ e ’ mu m~uo ol ,u h ’t ’ o’e’ ting s-u

be ’r mg l h o  I i o o’ ,’o’ I iInl’S li mo’ i ’vI I mi o le ’r ’ Ii ’uug ll u . I I 1-llrris 0) 1 1. I l os - tI l i m e ’

re ’sru U i  u p  I b c  l’i ’ s - uso ’ i n  sk i  o m i’m ’ I e -  I. ion i s  l u l ’ s - t o s- I i c ’s - u I I V I m e ’ p  I i g i l)  h e ’ .
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l I mo’ o o h , ~~ o - o - I i v o ’  oot ’ time pr’esenl stot o ly i s--i to i r tV o’SI  ip , s - o  t o -  thi t ’ f ’ lo m is con —

di  I I o) it s  moo s - s - in’ Pres ton tubes. h”or j)i’s-lc Li cs-i I I ’ O ’ m I i - ’t Ills ilii s los-is i to ‘o’mo

;l os - ceum n jti islm eol wi tim surface cyl inolo’rs of s - u 1argo’n’ s--, o ; s - u t o -  m e ’  I s - u I  lye In

r lots - bounds--try layer thiicknts-ss , but th us- to ts t s sb -iou id oievr’m’ t - b o e ‘ I (‘55

p1 vo’ a ( : 0 0 1 - r i  ‘Is - I answer to various ques I i~e)niS 0) 1 I I I  t o ’  m e ’ s  t

— il i i ’  Pr’o’s tori tube gives r I se to a I ’ low l b s - i t t  ex’l  u r u mo u cl i  l i i i ’  ss-i000 t ’

s-is that of o ther  obs tac les  mit tached to s-i surface an ti iniuie rs--oed

i f l  s - b  botindary layer [i’s j~, • e • a horseslui)os- vo)r to’s . is formed

which os-nobraco ’s t h e  obs tac le  I f i-oni t and sides and trails od ’l ’

into) tho s- wake .

— li m o ’ V o ’ louc I t y  mcasurts-meuits  ir idicatos- I-ha t a secondary vo)r’ti’\

is vm’ o ’s -~e u t  in t h e  f rontal area more t han one d iameter  up-

stream. i n  contrast to the main vortex t h i s  secondary

vortex 11 t’ts up from the surface , mind is not s o ’ i s - n o  in the

oil flows.

— A seps-o n’s-il eol m i re s - i  extends s-ubo uu t  ont o - ci j anie tot’ Ups treas-um and IC)

t he  sides of the t I d I e s- .

— ‘[‘he disturbances- in static ~~~~~~~~~ o’xt o’oiu is more t ha,ii s o -v e t o  1:

ol i s-orumeters U p s t r eam , and is equmivi m i t ’ l l  I t o  l i i i ’  dis  t o m  u ’I o m u t o ’ o ’

of u 10’ l t u  a source in  tite centre of time Pr o t i l l jols-one s-os -id i ts

I mapo’ j o -i I b u t ’  Wa Il. WI th urn i  form f’low tb - mo ’  r , ’qui j o’ o ’ o t  sou ros-o ’

s t  r ’ o ’ omp t l o  i s  s o o c h i  Lb - i s - i t  the l i m i t i n g  s l I r ’ I s - o r o ’  cour’ro ’s i_ u ooi ois  h u m

l i m o ’  I o o h t e ’  e : m ’ o u s s  sec t ion  I - t I ’  downstre s-mnl.

— t h u  o i i ’ s - u~ - , due t o  I I u o ’  cy liui oler  corresponols I n  1 ‘‘s~ t Itan  ‘s

to t ’ I Ito’ 10 1 0  ‘ ,s I on l o u t  t o ’  d)rnaflhi C pressure for c v i  i ride r’s locs-i Leo!

w i t  lu I t o t t o o ’ I o~’ ~;u r I 11101 1 c o’ t ‘p I on , s-uni ol cons Ic to ’i’s - u l o It’ is - u t’po’i’ t o l l  -

I - b u s - i ’  r ’ o - s- I 0 0 ) 0  i o ’  i s--i . 
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— i” r’oiio (hits - pi’ts- so ’itt o t t - i  i l mue m u  L5 I t s - l lI m e ’s-u1’s t , iui I I t 1 5 0 0 o ’ I o ’ X ’ 1 l h  It’

to) 1 O)O’s - t t o -  I lie’ en m’ n’o , s meu n mo l  I n , ‘~ s is - u O. i O s - 1 °  ‘~ ‘ s - s - ’ s - o u 1 - 0 - h s -m i .u I c ,  t u b ’  5 to

ou t ’  tbto ‘ ~ o’ ’~ too l I ;ooh e I ’ V b  ‘ 0 0  ~I m l  Vt  - i’d) o m  0’ VI - o ’ s--Ci lia I I l o r o ’ s s - - m t l r o ’

g u ’ s - i o l i o ’o o t s .  I s -is- om e l f ’  I t m r t ’ i ’  o l I s - n o u o s - I o - o ’~-, u i’s -tr u sv o’m ’st ’ e l i s - - i t s - u u t c o -  i s

S t i l t  i C i e ’ n i  I to mr~ike Lb - ri ’ l o t ’ s - - s - s o  u t  - cii 5 t o o  r - i o s - i o t c e ’  o u t ’ s -  I i p 0  b Ic -

— h i m titos- 1.1 tos-ra Lures- I he muus - u x,i n immn j u i ’ r o u u i  ~s l b  t o  - Pies  I ut-i tubes- olin—

rnc’ter i s of ten  argioe’d to i mo ’ LIm o , I op,s - u i - i  th lnric  region t b -L i c k s -t e s s .

F’rom L i m o ’  pi’es-~ ’nt o :xlm o m ’jift o,s-nts t,his s-u lm p is -s- ir s to) In’ s-u r ’o ’s - u snli s - s - t ) Ie’

but rough estinn te, s-uod I t shiou id be ’ I ~orn m it -i mind t , h i s - o I t I to’

f low is distorted t s - m r  d u o )  ts - - i d e  the l o o p s - m i ’ I  i h i J i Li c i - o s -p  i o u o u  o ’ V ( ’ i I

for tubes of pe rmis s ib le  s i z e . The ( 111CC I s  on the Preston

tube mmueasos-rernents wi ll I neverthelo’ss Lot small  in  most casts-s .

6. R E F E R E N C h ~S

[1 ] t t e rt e trud , A. Pipe flow calibration of Preston t ; t i t ) o ’ s  n t
di ft’e r’en t diame t es-rs and re lative le tup  Li is
incloiding recom mendations on da ta p u ’ e s o ’ n t s - o —
tioro for best accuracy.
Aero . Res. inst. Sweden (is-s-is-s-A)
Ueport 12’s ( le)7~~)

2 
‘

~ MacMillan, Is-’. A .  Ex p e r i o ument s  011 p l t o t —t i l lo e S  iii s h o e s - u i ’  l ’low .
ARC R ~ts- M 3028 (1 o ) 5 ( ~)

3 ~ Dhawan , S • The piLot tube di sld ,ac o ’oIio-io t eft’ect i o u
Vs-isudc’va , n . H .  boundary I s - o v e r ’  f lows

‘I o f’ The A e u o u t a t m t i c s - m t  So c i et y  of I nolimo
Vol. 11 , No I (Fe b. I 0 ) 5 u ) ,  PP 1 — 1 8 .

[1~ ] All en , ,J .M. P1 t o l  —po ’obo ’  di spl aCelmmert t - in a Supoi’So ) l t  ic
turbulent boirnclary l s - iy e r.
NASA TN i ) — L o 7 5 ’ )  ( l o t ? ? ) .

‘s ] I~~i( 1ziflI sk.i , t . J  . Ef’fec t of’ i i i  lo P po ’ooooo’ lrv o)ru I ’I nw— , oom p, It ’
K rause, L. N .  cha rac l t ’ i ’ i s t i c s  o s - o f  l o u i f l i a t l l ’ t ’  t n t s - m  I _ t u m ’ e ’ s s-—s - —

( I ro ’ h o  ot)(’S •
\ : \~~~\ ‘N t o — I  1~U( ( i  ~~~~ )

~
~ f >  ‘1 b ’s-i r’p I ‘, 1). t ) o ’ \Tt - opj  ~~ I s - u n  i r i s - o n ’  (‘1 OW i l l  s - u  ~o i I~°’ t o  I’

~‘Iar ’I l u , B. W .  o ’ i l ’ o s - l l I ; l r  c I ’ t ) s - -s -s--s - — S o ’ ( ’ I 10)1 0.

i ’ u o  )(s- • ho )y  • ~ o i t ’  . ( I  , 0000 lu ) uO ) A. ‘I?
( 1  °)7 1 ) , p~ t 1 I o h  — / 1 7 1 0 .

- ~~—-~~~
—-  --

~~~ 
--

~~ 
— - -  -~~~~~~~~~ 

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

— ; ~~~~~—- ‘-
~~~~~~~~~



‘

~~~~~~~~~~~~~~~~~~~~~~~
_ _ _ _  TTT~~~ T~~~~-~~~~~~~~~~~ ’- ~~~~~~~~ 

‘
~~~~~~

i - b - A  UI’ flu) u ’t I

17] t l o’ m’I o ,Ir ’nmel , A. I u u e l o ’ u - s i k u i i  oip t v  s h  i ’~i u o I o o i  l u ? ’ , ’ ’ o u I o ’ I  I 0.5 c oo s -
ks- u l i i i - ‘ ‘ i i  ps I 0 u ’ .
( I o o  t4u ~ u - t 1 I s - - t I )

(I o t t o e  - 1 0 0 0 1 0  I l i— o h i o tI )

r
8

—~ t ’ o ’rium t ’ko ,’s, Ii. (11 10 I i i u o -  o u t ’  u s- - s-b e O ) l u ( i — t ) i ’ o l e ’ i ’  thri ’o )o ’y ou t ’

It t i’i 001 lent i i ,e ’ t ’i 0m W
Al A,-\ b o o  i ri om i I , \‘o )  I • t o ~ \o  t 0 )  (So ‘ 1 0 .  1 I 1 l ” ~)

~o~t I ; ’ o , ’ s — i  s-70 .

[0 ) ]  t r’e’ o lo’ i’ ool- ’ , V.~fos - A 01 0)10 ’ ooo lIu o’ os-zuip i u i  u ’s - u b I s - o ) 1 I 5  I , s - o m t  I s  s - b j u p o ’ m b  r ’ l imp
i lT’s-i(ISt uilW P • L I I  th u s- 1 (tpmi o’ i LI uu m i c is-m w t’o m ’ tmu rhiul  o ’ t i l  Wa I I

l mmqu ’rimi l Co I I es - ,’’, o ’  A o ’ m ’ o m .  Hos -juo) rt / u —0’3
( l o b  • I l s- ; ) i )

JO ] Rzmni m i e’ , W . L ) .  i t o ’ s - i L  tr’s - t rus h ’o ’ r- in tur ’bulos-uit su es-ar l’Iow .
‘J. Ao’ ro. Sd .,  \ o m l  21 , \~ ‘s ( May l u ’ s ’ )
Pi~ ~8’s —~t8°).

[1 1 ] ]‘d)W’risenmd , A . A. -
~~ t ou I Ii lox ’ ! t umou ~i a yt s-rs s - i rod Wa I 1~ Lui’bulezoCe

• I” Im o i d Mo t el. , Ps- I r ’t  1 (A ug. 1 0 1 ( 0 1  ) ,
PI ) ~ ‘~ — I  20.

[1 2 I Lao i for , ‘I • 1’hio s- SI r ome Lure t o t ’  turb om I o to oce  i_n f ou l l y
do’vos- 1 opes-d ~o i ~~o o ’  t’I ow
NA(~ A I~ o s - I m O r L  1 1 1

0 1 (1 e ) ’s)t )

[1 1 ] Perry , A. E. Scs- u Ii nip laws (‘or pipe— ft ow I-u r b- mo m Io ‘rico’ .
Abe I i  , C .,1 . ‘ I  • h’s- lu hi Mechi . , Vol I o 7 , Part  2 (l t Y ’s)

pp 2 5 7 — 2 7  I

~t 
‘

~~ I)oelu ’  1 in , E .0. Mos-astm ro-iIIe ’rm I s vs b olos: -\p~o i I cs -u  Lion s-uuid

design .
Mc Gr aw— I Ii il hoop s-u I-a is tms -m , Ltd , Tokyo ,
( in t e rn s-i L i o n s-i l S Ii ideio I Ed, i Lion) ( I O) ( ~(~) ,
~

[i ‘s ] So ’doie ’y,  H. ‘Is-toe s tnmc tur e ot ’ I I o t ’ o’ o ’ —tI i r miensi on s- i l so s - l os - I—

K i tchoo ’nis , (2 .W ., ,J u’. is-a ted flows it -c 01)5 tac h o ’  , botuodai’y layo’i’
ntera c t, louis .

AGAItI) CPP— 1 (uI-I ( Ms - u v  10)75)

A (KNO \XI Ph  G F .\1 ts-NTS

i’hms-uik s s - c r’o’ ohmic’ t-o Profcsson’ ‘h’.K • I”s - u toio o’ l o l l , \ t o r s- ’u ’ s  I ’ o ’ k i oj ~~I~o ’ IIl ~~ sh~o u It ’

I’rouulloe ‘u n , mind Mi ’. I).A. Ilol mu lph oi ’t’vs I’o i ’  t , Iu o’ Ol0 s - IlmV sot , ’,/’ , t ’s -~ I s - l u l l s  t b o u t ’ i  O I ~~

flu ’ work . ‘[‘banks s- I re ’  ;o ] so  ( t o o l ’  Iou M o - . h~. I .o l ’ss - - o ou m u t o i l  woui ’k w I I l u I hmo ’

o ’ xpor i ouw’iots s- u_ro th Mis - - is I . I’ oiis-,i--i I r ’e ) l o l  i ’ o o  o t h o u ’  I I l u p s - u n e l o h I s -  u m ~ u o  op o u t

I I pot m o - s  

- - ~~~~, -~~ J~, ~jj



i-I A I / o - i t o  o i l  I :i-; 7’s

“o s-t M  I1()l ‘o

A , A ( I ~~~) Ls- cw—o Il ’— L i t t - — w s - u  I I  f ts - u i ’ s - t 0 0 0 0 - I o - r -

i t , I t( u ) L~ L W— o) 1,—t b 1( s - — W s - o h _ i parame t~~’i’
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I I , Li ’ loca l ames -mum and t ’luc t ’uat i  rig velocity along pi t~~’ m m x i  s 
0

h i t ,  t ’ r o s - e ’  stream ones-ito veloc ity, in pipe cer-uir’ s-line vos-loc i I v

s - u v e s - o ’ m t l ’, e ’  v e l o c i ty ac ross pi pos- cross sI’ctlon

- 
N 

nomi non I (m ind i  s Lurbed) local mean ye loc i ty

f r i c t ion  veloc i ty

+ U . . .u = — non—doonens uono m I vos-locity
U¶

V , v t local mean and fluc tuating radial velocity

W, w ’ local mean and fluc tuating transverse velocity

x streamwise distance

X = x/I~ non-dimensional stroamwise distance, zero at leading edge

X =  x/R non—dimensional streamwise distance , zero at trailing edge

y wall distance

+ 
u~~~y

= 0) 
non—dimensional wall distance

z transverse distance

-) kinematic viscosity

11 parameter in Coles ° wake law

p density

T surface shear stress

‘X. cons tant

w constant

Coordinate system and velocity components are defined in h”igure 5.
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