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On the Convection o f Heat from  Small Cylinders in a Stream o f

Fluid : Determination o f the Convection Constants o f Small 

Platinum Wires, with Applications to Hot- Wire An

B y L ou is  Y e s s o t  K i n g , B.A. (C antab .), A ss is tan t Professor of Physics, 

M cG ill U n iv ers ity , M on treal.

(Communicated by Prof. Howard T. Barnes, F.R.S. Received May 5,— Read

M ay 28, 1914.)

(A b stract.)

Part I.

Sections 1 and 2.— U n til  com paratively  recen tly , th e  problem  of solving 

th e  equations of h eat conduction  in  th e  case of a solid cooled by a stream  

of fluid had  received little  a tten tio n , a lthou gh  th e  general p roblem  was 

form ulated  by Fo urie r*  h im self as long ago as 1820. In  1901 the  problem  

was ta k en  up  by B oussinesq,•]* and  m any cases w ere dealt w ith  in  h is 

m em oir of 1905. B y m eans of an  ex trem ely  e legan t transfo rm atio n  

B oussinesq  was able to express th e  general equatio n  for th e  tw o-dim ensional 

p roblem  in  a lin ear fo r m : by transfo rm in g  th e  equation  to  th e  set of 

o rthogonal cu rv ilin ea r co-ord inates de te rm in ed  by th e  stream -lines and  

eq u ip oten tia ls  of th e  liydrodynam ical problem  of th e  flow of a un iform  

s tream  of velocity  Y  p ast th e  cy lindrical obstacle, th e  equatio n  for th e  

te m p e ra tu re  6 a t any  p o in t of the  fluid takes th e  form

020 /0 a2 +  020/0/32 = 2% 00/3/3, (1)

w here th e  curves a =  constant rep re sen t the  stream -lines and  /3 =  constant 

th e  equ ipoten tials. The co n stan t nis given  by th e  rela tio n  

soYIk , w here c is th e  specific h eat of th e  fluid pe r u n it volum e, s th a t  

pe r u n it m ass, cr its  density, and  k  its  th e rm a l conductiv ity . I f  th e 

surface of th e  cy linder be the  p a rticu la r stream -lin e a =  0, and  the  critical 

equ ipoten tials  be th e  curves /3 =  0 and /3 =  /30> th e  heat-flux  per u n it  

len g th  of th e  cy linder is given by

H  =  — f rc (o d/3, 
Jo

w here th e  in tegra l is tak en  to include th e  two branches of th e  stream -line 

a =  0.

* F o u r ie r , ‘ M 6 m o ires  de l ’A cad em ie ,’ vol. 12, p. 507 (1820).

t  B oussin esq , ‘ C om ptes R e n d u s ,’ vol. 133, p. 2 5 7 ;  also  ‘ J o u rn . de M a th & m a tiq u e s / 

vol. 1, pp. 285-332 (1905).
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564 M r. L . V . K in g . On the Convec

The transfo rm atio n  ju s t  described  reduces th e  p ro b lem  fo r a n y  cy lin d er to 

th a t of calcu la tin g  th e  te m p e ra tu re  d is tr ib u tio n  in  a  u n ifo rm  stream  

flowing p ara lle l to  th e  ax is of x(a = 0) w hen th e  

flux is p rescribed  over th e  in te rv a l x — 0 to  

an  appro xim ate expression  for th e  h ea t- lo ss  b y  n e g le c tin g  th e  term  

3 26/dj32in  equatio n  (1), and  deriv in g  a  s im p le  F o u r ie r  so lu tio n  corresponding 

to th e  condition  th a t  th e  te m p e ra tu re  be c o n s ta n t  o v e r th e  cy lindrical 

boundary.*

Section 3.— I t  was foun d by th e  w rite r  th a t  B o u ss in e sq ’s re s u lt  did not 

m eet th e  req u irem en ts  of th e  ex p erim en ts  on  th e  co n v ec tio n  of h ea t from 

sm all p la tin um  w ires cooled by  a  s tream  of a ir . T h e  c o m p le te  form ulation 

of th e  possible boun dary  conditions is m o st c o n v e n ie n tly  ob ta ined  by 

expressing th e  problem  in  te rm s of an  in te g ra l  eq u a tio n . U se  is m ade of 

H . A. W ilson’s solution-}- for th e  te m p e ra tu re  a t  a n y  p o in t  y) due to 

a  line source of s tre n g th  Q a t  th e  o rig in  in  a  s tre a m  of. fluid flowing 

parallel to th e  «-axis in  th e  form

6 =  (Q /2  t t k) enzK 0 (nr), (3)

where K 0 (2) is th a t so lu tion  of B essel’s e q u a tio n  m o s t c o n v en ie n tly  defined 

by th e  definite in teg ra l
f 00

K 0(V )=  \e~zcosĥd<0)
Jo

I f  u(%) d% rep re sen t th e  to ta l flux of h e a t from  a n  e le m e n ta ry  portion  d% 

of the  x-axis be tw een  x =  0 and  x — fa  th e  b o u n d a ry

axis y — 0 is expressed by  th e  re la tio n

2 t t k 6 (x ) = f u I I I  ew(z-^ K 0 \n (x —%) | dtj, ^
Jo

where 6(x) is th e  te m p era tu re  a t  th e  p o in t (x, 0 ) o f th e  boundary . K  the 

tem p erature  is p rescrib ed  over th e  b o u n d ary , (5 )  c o n s titu te s  an  integt&l 

equation for th e  d e te rm in a tio n  of u(£):  if  th e  flux  of h e a t u(lj) is Pre 

scribed over th e  boundary , th e  sam e e q u a tio n  g ives th e  te m p era tu re  or 

stream  in  contac t w ith  th e  boundary . I n  e i th e r  case th e  to ta l heat-loss 

from the  cy linder per u n it  le n g th  is g iven  b y

t t  f*®
H  =  j  u (& d l

* Boussinesq s expression for the heat-loss per unit length from a cylmd®r of cyiind0r 
U given by H = 8/(«or*Ya/ir) % where 0o is the excess of temperature of the j 

above that of the fluid at a distance.  ̂ p 413

+ H. A. Wilson, “ On the Convection of Heat,” ‘ Camb. Phil. Soc. Proc.,’ voL ’
(1904).
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Small Cylinders in a Stream o f Fluid. 565

Sections 4 -7 .— A solution of equatio n  (5) in  w hich  th e  heat-flux  is assum ed 

to  be co n stan t over th e  boundary  gives rise to  an  expression  for the  h ea t-  

loss w hich is in  good ag reem ent w ith  th e  re su lts  of ex p erim en t on th e  

convection  of h ea t from  sm all p la tin u m  w ires cooled by  a s tream  of a ir  

I n  th is  case th e  heat-loss per u n it len g th  is g iven  by  th e  eq uatio n

27r/cdon(3o
'A,
ewK0 (u) du 

o
(7)

In  order to  te s t th e  theory , i t  is necessary to tab u la te  th e  fun ction

| ewK 0 (u) du. U se is m ade of th e  ta b u la ted  values of th e  fun ction  K 0 (#),* 
Jo

. an d  th e  in te g ra l is ev a lu a ted  step  by step  by  m akin g  use of E u le r’s form ula 

for quadra tures, the a rith m etica l operations being easily carried  ou t by  m eans

]of a calcu lating  m achine. The graph  of th e  fun ction  y
~ rx

euKo(u)du
- J o

p lo tted  aga in st <fx is shown in  th e  accom panying figure. O ver th e  range

of values of th e  variab le  corresponding to the  in te rp re ta tio n  of the ex p eri­

m ents on th e  convection of heat, th e  curve lies ex trem ely  close to its  

asym pto te

y =  1 /(2  7r) +  v / [ ^ /  (2 7r)], (8)

w hile for sm all values of the  variab le  i t  can  easily be shown th a t an 

approxim ate value is given by

V  ~! / [ ( ! — 7 ) —lo g ja j] ,  (9 )

* T a b le s  d ue  to  W . S. A ld is  ( ‘ R oy. Soc. P ro c .,’ vol. 64, p. 219 (1898); a re  g iv e n  b y  

J a h n k e  a n d  E m de , ‘ F u n k tio n e n ta fe ln ,’ p. 135 (T e u b n e rs , 1909).

2 S 2
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566 M r. L . Y . K in g . On the Convection 

7  being E u le r’s constan t, 7  =  0-5771. The corresponding  expressions for the  

heat-loss pe r u n it le n g th  for a cy lindrical w ire  of rad ius  a a r e :—

(H ig h  velocities) H  = /ed) +  2v /(7r/es<ra)V50o, (10)

(Low velocities) H  =  27r/c0o/(log&/a), (11)

w here b in  (11) is given by  b = /cex~y /  (soY).

The boundary  condition of co n sta n t flux gives rise  to  a d isco n tin u ity  of 

tem p era tu re  over th e  b o u n d a ry ; from  th e  p o in t of view  of th e  k in e tic  th eo ry  

of gases, tem p era tu re  conditions canno t be s tr ic tly  defined in  th e  im m ed ia te  

neighbourhood of th e  heated  cy linder, and  i t  is on ly  a t a d istance of sev eral 

free p a th s  w hen e q u i-p a rtitio n  is n early  com plete th a t  te m p e ra tu re  can 

s tric tly  be defined and  th a t  no rm al th e rm a l conduction ta k es  p lace. 

E q u a tio n  (10) gives so good an  account of th e  ex perim en ts  th a t  i t  seem s 

possible to m ake use of th e  m ethod  of flow in  a d e te rm in a tio n  of th e  th e rm a l 

condu ctiv ity  of gases ; the  form  of a p p ara tu s  req uired  lends itse lf  easily  to> 

m easu rem ents over a wide range of tem p era tu re  and  pressure. The k in e tic  

theory  offers some su p p o rt as to th e  condition  of co n sta n t flux being very  

approx im ate ly  physica lly  realised  in  the  case of a s tream  of gas m oving over 

a th in  w ire ; should th is  p rove to be th e  case, th e  som ew hat in d e te rm in a te  

boundary  conditions in th e  s ta tic a l m ethods of m easuring  th e rm a l conductiv ity  

would be avoided.

Part II.— Experimental.

Sections 8 and 9.— The p re sen t e x p erim en ta l inv estig ation  was undertaken; 

w ith  tw o objects in  view  :—

(1) To s tu d y  th e  law s of th e  convection of h e a t from sm all p la tin u m  

w ires heated  by an  elec tric  c u rre n t over as w ide as possible a range o f  

te m pera tu re , a ir-velocity  and  d iam eter in  th e  lig h t of th e  th eo re tica l develop­

m en t of P a r t  I, and  to ob tain  in  abso lu te  m easure th e  convection co n stan ts  of 

sm all p la tin u m  wires.

(2) To m ake use of th e  co n stan ts  th u s  ob ta ined  in  th e  design of accu ra te  

and  po rtab le  w ind-m easuring  ap p ara tu s  to form  th e  basis of a s tan d a rd  

system  of anem om elry , as w ell as to serve for use in  a g rea t v a rie ty  o f  

engineering  and  aero technical problem s.

The general a rran g em en t of ap p ara tu s  necessary to  carry  ou t th e  req u is ite  

m easurem ents  of heat-losses from  a series of p la tin u m  w ires of d iam eters 1 to 

6 m ils consisted  of a ro ta tin g  a rm  capable of ad ju stm en t to any  speed as 

calcu la ted  from  a chronograph  record. A t various len g th s  along th is  arm  

could be clam ped a lig h t fork designed  to ho ld  th e  specim ens of w ire  u n d e r 

te st. The la t te r  form ed p a rt of a K e lv in  double bridge, e lectrical connection  

being  obtained  th ro u g h  a cen tral m ercury  connecting  sw itch  and  overhead
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w ires to th e  rem ain der of th e  bridge. By m eans of a rh eo sta t i t  was possible 

a t  each speed to ad ju st a m easured  c u rre n t th rou gh  th e  w ire so as to b ring  its  

resistance to a value corresponding  to a p re -de te rm ined  te m pera tu re . In  th is  

way i t  was possible to  v a ry  a t  w ill th e  variou s factors of tem p era tu re , a ir-  

velocity, and  heat-loss.

In  order to ob tain  a correct m easurem ent of velocity by  th e  use of a ro ta tin g  

arm , it  was found necessary  to m ake a correction  for th e  velocity of th e  vo rtex  

se t up  in  th e  laboratory . This was accom plished by  m ak in g  use of one of th e  

w ires prev iously  te sted  on th e  ro ta tin g  a rm  as a  ho t-w ire  anem om eter for 

m easuring  th e  velocity of th e  vortex  set up  by th e  ro ta tin g  arm  ; for a w ire 

fixed a t any  radius i t  was found th a t th e  velocity  V re la tiv e to th e  a ir  of the  

room  is connected w ith  th e  velocity V r re la tiv e  to th e  room itself by  th e  

re la tio n  V  =  ( 1 — s )Y r, s being  a co n stan t for th e  rad iu s em ployed and  the 

disposition  of th e  ap p ara tu s  in  the room . The constan t s m ay be convenien tly  

called  th e  “ swirl ”and  expressed in percentages of th e  ap p aren t velocity  ; for 

a rad ius  of 2'6 m etres s is as m uch as 5 per cent.

Sections 10 and 11.— The w ires em ployed were draw n  dow n th ro ugh 

d iam ond dies from  a le n g th  of 6 m il pu re  p la tin um  w ire whose constan ts 

w ere accura te ly  know n for th e  purposes of p la tin u m  therm om etry . I t  was 

found necessary to rede te rm in e  th e  tem p era tu re  coefficients a fte r each w ire 

had  been heated  for a considerable tim e  to abou t 1200° C. in  the  course of the 

convection  experim ents. The d iam eters of th e  10 sizes of w ire  te sted  (from  

6 to 1 m il) were d irec tly  m easured  to w ith in  1 per cent, by m eans of a  h igh- 

pow er microscope.

Section 12.— U nd er conditions of rap id  cooling by  convection, the  calcu la­

tion  of th e  tem p eratures of th e  w ire from its resistance m ay be subject to  

u n certa in ties  due to the existence of grad ien ts  of te m pera tu re . I t  is show n 

th a t un de r ex trem e conditions the excess of te m p era tu re  of th e  cen tre  of th e  

w ire over th a t of th e  boundary  cannot exceed Offi0 0 . a t  1000° C., so th a t th is  

source of error is negligible. M ore serious is th e  cooling effect of th e  leads 

and  p o ten tia l te rm inals, w hich m ust be so arranged  th a t  th is  source of e rro r 

m ay be w ith in  th e  lim its of experim en ta l e r ro rs ; th e  effect is calcu lated ou t 

in  detail and  a num erical tab le  is draw n up showing th a t w ith  th e  disposition 

of ap paratu s of the convection m easurem ents th e  error due to th e  leads and 

poten tia l te rm in als m ay be neglected. The possibility  of e rro r becomes more 

serious in  th e  design of ho t-w ire anem om eters w ith sh ort wires, and  in  any  

p a rticu la r case m ay be k ep t w ithin  sm all lim its by a reference to the above- 

m entioned Table. The im portance of keeping  th e  anem om eter w ire  from  

vib ration  is shown by a m athem atica l investigation of th e  erro r involved.

Section 13.— O bservations on th e  heat-loss per u n it length  from  a series of

Small Cylinders in a Stream of Fluid. 567
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568 M r. L . Y. K in g . On 

te n  p la tin u m  w ires of d iam eters 6 to 1 m il u n d e r v ary in g  conditions of 

te m p era tu re  and  w ind-velocity  are  analysed  in  detail. F o r each velocity 

(corrected  for “ swirl ”) th e  c u rre n ts  req u ired  to  h e a t th e  w ire to a p re -d e te r-  

m ined  series of resistances (from  w hich th e  te m p e ra tu re s  w ere calcu lated) 

were m easured. The corresponding  heat-lo ss in  w a tts  p e r u n it le n g th  was 

calcu la ted  for each te m p e ra tu re : th e  th eo ry  of P a r t  I  suggests th a t  the  

resu lts  be exam ined  in  th e  lig h t of th e  form u la  W  =  B ^/V -H  C, w here B and  C 

are  func tio ns of th e  tem p era tu re  and  of th e  d im ensions of th e  w ire. W h en  

W  is p lo tted  ag a in s t f Y  fo r each  tem p era tu re , a fam ily  of s

obtained  and  by  d e te rm in in g  th e  line of closest fit to  th e  observed poin ts, th e  

constan ts  B and  C can be found for each w ire.

I t  is found by p lo ttin g  B against 6 —do, th e  excess of tem p era tu re  of th e  w ire 

above th e  surro und in g  air, th a t  th e  re su ltin g  g rap h  ap prox im ates  v e ry  closely 

to a s tra ig h t line  for a  range of tem p era tu re  a tta in in g  to as h ig h  as 1200° C . : 

th is  re su lt m ay be expressed  by th e  re la tio n  B =  /3(d — d0), w here /3 shows th e  

existence of a sm all tem p era tu re  coefficient rep resen ted  by =  /3o[l +  0O)],

b hav ing  th e  value b =  0-00008. F in a lly  th eo ry  requ ire s th a t  be p ro portio nal 

to s/cio, a0 being th e  rad iu s  of th e  wire. A  g ra p h  of /302 ag a in st a0 shows th is  

condition  to be satisfied, lead ing  to th e  final re su lt

/3 o / \ /a o =  T432 x 10-3  (experim en ta l). (12)

The th eo re tical form ula  (10) requ ires

f io/fao  =  (TTSoaoKo) =  1*66 x  10-3

tak in g  cr0 =  0-001293, «0 =  5"66 x  10~5 calorie and  s0 =  0-171 calorie. The ag ree­

m e n t of (12) and  (13) m u st be considered  fa ir  in  view  of th e  u n c e r ta in ty  

a ttach ed  to th e  value of th e  th e rm al co n d u ctiv ity  for air, and  also in  th e  fa c t 

th a t  th e  th eo re tica l in vestig atio n  does no t tak e  in to  acco un t th e  v a ria tio n  of 

th is  and  o th er factors w ith  th e  tem p era tu re  g rad ie n t in  th e  neighbourhood of 

th e  wire.

In  order to in te rp re t th e  co n stan t C in  te rm s of form ula (10), i t  is necessary 

to calcu la te  th e  co n trib u tio n  to th e  te rm  C due to rad ia tio n . I t  is show n from  

th e  observations of L um m er and  K u rlb au m *  th a t  th e  ra d ia tio n  loss from  

polished p la tin u m  a t  abso lu te  te m p e ra tu re  © ° 0 . is g iven  in  w atts  per cm.2 by 

th e  re la tio n
e = 0-514 (©/lOOO)5'2. (14)

H av in g  calcu la ted  th e  rad ia tio n  loss pe r c e n tim e tre  of th e  w ire from  th e  

form u la  E  =  27ra e, we o b ta in  th e  tru e  convection  loss C0 =  C —E : i t  i

each w ire th a t  Co is ve ry  n early  p ro p o rtio n a l to th e  te m p e ra tu re  difference

* L u m m e r  a n d  K u r lb a u m , ‘ V e rh . D e u t. P h y s . G es., B e r l in ,’ vo l. 17, p. 106 (1898).
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569

6— #o, and  m a y b e  rep re se n te d  by  th e  form ula C0 =  7o(#—

7o being  n ea rly  in d ep en d en t of th e  d iam eter of th e  w ire and  havin g  th e  value

70 =  2’50 x  10~4( l  +  7 0 a ) (experim ental). (15)

A ccord ing  to  th e  theo re tical equation  (10), C0 =  k q(0— g iving

7o =  /c0 =  2-37 x  10~4 w atts  (th eo re tical), (16)

in  ex ce llen t ag re em en t w ith  th e  observed value (15). The coefficient has 

th e  value c = 0 0 0 1 1 4 , w hich m ay be considered to re p re sen t in  large m easure 

th e  va ria tio n  of th e  h ea t co n d u ctiv ity  w ith  th e  tem pera tu re .

Section 14.— I t  was found th a t  th e  co n stan t /So varied  in  a m arked  m an n er 

w ith  th e  in c lina tio n  of th e  w ire to th e  d irec tion  of th e  stream , an  effect w hich  

can be u tilised  in  p ra c tica l anem om etry  in  d e te rm in in g  th e  d irection  of the  

re su lta n t flow in  a com plicated d is trib u tio n  of air-velocity .

Section 15.— Fo rm u la  (11 ) for sm all velocities agrees in  form  w ith  the  

em pirical form ula proposed  by  Langm uir*  to rep resen t th e  resu lts  of his 

ex perim en ts  on th e  free convection of heat from  sm all p la tin u m  w ires. The 

corresponding  m ath em atica l problem  has no t y e t been solved com pletely, b u t 

m ay be d ea lt w ith  in  th e  lig h t of th e  p resen t inv estigatio n  by supposing th a t 

th e  w ire is cooled by a c u rre n t of effective velocity V  due to th e  ascent of 

hea te d  a ir  over th e  surface of th e  cylinder. M ak ing  use of th e  constan ts  

ob tained  from  th e  p re sen t • experim ents on forced convection, L an gm uir’s 

observations can be in te rp re ted  and  th e  velocity of th e  “ effective ” convection 

c u rre n t estim ated ; these re su lts  are  of some im portance in  ho t-w ire anem om etry  

as th e  “ effective ” velocity sets a  low er lim it to value of th e  air-velocities 

w hich i t  is possible to m easure by  th is  m eans.

Part

Sections 16-18 .— The special type  of po rtab le  hot-w ire anem om eter 

developed by th e  w rite r m ay be called a linear anem om eter in  c o n tra - ' 

d is tinction  to  several form s of in teg ra tin g  in s tru m en ts  w hich have already  

been  described .f D etailed  specifications are  g iven for the  construction  of 

such  anem om eters. The K elv in  bridge connections are  reta ined , and  th is  

m akes i t  possible to  m ake use of previously calib ra ted  anem om eter wires. 

A  3-m il p la tin u m  w ire, heated  to about 1000° C., was found to be th e 

m ost convenien t in  p ra c tic e ; by m eans of a po rtab le  galvanom eter the 

c u rren t req u ired  to  bring  the resistance of th e  anem om eter w ire to about

*  L a n g m u ir , “  C on d u c tio n  a n d  C onv ection  of H e a t  in  G ases,” ‘ P h y s ic a l R e v ie w ,’ 

vol. 34, p. 415 (1912).

t  B o rd o n i, U ., ‘ N u o v o  C im en to ,’ Se ries  V I ,  vol. 3, pp . 241-283, A p ril , 1912 ; 

M o rr is , J .  T ., ‘ E n g in e e r ,’ S e p te m b e r  27, 1 9 12 ; ‘ E le c tr ic ia n ,’ O c to b e r 4, 1912, p. 1056 ; 

G e rd ie n , H .,  ‘ Y e r. D e u t. P h y s . G es.,’ N o . 20, 1913.

Small Cylinders in a Stream of Fluid.
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four tim es its  resistance a t  room  te m p e ra tu re  is m easured . F o r th e  same 

w ire th e  cu rre n t ireq u ired  to bring  th e  w ire to th e  p rescrib ed  

and  tem p era tu re  in  a  c u rre n t of a ir  of velocity  V  is g iven by a  re la tio n  

of the form
i2 =  i(? V V ,  (17)

i02 and h being th e  c o n sta n ts  of th e  in s tru m e n t d e te rm in ed  e ith e r  by 

calcu lation  or by d irec t calibration . E x p e rim en ts  carried  o u t by  Prof. 

A. M. G ray* and th e  w rite r in d ic a te  th a t  co n sis ten t m easu rem en ts  of 

tu rb u le n t flow and  of sharp  g rad ie n ts  m ay be ob ta ined  in d e p en d en tly  of 

th e  d iam eter of th e  wire. I t  was found possible  to  resolve a g ra d ien t in  

w hich th e  velocity  changed  by  5 cm ./sec. over a d is tance  of 1/10  m m .

The advan tages  of th e  anem om eter designs and  connections described  m ay 

be b rie fly 's ta ted  as fo llow s:—

(i) The use of th e  K elv in  bridg e connections m akes i t  possible  to  

s tan d ard ise  and  c a lib ra te  anem om eter w ires a t  a c e n tra l lab o ra to ry  

in d e p en d en tly  of th e  rem ain d er of th e  a p p ara tu s  w ith  w hich th e  w ire is 

to be em ployed.

(ii) These connections also enable th e  w ire to he h ea te d  to  a h igh  

tem p era tu re , w ith  th e  re su lt th a t  th e  d e te rm in a tio n s  of velocity  are  

prac tica lly  in d ep en d en t of o rd in ary  v a ria tio n s of room  te m p era tu re .

(iii) The use of th e  lin ear anem om eter m akes i t  possible to  estab lish  a 

consis ten t m easure of tu rb u le n t flow.

(iv) The lin ear anem om eter m akes i t  possible to analyse sh a rp  g rad ien ts  of 

velocities w ith o u t d is tu rb in g  th e  flow a t  th e  p o in t of m easurem ent.

(v) The properties  of th e  K e lv in  bridge connec tio ns m ake  i t  possible to 

connect an  anem om eter th ro u g h  low -resistance slip  rings, an d  provide a 

m eans of a tta ck in g  such  problem s as th e  analysis  of velocities in  th e  

neighbourhood of rap id ly  revolv ing  aerop lane p ro p e lle r blades, or betw een  

th e  b lades of cen tr ifu g a l fans.

A n  in s tru m e n t of th e  ty p e  described  could easily  be co n stru c te d  to give a 

continuous graph ical record, th e re b y  g rea tly  inc reasing  its  usefu lness in  th e  

analysis  of com plicated  velocity  d is tr ib u tio n s.

* O f th e  D e p a r tm e n t  of E le c tr ic a l  E n g in e e r in g , M c G ill U n iv e r s i ty .
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