
Thermal conductivity of uranin 

Figs 2 and  3 show clearly that  the the rmal  
conduc t iv i ty  of the uranin  has a constant  value up to 
an average  test b lock  t empera tu re  of abou t  55 °C after  
wh ich  it is seen to decrease. At the h igher  average  
temperatures ,  the hea ted  surface t empera tu re  was as 
m u c h  as 90 °C and the  test blocks were  beg inn ing  to 
soften. T h e  apparen t  t empera tu re  d e p e n d e n c y  of the 
the rmal  conduc t iv i ty  at h igher  t empera tu re  is, there-  
fore, more  l ikely to be  the result of a change  in the 
s tructure of the material .  For  the t empera tu re  range 
in wh ich  the uranin  can be sensibly used as a solid 
material ,  the thermal  conduc t iv i ty  has a constant  
value of about  0.43 W / m K .  

T h e  errors invo lved  in the exper iment  were  
es t imated to be  of the order  of 2%. These  were  ma in ly  
due to vol tage f luctuat ions f rom the the rmocoup les  
and  a slight var ia t ion in the thickness of the test blocks 
after  solidification. The  scatter in the results of F ig  3 
reflect this error. A least squares regression analysis 
in the l inear por t ion  of Fig  2 wou ld  give a single 
value for the cor responding  section of F ig  3. The  
ind iv idua l  data points  and  their  scatter were  re ta ined 
and  p lo t ted  in Fig 3, however ,  as a demons t ra t ion  of 
the exper imenta l  consistency.  

Conclusions 
To c o m p l e m e n t  a long te rm research p r o g r a m m e  
involv ing  exper imenta l  and  theoret ical  aerosol tech- 
niques,  it has been  necessary to find the the rmal  con- 
duc t iv i ty  of uranin  (fluorecein sodium).  T w o  solid 
uranin  test blocks were  manufac tu red  by  a l lowing a 
strong wa te r / u r an in  solut ion to dry out and  solidify. 
The  blocks were  exposed to one-d imens iona l  steady- 
state conduc t ion  by  heat ing  one surface using electri- 
cal ly hea ted  coppe r  elements.  T h e  exper imenta l  

me thod  was found  to be  very satisfactory and  pro- 
duced  a constant  value for the thermal  conduc t iv i ty  
of uranin  of 0.43 W / m K .  
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COHFIEREHCE REPORT 
12-14 September 1983, University of Karlsruhe, FRG 

Fourth Symposium on Turbulent Shear Flows 
Evidence  of the increasing interest in shear flows was 
found ,a t  this, the four th  in a series of b iennia l  sym- 
posia, in the large n u m b e r  of papers  (nearly 100) 
spread over  18 sessions, 12 of which  were  he ld  in 
paral lel  pairs. In  addi t ion  there were  two O p e n  F o r u m  
sessions at which  workers  were  able to talk briefly 
about  current  research. T h e  papers  were  selected f rom 
190 extended abstracts, and  of those selected, it is 
in tended  that  abou t  30 will  be  pub l i shed  fo rmal ly  by  
Springer-Verlag,  fo l lowing the pract ice  wi th  the pre- 
vious symposia.  Doubt less  a n u m b e r  of the  other 
papers  will  appea r  in journals or other  publ icat ions .  
T h e  sympos ium was well  a t tended,  a t t ract ing some 
250 part icipants .  

In  a short report  it is clearly imposs ib le  to give 
adequa te  coverage  of all the topics discussed at the 
sympos ium.  Thus  the report  is wri t ten f rom the point  
of v iew of one on the edge of the subject and  more  
interested in its engineer ing  impl ica t ions  than  con- 
cerned with  fundamen ta l  aspects of tu rbu len t  shear 

flows. The  papers  men t ioned  be low are g rouped  
somewha t  arbitrari ly,  and  in some cases cut t ing across 
the g roup ing  of the sympos ium sessions. 

Internal and external boundary layer flows 

In  this t radi t ional  area which  has received at tent ion 
for m a n y  decades,  there were  some interest ing ideas 
and developments .  T w o  papers  on compress ib le  flow 
were  presented.  Vandrome  e t  a l  2 presented a new 
calcula t ion me thod  for internal  bounda ry  layers 
inc luding  shock waves, and  Muck  and  Smits 5 s tudied 
the b o u n d a r y  layer / shock  interact ion at a 16 ° corner,  
present ing details of the tu rbu lence  quantit ies.  

Perry e t  a l  1 studied the flow over  a regular  
rough  surface compar ing  shear stress values wi th  those 
for a smooth  surface. Andreopoulos  e t  a l  3 studied the 
details of flow close to the wall  in a large wind  tunnel  
using a hot wire t empera tu re  wake  sensor. 
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Three papers studied the effects of rotation on 
boundary layers, and so would have application to 
rotating fluid machinery. Witt e t  a l  8 made measure- 
ments in a rotating wind tunnel, studying the tur- 
bulence details and comparing with non-rotating 
results. Pouagare and Lakshminarayana 14 produced a 
calculation method for rotating flows using a modified 
k -e  model* and compared their results with experi- 
ments on a rotating cylinder and in a rotating duct. 
Kim 13 simulated rotating channel flow using large 
eddy simulation, again comparing results with experi- 
ments. 

Shizawa and Honami 16 studied the effects of 
concave curvature on a zero pressure gradient bound- 
ary layer, and showed some interesting effects at the 
discontinuity in curvature when going from a fiat to 
a curved surface. Patel e t  a l  7 considered the calcula- 
tion of three-dimensional boundary layers on ship 
hulls, where the special features of high curvatures, 
strong viscid-inviscid interaction and surface waves 
produce some interesting problems. 

Three-dimensional and curved flows 

Three papers included 'secondary flow' effects. 
Nakagawa e t  a l  6 studied the turbulence driven 
secondary flows which give.rise to sediment ridges in 
wide straight rivers. Chang e t  a l  H calculated the flow 
and heat transfer in a 180 ° rectangular bend using 
both standard and modified k -e  models. Rojas e t  a115 
presented laser velocimeter measurements in C- 
shaped and S-shaped rectangular diffusers, showing 
the strong secondary flows and the effects on tur- 
bulence levels. 

Hartmann a2 studied a highly curved wall jet 
and showed how a spoiler could increase the angle 
of attachment o£ the jet by relaminarising the bound- 
ary layer downstream of the start of the jet. 

Heat transfer 

Erikson e t  a l  4 studied a highly cooled boundary layer, 
work with application to cooled gas turbine blades. 
They measured mean velocity and turbulence quan- 
tities and compared the results with calculations using 
a modified k -e  model of turbulence. Iritani e t  a127 
studied the turbulence structure and heat transfer 
close to the wall, and showed how the 'streaky' or 
elongated turbulence structure in the viscous wall 
region produced a similar turbulent temperature field. 
A further study of boundary layer flow, but this time 
due to natural convection, was made by Cheesewright 
and Dastbaz 26. They found that close to the wall a 
streaky structure existed, similar to that for forced 
flow, but further out the structure differed consider- 
ably from that for forced flow. 

Among the other papers in this section, two 
from Cornell studied thermal line sources in grid 
turbulence 25,z8. 

Free turbulence 

Quinn e t  a119 studied a jet issuing from a sharp edged 
rectangular slot of aspect ratio 10. They found inter- 
esting off-centre peaks of velocity and produced 
evidence of negative production of turbulence kinetic 

* k---turbulent-kinetic energy; e--its rate of dissipation 

energy near the peaks. Chandrasekhara and 
Ramaprian 18 took measurements in asymptotic jets 
and buoyant plumes, showing the effect of buoyancy 
on the turbulent structure. 

Among the papers on wakes, Tsiolakis e t  a l  ~° 
studied the interaction of the wake from a cylinder 
and a fiat plate turbulent boundary layer. The cylinder 
had its axis perpendicular to the flow and parallel to 
the fiat plate and was immersed in the boundary layer. 
A similar topic was investigated by Takeuchi and 
Okamoto 9 who measured the effect of the wind tunnel 
walls on a wake in a plane parallel to the walls. The 
wake width was reduced, the turbulence increased, 
and the drag on the bluff body producing the wake 
was also increased. 

The papers on mixing layers were fairly funda- 
mental; for example, Sherikar and Chevray z° studied 
a plane mixing layer using an interesting technique 
whereby flow visualisation pictures were syn- 
chronised with laser velocity measurements. In the 
geophysical flows session Jirka 21 presented a paper on 
an entrainment model for a horizontal buoyant jet 
with application to situations such as the flow of a 
warm river into a cold sea. 

Recirculating flows 

There were a number of papers on confined jets. 
Binder and Kian 17 studied experimentally a jet in a 
diverging duct and found the effect of only 2.5 ° 
divergence to be considerable, especially when 
recirculation was present. Suzuki e t  a l  3z measured 
turbulence quantities in the recirculating region and 
related them to the high heat transfer observed there. 
Johnson and Bennett 3° investigated experimentally 
the mixing downstream of two co-axial jets discharg- 
ing into a suddenly expanded circular duct. Their aim 
was to improve turbulent transport models. Hallett 
and G/inther 29 took measurements in swirling flow 
downstream of a sudden expansion, where vortex 
breakdown and vortex precessing give two distinct 
types of flow. 

A number of other papers were presented 
covering such topics as flow over steps and around 
bluff bodies. One interesting paper with some fine 
flow visualisation was by Ruderich and Fernholz 31 
who studied the flow behind a normal fiat plate span- 
ning, a wind tunnel, with a splitter plate downstream 
on the axis of symmetry. Pulsed-wire anemometry was 
also used to improve understanding of the complex 
vortex and recirculation patterns. 

Experimental techniques 

A number of papers already mentioned contained 
interesting points on experimental techniques. For 
instance Perry e t  a l  ~ used a 'flying' hot wire on an air 
bearing sled in conjunction with studying the effect 
of "wedge angle' of the velocity vector on crossed 
wires. Witt e t  a l  8 commented on the use of linearisers 
for hot wires, advocating the use of analogue signal 
processing rather than the popular trend towards 
digital processing. Many authors referred to the use 
of laser anemometry, both laser doppler and dual 
focus systems. There were also a number of interesting 
flow visualisation techniques, such as the paper 
already mentioned by Sherikar and Chevray 2° and 
Ruderich and Fernholz 31. 
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Pulsed wire anemomet ry  was also used by 
many  authors, part icularly for recirculating flows, 
because of its cheapness and ease of use compared  
with laser anemometry.  In  the session on experimental 
techniques,  Dengel and Vagt z3 compared  the use of 
hot wires and pulsed wires for measurements in a free 
jet and a boundary  layer. They  p roduced  histograms 
to indicate the number  of back flow events and con- 
sidered the corrections required for hot wires in such 
flOWS. 

There were two papers on the measurement  of 
wall friction. Nitsche et al  ~4 described a method  using 
two Preston tubes of different sizes which  enabled 
skin friction to be evaluated in flows where uncer- 
tainty existed about the similarity law of the wall. 
Acharya and Escudier  22 described a floating element 
device which  measured directly the shear force on 
the wall. 

General comments 

It seemed clear that the k-e eddy viscosity model  for 
turbulence  is regarded as 's tandard' ,  and many  papers 
either used it or were concerned with improvements  
or modifications. There was, however,  some ment ion 
of other models, inc luding progress in direct Reynolds 
stress modell ing.  There also seemed a trend towards 
the use of 'finite vo lume '  numerical  techniques  as 
opposed to the older finite difference methods. On a 
more fundamenta l  level there were a number  of papers 
concerned  with eddy simulation and the predict ion 
of f requency  spectra. These methods require large 
comput ing  times (one author  ment ioned 600 h) and 
are of restricted application. It seems unlikely that, 
in the near future, they will be of use in engineering 
applications a l though they may hold the secret to the 
long term development  of calculation methods. 
Experimental  work of a fundamenta l  nature was 
presented by several authors. 

Al though not reported here it should be men- 
t ioned that there were sessions on coherent  structures, 
reacting flows, two phase flows, and numerical  
schemes and computations.  The Open Forum sessions 
were interesting but somewhat  frustrating due to the 
necessity of very short presentations. Of particular 
note was some spectacular film, from W. C. Reynolds 
of Stanford University, of bifurcat ing and ' b looming '  
jets, the latter referring to a jet spreading at about  45 ° 
to its axis. These effects were p roduced  by longi- 
tudinal  and in plane oscillation of the jet nozzle, tuned  
to the vortex shedding frequency.  

At the conclusion of such a symposium one 
feels slightly dazed at the range and volume of work 
going on in this field. However ,  the organisers should 
be congratulated on the generally smooth running  of 
the sessions and for provid ing  the oppor tuni ty  for the 
expert and novice alike to review the subject, share 
experiences and to appraise their own research objec- 
tives. 

D. G. Gregory-Smith 
Department of Engineering, 

University of Durham, UK 
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FLOMEKO'83 
F L O M E K O ' 8 3  was the th i rd  flow measurement  con- 
ference to be sponsored by  the Techn ica l  Commi t t ee  
No. TC9  of I M E K O  (the In te rna t iona l  Measurement  
Konfederat ion) .  This  Techn ica l  Commi t t ee  was 
created after  the L o n d o n  Congress of I M E K O  since 
it had  been  found  that  Congress sessions devo ted  to 
flow measurement  were  increas ing ly  s t imula t ing  and 
wel l -a t tended .  

I was invi ted  to be Cha i rman  and be l i eved  that  
a succession of conferences  specif ical ly  on flow 
measurement  he ld  in different  parts of the  wor ld  
w o u l d  p rov ide  oppor tun i t i es  for pa r t i c ipa t ion  to 
many  who  w o u l d  o therwise  have no chance  of a t tend-  
ing. The  first F L O M E K O  was he ld  at Gron ingen  in 
The  Nether lands  in 1978 and  the second in Tokyo  at 
the end  of 1979. As a co-sponsor  the  I M E K O  Tech-  
nical  Commi t t ee  was then invo lved  in 1981 in the 
Ins t rument  Society of Amer ica  Confe rence  at St Louis  
so ma in t a in ing  this movemen t  a round  cont inents .  

F L O M E K O ' 8 3 ,  he ld  in Budapes t  on 21-23 
Sep tember  1983 was another  successful  event,  this 
t ime wi th  100 delegates  from 20 countr ies ,  thus main-  
t a in ing  a strong in te rna t iona l  flavour. I t  had  been  
h o p e d  that  more delegates  from the Eastern E u r o p e a n  
countr ies  w o u l d  have come on this occasion,  a l though  
H u n g a r y  itself was wel l  represented.  

One of the no tewor thy  aspects of these con- 
ferences has been  the use of the Engl i sh  language.  It 
was r emarkab le  and  most l audab le  to find, in 
Budapes t ,  so many  delegates  w i l l i ng  and able  to make 
presen ta t ions  and take par t  in discussions in Engl ish .  

Wi th  just 30 papers  on a range of topics 
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29. Hallett W. L. H. and *Gunther R. The Turbulent Structure 
of Swirling Flow in a Sudden Expansion. Universitat 
Karlsruhe, FRG 
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which  covered  both the conven t iona l  and  the novel  
f lowmeters  in use a round  the wor ld  there had  to be 
gaps. Fo r  once there were  no ' s t r a igh t fo rward '  papers  
dea l ing  wi th  the p r ob l e m  of coefficients of pressure 
difference devices:  ins tead the session on these devices  
had  some unusual  papers,  for ins tance two from 
Po land  deal t  wi th  the  use of an orifice Whea t s tone  
b r idge  a r rangement  for measur ing  the fuel  flow to 
in ternal  combus t ion  engines.  

Two  papers  wh ich  at t racted signif icant  interest 
and  c om m e n t  were from the UK and Japan. Tha t  from 
the UK deal t  wi th  the  d e v e l o p m e n t  of a four-pa th  
ul t rasonic  f lowmeter  for the measurement  of large 
flows of natural  gas wh ich  has had  field trials on 
Brit ish Gas Corpora t ion  p ipe l ines .  Professor Yamasaki 
p resen ted  the paper  on a novel  e lec t romagnet ic  flow- 
meter.  

The  conference  started, however ,  wi th  several  
sessions on transfer  s tandards  and  ca l ib ra t ion  faci l i t ies  
and  the impor t ance  of a re l iable ,  accurate  and  trace- 
able  ne twork  of measurement  fact i l i t ies  was again  
emphas ised .  Of the  n ine  papers  in these sessions the  
two, in my  opin ion ,  wh ich  were  of s ignif icance to the  
whole  pat tern  of measurement  were p resen ted  by  Dr 
W. C. Pursley,  from the Nat iona l  Eng inee r ing  Labora-  
tory in the  UK, and by  Dr J. Gyory  from the Hunga r i an  
C o m p a n y ,  Vegyepszer.  Dr W. C. Purs ley desc r ibed  
an exercise in wh ich  the vo lumet r i c  s tandards  of six 
s tandards  laborator ies  in five countr ies  were c o m p a r e d  
using a t ransfer  package  incorpora t ing  two posi t ive  
d i sp l acemen t  meters. This  twin-mete r  package  con- 
cept  has been  d e v e l o p e d  at N E L  from a t e chn ique  
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