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The second volume of col lected paper s  in the monograph s e r i e s  P r o g r e s s  in Heat  and Mass  T r a n s f e r ,  
issued as a supplement  to the Internat ional  Journa l  of Heat  and Mass  T r a n s f e r ,  has  been published. The 
collect ion is devoted to the 65th b i r thday of P r o f e s s o r  E.  R. G. Ecker t ,  the outstanding c o n t e m p o r a r y  
the rmophys i c i s t  and ae rodynamic i s t .  

The p re face ,  the official  pa r t  of the collection,  is devoted to honoring the ce lebran t .  An add res s  
signed by the edi tors  gives a laconic b iography of P r o f e s s o r  Ecke r t ,  descr ib ing  his frui tful  scient i f ic ,  
pedagogical ,  and engineer ing ac t iv i t ies ,  and noting his g rea t  contr ibution to wor ld  sc ience .  

P r o f e s s o r  Ecke r t  has gained a g rea t  and we l l - de se rved  reputat ion.  The in t roductory  pa r t  of the 
collect ion contains,  along with the welcoming add re s s ,  a l is t  of the s e r v i c e s ,  awards ,  and honora ry  t i t les  
of the ce lebrant ,  and also the greet ings  of A. V. Lykov, d i r ec to r  of the Inst i tute  of Heat  and Mass T r a n s f e r ,  
Academy of Sciences of the Be loruss ian  SSR. 

The second par t  of the collect ion is opened by the paper  of Hadj i -Sheich and Sparrow (USA) devoted 
to the use of the Monte Car lo  :method for  solving p rob l ems  of heat radia t ion and for  es t imat ing  the e r r o r s  
of the :method. The authors  we re  able to fo rmula te  a universa l  probabi l i ty  dis tr ibut ion fo r  the wavelengths 
and direct ion of propagat ion of photon beams  in radia t ion which is independent of the radia t ion Cha rac t e r i s -  
t ics  of the su r faces  and of the t e m p e r a t u r e  level .  The p r o g r a m m i n g  of such a universa l  dis tr ibut ion,  will 
g r ea t ly  reduce  the expenditure of effor t  and t ime  in p repa r ing  calculat ions by the Monte Car lo  method.  
The p rob lem of radiant  heat  t r a n s f e r  between two p lane -pa ra l l e l  plates  is examined as an i l lus t ra t ion.  
Nonuniversal  dis t r ibut ions bor rowed f r o m  the l i t e ra tu re  a r e  also used for  compar i son .  It is shown that  
the use of the universa l  dis t r ibut ion can provide  any p reass igned  a c c u r a c y  of the calcula t ions .  

Much space  in the collection is devoted to the p rob lem of natural  convection (eight papers ) .  Although 
this is a c lass ica l  field of phys ics ,  t he re  is st i l l  a lack of exper imenta l  data and consequent ly  mos t  of the 
a r t i c l e s  a re  devoted to exper imenta l  invest igat ions of natural  convection.  

The resu l t s  of m e a s u r i n g  gravi ta t ional  natural  convection in the gap between two s i lvered ,  para l le l ,  
ver t ica l  plates  of finite s ize  (150 • 100 ram) a re  repor ted  in Nowotny's  pape r  (USA). The d imens ion less  
width of the gap (its ra t io  to the height of the plate) was var ied  inthe exper imen t s  f r o m  0.0165 to 0.0624. 
The pla tes  we re  placed in a l a rge  conta iner  (600 • 500 • 900 mm) fil led with a 0.35% aqueous solution of 
s i l ve r  n i t ra te  the optical  re f rac t ion  of which differed by only 0.5% f r o m  the re f rac t ion  of pure  wate r .  By 
means  of :measurements  involving a M a c h -  Zehnder i n t e r f e r o m e t e r  it was poss ib le  to es tab l i sh  the in- 
t e r e s t ing  re su l t  that in v e r y  nar row gaps effect  of l ift ing fo rces  on the c h a r a c t e r  of heat  t r a n s f e r  is weak.  
I t  was found that in this case  the local Nusselt~' numbers  and the t e m p e r a t u r e  dis t r ibut ions in the flow 
region a re  in good a g r e e m e n t  with the solutions of the Gra tz  p rob lem for  forced  motion in the hydrodynamic 
s tabi l izat ion sect ion.  It  is only with cons iderab le  spacing of the pla tes  (of the o rde r  of 12 mm)  that the 
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t empera tu re  profiles and local heat. fluxes ref lect  the specific charac te r i s t i c s  of f ree  convection (maximum 
on the veloci ty profi le and dependence on the Grashof number),  as observed for  a single plate. 

The paper of Pol lard  and Carlson is devoted to an experimental  investigation of the effect of deflect-  
able plane fins (movable flaps) on the nonsteady-s ta te  natural  convection of a liquid in a bounded volume 
and on t empera tu re  s trat i f icat ion.  The rat io of the height L of the vessel to its width W (distance between 
opposite heated walls),  the spatial position of the flaps (horizontal and at a 45 ~ angle up and down), and the 
length of the flaps were  varied.  It was found that: 

a) with a constant number of fins they have a cer tain optimal size for  each fixed value of L/W; 

b) for  fixed dimensions (length l) of the fins they have an optimal number which, however,  depends 
not only on L/W but also on l /W arid the rat io of the heat fluxes of the wall and bottom of the 
vessel  qb/qw; 

c) horizontal  fins have maximum efficiency with respec t  to heat t r ans fe r ;  

d) the degree of s trat i f icat ion depends on qb/qw and dec reases  with approach to qb/qw = 1 (the op- 
posite t rend is found with a fur ther  increase  of qb/qw); 

e) the effect iveness of fins (the ability to prevent  stratif ication) decreases  with time, reaching an 
asymptotic  value; 

f) in all cases  the sys tem reaches  a quas i - s t eady-s ta te  reg ime 5 rain after  applying the thermal  
effect, at a rate which depends on the intensity of heating the walls of the vessel  and its d imen-  
sions; 

g) the local heat fluxes :measured on the ver t ical  wails of the vessel  in the ease of a turbulent reg ime 
of motion proved to be slightly g rea te r  than that theore t ica l ly  predicted for a ver t ical  plate 
located in an unbounded medium. 

The problem of f ree  convection in a thermal ly  strat if ied medium is analyzed also in Eichhorn ' s  
interest ing paper (USA). The problem of determining s teady-s ta te  velocity and t empera tu re  fields in the 
boundary layer  of an isothermal  ver t ical  plate located in an undisturbed strat if ied medium is solved. In 
the medium there  is a l inear  distribution of t empera tu re  T~ increasing upward. On the leading edge of the 
plate its t empera tu re  exceeds T~ so that the thermal  head | (x, 0) = T w -  Too along the Nate  changes ac -  
cording to the law 

a x  

Here  @0 = Tw (0, 0)-Too is the initial thermal  head in section x = 0; a = dToo/dxis thelongitudinal (vertical) 
t empera tu re  gradient in the medium. 

In this formulat ion the thermal  problem is analogous to the s tatement  of the c lass ica l  problem of a 
hydrodynamic boundary layer  for a flow passing longitudinally around a plate with the velocity of the ex-  
ternal  potential flow of the "one-slope prof i le"  type diminishing l inear ly  on passing downward along the 
s t r eam;  this problem was solved by Howarth numer ica l ly  by se r ies  expansion in se l f -p rese rv ing  var iables .  
The same method and operat ive p rocedures ,  based on the well-known se l f -p rese rv ing  variables  of the 
boundary layer  of f ree  convection of an isothermal  ver t ical  plate, a re  used in the paper .  This procedure  
produces an infinite sequence of linear (except one) ordinary differential equations for universal coef- 
ficient-functions (thermal q~i and dynamic fi) of series for the stream function of a viscous flow and for 
local thermal head. The values of 9~i and fi for Prandtl numbers from 0.1 to 100 and i = 0, i, 2 are obtained 
by the numerical method. The local values of viscous stress and heat fluxes thus calculated are compared 
with the results of interferometric measurements obtained by Eckert and Carlson in a vertical slot formed 
by two unbounded parallel plates. The agreement was good on the greater part of the slot (more than 3/4 
of its height). 

Quite interesting data and the results of interferometric investigation of thermal convection in a 
horizontal layer of air are given in the paper of Goldstein and Chi (USA). A layer of air between two iso- 
thermal horizontal plates was examined. One of them (lower) had a temperature T i > T 2 (temperature of 
the upper plate). The Rayleigh numbers were continuously changed during the experiment from 103 to 108 
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so as to determine their  cr i t ica l  values corresponding to the s ta r t  of periodic cel lular  motion and subse-  
quent loss of its stabili ty with t ransi t ion to turbulent mixing. According to the au thors '  measurements ,  for  
Ra ~ 1783 • 60 a regular  cel lular  laminar  motion of a periodic nature s ta t ionary in t ime and space ar i ses  
in the gap with a rat io of the width to the height of the cell f rom 1.9 to 2.5. This result  agrees  well with 
the theoret ical  value Ra = 1708 known f rom the l i te ra ture .  Up to this cr i t ical  value in the gap there  is a 
regime of molecular  heat conduction with a l inear tempera ture  profile.  In the range 6 �9 105 < Ra < 1.2 �9 108 
developed turbulent motion was observed,  for  which the experimental  data were general ized by the empir ical  
formula  

Nu = 0.123Ra ~ 

which agrees  well with Silweston's know correla t ion,  but the profile of the s ta t is t ical ly  averaged t empera -  
tures  differed noticeably f rom the theoret ical  predict ions.  

The paper of Lykov, Berkovskii ,  and Fer tman (USSR) discusses  the new phenomenon of f ree thermal  
convection in a horizontal  slot due to inhomogeneous heating f rom above. On the basis  of a general  anal-  
ysis of the sys tem of hydrostat ic  equations in a horizontal  pr ismat ic  cavity, the authors established that 
:mechanical equilibrium is possible only in the s teady-s ta te  case  of i sothermal i ty  of both horizontal  faces 
and the same l inear  law of variat ion of tempera ture  on all ver t ical  faces .  In this case  the density is de-  
termined as a l inear function of t empera ture .  

As an example the authors consider  the problem of the occur rence  of natural  convection in a closed 
horizontal  rec tangular  cavity, all ver t ical  faces of which are  isothermal ;  a stepwise tempera ture  dis t r ibu-  
tion is given on the upper face.  Half of its surface  (from the middle to the edge) is :maintained at about the 
same tempera ture  level as the entire lower face.  The other half of the face has a higher t empera ture .  
In this case  a laminar  circulat ing motion localized over the width of the transi t ional  region of the t e m -  
pera ture  profile on the upper wall should a r i se  spontaneously in the cavity.  

Also an analysis  was conducted of the equations of equilibrium of a liquid in the case when the sys tem 
is subjected to a uniaxial :magnetic field the s trength vector  at which is oriented ver t ical ly .  In this case 
disturbance of :mechanical equilibrium can be due to changes of both the tempera ture  and :magnetic fields. 

The authors per formed experiments with two horizontal  bronze plates (205 • 700 ram). The vert ical  
walls of the chamber  were  made of organic glass (ends) and optical glass (front and r ea r  walls).  Distilled 
water  with l ight -sca t ter ing  additives (aluminum powder with a 0.23% concentration) was placed in the gap 
(3 mm). A'gas  l ase r  served as the light source .  A constant t empera tu re  of 22~ was maintained on the 
lower plate. One half of the upper plate had the same tempera ture  and the other half was 10.5 ~ higher.  

As a resul t ,  visualized patterns were  obtained of the circulat ing motions near  the upper plate, which 
were  localized in the region of t ransi t ion f rom one tempera ture  level to the other.  Experiments  conducted 
by the same :method with heating f rom below gave the well-known pat tern of cellular  convection. 

The paper  of Sing, Birkeback, and Drake (USA) was devoted to the l i t t le- invest igated problem of 
laminar  natural convection f rom a horizontal  surface.  A finite i sothermal  plate, placed with the heated 
side facing down and placed in a l ess -hea ted  medium (or placed with the cold side facing upward), was 
investigated. 

It is known that natural  convection does not occur  in the case of an unbounded plane horizontal  su r -  
face.  Movement of heated :masses of the medium near  the edges is charac te r i s t i c  for  finite plates.  Passing 
around the edges and corne r s ,  these l ighter masses  float upward and entrain the remaining part  of the 
heated medium, thereby creat ing a longitudinal flow near  the sur face .  As a consequence of this,  vert ical  
cur rents  of the medium being elected should ar ise  normal  to the wall.  On the basis of this pat tern of th ree -  
dimensional s teady motion, the authors use the scheme of a three-dimensional  boundary layer  of finite 
thickness for  solving the problem.  At f i r s t  a sys tem of integral conditions of the dynamic and thermal  
layers  is derived and parabolic tempera ture  and velocity profiles (two components) are  selected.  

The part ial  differential equation obtained for  the layer  thickness ~ is solved by the R i t z - G a l e r k i n  
:methods under the condition that 5 dec reases  f rom its maximum in the center  of the plate to zero at its 
edges. As a resul t  s imple formulas  were obtained for  the Nusselt  number as applied to a square  plate, 
round disk, and infinite band in the form : 

904 



~L Nu = = A[ (x, y) (Gr.Pr) l/s, 

where  L is the cha r ac t e r i s t i c  d imension (half-width of the pla te ,  radius  of the disk);  f (x, y) is a known 
function of the coordinates  of the su r face  of the plate ,  i nve r se ly  propor t iona l  to the boundary - l aye r  th iek-  
ness ;  and A is a constant ,  incorpora t ing  the t e m p e r a t u r e  and d imensions  of the sur face ,  and the densi ty,  
v iscos i ty ,  t e m p e r a t u r e ,  t h e r m a l  diffusivity,  and c o m p r e s s i b i l i t y  of the medium.  

A compar i son  of the calculat ions with Wagner ' s  expe r imen ta l  data and with the exper imen t s  of 
Cadamby and Drake  showed excel lent  a g r e e m e n t .  The d ive rgences  in :most eases  do not exceed 2%. 

The sect ion of the collect ion devoted to natural  convection ends with the extensive exper imenta l  in-  
ves t igat ion of Knowles and Gebhar t  (USA). The p rob l em of the s tabi l i ty  of a l umina ry  boundary l aye r  of 
na tura l  convection on a ve r t i ca l  e l ec t r i ca l ly  heated plate ,  0.01 m m  thick,  51 mm wide and 324 m m  high, 
is cons idered .  The med ium was s i l icone oil (hexamethyldisi loxane)  with Prandt l  number  7.7 and kinemat ic  
v i scos i ty  0.68 eS (at 30~ The development  both of na tura l  pe r tu rba t ions  of ve loci ty  and t e m p e r a t u r e  and 
those  c rea ted  spec ia l ly  was studied.  An e lec t romagne t ic  v ib r a to r  s e rved  fo r  this purpose .  I ts  f requency  
was regula ted  smooth ly  in the range  8 �9 10-8-20 Hz and the ampli tude could be var ied  continuously f r o m  
zero  to 0.125 m m .  The v ibra t ions  (harmonic osci l la t ions)  we re  impar ted  to a thin s t r ip ,  3.2 m m high and 
127 mm wide,  located in the boundary  l aye r  no rma l  to the heated su r face  of the plate  in the hor izonta l  
plane.  

Two ho t -wi re  a n e m o m e t e r s  with a heated pla t inum wi re  (5 ~ in d iamete r )  we re  used fo r  measu r ing  
the ve loc i ty  f ields of the pr incipal  and pe r tu rbed  motion.  Observa t ions  and :measurements  of the t e m p e r a -  
tu re  f ie lds  we re  accompl i shed  by a M u c h - Z e h n d e r  i n t e r f e r o m e t e r .  The m e a s u r e m e n t  r e su l t s  a r e  e o m -  
pared  with the l inear ized  theo ry  of sma l l  pe r tu rba t ions  developed by the ' au thors .  

T r e a t m e n t  of the exper imenta l  data  for  var ious  values of the heat  flux and f requency  and ampli tude 
of vibrat ions  showed that ,  in the overwhelming  :majority of expe r imen t s ,  the exponent in the d imens ionless  
dependence of heat  t r a n s f e r  on the Grashof  number  var ied between - 0 . 4 0  and - 0 . 5 4  and averaged  - 0 . 4 5 .  
The authors  a t t r ibute  this d ive rgence  to the dependence of the wave  propagat ion veloci ty  on the longitudinal 
coordinate  which was neglected in t r ea t ing  the data.  With this co r r ec t ion  the ag reemen t  between the ex-  
pe r imen t  and l inear ized  theory  is good. Thus the poss ib i l i ty  of using the l inear ized  theory  of na tura l  con-  
vect ion fo r  media  with l a rge  Prandt l  numbers  was proved.  

Another  impor tan t  r e su l t  of the m e a s u r e m e n t s  cons i s t s  in the es tab l i shment  of a re la t ion  between 
lo s ses  of s tabi l i ty  and the c h a r a c t e r i s t i c  points of the veloci ty  and t e m p e r a t u r e  p rof i l e s .  P rev ious ly  it had 
been genera l ly  a s sumed  that  loss  of flow s tabi l i ty  begins nea r  the point of inflection of the veloci ty  prof i le .  
However ,  it was es tab l i shed  in these  exper imen t s ,  that  at high Prandt l  numbers  the per tu rba t ions  of tern-  
p e r a t u r e  and veloci ty  r each  the i r  m a x i m u m  values nea r  the :maximum veloci ty  of the unper turbed flow. 
Two appendices to the a r t i c l e  contain calcula t ions  of the sens i t iv i ty  of the ho t -wi re  a n e m o m e t e r ,  s e n so r  
and t n t e r f e r o m e t e r .  The f i r s t  p rob l em  is quite impor tan t ,  s ince the measu red  flow veloci ty  is e x t r e m e l y  
smal l  (of the o r d e r  of 10 .3 m / s e e )  and the heated senso r  i m m e r s e d  in the flow c r e a t e s  additional natural  
convect ion.  The re la t ionsh ip  between the d i sp lacement  of the in t e r f e rence  f r inges  and the cor responding  
t e m p e r a t u r e  d i f ference  in the s i l icone oil is der ived in the second appendix.  

This extens ive  and in te res t ing  pape r  contains a detai led descr ip t ion  of the exper imenta l  technique,  
appara tus ,  and ins t rumen t s ,  and also gives a thorough in te rpre ta t ion  of the measure :ment  r e su l t s .  

Impor tan t  and except ional ly  in te res t ing  r e su l t s  of an exper imenta l  invest igat ion of convect ive heat  
t r a n s f e r  at quite l a rge  Prandt l  numbers  a r e  contained in Zoengen 's  fundamental  pape r  (USA). The ex p e r i -  
meats  we re  c a r r i e d  out with ve r t i ca l  p la tes  and c i r cu l a r  cyl inders  (horizontal  and ver t ica l )  placed in a 
h igh -v i scos i t y  po lymer i c  liquid, Polybutene N-300 with a Prandt l  number  of the o rde r  of 106. Here to fo re  
data on heat  t r a n s f e r  during f r ee  and forced  convection w e r e  absent  f r o m  the l i t e r a tu re  for  such media.  
Both s t eady - s t a t e  heat  t r a n s f e r  p r o c e s s e s  and t rans i t iona l  p r o c e s s e s  a r i s ing  upon sudden de l ive ry  ( r e -  
:moval) of a heat  flux to the su r face  of a s t r eaml ined  body w e r e  studied in Zoengen 's  exper iment .  The 

+ o t he rmophys ica l  c h a r a c t e r i s t i c s  of the working liquid in the -60~ to 20 C t e m p e r a t u r e  range  changed as 
fol lows:  v i scos i ty  by a f ac to r  of 280 and the heat  conductivity,  speci f ic  heat ,  and t he rma l  diffusivity changed 
by 6%, 11%, and 7%, r e spec t ive ly ,  i . e . ,  r ema ined  p r ae t i c a l l y  constant .  
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The experiments  of natural  convection were  car r ied  out both on vertical  surfaces  (high heat -capaci ty  
cylinder and low hea t -capac i ty  plate) and on horizontal  metal  cyl inders  and fine wires .  Forced  convection 
was studied on horizontal  round wires .  

In view of the fundamental cha rac te r  of Z0engen's experiments  we will dwell in g rea te r  detail on 
them. 

I .  N a t u r a l  C o n v e c t i o n  

A.  Vert ical  copper cylinders in the fo rm of hollow tubes, 37 mm in diameter ,  150 mm long, and 
wall thickness of 7 mm, were  immersed  into a 650 mm diam. vessel  filled with the working liquid. A 
tubular,  e lec t r ica l ly  heated element which provided isothermal  conditions on the outer surface of the 
cylinder was positioned centra l ly  inside the body. The specimen was joined coaxially to two unheated 
plastic end cylinders identical with the specimen in diameter  and length. Thermocouples  were  ar ranged 
paral lel  to the genera t r ix  of this composite cylinder at various distances f rom its outside surface.  

B. The ver t ical  plane plate was a fiberglass: sheet, 0.9 mm thick, 450 mm high, and 250 mm wide, 
on both sides of which were  glued three  0.05 mm thick foil s t r ips  of identical dtmeasions.  Thermocouples 
were  attached on the :middle s t r ip  at various distances f rom the lower end of the plate. The s tr ips  were  
heated by an e lect r ical  current .  Constancy of the heat fluxes over  the entire surface  of the plate was 
thereby secured.  The hea t - t r ans fe r  coefficients for  the cylinders and plate were  calculated by two :methods: 
on the basis of the power of the e lectr ical  current  a n d w a l l -  mediuni tempera ture  difference, and also on 
the basis of the t empera tu re  of the body surface in the flow and the tempera ture  gradient  on it. The la t ter  
was found by differentiating the tempera ture  profile measured  by the thermocouples .  

The development of the boundary layer  and the temporal  change of its thickness in the nonsteady- 
state p rocess  were  investigated by the shadow method with a s t reak  camera .  The velocity fields in the 
transit ional  reg ime of natural convection were  deter:mined by means of a special  visualization technique, 
to which end a s t r ing  of fine aluminum powder was created  in the liquid normal  to the ver t ica l ly  heated 
surface of the cylinder or  plate. Upon occur rence  of natural convective motion, the par t ic les  were  en- 
t rained by the fluid. Photography of their  displacements at specific fixed t ime intervals permit ted a ca l -  
culation of the velocities of the liquid :medium at various distances f rom the wall, i . e . ,  the velocity profile.  

C. The horizontal  e lec t r ica l ly  heated cylinders had diameters  of 6.35 mm and 0.8 mm and length of 
15 cm. They were  fastened on a U-shaped plastic holder.  

I I .  F o r c e d  C o n v e c t i o n  

The experiments  were  ca r r i ed  out with an e lec t r ica l ly  heated wire ,  0.5 mm in d iameter  and 150 :ram 
long, s t re tched between the ends of a U-shaped holder.  By :means of a special  e lec t romechanical  device 
the :model was :moved ver t ica l ly  (upward) through a quiescent medium at a constant ra te  that varied f rom 
experiment to experiment in the range  (17-170) m m / s e c .  

A. In the experiments  with the ver t ical  cylinders the :main pa ramete r  was the specific heat flux 
delivered to the surface,  the constancy of which was secured during each experiment.  Measure:meats 
began under isothermal conditions in the absence of a t empera ture  gradient between the body and medium, 
i. e . ,  AT = T b - T  m = 0. Then a given heat flux q was delivered and measurements  were  taken of the 
tempera tures  of the wall T b and adjacent layers  of the liquid, and also of the thickness of the thermal  
boundary layer  5 b as a function of t ime T. The local charac te r i s t i cs  of motion and heat t r ans fe r  a were  
determined for the ver t ica l ly  ar ranged bodies, and for  the horizontal  bodies only the averaged charac te r s  
over  the entire cylindrical  surface were  determined.  The experiments covered the ranges of variat ion of 
the pa ramete r s  

q = (0.29 -- 3.7). 103 W/m2; AT = 0--78 ~ Pr = (0.3--9.7). 105; 

Gr = 0.1--600; Ra ---- Gr. Pr ----- (0.28-- 175). 105. 

The entire p rocess  of development of natural  convection near  a ver t ical  c i rcu la r  cylinder,  as the m e a s u r e -  
ments showed, could be divided into the following three per iods.  
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1. The initial period is charac te r i zed  by the absence of molecular  convective heat t r ans fe r .  The 
i so therms in the liquid a re  a r raeged  paral le l  to the genera t r ix  and the t empera tu re  field in the medium is 
the same as in the problem of heat conduction of a semibounded bar .  

2. The t ransi t ional  period is the period during which convective motion of a creeping cha rac te r  
develops. This means  that the :motion is fo rmed only by lifting, Archimedean buoyant fo rces  and by the 
v iscos i ty  of the medium - the inertial  fo rces  :make an insignificant contribution to the dynamic balance.  
Whilst the boundary layer  is being established,  convection gradual ly overlaps heat conduction and nar rows 
the region of its effect. A steady boundary layer  of free convection is formed at the end of the t ransi t ional  
period.  However before the s teady state,  charac te r i zed  by the quantity 5st, is reached,  the boundary-  
layer  thickness "over laps"  6st and only af ter  a cer ta in  t ime does it thin to this value. 

3. In the s teady-s ta te  period,  motion, heat t r ans fe r ,  t empera tu re  fields, and other charac te r i s t i c s  
of the process  depend on t ime and obey the law Nu = 0.47 Ral/4. The phenomenon of "overlapping" of the 
s teady-s ta te  thickness of the boundary layer  was observed on both ver t ical  bodies : cylinder and plate. It 
usually occurs  on the lower third of the height of the body and only for  magnitudes of q exceeding cer ta in  
values.  Another interest ing and important  resul t  of the experiment  with ver t ical  bodies is that, despite 
"overlapping" of the boundary- layer  thickness,  the tempora l  change of the hea t - t r ans fe r  coefficient is 
monotonic during all three  per iods .  The most  careful  measurements  did not reveal  a minimum on the 
curve a ( r ) .  

Thus it was conf i rmed that the c lass ica l  relation Nu = C (Gr �9 Pr)l/4 is valid in the range of Prandtl  
numbers  f rom 0.5 (gases) to 106 upon a change of the Rayleigh number f rom 104 to l0 s. Only the constant 
C changes.  For  large  Prandtl  numbers  its value is close to 0.56. Cont ra ry  to theoret ical  p red ic t ions , '  
t r a n s v e r s e  curva ture  of the body did not affect hea t - t r ans fe r  cha rac te r i s t i c s ,  although the rat io of the 
boundary- layer  thickness to the radius of the cylinder exceeded 1.3. 

B. For  a ver t ical  plate with an initial i sothermal  wall the p rog ram covered the following ranges of 
variat ion of the experimental  p a r a m e t e r s :  

q = (3--19). 10 ~ W/m2;AT = 0--50 ~ Ra=(0.01--30).106; Pr =(0.5--4) 105. 

The local characteristics were measured in sections located 5 and 20 cm above the lower edge of the plate. 

in the transitional period the temperature of the isothermal wall varied according to a law close to the 
Ellingworth relation 

Tb __ T m =  q V na'~ 
2k 

(a, X a re  the thermal  diffusivity and heat conductivity of the medium, respect ively) ,  obtained f rom the solu-  
tion of the problem of nonsteady-s ta te  heat conduction. When s teady-s ta te  convection is reached the wall 
t empera tu re  does not depend on t ime,  but var ies  over  the height of the plate. The tempera ture  profile in 
the f i r s t  (conductive) period,  as measurements  showed, is approximated nicely by a cubical parabola 

Tb--T ( I - - + )  where67-  ~ V l2az, 
3 

rb- rm 

obtained ea r l i e r  by Siegel f rom the solution of the problem of the thermal  boundary layer  of a uniformly 
heated ver t ical  plate (q -- const).  In this period a was independent of the heat flux of the wall and the plate 
height. The hea t - t r ans fe r  coefficient depends then only on t ime and the t ranspor t  proper t ies  (a and M. 

C. Natural  convection f rom horizontal  bodies was measured  on e lec t r ica l ly  heated cylinders (nickel) 
with a d iameter  of 6.3 mm and nickel mid platinum wires  with a d iameter  of 0.8 mm.  However,  the data 
for  the platinum wires  have a large sca t t e r  of the points on the graph which, in the au thor ' s  opinion, is 
explained by the catalytic effect of platinum on the liquid. 

The measurements  were  taken in the ranges q = (7-70) �9 102 W/me; Pr  = (1-6) �9 105; Ra = (4-200) �9 102. 
In these experiments  the boundary- layer  thickness grea t ly  exceeded the radius of the cyl inder  and eon- 
sequently the c lass ieal  scheme of the boundary layer  is inapplicable. The paper contains a se r ies  of 
photographs of the shadow pattern of success ive  development of the thermal  boundary layer  around the 6.3 
m m  diameter  cyl inder  for  two values of the heat flux ql = 2 kW/m 2 and q2 = 5.4 kW/m 2. In both eases soon 
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after  e lect r ical  heating and thermal  boundary layer  increases  symmet r i ca l ly  relat ive to the heated surface 
of the body. Gradually the s y m m e t r y  is disturbed under the effect of Archimedean buoyant forces ,  and the 
layer  acquires the form of a vert ical  ovaloid. In the case of low-intensi ty heat del ivery a vert ical  wake 
gradually fo rms  in the upper par t  of the ovaloid. In the case of large heat deliveries the upper par t  of the 
ovaloid breaks suddenly and a f ree  convection flow occurs .  In this case  the thickness of the thermal  
boundary layer  rapidly diminishes after formation of the wake, which gives r i se  to the aforementioned 
"overlappingN effect of the thickness of the s teady-s ta te  thermal  boundary layer .  Individual shadow patterns 
in the paper i l lustrate the behavior of the thermal  boundary layer  upon sudden removal  of e lectr ical  heating 
and subsequent cooling of the model body. In this case the wake and upper of the thermal  boundary layer  
p rogress ive ly  degenerate,  whereas the lower semicyl indrical  par t  pers i s t s  for  some t ime.  The data given 
in the ar t ic le  on measurement  of the temporal  change of the thickness of the thermal  boundary layer  (in 
the plane of a horizontal  section through the diameter  of the cylinder) and of the hea t - t r ans fe r  coefficient 
averaged over the entire surface of the cylinder ~ indicate an appreciable noverlapping" effect 6 t and 
accordingly a nonmonotonic shape of the curve ~(~-). The "overlapping" effect in the given case is much 
higher than for vert ical  bodies. Its intensity increases  with an increase  of the heat flux and diameter  of the 
body. Thus, for  d = 6.35 mm and q = 0.55 W / c m  2 the difference between 6tmax and 5tlim is about 40%, 
whereas  for d = 0.8 mm and q = 104 W / c m  2 the value of 6t increases  with t ime monotonically and smoothly, 
approaching its aymptotic value. Simultaneously the intensity of heat t r ans fe r  averaged over the surface 
~ ,  decreasing,  passes  through the minimum and then reaches  a s teady-s ta te  value. The depth of the 
"valley ~ on the curve ~(1-) is not so great  relat ively as the peak on the curve 5t(~-). For  example, with a 
25% "overlapping" effect of the layer  thickness only an 8% decrease  of ~- is attained. 

The author ' s  experimental  data for  horizontal  cyl inders  in the range 10 -1 _< Ra _< 2 �9 1 0  2 agree well with 
the "one-fourth ~ law 

Nu = 1.75Ra 1/4, (*) 

whereas  according to the Langmuir  theory  of a frozen,  purely heat-conducting fi lm the exponents should be 
half as much.  Until recent ly  it was considered that Ra = 104 was the cr i t ical  value of t ransi t ion f rom a 
region of pure heat conduction to convection. However, as it turned out, the value of Racr  is much lower 
(by five decimal orders) ,  since, according to the data of Zoengen's experiments ,  heat t r ans fe r  to Ra = 10 -1 
is determined by the convective law (*) ra ther  than by the heat conductivity of the f i lm. The main causes 
of such divergences between experiment and Langmuir ' s  theory can be considered the presence  of motions 
inside the fi lm and their  gradual increase  during the entire transit ional  period, which a re  not accounted 
for  by this theory.  The purpose was to study the regular i t ies  of s teady-s ta te  heat t r ans fe r  of c i rcu la r  
cylinders past  which flow t r ansve r se ly  fluids with high Prandtl  numbers (~  106) at small  Re < 10 -I.  It was 
of interest  to reveal  the possibil i ty of describing the charac te r i s t i cs  of heat t r ans fe r  by empir ical  formulas  
used for large  and modera te  values of the Reynolds number.  It was neces sa ry  to determine the role of 
natural convection and its effect on forced heat t r ans fe r .  The experiments  were conducted on a horizontal  
0.5 mm d iamete r  nickel wirewi th  coinciding direction of natural and forced convection (motion of the body 
upward). The ranges of measur ing  the pa ramete r s  of the experiment were  : q = (3.3-280) kW/m2; AT 
= 8-130~ relat ive velocity of the body (1.7-17) c m / s e c ;  Re = (5 �9 10-4-1.3 �9 10-1); Ra = (1.5 �9 10-2-2); Gr 
= (3.8 �9 10-8-10-4). All experimental  points were positioned on the curve 

N~= 0.82Re~176 (**) 

As in the experiments on natural convection, the physical  proper t ies  in formula  (**)were r e fe r r ed  
to the ari thmetic mean tempera ture  of the boundary layer  (film). According to Grayner ' s  latest  exper i -  
ments ,  natural convection plays an eve r -g r ea t e r  role with decrease  of the Reynolds number of the heated 
horizontal  wire .  F r o m  these experi:ments follow different values of Nu when the wire is blown f rom below 
upward and f rom the top downward. This difference, due to the opposite d i rec t ion  of forced and natural 
convection, disappears  when Re < 10  -2 .  Below this l imit the value of Nu is determined only by the process  
of natural convection ~nd retains its values i r respec t ive  of the value of Re and direction of blowing. 

Zoengen's  experiments did not conf i rm this conclusion, since relat ion (**) remained valid to Reynolds 
numbers  o f t h e o r d e r  of 10 -4. Thus for  fluids with large Reynolds numbers  the region of degeneration of 
forced convection is shifted by another 3-4 decimal o rders  below Grayne r ' s  predicted limit R e  = 1 0  -2 .  

�9 t ~ l .  

As the analysis showed, this shift is due to the contribution of the Grashof number ra ther  than to the effect 
of the Rayleigh nttmber. The paper  has many i l lustrat ions.  
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The paper of Griguhl and Straub (West Germany) is devoted to the t empera tu re  dependence of surface 
tension ~ near the cr i t ical  s tate.  On the basis  of a thermodynamic analysis the authors establish a new 
idealized o - T  d iagram for  the t empera tu re  range T = 0 - T c r  in the form 

du  _ T - -  d2~ (***) 
d T  d T  2 " 

Here  u = TS + a is the internal energy r e fe r r ed  to a unit interphase surface;  T is the thermodynamic Cab- 
solute) t empera tu re  and Tcr  is the cr i t ical  t empera ture ;  S is the specific entropy ( refer red  to aun i t  in ter -  
phase surface}. 

Relation (***) leads to an important  r e su l t ,  namely,  within the 0 - T c r  t empera tu re  range there  should 
exist on the ~ - T  curve a point of inflection (correspondingly the maximum of the u - T  curve).  In this 
region relation (***) coincides with the c lass ica l  formulas  of Eotvos (linear dependence) and van der Waals 
(parabola of the :m-th o rder  with m = 1.5). The lat ter  is valid also for  the nea r - c r i t i ca l  region. Exper i -  
ments with CO 2 and CF3C1 were  set up to check relation (***). The experiments  were  conducted with three 
cal ibrated glass capi l lar ies  with radii  of 50, 770, and 1450p placed in a special  euvette, where the p r e s -  
sure  and t empera tu re  could be crea ted  and kept at p resc r ibed  constant values.  The height of the capi l lary 
r i se  was recorded  by a ca thetometer .  The experiments confirmed relat ion (***) in the nea r -c r i t i ca l  region. 
Their  resul ts  were  approximated by a parabol ic- type  empir ical  formula  but with an exponent m different 
f rom van der Waals ' .  A considerable  t empera tu re  dependence of m was found for associa ted fluids (water). 

The collection contains five fur ther  papers  on the problem of surface  cooling. The f i rs t  of them, 
belonging to Keiker, Bye, and Whitlow, is devotedto the problem of calculating turbulent jets in problems 
of fi lm cooling. The authors discuss  the possibi l i ty of using the Spa ld ing-Pa thankar  method for  calculating 
the charac te r i s t i c s  of the fr ict ion and heat and mass  t r ans fe r  of such flows. 

The following goals are  set up: 

1. By general iz ing the experimental  data in the l i te ra ture ,  to elucidate the problem of the s imi la r i ty  
of the profiles of the mixing length l 1 and effective Prandtl  (Pr) and Schmidt (Sc) pa ramete r s  for  
various rat ios of the d ischarge  velocity f rom the slot u s to the velocity of the external flow u e and 
different distances f rom the slot x. 

2. To calculate the charac te r i s t i c s  of film cooling and especia l ly  its effectiveness by using the 
s implest  formulat ions of the aforementioned profiles and the Spa ld ing-Pa thankar  method of ca l -  
culation. 

Exceptionally abundant, diverse, and fresh data are collected and analyzed in the paper. The 
following conclusions are made on the basis of the authors' calculations and their comparison with 
the measurements of other investigators: 

a) In the general case there is no similarity of the profiles 1 I, Pref, and Scef for different 
abscissas, x, in a near-wall turbulent jet. At the same time a trend of approximate 
similarity of profiles is noted for Us/U e > 1. 

b) A value of the effective Sehmidt number equal to 0.5 �9 0.2 can be taken for the outer part of 
turbulent boundary layer (above the maximum on the velocity profile). 

c) The Spalding-Pathankar method of calculation gives acceptable predictions of the effective- 
ness of film jet cooling and of the corresponding velocity, temperature, and concentration 
profiles in wide ranges of variation of the density of the medium and ratios Us/U e. In this 
case the calculation includes an uncomplicated composite Prandtl model of the mixing length 
(l I = 0.435 Yl for the wall part of the jet and 11 = 0.09 Yl for its outer region) and linear 
changes of the effective Prandtl and Sehmidt numbers across the layer (from 1.75 on the 
wall to 0.5 on the outer boundary). 

The short note of Simon, Hartnett, and Lew (USA) proposes new correlations of the characteristics 
of a laminar boundary layer of air and nonair media around a plane surface during transpiration. The 
authors generalized the literature and their own data on friction, heat transfer, and coefficient of restitution 

for various pairs of gases (CO2-N 2, CO2-H 2, CO2-CO 2, H2-N2, H2-CO 2, II2-H 2, H2-air, CO2-air, Xe 
-air, He-air, Ar-air, I2-air), Mach numbers (0, 3, 4, 6, 8, 12), temperatures of the external flow 
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(218,297, 555, 1110, 1666~ ratios of the tempera tures  of the wall and :medium (0.5, 0.25, 1, 1.1, 2, 3, 6), 
rat ios  of :molecular :masses of the :medium and injected gas (1/22-22). It is shown on this basis that the 
relat ive charac te r i s t i cs  of surface  fr ict ion Cf/Cf0, heat t ransfer  St/St0, and resti tution r / r  0 can be r e p r e -  
sented by their  own universal  relat ion if general ized pa ramete r s  are  used 

( M~ + M2 )'/2 

Here M 2, M 1 are  the :molecular masses  of the :medium and injected gas, respect ively:  fw = (OwVw/O~u~) 
,]-Rex, is the injection pa ramete r ;  C* = * * �9 ~ (P 2 I~ 2 )/(O~l~) is the Chapman-Rubez in  pa ramete r  (the as te r i sk  

denotes ass ignment to charac te r i s t i c  conditions)., 

The index ~0 ~ pertains to data for  an i:mpermeable wall, which are  calculated by Eeke r t ' s  :method. 
The graphs and tables in the paper confi rm the acceptable accuracy  of the corre la t ions  in the ranges of 
variat ion of the physical  conditions indicated above�9 

The paper of Chen and Ostrakh (USA) analyzes the analytical solution of the problem of ablation mel t -  
ing of two-dimensional  and axisymmetr ic  blunt bodies with considerat ion of the effect of :mass forces  on the 
hydrodynamics and heat t r ans fe r  of a liquid fi lm. 

The authors proceed f rom an associated mathematical  formulat ion of equations on an incompressible  
boundary layer  on both sides of the interface between the gas and liquid fi lm. The solutions join on the 
indicated interface.  All physical  proper t ies ,  except the v iscos i ty  of the liquid phase, are  taken to be con-  
stant. The t empera tu re  dependence of v iscosi ty  is expressed by a decreas ing  (hyperbolic type~ exponential 
function. The tempera tures  of the external potential flow and inside the solid :melting body a re  considered 
constant.  The analytical solution is reduced to finite formulas  thanks to the use of the assumption of the 
existence of an equilibrium form of the nose part  of the :melting body. It is postulated on the basis of the 
experiments of one of the authors that the nose par t  of the blunt body after  an initial period of melting 
acquires a plane geometry  of the plate type located normal  to the incident flow. This fo rm thereaf ter  r e -  
mains unchanged. Thus it is possible to use in calculations the previously known :methods of solution and 
the resul ts  for  the boundary layer  of plane ax isymmetr ic  cr i t ical  points.  On this basis simple relations 
are  obtained which associa te  the tempera ture  of the l i qu id -gas  interphase surface Ti. s and specific rate 
of :melting V with given charac te r i s t i cs  and pa ramete r s  in the external f ree  flow. The quantity Ti. s proved 
to be independent of the Reynolds number of the gas and decreased  with an increase  of the Peclet  number 
of the liquid film and with an increase  of the absolute value of the exponent in the tempera ture  dependence 
of viscosi ty.  Here the value of Ti. s is 16% lower for the two-dimensional  problem than for  the ax i sym-  
:metric problem, other conditions being equal. The rate  of :melting increases  as the square root  of the 
external flow velocity�9 The value of V, just as Ti. s, is 16% lower for  the t r ansve r se ly  circumfluous cy l -  
inder than for  a sphere�9 

The :mass fo rces ,  as the calculation showed, have a noticeable effect on the charac te r i s t i c s  of the 
:melting p rocess .  In the case of decelerated :motion they increase  the rate  of melting and lower the t em-  
pera ture  of the interphase surface .  The opposite t rend occurs  for accelera ted :motion, although the quantita- 
tive aspect  of this effect is different in both cases .  For  the same geometr ies  of the bodies and conditions 
in the external flow at the same absolute :magnitude of the :mass fo rces  the contribution of decelerat ion is 
twice higher than the contribution of accelerat ion�9 The authors determined the so-cal led limiting dece le ra -  
tion above which an equilibrium plane configuration of the nose of a :melting body is impossible.  

The paper of Sustry  and Hartnett  (USA) is devoted to an analytical investigation of the role and effect 
of an unheated preenclosed section on fr ict ion and heat t r ans fe r  of a longitudinally isothermal  porous plate 
situated in a gas flow with t ranspira t ion of a gas identical to the ambient medium through its wall.  The 
mathematical  formulation of equations of an incompress ible  l aminary  boundary layer  in M i s e s -  Prandtl  
variables  is used for  the calculations�9 Here the initial velocity profile f rom the se l f -p rese rv ing  Blasius 
problem and tempera tu re  jump are  assigned at the inlet of the porous section.  The sys tem of differential 
equations of continuity, mo:mentum, and thermal  energy is integrated numer ica l ly  with the use of a 
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rec tangular  network and A m e s - C r a n d a l l  implict f ini te-difference scheme.  For  the par t icular  ease of the 
absence of injection the au thors '  calculated values of S t / / R e  x are  compared  with Ecke r t ' s  exact solutions 
for  an impermeable  plate. The divergences for  x /x  0 = 2 are  7.5% and increase  with a fur ther  increase  of 
x /x  0 (x0, x are  the length of the initial impermeable ,  unheated section and the :moving coordinate,  reckoned 
f r o m  the leading edge of the plate). For  a nonzero injection pa rame te r  the calculated dependence of St/St 0 
and Cf/Cf0 on fw is compared  with the analytical dependence of Sparrow and S ta r t  for the case  x 0 = 0, i . e . ,  
x /x  0 = r and of Luganelli (x/x 0 = 2j. In the la t ter  case  the divergences  are  ra ther  considerable and in- 
c r ease  with an increase  of the intensity of injection (St 0 and Cf0 are  the local values of the Stanton number 
and fr ic t ion coefficient for an impermeable  wall). As a resu l t  it is shown that the initial length noticeably 
affects the charac te r i s t i c s  of heat t r ans fe r  and fr ic t ion.  Thus, for  x /x  0 = 2 and fw = 1 its neglect leads 
to an a lmost  30% underest imation of the effectiveness of porous cooling. For  f r ic t ion under the same condi-  
tions the corresponding value is 40%. However,  the effect of a preenclosed impermeable ,  unheated s e c -  
tion weakens with increase  of x (at a fixed value of x 0) and becomes negligibly s:mall for  x /x  0 = 10. 

The paper  of Koch, Pr ice ,  and Coloni (USA) solves the problem of nonsteady-s ta te  heat and mass  
t r ans fe r  f rom a wall with two :movable boundaries .  It is concerned with the physical  situation charac te r i s t i c  
for  :modern :methods of heat protect ion of surfaces  subjected to la rge  thermal  actions ( reentry  of a satell i te 
or  rocket  into the dense layer  of the a tmosphere ,  the rmal ly  s t r e s sed  nozzles  and combustion chambers ,  
etc. ). The physical  scheme of the problem is as follows : the plate (cylinder wall, sphere) consis ts  of a 
heat- insulated layer  of a low heat-conduct ing :material (base). A layer  of porous r e f r a c t o r y  :material 
(tungsten) is in close contact  with the base.  The pores  are  filled with a solid, good heat-conducting m a -  
ter ia l  (copper). The exposed surface  of this composi te  layer ,  s tar t ing at a cer ta in  instant, is acted upon by 
a powerful heat flux q (of the o rder  of 104 kW/m 2) due to aerodynamic heating, thermal  radiation, etc. As 
a consequence of this the t empera tu re  of the body increases  to the :melting point of the :metal enclosed in 
the pores .  The interface of the liquid and solid phases gradual ly sinks deeper into the wall.  At some 
instant (this depends on q and the p r e s s u r e  of the ambient medium) the boiling point is reached and the 
liquid phase begins to evaporate  - a gaseous in ter layer  for:ms around the body, creat ing an additional block-  
ing effect of heat protect ion.  The l i q u i d - g a s  interface :moves toward the base.  The problem is to de te r -  
mine the t e m p o r a l  dependence of the t empera tu re  of the body, and also the effectiveness of heat protect ion 
as functions of the thermophysica l  and thermodynamic proper t ies ,  porosi ty ,  and permeabi l i ty  of the skele-  
ton, dimensions of the l aye r s ,  curvature  of the wall, p r e s s u r e  of the external medium, and density of the 
heat flux acting on the wall .  The problem is formulated as a sys tem of equations of one-dimensional  heat 
conductivity of solid, liquid, and gaseous l aye r s .  The diffusion of vapors  into the ambient medium is 
ignored.  The effect of :mass t r ans f e r  on heat t r ans fe r  is taken into account by using in the calculation the 
appropria te  relat ions,  both empir ical  and those based on the theory  of a t ranspi ra t ion boundary layer .  In 
addition, the Clapeyron relat ion associat ing the vapor p r e s su re  on the interface with its equilibrium te:m- 
pera ture ,  and also D a r c y ' s  percolat ion formula  are  used. The sys tem is integrated numer ica l ly  acco rd -  
ing to the implicit  f ini te-difference scheme,  which is s imi la r  to that proposed ea r l i e r  by Ecker t  for  prob-  
lems with one moving phase interface.  

A quite interest ing numerica l  example is given at the end of the paper .  An external heat flux q is 
assigned as varying in t ime according to an inverted parabola  ( increase f rom zero to 2 �9 104 kW/m 2 during 
the f i r s t  12 sec and a drop to zero during the next 12 see).  The external p r e s s u r e  at f i r s t  increases  
l inear ly  f rom zero  to 100 atm during the f i r s t  16 see and then remains  constant .  The resul ts  of the ca l -  
culation are  presented in a graphic fo rm.  It is shown that the poros i ty  of tungsten plays an exceptionally 
la rge  role in :maintaining the wall t empera tu re  below the allowable l imit  (the :melting point of tungsten). 
The g rea te r  the poros i ty ,  the :more effective the heat production and the lower the t empera tu re  of the 
porous layer  and base.  This t rend is :more favorable in the case  of a plane wall and least  favorable  for  
a spherical  surface .  A cylindrical  wall occupies an intermediate  position. New data are  given relat ive 
to the effect of poros i ty  and curva ture  of the wall on the rate  of penetrat ion of the g a s - l i q u i d  interface 
into the body. For  80% poros i ty  only 30% of the copper  is evaporated by the t ime the effect of the external 
heat fluxes ceases  (24 sec) and 70% remains  in the liquid phase.  For  20% poros i ty  90% of the copper is 
evaporated within only 16 sec.  This fac tor  is :manifested :more s t rongly in the case  of spherical  geometry  
and more  weakly for  a plate.  

The shor t  paper  of Kestin and Wood (USA) d iscusses  the problem of intensifying heat t r ans fe r  at the 
front  point of a cyl inder  in a t r ansve r se  flow by increas ing the degree of turbulence of the incident flow. 
The paper  is of an interpret ive nature  and re l ies  on Kestin 's  ea r l i e r  exper iments .  A c i rcu la r  cyl inder  of 
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Plexiglas,. d = 76.6 ram, wrapped in a single layer  of thin carbon paper and immersed  into a suspension of 
aluminum paint in machine oil was used in the experiments .  For  20 :min the cyl inder  was in a t r ansve r se  
flow with a 2% degree of turbulence at Re = 105. In this case  the boundary layer  near  the front par t  of the 
cyl inder  remained laminar .  Striated bands of the eroded coating with a distance between the tips of the 
s t r ia  equal to X, r egu la r ly  repeating along the axis of the cylinder,  formed on both sides of the cr i t ical  
line on its sur face .  It was shown that the value of X depends on the Reynolds number,  decreas ing with its 
increase .  The rate  of this decrease  in turn depends on the degree of turbulence of the incident flow. On 
this basis the authors const ruct  their  hypothesis relat ive to the causes  of the increased Cby 50%) heat 
t r ans fe r  at the cr i t ical  front point of the cylinder in compar ison with the theoret ical  predict ions.  In their  
opinion, such intensification is explained by elongation of the vortex fi laments in the incident flow. To 
check the hypothesis,  additional experiments were  ca r r i ed  out with the use of two hot-wire  anemometers  
with heated wi res .  Both sensors ,  submerged to about the middle of the boundary- layer  thickness,  were  
located on the same genera t r ix  60 ~ f rom the front cr i t ical  line. One sensor  remained s ta t ionary and other 
moved along the genera t r ix .  Two-point corre la t ions  of the velocity fluctuations were  recorded.  The graph 
of the change of the corre la t ion  along the length of the cyl inder  for Re = l0 s and 2% degree of turbulence 
has the form of a sequence of quasi-periodic~ fluctuations with a relat ive value ;~/d, which is exactly the 
same as in the case  of the aforementioned erosion experiments .  The authors consider  this fact a conf i rma-  
tion of the theory  of elongation of the vortex f i laments .  

The detailed paper of Spaulding (England) presents  calculations of the charac te r i s t ic  length of tu r -  
bulence for  some shear  flows of the nonwall type (free jets,  wakes,  mixing layers) .  The author attempts 
to explain why free turbulent flows real ized in a quiescent medium of such different geomet ry  as a plane 
mixing layer  and plane ax isymmetr ic  and radial  jets have about the same angle of expansion at such dif- 
ferent  values of the Prandtl  :mixing length. The calculation is based on the Ko lmogoro f f -P rand t l  t u r -  
bulence model and the Rott differential equation for a longitudinal change of the charac te r i s t i c  length of a 
turbulent flow. To these relat ions are  added another three differential equations (of the type of integral 
boundary- layer  conditions) for  momentum and the kinetic energy of average and fluctuating :motions. Their 
integration is done under the assumption k<< u2/2 (k is the kinetic energy per unit :mass of the fluid; u is 
the velocity deficiency in the boundary layer ,  i . e . ,  the difference of velocities on the axis of the-jet and on 
its outer boundary in the ambient medium).  On this basis  analytical expressions for  the angle of expansion 
(1/5~, each containing four constants Cl is the charac te r i s t ic  length of turbulence,  5 is the local width of the 
jet), a re  obtained for  each type of jet. It is interest ing that the analytical fo rm of all these expressions 
proved to be the same.  They differ f rom one another by the constant :multipliers whose absolute values 
are  close to one another Cdeviations within 10%~. Est imates  of the o rder  of magnitudes of the a foremen-  
tioned four constants are  derived in conclusion. 

The collection also contains the paper of Lykov, Shul 'man, Pur ls ,  and Zhdanovieh (USSR) devoted 
to an experimental  investigation of rheodynamics and convective mass  t r ans fe r  in the case  of external 
flow of non-Newtonian media past  bodies.  Configurations most  important  in a hydrodynamic respect  were  
selected for the exper iments :  

a~ a s t reamlined body without separat ion - a plate in a longitudinal flow without static p r e s s u r e  
gradients ; 

b) a poorly s t reamlined b o d y -  a c i rcu la r  cylinder in a t r ansve r se  flow of a non-Newtonian medium. 

The experiments  were  ca r r i ed  out by the same :method with the use of e lec t rochemiluminescence ,  
i . e . ,  combination of lt~minophor molecules  in an electrolyte .  The paper is a continuation of previously 
published investigations which contained a descript ion of the measure:meat  :method and rota t ing- type 
experimental  device, and also the analytical solution of the problem of dynamic and diffusion boundary 
layers  of a plate with a preenelosed passive section with an exponential equation of the theological  state.  

The following were  varied in the experiments : lengths of the preenclosed pass ive section h 0 and 
active m a s s - t r a n s f e r  surface  L(h 0 = 0, 7, 23, and 51 m:m, i . e . ,  h0/(h 0 + L) = 0, 0.064, 0.18, and 0.33), 
weight concentrat ion of the aqueous solution of sodium carboxymethylcel lulose (CNaCM C = 0, 0.1, 0.25, 
0.5, 0.75, 1, and 1.5%~, velocity on the incident flow on the body (Vr = (10-50~ c m / s e c ) .  The working 
solutions had well-defined anomalous proper t ies  - up to CNaCM C = 1% a nonlinear v iscos i ty  prevailed,  and 
at higher concentrat ions elastic proper t ies  became influential. Another noteworthy feature of these solu-  
tions was the marked nonlineari ty and nonmonotunic cha rac te r  of the concentrat ion dependence of the 
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coefficient of diffusion of low-molecular  ions through the solution. Up to CNaCM C = 0.5% the value of D 
increases  s teeply and then passes  through a maximum and drops p rogress ive ly .  Such a shape of the D(c) 
curve is charac te r i s t i c  of' the major i ty  of polymeric  solutions and c rea tes  a specific cha rac te r  of the 
convective m a s s - t r a n s f e r  p roces se s  in them. In the experiments  with the plate the local values of the 
the density of the diffusion flow onto its active surface~ in the range of general ized Reynolds numbers  
Re = pU 2-n Ln /k  = 102-5 �9 104 (n and k are  rheological  pa rame te r s  of the exponential equation) were  mea-  
sured.  

The data obtained are  presented in a general ized fo rm.  They are  compared with the au thors '  analyti-  
cal formulas ,  and for  c = 0 (i. e . ,  n = 1} with the well-known L e v i c h - M e i m a n  relat ion.  For  all values of 
c, h 0, Re, Pe = U~L/D the agreement  of theory  with experiment  proved to be good. Only for c > 1% did 
the experimental  data sys temat ica l ly  deviate f rom the theoret ical  curve .  In the au thors '  opinion, this 
divergence is due to viscoelast ic  effects which were  not taken into account in their  theory.  The absc issa  
of the t ransi t ion of the laminar  boundary layer  to turbulent is determined f rom the sharp  jog on the log 
j w - l o g  x curves .  Such experimental  data were  obtained for the f i r s t  t ime.  The paper d iscusses  various 
aspects  of the problem of the t ransi t ion of a laminar  boundary layer  to turbulent and the empir ical  in-  
equality 

10 2 ~ Recr ~< 5.10 4, 

is derived, which differs markedly  f r o m  the transi t ion condition proposed ea r l i e r  by Skelland on the basis 
of theoret ical  considerat ions ,  namely 

2 [0.332 
3-105< [ - ~ j  Recr <3 -10 ,  0.332~.<A(n)<0.8. 

The paper presents  the relation Reef  (n) obtained f rom the experiments ,  which has a sharply decreas ing 
cha rac t e r  with an increase  of non-Newtonian pseudoplastic p roper t ies ,  i . e . ,  the value of Recr  dec reases  
steeply with decrease  of n. 

The experiments  with t r a n s v e r s e  flow past  c i r cu la r  cyl inders  were  ca r r i ed  out in the range of va r i a -  
tion of general ized Reynolds numbers  Re = 104-5 �9 10. The local values of the ]-flows on the c i r cu la r  
contour of the cyl inder  were  obtained in them just as for the plate.  It was found that for  fixed body di-  
mensions and constant  ambient velocity the intensity of mass  t r ans fe r  of all sections of the c~lindrical 
surfaces  in the flow decreases  with an increase  of the pseudoptastic proper t ies  of the solution, i . e . ,  with 
a dec rease  of n. This degeneration is especial ly  substantial  for  the front and s tern  regions.  Thus, as 
the non-Newtonian proper t ies  increase  the surface  of the cylinder becomes increasingly :more equally 
access ib le  for  ion diffusion toward it. It was also established that, with an increase  of the non-Newtonian 
and visoeoelast ic  proper t ies  of the solutions,  the separat ion line no longer has a conservat ive  position and 
is s t rongly displaced downstream at Reynolds numbers  for  which in a non-Newtonian fluid with the same 
effective v iscos i ty  the azimuth of the position of separat ion is s ta t ionary and amounts to about 83 ~ . The 
paper presents  a ser ies  of photographic flow patterns confirming the conclusions made on the basis of the 
local ] - :measurements .  Thus, for  c = 1% the azimuth of separat ion is displaced to a 155 ~ angle. In addi- 
tion to the phenomenon of delaying separat ion noted by the authors,  the effect of polymer  additives on the 
cha rac t e r  of :motion in the s tern region of the body and in the wake behind it was also studied. It is shown 
that such additives, f i r s t ,  grea t ly  weaken and smooth out the eddy s t ruc ture  in this region and, second, 
noticeably affect the pa rame te r s  of the Kar:man vortex s t ree t ,  p r imar i ly  the f requency of shedding of the 
vor t ices .  The paper gives the pert inent  relat ions and their  intepretation. The :motion picture f r ame  con-  
vincingly conf i rms the au thors '  conclusion that the vor t ices  are  fo rmed  as a resul t  of rol l ing-up of the 
shed sheet in the wake and not as a resul t  of the accumulation of vor t ic i ty  near  the middle of the cyl inder .  

Five papers  a re  devoted to two-phase g a s - l i q u i d  sys t ems .  The paper of Mikitz and Rozenoff (USA) 
presents  an analytical investigation of the rate  of growth of gas bubbles in an inhomogeneous t empera tu re  
field where ,  for  growth of the bubble, heat t r ans fe r  on the interphase sur face  ra ther  than inert ia  and s u r -  
face tension is the prevail ing fac tor  controll ing the p roces s .  A one-dimensional  spherical  model of a 
bubble is used. It is assumed that at the instant t = - t w ,  theliquid,  un i formlyhea ted to  Tb, is brought into 
direct  contact with the wall,  whose t empera tu re  is T w. Motion of the liquid is ignored for  all instants 
t > - t  w. At instant t = 0 a bubble fo rms  which reduces the t empera tu re  of the heating surface to Tsat .  
Beginning with the instant t _> 0, growth of the bubble now occurs  in an inhomogeneous tempera ture  field. 

913 



Under such assumptions the solution is found for  the one-dimensional  problem of nonsteady-sta te  heat con-  
duction, f rom which the specific density of the heat flux f rom the liquid phase t o  the vapo r - l i qu id  interface 
and the dependence of the radius of the bubble on t ime, thermophysica l  cha rac te r i s t i c s ,  thermal  head, and 
Jakob cr i te r ion  a re  determined.  This dependence includes also a new paramete r ,  the "waiting t ime"  
tw, i . e . ,  the t ime f rom the initial period to that instant when growth of the bubble begins. The inhomo- 
geneity of the t empera tu re  field is expressed in t e rms  of this para:meter.  The one-dimensional  dependence 
obtained is co r rec ted  for  nonspherici ty.  The cor rec ted  solution for  t w ~ oo approaches its analog descr ib -  
ing the growth of a bubble in an isothermal  heated medium. The :model used in the study ignores heat 
t r ans fe r  on the edges of the bubble, i . e . ,  the t ranspor t  of heat through the interface of three phases,  and 
therefore  is inapplicable in cases  when the order  of magnitude of the "waiting t ime"  tw is less than the 
t ime of bubble growth. 

On the basis of their  model the authors obtained the relat ions for  the "waiting time, " separat ion 
diameter ,  and f requency of fluctuations of the bubble. The relation between the separat ion diameter  and 
f requency for  various t empera tu re  gradients ,  p r e s su re  and heat fluxes is compared with the experiments  
of other authors (Van Stralen and Stanishevskii~ per formed on water ,  n-pentane,  and :methanol. In con- 
clusion a formula  is derived for  the maximum radius of a bubble in a boiling supercooled liquid. 

The paper  of Yen, Jackson,  and Pitts (USA~ is devoted to a theoret ical  and experimental  investigation 
of the occur rence  and development of film boiling f rom a horizontal cylindrical  wire  in supercooled water .  
The physical :model on which the au thors '  calculations a re  based is as follows. At some instant the t em-  
pera ture  of a wire  submerged into the liquid suddenly increases  stepwise and reaches  a value sufficient 
for  the s ta r t  of boiling of the :medium. A vapor in ter layer  forms around the wire .  Its thickness increases  
with t ime f rom zero to some value at which the interface of the vapor and liquid phases remains  cyl indrical .  
Additional assumptions are  :made here :  

a) the t empera tu re  on the interphase surface is equal to the saturat ion tempera ture ;  

b~ radiant heat t r ans fe r  is negligibly s:mall. 

The relation being sought for  the velocity of the interphase surface  is derived f rom the energy 
balance on this boundary.  Its mathematical  formulation relates  the heat expenditures for  evaporation of 
the liquid with the algebraic sum of two components : the heat t ransmit ted  to the interphase boundary by 
conduction through the vapor in ter layer  and convection of heat through the liquid phase.  To calculate the 
second component,  the authors solve a sys tem of one-dimensional  equations of nonsteady-s ta te  convective 
t ranspor t  of plane ax isymmetr ic  momentum, heat energy,  and continuity. In this case  the proper t ies  of 
the Newtonian fluid were  assumed constant and viscous dissipation, :mass losses  at the phase interphase,  
and volume forces  were  neglected. A simple profile in the fo rm of the product of so:me constant A (pres-  
ently undetermined) and rec iproca l  power of the radial coordinate is obtained for the velocity of the liquid 
phase.  By means of his profile the analytical expression is found for the t empera tu re  field in the liquid 
phase and its gradient on the interphase boundary. The one-dimensional  problem of nonsteady-s ta te  heat 
conduction is solved for  the vapor in ter layer  under the assumption of infinitesimal smallness  of the d iam- 
eter  of the wire ,  constant heat flux to its heated surface,  and constancy of the physical  proper t ies  of the 
vapor.  In addition, the tempera ture  of the phase interface is assumed to be equal to the saturation t em-  
pera ture ,  i r respec t ive  of the tempera ture  in the volume of the liquid. 

As a resul t  of the solution an analytical expression is obtained for  the heat flux on the interphase 
surface on the vapor side. Substitution of both formulas  for ST/St  I r = R into the aforementioned energy 
balance leads to the relation sought for constant A in the formula  for  the displacement velocity of the 
interphase boundary.  This relation has the form of a complex transcendental  function. The analytical 
expression for A is obtained only for  small  t imes of the p rocess .  

Fur ther  the paper presents  an original method of experiments  and a descript ion of the apparatus 
developed by the authors for  creat ing brief  (of the order  of 100 m/sec )  heat pulses of a stepped form and 
technique of high-speed filming of the dimensions and rate  of growth of a cylindrical  cavity in deaerated 
distilled water .  

Measurements  revealed that the tempera ture  of the heated surface decreased  l inear ly with t ime within 
the f i r s t  10 msec after  delivering the pulse.  This confirms that the assumption made in the calculation as 
to the constancy of the heat flux on the heated surface was co r rec t ,  at least  during the initial period of 
development of the cavity.  
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Observat ions showed that immediately  after  delivering the heat pulse nucleate boiling occurs  near  
the heated surface,  the intensity of which is determined by the degree of supercooling of the liquid phase.  
A compar ison of the au thors '  calculation and measuremen t  data for  severa l  values of the heat flux of the 
heated surface and t empera tu re  of the liquid phase showed their  good agreement .  The kinetics of the 
actual growth of bubbles during the f i r s t  2-3 msec  is fas te r  than that given by calculation.  Thereaf ter  the 
calculation gives slightly overs ta ted (15-20% within 10 msee) values of the radius.  

The paper of Beer  (West Germany) on boiling heat t r ans fe r  stands out in the collection by virtue of 
its length and its saturat ion with new resu l t s .  The paper,  which is essent ial ly  a review, presents  a detailed 
analysis of the general  physical  regular i t ies  of nucleate boiling. 

Attention is devoted mainly to: a) heat t r ans fe r  f rom a heated surface to the liquid phase; b) growth 
of bubbles on a heated surface  in the presence  of a heat supply f rom a liquid, dynamics of separat ion of 
bubbles, and motion of bubbles in a liquid. 

Motion of the upward-floating bubble and the kinematic picture in its ambient medium are  analyzed 
on the basis of the hydrodynamic potential theory  in two coordinate sys tems  - centred in the bubble and 
s ta t ionary.  As a resul t  of a gr~/phieoanalytic calculation, the t r a jec to r ies  of the par t ic les  in the wake 
behind the bubble are  plotted and evaluations made of some kinematic cha rac te r i s t i c s ,  par t icu lar ly  the 
velocity of entrainment of the liquid by the ascending bubble. 

Hahn and Griff in 's  theory  of heat t r ans fe r  during nucleate boiling of a liquid is d iscussed in detail. Then 
the paper presents  the procedure  of the au thor ' s  own experiments  and gives a descript ion of the exper i -  
mental stand and :measuring and record ing  apparatus.  In the next, r ich ly  i l lustrated section of this paper  
the author considers  the problem of the effect of the motion of the interface of two immiscible  liquids on 
heat t ranspor t  to a growing bubble. The dis turbances "of a plane horizontal  interface of two liquids during 
passage  of a bubble through it a re  analyzed on the basis of optical observat ions .  Disturbances (of the 
turbulent type) of this boundary and additional mixing of the liquids occur  in this case .  Es t imates  are  
given for  the surface  tension and f ree  energy both in dimensional and dimensionless  t e r m s .  The dynamics 
of separat ion of bubbles is analyzed and the relat ions for  the fo rces  causing separat ion are  derived in the 
final, fifth section.  

The paper of Burmei s t e r  and Schoenhals (USA) contains an analytical investigation of the effect of 
p r e s s u r e  fluctuations of a medium on laminar  film boiling near  a ver t ical  plate immersed  in an unbounded 
quiescent medium. Such investigations were  absent in the l i te ra ture  here tofore .  The premises  of the 
theoret ical  investigation are  these:  

a) the t empera tu re  of the isothermal  heated surface  is sufficiently high to maintain a reg ime of film 
boiling and vapor in ter layer  separat ing the wall f rom the liquid phase during all changes of 
p r e s s u r e ;  

b) the p r e s s u r e  in the sys tem at the initial instant is constant and the liquid in the volume phase is 
heated to the saturat ion t empera tu re .  Then the p re s su re  changes with t ime reaching values 
lower or  higher than the s teady-s ta te  p r e s s u r e .  Spatial homogeneity of the p r e s s u r e  field is 
retained during all temporal  changes.  The p re s su re  and all its derivat ives with respec t  to t ime 
are  continuous functions of t ime;  

c) the vapor is regarded as an ideal gas,  for which the product of density and viscos i ty  does not 
depend on tempera ture ,  and the Prandtl  number is constant;  

d) the proper t ies  of the liquid phase (including the heat of vaporization) are  constant;  

e) a state of thermodynamic  equilibrium is p rese rved  on the vapo r - l i qu id  interface at saturat ion 
t empera tu re  corresponding to the instantaneous p re s su re  values; 

f) the curvature  of the vapo r - l i qu id  interface can be ignored when formulat ing the boundary condi- 
tions on the interphase boundary and in the liquid phase; 

g) viscous dissipation is absent in the sys tem.  

On this basis  is wri t ten the initial set of equations of plane unsteady motion, continuity, and thermal  
energy for the vapor and liquid under the usual (for boundary layer  theory) conditions of at tachment to the 
wall, its impermeabi l i ty ,  and continuous change of the tangential velocity component and shear  s t r e ss  on 
passing through the interphase boundary and conservat ion of mass  and energy on it. 
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The solution of a sys tem of six equations is sought by means of methods used in the unsteady boundary-  
layer  theory .  Therefore ,  the investigation is res t r i c ted  to those conditions which provide validity to the 
boundary- layer  hypothesis .  The calculation is based on Moore ' s  method of small  per turbat ions .  At f i rs t  
se l f -p rese rv ing  t ransformat ions  of the corresponding s teady-s ta te  problem are  sought. The nonsteady- 
state is taken into account by introducing a variable whose form,  which depends On the variable p res su re ,  
is subsequently determined.  At the final s t age  of the solution the temporal  and spatial variables are  
separated by expansion of the dependent variables in Taylor  ser ies  and their  subsequent substitution into 
the sys tem of t rans formed  differential equations. Hence is derived an infinite sequence of ord inary  dif- 
ferential  equations for  dimensionless s t r eam functions of the liquid and vapor phase, dimensionless te:m- 
pera ture  profi les  in each of the phases,  and dimensionless thickness of the vapor in ter layer .  The equa- 
tions are  solved numerica l ly .  The paper presents  graphs of the relat ions between the coefficients of ser ies  
and variables  of the problem and gives a compar ison of the calculating resul ts  with the experimental  data 
and calculations of other authors,  and also with the Frederking and S p a r r o w - S a s s  analyses for  the s teady-  
state case of boiling in a supercooled medium. In addition, the t ime-averaged  heat fluxes q for  harmonic 
p re s su re  oscillations are  calculated. It is found for the f i r s t  case that the hea t - t r ans fe r  coefficient in- 
c r ea s e s  with increase  of p r e s su re .  In the second case the calculation gives an increase  of q with increase  
of frequency of the p r e s s u r e  fluctuation and fixed amplitude, provided the f requency is above some th resh-  
old. This threshold frequency decreases  with increase  of amplitude of the p r e s s u r e .  Steady-state  condi- 
tions prevail  for  lower frequencies ,  and the dynamic effects are  manifested weakly. Quantitative est imates  
of harmonic oscillations in water  indicate a 25% increase  of the intensity of heat t r ans fe r  at p r e s su re s  
slightly less  than 1 atm and frequencies of the o rder  of 5 Hz. 

The last  paper in the ser ies  of investigations of the hydrodynamics and heat t r ans fe r  of two-phase 
g a s -  and vapor - l i qu id  sys tems  is contributed by Carofano and McManus (USA). It contains theoret ical  
and experimental  investigations of the :motion of w a t e r - a i r  and w a t e r - v a p o r  mixtures  in c o n v e r g e n t - d i v e r -  
gent nozzles .  

Two sys tems were  studied: air  with water  droplets suspended in it and water  vapor with water  drop-  
lets .  This selection permi ts  est imating the effect of noncondensing (air) or  condensing (vapor) phases.  
The paper gives a detailed scheme of the experimental  stand, a detailed descript ion of its individual e le-  
ments,  and the method of measur ing  the :main pa ramete r s  of the investigated p roces s .  The convergent 
- d i v e r g e n t  nozzle is :made in the fo rm of a plane channel with t ransparent  side walls on flat s ides.  The 
design of the drop-producing sp raye r s ,  circulat ion sys tem for  the air  and water  vapor, and apparatus for  
:measuring the p re s su res  and tempera tures  is descr ibed.  

The theoret ical  par t  gives a detailed analysis of the s tatement  of the problem, its :mathematical 
formulat ion,  and the assumption underlying the calculation. Stress  is laid on a sys tem containing a n o n -  
condensing gas phase of the a i r - w a t e r  type as the :most charac te r i s t i c .  The initial mathematical  fo rmula -  
tion is based on the following assumptions and res t r i c t ions :  

a) The flow is steady, uniform, and bounded by adiabatic walls .  

b) The gas is nonviscous.  The lat ter  is taken into account only in the res i s tance  fo rces  acting on 
individual droplets .  

c) The heat capaci ty and conductivity of the components of the mixture are  constant .  The t empera -  
ture fields in each droplet are  homogeneous.  

d) The continuous phase is regarded as an ideal gas.  

e) The phases exchange heat with one another according to the laws of heat conduction and convec-  
tion. 

f) The mixture is monodisperse  and quasi-homogeneous on the whole. The par t ic les  do not interact  
with one another and are  not sca t tered .  The number of par t ic les  passing through any c ross  s ec -  
tion of the nozzle in unit t ime remains  the same;  p rocesses  of nuclear  condensation are  absent 
within the flow. 

g) The heat conductivity of the liquid is g rea te r  than that of the gas.  

The assumption ,of the absence of nuclear condensation in the flow is equivalent to the requi rement  of 
nonsupersaturat ion of the condensing phase.  It is important  to answer the question of the actual effect of 
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nuclear condensation ignored in the calculation on other processes in the nozzle sections up to the critical 
section (throat), where the Mach number is equal to unity. As the authors' experiments showed, the actual 
coordinate of the section Z s from which nuclear condensation begins to be manifested is located behind the 
nozzle throat, in its divergent part, i .e . ,  in the region characterized by supersaturation of the gas phase. 
Thus assumption f) is completely validated by experiment and is suitable for calcttlating the critical mass 
flow rates in the convergent part of the nozzle. 

A set of integral conditions of conservation of moment, ira, mass, and heat energy for the mixture 
and liquid phase is given in the paper. To these are added some thermodynamic relations, and also the 
Rabin empirical formula for hydrodynamic resistance of a droplet moving with acceleration. By simple 
calculations and transformation a system of three ordinary differential equations is obtained which express 
the changes of gas velocity and temperature, and also the pressure along the nozzle. The first of these 
equations at point M = 1 has a :mathematical singularity. To bring the calculation of the parameters to the 
critical section the Glans transformation is used with replace:meat of the variable parameter M (Mach 
number) by the complex N in the form 

N = (Mz --i)~ 
2 

AS a result of using this method a new differential equation is obtained which is not singular at point M = 1. 
The system is solved numerically. The results of the experiments and calculations are compared and 
interpreted graphically. It was shown that: 

1. The measured distributions of the pressure P in the convergent part of the nozzle agree well with 
the theoretical predictions. However, the calculation gives noticeably understated values of P 
for the divergent part of the nozzle. The authors attribute this discrepancy to the effect of nuclear 
condensation of supersaturated vapor phase in the region behind the critical section which was 
ignored by the theory. 

2. The critical values of the mass velocities were determined for values 0.64 _< x I <__ 1 (x I is the 
ratio of the mass flow rates of the gas and :mixture at the nozzle entrance). The deviations of the 
calculation from the actual, :measured values is 2% on the right side of the indicated range and 
7% on the left. 

3. The calculated values of the fluxes of :mass, momentum, and heat energy for the conditions in the 
experiment proved to be far lower than the corresponding equilibrium values. A satisfactory 
explanation of this circumstance is given. 

4. The theoretical model provides an adequate description of the mechanical behavior of a rapidly 
diverging flow charged with droplets. 

The collection contains four further papers on plasma topics. The first of the:m, written by Anderson 
(USA), gives an anal~ical calctHation of the curvature and stability of an electric arc in a transverse flow. 

Unlike most previous investigators, the author of this paper bases the calculation of the curvature of 
the arc and its stability in a flow transversely flowing past the arc not on equations of momentum but on the 
equation of energy of steady motion of a gas. The latter takes into account the interaction of the heat con- 
duction flux, convection of enthalpy, energy of the electric field, and radiant heat transfer. The simple 
estimates :made by Anderson lead to the conclusion that in a stable arc the gas in the center of the arc 
should move laterally from the center of its curvature. 

By substituting into the differential equation of energy Ta:clor's expansion of the temperature near the 
center of the arc and certain simplifications, a formula is obtained for the curvature of the arc. In it the 
radius of curvature is expressed in terms of derivatives of the temperature field (up to the third order), 
derivatives of the coefficient of heat conductivity, velocity components of the flow, radiant flux, density, 
heat conductivity, and heat capacity. All these quantities are taken for a point of the arc where the te:m- 
perature reaches the :maximum. Then this complex formula is simplified for the case PePr >> 1 and 
discussed in detail. In conclusion the paper considers the problem of arc stability. It is stated that an 
arc is stable only when the displacement of the center of its heating as a consequence of convection is 
balanced by an oppositely directed displacement due to bending of the lines of force of the electric field. 
A decreasing of the curvature of the arc (rectification) with increase of the current strength and curving 

917 



of the are due to an increase  of velocity are  controlled :mainly by the intensity of radiant scat ter ing of the 
heat a rc .  Upon disturbance of the stabili ty condition each local segment of the arc in the case  of its small  
curvature  :moves in the direct ion of the external flow near  a given segment  or  in the opposite direct ion in 
the case of large  curvature  of the a rc .  

The paper of Wutzke and Pfender (USA) is devoted to an experimental  investigation of the e lectr ical  
discharge and heat t r ans fe r  of an anode in a d c  arc  following the application of axial f r ic t ion.  The voltage 
of the discharge and the distribution of the potentials of the electr ic  field along the cathode in the presence  
of a d c  arc  and supersonic gas flow were  measured .  Attention is devoted :mainly to the conditions for 
which it is possible to c rea te  stable arc reg imes  with great ly  reduced heat fluxes to the anode. Experiments  
were  ca r r i ed  out in a tubular are element with an anode consist ing of two separa te  segments .  The device 
was equipped with a quartz window for observing the arc  and its recording  by :means of high-speed filming. 
The experiments  were  conducted with argon and helium at p re s su res  between 50 and 760 :m:m Hg and 
velocit ies at the entrance of the tubular element of the o rder  of 160 m m / s e c .  The gap between the anode 
and cathode was varied within 2.5-5 :mm, the cur rents  were  varied f rom 50 to 200 A. The axial a r r ange -  
merit of the discharge observed in the experiments is explained on the basis of the resul ts  of local :measure- 
ments .  

The short  paper  of Yen (USA) gives the derivation of formulas  for  calculating the thermophysica l  
charac te r i s t i cs  of quite nonequilibrium and highly ionized plasma.  The calculation is based on nonlinear,  
nonequilibrium thermodynamics  and Boltz:mann kinetic momentum equations. One is supposed to use in 
this equation as independent var iables  the actual velocit ies of the par t ic les  (ions, e lectrons,  neutral  p a r -  
ticles) ra ther  than the relat ive velocit ies and cen te r -o f -massve loc i t i e s  o r t h e i r  var iat ions,  as is done in 
the theories  of Chapman, Enskog, Cowling, Grad, and Burgers .  In this case  the calculation of the dynamics 
of par t ic le  collisions is great ly  simplified for  non-Maxwellian velocity distribution functions.  Another new 
element of the calculation is the use of the assumption of smallness  of the ra t ios  of the mass  of electron 
- i o n  and e l e c t r o n - n e u t r a l  part icle  pai rs .  And, finally, three-dimensional  collisions are  considered.  The 
author d iscusses  in detail the problem of the physical charac te r i s t i c s  of such plasma to which is inherent 
intense cur ren ts  associated with large l inear  diffusion velocities of electrons with increased tempera ture .  

The authors obtained a simple formula  for  the coefficient of heat conductivity of ions hi, whence it 
follows that the conductivity is controlled considerably by quite :mobile electrons and not by heavier  ions, 
since 

(~.e/~) ~ (rnjmJ/2. 

(~'e, hi, me,  mi are  the coefficients of heat conductivity and m a s s e s  of e lectrons and ions). The values of 
two thermodiffusion coefficients were  also calculated and the graphs of their  dependence on the modulus 
of l inear diffusion velocity W were  plotted. The numerica l  calculations,  i l lustrated by graphs,  for  a 
monatomic gas show the presence  of a sharp peak on these curves with approach to the sound velocity 
threshold of the e lect rons .  

The concluding paper f rom this ser ies  belongs to Pentr i  and Pfender (USA) and is devoted to measu re -  
ments  of local heat t r ans fe r  in p lasma by means of a floating wire  sensor .  A new :method is proposed for  
determining the local values of the hea t - t r ans fe r  coefficient of a wire immersed  into an ax isymmetr ic  
h igh- tempera ture ,  high-densi ty p lasma arc .  The idea of the :method consis ts  in the uniform displacement 
of a fine tungsten wire with a cur ren t  ac ross  the p lasma fi lament.  Then with a change of the distance x f rom 
the per iphery  to the axis of the p lasma filament its e lectr ical  res i s tance  will change. Consequently, with 
constancy of the cur ren t  supplyingthewire  the voltage drop V on the section of the wire bathed by the p lasma 
will be variable.  The quantity V(x) is t r ans formed  numerica l ly  to local values of the tempera ture  and heat 
flux. The local values of t h e  intensity of heat t ransfer  of a nonadiabatic surface bathed by a high-veloci ty  
flow of highly ionized plasma were  measured  on the basis of this :method. The experiments  were  car r ied  
out in a cyl indrical  s tainless steel chamber  with water -cooled  walls (diameter 45 cm, height 30 cm) with 
an anode coated with a deoxidized copper film and cathode of thoriated tungsten. The air  was pre l iminar i ly  
pumped f rom the 6hamber to 10 -a mm Hg. Then the chamber  was filled with argon to a tmospheric  p r e s -  
sure,  after which an arc discharge was created.  The wire,  f rom 0.25 to 0.375 mm in diameter ,  fastened 
in a special  holder,  was moved unifor:mly normal  to the p lasma fi lament at speeds of 25.4 and 11.43 cm 
/ sec  in various sections over  the height of the plasma fi lament.  The paper discusses  the details of the 
:measuring and recording apparatus,  and also methods of machine conversion of the e lect r ical  quantities 
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to thermal .  The :measurement resul ts  for  an argon a rc  ( temperature  fields in the plasma,  distribution of 
the hea t - t r ans fe r  coefficients along the wi~e) a re  analyzed.  

The paper of Ibele and Desmond (USA) contains a calculation of some t ranspor t  charac te r i s t i c s  of 
a i r -  methane gas :mixtures. The authors were  motivated to undertake this problem by the requirements  
of as t ronaut ics  in connection with future flights of satell i tes to Jupi ter  whose a tmosphere  consis ts  of 
hydrogen and methane. 

The paper  presents  in the fo rm of graphs and tables the numerical  data for  dimensionless coefficients 
of viscosity,  heat conductivity, heat capacity,  and Prandtl  number as a function of the concentration (mole 
fractions) of hydrogen in the mixture  at fixed tempera tures  (every 100~ f rom 200 to 1500~ The ca l -  
culations were  per formed by the :method presented in Hirsehfe lder ,  Cur t i ss ,  and Bi rd ' s  book. With an 
increase  of the concentrat ion of H 2 the v iscos i ty  decreases  continuously, and the more  intensely, the 
higher  the t empera tu re .  Heat conductivity under these same conditions, converse ly ,  increases  :mono- 
tonically.  The Prandtl  number as a function of the composit ion changes nonmonotonically and passes  
through a minimum, which descends lower and shifts to the right, to the side of increas ing H a concent ra-  
tions, with an increase  of the absolute t empera tu re  of the mixture.  

Of considerable in teres t  for  engineering applicat ions is the theoret ical  and experimental  investigation 
of Eisel ,  Leidenfrost ,  and Mantanajagals (USA) devoted to bladed ro t a ry  heat exchangers of the propel ler  
type.  The device represen t s  a propel ler  with two, four,  and :more hollow laminated blades rotat ing with- 
out an angle of attack. A coolant c i rcula tes  inside the blades.  Such heat exchangers  owing to intense 
external convection effectively t ransmi t  heat to the ambient gas.  It is possible to achieve in it l a rge  values 
of the hea t - t r ans fe r  coefficient f rom the gas side, of the o rder  of 500 W / m  2. 

The investigation was st imulated by the fact  that, according to W a s s e r m a n ' s  observat ions,  the r e l a -  
tion Nu = f(Re) for  a rotat ing blade is :much s teeper  than for longitudinal flow past  a plate. In the au thors '  
opinion, such intensification may be due to the effect of the radial  and axial components of accelera t ion 
and corresponding secondary  motions due to centrifugal and Coriolis  fo rces .  

The analytical par t  of the paper  is based on the following assumptions:  

a) the blade is infinitesimally thin, semibounded, and rotates  in a quiescent incompress ible  isotropic 
gas medium, with constant physical  p roper t ies ;  gravitat ional  effects are  smal l .  

b) Motion is s teady-s ta te  and without dissipation. 

The calculation is ca r r i ed  out for laminar  and turbulent flow reg imes  and is based on the Karman 
- P o h l h a u s e n  method of a l ayer  of finite thickness.  Integral  conditions relat ive to the azimuthal and radial  
components of f r ic t ion and thickness of the boundary layer  (losses of momentum and displacement) are  
derived for  r eve r sed  :motion. These equations are  then simplified on the basis of comparat ive  est imates  
and elimination of some t e r m s .  The assigned parabolic profi les of the azimuthal and radial  velocity co:m- 
ponents in the section of the layer  differ in no way f rom those which are  usually taken in analogous ca lcula-  
tions of a two- and three-d imens iona l  boundary layer  of a s ta t ionary  plate in an oblique flow (with an angle 
of attack). As a resul t  express ions  are  obtained for  local and total (averaged over the chord of the blade) 
drag coefficients Cf in the fo rm of a two-member  product .  The f i rs t  mult ipl ier  represen ts  the drag law 
for  a s ta t ionary  platein longitudinal flow and the second plays the role of a cor rec t ion  coefficient taking into 
account the specific cha rac te r  of the rotational motion and effect of :mass, centrifugal ,  and Coriolis  fo rces .  
This co r rec t ion  multiplier ,  and along with it the values of Cf for sections of the blade close to the axis of 
rotation, is higher than for  the end sect ions.  Thus, for  short  and broad blades the three-d imensional  
effects can reach  large  values.  For  example, fo r  aspect  rat ios  of order  two the difference between Cf two-d 
and C f t h r e e - d  reaches  100%. The express ions  for  the local and average Nussel t  numbers  are  obtained 
by means of the known Reynolds analogy between friction and heat transfer. 

The turbulent boundary layer is calculated likewise. It is based on the aforementioned integral condi- 
tions of the average motion, on the "one-seventh" profile, and on the Blasius law of turbulent resistance. 
However, the expressions obtained in this case for Cf and Nu differ from their laminar analogs in that the 
radial velocity component makes an extremely small contribution. 

The setup of the experiment, its procedure, apparatus, and the results and their analysis are dis- 
cussed. 
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The relat ions between the Nusselt  numbers and the Reynolds number are  plotted f rom the m e a s u r e -  
merit data for  various y /b  (b is the chord length). The experiments  conf i rm an increase  of Nusselt  numbers  
with increase  of y/b and fixed Reynolds nt~mber. This effect degenerates  for  quite large y /b .  Thus, in 
the case of long rotat ing blades the hea t - t r ans fe r  coefficient can be calculated f rom known formulas  of the 
two-dimensional  boundary layer  theory.  Another important conclusion consis ts  in that the cr i t ical  Reynolds 
numbers charac te r iz ing  t ransi t ion to a turbulent flow regime are lower for  a rotating plate than for  a fixed 
one, and amount to about 10 4 . 

The collection will undoubtedly be a great  aid for  engineers,  students, t eachers ,  and r e sea r che r s  
interested in convective t ranspor t  p roces ses .  
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