
ABSTRACTS OF PAPERS DEPOSITED AT VINITI* 

HEAT AND MASS TRANSFER IN CONVECTIVE 

DRYING OF A BUILDING MATERIAL IN AN 

AIR JET 

V. K. Savin, M. Korger, 
and A. M. Miksher 

UDC 66,015.23:532.525 

A t h e o r e t i c a l  s o l u t i o n  for  the  h e a t - t r a n s f e r  coe f f i c i en t  has  b e e n  u s e d  in  an  e x p e r i m e n t a l  c o m p a r i s o n  
for  a v a r i e t y  of c i r c u m s t a n c e s ;  n o z z l e s  of l a r g e  round  and s lo t  s h a p e s  a r e  e m p l o y e d .  

The  o b s e r v e d  and c a l c u l a t e d  m a s s - t r a n s f e r  c o e f f i c i e n t s  have  b e e n  c o m p a r e d  on r e s u l t s  on the  su_blim- 
a t i o n  o f  n a p t h a l e n e .  The  c o m p a r i s o n  was  m a d e  at  the  c r i t i c a l  poin t  (r = 0) and a long  a f ia t  s u r f a c e ,  the  
r e l e v a n t  p a r a m e t e r  be ing  the  d i m e n s i o n l e s s  d i s t a n c e  ~ = h / d  0) for  v a r i o u s  nozz l e  d i a m e t e r s  d o and j e t  
s p e e d s  U 0" The  e f f ec t s  of nozz l e  d i s t a n c e  f r o m  the  l a y e r  w e r e  a l s o  e x a m i n e d  for  an  a i r  s p e e d  U 0 of 30 
m / s e c  and a s l o t  width  h 0 of 5 ram.  The  r e s u l t s  p r o v i d e  the  b a s i s  for  f o r m u l a s  for  the  l o c a l  m a s s - t r a n s f e r  
c o e f f i c i e n t s .  

The  s u i t a b i l i t y  of a v e r a g e  m a s s - t r a n s f e r  c o e f f i c i e n t s  was e x a m i n e d  v ia  e x p e r i m e n t a l  va lue s  for  Nu m 
in  the  d r y i n g  of s and ;  the  fo l lowing w e r e  i n c o r p o r a t e d :  

1) the  e f f ec t s  of the  flow s p e e d  on Nu m for  d o = 40 m m ,  h 0 = !50  m m ;  

2) the  e f f ec t s  of the  d i s t a n c e  f r o m  the  n o z z l e  to  the  s u r f a c e  of the  m a t e r i a l  on Num for  d o = 40 m m ,  
U 0 = 10 m / s e c ;  

3) t he  e f f ec t s  of nozz l e  d i a m e t e r  on Nu m for  h 0 = 150 m m ,  U 0 = 21.5 m / s e c .  

The  o b s e r v e d  and c a l c u l a t e d  v a l u e s  w e r e  in  good a g r e e m e n t .  

T h e s e  s t u d i e s  show tha t  i t  is  p o s s i b l e  to  u s e  t he  equa t ions  fo r  the  m e a n  and loca l  m a s s - t r a n s f e r  c o -  
e f f i c i e n t s  in  c a l c u l a t i o n s .  

Dep .  2290-74,  F e b r u a r y  11, 1974. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  J a n u a r y  1, 1973. 

HEAT- AND MASS-TRANSFER CHARACTERISTICS 

OF GRANULATED SUGAR 

M. A. Volkov, M. A. Gromov, 
and V. D. Mikhailov 

UDC 536.2.02 

M e a s u r e m e n t s  have  b e e n  m a d e  of the  t h e r m a l  conduc t iv i ty ,  t h e r m a l  d i f fus iv i ty ,  and  s p e c i f i c  hea t  
for  g r a n u l a t e d  s u g a r  in  r e l a t i o n  to  d e n s i t y .  The  fo l lowing  e m p i r i c a l  f o r m u l a s  can  be  u sed  to  a p p r o x i m a t e  
the  r e s u l t s  : 
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Fig. 1. Effects of water  content ondiffus i0n Coeffir 
cient, mass  t r ansmis s ion  factor,  and thermal  diffusiv- 
ity for granulated sugar .  

a = (2.28.10-37 -- 0.6)- 10 -~; 

c = 1170 ~ 0.126 (7 -- 800). 

The re la t ion of the rmal  conductivity h to density "y. is 

~, = (2.28.10-37 - -  0.6) c7.10 -~. 

The conductometr ic  method of measur ing granula ted-sugar  water  content [1] enables one to record  
d i rec t ly  the change in water  content at any point in the specimen without sampling, and this enables one to 
examine the linked heat and mass  t r ans fe r .  The resul ts  indicate that the. heat-  and m a s s - t r a n s f e r  coeffi- 
cients a re  dependent on the water  content (Fig. 1). 

It is found that the Lykov number  is close to 1.0 for this range of water  contents (0.04-0.18%); this 
confirms that the heat and mass  t r ans f e r  a re  coupled in this mater ia l .  

The equil ibrium water  content and thermodynamic  pa ramete r s  of granulated sugar  [1, 2] provide a 
sys temat ic  c lass i f icat ion of the major  heat -  and m a s s - t r a n s f e r  cha rac te r i s t i c s :  the true i sothermal  
specific heat,  the the rma! -g rad ien t  coefficient,  and the water  diffusion coefficient for water contents f rom 
0.028 to 0.18% for ash contents f rom 0.020 to 0.068% at 280-300~ 

NOTATION 

p is the density,  kg/m3; 
c is the specific heat,  J/kg-K~ 
k is the thermal  conductivity, W / m - K ;  
a is the thermal  diffusivity, mZ/sec; 
a m is the diffusion coefficient for water ,  m2/sec;  
u is the water  content, kg/kg;  
Lu is the Lykov number;  
~m is the m a s s - t r a n s m i s s i o n  factor,  k g - m o l / m . J . s e c .  
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HEAT-UTILIZATION EFFICIENCY IN EVAPORATION 

OF A LIQUID THROUGH A MEMBRANE 

V. D. Volzin UDC 536.24.02 

There are the following four types of equipment using liquid evaporationthrough membranes: I) 
evaporation into vacuum, 2) evaporation into a layer of immobile gas, 3) evaporation into a gas flow, and 
4) evaporation through the pores in the membrane made of a material not wetted by the liquid. The heat 
utilization in such equipment is examined, i.e., the consumption of heat per unit mass of vapor. The 
physical transport patterns for the vapor in cases 1, 2, and 4, are very similar, and they are therefore 
described by similar equations. The overall heat flux is made up of the heat transported by the tempera- 
ture gradient and that transported by the convective vapor flux. The second is determined by the proper- 
ties of the membrane, while the first must be estimated via the known temperature distribution along the 
gap between the evaporation and condensation surfaces. This distribution has been determined by solving 
the differential, equations for convective thermal conduction. The case of type 3 is considered separately, 
via an idealized scheme, in which the surface of the membrane is flushed by gas that is completely satu- 
rated with the vapor, after which the gas flow is cooled to another temperature, with the vapor content 
again attaining the equilibrium value. In all cases, analytical expressions are derived for the heat-utili- 
zation efficiency on the basis of data on the throughput and evaporation and condensation temperatures. 

A numerical calculation has been performed for a throughput of 10 liters/m 2 .h of water with evapor- 
ation and condensation temperatures of 50 and 0~ respectively; the following efficiencies have been 
found: I) 97~c; 2) 83; 3) 82.5; and 4) 81.5. 

Conclusions are drawn on the choice of gas and temperature difference for the evaporation and con- 
densation surfaces. 

Dep. 2296-74, April 19, 1974. 
Original article submitted February 14, 1973. 

A N  E L E C T R I C A L - C O N T A C T  M E T H O D  O F  E X A M I N I N G  

T H E  H Y D R O D Y N A M I C  S T R U C T U R E  O F  A T H R E E - P H A S E  

I M M O B I L E  B E D  

V .  A .  K i r i l l o v ,  M .  A .  K a s a m a n y a n ,  
a n d  V .  A .  K u z i n  

UDC 532.546 

The  e l e c t r i c a l  con tac t  me thod  i s  now wide ly  u s e d  to  e x a m i n e  t w o - p h a s e  f lows .  H e r e  i t  has  b e e n  
a p p l i e d  to  t he  h y d r o d y n a m i c  s t r u c t u r e  of a t h r e e - p h a s e  i m m o b i l e  bed ,  wi th  l iqu id  and g a s  p a s s i n g  u p w a r d s  
t h r o u g h  i t .  

M e t h o d s .  The  a p p a r a t u s  c o n s i s t e d  of a c o l u m n  hav ing  D = 100 m m a n d  he igh t  1200 m m ,  which  was  
f i l l ed  wi th  g l a s s  s p h e r e s  hav ing  d = 18 ram,  and a t r a n s d u c e r  connec t ed  to  a m e a s u r i n g  s y s t e m  i n c o r p o r a -  
t ing  an  I R A - 5  c o m p u t e r .  The  t r a n s d u c e r  was  a s p h e r e  having  d = 18 m m ,  and th i s  a t  f ive po in t s  b o r e  
c y l i n d e r s ,  which  w e r e  f i t ted  wi th  s t a i n l e s s  s t e e l  s u r g i c a l  n e e d l e s  hav ing  d = 0.5 m m  with  the  ends  p r o j e c t -  
ing 6.5 m m .  The  c y l i n d e r s  s e r v e d  a s  one e l e c t r o d e  and the  n e e d l e s  a s  the  o t h e r .  The  t r a n s d u c e r s  w e r e  
s u p p l i e d  with  ac  at  200 kHz.  The  o p e r a t i o n  was  b a s e d  on the  fo l lowing e f fec t :  t h e r e  i s  a m a r k e d  change  
in  the  r e s i s t a n c e  b e t w e e n  the  e l e c t r o d e s  when a g a s  bubb le  p a s s e s ,  which  i s  r e c o r d e d  a s  a vo l t a ge  p u l s e  
a t  the  I R A - 5 .  The  a p p a r a t u s  a l l o w s  fo r  r e c o r d i n g  the  width  and a m p l i t u d e  of the  pu l se ,  the  l a t t e r  c o r r e -  
spond ing  to the  d i s t a n c e  f r o m  the  s i d e .  

R e s u l t s .  The  da ta  w e r e  p r o c e s s e d  v i a  t he  t h e o r y  of r a n d o m  p r o c e s s e s  to  g ive  the  m a t h e m a t i c a l  e x -  
p e c t a t i o n ,  d i s p e r s i o n ,  a u t o c o r r e l a t i o n  func t ions ,  s p e c t r a l  d e n s i t y ,  and r m s  f r e q u e n c i e s  in  the  s p a t i a l  and 
t i m e  c o o r d i n a t e s .  

It was  found tha t  t h e r e  a r e  t h r e e  h y d r o d y n a m i c  s t a t e s :  1) the  bubb le  s t a t e  wi th  a gas  conten t  ~ = 0.2; 
2) f o r m a t i o n  of h i g h l y  conduc t ing  channeIs  (~ = 0 .2-0 .6) ;  and 3) d i s p e r s e d  a n n u l a r  flow (~ > 0.6).  
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It was found that the liquid phase may be considered as a film oscillating with the frequency of bubble 
passage ,  while the gas can be t rea ted  as a continuous medium. 

Dep. 2269-74, May 7, 1974. 
Original a r t ic le  submitted November 24, 1973. 

EXPERIMENTAL STUDY OF THE METHOD OF 

LIGHT SCATTERING FOR THE CONTINUOUS 

MEASUREMENT OF THE CONCENTRATION OF 

THE DISPERSE PHASE INAERODISPERSED SYSTEMS 

A .  P .  K l i m e n k o  a n d  V.  I .  K o r o l e v  UDC532.529.5 

An evaluation of the possibi l i ty of using the method of integral  light scat ter ing to determine the con- 
centra t ion of par t ic les  of different  types of industr ial  dust, which are ,  in general ,  polydisperse,  in a 
s t r e a m  is of considerable  in te res t .  For  this purpose an experimental  study of the method was conducted 
on the following types of dust:  coal (fine fraction), quartz-containing,  and flour.  The coal and quar tz -  
containing dust belong to the monodisperse  sys tems  with a mean par t ic le  size of 2 t~ (for coal dust) and 4 t~ 
(for quar tz-containing dust). In contras t  to them the flour dust is polydisperse  with a wide range of var ia -  
t ion in par t ic le  s ize .  With some approximat ion it can be represented  in the form of a mixture of three 
monodisperse  sys tems  with mean par t ic le  s izes of 5, 21, and 34 #, with their  relat ive content in the mix- 
ture  equal to 1 4 : 4 : 1 ,  respect ive ly ,  i . e . ,  the par t ic les  with a s ize  of 5 p predominate.  

Thus, all the types of dust studied per ta in  to large par t ic les  whose size considerably exceeds the 
wavelength h of the i l luminating light. For  such par t ic les  the intensity of the sca t te red  light is p ropor -  
t ional to the c ross  sect ion of the par t ic le  and does not depend on the wavelength ~. A study of the sca t t e r -  
ing indicat r ices  of coal, flour, and quar tz-containing dust showed that setting the measur ing photoreceiver  
at a 130 ~ angle to the optical axis of the illuminating light flux is the most  efficient.  

The tes ts  were  conducted on an operating dust chamber .  The dust concentrat ion at the site where 
the de tec tor  was mounted was monitored by the g rav ime t r i c  method. The studies conducted showed that 
in the range of var ia t ion in the dust concentrat ion c f rom 10 to 200 m g / m  3 there  is a l inea r  dependence be-  
tween c and the output signal u of the measur ing  sys tem.  The l inear  dependence of u on c is disrupted at 
concentrat ions exceeding 200 m g / m  ~, which is connected with the fact that multiple sca t ter ing begins to 
have an effect at such high concentrat ions.  

A comparat ive  es t imate  of the resul ts  obtained for different types of dust shows that the concentra-  
tion sensi t ivi t ies  for quar tz-containing and flour dust coincide and equal 14 mV.  mg -1 �9 m 3, while for coal 
dust the sensi t ivi ty is 2.3 t imes  lower. These differences can be exp.lained by the fact that coal dust rep-  
resents  fully ref lect ing par t ic les  with smooth surfaces ,  while flour and quartz-containing dust represent  
"white" par t ic les  with complete but diffuse scat ter ing.  

The resul ts  of the measurements  were analyzed s ta t is t ical ly  to determine the degree of probability of 
the connection between the values of the dust concentrat ion obtained by the weight method and by the light- 
sca t te r ing  method. The calculation showed that for the l inear sect ion of the curves the cor re la t ion  Coeffi- 
c ients  a re  0.84 for coal dust,  0.93 for quar tz-containing dust, and 0.96 for flour dust, i . e . ,  a ra ther  close 
cor re la t ion  connection exists which var ies  within smal l  l imits depending on the type of dust.  

An es t imate  of the accuracy  of the measurements  showed that for the l inear sect ion of the curve u 
= f(c) the reduced e r r o r  is ~10%. 

Dep. 2301-74, Apri l  12, 1974. 
Original ar t ic le  submitted May 21, 1973. 
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DETERMINATION OF PHASE CONTACT TIME 

DEVICES CONTAINING NOZZLES 

N. Vo O s t a p c h u k ,  T .  N. G r o s u l ,  
G.  S.  Z e l i n s k i i ,  L .  D.  K a m y s h n i k ,  
a n d  V. I .  A l e i n i k o v  

IN 

UDC 532.546 

A method is presented for calculating the t ime that par t ic les  stay in the d isperse  phase in heat-  and 
mass -exchange  devices built in the form of a ver t ica l  s tack containing ser ies  of nozzles mounted hor izon-  
tally.  The ver t ica l  par t ic le  motion produced by gravitat ional  forces  is charac ter ized  by the presence  of 
local s t r eams  formed as a resul t  of the interact ion of the par t ic les  with the nozzles and by an oppositely 
directed s t r eam of the d ispers ion  medium. The average  velocity of the d isperse  s t r eam in this case is 
determined by the geometry ,  the s t ruc tura l  proper t ies  of the device, and the pa ramete r s  of the d ispers ion 
medium. The a r b i t r a r y  division of the height of the device into individual sections i of height h by cross  
sections pass ingthrough the ser ies  of nozzles allows one to calculate the average  par t ic le  velocities at the 
s tar t  and end of each section.  

s of the d isperse  phase at the s tar t  of the (i + 1)-th sect ion is determined The average  velocity v i +l 
e f rom the calculated average velocity v i at the end of the i- th sect ion on the basis  of the equality of the 

number of par t ic les ,  assuming them to be absolutely elast ic  spheres ,  before and after  their  encounter 
with a nozzle. When the par t ic les  of the d isperse  phase a re  considered as absolutely inelastic spheres  
their  velocity af ter  an encounter with a nozzle is taken as zero.  

The relat ionship vS+:l = cv s is determined by the coefficient c, which allows for the size and shape 
of the c ross  sect ion of a nozzle, the number of them in a se r ies ,  the horizontal  distance between nozzles,  
and the ver t ical  distance between ser ies  of nozzles.  Expressions for the coefficient e for nozzles having 
cross  sections of round, square,  and hexagonal shape and with various nozzle orientations were obtained 
using the geomet r ica l  probabili ty of the encounter of a par t ic le  with a nozzle of the se r ies  under cons idera-  
tion. F r o m  the known average  velocity of the d isperse  phase at the s tar t  of each section and the velocity 
of swirl  of its par t ic les  it becomes possible to calculate {by equations proposed by Z. R. Gorbis, 1964) the 
t ime T i for the passage of the par t ic les  through the sections.  

The t ime T that the d i sperse  phase stays in a heat-  and mass-exchange  device is determined by the 
sequential calculation of the ~i on a computer  and their  subsequent summation.  A compar ison of the cal-  
culated t ime (T c = 2.87 sec) and the actual t ime (Ta = 3 sec) of interact ion of a gra in  of wheat and the drying 
agent in the heating chamber  of a Tsel innyi-50 rec i rcula t ion  gra in  d r ie r  showed an identity of resul ts  and 
the applicability of the calculating method of determining r .  The use of the method developed has cons ider-  
able impor tance  for the study, calculation, design, and optimization of heat-  and mass-exchange  devices of 
this type. 

Dep. 2302-74, June 5, 1974. 
Original ar t ic le  submitted October 9, 1973. 

CALCULATION OF THE FILTRATION DISCHARGE 

OF FREE-FLOWING MATERIALS FROM HOPPERS 

V. E. Davidson, V. I. Eliseev, 
and A. P. Tolstopyat 

UDC 621.547 

A model is constructed for the fi l trat ion discharge  of a free-f lowing mater ia l  based on the fi l tration 
charac te r i s t i c s  of the c h a r g e - b u n k e r  sys tem [1], a c r i te r ia l  equation for gravitat ional  d ischarge  [2], and 
the assumpt ion that the gas f i l t rat ion does not disturb the dynamic a rch  at the d ischarge  opening but is 
manifested in the application of an additional force load on the par t ic les  passing through this arch.  
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Fig. i. Comparison of experimental data of [3] with calculation isolid lines). Polystyrene: 
d=3.2 ram; Ts=l.05 g/em 3 (Gs, kg/see; Gg, g/sec)~ i) f'= 3.42; 2) 4.88; 3) 6.84; 4) 11.4; 5) 
17.1; 6) 34.2. Ggr: dashed line. Gs = Ggr when af = 0; Re = 0-340. 

Fig. 2. Comparison of experimental data with calculation (solid lines). Lead: d = 2.75 
ram; 7s=ii.3 g/em 3 (G s, kg/see; Gg, g/see): I) f=2.4; 2) 4.0. Ggr: dashed line. Gs= Gg r 
when af= 0; Re = 0-1970. Above: diagram of bottom of flat hopper. 

A new value af  is included in the c r i t e r ion  of the reduced flow rate,  and the equation for the flow rate 
of a free-f lowing mater ia l  d ischarging f rom the opening in the bottom of a hopper with allowance for f i l t ra-  
t ion is wri t ten in the fo rm 

~,= ~ (~>~. .5 ~. ~~ = ~g;(, ~ "f i ~ (1) 
�9 g ] 

The "plus" and "minus" signs a re  determined by the fi l trat ion of the gas accompanying the discharge 

or opposite to it. 

The value of a f ,  which is determined by the f i l t rat ion forces  acting on a part icle,  was found on the 
assumpt ion that the gas d i scharge  is i sochor ie  and the p rocess  of f i l trat ion discharge  of the free-flowing 
mate r ia l  f rom the hopper is s teady.  This made it possible to separa te  out the flow rate  of the gas which 
is moving re la t ive  to the par t ic les  and is a source  of additional fo rces :  

7g 1 +__~ as. (2) 
a g f = 6 g - -  7g " 1 - - e  

The value of af was determined f rom the forces  found [11 (with allowance for the presence  of separat ion 
zones) and the mass  of a part icle ,  as a resul t  of which the equation for determining the fi l trat ion flow rate  
of' a f ree-f lowing mater ia l  can be wri t ten in the form 

{ ap ~f }0.5 
Gs = Ggr 1 • - -  [(1 - -  8) k d ~ 2  + E ~  1] �9 ( 3 )  

H7 c 

Let us wri te  one other form of Eq. (3): 

(4) 
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Here 
2 G g f ~  _ , T(F_I)][~.~_ - @7.10_5.Re(~__I)]; Re= ~ -  (l--e)Ygg ; kd=[1-r" 

% l I 3 
~ - 4 8 sin2%; ~2= -~2 (1 -- c~ - - - ~  sin~%c~ 

E = (50/Re + 0,446f) f/}f. 

The values of 4, }f, and T a re  determined f rom equations obtained in [1]. The angle of s t r eam 
separa t ion r = 110~ for fully turbulent flow was used in the calculations.  

A compar ison  of the resul ts  of calculation by Eq. (4) with the experimental  data of [3] obtained on a 
flat hopper (the free-f lowing mater ia l  was polystyrene) and with additional experiments  with lead shot is 
presented  in Figs.  1 and 2. The experimental  data of [4] obtained on round hoppers were checked agaim~t 
Eq. (4). In all the calculations per formed the d isagreement  between the experimental  points and the r e -  
sults obtained f rom Eq. (4) did not exceed 10%. 

A compar ison  with the data of [3] a lso showed that the rat io af/g reached 500 and that in this case 
the flow ra te  of the free-f lowing mater ia l  var ied  in accordance  with Eq. (1). 

Thus, the f i l t rat ion of gas allows one to pass as much free-f lowing mater ia l  as des i red  through 
openings of limited size,  as well as to regulate  it smoothly.  

N O T A T I O N  

G is the weight flow rate;  
7 is the specific weight; 

is the porosi ty;  
D is the d iameter  of d ischarge  opening; 
g is the acce le ra t ion  of gravi ty;  
H is the height of layer  of free-f lowing mater ia l ;  
Ap is the excess p r e s s u r e  in hopper in compar ison  with the medium into which the d ischarge  Occurs; 
F is the c ros s - sec t iona l  a rea  of hopper;  
d is the equivalent d iameter  of par t ic les  of free-f lowing mater ia l ;  
p is the v iscos i ty  of gas;  
f- is the ra t io  of c ros s - sec t iona l  a rea  of hopper to a rea  of d ischarge  opening. 

S u b s c r i p t s  

s is the solid phase; 
g is the gas;  
f is the fi l tration; 
g r  is the gravi tat ion;  
c is the charge .  

1. V. 
2. F. 
3. V. 
4. A. 
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STUDY OF FOUNTAIN EFFECT MODES IN ROUGH 

CONICAL DEVICES 

A .  V .  G o l u b k o v i e h  UDC 532.546 

A number  of fpuntain effect  modes  a r e  obtained for  counterflow of the gaseous  and solid phases  in 
rough conical devices  of the gap type.  The hydrodynamics  of fountain effect  p r o c e s s e s  was studied both in 
diluted and in dense phases  (with flow of a jet  through a suspended l aye r  of mate r ia l ) .  

The  following types  of fountain effect  a r e  c h a r a c t e r i s t i c  of the diluted phase:  vor tex ,  pulsed,  and 
t rans i t iona l ;  for  the dense  phase  the following fountain effect  modes  a r e  cha r ac t e r i s t i c :  m e m b r a n e ,  f ree ,  
and c o m p a r t m e n t e d .  

A detai led desc r ip t ion  of the hydrodynamics  of the fountain effect  p r o c e s s e s  for  each phase  is given 
in the a r t i c l e a n d  it is shown how the roughness  of the walls  of the appara tus  af fec ts  the range  of the indi- 
vidual fountain effect  modes  compared  with smooth  dev ices .  

The  c r i t i ca l  ve loc i t ies  and the total  p r e s s u r e  losses  in each phase,  which a r e  obtained through a 
c r i t e r i a l  ana lys i s  of the expe r imen ta l  r e su l t s ,  a r e  p re sen ted  for  each mode.  

Dep. 2305-74, Apr i l  17, 1974. 
Original  a r t i c l e  submit ted  June 14, 1973. 

STUDY OF FLOW THROUGH NOZZLES OF BOILING 

LIQUID PROPANE WITH PHASE TRANSITIONS 

S.  V .  R u b i n s h t e i n  UDC 622.691.53.002(211) 

Multiple d i s semina t ions  of an e las t ic  med ium develop as a resu l t  of evapora t ion  during the flow of a 
s a tu ra t ed  liquid. Consequently,  the appea rance  of c r i s i s  effects  is poss ib le  during the flow of this two-  
phase  s t r e a m .  

As a r e su l t  of the solut ion of the s y s t e m  of equations of the gasdynamics  of two-phase  s t r e a m s  [1] 
toge the r  with equations cha rac t e r i z ing  the r a t e  of phase  t rans i t ions  in s t r e a m s  of boiling liquid [2] and the 
equation for  the ve loc i ty  of sound p ropaga t ion  in a two-phase  medium [3] one can show that the c r i s i s  effects  
during the flow a r e  functions of the hydrodynamic  homochrony number  Ho and of the d imens ion less  complex  
K which c h a r a c t e r i z e s  the ra t io  of the energy  of the s y s t e m  to the ene rgy  of fo rmat ion  of the nucleus of 
the new phase .  

In o rde r  to  obtain the dependence of the c r i t i ca l  p r e s s u r e  ra t io  on these  s imi l a r i t y  c r i t e r i a  exper i -  
menta l  s tudies  w e r e  made of the p r o c e s s  of flow of boiling liquid propane  and a p r o p a n e - b u t a n e  mix tu re  
by the method p re sen t ed  in [2]. The  s tudies  we re  conducted by set t ing up a s e r i e s  of exper iments ,  each 
of which co r responded  to a ce r t a in  value of the d imens ion les s  complex  K ranging f rom 1.1 - 103 to 4.5.105 
and to values  of the hydrodynamic  homochrony  of f r o m  2 to 30. 

Through an ana lys i s  of the expe r imen ta l  data by ru les  of ma thema t i ca l  s t a t i s t i c s  an equation of the 
following type was obtained: 

[3cr = (0.57 -~- k. 10 ~7) (1 -- e--0"SH~ 

The  expe r imen ta l  s tudies  of the p r o c e s s  of flow of boiling wa te r  through cyl indr ical  nozzles p e r -  
f o rmed  by Polyakov [4] a l so  ag ree  with the equation (1) obtained, which widens the rang6 of i ts  appl icabi l i ty .  

The  equation obtained enables  one to develop a method of hydraul ic  calculat ion of through c ross  s e c -  
t ions,  as  well  as the p a r a m e t e r s  of a s t r e a m  of boil ing liquid with di f ferent  modes  of flow: subcr i t ica l ,  
t r ans i t iona l ,  and cr i t i ca l .  
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RESISTANCE OF CYCLONE CHAMBERS IN THE 

NONSELF-SIMILAR REGION OF STREAM FLOW 

E. N. Saburov and S. V. Karpov UDC 532.54.001.5 

The study was pe r fo rmed  on a cyclone chamber  with a working volume 201 mm in d iameter .  Its 
re la t ive geometr ica l  charac te r i s t i c s  were varied in the following ranges :  L = 0.5-1.57; fin" 102 = 3.402- 
17.009; dou t = 0.2-0.6; A*102 = 0-0.995. 

Some of the experimental  data are  presented in Fig. 1 as an example. The res i s t ance  of cyclone-  
vor tex chambers  and the losses in them are  mainly determined by the rotational motion of the s t ream.  
The f ract ion of the losses  to the fr ic t ion of the s t r eam against  the walls of the working volume (and of the 
output and input channels) is rel t ively smal l  in the total loss for smooth-walled chambers  and increases  
with an increase  in the relat ive roughness .  However, even in smooth-walled chambers  the fr ict ion of 
the s t r e a m  against  the wall (with re la t ively smal l  losses d i rec t ly  to friction) has an effect on the ~evel of 
the rotational velocit ies in the working volume and, consequently, on the losses in reaching a p rede te r -  
mined level of twist and the predetermined input and output components of the total coefficient of r e s i s -  
tance.  The dependence of ~ on Rein is opposite to the var ia t ion of the coefficient of fr ict ional r es i s t ance .*  
The experiments  showed that the overall  nature of the var ia t ion in ~- as a function of Rein is connected 
with the ra t io  of the thickness of the laminar  sublayer  at the wall of the working volume to the heights of 
the roughness project ions .  The res i s t ance  of a cyclone chamber  does not depend on Rein (the flow be-  
comes se l f - s imi la r )  only in the case when the roughness protuberances  pass considerably beyond the limits 
of the laminar  sublayer;  the re tarding effect of the walls will be determined by the res i s t ance  of the shape 
of the pro tuberances  -- by the r e s i s t ance  of the bluff roughness project ions.  In general ,  the var ia t ion in 

with an inc rease  in Rein can be represented  as follows: in a laminar  mode ~ will probably increase  and 
reach  a maximum at the cr i t ical  Reynolds number,  and in the t ransi t ional  mode ~ dec reases ;  in the turbu-  
lent in termediate  mode, in contras t  to the two previous modes,  the nature of the var ia t ion in ~ var ies  con- 
s iderably with A and ei ther  an increase  or  a dec rease  in ~ can occur  depending on A; in the mode of de-  
veloped roughness the total coefficient of r es i s t ance  does not vary.  The smal le r  the A, the l a rge r  the 
range of Rein in which the nature of the variat ion in ~ for rough chambers  corresponds  to a smooth cham- 
ber .  The Reynolds number Re. sel s tar t ing with which ~ is a lmost  independent of Rein (the boundary of the 

i n  
second se l f - s imi l a r  region) can be determined with an accuracy  of 5% with respec t  to [ by the equation 

*The mechanism of the s imi la r i ty  effect was f i rs t  explained by I. E. Idel 'chik.  

8 o - -  

0 8 /8 2~ Rein" /0 =4 

Fig. 1. Dependence of total coefficient of res i s tance  
of chamber  on Rein (dout = 0.4; fin = 10.205.10-2; L 
= 1 . 5 7 ) .  
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ReSt. 10 -4 = exp [6 (a. 10 ~ -- 1.333) (/in -- 0.355) + 0.95] -- 7.46 (In dou t + 0.916) (A. 10 "2 -- 1,12). 

The Reynolds~number -correspOndillgto-the- end-of the-transitiorm-f m(xle O-f-flow~tnci to the s tar t  of 
the turbulent  mode is 

where 

and 

For  smooth-wal led chambers  

R t ' l T l a "  4 ein .tu- = 0,66-- 4.7[i n +dou t + 0,153L. 

= 145,6a'ssllin d-lout'646 exp (-- 1.35L) Rein 

n = 0,116 -- 0,684fi n + 0,069Lwhen dou t = 0.2 

n = 0.143 exp (0.535L -- 5.925fi n -- 1.195doutWhen dout = 0,3m0.6. 

For  rough cyc lone-vor tex  chambers  in the range of Reynolds numbers  which is most  suitable and 
most  often encountered in p rac t i ce  the mode of flow of the s t r eam can be assumed to be se l f - s imi la r .  

(1) 

(2) 

(3) 

N O T A T I O N  

D, L 

Vin 

2t_ 
9, v 

Rein = VinD/v 
= 2Pt / p--~n 

L = L/D is the length; 

dout =_  ~out'_-/D is the d iamete r  of output opening; 
fin =4fin/~D2 is the a rea  of entrance;  
A = A/D is the roughness  of working volume. 

Dep. 2284-74, June 19, 1974. 
Original ar t ic le  submitted June 6, 1973. 

a re  the d iameter  and length of working volume of cyclone chamber ;  
is the average  s t r e a m  velocity in sl i ts;  
is the total p r e s s u r e  drop in chamber;  
a re  the density and kinematic  v iscos i ty  of s t ream;  
is the input Reynolds number;  
is the total coefficient of r e s i s t ance  of chamber.  

re la t ive geometr ic  cha rac te r i s t i c s  of chamber  

NEW RHEOLOGICAL EQUATIONS FOR 

VISCOPLASTIC MEDIA 

A. Ya. Malkin, I. A. Glushkov, 
and V. A. Rozhkov 

UDC 532.135 

A special  feature  of the rheological  proper t ies  of a large number of d iverse  sys tems  (plastic d isper -  
sions and pastes ,  filled po lymer  composit ions,  etc.) is an abrupt change in the shear  velocity by severa l  
tenths of an o rder  of magnitude in the region of the conditional yield point. This fact gives r i se  to the 
specif ic  p roper t i es  of the rheologieal  behavior  of such sys tems  in a nonuniform s t r e s s  field. 

In the repor t  we consider  an approach to the construct ion of rheological  equations which ra ther  fully 
ref lec t  the nature of the flow curves  for the class of sys tems  being discussed.  One of these equations 
which take into account  the important  anomaly in v iscos i ty  in the region of shear  s t r e s se s  exceeding the 
yield point T 0 has the fo rm 

= { 0 when �9 -.< %, 
K (T -- ~vp when ~ %. (I) 

The special features of the rheodynamics of viseoplastic media for which Eq. (I) is applicable are 

examined on the example of the problem of their flow in a straight tube of length L with a circular cross 

section of radius R. 
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The dependence between the s t r e a m  pa rame te r s  in dimensionless  form when Eq. 
by the equation 

2 - ( p ~ p  - -  (I - -  cz)~+l 1 + ~ ~z + ~ 1~,~-3, 
(n-I- 1) (n -+- 2) (n%- 1) (n + 2) 

2 
q=O _~)~+1 t + - ~  (~)+ 

where 

(1) is used is given 

(_~_) "t'y Ty Q n + 3  n, - - ,  ~ = - - .  
q = .~K R a+a (z .~  % "rR 

The difference in the rheodynamics  of sys tems  with an abrupt change in the deformation rate  in compar i -  
son with the usually used equations which descr ibe  a monotonic nature of the dependence ~ (v) is shown on 
the basis  of an analysis  of Eq. (2). 

Dep. 2297-74, April  15, 1974. 
V. A. Topehiev Institute of Pe t rochemica l  Synthesis, 
Academy of Sciences of the USSR, Moscow. 
Original ar t ic le  submitted June 14, 1973. 

(2) 

MASS EXCHANGE IN MULTICOMPONENT MIXTURES 

DURING TURBULENT FLOW IN A TUBE 

A. V. Kuznechikov and E. N. Konstantinov UDC 518.12:66.015.23 

The boundary problem of int raphase mass  exchange for turbulent flow of a multicomponent mixture 
in a tube is formulated and real ized on an M-222 electronic  computer .  A sys tem of equations of convec-  
tive diffusion and experimental  functions on the axial velocity distr ibution and the coefficient of vor tex dif- 
fusion a re  used in this problem.  The molecular  diffusion equation is wri t ten in the Stefan-Maxwell  form.  
The boundary conditions contain the concentrat ion at the wall of the tube, the composit ion of the gas e n t e r '  
ing the tube, and the condition of s y m m e t r y  of the concentrat ion profile.  

The boundary problem is solved by the grid method using an implicit  t h r ee - l aye r  scheme.  

A compar ison  between the numerical  resul ts  and experiment  is presented.  

Dep. 2284-74, May 7, 1974. 
Original ar t ic le  submitted June 8, 1973. 

DETERMINATION OF THE COEFFICIENT OF 

TURBULENT DIFFUSION OF DYNAMICALLY 

ACTIVE ADMIXTURES 

S. P. Grekov and A. E. Kalyusskii UDC 533.72 

In the a r t ic le  we present  the resul ts  of mathemat ical  modeling of the p rocesses  of movement of an 
admixture  in a channel in the p resence  of gas exchange with the wall at the boundary of the s t ream,  allow- 
ing one to find the numerica l  values of the coefficients of turbulent diffusion of dynamical ly active admix- 
t u r e s .  

The idea of the proposed method is based on the dependence of the coefficient of turbulent diffusion 
on the velocity profi le of the s t ream,  which, in turn, depends on the concentrat ion of the dynamical ly ac -  
t ive admixture .  

Let c be the concentra t ion of the admixture .  The concentrat ion distr ibution of a dynamically active 
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admix tu re  in t ime  and space  is adequately desc r ibed  by the following nonlinear  boundary p rob l em:  

0x + 7 "  o-7 ="~ ~ g + ~ 7  ; 
c(x, r, O ) = Q ,  c(co, r, t ) = c  v c(O, r, t ) = f ( t ) ,  

0-L-c + ~c =~c2, 
Ot Jf=ro 

where  d is the coefficient  of turbulent  d i f fus ion,  m2/sec ;  x and r a r e  the spat ia l  coordinates ,  m; t is the 
t i m e .  

On the a s sumpt ion  that  the function r has the f o r m  

* = *0n (c --c2)L1, 

where  ~0 is the coeff icient  of turbulent  diffusion for  pa s s ive  admix tu res ,  the solution of the boundary p rob -  
l e m  (1) is obtained in the f o r m  

" ~ - - 5  

(X, r, t) = Xn []~ (~n) + J~ (~'n)] + do (Zn) roCr exp (~2 n O) dO) 26 F+-~ - r o X 
_ 0 

I 

\ 4*0 o 

The numer i ca l  va lues  of these  p a r a m e t e r s  which-rea l ize  the min imum in the r m s  e r r o r  a r e  d e t e r -  
mined on the bas i s  of a c o m p a r i s o n  of theore t i ca l  and expe r imen ta l  data on the s t a r t - u p  of ca rbon  dioxide 
gas  in mining through the "playback"  of different  values  of the p a r a m e t e r s  n and k and the calculat ion of 
the theo re t i ca l  concentra t ions  on an e lec t ron ic  computer  by the app rop r i a t e  p r o g r a m .  

The final equation for  the coeff icient  of turbulent  diffusion of carbon dioxide has the fo rm 

* = 51,25 V ~ (uod) -0:25 c 1"25, m[/_ sec. 

Here  u 0 is  the s t r e a m  veloci ty ,  m / s e c ;  ~ is the coefficient  of ae rodynamic  r e s i s t ance ,  kg .  s ec2 /m 4. 

By a s i m i l a r  method one can obtain the values  of the coefficient  of turbulent  diffusion for other act ive  
g a s e s ,  as well  as for  va r ious  p h l e g m a t i z e r s .  

This  p e r m i t s  one to p e r f o r m  p rac t i ca l  calculat ions connected with the use  of iner t  admix tu res  and 
p h l e g m a t i z e r s ,  in the loca l iza t ion  and neut ra l iza t ion  of explosions in mining, for  example .  

Dep. 2285-74, May 10, 1974. 
Original  a r t i c l e  submit ted  Apr i l  19, 1973. 

E R R O R S  I N  T H E  E X P E R I M E N T A L  D E T E R M I N A T I O N  

O F  T H E  T H E R M O P H Y S I C A L  C H A R A C T E R I S T I C S  OF 

C H E M I C A L L Y  R E A C T I V E  M A T E R I A L S  

B .  A .  A r u t y u n o v ,  V .  V .  V l a s o v ,  
A .  A .  G u k h m a n ,  a n d  S .  V .  M i s h c h e n k o  

UDC 678.072:536.081.7:[53.088.22] 

In this s tudy we give an e s t ima te  of those  s y s t e m a t i c  e r r o r s  in the exper imen ta l  de te rmina t ion  of the 
t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  of chemica l ly  r e ac t i ve  m a t e r i a l s  which r e su l t  f rom:  1) the imposs ib i l i ty  
of mainta ining the requ i red  boundary conditions; 2) the introduct ion of a hea t - f lux  sensor ;  3) the bounded- 
hess  of a semi - in f in i t e  spec imen .  

These  fac tors  d i s to r t  the des i r ed  t e m p e r a t u r e  field de te rmined  by the solution of a heat -conduct ion 
boundary -va lue  p r o b l e m  descr ib ing  heat  t r a n s f e r  in a one-d imens iona l  semi- in f in i te  object  with boundary 
conditions of the f i r s t  kind and continuously act ing in terna l  sou rces  of heat .  The e s t ima te  is made by com-  
pa r ing  the g iven t e m p e r a t u r e  field with the t e m p e r a t u r e  f ields of cor responding  boundary-va lue  p rob l ems  
which take  account  of the above-ment ioned  sou rces  of s y s t e m a t i c  expe r imen ta l  e r r o r s .  
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On the  b a s i s  of the  e s t i m a t e s  ob ta ined ,  we s e l e c t  the  g e o m e t r i c  d i m e n s i o n s  of the  c y l i n d r i c a l  s p e c i -  
men ,  the  c o o r d i n a t e  fo r  the  p l a c e m e n t  of the  h e a t - f l u x  s e n s o r ,  and  the  n e c e s s a r y  n u m b e r  of s e c t i o n s  of 
the  e l e c t r i c  h e a t e r  u s e d  fo r  e s t a b l i s h i n g  a cond i t i on  of a d i a b a t i c i t y  on the  l a t e r a l  s u r f a c e  of a g i v e n  c y l i n -  
d r i c a l  s p e c i m e n  fo r  a g i v e n  p r e c i s i o n  of t he  e x p e r i m e n t .  

T h e  e s t i m a t e s  g i v e n  fo r  the  s y s t e m a t i c  e r r o r s  in  the  e x p e r i m e n t a l  d e t e r m i n a t i o n  of t h e r m o p h y s i c a l  
c h a r a c t e r i s t i c s  a r e  i l l u s t r a t e d  by  a c a l c u l a t i o n ,  p e r f o r m e d  on the  Odra  1201 d i g i t a l  c o m p u t e r ,  f o r  the  
p h e n o l - f o r m a l d e h y d e  c o m p o s i t i o n  K- 18- 2. 

Dep .  2274-74,  A p r i l  19, 1974. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  Ju ly  14, 1973. 

TAKING ACCOUNT OF THE THERMAL CAPACITY 

OF A HEAT SOURCE IN MEASUREMENTS OF 

THERMAL CONDUCTIVITY BY A 

NONSTATIONARY METHOD 

V. A. Tsymarnyi and N. F. Potienko UDC 536.6 

We c o n s i d e r  the  s o l u t i o n  of the  p r o b l e m  of hea t  conduc t ion  fo r  an  i n f i n i t e l y  th in  and i n f i n i t e l y  long 
l i n e a r  hea t  s o u r c e  g e n e r a t i n g  a cons t an t  t h e r m a l  p o w e r  in  an  in f in i t e  h o m o g e n e o u s  m e d i u m .  The  t e m p e r a -  
t u r e  at  the  s u r f a c e  of t he  s o u r c e  d e p e n d s  on the  t h e r m a l  p r o p e r t i e s  of the  m e d i u m  and v a r i e s  wi th  t i m e  a s  
f o l l o w s :  

T (r o, "r)= ~ q  In ~ - - 7 +  . . . . . .  (1) 
4.~)~ r 6 4aT 

T h i s  a p p r o x i m a t e  s o l u t i o n  i s  n o t e w o r t h y  for  t he  fac t  tha t  a t  l a r g e  v a l u e s  of Fo  and n e a r b y  i n s t a n t s  of t i m e  
we can  e l i m i n a t e  f r o m  i t  one of the  unknown t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  of the  m e d i u m  u n d e r  i n v e s t i -  
g a t i o n  and c a l c u l a t e  the  t h e r m a l  conduc t i v i t y  by  the  f o r m u l a  

T2 (ro, ~'2) - -  T1 (ro, T1) = ~ tn T2 
%'i 

(2) 

To  d e t e r m i n e  m o r e  p r e c i s e l y  the  r e g i o n  of a p p l i c a b i l i t y  of the  s o l u t i o n  (1), we c o m p a r e d  i t  with a s o l u t i o n  
which  t a k e s  a ccoun t  of the  f in i t e  d i m e n s i o n s  of the  s o u r c e :  

co 

T (ro, ~) = 2qo)"- ~ (l - - e  -F~ dx (3) 
.~. ) x 3 '~[xJo (x) --  o]  1 (x)V + [xYo (x)--o)Yl (x)] 2} 

0 

An a n a l y s i s  of the  d i f f e r e n c e s  b e t w e e n  the  s o l u t i o n s  (1) and (3) e na b l e d  us  to  e s t i m a t e  the  c o r r e c t i o n  
n e c e s s i t a t e d  by  the  t h e r m a l  c a p a c i t y  of t he  hea t  s o u r c e  and to  e l i m i n a t e  the  e r r o r  r e s u l t i n g  f r o m  the  u s e  
of the  a p p r o x i m a t e  e x p r e s s i o n  (2). 

Us ing  the  M i n s k - 2 2  e l e c t r o n i c  c o m p u t e r ,  we ob ta ined  v a l u e s  fo r  the  i n t e g r a l  in  (3) o v e r  a wide  r a n g e  
of v a l u e s  of t he  p a r a m e t e r  F o  fo r  'J = 0 .001-2 .5 ,  which  c o v e r s  p r a c t i c a l l y  any  m e d i u m .  

T h e  r e s u l t s  of the  c a l c u l a t i o n s ,  shown in  the  f o r m  of d i f f e r e n c e s  b e t w e e n  (2) and (3) a s  func t ions  of 
Fo  fo r  v a r i o u s  v a l u e s  of ~ ,  m a k e  i t  p o s s i b l e  in  each  i n d i v i d u a l  c a s e  to  d e c i d e  w h e t h e r  the  me thod  shou ld  
be  u s e d  fo r  i n v e s t i g a t i n g  h e a t  conduc t ion  in  s p e c i f i c  s u b s t a n c e s .  

We p r o p o s e  a s i m p l e  me thod  fo r  e s t i m a t i n g  the  c o r r e c t i o n  to  t he  s o l u t i o n  (2). We show tha t  the  va lue  
of the  c o r r e c t i o n  m u s t  be  d e t e r m i n e d  not fo r  one v a l u e  of Fo ,  but  fo r  two v a l u e s ,  s i n c e  the  w ork ing  f o r m u l a  
u s e d  i s  the  r e l a t i o n  (2). 

The  r e s u l t s  ob t a ined  e n a b l e  us  to  d r a w  c o n c l u s i o n s  c o n c e r n i n g  the  n o n u n i f o r m i t y  of the  u s e  of s o m e  
u n i v e r s a l  va lue  of F o  fo r  which  the  s o l u t i o n  (1) would  c o r r e s p o n d  to  the  s o l u t i o n  (3) wi th in  the  l i m i t s  of 
a c c e p t a b l e  a c c u r a c y .  T h e  c o r r e c t i o n  t ak ing  a c c oun t  of the  t h e r m a l  c a p a c i t y  of the  hea t  s o u r c e  d e p e n d s  in  
each  s p e c i f i c  c a s e  on "~, t he  r e g i o n ,  and the  r a n g e  of v a r i a t i o n  of F o .  
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c, p 

CO, P0 
q 

r0 
T(r, § 

7 -- 0 .5772. . .  
"J = 2 cp/c0P0; 
X 

Ji (x), Yi (x) 
T* = 4~;~T/q 

Dep. 2291-74, 

NOTATION 

a r e  the coeff icients  of t h e r m a l  conductivity and t h e r m a l  diffusivity of the med ium under  
invest igat ion;  
a r e  the t h e r m a l  capaci ty  and densi ty  of the medium;  
a r e  the t h e r m a l  capaci ty  and densi ty  of the ma t e r i a l  of the heat  source ;  
is  the spec i f ic  power  of the l inear  heat  source ,  W / m ;  
is the rad ius  of the source ;  
is the t e m p e r a t u r e  at a d is tance  r f rom the axis  of the source  at  t ime  r counted f r o m  the 
ins tant  at which the s ou rce  begins  to act;  
is the E u l e r ' s  constant;  

Fo = 4 ~ r / r 2 ;  
is a p a r a m e t e r  of integrat ion;  
a r e  the B e s s e l  and Neumann functions of o rde r  i; 
is the reduced  t e m p e r a t u r e .  

July 17, 1974. 
Original  a r t i c l e  submi t ted  Sep tember  26, 1973. 

E S T I M A T I O N  O F  L A T E R A L  H E A T  F L O W  I N  A 

N O N U N I F O R M L Y  H E A T E D  P L A T E  

L .  V .  Z y s i n  a n d  Y u .  A .  M i g r o v  UDC 536.21 

The two-d imens iona l  s t e a d y - s t a t e  t h e r m a l  conduction is cons idered  for  p la tes  consist ing of one or 
two l aye r s  with a g iven a r b i t r a r y  hea t - f lux  d is t r ibut ion  at one su r face ,  toge ther  with boundary conditions 
of the th i rd  kind at the other  and t h e r m a l l y  insulated end s u r f a c e s .  

Analyt ica l  solut ions have been  obtained for  constant  values  of the h e a t - t r a n s f e r  coefficient  and flow 
t e m p e r a t u r e .  The n u m e r i c a l  calculat ions were  p e r f o r m e d  by compute r  for var ious  hea t - f lux  dis t r ibut ions 
on the heated su r f ace .  The l a rge  number  of impor tan t  p a r a m e t e r s  makes  it difficult to p r e sen t  a genera l  
s u r v e y  of the r e s u l t s  and de r ive  un ive r sa l  re la t ionsh ips ,  but in ce r t a in  pa r t i cu l a r  cases  the p rob l em can 
be s impl i f ied  cons iderab ly .  

The  following p a r a m e t e r  is used to e s t ima te  the heat  flux along the p la te :  

~75 

o,5o / 

o to 

A" 

x - -  / 

a 2 

v t4 

o 5 

Fig. 1. S um m ary  of calculated r e su l t s  for  a one - l aye r  
pla te  with var ious  hea t - f lux  dis t r ibut ions  at  the input s u r -  
face :  1) s inusoidal ;  2) t r i angu la r ;  3) l inear  s inusoidal ;  
4) l inear ly  increas ing ;  5) s inusoidal ly  inc reas ing .  

2 5 8  



f 
j lq---q2(x)[ dx 

F p  = 0 
a 

;~--q,(x)idx 
o 

where q is the mean integral  heat flux, q~ (x) is the heat flux at the input surface,  x is the longitudinal co- 
ordinate on the plate, q2(x) is the heat flux at the output surface,  and a is the dimensionless length of the 
plate.  

If there  is no heat flow along the plate, then Fp -* 1; the maximum flow corresponds to a uniform 
heat flux at the output surface  (Fp --  0). 

It is shown that Fp is a s ingle-valued function of the pa rame te r  ~4 = a f(2Bi)/(2 + B-D for a one- layer  
plate in the rea l i s t ic  range of a (10-1000) and Bi (10-3-10); a se r i e s  of calculations confirms that the a s -  
sumptions a re  justified. For  heat-f lux distributions that may be represented  by smooth curves,  the resul ts  
agree  to within ~=2~ with the general  Fp = Fp(~) relationship that can be used direct ly  in engineering calcu- 
lations {Fig. 1). 

Dep. 2292-74, July 8, 1974. 
Original a r t ic le  submitted April  20, 1973. 

REGULARIZATION OF THERMAL KINETICS 

NONLINEAR BOUNDARY CONDITIONS 

FOR 

N. M. T s i r e l ' m a n  UDC 536.21 

The temperature variation in an infinite plate heated by a constant-temperature radiator is deter- 

mined by solving the appropriate boundary value problem by means of a computer. The calculation re- 
sults, obtained for ~0 = 0-0.80 and $k = 0.01-5.0, are interpreted as the shifting of | = idem isotherms in 

the solid (Fig. I). The equidistance of segments of the different | = idem curves indicates that the iso- 

therms shift at a constant local rate, which, as we proved earlier, is an indication of the regularization 

of thermal kinetics. Regular thermal conditions set in first in the central part of a solid and then extend 
to ever larger regions in time. 

Analysis of the temperature changes for ~ = idem in --In(l -- | vs Fo and @ vs Fo plots indicates 

that the steady-state thermal kinetics for boundary conditions involving the radiation law initially repre- 

sents quasistationary thermal conditions, which then pass into regular thermal conditions of the first kind. 

The extent of the section of quasistationary conditions diminishes with an increase in Sk and 3o; however, 

the calculation relationships must account for the effect of each section of steady-state thermal kinetics 

and have the following form for the central part of the solid: 

o o,z o,4 q6 Fo 

Fig. I. Behavior of the isotherms @ = idem for s 0 
= 0.5 and Sk = 1.0. 
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k ~Fo-- I I 
O= 

I - -  A (p) ]/- 1 -- p•2 exp (-- p Fo), Fot ~ Fo .~. + co, 

where Fot r epresen t s  the t ime of t rans i t ion  f rom quasis ta t ionary conditions to regula r  conditions of the 
f i rs t  kind. The value of k is de termined f rom pre l iminary  calculations.  We have k ~ Sk for ~0 = 0 if Sk 
- 0.5, while, for Sk ~ 3.0, the value of k is independent of ~0. 

For  small  values of Sk, express ion  (1) descr ibes  the t empera tu re  field throughout the solid. 

The f i rs t  the rmal  amplitude A (p) and p in (1) must  be determined f rom the well-known solution of the 
third boundary-value  problem for Bi = 4 Sk. 

It is shown that the shift ra te  of i so therms  in the central  par t  of the plate is equal to 

( i )  

% = -}o L ~ j o  - ~ (2) 

and that express ion  (2) can be used for determining the thermal  diffusivity a if the experimental  behavior 
of the curves  T = idem (9 = idem) in an (l 0 --  x) vs T plot is f i rs t  used to calculate [3 (i 0 --  x)/~ r ]~ at the 
point ~) = x / i  0 that has  become engaged in the s teady-s ta te  thermal  kinetics.  

The conclusion is reached that regular iza t ion  of thermal  kinetics occurs  for any type of monotonic 
heating of a solid for nonlinear boundary conditions. 

T(x, T) a n d |  [T(x, r ) - -  T0]/(T r - T  O ) 

T o and ~0 = T0/T r ,  

T r  
10, x, ands] =x/~0  

r and Fo = a T/l~ 
a 

Sk 
Bi 

Dep. 2279-74, Apri l  17, 1974. 
Original a r t ic le  submitted July 12, 1973. 

N O T A T I O N  

a re  the dimensional  present  t empera tu re  and dimensionless 
re lat ive tempera ture ,  respect ively;  
a re  the dimensional and dimensionless  initial t empera tures  
of the solid, respect ively;  
is the rad ia tor  t empera ture ;  
a re  the half- thickness  of the plate, the dimensional coor-  
dinate, and the dimensionless  coordinate,  respect ively;  
a re  the t ime and the Four ie r  number,  respect ively;  
is the thermal  diffusivity; 
is the Stark number;  
is the Blot number.  

T H E R M A L  C O N D U C T I V I T Y  O F  S O L I D S  A T  

T H E  I N I T I A L  S T A G E  OF H E A T I N G  

Y u .  V.  V i d i n  a n d  Y u .  A .  P s h e n i c h n o v  UDC 536.21 

The solution of the one-dimensional  symmet r i c  boundary-value problem of nonst~tionary thermal  
conductivity in solids of c lass ica l  form (F = 0, 1, 2) with a nonuniform initial t empera ture  distribution 
f(x) for the ambient t empera tu re  0a(FO) and the surface  heat flux Ki(Fo), which depend on the time, is 
given by [1] 

1 Fo 

n~l 0 0 

where A is the t e r m  of the se r i e s  corresponding to the zero  value of the root  ~, and 

Un (X) ~- |f2C-~nY-/1 (~ni WF (~nX), cp (Fo) = Si 0 a (Fo) + Ki (Fo). 

However,  tl~e solution in this form is not very  useful for determining the t empera tu re  for small  values of 
Fo because  of the slow convergence of the infinite se r ies  in this expression.  

( i)  

2 6 0  



Using the p r o p e r t i e s  of e igenfunet ions ,  namely ,  

1 Id"U~ 1" d u n  ) - - 0 ,  - - - ~ - B i U n ( 1 ) ~ - - - O ,  ' dUn (0) dU n (I) 
U n = - - - - f f -  ( d X  2 X dX " dX  dX ' ,1s n , 

and the fo rmu la  for  i n t eg ra t ion  by pa r t s ,  we t r a n s f o r m  the e x p r e s s i o n  for  the t e m p e r a t u r e  field (1) and 
obtain  the fol iowing:  

O = A @ [g (Fo) -- A1] PF (X) -- A 1 [,4* -- 0* (X, Fo)] -- ~ /zn2Un (X) exp -- ~t~ Fo/, 
n=l  

:< f x r  uo ' I dx + u~ (t) 
" o 

whe re  
A 1 = ~' Bi/(I)-- ~(0), Pr (X) = ~ t~n~U~ (1)U n (X) dX ' 

A*=O for Bi~-O, A * = ( F + I ) F o  for Bi=O, 

o* (x, Fo) = A* + Pc (X) -- ~ K2 2 U,~ O) Un (X) ~xp --I~ Fo. 
t~=l 

(2) 

We find the sum of the series PF(X) by integrating the quasistationary problem corresponding to the 
initial one [I]: 

i 1 '  F-~-I~I for Bi=O. P r ( X } - - ~ -  for Bi@O, P r ( X ) =  2(, X2-, Yq-3] 

The  funct ion 0* (X, Fo) is the so lu t ion  of the p r o b l e m  s ta ted  fo r  fiX) = 0 and ~(Fo) = t .  

Since 0* (X, Fo) has a l so  been  obtained in the Lap lace  f o r m  [1], while the s e r i e s  in (2) can be r e -  
p laced  by one o r  two t e r m s  be c a use  of the addi t ional  f ac to r  pn 2, which i m p r o v e s  conve rgence ,  the t r a n s -  
f o r m e d  so lu t ion  (2) can be r e c o m m e n d e d  for  eff ic ient  ca lcu la t ion  of the t e m p e r a t u r e  at the ini t ial  s t age  of 
hea t ing  for  a r b i t r a r y  nonuni fo rm boundary  condi t ions .  

Thus ,  the p r o p o s e d  method cons i s t s  in s e p a r a t i n g  the f a s t - c o n v e r g i n g  s e r i e s  f r o m  the so lu t ion  in 
t r ad i t i ona l  f o r m  and r e p l a c i n g  the r e m a i n i n g  pa r t ,  which cons t i tu tes  the  so lu t ion  of the s imp le  p rob lem,  
by its ana log  in the Lap lace  fo rm,  which holds and is convenient  in the case  of sma l l  F o u r i e r  n u m b e r s .  

This  method  a l lows ex tens ion  to two-  and t h r e e - d i m e n s i o n a l  p r o b l e m s  of nons t a t i ona ry  t h e r m a l  con-  
duc t iv i ty  in so l ids  of c l a s s i c a l  f o r m  for  both s y m m e t r i c  and n o n s y m m e t r i c  boundary  condi t ions .  
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Dep. 2282-74, May 15, 1974. 
Krasnoyarsk Polytechnic Institute. 
Original article submitted May 18, 1973. 

THE THERMAL PROCESSES IN GRINUDING 

V. A. Prilutskii and V. M. Khorol'skii UDC 621.923.001.5:536.4 

The steady-state heat transfer in grinding is considered for a system of three bodies: grinding 
wheel, component, and resulting powder. The following heat-balance equation is applied to the grinding 
zone: 

where Qi, i = i, 2, 3 are the heat fluxes to the wheel, components, and powder, with Pz the tangential 

261 



component of the cutting force,  V = V w the speed of the wheel, and Q = PzV the total power of the thermal  
sources .  Nonuniformity in the heat flux in the contact regions is neglected, i .e . ,  averaged heat fluxes 
a re  envisaged.  The maximum tempera tu res  in the contact a reas  a re  put for each body in the form 

T = QiTi, 

where ~/i, i = 1, 2, 3 a r e  the thermal  potentials that sat isfy the equation of thermal  conductivity and a re  
determined by the initial and boundary conditions. 

The express ions  for the heat fluxes in t e rms  of the overal l  t empera tu re  T a r e  substituted into the 
hea t -ba lance  equation to get a solution for the hea t - t r ans fe r  problem:  

3 

; Qi = T  ; i = l ,  2, 3. 
�9 = ~i 

The main difficulty in this scheme is to calculate the the rmal  potentials Ti, whieh are  dependent on the 
speeds of the heat sources ,  the geomet ry  of the body, and the s izes  of the contact a reas ,  as  well as other 
fac tors .  The hea t - sou rce  method is used to obtain express ions  for the the rmal  potentials for various con- 
dit ions.  For  instance,  when the component is taken as a hal f -space ,  while the grinding wheel is massive,  
we obtain 

I F f Y e l  ~ '~ '3=I"Vc co s ; ' ~ i = ~  F t  ',; 

where b and l a re  the width and length of the contact area ,  v, h, w are  the coefficients of heat t rans fe r ,  
t he rma l  conduction, and thermal  diffusivity, F is the c ross - sec t iona l  a rea  of the result ing product,  and 
V c is the speed of the component; 

= - ~  {2~ exp (2~) [Ko (2~) + K 1 (2~)] -- 1 ~, F (~) 

where K0(x), K~(X) is the Macdonald function. 

For  ~. la rge  the following asymptot ie  formula  applies:  

F ( t o ) = ~ ( l _ ~ ( - - 1 ) ' { ( 2 k - - l ) ! ! } '  ~_k 
k=l 2~(2.k ~i)kl ] 

t 

The solution has been examined in re la t ion to the speeds of wheel and component.  In part icular ,  
ag reement  is obtained with the well-known I s a e v -  Silin formulas  for high speeds.  

A formula has been der ived for  the relat ive t empera tu re  in re la t ion to the constant component t o and 
var iable  component e~(r) for the grinding depth t = t o + e~0(T), which a r i se s ,  in par t icular ,  on account of 
the roughness :  

To = T -- Tc _ e~ (x) + e~ c (a-- I) 

where  ~ = ~ -- 0.25, a is the power of t in the empir ica l  formula for  the tangential grinding force,  e = ~/t 0 
is the re la t ive  amplitude, and T and T c a re  t empera tu res  due to the var iable  and constant components of 
the grinding depth. 

Dep. 2293-74, Apri l  16, 1974. 
V. V. Kuibyshev Polytechnic Institute. 
Original a r t ic le  submitted Apri l  24, 1973. 

T H E R M A L  C O N D U C T I V I T Y  OF  L I Q U I D  n - H E P T A N E  

A.  M. M a m e d o v  UDC 536.22 

Available data on the thermal  eonductivity of liquid n-heptane agree  within 5-8%, which hinders ob- 
jective evaluation of the accuracy  of any individual study. The present  paper  cor re la tes  the t ranspor t  
p roper t i es  with the equation of state to establ ish the most  likely of the values.  
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It has been found [1] that the equation of state and the t ranspor t  proper t ies  can be descr ibed by r e -  
lationships for the same form.  

The p, v, T data [2] indicate that the equation of state for n-heptane f rom 0 to 300~ and p up to 
3000 bars  is 

R T  - -  1 ~-  Cp~ -k" G9 a. 
<1) 

Then the thermal  conductivity and dynamic viscosi ty  of liquid n-heptane should be expressed by the 
following equations analogous to (1): 

~:q: = ~ + c ~ :  + G, o'. 

These equations have been confirmed f rom the l ineari ty of the i so therms or combinations of the 
thermal  conductivity and viscosi ty  for n-heptane in the following coordinate s y s t e m s :  

(2) 

(3) 

Further ,  the relat ionship between the thermal  conductivity and viscosi ty  witl be l inear at a given 
tempera ture .  The equation for this l inear relat ionship is derived as follows: with X = 'ks and ~? = ~V' 

S 

we should have f rom (2) and (3) that 

- -  C~/G~ = - -  Cn/G ~ = p~ .  (4) 

Then (2) and (3) can be put in the form 

(2 ~) 

and these a re  equated with (4) to obtain 

(--~/--I O --p+, (3') 

~. = m Ct,~ + n (t) r+, ( 5 )  

where 

( ) m(t~= 1 - c~ -  z~; n(t)- z: c 
~s C~ 

Then this method allows one to establish objectively the accuracy  of any par t icular  set of data for 
h and ~ and also indicates the conformity between the thermophysical  pa r ame te r s .  

As (1) descr ibes  the p, v, T proper t ies  of n-heptane up to 300~ and 3000 bar,  one might be able to 
descr ibe  the t ranspor t  proper t ies  of this substance up to these levels; however,  there  are  no experimental  
data on the v iscos i ty  and thermal  conductivity in these ranges ,  so it is not present ly  possible to check 
these calculated values.  

P 
T 
v(p, T) 
R = 0.82979 bar  �9 cm3/g ,deg 
p(p, T) 

Ps(T) 
~(p, T) 

i 
/~s (T) 
+l!p, T> 
%(T) 
C, G, Cs G/,, C~, a n d G ~  

N O T A T I O N  

tS the absolute p res su re ,  bars ;  
is the absolute tempera ture ,  ~ 
ts the specific volume of liquid, cm3/g; 
ts the universal  gas constant; 
ts the liquid density, g/cm3; 
ts the same,  for the saturated liquid, g/cm3; 
ts the thermal  conductivity W/re .  deg; 
is the same for the saturated liquid; 
ts the dynamic viscosi ty  N ~ 
is the same for the saturated liquid; 
a re  the coefficients in (1), (2), and (3) dependent only on 
T. 
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CRITICAL HEATING RATE IN A HEAT EXCHANGER 

WITH MAGNETIC WATER TREATMENT 

M. L. Mikhel'son and L. E. Abramov UDC 541.123:538.6:621.187.3 

Magnetic t rea tment  in a heat exchanger  acts  by reducing the sa turat ion concentration required to 
initiate crysta l l izat ion,  with centers  activated by the magnetic field. 

To ensure  that the c rys ta l l iza t ion  occurs  within the water  instead of at the sur faces  of the tube, one 
has to meet  the condition Psm < P < Ps, where Psm = ; s  exp (--u/kT); u is the activation energy, and this 
can be found by experiment .  

This condition imposes  a r e s t r i c t ion  on the heating ra te  T, which is l imited by the diffusion rate,  
concentrat ion N, and par t ic le  radius r .  

The following sys t em of equations is solved approximately:  

rr - -  Dq/7; q = p --Psm, 
v o  

q := - -  4,~Dq ~ rf (r, t) dr--~sm , (1) 
0 

at -F - o  

s u b j e c t  t o  t h e  c o n d i t i o n s  r ~ / 2 ( r  2 - -  r~) << 1 and  u / k T  << 1.  

A turning point is identified for the concentrat ion of the substance that crys ta l l izes  f rom the solution 
8 

for dq/dT = 0; a formula is der ived for the cr i t ical  heating ra te  Tcr ,  below which the deposition of scale 
is largely  prevented.  

1 ] 

< ~hcr = 20 (6n~N2/7) 3%su |p (0) -- Ps (1 -- u/kT)] -~ (2) 
kT ( dps- psu 

\ d T  kT" ] 

Theore t ica l  calculat ion has been per formed for the heating rate  for raw water in a fast water heater .  
The calculated cr i t ica l  ra te  is close to that used in prac t ice .  

NOTATION 

q is the supersa tura t ion;  
Psm is the equil ibrium solute concentrat ion near  surface  of part icle  activated by the magnetic field; 
p is the solute concentrat ion in the water;  
D is the diffusion coefficient;  
y is the par t ic le  density;  
f is the pa r t i c l e - rad ius  distr ibution.  

Dep. 2300-74, July 28, 1974. 
Belinskii  State Pedagogic Institute, Penza.  
Original a r t ic le  submitted Ju ly  5, 1973. 

264 



MEASUREMENT OF THE ACTIVATION 

OF CRYSTALLIZATION CENTERS IN A 

MAGNETIC FIELD 

M. L .  M i k h e l ' s o n  

ENERGY 

UDC 541.123:538.6 

If a magnet ic  field ac ts  for  a shor t  t ime  on an aqueous solut ion containing suspended p a r t i c l e s ,  the 
c r y s t a l l i z a t i o n  of the h a r d n e s s  sa l t s  wil l  be effect ive;  m o r e  c r y s t a l l i z a t i o n  cen te r s  a r e  involved, and the 
c r y s t a l  s i z e  s p r e a d  is a l t e r e d .  

The effect  of the f ield on the p a r t i c l e  ac t iv i ty  is r e p r e s e n t e d  by the exponential  e x p r e s s i o n  

psm  psoxpl-- -  ) (, 

The paper shows how measurements can be used to find the activation energy u, which enables one 
to calculate the crystallization rate for magnetically treated solutions. 

The method consists in counting the crystallization centers for water treated in the static state (in 
the thermostatic cell) and in a flow, in both cases using a VDK-4 ultramicroscope. The chemical compo- 
sition ofthe aqueous solution has also been calculated for a variety of temperatures and the corresponding 
equilibrium concentration of the scale material. 

The necessary counting time has been calculated on the basis of the Crystallization and sedimentation 
k ine t i c s .  

Expe r imen t  shows that  the l oga r i t hm of the p a r t i c l e  concen t ra t ion  i n c r e a s e s  l i nea r ly  with the wate r  
t e m p e r a t u r e .  The s t r a igh t  l ine for the magne t ized  case  l ies  h igher .  The ac t iva t ion  energy  can be ca lcu-  
l a t ed  f rom the formula  and e x p r e s s e d  in t e r m s  of the equ i l ib r ium concent ra t ions  of ca lc ium carbona te  in 
solu t ions  co r r e spond ing  to d i f ferent  t e m p e r a t u r e s  T i and T2, but with ident ica l  p a r t i c l e  concent ra t ions  
for  the  magne t ized  and unmagnet ized  c a s e s .  

It is  found that  the p a r t i c l e  ac t iva t ion  is dependent  on the magnet ic  field s t rength  in an o s c i l l a t o r y  
fashion;  the max imum values  of the ac t iva t ion  energy  a r e  about 3 �9 10 -15 e rg  in the range  20-70~ or  
about 7.2% of the t h e r m a l  energy  kT.  

Psm 
Ps 
k 

N O T A T I O N  

is the equ i l i b r ium so lu te  concent ra t ion  near  su r face  of p a r t i c l e  ac t iva ted  by the magnet ic  f ield;  
is  the s ame ,  in the absence  of the f ield;  
is  the Bo l t zmann ' s  constant .  

Dep. 2299-74, July 28, 1974. 
Original  a r t i c l e  submi t ted  July 5, 1973. 

TEMPERATURE DISTRIBUTION PRODUCED BY 

A PERIODICALLY VARYING RING SOURCE IN A 

TWO-LAYER MEDIUM WITH A CYLINDRICAL INTERFACE 

V. K.  A l e k s e e v  UDC 536.212 

The s t e a d y - s t a t e  pure ly  pe r iod ic  s ta te  is  cons idered ,  with the t e m p e r a t u r e  d i s t r i bu t ion  in the fo rm 
T 1 = (u 0 + ul)e - iw t  for  the reg ion  a -< r < ~ with ;~l, el; T 2 = u2 e-ic~ and for  the reg ion  0 -< r < ~ for  h 2 
and c 2. The function u0(r, z) c o r r e s p o n d s  to an e l e m e n t a r y  annular  sou rce  of rad ius  r 0 > a with a p e r i o d i c -  
a l ly  va ry ing  output, while ul(r ;  z) and u2(r; z) may be r e p r e s e n t e d  as F o u r i e r  i n t eg ra l s  whose s p e c t r a l  
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densit ies contain the functional mult ipl iers  ql(T) and q2(r); the conditions for field linkup at the interface 
between the media r = a enable  one to de te rmine  these fac tors .  The integral  express ions  can be used as 
initial ones in numer ica l  calculations on t empera tu re  distr ibut ions.  

In the case of the external  space a - r < ~o, the saddle-point  method can be used to calculate the 
improper  integral  with infinite l imits,  which gives an analytical  express ion  for numerical  use in the r e -  
mote zone in the spher ical  coordinates R and 0. 

r ,  ~, and z 
a 

A 

C 

t 

T 

ro 

R a n d  0 

Dep. 2703-74, 

NOTATION 

are the cylindrical coordinates; 
is the radius of interface; 
is the thermal conductivity; 
is the thermal diffusivity; 
is the frequency; 
is the time; 
is the temperature; 
is the source radius; 
are the spherical coordinates. 

April 18, 1974. 
Original a r t i c le  submitted January  1, 1973. 

GRAPHICAL METHOD OF DETERMINING THE 

ATTENUATION OF TEMPERATURE FLUCTUATIONS 

IN THE OUTER WALLS OF BUILDINGS 

V. V. Nasedkin and A. P. Nasedkina UDC 536.21 

Tempera tu re -osc i l l a t i on  damping is considered for a wall consist ing of 1, 2, or 3 layers ;  genera l -  
ized var iables  have been der ived on the basis  of the heat-uptake coefficient ~ [1], which is the hea t - t r ans -  
fer  pa r ame te r  for harmonic  t empera tu re  oscil lat ion.  The t empera tu re  amplitude is represented  as a func- 
t ion of the following quanti t ies:  

8 _ D, (1) 

V - - ~ -  - D~, x ~-- '~ 'x (2) . 

- s ,  

with D and D x the re la t ive  thickness of a layer  and a coordinate whose unit of measurement  is 4. F rom 
(3) we see that S is the thermal  conductivity of a layer  whose thickness is ~ or a re lat ive dimensionless 
unity. Then S may be defined as the thermal  conductivity coefficient [2]. 

If the layer  th icknesses  a r e  represen ted  as the relat ive quantities D, then the boundary condition of 
the fourth kind is represen ted  by 

tg *~-1 sn 
tg,n = sn-i" (4) 

The oscil lat ion amplitudes in a layer  have been examined in re la t ion to the general ized variables  D 
and Dx together  with the ra t io  Sn/Sn_l; it is concluded that the damping within the thickness of a layer  can 
be represen ted  roughly as follows: on the inner surface of the layer  in a par t  whose relat ive thickness is 
unity the amplitude change is l inear ,  and then, out to the outer surface,  it is as in a semi-infini te  body, 
i . e . ,  var ies  exponentially. If the relat ive layer  thickness is less than unity, then the amplitude var iat ion 
throughout the thickness may be approximated by a s t ra ight  line. 

2 6 6  



An approximate method is given for determining the t empera tu re  oscil lation in a mult i layer  wall. 
The method is i l lustrated by re fe rence  to a t h r ee - l aye r  wall. 
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D I S T R I B U T I O N  OF T H E  S O L I D  

OF A N  A E R O S O L  D U R I N G  T H E  

F I L T R A T I O N  OF A D U S T Y  GAS 

DISPERSE PHASE 

DIR E CTIONA L 

V. P .  K u r k i n  UDC 697.942 

The distr ibution of the solid d isperse  phase of an aeroso l  on the surface  of the porous element during 
the f i l t rat ion of a dusty gas gives r i se  to the operating proper t ies  of the majori ty  of the gas-c leaning de- 
vices which operate by the f i l t rat ion method. 

Theore t ica l  studies have shown that the p rocess  of direct ional  deposit of the solid d i sperse  phase of 
an aerosol  during fi l trat ion is descr ibed by a nonlinear differential equation in part ia l  der ivat ives .  For  a 
pa r t i cu la r  case the problem is reduced to the solution of a l inear second-orde r  equation in part ial  der iva-  
t ives 

0 ~  _ a ~ O_~_~ ( 1 )  
Ox ~ Ot 

with the following boundary and initial conditions:  

~1(0; t)=~0; ~(x; 0)=0; lim~(x; 0=1 .  
x~L 

The solution of Eq. (1), keeping in mind that x -< L, is wri t ten in the form 

L--x (2) ~ = I --erf ~ , 

where a = (r/k) ~ 

When considering a problem with a n a l  symmet ry ,  as in f i l t rat ion through bags, the solution of (2) 
will have the form 

= ~ -  1+err 2 Vt-JJ '  (3) 

In the normal  (Gaussian) coordinate sys tem this equation represen ts  the equation of a s t ra ight  line in ter -  
secting the absc i ssa  which passes  through the middle of the ordinate scale at the point x = L. The tangent 
of the angle of inclination of this s t ra ight  line to the absc issa  on which the value L -- x is plotted is equal 
t o  - a/2 It. 

The distr ibution of dust along the length of the bag, which charac te r i zes  the mass  dust content in 
each cross  sect ion of the bag, can be determined through the differentiation of the integral  function (3). 
The height of the maximum in the differential function is determined by the mean square deviation of the 
integral  distr ibution and is numerical ly  equal to the tangent of the angle of inclination of the corresponding 
s t ra ight  line. 

Experimental  studies were made of the p rocess  of f i l t rat ion through lengthwise fil ter bags (of height 
8) which agree  with the theoret ical  resul ts .  
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The studies conducted made it possible to clarify one of the most  important  proper t ies  of the p rocess  
of covering a fil ter bag with dust, responsible  for the feasibili ty of the engineering calculation of this p roc -  
e s s .  

= (G O -- Gi)/G o 
G o, Gi 

x 

L 
t 
r = 2r 2 P / v  

r 

P 
Y 

e r f  
k 

Dep. 2270-74, 

N O T A T I O N  

is the re la t ive  dust iness;  
a re  the mass  of solid d isperse  phase in gas at entrance and in i- th c ross  section, 
kg / sec ;  
is the cur ren t  coordinate,  m; 
is the length of bag, m; 
is the t ime, s e c ;  
is the relaxat ion t ime of aerosol  par t ic les ,  sec;  
is the par t ic le  radius,  m; 
is the density,  kg/m3; 
is the viscosi ty ,  k g / m - s e c ;  
is the e r r o r  function; 
is the permeabi l i ty ,  m 2. 

May 12, 1973. 
Original a r t ic le  submitted June 10, 1972. 

THEORY OF 

OF WATER 

E V A P O R A T I V E  C O O L I N G  

V.  P .  A l e k s e e v  a n d  A .  V.  D o r o s h e n k o  UDC 621.175.3:621.565.93 

The model of an "ideal" countercur ren t  cooling tower  [1], which is charac te r ized  by the conditions 
of thermodynamic  equil ibrium at the lower (t~v = r~)  and upper (i~ = i~w) ends of the apparatus,  is used 

in an analysis  of the p r o c e s s e s  of evaporat ive cooling in a cooling tower.  A graphic interpretat ion of the 
model on an i vs t d iagram is proposed,  and a nomogram is calculated which allows one to find the values 
of the relat ive minimum flow ra te  l id  of a ir  as a function of the water  t empera tu re  t~v at the entrance to 

the apparatus and the wet-bulb t he rm om e te r  t empera tu re  v~ of the entering a i r .  Along with the degree of 

cooling E w = (t~v -- t~v)/(t~v --  r~)  of the water  the degree of uti l ization E G = (i~ _ 1G),.1/.l(iGW -- i~) of the 

a i r  is analyzed, and the limiting values of these quantities as functions of the charac te r i s t i c  number h are  
establ ished (A = l / l i d  , where l = G/W is the re la t ive  flow rate  of air) .  

It is shown that in the genera l  case  the l imi t s  of occur rence  of the p rocess  in a cooling tower a re  
de termined by the value of l,  in addition to the values of t~r and r~ .  In connection with this a refined 
model of an "ideal" cooling tower is developed, and the concept of the degree of efficiency E of the process ,  
the value of which cha rac t e r i ze s  the p rocess  as a whole both f rom the aspect  of the efficiency of water 
cooling and of a i r  utilization, is introduced.  The limiting values of E a re  established: Eli m --- A when 
h-< 1; Eti m ~ - l / A w h e n A  -> 1. 

An experimental  study is pe r fo rmed  on models of a film cooling tower, where adapters  of regular  
s t ruc tu re  made of thin-walled sheets  of aluminum and miplast  [2] a re  used as the exchange surface .  It 
is established that the dependence E = f(A) has an ex t remum maximum (E.)  at the point with A = 1. Re-  
plotting of the experimental  data in the reduced coordinates E = E /E  �9 led to the equation 

= 2.25 (1 - e-l'IA)~ A-l, 

which descr ibes  the reduced charac te r i s t i c  E of the cooling tower i r respec t ive  of the type of apparatus,  
the s t ruc tu ra l  proper t ies  of the adapter ,  the mater ia l ,  or the operating conditions. It is shown that the 
resu l t s  obtained can be used in equal measure  in the analysis  of p rocesses  in a c r o s s - c u r r e n t  cooling 
tower  and in. the heat-exchange devices of a ir-condit ioning sys tems .  
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TEMPERATURE DISTRIBUTION IN A HOLLOW 

CYLINDER WHEN HEATED ALONG A SPIRAL 

V. N. Maksimovich and G. V. Plyatsko UDC 536.24;511.15 

Equa t ions  a r e  p r e s e n t e d  for  d e t e r m i n i n g  the  t e m p e r a t u r e  f i e ld  in  a ho l low c y l i n d e r  when i t s  s u r f a c e s  
a r e  h e a t e d  a long  a s p i r a l .  

The  t e m p e r a t u r e  f i e ld  in  a ho l low c y l i n d e r  i s  d e t e r m i n e d  fo r  the  c a s e  when the  hea t  exchange  with  
both  i t s  s u r f a c e s  and the  i n i t i a l  cond i t ions  can  be  r e p r e s e n t e d  in  the  f o r m  

I-~raT + (_l)./cr iJir=ri = ~j~,-aqu(tj, ~), i =  I, 2, 
(1) 

= ~! -c  k2z ' r  i , ~ l = 2 ~ [ n i l - t - ~ ,  
i = l  

[ni] i s  t he  i n t e g r a l  p a r t  of the  n u m b e r  of t u r n s  of one of the  s p i r a l  l i ne s  a t  the  s u r f a c e  r i  i n c l i n e d  at  the  
a n g l e  (~/2) - -  (Yi) to  the  g e n e r a t r i x  f r o m  the  c r o s s  s e c t i o n  z = 0 to  the  po in t  (r i ,  9, z), w h e r e  Itit --< I i 
= ~R[, i = 1, 2; ~ ( t  i) i s  t he  t e m p e r a t u r e  of the  s u r r o u n d i n g  m e d i u m .  

The  s o l u t i o n  of  the  h e a t - c o n d u c t i o n  e q u a t i o n  wi th  the  b o u n d a r y  cond i t ions  (1) is  r e p r e s e n t e d  in  the  
f o r m  

T = 71 + T~, 

w h e r e  T t and  T 2 s a t i s f y  the  h e a t  conduc t ion  equa t ions  and the  cond i t ions  

[ OT1 ccj T 1 %% (t2)' L Or j, . . . .  

-~ r  + L-bT-r --  ~ (q)' 

T1f$=o = {2 (r, t2), T~I~=0 = [1 (r, q), ~. -- aj  

T h u s ,  the  p r o b l e m  is  r e d u c e d  to  t he  s o l u t i o n  of the  h e a t - c o n d u c t i o n  equa t ion  with  the  b o u n d a r y  cond i t ions  
(t = tl,  t2) 

[[ OTo~_ +(- -  1)/a) T]  r=ri =~i( t ,  "r ]= 1, 2, Tl~=o=fo(r. t). 

In t he  c a s e  of the  s t a t i o n a r y  p r o b l e m  with the  cond i t ions  (2) and  

~ - t ,  i = 1 , 2  *i (t, ~) = % cos 

the  s o l u t i o n  i s  w r i t t e n  a s  

T = T~(r) cos ~ t, 
n=0 

(2) 
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w h e r e  
r 

Tn (r) = A n l  n (ctn) + B n K  . (an),  a n =  kn - -  
r l  . .  

T h e  c o n s t a n t s  A n and B n a r e  d e t e r m i n e d  f r o m  the  s y s t e m  of  e q u a t i o n s  (j = 1, 2) 

T h e  n o n s t a t i o n a r y  p r o b l e m ,  when  the  t e m p e r a t u r e  of t he  s u r r o u n d i n g  m e d i u m  v a r i e s  a c c o r d i n g  to  a p o w e r  
l aw,  i s  a l s o  e x a m i n e d .  

r 

r 1 and r 2 
'3 

Z 

T 
X 

~i 
I v (x) and  Kv (x) 
T 

Ti  

P e p .  2294-74 ,  

N O T A T I O N  

i s  t he  r a d i u s  of  c y l i n d e r ;  
a r e  t he  i n n e r  and  o u t e r  r a d i i  of c y l i n d e r ;  
i s  t he  a n g u l a r  c o o r d i n a t e ;  
i s  t h e  a x i a l  c o o r d i n a t e ;  
i s  t he  t e m p e r a t u r e ;  
i s  t he  t h e r m a l  c o n d u c t i v i t y  coe f f i c i en t ;  
i s  t he  h e a t - r e l e a s e  c o e f f i c i e n t  a t  o u t e r  and  i n n e r  s u r f a c e s ;  
a r e  t h e  B e s s e l  func t ions  of i m a g i n a r y  a r g u m e n t ;  
i s  t he  t i m e ;  
i s  t he  a n g l e  c h a r a c t e r i z i n g  the  i n c l i n a t i o n  of t he  co i l  to  the  c y l i n d e r  ax i s  a t  the  i n n e r  
(i = 1) and  o u t e r  (i = 2) s u r f a c e s ,  k 1 = cos  7 i ,  = s i n T i .  

May 27, 1974. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  Ju ly  3, 1972. 

C A L C U L A T I O N  O F  T E M P E R A T U R E  F I E L D S  I N  

T H E R M A L L Y  I N S U L A T E D  R O D S  A N D  S P H E R E S  

W I T H  A L L O W A N C E  F O R  T H E  F I N I T E  R A T E  

O F  H E A T  S P R E A D  

M .  A .  B e n y a k o v s k i i  UDC 536.21 

In  t he  p r e s e n t  r e p o r t  t he  t e m p e r a t u r e  f i e ld  i s  c a l c u l a t e d  on the  b a s i s  of a h y p e r b o l i c  equa t ion  of 
h e a t  conduc t ion .  In  t h e  e a s e  of a r o d  i t  i s  a s s u m e d  t h a t  a t e m p e r a t u r e  p e a k  T (x, 0) = b6 {x) i s  c r e a t e d  in  
t h e  m i d d l e  of i t  a t  t he  s t a r t i n g  t i m e .  Us ing  a L a p l a c e  t r a n s f o r m a t i o n  and  a f in i te  F o u r i e r  c o s i n e  t r a n s f o r -  

m a t i o n  one ob t a in s  a g e n e r a l  s o l u t i o n  

~ a  sh z~ , x + 

and a s o l u t i o n  fo r  s h o r t  t i m e s  

I k=5 1 r L / F o z J  ] Lk 

[ ]) + g -r 1 
L I F o z  J 

H e r e  0 = T(x ,  t) / .T 0 i s  the  r e l a t i v e  t e m p e r a t u r e ;  T O is  the  e q u i l i b r i u m  t e m p e r a t u r e ;  2l i s  t he  length  of 
t h e  r o d ;  a i s  the  t h e r m a l  d i f f u s i v i t y ;  c i s  the  r a t e  of hea t  s p r e a d ;  z = e l l a  i s  a d i m e n s i o n l e s s  p a r a m e t e r ;  
F o  i s  the  F o u r i e r  n u m b e r ;  I 0 and  I 1 a r e  m o d i f i e d  B e s s e l  func t ions  of z e r o t h  and f i r s t  o r d e r ,  r e s p e c t i v e l y ;  
u i s  a uni t  s t e p  func t ion ;  L1 = Ixi; L 2 = 2l - -  x; L~ = 2l + x; L 4 = 4l  - -  x; L 5 = 4 l  + x [we n e g l e c t  the  r e -  
m a i n i n g  t e r m s  of t he  s e r i e s  of  (2) b e c a u s e  of  t h e i r  s m a l l n e s s ] .  
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By se t t i ng  k = 1 we ob ta in  the so lu t i on  of the h y p e r b o l i c  equa t ion  for an  in f in i t e  r e g i o n  in  the one-  
d i m e n s i o n a l  c a se .  The  s u b s e q u e n t  t e r m s  (k = 2, 3, 4 . . .  ) d e s c r i b e  the t e m p e r a t u r e  waves  r e f l e c t ed  f r o m  

the  ends  of the rod .  

The  wave n a t u r e  of the p r o c e s s  of s p r e a d  of a heat  pu l se  is  m a n i f e s t e d  no t i ceab ly  only for s m a l l  z 
(z < 10). A s s u m i n g  that  z -~ oo in  Eqs .  (1) and (2), we f ind the  so lu t i ons  of the c l a s s i c a l  h e a t - c o n d u c t i o n  

equa t ion  for the  g i v e n  p r o b l e m .  

F o r  a s p h e r e  the  g e n e r a l  so lu t ion  has  the fol lowing f o r m :  

I l , . - -  ~1 a 2 1 ,~ sh 1 -- sin r | 

H e r e  Vn a r e  the  roo t s  of the c h a r a c t e r i s t i c  equa t ion  V -- t a n  ~. 

Dep. 2298-74,  Ju ly  18, 1974. 
Or ig ina l  a r t i c l e  s u b m i t t e d  May 16, 1973. 
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