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and V. P. Pershin 

UDC 536.25 

The resul t s  of an experimental  investigation of the heat t r ans fe r  of a ver t ical  thin plate (Bi << 0.1) 
in an undisturbed infinite medium are given. 

Before the experiment  the plate was heated to 100-200~ by a br ief  (0.4-1 sec) passage of e lectr ic  
cur ren t .  The heat t r ans fe r  of the hot plate was investigated as it cooled natural ly in air, water, kerosene, 
and t r ans fo rmer  oil. The t empera tu res  of the plate and medium were measured  and the optical picture 
of the spec t rum of convection cu r ren t s  was photographed. The heat t ransfer  coefficients were determined 
f rom the change in heat content of the plate, and also by the regular  heat regime method on some par t s  of 
the t empera tu re  curve .  

The initial values of the Rayleigh number in the exper iments  in air  were ~ 1.4- 10 ~, which c o r r e -  
sponded to an unstable region near the boundaries  of thermal  turbulence.  The br ief  heating led to rapid 
swelling of the boundary l aye r  and the slow development of curl ing motion. We found that at a cooling rate 
of about 1 deg / sec  the p r o c e s s  became stabilized (quasistationary), and values of Nu were given sa t i s fac-  
tor i ly  by the known formula  

1 

Nu = 0.135 (GrPr) ~- . 

This is i l lustrated by Fig.  1. As the dimensionless  time we used the product FoBi = roT, where m is the 
cooling rate, and r is the t ime. 

As distinct f rom exper iments  in air, the experimental  data for  d rop- forming  liquids did not c o r r e -  
spond with the relat ionships  obtained for steady conditions. Similari ty theory and physical modeling tech- 
niques were used to obtain a general relat ionship for the heat t r ans fe r  during cooling of a plate in an in- 
finite medium: 

Q-F~ )-0.5 
Nu x -:= 0.44 ( (GroProO.5)o.13. 

The following ranges  of numbers  were used in the exper iments  

Gr = 5.10 TM -- 2.109, Pr := 0.72 -- 200, Fo -- 9.10 TM -- 2.6.10 -1, 

O = cw7 ~ 6 �9 - - =  1.05.10 - 3 -  4 , 5 ,  
cjT] l 
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Fig.  1 
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where c is the specific heat, T is the specific weight, 6 is the plate thickness, l is the distance f rom the 
end face of the plate to the point of tempera ture  measurement .  

The subscript  cz indicates plate pa ramete rs ,  f indicates pa r ame te r s  of the medium, and 0 the ini- 
tial values of the p a r a m e t e r s .  

Dep. 739-74, January  17, 1973. 
Original ar t ic le  submitted May 3, 1972. 

EFFECT OF AERODYNAMIC CHARACTERISTICS OF AN 

INSTRUMENT ON THE DRIVING FORCE OF HEAT AND 

MASS TRANSFER 

Y u .  I .  V o l o v i k  UDC 66.047.3 

The p roces se s  of heat exchange and mass  exchange between water and hot air in an atomizing cham-  
ber  are  examined for the cases  where the chamber  r ep resen t s  an instrument of ideal displacement and one 
of ideal mixing. 

With the choice of the following var iable  dimensionless  complexes 

0 =  t ~  A c~F r - ~-; = - - - - ;  K= -; 
t~-- t w GaCa cs (Q --~v) 

r = j % -  Pc 13FMa (P -- P0) (P -- & ) P-- ;s 
Ps - -  PU ; B : Gz~ivP ; ~\' =': -- .... Ps "-- P0 

we obtain the dependences @ =f(A, K) for the heat exchange and 4,=f(B, N) for  the mass  exchange which 
have identical forms,  since the resu l t s  obtained in an examination of heat exchange are also valid for  mass  
exchange with the appropriate  substitution of | B, and N for 4), A, and K. 

Ins t ruments  for which the values of A and K are identical can be compared  with respec t  to the com-  
plex | called the efficiency of the instrument in the present  repor t .  In a compar ison of the values of | 
for  chambers  of ideal displacement and of ideal mixing in the range of values 0 ~ A _< ~ and 5 -< K _< ~ we 
determine that the grea tes t  absolute difference |  is about 0.2 (see curve 2 of Fig. 1). 

The graphic dependence @d =f(| which is valid in the range of 5 -< K _ r is presented in Fig.  1. 
The equation @r = | + A| where A| is determined f rom Fig.  1 (curve 3), can be recommended for  Lhe 
determination of | for industrial instruments .  In this case the e r r o r  in determining the instrument effi- 
c iency will not exceed • By express ing the instrument efficiency through the t rans fe r  potential Zktav 
averaged over  the p roces s  we find 

0.7.5<: -Atav m< 1. 
J,t av d 

58; 8yt3.n; 95 } 

I 

0 

i 
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Fig. 1. Relationship between efficiencies 
of ins t ruments  of ideal mixing and of ideal 

displacement:  1) | = f( |  2) | - | = 
f (~m); 3) A@ = f  (~m) for  the case  where the 
aeroclynamic c h s r ~ t e r i s t i e s  of the ins t ru-  
ment are unknown. 
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N O T A T I O N  

a ,  heat exchange coefficient; fi, m a s s  exchange coefficient; F, surface of heat and mass  exchange; 
G a, flow rate  of air;  t 0, initial air t empera ture ;  t e, air  t empera ture  at exit f rom chamber;  t w, water t em-  
pera ture ;  c a, heat capaci ty  of air; c v, heat capacity of water vapors;  r, latent heat of evaporation; Ps,  
par t ia l  p r e s s u r e  of water vapor at surface of drop; Pc, par t ia l  p r e s s u r e  of water vapor in air at exit f rom 
chamber ;  P0, part ial  p r e s s u r e  of water  vapor in air at entrance to chamber;  P, total p re s su re  in chamber ;  
M a, molecular  weight of air; Mv, molecu la r  weight of vapor .  Subscripts:  d, m, and r re fer  to inst ruments  
of ideal displacement and of ideal mixing and to real  instruments  of intermediate type, respect ively .  

Dep. 759-74, November  21, 1972. 
Original  ar t ic le  submitted June 12, 1972. 

A E R O S O L  O F  V A R I A B L E  M A S S  IN A V O R T E X  F L O W  

V.  A.  U s p e n s k i i ,  O .  K h .  V i v d e n k o ,  
V .  N.  Z a i t s e v ,  V .  A.  S h a r a p o v ,  
a n d  M. F .  S h i t i k o v  

UDC 532.529.5 

Let us write the equation of motion of a par t ic le  of variable mass .  Inertial forces ,  centrifugal 
forces ,  and fo rces  of aerodynamic res i s tance  act on the par t ic le .  The swirling of the flow is accomplished 
by a vane swir le r .  Thus: 

d @ ~ ov ~ v~ p (V,--VR) ~ 
dt (m aVr) -- nd2P = ma - - - - r  m (k + I) --r -- Cx. 8 zd"-, (1) 

where m a = 1/6 rcd3pa; m = 1/6 ~rd'~p; d = d o t /T;  0 is the coefficient of slip of the part icle  relative to the 
tangential velocity of the flow; k ~ 12; d o is the par t ic le  diameter ;  T iS a proport ionali ty constant; p is the 
mass  density of the gas, Pa is the mass  density of the aerosol ;  r is the radial coordinate directed f rom the 
axis of rotat ion of the flow toward the per iphery  of the apparatus of radius R; t is the time; V R is the 
radial  component of the veloci ty of the gas flow; V is the tangential component of the gas flow; C x is the 
coefficient of frontal  res i s tance ;  Vr is the unknown veloci ty of the par t ic le  under considerat ion.  The solu- 
tion of Eq. (1) has the f o r m  

Vr(t) = ' {[ClJp(~tv)+C2Nv(~t';)lv:+(7--1)~Jtv[ClJp.l(~tv)+C,Np.l([Jtv)]l, (2) 
3Cxpt 

where C 1 = a / b - - a ,  C 2 = 1/b - -a ,  a = -- Np+Np_l+Np_2/--Jp+Jp_l+Jp_ 2, b = (Np-- Np_l)a, and Jp and Np 
are Bessel  and Neumann functions, respect ively;  

0 P 

*r =-~- ; [3= . Pa ; 

d~ (1 ---~a ) ,  

9 [ , - '  A 3 A~]; 

- a  ; 

A =  - -  
Ca.VRTp ~ =  3 (@ A__I) ; 

';~ /2~0 cos~o 
- q~ --- �9 - - =  coast; 

r r 
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H is  the  p r e s s u r e  d r o p  at the b l a d e  s w i r l e r  and 60 is  the moun t ing  angle  of the  s w i r l e r  b l a d e s .  
a r e  d e t e r m i n e d  q u a n t i t a t i v e l y  by  a m e t h o d  p r e s e n t e d  in J E P ,  18, No. 3 (1970). 

With  d = cons t  

V R and V 

Y~ Y~ ] - -  - - Y 1  exp (-- Yi) t 4- - -  72 exp (-- y o) t 
VR=--  Y~-- Y-" Yi--Ye ; 

[- Y~ exp (-- y1) t + Y ~  exp (--y~)t ]B 

BV R - -  ~ BV R -4- k 1 

1 3 p 1 
- - C x - -  - -  ; 

p 4 P'a d 

Pa 

B = - -  

[0 D ! _ ~ Pa 

Pa 

Iv. } (~ + 1) 7 -  BV~ 

(3) 

E q u a t i o n s  (2) and (3) we re  c o n f i r m e d  e x p e r i m e n t a l l y  on a v o r t e x  d u s t - c o l l e c t i n g  a p p a r a t u s  (R = 100 mm;  

d o = 5 t~; fi0 = 20~ H = 210 m m  w a t e r  co lumn;  k = 11.5; 0 = 0.85; ~ = 0.91; Cx = 30-14;  7- = 0 .04-0 .06) .  

Equa t ions  (2) and  (3) can  be  u s e d  in c o n s t r u c t i n g  a m e t h o d  of c a l c u l a t i n g  v o r t e x  i n s t r u m e n t s .  

Dep.  758-74,  N o v e m b e r  21, 1972. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  June  14, 1972 

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

F U N C T I O N S  O F  T H E  C O E F F I C I E N T  O F  R E S I S T A N C E  

F O R  T H E  C A L C U L A T I O N  O F  C U R V I L I N E A R  

D U S T - L A D E N  F L O W S  

V .  D .  L e b e d e v ,  S .  G .  U s h a k o v ,  UDC 532.529.5 
a n d  V .  E .  M a s l o v  

In the s tudy of the work ing  p r o c e s s e s  in v a r i o u s  i n s t r u m e n t s  which have a t w o - p h a s e  f low (gas -  
dust ,  g a s - l i q u i d  d r o p s )  a c a l c u l a t e d  d e t e r m i n a t i o n  is  v e r y  of ten made  of the p a r t i c l e  t r a j e c t o r i e s  and 
v e l o c i t i e s .  In t h i s  c a s e  the  d i f f e r e n t i a l  equa t i ons  of mot ion  involve  the c o e f f i c i e n t  of f ron ta l  r e s i s t a n c e  
C which is  a func t ion  of the  R e y n o l d s  n u m b e r  of the  p a r t i c l e  (the d i m e n s i o n l e s s  v e l o c i t y  of i t s  b lowing):  
Re = u 6 p l / ~  (5 and u a r e  the d i a m e t e r  and r e l a t i v e  v e l o c i t y  of the p a r t i c l e ;  Pl and ~ a r e  the  d e n s i t y  and 
d y n a m i c  v i s c o s i t y  of the c a r r y i n g  m e d i u m ) .  

Since the funct ion  C(Re) has  a v e r y  c o m p l i c a t e d  n a t u r e  and it is  d i f f i cu l t  to a p p r o x i m a t e  it a c c u r a t e -  
ly  enough in a wide r a n g e  of Re a g r e a t  m a n y  i n t e r p o l a t i o n  e q u a t i o n s  C = f ( R e )  have been  p r o p o s e d  which 
p e r m i t  one to c a l c u l a t e  C in a g iven  r a n g e  of  v a r i a t i o n  of  Re with one o r  a n o t h e r  a c c u r a c y .  When us ing  an 
e l e c t r o n i c  c o m p u t e r  fo r  the  c a l c u l a t i o n  it is  m o s t  a d v i s a b l e  to d e t e r m i n e  C f r o m  a t ab le  of C = f (Re) c o m -  
p i l e d  on the b a s i s  of  the m o s t  r e l i a b l e  e x p e r i m e n t a l  d a t a  g e n e r a l i z i n g  the s t u d i e s  of m a n y  a u t h o r s .  How- 
e v e r ,  the use  of  v a r i o u s  e m p i r i c a l  e q u a t i o n s  fo r  C con t inues  in the e a r l i e r  w o r k s  of m a n y  a u t h o r s  at  
p r e s e n t ,  and t h e r e f o r e  it i s  a d v i s a b l e  to e s t i m a t e  the e r r o r  p r o d u c e d  by  them,  p a r t i c u l a r l y  in l i gh t  of  the 
fac t  that  the  e r r o r  in the  d e t e r m i n a t i o n  of  C can  i t s e l f  g ive  l i t t l e  i nd i ca t i on  of the s i ze  of  the e r r o r  in the  
d e t e r m i n a t i o n  of the t r a j e c t o r y  s ince  o t h e r  f a c t o r s  b e s i d e s  the  f o r c e  of r e s i s t a n c e  have a l a r g e  e f f ec t .  

C a l c u l a t i o n s  a r e  made  of  the  t r a j e c t o r i e s  of p a r t i c l e s  16 .5-427 # in d i a m e t e r  in a c u r v i l i n e a r  annu-  
l a r  a i r  f low 1000 m m  in d i a m e t e r  with a d e t e r m i n a t i o n  of the r e l a t i v e  s e p a r a t i o n  angle  (the a ngu l a r  pa th  
up to con tac t  with the  o u t e r  wal l ) .  T r a j e c t o r i e s  o b t a i n e d  u s i n g  an e x p e r i m e n t a l  funct ion  C(Re) a r e  t aken  
a s  the  s t a n d a r d .  F o u r t e e n  i n t e r p o l a t i o n  e q u a t i o n s  of  d i f f e r e n t  a u t h o r s  a r e  t e s t e d  and the r e l a t i v e  e r r o r  A 
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in the determination of the separat ion angle is found for each one. 
veloci ty  of insertion of the par t i c les  into the channel were var ied .  

1. 
A _ 7 % .  

2. 

3. 
ReO.313, 

In this case the air  speed and the initial 
The principal resu l t s  of the study are:  

The use of a major i ty  of the more  complicated m a n y - t e r m e d  functions C(Re) leads to an e r r o r  

The use of simple functions of the type C = 0.4, C = 10/4"Re, etc.  gives an e r r o r  of 40-75%. 

The most  successful  interpolation equations are the following: C = 24/Re + 4~qRe, 24/Re +3.6 /  
24/Re +2.8/~r-Re, which lead to e r r o r s  not exceeding 5-7% in the ranges  of the var iables  studied. 

Dep. 760-74, March  9, 1973 
V. I. Lenin Ivanovo Power  Institute 
Original ar t ic le  submitted June 22, 1972 

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

O F  V A R I A B L E  M A S S  IN A T U R B U L E N T  F L O W  

B .  P .  K a z a k o v ,  A.  E .  K r a s n o s h t e i n ,  
a n d  T .  A.  S a m a r i n a  

UDC 532.529.5 

The problem of the concentrat ion of a hygroscopic  aerosol  in a confined turbulent air  flow behind 
a source of constant intensity reduces  to the solution of the turbulent diffusion equation 

with boundary conditions 

where 

OuxC , OuzC = D r  O"-C (1) 
ax ~ Oz Oz ~ 

OC - -  UzC z=l = O, Dr O-~z- 

CI~=o ~ O, 

u= = const, Uz = ate"- (2) 

The change in the radius of hygroscopic  par t i c les  is due to growth by considerat ion and coagulation 

where 

OR A -'~ B R ,  (3) 4" -- 
OZ aR 6 

3 
A -  D,uAPoR~ B= 1"37A~4 

pRTT 5 
poav 4 

Determining R f r o m  Eq. (3) we obtain 
2 

7An -I- 7BRTo) ( h -  Z)] 7". (4) 

The solution Of Eq. (1), taken in conjunction with (2) and (4), will be sought in the form 

C (x, z) = X (x) z (z). 

we obtain a f i rs t  approximation to the mean c ross - sec t iona l  coneen- Then, using the Ritz method, 
t ra t ion of the aerosol  

Cm~_ exp (-- ~ e  x). (5) 

The eigenvalue X depends on the initial p a r a m e t e r s  of the hygroscopic  aerosol  and the air  flow. 
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The obtained solution (5) was tes ted  in the conditions of the potash  mines  of the "Beloruska t i i "  
combine .  A compar i son  of expe r imen ta l  m e a s u r e m e n t s  of the par t i c le  eoncentra t ion with the r e su l t s  of 
calculat ion showed good a g r e e m e n t .  

The obtained solution p rov ides  a bas i s  for  the se lect ion of the c l imat ic  p a r a m e t e r s  of a i r  flows 
which will ensure  min imum dust pollution of the a t m o s p h e r e  in potash and salt  mines .  

N O T A T I O N  

D T, turbulent  diffusion coefficient;  Ux, ave raged  flow velocity; Uz, pa r t i c l e  set t l ing velocity;  R0, 
initial pa r t i c le  radius;  p, P0, densi ty of p a r t i c l e s  and air ,  r e spec t ive ly .  

Dep. 799-74, Novem ber  27, 1973. 
Original  a r t i e ie  submit ted  Sep tember  7, 1972. 

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

L .  K .  T s a b e k  UDC 541.183 

The equi l ibr ium kinet ics  of desorpt ion in porous  s y m m e t r i c a l  g ra ins  is descr ibed  by a quas i t inear  
pa rabo l ic  ma te r i a l  ba lance  equation and the equation of an i so the rm on the phase  boundary 

c? (c -i- q) O"-c v Oc 
- -  = i ~ == / (c). (1) 

Ot dr a r Or 

An accura te  numer ica l  solution of the par t ia l -d i f ferent ia l  equation (1) l eads  to an accura te  ord inary  d i f fe r -  
ential  equation which d e s c r i b e s  the kinet ics  of desorpt ion in the outer  diffusion region 

Ot -:y~o(q)[c--~pb~l, ~t)-~::f, ,[=:(I ~ ,,) .[ q (c) ;~ dr. (2) 
o 

The kinet ics  of desorpt ion in a mixed region (outer  and inner diffusion) is desc r ibed  by the equation 

o~ ~,~ (qT ~,e ~ - -  ~ ~7)J. (3) 

We find the analyt ic  re la t ion  co(q) in the f o r m  

I 

The value of 50 is chosen f r o m  the conditions of max • and a~ = max  q. For  p rac t i ca l  ca lcula t ions  of the 
kinet ics  of desorpt ion with a~ = 1, max  w = 2.5, the Langmui r  i so the rm is q = (1 + p)c/(1 + pc).  F igure  1 

0,o /'% i , 
I .~ ~ uQ " I 

, _,_z_4----- i 
0r i 1 

8 /5 p 

o 

. J  

Fig.  1. Values of the coeff ic ients  b i 
(notat ion as in Fig. 2). 
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oo(r 

o - -  ! 

a - - 3  

ri - -  5 

II - -  15 

@ 

m / Y  

i 

~ o,~ q8 q 

Fig .2 .  w(q): 1 ) p  = 0; 2) 1; 3) 
4; 4) 10; 5) 24; 6) 49. 

gives the values of the coefficients bi for var ious  values of p, and Figure 2 shows graphs of the functions 
~(q). Using the values of b i or  w(q), the kinetic desorption curves  in the inner and mixed regions can be 
calculated f rom Eqs. (2) and (3) for a rb i t r a ry  p a r a m e t e r s  p.  

Dep. 737-74, November 21, 1972 
Original article submitted August 2, 1972. 

ON A H E A T - T R A N S F E R  P R O B L E M  

M. P .  L e n y u k  UDC 517.944(07) 

Two one-s ided bounded bodies with different physical  p a r a m e t e r s  and initial data charac te r iz ing  
their  initial state (initial t empera ture  distributions) are  brought into contact .  

Taking account of the finite ra te  of propagation Of heat, the problem of determining the tempera ture  
distr ibutions at any instant in the contacting bodies and the heat flux at their  boundary is formulated mathe-  
mat ical ly  as follows: it is requi red  to find tt{e bounded solution of the equations [1, 2] 

b2 l a"-U~at~ -'-r q~ On,at . . . .  ~ ax ~ - / ~ ( t ,  x) (O.(. . t .<T, 0.<x "~),  

b~ O% j_c~ Ou~ ~ <r-,q (2) 
Ot" ~ 2 O---7 - ' - a 2  0x'-' =f.( t ,x) (0.~t.<4T,--~-:x.<0),  

which sat isf ies  the conditions 

0 u  I 
" ; .=o ~'~ Or), ~ t - - -  t=o =~ ~b, (x) (x >/o),  (3) 

d u  2 ' 
u~:~o := er: ~ (x)> ~ ! ~ _ = o : :  % (x) (x.<:5o), (4) 

u 1 (4-0, t) .... ,~. (--0, t), ~.~ 2u~ox x=0 :': Xo_ 0u,z0x ~-=0" (5) 

By introducing Cauchy and Green ' s  functions and the fundamental function of the problem posed 
above, formulas  are obtained descr ibing the requi red  quantities and making it possible to obtain solutions 
for a broad c lass  of initial data. In the l imit  as b 1 ~ 0, b 2 ~ 0 the tempera ture  distributions are obtained 
if the rate of propagation of heat is infinitely large  in the media x -> 0 or x -< 0 or  both simultaneously.  

If the rate of propagation of heat in both bodies is infinitely large  and there are  no heat sources ,  we 

have T s o i ' s  r e su l t s  [1]. 
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Dep. 738-74, March 9, 1973. 
Original ar t ic le  submitted September 26, 1972. 

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

P R O P E R T I E S  O F  n - A L K A N E S  F R O M  U L T R A S O N I C  

M E A S U R E M E N T S  AT P R E S S U R E S  UP  T O  2 0 0 0  A T M  

B .  S. K i r ' y a k o v ,  N.  F .  O t p u s h c h e n n i k o v ,  
a n d  P .  P .  P a n i n  

UDC 536.7 

The calculation of the thermodynamic p roper t i e s  of liquids f rom the resul ts  of measurements  of 
sound velocity in relation to p r e s su re  and density can be based on the well-known express ion for sound 
velocity, rewri t ten in the form 

o (c3) ] 
~ F - j T  
' 8C ' ( - - /  

3 , Op / r 

(I) 

The l i te ra ture  contains the following empir ical  relat ions for the determination of the derivatives 
in express ion (I) for a relat ively narrow range of p re s su re s :  

c~ = co 3 + z((p-pc),  (2) 

C=Co§ (0--0o), (3) 

where C o and P0 are the sound velocity and density at a tmospher ic  p re s su re .  

As follows f rom (1), relat ionships (2) and (3) presume that y is independent of p r e s su re  on the 
isotherms:  

~" (4) 
7 = 313 

Sound velocity measurements made by the authors for several n-paraff ins in the pressure range 
0-2000 atm and temperature range 30-120~ indicated that the experimental data deviated f rom relat ion- 
ships of the form (2) and (3). This indicates that calculation f rom (2) and (3) should be regarded as cal-  
culation based on the mean value of Y for the pressure range in which the results of measurements are 
being processed. 

The authors propose the following expressions for the derivatives in (1): 

c = ~' ( co§  Ko (P--P~? - -  z: (5) 

o=~o+ ~ ( c -  co) • 9. (z~ + &)  ',n ~ ~z~+z~'t" ( 
' Co-Z~ -6 -z ,  co ' (6) 

where K 0 is a constant for the whole se r ies  Of n-paraff ins;  Z 1 and Z 2 are constants for a par t icu lar  iso- 
the rm and charac te r i ze  the shift along the velocity axis on superposit ion of the i sotherms on the C-P  and 
C-p axes. 

Express ions  (5) and (6) p resume that y dec reases  with p res su re  

c~ 
7 = (c-- z_~) - - - - - T  (7) 
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Relationship (5) was obtained by applying s imi lar i ty  theory to the t reatment  of the experimental  
data for the sound veloci ty in the se r i e s  of n-paraff ins  in relat ion to p r e s su re .  Expression (6) was ob- 
tained f rom (1) and (5) on the basic assumption that 

lira 7 ~t.  
p~co 

The authors  compared  the calculated values of p and 7 with available published data for the case 
of n-heptane.  The compar ison  showed that the assumption of 3' tending to 1 with increase in p r e s su re  
leads to fairIy good agreement  between the resu l t s  of acoustic and PVT measuremen t s .  

Dep. 800-74, November  26, 1973. 
Kursk State Pedagogic  Institute 
Original ar t ic le  submitted June 17, 1972 

T H E  Z E R O  S T A T I C - P R E S S U R E  L E V E L  IN 

C Y C L O N r  C H A M B E R S  

A.  N.  S h t y m  a n d  A.  S. L a t k i n  UDC 533.601.1 

The position of the zero  e x c e s s - p r e s s u r e  level is important in calculating the p re s su re  dis t r ibu-  
tion in a spiral  flow and also in determining the hydraulic res i s tance  of a cyclone device. It is shown 
that experiment does not conf i rm the assumption that the zero level coincides with the radius ~ = 1, where 
the tangential velocity component is l a rges t .  A qualitative analogy exists between the p re s su re  and tangen- 
t ia l -veloci ty  distr ibutions in a c i r cu la r  eddy and in a real  cyclone flow, and it is therefore  possible to find 
the ze ro -p re s su re  level ~AP =0 f r o m  the zero value for the second derivative of the p re s su re  with respect  
to radius.  

An approximation is used for the tangential veloci ty with this condition to get relat ionships for the 
dimensionless  p re s su re :  

co 

h~-- l ~ - -4nE(= ' - l )m+l  ( n - - m ) ,  + C ,  
m! (n = rn) (1 + ~),,+m (1) 

- 2  Pr~cpmax m=0 

" 2n-- 1 
~qAF=O ~ 2n -t- 1 (2) 

We see f rom (2) that the radius ~AP =0 can va ry  f rom 1 (for n = oo) to zero (for n = 0.5) in relation 
to the flow generation conditions, which are  cha rac te r i zed  by n. 

Experimental  resu l t s  are given on the z e r o - p r e s s u r e  level in cyclones  with narrowing fac tors  at 
the outlet f rom 0.05 to 1; calculat ions f r o m ( l ) a n d  (2) are  used with experimental  data to show that the 
p r e s s u r e  reduction at the axis increases  as the relative narrowing is reduced, reaching a maximum and 
then decreas ing  rapidly, while ~AP =0 moves towards the flow axis until the zone of reduced p re s su re  

vanishes  completely.  

Dep. 798-74, November  26, 1973. 
Original ar t ic le  submitted June 26, 1972. 

1154 



DETERMINATION OF THE FIRST ROOT OF THE 

CHARACTERISTIC EQUATIONS IN THE ANALYTICAL 

THEORY OF THERMAL CONDUCTIVITY 

A. A. Shmukin UDC 536.21 

The  c h a r a c t e r i s t i c  e q u a t i o n s  of  the a n a l y t i c a l  t h e o r y  of t h e r m a l  conduc t ion  a r e  put  as  the s e r i e s  

/ ( . )  = . ~  % ~ , , ,  % = o, (1) 
t i = O  

w h e r e  the  s e r i e s  of c o e f f i c i e n t s  {r t a k e s  a p a r t i c u l a r  f o r m  for  each  d e t a i l e d  p r o b l e m ;  to d e t e r m i n e  the 
s q u a r e  of the  r o o t  l e a s t  in modu lus  fo r  (1) one has  the  f o r m u l a  

o -% 
u T = l i ,~ - -  (2) 

w h e r e  ~ n  is  g iven  by  the  r e c u r r e n c e  r e l a t i o n  

I 

T0 
/_7 

~,, : :  _ y .o. _ _ ~  (3) 
n - - s  

~ = j  90  

and t h e s e  a r e  the c o e f f i c i e n t s  to p2n in the e x p a n s i o n  of 1/f~) as a p o w e r  s e r i e s  in d e g r e e s  of t~ 2. 

Equat ion  (2) g i v e s  #~ fo r  n ~ o% but  a n a l y s i s  i n d i c a t e s  that  the c o n v e r g e n c e  to the exac t  va lue  of 
t~ is r ap id ,  so (2) can be put as  

2 -Qn n =  O, !, . . . ,  ,~, (4) 
, * , .  ~0~i+ 1 

where  m is a f in i te  n u m b e r ,  to f ind p~ with any p r e s e t  a c c u r a c y  a when 
2 o 

it t ,,,n --  t~,,n-11 -~-: ' j  e; (5) 

and s e c o n d l y  one can ob ta in  s i m p l e  f o r m u l a s  to give tt~ a p p r o x i m a t e l y ,  i . e . ,  

" "% - -  % (6) 
[q - P'i % ' 

. 1 2 -  o.~ _ s %  ( 7 )  

As (6)-(8) con ta in  the  c o e f f i c i e n t s  ~n r e p r e s e n t i n g  the f o r m  of the  c h a r a c t e r i s t i c  equa t ions  a s  
p a r a m e t e r s ,  we c l e a r l y  have (6)-(8) a s  u n i v e r s a l ;  it i s  a l so  found that  (7) and (8) a r e  h ighly  a c c u r a t e .  

The  a l g o r i t h m  of (4) and (5) g o e s  with f o r m u l a s  (7) and (8) in i l l u s t r a t i o n s  for  d e t a i l e d  c h a r a c t e r i s -  
t i c  e q u a t i o n s  f r o m  the t h e o r y  of t h e r m a l  conduc t ion  and m a t h e m a t i c a l  p h y s i c s .  

Dep.  808-74 ,  A u g u s t  12, 1972. 
D n e p r o p e t r o v s k  Sec t ion ,  I n s t i t u t e  of  M e c h a n i c s ,  A c a d e m y  of S c i e n c e s  of 
the  U k r a i n i a n  SSR, D n e p r o p e t r o v s k .  
O r i g i n a l  a r t i c l e  s u b m i t t e d  May  23, 1972.  
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S O L U T I O N  O F  A M I X E D  B O U N D A R Y - V A L U E  P R O B L E M  

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

R E G I O N  W I T H  AN I N C L U S I O N  

G .  A .  Z h i l ' k o v  UDC 536.2.01 

A p a r t i c u l a r  so lu t ion  is g iven for  s t e a d y - s t a t e  heat  conduc t ion  in a c y l i n d e r  of height  5146 2 and 
r a d i u s  R con t a in ing  an i nc lu s ion  of ano ther  m a t e r i a l  of height  52 and r a d i u s  r 1. A cons tan t  t e m p e r a t u r e  
is  m a i n t a i n e d  at the b o u n d a r y  z '  = --51, while at the b o u n d a r y  z '  = 52 the re  is heat  t r a n s f e r  with a m e d i u m  
of cons tan t  t e m p e r a t u r e ,  and at b o u n d a r y  r '  = R t h e r e  is  t h e r m a l  i n su la t ion .  

An addi t ional  b o u n d a r y  condi t ion  is  i n t roduced  fo l lowing f r o m  s i m u l a t i o n  of the t e m p e r a t u r e  d i s t r i -  
bu t ion  with the MSM-1 analog  s y s t e m .  It is  a s s u m e d  that  the t e m p e r a t u r e  d i s t r i b u t i o n  ove r  the c y l i n d r i c a l  
su r f ace  r '  = r i in the m a i n  m a t e r i a l  can  be c o n s i d e r e d  as l i n e a r  with a coef f ic ien t  of p r o p o r t i o n a l i t y  bl ,  
while a long the b o u n d a r y  of the two m a t e r i a l s  it is the s a m e  with a coef f ic ien t  of p r o p o r t i o n a l i t y  b 2. 

The p r o b l e m  is handled  by d iv id ing  the body into four  r e g i o n s  D 1 (0 -< r - 1, 0 -< z -< 1), D 2 (1 _< r 
-<m,  0-< z -<  1), D 3 (0 - -< r -<  1, - - p - <  z -<  0), D 4 (1-< r <- m, - - p - <  z--< 0) and so lv ing  for  each  r eg ion  
s e p a r a t e l y ;  as  the b o u n d a r y  condi t ion  at z = 0 is not g iven for  each region ,  the so lu t ions  con ta in  c ons t an t s  
of in tegra t ion ,  which a r e  found f r o m  the cond i t i ons  fo r  i dea l  t h e r m a l  con tac t  at  z = 0. 

The so lu t ions  a re  found by apply ing  an in t eg ra l  Hankel  t r a n s f o r m a t i o n  for  the r e g i o n s  D 1 and D a of 

the f o r m  

I 

Hi [Vz (r, z)] :- .i rSo(vr) r i  (r, z)dr (i -- 1, 3), (1) 
0 

where  u a re  the pos i t i ve  r o o t s  of J0(u) = 0, while the r e l a t i o n  for  the r e g i ons  D 2 and D 4 is of the f o r m  

/TZ 

Hi [Ti (r, z)] = .f rB~ (gr)  Ti (r, z) dr (i -- 2, 4) ,  

1 
(2) 

where  

and  ~ a r e  the pos i t ive  r o o t s  of 

Bo (~tr) = ]o (ur) A'o (,u) -- No (pr) Yo @, 

J1 (Fro) No (lO--- N~ (~tm) Jo (P) - 9. 

The  i n v e r s e  t r a n s f o r m a t i o n s  take the f o r m  

Z J_o(v,~r) 
v~ (~. ~) -- 2 s 2 (..) H~ (i --- 1, 3). (3) 

2 2 
a2 Z [XnJl([xnm) B~ Hi ( i = 2 ,  4) .  

Ti (r, z) = - ~ -  S~ (.tt~) -- J] (u~m) (4) 
n ~ l  

The coe f f i c i en t s  of p r o p o r t i o n a l i t y  c t and c 2 a re  found f r o m  the cond i t ions  for  the m e a n  heat f luxes  through 

the su r f ace  r = 1 to be equal :  

0 0 
( OT~ 1 

--p --p 

I 1 

\ Or ,~=l O \ Or /r=l 
0 0 

F o r m u l a s  a r e  d e r i v e d  for  t e m p e r a t u r e  and heat  flux; a c y l i n d r i c a l  i nc lu s ion  is a lso  env i saged .  
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N O T A T I O N  

t ,  t e m p e r a t u r e  of inclus ion or  ma in  m a t e r i a l ;  re, env i ronmen ta l  t e m p e r a t u r e ;  t h t e m p e r a t u r e  at 
hea ted  su r f ace ;  T = ( t - -  te ) / ( t  h -  re), d i m e n s i o n l e s s  t e m p e r a t u r e ;  k1(k2), t h e r m a l  conduct iv i ty  of inclusion 
(main ma te r i a l ) ;  r = r ' / r t ,  z = z ' /52,  d i m e n s i o n l e s s  coord ina te s ;  k = ~v 2 At, p = 51/52, m = 1R/rl, c t -- blS~t h 
/ ( t h - t e ) ,  c 2 = b262th/(t h -  te), d i m e n s i o n l e s s  quant i t ies ,  J0 and J i  B e s s e l  funct ions,  and N O and N~ Neuman 
func t ions .  

Dep. 810-74,  N o v e m b e r  26, 1973. 
Al l -Union  Tep lop roek t  R e s e a r c h  and Design Inst i tute ,  Moscow.  
Or ig ina l  a r t i c l e  submi t ted  F e b r u a r y  9, 1973. 

TRENDS IN CONSTANT-TEMPERATURE 

LINE MOTION IN SOLIDS 

N. M .  Tsirel'man UDC 536.21 

Nons ta t iona ry  t h e r m a l  conduct ion  is c o n s i d e r e d  as s e r i a l  d i s p l a c e m e n t s  of the [ s o t h e r m s  O = idem; 
th is  na tu ra l ly  in t roduces  the pa ths  t r a v e r s e d  by the f ron t s  | = idem and the ve loc i t i e s  v| the ana lys i s  
shows that the speed  of O = idem in a h a l f - s p a c e  with Bi _-.-~o is 

~'e = ' . - h T / o -  ;- ' 

i . e . ,  is dependent  on the path t r a v e l e d  x and on | the shape of the | = idem c u r v e s  in x and r c o o r d i n a t e s  
c o r r e s p o n d s  to the upper  b r a n c h  of a quadra t i c  p a r a b o l a .  

On the o the r  hand, fo r  bounded bodies  in the r e g u l a r  t h e r m a l  s ta te  we get  the d i m e n s i o n l e s s  v e lo c i -  
ty ~| = [O(1 --r j) /0 Fo]|  f o r  a pl ate, cy l inder ,  and s p h e r e ,  r e s p e c t i v e l y ,  f o r  boundary, condi t ions  of  the f i r s t  

- -  , ( 2 )  ,u~ ctg F?I; ~l Jz (~tz~]) ; __l _ ,% ctg thq 
I1 

and th i rd  kinds as  

where  #1 =/ '1 (Bi), and r~ = x / l  o. 

Then  the r e g u l a r  condi t ion is r e p r e s e n t e d  by an una l t e r ed  ve loc i ty  T O spec i f ic  fo r  each point, which 
is independent of | Minsk-22  ca lcu la t ions  show that this  c o r r e s p o n d s  to equidis tant  p a r t s  of the c u r v e s  
for  the v a r i o u s  f ron t s  @ = idem in (1--~1) - - F o  coo rd ina t e s  (Fig. 1). The speed  ~| in a plate,  cyl inder ,  or  
sphe re  may  be taken as in the ra t io  1:2:3 fo r  the points  7} = idem.  

In the q u a s i s t a t i o n a r y  state  with boundary  condi t ions  of  a second  kind we have 

. .  : :  o ( I - , ~ ) }  ...... .~ 
[,~ ( l o -  .,:)] = ,,,~ ~ d  "o > (3)  

% = L  ~-77- - -T  ~e x . OF| ,I 

where  m = 1, 2, and 3 for  plate,  cy l inder ,  and sphere  r e s p e c t i v e l y ;  here  again the ve loc i ty  v|174 is un-  
v a r y i n g  at each  point  in the body.  

t___x . . . . . . . . . . . . . . . . .  
'~ */ t 

0,8L ..... / ! ! ! ,  / / ! r _ - - _ _ / _ !  A 

0 a,2 0,4~ 0,6 FO 

Fig .  1. C o u r s e  of  f r o n t s  | = idem in 
an unbounded plate  fo r  Bi = ~o 
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This relat ionship applies for  bounded bodies when there  are continuous uniformly distr ibuted heat 
sources  and symmet r i ca l ly  disposed instantaneous source;  the 7| are determined by (2) and are not de- 
pendent on the outputs of the heat sources  nor on the disposition of the instantaneous source in the body. 

This provides  a general  feature for  regular iza t ion  in the thermal  kinetics: the T O for  the i so therms 
in a bounded body are  unal tered at each point in the regula r  and quasis ta t ionary states and are  dependent 
only on the coordinates  of the point and the nature of the boundary conditions. 

The initial stage preceding the regula r  one may be examined by compar ing the behavior of the 
f ronts  @ = idem in bounded bodies and in a hal f -space;  in compar ison  with the lat ter ,  the s tandard solu- 
t ions for  the t empera tu re  distribution for Bi = o| must  be in terpreted in the fo rm of the course  of | =idem 
in (1--~?)--~--o coordinates ,  while for  Bi ~ ~ one must take the Bi ( 1 - - ~ ) -  Bi~Fo coordinates .  Calcula-  
t ions show that the initial pa r t s  of the l ines  | = idem for  the plate up to the regula r  step cor respond to the 
thermal  laws for  the ha l f -space  with identical boundary conditions. The trend is also derived for a cylin-  
der  and sphere as the fronts  | = idem recede f rom the outer  surface, where deviations occur  on account 
of geometr ica l  changes in the f ronts .  

In any case  one can say that the per iphera l  l a y e r s  of a bounded body are subject to the thermal  
laws applicable to a half-space,  while the central  l a y e r s  are  involved in the s teady-s ta te  stage, and are 
cha rac te r i zed  by unvarying local  speed in the i so therm motion. Meanwhile, the geometr ical  region to 
which this law applies expands. 

Dep. 801-74, November  26, 1973. 
Original  ar t ic le  submitted Apri l  4, 1972. 

R E G U L A R I Z A T I O N  O F  T H E  T H E R M A L  C O N D I T I O N S  

IN T H E  C E N T E R  O F  A B O U N D E D  B O D Y  

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

It has previously  been shown that the speeds v| = [~(/0--x)/ST]| of the i so therms | = idem in the 
regu la r  state are  as  follows for  a plate, cylinder,  and sphere subject to boundary conditions of the f i rs t  
and third  kinds: 

20 

/0 

L 

a b 

Fig. I. Relation of 7| to ~ for  
an unbounded plate (a, Bi = :% 
b, Bi = 0.01) and sphere (c, Bi 
= ~ ;  d, Bi =0.01) .  

l--~ - p i c t g ' u l q ;  l--"~ ~tl J l (~ t l~)  ; l o 1 --~-- L h ctg ,ttlr I 

Computer  calculations (Fig. 1) show that the conditions a = idem 9 l0 = 

(1) 

idem, Bi = idem, 7= X/10 = idem cause  the v@ to be in the rat io 1:2:3 
in these bodies ,  i .e. ,  as the rat io of the volumes of the bodies to the a reas  
of the botmding sur faces .  

If Pl~ is small,  it is shown analytically that the velocity ~| = v| 
lo/a is independent of the thermal  setting at the outer  boundary of the 
body, since in that case  we have 

,n (2) 
TO =- 

w h e r e  m = 1, 2, 3 for plate, cylinder, and sphere,  respect ively .  

Formula  (2) applies for any Bi in the central  par t s  of a body 0-<7} 
~ 0.25, and to the whole of the body for  Bi -< 0.1. 

It is shown that (2) allows one to determine the thermal  diffusivity 
a without re fe rence  to the thermal  conditions at the outer  boundary.  

If there is a simple exponential relat ionship between @ and Fo, (2) 
indicates an elliptical t empera tu re  distribution for  the t empera tu re  
which for a given Fo takes the f o r m  
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/ 2 

e = const.~ (~q, Fo) ] /  1 __ ,~hm 110- , 

Then the el l ipt ical  d is t r ibut ion of | in ~ applies  for  any Bi in the t h e r m a l  Condition for  the cen t ra l  pa r t  
of the body 0 -< ~ <~ 0,25, whiIe it applies to the whole body for  Bi -<0.1. 

Dep. 803-74, Novem ber  26, 1973. 
Ordzhonikidze Ufar  Aviat ion Inst i tute.  
Original  a r t i c l e  submit ted  June 10, 1972. 

(3) 

H E A T  T R A N S F E R  t N  A S Y S T E M  O F  T W O  

S E M I - I N F I N I T E  B O D I E S  S E P A R A T E D  B Y  

AN I N T E R L A Y E R  

E. M .  M a k u s h o k ,  A .  N .  R a v i n ,  UDC 621.73.043 
V .  P. S e v e r d e n k o  a n d  ~ .  S h .  S u k h o d r e v  

The actual heat t r a n s f e r  between two solids often occu r s  via a l aye r  whose p r o p e r t i e s  subs tan-  
t ial ly influence the t e m p e r a t u r e  distr ibution and heat f luxes.  

For  instance,  the heat t r a n s f e r  between tool and worlcpiece in hot p r e s s u r e  working of meta l s  
commonly  occu r s  through a l a y e r  of scale,  with lubr ica t ion  by gas and other  inclusions [1]. 

Standard solutions [2, 3] provide the cur ren t  p a r a m e t e r s  of this l aye r  on the hot and cold side& and 
then the solution for  a semi- inf in i te  body with boundary conditions of the f i r s t  kind [4] is used to find the 
t e m p e r a t u r e  d is t r ibut ions  in the bodies .  The heat t r a n s f e r  in a s y s t e m  of two m a s s i v e  bodies  indicates that 
the solut ions of [2, 3], which were der ived  on the assumpt ion  of zero  specif ic  heat in the l ayer ,  a re  inap- 
pl icable  for  b r i e f  contact  and when the l a y e r  is of cons iderable  th ickness .  In that case,  the heat t r a n s f e r  
is substant ia l ly  affected by the l a y e r  heat capacity,  and under ce r ta in  conditions the third body may be com-  
ple te ly  insulated if the contact t ime :v and the l aye r  th ickness  (5 are  appropr ia te .  The solution for ideal 
contact between two semi- inf in i te  bodies  [4] impl ies  that to within about 2.5% The thi rd  body is the rmal ly  
insulated for  Fo = ( l T / 6  2 ~ 0.1 (a iS the the rmal  diffusivity of the layer) ;  the third body is involved in the 
heat t r a n s f e r  if Fo > 0.1. 

To de te rmine  the t e m p e r a t u r e  dis tr ibut ion in each of the three  bodies  as a function of time, a study 
has  been made of the t r ip le  heat t r a n s f e r  using a model of two mass ive  bodies  separa ted  by a l aye r .  

The d imens ion less  t e m p e r a t u r e s  of the contact su r f aces  have been calcula ted for set  values  of Fo, 
using s imi l a r i t y  theory,  and graphs  have been cons t ruc ted  for  the va r i a t ions  in the t empera tu re ,  which 
are  given by analyt ical  exp re s s ions  for  the t e m p e r a t u r e  dis t r ibut ion in each body and the heat loss  in the 
l a y e r  in re la t ion to the the rmophys iea l  and geomet r i c  p a r a m e t e r s  of the l a t t e r .  The solutions a r e  suitable 
in pa r t i cu l a r  for  calculat ing the rma l  p r o c e s s e s  in p r e s s u r e  working of me ta l s .  
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