
A B S T R A C T S  

THERMOPHYSICAL PROPERTIES OF CARBON DIOXIDE 

ALONG THE LIQUID-VAPOR EQUILIBRIUM LINES 

V. V. Altunin UDC 66-971.661.97 

The essent ial  thermophysical  proper t ies  of liquid and gaseous CO 2 along the saturat ion lines at T 
= 216-304~ are tabulated here  in detail. The tables list 12 quantities (Ps, P, Cp, r, fl, y, ~?, v, Pr ,  a, or, 
k) and cover a lmost  the entire tempera ture  range f rom the triple point (T o = 216.56~ to the cr i t ical  point 
(T c = 304.2~ 

The tables were calculated by equations which had been derived in [I, 2] on the basis of a statistical 
evaluation of most reliable test data on the thermophysieal properties of CO 2 along the phase-equilibrium 
lines and within the single-phase region at temperatures from T O to 1300~ and pressures 1 ~ from 1 to 
3000 bars. These equations had been set up by nonconventional methods in the form: 
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The values of the function in the standard form were taken f rom [3]. 

The e r r o r s  of the tabulated values were est imated in te rms  of the standard deviations f rom test data. 

N O T A T I O N  

Ps is the sa tu ra ted-vapor  p ressure ;  
p is the density; 
Cp is the specific heat at constant p ressure ;  
r is the heat of t ransformat ion;  
fl is the thermal  expansivity; 
y is the tempera ture  coefficient of p ressure ;  
~? is the dynamic viscosi ty;  
v is the kinematic viscosi ty;  

is the thermal  conductivity; 
a is the thermal  diffusivity; 
P r  is the prandt l  number;  
o- is the coefficient of surface tension; 
v is the re fe r red  temperature .  
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C O M P O S I T E  M E A S U R E M E N T  OF B U B B L E  

C H A R A C T E R I S T I C S  IN A L I Q U I D  

E .  D. K u r t s m a n  a n d  L .  Y a .  S u v o r o v  UDC 536.423.1 

Cer ta in  tes t s  where the motion of bubbles in a liquid was recorded  (see, e.g.,  [1, 2]) did not include 
a s imul taneous composi te  recording  of bubble motion and the rma l  p a r a m e t e r s .  In view of the impor tance  
of such tes ts  for  the study of boiling cha rac t e r i s t i c s  during u n i f o r m - o v e r - t h e - v o l u m e  heating of liquids, 
a t es t  stand has been developed [3] including a c inematographic  c a m e r a  and a multiloop osc i l lograph with 
probes  and t r ansduce r s  for  measur ing  the t e m p e r a t u r e  along the bubble path, the densi ty of the v a p o r - w a t e r  
mix ture ,  of the power supplied to the liquid, and for  counting the number  of vapor  bubbles (by recording the 
cu r ren t  of the bubble probe). In addition, var ious  auxi l iary  signals  were  recorded  for  the in te rpre ta t ion  
and the compara t ive  evaluation of accumulated data (a t i m e - b a s e  signal,  the tes t  number ,  etc.).  

The s y s t e m  could be actuated e i ther  manually,  or  automat ica l ly  by exceeding the p r e se t  threshold 
signal  f r o m  the e lec t rode- type  bubble probe (two platinum wi res  pulled through cap i l l a r ies  and i m m e r s e d  
in the liquid [~]). 

The t e m p e r a t u r e  was measu red  with a d i r e c t - c u r r e n t  m i c r o t h e r m i s t o r .  Fo r  a sy s t ema t i c  d e t e r m i n a -  
tion of such cha rac t e r i s t i c s  as the volume of vapor  inclusion in the liquid, the mean  densi ty of the v a p o r -  
wa te r  l ayer  and of the ent i re  contents,  the volume of the v a p o r - w a t e r  layer ,  etc. ,  the authors  sampled and 
matched readings of the radioact ive  dens i tomete r  against  d i r ec t  m e a s u r e m e n t s  on photo f r a m e s  c o r r e s p o n d -  
ing to the same  instants  of t ime.  

On the bas is  of these resu l t s ,  the authors have der ived s i n g l e - p a r a m e t e r  l inear  equations of the r e -  
g r e s s i o n l i n e s  for  the dens i tomete r  readings of all these cha rac t e r i s t i c s  (a d i rec t  sys t emat i c  de te rmina t ion  
of these cha r ac t e r i s t i c s  off the photo f r a m e s  would have been too laborious) .  The calculated e r r o r  of these 
equations was found to be within *10% at a 90% confidence level.  

The resu l t s  of these exper iments  with a u n i f o r m - o v e r - t h e - v o l u m e  heating of a liquid have confirmed 
the occur rence  of pulsating boiling modes and the feas ib i l i ty  of stabil izing the p rocess .  At a specif ic  input 
power of 0.35 k W / l i t e r  (total power 16 kW, height of liquid column 60 cm), for  instance,  intensive densi ty 
and t empe ra tu r e  pulses were  noted in 48 sec  in tervals .  As the power was dropped, the pulse f requency in-  
c reased  until the boiling p roces s  had stabil ized.  Note  that t h e r e w e r e  also pulses at the beginning of boiling and 
the in tegra l  c h a r a c t e r  of the p rocess  (its dependence on the s y s t e m  history) .  
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P A R A M E T E R S  O F  I N T E R M O L E C U L A R  L E N N A R D -  J O N E S  

( 1 2 - 6 ) ,  S T O C K M E I E R  ( 1 2 - 6 - 3 ) ,  6 - E X P ,  A N D  K I H A R  

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

R .  K .  N i k u l W c h i n  a n d  E .  F .  P e t r i m a n  UDC 532.74 

F o r  c a l c u l a t i n g  the t r a n s p o r t  p r o p e r t i e s  of g a s e s ,  i t  i s  n e c e s s a r y  to know the f o r m  of i n t e r m o l e c u l a r  
i n t e r a c t i o n  p o t e n t i a l s .  

The p a r a m e t e r s  of the fo l lowing  p o t e n t i a l s  have  b e e n  d e t e r m i n e d  f r o m  v i s c o s i t y  d a t a  fo r  the gas  by  
the me thod  of t r a n s l a t i n g  the  c o o r d i n a t e  axes .  

1. The L e n n a r d - J o n e s  (12-6) p o t e n t i a l  

2. 

u (r) = 4e --  , 

u (~) = O. 

The Stock_meier  (12-6-3)  po t en t i a l  

3. The 6 - e x p  po t en t i a l  

_ 3 ' 

, A _  ~- 8 = 2s(~ 3 is the dipole moment. 

u ( r )  = - -  

6 
t - - - -  

{ 7 ~ 1 7 6  ~ 

4. The K i h a r  p o t e n t i a l  

o r  

- -  ~ L \ r - - a /  - - \ r - - a /  J 

C/1--?Xm ( I - - ? ] G ]  

w h e r e  y = a/~ a n d  r *  = r / o r .  

The v a l u e s  of  the p a r a m e t e r s  h e r e  a r e  l i s t e d  in  Tab le  1. 

TABLE 1 

Parameter 

Lennard--Jones 
Stockmeier 
6-exp 
Kihar 

8 -U' ~ 

223 
214 
240 
225 

o,~ 

5,42 
5,14 
6,00 
5,40 

Potential 

rm, OA 7 

6,07 
5,75 
6,01 
6.04 O 

o 
15 

E n g i n e e r i n g  In s t i t u t e  of the R e f r i g e r a t i o n  I n d u s t r y ,  O d e s s a .  O r i g i n a l  a r t i c l e  s u b m i t t e d  D e c e m b e r  6, 
1971; a b s t r a c t  s u b m i t t e d  M a r c h  7, 1972. 

1067 



TEMPERATURE FIELD AND THERMAL FLUX FIELD IN THE 

HOT CATHODE OF AN ELECTRIC-ARC HEATER 

A. L. Suris and S. N. Shorin UDC 536.24:537.523 

The equation of s teady-s ta te  heat conduction for a c i rcu la r  rod cathode inside a cylindrical  sleeve, 
with convective and radiative heat t ransfer  taken into account as well as with internal sources  and with the 
temperature  assumed uniform over the rod section, can be writ ten as follows: 

d2T P1~oeiT ~ Pl%azT 4 

-- I . 1 -- 

PxB mr - PxBO d(ln)~) [ dT~2__ pl' 
+ - - [ ~  : :;~ : -  a ~  \ dx : /2X ' 

where T (OK) is the temperature  of the rod; T w CK) is the temperature  of the surrounding wall; Pl is the 
rod per imeter ;  P2 is the wall per imeter ;  f is the rod section area;  a I is the emiss ivi ty  of the rod; e 2 is the 
emiss iv i ty  of the wall; A 1 is the radiative absorptivity of the cathode; A 2 is the radiative absorptivi ty of the 
wall; ~ is the thermal  conductivity of the rod mater ia l ;  I is the e lec t r ic  current ;  p is the e lect r ical  r e s i s t iv -  
ity of the cathode material ;  0 (~ is the mean tempera ture  of the gas flowing along the rod; and ~ is the 
coefficient of heat t ransfer  f rom rod to gas 

c~ = Bs n. 

If the temperature  and the thermal  flux at the cooled end of the cathode are known, then the initial condi- 
tions can be stated as 

dT qo 
for x=0; T=T0;--~--x = - -  2~0 =P0. 

The result ing Cauchy problem is solved by the Picard method of success ive  approximations, with the tem-  
perature-dependence of the physical proper t ies  expressed as fourth-power polynomials. 

The authors have obtained the following third-approximation solution: 

9 6 6 

Z Pn xn+l+ ~__~ Po+n xm+n+l __ Z PI~+n x2rn+n+l 
T : T o - I - P o x +  n-~ 1 rn~n+l 2m-I -n+ 1 " 

n : l  n~l n:3 

Expressions have been obtained for P1-P19 as functions of To, P0, and the polynomial approximation factor.  

It is shown that this solution is also valid for e l e c t r i c - a r c  genera tors  with iner t -gas  cooled cathodes 
and with a shielding tube between the cathode rod and the sleeve. 

The solution can be used for est imating the potential fall at the cathode and for  determining the t em-  
perature fields in rods inside coaxial cylindrical  chambers ,  if the temperature  and the thermal  flux at any 
rod section are known. 

Original art icle submitted November 4, 1971; abs t rac t  submitted March 6, 1972. 

1068 



POWER-LAW FILTRATION FROM A SOURCE 

THROUGH A POROUS HALF-SPACE 

V. I. Voronin and V. V. Faleev UDC 532.546 

The a u t h o r s  s o l v e  the p r o b l e m  of s t e a d y - s t a t e  t w o - d i m e n s i o n a l  f i l t r a t i o n  th rough  a po rous  h a l f - s p a c e  
wi th  a c o n s t a n t  p r e s s u r e  a t  the b o u n d a r y .  The  f low f r o m  a po in t  s o u r c e  is  a n a l y z e d  on the b a s i s  of a p o w e r -  
l aw d r a g  c h a r a c t e r i s t i c .  

I t  i s  a s s u m e d ,  m o r e o v e r ,  tha t  the  s o u r c e  wi th  an i n t e n s i t y  2M l i e s  a t  a point  A on the s y m m e t r y  
ax i s  0x in  a u n i f o r m l y  po rous  h a l f - s p a c e .  I n a s m u c h  as  the f low p a t t e r n  is  s y m m e t r i c a l  wi th  r e s p e c t  to 
l ine  0x, on ly  the u p p e r  ha l f  of the f i l t r a t i o n  r e g i o n  ( f i r s t  quadran t )  i s  c o n s i d e r e d  h e r e .  The v a l u e s  of the 
f low func t ion  at  the b o u n d a r y  of th i s  q u a d r a n t  a r e  ~ = 1 on 0A and { = 0 on AB (B is  an i n f i n i t e l y  f a r  point  on 
the  0x a x i s ,  1- = _r 

Wi th  the a id  of  the Chap lyg in  t r a n s f o r m a t i o n ,  the  p r o b l e m  r e d u c e s  to so lv ing  the H e l m h o l t z  equa t ion  
wi th  m i x e d  b o u n d a r y  cond i t ions  wi th in  the ( - ~  < ~- < ~ ,  0 _< fi _ ~) r e g ion .  The F o u r i e r  i n t e g r a l  t r a n s -  
f o r m a t i o n  y i e l d s  the  fo l lowing  equa t ion  in the m a p p e d  p lane:  

d".~ _ q ~ r  o. (1) 

H e r e  

Q=Q_ (~, ~)+Q+ (z, ~); 
0 

0 

The b o u n d a r y  cond i t ions  a r e  

Q-=O at ~ = 0 ;  

kq- is 

(2) 

The s o l u t i o n  to (1) wi th  the b o u n d a r y  cond i t ions  (2) i s  

V i q  shq~ 

"sh qzr ' L 
(3) 

w h e r e  Q_(h, 7r) i s  an unknown funct ion .  This  func t ion  i s  d e t e r m i n e d  by the W i e n e r - H o p f  method  [1]. The 

f ina l  s o l u t i o n  i s  

fo r  ~- > 0 

Q(% ~)=~L5 expeT-[-• E (--1)k kO)(rk)exp(--rkT)sink~r k(r h~s) " (4) 

for ~ < 0 

• ~ l)k+ 1 exp s~'~ 2k --  1 
0 (T, ~) = ~ (-- sk (sk --  ~) �9 (sD (5) 

A g r a p h  has  been  p lo t t ed  of Q_ (% ~r) as  a func t ion  of % for  n = 1. 

V o r o n e z h  P o l y t e c h n i c  In s t i t u t e .  O r i g i n a l  a r t i c l e  s u b m i t t e d  D e c e m b e r  28, 1970; a b s t r a c t  s u b m i t t e d  
F e b r u a r y  14, 1972. 
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N O T A T I O N  

n ~  1 
= r  

= n/2~ ' -n  + 1; 
q = ,]~2 + ~2; 

r k = 

d Sk : (2k-- 1) 3 
4 

- - + 8  ~ ; 

a r e  the Chaplygin va r i ab l e s ;  
is  the F o u r i e r  p a r a m e t e r ;  
is  the exponent  of the p o w e r - l a w  f i l t r a t ion  c h a r a c t e r i s t i c ;  
is the d imens ion l e s s  flow function;  

1 [ " I  2 m  8 - -  Sm 
' ~  : - -  H ~ n 2 m - . |  e - - r  m ' 

rn=l  

(z) = f i  2m--] z+rm 
2m z §  s m 

m = l  
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