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Underlying the correlation under consideration are the known relationships between the temperature 
coefficients of the heat conduction, the density, and the speed of sound 

dT ~, d T  p 

dp I do 1 
dT  p dT  v 

(1) 

, (2) 

where n and m are constants. 

These relationships express the connection between the heat conduction and the density [1, 2] and the 
known Rao rule [3] in differential form. 

It should be noted that (1) and (2) can be written in dimensionless form 

1 d p 
= n '  (3) 

(4) 

In this form they express the similarity between the reduced temperature coefficients of the heat conduc- 
tion and density on the one hand, and the temperature coefficients of the density and the speed of sound on the 
other. 

It follows from (1) and (2) that 

d~ 1 do 1 (5) 
n m  - -  

dT ~ dT  v 
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In o r d e r  to go ove r  to the speed of sound d i rec t ly  in (5), we wri te  the exp re s s ion  fo r  the hydrodynamic  
speed of sound 

v~ = - -  v~ ~ r CV (8) 

which can be conver ted  to the f o r m  [4] 

My ~ MVePr V P V ( OP ) Cp (7) 

q ~ 

where  M V c P J T  c = R/K (R is the un ive r sa l  gas constant  and K is a c r i t i ca l  coefficient  which is a constant  for  
fluids subject  to the law of cor responding  s t a t es ) ,  and each of the f ac to r s  in (7) is a constant  in the c o r r e s -  
ponding s ta tes .  

T h e r e f o r e ,  (7) can be wr i t t en  as  

M~ ~(0), (8) 
r r  

where  ~0(0) is the reduced t e m p e r a t u r e  function (0 = T/T c) independently of the nature of the liquid. 
f i r s t  turned attention to the fac t  of the s imi l a r i t y  of Mv2/Tc . 

where  

Following [41, we rewr i t e  [8] in the f o r m  

�9 z,-I/2 
I C  v ~ f(o), 

f (0)= r (0), 

and we di f ferent ia te  with r e s p e c t  t o t h e  d imens ion less  t e m p e r a t u r e  

dv T~ t~ dr(O) 
dO MI/2 dO 

Taking  into account  that  

- -T ,  
" ~  -- c d T '  

we finally obtain 

B a k l ~ r  [51 

dv = I d[ (0) (9) 
1/~ if2 dT T c M dO 

Since the function frO) is a l m os t  l inear  (at l ea s t  this  is valid fo r  the range 0.45 < 0 < 0.9), it may  then be 
cons idered  that 

w h e r e  l is a constant .  

T h e r e f o r e ,  (9) can be wr i t t en  in the f o r m  

d~ 

dT 

df (0) 
d O  

- - - - -  = l ,  

l (I@ 
ll~ I/~ " ~ M  

Combining (5) and (10), we obtain the final exp re s s ion  

d ~  I A 
112 1/2_ dT )~ T~ M u 

(11) 

(A = nml is  a constant  fo r  al l  liquids). 
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Fig. 1. Dependence of the tempera- 
ture coefficient of the heat conduc- 
tion of a number of normal liquids 
on the values of t]T~2Ml/2v. 

This expression (11) is based on the similarity of a number of liquid properties. It is known that the 
most utilized form of thermodynamic similari ty is the law of corresponding states. According to similarity 
theory, the equation of state connecting the dimensionless pressure ~ /Pe ) ,  volume W/Vc), and tempera-  
ture (T/T c) should have the form 

rp pc, Vc , V T C,,C~,C3 . . . . .  0, (12) 

where r is a universal function for all liquids and the dimensionless parameters Ci,  C2, Cs . . . .  (they are 
called the defining criteria) reflect the individual liquid properties: 

It is shown in [6] that only one defining criterion is sufficient to describe the thermodynamic properties 
of liquids. In this case, liquids with nearby values of the defining criterion form a group of thermodynamically 
similar substances. Such liquids will be sufficiently rigorously subject to the law of corresponding states. 

In the general case, the right side of ~1) should contain a dependence on the defining criterion. It can 
only be neglected if it is barely evident. There are definite foundations for such neglect. Indeed, (11) is a 
corollary of (1), (2), and (10), each of which transmits the liquid properties sufficiently satisfactorily without 
taking account of the defining criterion, as tes ts  show. The best results of applying (11) should he expected for 
a description of the homological series whose numbers are,  as a rule, more similar in the thermodynamic 
similarity criterion. It is understood that the magnitude of the coefficient A should be corrected for the theo- 
retical and experimental results to agree, at least  for one representative of the series.  

The analysis of a number of correlations, including those slightly dependent on the defining criterion, 
was performed by L. P. Filippov [7]. In particular,  he obtained a relationship connecting the speed of sound 
and the temperature coefficient of the density which was ideologically similar to (11). 

The main criterion for the legitimacy of using (11) to compute the temperature coefficients of organic 
liquids is, inthe long run, the agreement between the theoretical and experimental results. Experimental values 
of the temperature coefficients of a number of normal liquids and their corresponding computed values 1/ 
T~/~Mi/2v are shown in Fig. 1. In order to eliminate the subjective factor in the selection of the liquids, those 
normal liquids are represented in the figure for which there would simultaneously exist data on the speed 
of sound from [8] and on the heat conduction from [9]. Experimental results on the heat conduction which we 
obtained by the method of measurement in the irregular thermal mode stage were used for three liquids [10] (car- 
bon tetrachloride, methylene dioxane and chloride). In all, 39 normal liquids referring to different classes of 
chemical compounds are represented in the figure: limited and unlimited hydrocarbons, aromatic compounds, 
ketones, halogen substitutes, es ters ,  etc.). 

It is seen from the figure that the dependence of dk/dT " 1A on 1/T72Mi/2v is quite sufficiently definite; 
in ~articular, it can be made specific in the form 

d~ I 540 (13) 
dT ~,~ooc, Tel/2 Nil/2 v2ooc 
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Dependence of dk/dT-  1/~. of l imi ted  hydrocarbons  on the hum-  
ber  of carbon a toms  n: solid curve is a computation using (11), A = 
675, and the dashes  r e p r e s e n t  expe r imen t  [9]. 

Fig. 3. Dependence of d2JdT �9 1A of iodine-subst i tu ted l imited h y d r o c a r -  
bons on the number  of carbon a toms :  solid curve is a computation using 
(11), A = 623, while the dashes  r e p r e s e n t  expe r imen t  [9]. 
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Fig. 4. Dependence of dk/dT.  
1A of l imi ted  s ing le -base  acids 
(solid curve  is a computat ion 
us ing  (13}, while the dashed-  
curve is experiment  [9]) and the 
quantity Mef/M (dash -do t )  on the 
number  of carbon a toms .  Shown 
dotted is the ex t rapola t ion  of 
data on the dependence in the 
a rea  of l a rge  values  of n [9]. 

This  re la t ionship  can be r ecommended  for  approx imate  e s t i m a t e s  of the t e m p e r a t u r e  dependence of the 
heat  conduction of no rm a l  liquids. The m a x i m u m  d i sc repancy  between theory and expe r imen t  does not exceed 
257o for  a m o r e  than twofold change in the t e m p e r a t u r e  coeff icient  of the liquid heat  conduction. 

We obtain more  accura te  r e su l t s  when (11) is applicable for  homological  s e r i e s .  Computed values of the 
t e m p e r a t u r e  coefficients  of the heat  conduction of l imi ted hydrocarbons  (from hexane to pentadecane) and 
iodine-subst i tu ted l imited hydrocarbons  a re  shown in Figs.  2 and 3. The computation is in sa t i s fac to ry  a g r e e -  
ment  with expe r imen t  [9]. The computat ional  dependence t ruly  t r a n s m i t s  the change in the t e m p e r a t u r e  coef-  
f icient  of the heat  conductance with the growth of the molecu la r  m a s s .  

Util ization of the known connection between the speed of sound and the pa r acho r  is useful  in es t imat ing  
the t e m p e r a t u r e  dependence of the hea t  conduction of normal  liquids. Because  of this dependence,  the t e m -  
pe ra tu re  coefficient  of the heal  conduction will  be e x p r e s s e d  in t e r m s  of the p a r a c h o r ,  and since this la t te r  
can be calculated by knowing the s t ruc tu re  of the molecu le ,  then this affords a poss ibi l i ty  of predic t ing the t e m -  
pe ra tu re  dependence of the heat  conduction of no rma l  liquids by s t a r t ing  f r o m  the s t ruc tu re  of thei r  molecules .  
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As is known, the p a r a c h o r  is unders tood to be the quantity 

[p] = -M ~, 14. (14) 

P/ ~,Pv 

I t i s  e s s e n t i a l  that  the p a r a c h o r  be an additive quanti ty,  i .e . ,  that  value of the p a r a c h o r  of the ent i re  
molecule  can be wr i t ten  in the f o r m  of a sum of constants  r e f e r r e d  to its s t ruc tu ra l  e l ement s .  Computation 
of the p a r a c h o r  by means  of (14) can dif fer  f r o m  a computat ion based on the  ana lys i s  of the s t ruc tu ra l  f o r -  
mula by 2% on the average .  

As  Al tenburg  [11] has  shown 

w h e r e  B i s  a constant .  

IP]" ~//' .1 ...... 
9 =  B - - M T ~  ?r~ , 

Combining 01) and (15) we obtain 

3/2 6 r ~  
d~ 1 C /14 VpzM 

dT ~, Te'J~ tPt2~ 

(15) 

, 0 6 )  

where  C = A/B is a constant.  

Natura l ly  (16) i s  approx ima te ,  In pa r t i cu la r ,  th is  i s  r e l a t e d t o  the fact ,  as  shown in [4], that  (15) does  not take  
account of  the change in the ra t io  of  the  spec i f ic  hea t s  C p / C v  when going f r o m  one l iquidto another .  Meanwhile, (16) 
yields  a functional dependence of the t e m p e r a t u r e  coefficient  of hea t  conduction of a liquid on those of its funda-  
menta l ly  impor tan t  c h a r a c t e r i s t i c s  as the mo lecu l a r  weight ,  the densi ty ,  the c r i t i ca l  t e m p e r a t u r e ,  and a 
p a r a c h o r  p a r a m e t e r  a s soc ia ted  with the molecule  s t ruc tu re .  Consequently,  06)  can be used  to p red ic t  the 
t e m p e r a t u r e  h i s to ry  of the heat  conduction of no rma l  liquids and to genera l ize  data on heat  conduction. 

Let  us examine the quest ion of the leg i t imacy  of using 01  ) and (16) on a s soc ia t ed  l iquids.  Exper imen ta l  
r e su l t s  f r o m  [9] and values computed in conformi ty  with (13) a re  shown for  the t e m p e r a t u r e  coefficients  of 
the heat  conduction for  l imi ted s ing le -base  acids in Fig.  4. Bes ides  the l a rge  quanti tat ive d i sc repancy  between 
the computat ional  and exper imen ta l  r e s u l t s ,  a qual i tat ive d i sc repancy  occurs :  the computed values  dec r ea se  
with the growth of the mo lecu l a r  weight,  while the exper imen ta l  r e su l t s  i nc rease .  

The main  r ea s on  that the assoc ia ted  liquids a r e  not subject  t o  the re la t ionship  01) ,  is apparent ly  the 
change in m o l e c u l a r  weight  because  of the fo rmat ion  of molecu les  or  a s soc ia te  complexes .  In subs tance ,  in 
o r d e r  for  the expe r imen ta l  value of the  t e m p e r a t u r e  coeff icient  of  the  heat  conduction to be re f lec ted  co r r ec t l y ,  
the value of the molecu la r  m a s s  of the a s soc ia te  :and not of one molecule  should f igure in 01)  as in the computa-  
tion. A s i m i l a r  explanation of the significant  depar tu re  of alcohols f r o m  the regu la r i t i e s  (8) is under taken in 
[4]. The d i f fe rences  ~ in the r e su l t s  in a domain r emo te  f r o m  the c r i t i ca l  point and the i r  a g r e e m e n t  a p p r o a c h -  
ing it a r e  re la ted  to the fo rmat ion  and des t ruc t ion  of a s soc i a t e s  a s  the t e m p e r a t u r e  r i s e s .  

The d i f ference  between the expe r imen ta l  and computed r e su l t s  p e r m i t s  es t imat ion  of the effect ive m o l e c -  
u la r  o r  a v e r a g e  weights of the a s s o c i a t e s  f o rmed  in the liquid. The dependence of the re la t ive  value of the 
effect ive m o l e c u l a r  m a s s  on the number  of carbon a toms in the molecule  is shown in Fig. 4 for  the cons idered  
case  of s ing le -base  l imited acids .  This  quanti ty d e c r e a s e s  abrupt ly  as the molecu la r  weight grows.  As fo l -  
lows f rom extrapola t ion  of the data in the f igure  to the domain of high molecu la r  weights,  the effect ive m a s s  
ag r ee s  with the m a s s  of one molecu le  at n = 11, i .e. ,  the re  a r e  no a s s o c i a t e s  in p rac t i ce .  

The data in Fig.  4 have a s i m p l e  in terpre ta t ion .  As the m a s s  of a single molecule  i n c r e a s e s ,  the e f f ec -  
t ive m a s s  of the a s soc ia t e  d e c r e a s e s ;  this f ac to r  is  defining, and the t e m p e r a t u r e  coeff icient  of the heat  conduc-  
tion grows.  However ,  as the degree  of assoc ia t ion  d imin ishes  fu r the r ,  the tendency to diminish the t e m p e r a -  
ture  coeff icient  of the heat  conduction because  of the growth of the molecule  m a s s  in conformi ty  with (11) be -  
comes  defining. 

T 

NOTATION 

is the coeff icient  of hea t  conduction, W/m �9 deg; 
is the t e m p e r a t u r e ,  ~ 
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v 
M 
P 
V 
cp/Cv 
ff  

is the speed of sound, m/sec; 
is the molecular weight, g; 
is the pressure ;  
is the specific volume; 
is the ratio of the specific heats; 
is the coefficient of surface tension. 

S u b s c r i p t s  

c is cri t ical;  
t is liquid; 
v is vapor; 
ef is effective. 
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The method of nonstationary cooling is extensively used at present  to investigate boiling. This method 
was applied successfully in a study of film boiling of cryogenic liquids [1-3]. Processing the test  data in this 
case consists of determining the heat flux q and the heat-exchange surface temperature T w according to the 
known dependence of the temperature at the site of thermocouple installation T o on the time r. The values of 
q and T w were determined either from the heat balance equation [3], or by the method of a regular regime [1], 
or from the solution of the inverse problem of heat conduction [2]. All the methods mentioned yield the same 
formula to compute the heat flux in an investigation of film boiling on working sections for which the condition 
Bi < 0. 1 is satisfied: 

q = ~ pc8 dTo (1) 
dv 

The method of nonstationary cooling is used in a number of papers [3, 4, 5] to investigate transition boiling. 
However, in this case a computation by means of (1) can result  in substantial methodological e r ro r s  because 
of the rapid change in the coefficient of heat t ransfer  and the nonuniformity of the temperature field. It is 
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