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It has been establ ished that there  is a l inear  re la t ion between the thermal  conductivity and 
the dynamic viscos i ty  of fluids under i so thermal  conditions. 

Theore t ica l  and exper imenta l  studies made within r ecen t  yea r s  have establ ished severa l  important  
re la t ions  as that ,  for  example,  cons tant -v iscos i ty  l ines must be s t ra ight  lines in the T, 1//3 T sys tem of 
coordinates  [1].  

The authors  he re  have establ ished [2, 3] that the equation of s tate  and the t r ans fe r  proper t ies  of no r -  
real water ,  heavy water ,  and five a romat ic  hydrocarbons  (benzene, toluene,  and o- ,  m- ,  p-xylenes)  can 
be r ep re sen t ed  as follows: 

for  normal  and heavy wa te r  

p v / R T =  1+ B + E  , (1) 
V 0 4 

X/~,~ = 1-~- B hx q_ E_h_~ (2) 
v v 4 '  

~ ] I ~  = 1 + - ~  + E,, V ' (3) 

v ! 
where  coefficients  B, E,  BX, Eh, By, Er /depend on the t empera tu re  only; and Xs, r/s denote,  r e -  
spect ively ,  the the rma l  conductivity and the dynamic v iscos i ty  along the lower - l imi t  line; 

for  the five a romat ic  hydrocarbons  

p v / R T = l  4- B + II 
-~  v ~ , ( 1 ' )  

k/,k~ =1 -i- B_s + H__~ (29 
0 0 7 ' 

~I111~ = 1 q-- B~Iv q- Hn/o 7. (3 I) 

Moreover ,  the coeff icients  of these  equations must  be re la ted  as follows: 

for  no rma l  and heavy water  

- -  (B/E)p,o.r---- 08, (4) 

- -  (BIEh = - -  (B /E ) , ,  = p~ ; (5)  

for  the five a romat i c  hydrocarbons  

- -  (B/Y)p,v,r = p~, (4)) 

- -  (B/H)x = -- (B/H)~ = Pl, (5') 

where Ps = i/vs is the density of the fluid on the saturation line, while P0 = i/v0 is the density of 
the fluid in its pv/RT = 1 state existing on every isotherm. 
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TABLE 1. Values of Coefficients re(t) ( W / m .  deg) and 
n(t) (W. m / N  �9 s e c -  deg) in Eq. (9) for Normal  Water 
and Toluene 

For water For toluene 

m (t) n (t) m (l) n (l) 

0 
I0 
20 
30 
40 
50 
75 

I00 
125 
150 
175 
200 
225 
250 
275 
300 
350 

1,5318 
3,9401 
6,7768 

45,2517 
--7,9683 
--3,2200 

--0,2314 

0,1484 

05876 

07812 

--05831 
--0,1394 

- -  545,04 { 
--2580,71 
--6163,64 

--56000,00 
13204,55 
7102,23 

3269,97 

2971,87 

3567,62 

5017,68 

8073,64 
8182,13 

0,~71 
O, 0690 
0,0611 
0,0562 
0,0528 
0,0513 
0,0517 
0,0527 
0,0523 
0,0507 

1 0 ~ ,  92 
140,65 
V7,97 
210,04 
239,13 
261,44 
274,21 
283,25 
305,49 
341,67 

Taking into account (5) and (5'), we can rewrite  formulas (2), (2') and (3), (3') as: 

for normal and heavy water 

( X l X ~  - -  1)/p.E~ = - -  m -- n~ 

(n/n;-blp.& = - o~ + p~; 

(6) 

(7) 

for the five aromatic  hydrocarbons 

(X/X; - -  1 )/p.Ha --  ~ P~ + 0% 

(n/n;--1) /p .H n = ~ p , ~ '  

(6') 

(7 ' )  

Equating the left-band sides of (6) and (7), as well as of (6') and (7'), we obtain the following re la -  
tion between the transfer properties:  

for normal and heavy water 

x/x ; - 1  = H/n; -___~!, (s) 
Ez E n 

for the five aromatic  hydrocarbons 

x/k;--1 _ n / % - - 1  

Furthermore,  considering relations (5) and (5'), we obtain a single relation between the transfer 
propert ies  for all  the fluids here: 

/ ' -  ) + " B\- n 

k = m (t) + n (t) o, 

or 

(8,) 

(9) 

where 

re(t) = k ;  ( 1 - - B ~  ) ; 

n (t) = )4 . B~ . 
n; B~ 

0o) 

(11) 

The coefficients re(t) and n(t) in Eq. (9) can be calculated either according to (i0) and (11) or from 
test  data on k and r/ b y  the  m e t h o d  of least  squares [9]. 
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Fig.  1. Lines  of constant  t e m p e r a t u r e  (t = const): a) 
for  wa t e r  in X, ~ coord ina tes ,  according  to I n t e r -  
nat ional  Condensed Tables  [4] and t e s t  data in [7, 8, 
9]; b) for  toluene in ~., rl coord ina tes ,  according  to 
t e s t  data  in [5, 61; X ( W / m  .deg); ~ ~ . s e c / m 2 ) ;  T) 
r e p r e s e n t s  s ta te  of sa tura t ion.  

/050 

It  is to be  noted that  the second method of de te rmin ing  m(t) and n(t) offers  the advantage of not r e -  
quiring the additional coeff icients  B x and B~, which would a lso  have to be de te rmined  f r o m  t e s t  data on X 
and ~ by  the method of l e a s t  squa res  according  to Eqs.  (2) and (3): 

1 
(;~/~ - - I )  v ~ B~ § E~ , 

1 
(~ /~--1)  v = B,-t- E v- ~ 

Values of coeff ic ients  re(t) and n(t) in Eq. (9), calculated for  wa te r  and to luene  by the method of l e a s t  
squa re s ,  a r e  given in Table  i based  on Internat ional  Condensed Tables  [4] and tes t  data  in [5, 6]. 

The val idi ty  of Eq. (9) is conf i rmed  by the l i nea r t t y  of the i so the rms  in ;~, ~ coordinates  (Fig. 1): for 
wa t e r  under p r e s s u r e s  ~p to 500 b a r s ,  on the bas i s  of Internat ional  Condensed Tables  [4], for toluene 
under p r e s s u r e s  t~p to 400 b a r s ,  on the bas is  of t e s t  data in [5, 6]. 
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The availabili ty of some test  data on h and ~ for water  under p r e s su re s  above 500 bars  has allowed 
us to study the feasibi l i ty of extrapolating Eq. (9) to higher p r e s s u r e s .  

We have found that up to 800 bars  the values of ~ according to [4] and the test  values of k according 
to [7] fit ra ther  well on isotherms which have been plotted up to 500 ba r s ,  while at p = 900 and 1000 bars  
the tes t  values for r/ [8, 9] and k [7] deviate by about 1.2% at 30~ about 3% at 40~ about 3% at 50~ and 
about 2.7% at 100~C, 

Thus, we find that the l inear  equation (9) descr ibes ,  within test  accuracy ,  the relation between h and 
r/ for normal  water over the 0-350~ tempera ture  range under p r e s s u r e s  up to Ps = 1000 bars  and for 
toluene over  the 50-250~ tempera ture  range under p r e s su re s  up to Ps = 400 bars .  

In conclusion, we note that the relation between ~. and r/ established here for normal  water and 
toluene will be valid for other fluids as well,  but this must still be verified experimentally.  
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NOTATION 

Ls the absolute tempera ture ;  
Ls the compressibi l i ty ;  
ts the absolute p res su re ;  
ts the specific volume; 
ts the gas constant;  
ts the thermal  conductivity; 
ts the dynamic viscosi ty;  
are  the thermal  conductivity and the dynamic viscosi ty  at the lower - l imi t  line; 

are  the coefficients which depend on the t empera tu re  only; 
is the density of a fluid at the lower- l imi t  line; 
is the density of a fluid in its p v / R T  = 1 state existing on every  isotherm; 
is the free t e rm in the l inear  relation ~. = f(v), a function of the t empera tu re  only; 
is the coefficient in the l inear  relation k = f(~), a function of the t empera tu re  only; 
is the free t e rm in the l inear  relation r/ = ~(k), a function of the t empera tu re  only; 
is the coefficient in the l inear  relation ~ = ~(k), a function of the t empera tu re  only. 
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