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In conformi ty  with the expe r imen ta l  r e su l t s  on the density,  heat  conductivity,  speci f ic  heat ,  
and v iscos i ty  of wa te r ,  it is es tab l i shed  that 1) the fluid t h e r m a l  act ivi ty  coeff icient  can be 
e x p r e s s e d  in a f o r m  analogous to the equation of s ta te ,  and 2) a l inear  dependence exis ts  be-  
tween the fluid t h e r m a l  act ivi ty  and heat  conductivity coefficients  as well  as the v i scos i ty .  

The concept  of the t he rm a l  act ivi ty  of a subs tance ,  introduced by A. V. Lykov [1], is e x p r e s s e d  by 
the quantity 

= V-p~c~, �9 (i) 

Since ~ is defined in t e r m s  of the ment ioned p a r a m e t e r s ,  which a re  functions of the t e m p e r a t u r e  and 
p r e s s u r e ,  then the t h e r m a l  act ivi ty  coeff icient  should evidently be cons ide red  a the rmophys ica l  p a r a m e t e r  
dependent a l so  on the t e m p e r a t u r e  and p r e s s u r e ,  i . e . ,  ~ = f ( T ,  p). 

An or ig inal  method of m e a s u r i n g  the fluid t h e r m a l  ac t iv i ty  coeff icient  to a c c u r a c y  on the o rde r  of 
N3% is p roposed  in [2-4], which is not a s soc i a t ed  with the use  of the quanti t ies p, ~, and Cp which a r e  dif-  
f icult  to de t e rmine .  
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Fig .  1. Values of the coeff icient  E~(cm3/g )  4, B~(cm3/g)  evaluated by 
means  of (3). 

Fig .  2. Dependence of the t he rma l  act ivi ty  coeff icient  ~ ( J / m  2 �9 deg 
�9 see  1/2) on ~ ( W / m -  deg). 
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TABLE 1. Compar ison between the Values of the ThermalAct iv i ty  
Coefficient of Water  ~4 ( J / m  2 . deg �9 sec i/2), Calculated by Means of 
(1) (f irst  row) and (3) (second row) 

bar 
0 

Ps  

10 

50 
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250 
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35O 

400 
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at the temperature, ~ 
I I 

30 40 I 50 IOC 150 
l 

t 
200 250 300 

1489,9 
1489,9 �9 

1549,5 
1549,5 

1550,1 
1550,4 

1553,9 
1555,0 

1558,2 
1559,5 

1563,4 
1563,9 

1568,8 
1568,2 

1572,3 
1572,4 

1577,2 
1576,6 

1581,2 
1580,7 

1588,7 
1588,6 

1491,2 
1491,7 

I493,7 
1497,4 

1495,9 
1503,2 

1500,0 
1508,~ 

1504,6 
15i3,5 

1509,4 
1518,2 

1513,5 
1522,2 

1520,6 
1531,4 

The author proposes a method of determining the fluid thermal activity coefficient for high state 
parameters; it is hence sufficient to have the values of p, X and ep in just two points at a given tempera- 

ture. 

A check has shown that the fluid thermal  activi ty coefficient can be expressed  in a form analogous to 
the equation of s tate .  Taking into account that the equation of state [5] 

pv 
- -  1 - -  Bp @ Ep ~ (2) 

RT 

descr ibes  the specific volume of water  in the 0-350~ temperature  range and for p re s su res  f rom Ps to 
1000 bar  within the to lerances  establ ished by the 1964 skeleton tables of water  and s team [6], the thermal  
activity coefficient of water  can be expressed  as: 

• - -  1 q- B• -i- Ezp  ~. (3) 
Ns 

The values of ~ calculated by means of (1) are  presented in Table 1. The needed values of the quan- 
tities p,  X and ep are  taken f rom [6]. 

TABLE 2. Values of the Coefficients B~< (cma/g) and E~< 
(cma/g) 4 in (3) for Water  as Calculated by Means of (6), 
(7) and (5) 

I 
t, ~ --B• Eu t, ~ --B• [ E• 

0 
10 
20 
30 
40 
50 

0,21302 
0,37848 
0,39932 

,0,39936 
0,39455 
0,38440 

0,21315 
0,37894 
0,40148 
0,40465 
0,40397 
0,39849 

I00 
150 
200 
250 
300 

0,33193 0,37716 
0,27945 0,36249 
0,22698 0,35109 
0,17450 0,34180 
0,12203 0,33744 
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T A B L E  3. V a l u e s  of the Coe f f i c i e n t s  of (12) and (13) fo r  W a t e r  

t, ~ 

0 
10 
20 
30 
40 
50 

1O0 
150 
200 
250 
300 

By (12) 

ml(t), 

l/(m2.deg.sec 1/2) 

1180,3 
887,9 
843,2 
835,3 
835,3 
846,8 
904,5 
967,3 

1033,0 
1231,7 
1173,0 

nl(t), 

1/(m .see-1/z) 

By (13) 

647,87 
1159,14 
1232,66. 
1242,94 
1239,50 
1217,66 
II07,36 
990,04 
864,19 
515,13 
586,77 

m2(t), r~(t), 

l/(mZ.deg.sec'l/2)il/(rn2.deg-sec'I/2 ) 

2172,7 
5455,1 
9i95,7 

57080,4 
--9041,4 
--3074,0 

648,3 
11!4,2 
1195,1 
1273.5 
1065,6 

--353114,5 
--2991399,0 
--7597691,0 
-69604584,0 

16367026,5 
8648101,4 
362i020,9 
2942264,2 
3083090,8 
2584737,4 
4737377,8 

As is e a s y  to note  f r o m  T a b l e  1,  the t h e r m a l  a c t i v i t y  c o e f f i c i e n t  of w a t e r  has  a k ind  of change  s i m i l a r  
to  the change  in the h e a t  c o n d u c t i v i t y  c o e f f i c i e n t  of w a t e r  in the ~ ,  t c o o r d i n a t e  s y s t e m ,  and hence  the 
m a x i m u m  ~ a r e  not  l o c a t e d  a r o u n d  140~ on the i s o b a r s  but  a p p r o x i m a t e l y  a r o u n d  100~ 

F o r  pv = RT and  ~t = ~t~, we w i l l  have  f r o m  (2) and  (3) 

B 
_ 93 ( 4 )  

and  

B~ 3 
E~ -- Ps" (5) 

The v a l i d i t y  of the p r o p o s e d  equa t ion  (3) is  v e r i f i e d  by the l i n e a r i t y  of the c o m p l e x  ~/~'s--1/p as  a 
func t ion  of p 3 on the 0; 50; 100; 150; 200 a n d 2 5 0 ~  i s o t h e r m s ,  r e p r e s e n t e d  a s  fo l lows :  

• 1 
~ = B~. + e~p ~. 

P 

The  c o e f f i c i e n t s  B z  and E ~  in (3), e v a l u a t e d  f o r  the s ix  i s o t h e r m s  m e n t i o n e d  in c o n f o r m i t y  wi th  the 
r e l a t i o n s h i p  ( 3 ' ) b y  u s i n g  two poin ts  c o r r e s p o n d i n g  to  the p r e s s u r e s  Ps and 500 b a r ,  a r e  p r e s e n t e d  i n T a b l e  
2 and in F i g .  1 .  A s  is  s e e n  f r o m  (3), the d i m e n s i o n a l i t y  of t h e s e  c o e f f i c i e n t s  depends  on the d i m e n s i o n a l i t y  
of p ,  which  we have  e x p r e s s e d  in g / e r a  3, 

As  is s e e n  f r o m  F i g .  1, the c h a r a c t e r i s t i c  a n o m a l y  i n h e r e n t  to w a t e r  is  r e f l e c t e d  in the c o e f f i c i e n t s  
B ~  and E)r in the 0-50~ band .  In o r d e r  to  e s t a b l i s h  the b e h a v i o r  of t h e i r  v a r i a t i o n  in th i s  r a n g e ,  v a l u e s  
of B ~  and  E)r m u s t  be d e t e r m i n e d  t ak ing  a c c o u n t  of the da ta  on p and  ep  a t  10,  20, 30 and  40~ in [7]. 
T a k i n g  a c c o u n t  of th is  s i n g u l a r i t y ,  a s  w e l l  a s  the e x i s t i n g  r e l a t i o n s h i p  b e t w e e n  the c o e f f i c i e n t s  B)r and  E~r 
a c c o r d i n g  to (5), i t  would  be s u f f i c i e n t  to a p p r o x i m a t e  one of t h e m ,  i . e . ,  B ~  which  has  a r e l a t i v e l y  s i m p l e  
ou t l ine ,  w h e r e  i t  would  be a p p r o x i m a t e d . b y  p a r t s  

5 
between 0 and 50~ B~= ~_~ blti, (6) 

' 0 

w h e r e  b 0 = --2130200 �9 10-7; b I = - - 3 2 4 2 9 6 8 . 1 0 - 8 ;  b 2 = - -2217562 �9 10-9; b 3 = - -7427125 �9 10-11; ~ b 4 
= 1211375 �9 10-12; b 5 = - - 7 6 1 9 1 6 7 . 1 0  -15, 

b e t w e e n  50 and 250 ~ C B.  = (B~)l=s0 4- b (t - -  50), (7) 

w h e r e  (B~)t=50 = - 0 . 3 8 4 4 0 ;  b = 0 . 0 0 1 0 4 9 5 .  

The  r e s u l t s  c a l c u l a t e d  f r o m  (1) and  (3) a r e  c o m p a r e d  in T a b l e  1.  As  is  s e e n  f r o m  th is  t a b l e ,  the 
f o r m u l a  (3) p r o p o s e d  d e s c r i b e s  the t h e r m a l  a c t i v i t y  c o e f f i c i e n t  of w a t e r  e x c e p t i o n a l l y  w e l l  even  upon e x -  
t r a p o l a t i n g  the f o r m u l a  to 300~ 

I t  has  been  e s t a b l i s h e d  in [8-11] tha t  the h e a t  c o n d u c t i v i t y  and v i s c o s i t y  c o e f f i c i e n t s  of  w a t e r  a r e  a l s o  
e x p r e s s e d  in a f o r m  ana logous  to the e q u a t i o n  of s t a t e ,  i . e . ,  

1246 



TABLE 4. C o m p a r i s o n  B e t w e e n  the V a l u e s  of  the T h e r m a l A c t i v i t y  
C o e f f i c i e n t  of  W a t e r  ~ ( J / m  2 �9 deg �9 s e c  I/2) C a l c u l a t e d  by M e a n s  of  
(1) ( f irst  row) ,  (12) ( s econd  row) ,  and (13) (third row)  

P' By the ~tat the temperature, ~ 
bar 

formula o 5o 10o 15o 200 250 3o0 

Ps 

50 

i00 

300 

500 

800 

1000 

(I L 
(I2} 
(13) 

(i) 
(12) 
(13) 

(I) 
(12) 
(13) 

(1) 
(I2) 
(13) 

(i) 
(12) 
(13) 

(i) 
(12) 
(13) 

(I) 
(12) 
(13) 

1548,9 
1548.9 
I55<9 

1551,5 
1551,5 
1554,8 

1554,0 
1554,1 
1554,8 

1564,t 
I563,8 
1558,3 

1574,1 
I572,9 
I565,3 

1592,6 
1588,5 
1583,3 

1600,7 
1598,2 
I599,1 

! 
1629,8 1657,5 
1625,7 1657,5 
1630,6 t658,6 

1634,5 1662,2 
1634,6 1661,9 
1639,2 1662,2 

1638,9 1666,8 
1639,5 1666,4 
1639,2 1665,8 

1656,5 
t657,8 
I656,5 

1682,1 
1680,8 
1680,3 

1670,6 1694,4 
1672,4 I694,0 
1673,8 169t,8 

1692,8 1722,6 
1694,3 1718,4 
1701,5 1718,7 

1709,3 1738,l 
1710,1 t732,8 
1717,9 1733,2 

1646,5 
1646,5 
1646,7 

1650,7 
I650,4 
1649,7 

1653,9 
1653,4 
1652,6 

1668,4 
1666,3 
1667,3 

1684, 
1680, 
1679, 

1713, 
1705, 
1698, 

1730, 
1719,7 
1710,9 

i606,8 
1606,8 
1607,6 

1610,4 
1610,3 
1611,3 

1613,7 
1613,7 
1614,4 

1629,8 
1628,4 
1626,7 

1644,8 
1641,4 
1642,1 

1677,6 
1667,3 
1663,t 

1696,3 
1682,0 
1676,4 

I549,5 
1549,5 
1550,1 

I550,1 
1550,0 
1550,1 

1558,2 
1553,7 
1552,7 

t572,3 
1567,6 
1565,6 

I588,7 
1577,3 
1578,5 

1619,3 
1593,3 
1598,1 

1640,4 
1603,6 
1609,5 

1489,9 

1491,2 
1492,8 
1494,3 

150~,6 
1520,4 
1518,0 

1520,6 
1538,0 
t544,t 

1545,3 
1556,7 
1587,2 

1570,7 
1571,4 
1608,5 

-- 1 -F Bxp + Ex9 ~, 

~1, -- 1 q- Bnp ~' En9 ~. 
*Is 

Va lues  of  the c o e f f i c i e n t s  BX, EX and BO, ET/for  w a t e r  are  p r e s e n t e d  in [9, 11] .  

F o r  X = X~ and r/ : ~ it  f o l l ow s  f r o m  (8) and (9) 

B~ Bn a 
_ _  - -  D s  

Ex E n 

or taking account of (5), we wilt have 

( 8 )  

( 9 )  

B~ __ B*~ B n _ ~ .  ( 1 o) 
E~ Ex E n 

A c c o r d i n g  to (3), (8) and (9), the r e t a t i o n s h i p  b e t w e e n  the t h e r m a l  ac t iv i ty ,  heat  conduct iv i ty  and 
v i s c o s i t y  of  w a t e r  is e x p r e s s e d  as  f o l l o w s  by taking a c c o u n t  of (10). 

• 1 % 1 h 1 

x~ _ %: _ 11~__ (11) 
E:. E~ E n 

This  f o r m u l a  (11) p e r m i t s  e s t a b l i s h m e n t  of  the fo l lowing,  l i n e a r  d e p e n d e n c e s  b e t w e e n  the t h e r m a I  
ac t iv i ty ,  heat  conduct iv i ty ,  and a l s o  the v i s c o s i t y  c o e f f i c i e n t s  of  w a t e r  

• = m~(t) + n~ (t).L ( 1 2 )  

x = m., (t) + n 2 ( t ) . r l ,  (13) 

, -- ; nl (0 -  E~ ~: ' 

m2(t) = " ; n ~ ( t ) = -  " , . 
E~I E.  % 

whe re 
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Values of the coeff icients  m 1 (t), n 1 (t) and m 2 (t), n 2 (t) for  each i so the rm can be ca lcula ted  e i ther  
f r o m  these fo rmulas  or  f r o m  two points in the l inear  dependences (12) and (13). Tabula ted  values of re(t) 
and n(t)  re la t ing  ~ to ~7 [10] can a lso  be used to evaluate these coeff ic ients .  

Values of these coeff icients  for  wa te r  as calcula ted by the fo rmulas  p re sen ted  above a re  p resen ted  in 
Table  3. 

The validi ty of the dependences (12) and (13) obtained is conf i rmed by Fig.  2 and Table 4. P r e s e n t e d  
in this s ame  table a re  values of the t he rm a l  act ivi ty  coeff icient  for  wa t e r  at  p r e s s u r e s  up to 1000 b a r .  The 
values of k and ~ f rom [9, 11] a re  hence used.  Compar i son  between the resu l t s  in the table shows that the 
method proposed  for  finding the t h e r m a l  act ivi ty  coefficient  of wa te r  can success fu l ly  be used  in the 0-300~ 
t e m p e r a t u r e  and Ps to 1000 ba r  p r e s s u r e  ranges ,  where  a sma l l  d i sc repancy  re la t ive  to (1) is obtainedonlu 
a t  300~ 

It mus t  be noted that the p roposed  dependences (3), (12) and (13) a re  of g rea t  p rac t i ca l  value since 
they p e r m i t  the e s t ab l i shmen t  of connected the rmophys ica l  p a r a m e t e r s  of fluids on the one hand, and c l a r i -  
f icat ion of how accura te  a r e  the values used for  the t r a n s p o r t  p r o p e r t i e s  obtained by any exper imen ta l  
method.  

In conclusion,  it should be noted that deductions a r e  made for  fluids in genera l  according  to the r e -  
suits  obtained here in  for  wa te r  as an example .  As is seen  f r o m  the exposi t ion above,  these deductions a re  
based  on the assumpt ions  that  the t he rma l  act ivi ty  coeff icient  and the t r a n s p o r t  p rope r t i e s  of the fluid a re  
e x p r e s s e d  by equations s i m i l a r  to the equation of s ta te .  If the assumpt ion  concerning the fluid t r a n s p o r t  
p rope r t i e s  can be cons idered  proved  [9, 11], then the c o r r e c t n e s s  of the assumpt ion  about the t he rma l  
ac t iv i ty  coefficient,  ve r i f i ed  for  wa te r  as an example ,  needs expe r imen ta l  conf i rmat ion  for  other  f luids.  

N O T A T I O N  

p, p r e s s u r e ;  v, specif ic  volume; p,  density; Ps,  s a tu ra ted  fluid density; P0, fluid density for  pv 
/l=tT = t ;  R, gas constant;  T,  absolute t empe ra tu r e ;  13, ]3k, 137, B z  and E, Ek, E~, E ~, coefficients  of 
the t e m p e r a t u r e  function; ~, fluid t he rm a l  act ivi ty  coefficient;  ~, heat  conductivity coefficient;  TI, dynamic 
v i scos i ty  coefficient;  n~, ~ ,  ~?~, the same  quanti t ies in the sa tu ra ted  state;  Cp, i sobar ic  specif ic  heat .  
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