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A P P R O X I M A T I O N  O F  T R A N S F E R  P R O P E R T I E S  A N D  

T H E  S O U N D  S P E E D  O F  W A T E R  BY A D E P E N D E N C E  

O F  T H E  T A I T  I S O T H E R M  E Q U A T I O N  T Y P E  

A .  M .  M a m e d o v  UDC 532.2.022 + 532.13 + 
534.22:519.245.001.5 

The heat  conduction and speed of sound of wa te r  a r e  desc r ibed  with g rea t  a c c u r a c y  by depen- 
dences  of the Tar t  i s o t h e r m  equation type on the bas i s  of ava i lab le  l i t e ra tu re  data.  

The poss ib i l i ty  of approx imat ing  the heat  conduction and v i scos i ty  coeff icients  and the speed of sound of 
wa te r  by dependences  of the Tai t  i s o t h e r m  equation type [1]* 

v=v:[1--Aln p~+BP+B ] . (1) 

is examined  in this paper .  

To find the e m p i r i c a l  coeff ic ients  of the heat  conduction equation 

k = k : I I - - A ~ I n  p §  1 (2) 
" P +Kj 

we wri te  it for  two s ta tes  and then obtain by dividing one by the other 

*We have rep laced  the p a r a m e t e r s  P0, v0 in the Ta i tequa t ions  by the p a r a m e t e r s  Ps, Vs of a sa tura ted  liquid. 
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Fig.  1. T e m p e r a t u r e  dependences  of  the e m p i r i c a l  coe f f i c i en t s :  a) equa-  
t ions  (2), and b) equat ion (4); t ,~ 

)~ - -  )~, X~ - -  ~ ( 2 ' )  

In (Pi + B~,) - -  In (p, + B~.) In (P2 + B~) - -  In (p~ + B~.) 

Th i s  equa t ion  for  B k can  be so lved  by the method of  inspec t ion  or  g r a p h i c a l l y  by c o n s t r u c t i n g  the funct ions 

)~ - -  Z,  ( 2 " )  (9i (Bx) = In (Pt + B~) - -  In (p, + Bz) ' 

~' - -  t~ ( 2 " )  
~p~ (B~,) = In (p, + B~) - -  In (p~ + B~,) 

in the coo rd ina t e  s y s t e m  ~(Bk) , B k. 

The a b s c i s s a  of  the i n t e r s e c t i o n  of the c u r v e s  ~01(Bh) and q~2(BX) will  be a solut ion of (2). The o ther  coe f -  
f ic ien ts  A k can  be found f r o m  (2) when B k is ava i l ab le .  

It  m u s t  be noted tha t  we execu ted  the app rox ima t ion  of  the t r a n s f e r  p r o p e r t i e s  [2, 3] by f o r m u l a s  of the 
type  of  the equa t ion  of  s ta te  

p___~v =: I + B  9+ Ep 4 (3) 
BT, 

on the bas i s  of data  f r o m  the In t e rna t i ona l  Skele ton T a b l e s  for  W a t e r  and S t eam f r o m  i964.  The Eng l i sh  I n t e r -  
na t iona l  C o n f e r e n c e  on the P r o p e r t i e s  of W a t e r  and S team,  held in Gien (France) ,  e s t ab l i shed  that  the "MST of 
1964 is insuf f ic ien t ly  a c c u r a t e  and should be c o n s i d e r e d  obso le te"  [5]. Hence ,  the r e c o m m e n d e d  va lues  of  the 
hea t  conduc t ion  [6] and the e x p e r i m e n t a l  data on the speed  of  sound in w a t e r ,  f r o m  with high a c c u r a c y  [7], a r e  
the bas i s  of  the a p p r o x i m a t i o n  in this  pape r .  

The r e c o m m e n d e d  va lues  of  the heat  conduct ion  of  w a t e r  and s t e a m  a r e  p r e s e n t e d  in [6] in two tab les .  
The f i r s t ,  inc luding data  on wa te r  and s t e a m  for  p r e s s u r e s  to 500 b a r  and t e m p e r a t u r e  to 700~ is a g raph ica l  
t r e a t m e n t  of  t e s t  r e s u l t s .  Data  only on wa te r  at  p r e s s u r e s  to 25.00 b a r  a n d ' t e m p e r a t u r e s  to 350~ a r e  in the s e c -  
ond and it is  the r e s u l t  of  p r o c e s s i n g  a n u m b e r  of t e s t  r e s u l t s  found by Soviet  and fo re ign  sc i en t i s t s  be tween 
1968 and 1974. 

Us ing  the data  f r o m  the t ab les  in [6] and [7] fo r  the hea t  conduct ion  and speed  of  sound in wa t e r ,  we de-  
t e r m i n e d  the e m p i r i c a l  coe f f i c i en t s  Ak, Bk of (2) and A u, B u by the method d e s c r i b e d  above  f r o m  the fo rmula  

u=u: [ l - -A.  ln -p~B" 1. 
t p, + B . ]  

T h e s e  coe f f i c i en t s  a r e  r e p r e s e n t e d  in Fig.  l a ,  b and a r e  a p p r o x i m a t e d  by the fol lowing dependences :  

fo r  the  hea t  conduc t ion  of wa te r  be tween  0 and 50~ 

A~ = - -8 .500  + 0,I090 t, B~ : 79800+  756t, 

(4) 

f r o m  50 to 300~ 
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= ( t -  50 )', = b, ( t -  
0 0 

where a0=-3050000"10-6;  b0=+42000000.10-3 ;  a i=+4854166"10-8;  b1=-83165833.10-~;  a2=-4371166.10- i0 ;  
b 2=+82847500.10-7;  a s= +2569333 .10-~2; b 3=-48025000"10-9 ;  a 4=-8673333"10-~5; br 
a 5=+1200000.10-17;  b 5=-18866667.10-14;  

f rom 300 to 350~ 

Ax = - -  0,250 § 0.00126 (t - -  300), BT. = 450 - -  9,94 (t - -  300), 

for the speed of sound in water  f rom 0 to 350~ 

7 7 

Au = ~ " d , ,~ , Bu = Z b~ti , 
o 0 

where o0=-8307800"10-7;  b0=+66700000"10-4;  o1=+6729641"10-9;  b l=-29972381.1f f -6 ;  02=-8239298.10-1t ;  
b 2 =-59922200"10-9;  o 3 = +7045160"10-13; b 3 =+11342200 "10-2~ a 4 = -  3434811"10-15; br =-74722200"  10-13; 
a5=+8943067.10-18;  b5=+29755600-10-15;  a6=-1119911 .10 -2~  b6 = -  63555600 .10-18; a7=+4792381"10-24; 
b 7 =+ 54603200.10 -21. 

The formula (2) proposed descr ibes  the values of X exceptionally well in the 0-350~ tempera ture  and Ps 
to 500 bar  p re s su re  ranges ,  where deviations are  less than 1%. Hence, it can be used successful ly  to compile 
detailed tables* of the heat conduction of water  in the mentioned ranges of p and t. 

In addition, it should be noted that the approximate  values of the heat conduction of water in the 0-350~ 
t empera tu re  and Ps up to 500 bar p re s su re  ranges  proposed in [8] also agree  with the recommended data [6] 
within 1% limits,  with the exception of two i so therms  0 and 50~ for which these deviations reach  2.3% athigh 
p r e s s u r e s  and are  not within the limits of the probable e r r o r  for the recommended values of the heat conduc- 
tion of water ,  that is 1% for 0~ t--- 200~ 1 -  p-< 25 bar ,  1.5% for 25 < p-< 500 bar  2% for 200 -< t-< 300~ p = 1 -  
500 bar  and 3% for 300 < t-<- 350~ p = 1 - 5 0 0  bar.  

To clar i fy  the possibil i ty of extrapolat ing (2) to the domain p >500 bar ,  we constructed heat conduction 
i so the rms  in Fig. 2 for both the data f rom [6] and the resu l t s  calculated by means of (2). It is seen f rom Fig. 
2 that both values a lmos t  agree  on all i so therms  up to 500 bar,  but d iscrepancies  appear for p >500 bar ,  where 
it can easi ly  be established up to what p re s su re  and to what accu racy  the proposed formula (2) can be applied. 

Comparing values on the speed of sound in water  calculated by means of (4), with experimental  resul ts  
shows that (4) yields values of the speed of sound in water  to 0.1-0.4% accuracy  in the 0-350~ tempera ture  and 
Ps up to 700 bar  p re s su re  ranges .  

Verif icat ion by means of the resul ts  in [8, 9] showed that the formula 

@ [  1 - -An ln  p . + B n ]  (5) n k p~ + B~ J 

can be used successfu l ly  to descr ibe  the v iscos i ty  of water  also. In must  be assumed that the other above-men-  
tioned thermophysica l  quantities can also be approximated by the same method. It should be noted that the co- 
efficients obtained in our approximations depend sufficiently s t rongly on the t empera ture ,  while there coeffi- 
cients a re  constants  for the heat conduction of oil in [10]. 

In conclusion, let us note that (2), (4), and (5) are  unable to establish dependences between their  empir ica l  
coefficients AX, BXi A~7 , B~7; Au, B u although they yield values of X, 77 and u with high accuracy .  It is true that 
if we s ta r t  f rom the differential  dependence of the Tait i so therm equation 

- -o~- T -  ~6) �9 B + p  

and 

(tap k (6') 

*We have compiled such a table with a 10 ~ step, but it not presented here because of the limited space in the paper. 

739 



'~"/Oz I ~103 

1 
850 , ~ - u  ~ ' t  750 I-- 

L -@ 

, . Y  I +. 
0 /888 2000 fl 0 

Fig. 2. 

I 

i: 

/ooo 20o~ f,, 

Heat  conduction i s o t h e r m s  accord ing  to the r e c o m m e n d e d  data and 
accord ing  to (2). 

we can obtain the following l inear  dependences for the heat  conduction and the speed of sound: 

( 0 , )  
= a~ + bxp 

, - ~  r 

and 

where  

(op) 
- -  -~ % + b . p ,  

B~. " bx = 1 B ~  1 

(7) 

(8) 

N O T A T I O N  

p, liquid densi ty;  v, speci f ic  volume of liquid; Vs, the s ame  for  a sa tu ra ted  liquid; p, p r e s s u r e ;  Ps, the 
s a m e  for  a sa tu ra ted  liquid; R, gas constant ;  X, heat conduction coeff ic ient  of a liquid; Xs', the s a m e  for the 
sa tu ra ted  liquid; t/, coeff ic ient  of dynamic v i scos i ty  of the liquid; ~?s', the s ame  for  a sa tu ra ted  liquid; u, speed 
of sound of the liquid; Us', the s ame  for the sa tu ra ted  liquid; AX, BX; A u, B u t e m p e r a t u r e - d e p e n d e n t  coeffi-  
c ients .  
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