
PRANDTL NUMBER FOR LIQUIDS 

A. M. M a m e d o v  UDC 536.22 

It is  e s t ab l i shed  on the bas i s  of exper imen ta l  data  fo r  wa te r  and toluene that: 1) the Prandt l  
number  can be e x p r e s s e d  in a fo rm analogous to an equation of s ta te ;  2) there  a re  l i nea r  
r e l a t i ons  between the P rand t l  number  and the t r anspor t  p r o p e r t i e s .  

The P rand t l  number ,  which is  a m e a s u r e  of the r e l a t ive  influence of the rmal  conductivity and v i scos i ty ,  
can be wr i t t en  

Pr -- Tl% 
X (1) 

A check shows that the P r and t l  number  for  l iquids can be wr i t t en  in a fo rm analogous to an equation of 
s ta te .  The va l id i ty  of this a s s e r t i o n  can be demons t r a t ed  for  two l iquids:  o rd ina ry  wate r  and toluene.  

It was shown p rev ious ly  that the equation of s ta te  

pv = l + B p + E p  4 R~ (2) 

d e s c r i b e s  the spec i f ic  volume of water  ove r  the t e m p e r a t u r e  range f rom 0 to 350~ and ove r  p r e s s u r e s  f rom 
Ps to 1000 b a r s ,  within the expe r imen ta l  e r r o r  [1], and i t  was shown that the equation of s ta te  

P--V--v = 1 + Bp +/- /p '  (3) 
RT 

d e s c r i b e s  the spec i f i c  volume of toluene at  t e m p e r a t u r e s  f rom 25 to 300~ and at  p r e s s u r e s  f rom Ps to 500 
b a r s  [1, 21. 

I t  has  a l so  been es t ab l i shed  that the P rand t l  numbers  for  wate r  and toluene a r e  given by 

P r  - - =  l + B p p + E p  4 
Pr'  (4) 

and 

Pr 
= I + Bpp + Hpp'. 

Pr' 
(5) 

With p v / R T  = 1 and P r / P r '  = 1, the coeff ic ients  of these equations should be r e l a t e d  in the following 
manne r :  

p . v ,  T 

(2') 
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'B) =p~, (4') - ( T  p 

for  wate r  and 

, p ,  V, T 

P 

for  toluene. 

The validity of Eqs,  (4) and (5) is confirmed by the tineari~y of the functional dependence of the combina- 
tion P r / P r '  - 1/p on paforwate r  on seven i so therms  at 50 ~ steps f rom 0 to 300*(3; the validity of these equations 
has also been conf i rmed for  toluene by the l ineari ty  of the functional dependence of this combination on p6 on 
nine i so the rms  at 25 ~ steps f rom 25 to 250~ 

In the calculations,  the numerica l  values of the Prandtl  number  for  water  a re  taken f rom [3], and those 
for toluene are  calculated f rom Eq. (1) on the basis of our  exper imental  data [4-7]. 

The values of the coefficients Bp, Ep, and Bp, Hp in Eqs. (4) and (5), which depend on the tempera ture ,  
a re  calculated f rom the con~lition fo r  a l inear  dependence of the combinations specified above on p3 and p6 
respect ive ly ,  and are  approximated by the following polynomials:  fo r  water ,  

6 

B p = ~ biff (6) 
t,=O 

and 
6 

Ep = X eiff ' 
t '=O 

(7) 

where o 

~=171140.10  -5, 

b1=--118454.10 -7, 

b2=--497907.10 -xo, 

ba=860300.I0 -1~, 

b4=--391t78.10 -'4, 

bs=890933.10 -17, 

b~=--796444.10 -~~ 

~ = - - 1 7 1 2 4 0 . 1 0  -5, 

~=125844-10-7, 

~ = - - 1 2 4 8 4 1 . 1 0  -xo, 

:~=242000.10 -13, 

~ = - - 1 8 1 7 1 1 . 1 0  -~, 

e5=962133.10 -17, 

e 6 = - -  180978.10-19; 

for  toluene, 

and 

5 

Bp = Z bdt 
0 

5 

Hp = ~ h~ i, 
0 

(8) 

(9) 

where 

b0=--146560.10 -6, 
b1=203285.1077 , 

b2------150627.10 -9, 
~=625767.10 -12, 
b4=--134933.10 -14, 

b~=113867.10 -17, 

~=303990.10 -5, 
ei=--224601.I02),  

e~=770600.10 -1~ 
~=687200.10 -12, 
e~=--594400.10 -14, 

e~=144!07.10 -~. 
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P r  ' " ' .  .... 

8a9 ~ ~a~ ~-x 

Fig. 1 

Fig.  1. The function P r  = f(x) for  wate r .  

Fig.  2. The function P r  = ~ 7 )  for  wate r .  
ba r s ;  3) 300; 4) 500. 

m" f - ~  

? g ~ - g O 0 "  

Fig. 2 

1) Liquid in sa tu ra ted  state;  2) p = 100 

The numer i ca l  va lues  of these  coeff icients  a r e  shown as functions of the t e m p e r a t u r e  in Table 1. 

Table 2 shows the va lues  of  P r  fo r  toluene calculated f r o m  Eqs.  (1) and (5). Compar i son  of the Prandt l  
numbers  calculated f r o m  Eq. (1) on the bas i s  of the exper imenta l  data fo r  wafer  and toluene with the resul t  
calculated f r o m  E q s .  (4) and (5) shows that the p roposed  method gives  accura t e  values  of the Prandt l  number  
for  the s ta te  p a r a m e t e r s  under  cons idera t ion  he re .  Since the equations of s ta te  in (2) and (3) desc r ibe  the 
specif ic  volume of wa te r  up to 1000 ba r s  and that of toluene up to 500 b a r s ,  we m u s t  a s sume  that E q s .  (4) and 
(5) should also give good r e su l t s  for  P r  up to these p r e s s u r e s .  

We have found that the equations for  the t r anspor t  coefficients  can also be wri t ten  in a fo rm analogous to 
an equation of s ta te  [8-10] and that, f u r t h e r m o r e ,  there  is  a l inear  re la t ion  between these t r anspor t  coefficients 
[111. 

Using these conclusions and Eqs.  (4) and (5), we find the following re la t ions  between var ious  combinations 
of the the rmal  conductivity,  the v i scos i ty ,  and the Prandt l  number :  

n 1 Pr--1 

e--T-= e--T- 
(1-o) 

for  wa te r  and 

2--I P--r--z 
X~ "q; Pr' 

for  toluene. 

Now us ing (4') and (5'), we can find a common equation giving the l inear  re la t ions  between the Prandt l  
number  and the t r anspo r t  p r o p e r t i e s  for  these  two liquids: 

o r  

P r = P r ' (  1 - - B ~ )  + -~"  ~-x " L p r '  [Bp 

Pr = nh (t) + n, (t) X, (12) 
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The funct ion P r  = f (~ )  fo r  toluene.  

The funct ion P r  = ~o(V) for  toluene.  1) Liquid in s a t u r a t e d  s ta te ;  2) p = 
50 ba r s ;  3) 100; 4) 150; 5) 200; 6) 250. 

Pr' Bp 
nl (t) = - ~  . -~-  (14) 

pr, Bp 
(15) 

P r =  m 2 (t) + n, (t) ~1, 0-6) 

where  

Pr' Bp 
n ,  ( 0  = ~.-- �9 

~1~ B~ 

(17) 

(18) 

Figu re s  1-4  i l l u s t r a t e  the l inear i ty  of the funct ions P r  = f(h) and P r  = ~(~) f o r  w a t e r  and toluene. 

The numer i ca l  va lues  of ml( t) ,  nl(t ) and m2(t), n2(t) in Eqs .  (12) and (16), ca lcu la ted  on the bas i s  of  two 
poin ts ,  a r e  shown in Table  3. 

In conc lus ion ,  we should point  out  that  the l inear  r e l a t ions  wMch we found between the P rand t l  numb e r ,  
on the one  hand,  and the t r a n s p o r t  p r o p e r t i e s ,  on the o the r ,  fo r  wa te r  and toluene a r e  a lso val id  f o r  o t h e r  l iquids,  
if these  l iquids obey the theo re t i ca l ly  jus t i f ied  " p a r t i c u l a r  c a s e  of the equat ion of  s ta te  in v i r i a l  fo rm,"  i n c o r -  
pora t ing  va r i ous  combina t ions  of  only two v i r ia l  coef f ic ien ts .  

NOTATION 

p, pressure, bars; v, specific volume, cm3/g; p, density, g/cm3; Ps, density of saturated liquid, g/cm3; P0, 
density of liquid for pv/RT = I, g/em3; R, universal gas constant, (cm3/g)(bar/deg K); T, absolute temperature, 
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~ t, t empera ture ,  ~ B, Bp, BX, BT/,(cmS/g), E, Ep, EX, Err [(cma/g)4], H, Hp, H~: H~, [(cm3/g)7], coefficients 
of the tempera ture  functions; Pr ,  Prandt l  number; ~?, dynamic v iscos i ty ,  N- sec/mZ; X, thermal  conductivity, 
W/(m odeg K); Cp, specific heat  at  constant p r e s s u r e ,  J / (kg .deg K); Pr ' ,  ~'s, Xs,' Cps,' p roper t i e s  in the sa tura t -  
ed s t a t e .  
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T H E R M A L  C O N D U C T I V I T Y  OF P O L Y M E T H Y L P H E N Y L S I L O X A N E S  

AT H I G H  P R E S S U R E S  

A.  M. I s h k h a n o v ,  V .  Go N e m z e r ,  
V .  V .  P u g a c h ,  a n d  Y u .  L .  R a s t o r g u e v  

UDC 536.21 

Results  a re  p re sen ted  of an exper imenta l  investigation of the thermal  conductivity of poly- 
methylphenylsi loxanes in the 20-200~ tempera tu re  range and up to 200-MN/m 2 p r e s s u r e  
range.  An equation is proposed to compute the heat conduction in the t empera tu re  and p r e s -  
sure  ranges investigated.  

Resul ts  of an exper imenta l  investigation of the thermal  conductivity (X) of polymethylphenylsi loxanes 
(PFMS) and polymethyls i loxanes (PMS) at a tmospher ic  p r e s s u r e  are  p resen ted  in papers  [1-3]. 

Results  of an investigation of the thermal  conductivity of PFMS-4 and PFMS-2/51 at p r e s s u r e s  up to 
200 MN/m 2 and .~n the 20-200~ tempera tu re  range a re  p resen ted  in this paper .  The thermal  conductivity was 
measured  in an apparatus whose measur ing cell  operates  according to the method of coaxial cyl inders  with fiat  

TABLE 1. Charac te r i s t i c s  of Polymethylphenylsi loxane Fluids 

Polymer 

I:~MS -4 
WMS-2/,5i! 

Ikg/m3[ M 

,10151094,01,5320 658,7 1328 
,01961012,01,4982 16,93 570 

W/m -deg ~ ~-/p 10 t 

atm 

0,1456 5,10 
0.1278 5,17 
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