PRANDTL NUMBER FOR LIQUIDS

A, M, Mamedov UDC 536.22

It is established on the basis of experimental data for water and toluene that: 1) the Prandtl
number can be expressed in a form analogous to an equation of state; 2) there are linear
relations between the Prandtl number and the transport properties.

The Prandtl number, which is a measure of the relative influence of thermal conductivity and viscosity,
can be written

ne
Pr=-2.
A @

A check shows that the Prandtl number for liquids can be written in a form analogous fo an equation of
state, The validity of this assertion can be demonstrated for two liquids: ordinary water and toluene.

It was shown previously that the equation of state

v
L:l—{—Bp—{-Ep“ @)

‘describes the specific volume of water over the temperature range from 0 to 350°C and over pressures from
ps to 1000 bars, within the experimental error [1], and it was shown that the equation of state

P 7
BT 1 - Bp 4 Hp 3

describes the specific volume of toluene at temperatures from 25 to 300°C and at pressures from pg to 500
bars (1, 2].

It has also been established that the Prandtl numbers for water and toluene are given by

Pr
and
g:, =1+ Bl;p + Hpp%. (5)

With pv/RT =1 and Pr/Pr' = 1, the coefficients of these equations should be related in the following
manner:
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' B 3 '
—'(\‘E_‘) = s, (4)

for water and

- (%) = po, 3"

H],
for toluene,

The validity of Eqs. (4) and (5) is confirmed by the linearity of the functional dependence of the combina-
tion Pr/Pr' — 1/p on p*for water on seven isotherms at 50° steps from 0to 300°C; the validity of these equations
has also been confirmed for toluene by the linearity of the functional dependence of this combination on p6 on
nine isotherms at 25° steps from 25 to 250°C,

In the calculations, the numerical values of the Prandtl number for water are taken from [3], and those
for toluene are calculated from Eq. (1) on the basis of our experimental data [4-7].

The values of the coefficients By, Ep, and Bp, Hp in Egs. (4) and (5), which depend on the temperature,
are calculated from the condition for a linear dependence of the combinations specified above on p® and pé,
respectively, and are approximated by the following polynomials: for water,

6
B, =Nt 6)
i==0
and
6
Ep = 2 eiﬂ, (7)
=0
where”
b, = 1711401078, gy = — 171240.1073,
b, = — 118454.1077, e, = 125844.1077,
b, = —497907.107%, e, = — 124841.107%°,
b, = 860300-10712, e; = 24200010718,
by = —391178.107%, e, = — 181711.107%,
b, = 890933-107Y, e; = 962133.107%,
by = — 796444.107%, g, = -— 180978.1072%;
for toluene,
5
B, =Y bt ®)
0
and
. .
H,= Ehiﬂ, )
0
where
b, = — 1465660-107%, e, = 303990. 1078,
b, = 203285-1077, e, = —224601.1077,
b, = — 150627.107%, e, = 770600-1072°,
b, = 625767-10712, _ e, = 68720010712
b, = — 134933-107%, e, = — 594400.10714,
by = 113867-107"7, ey = 144107-107%9,
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o

, Ep (cm®/g)

and Hp (cm®/g)" Calculated on the Basis of Polynomials (6),

TABLE 1. Values of the Coefficients Bp (cm’/g)
(7), (8), and (9)
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Fig, 1. The function Pr = £(») for water,’

Fig. 2. The function Pr= on) for water. 1) Liquid in saturated state; 2) p = 100
bars; 3) 300; 4) 500.

[

The numerical values of these coefficients are shown as functions of the temperature in Table 1,

Table 2 shows the values of Pr for toluene calculated from Egs. (1) and (5). Comparison of the Prandtl
numbers calculated from Eq. (1) on the basis of the experimental data for water and toluene with the result
calculated from Eqs, (4) and (5) shows that the proposed method gives accurate values of the Prandtl number
for the state parameters under consideration here. Since the equations of state in (2) and (3) describe the
specific volume of water up to 1000 bars and that of toluene up to 500 bars, we mustassume that Eqs . (4) and
(5) should also give good results for Pr up to these pressures,

We have found that the equations for the transport coefficients can also be written in a form analogous to
an equation of state [8-10] and that, furthermore, there is a linear relation between these transport coefficients
11,

Using these conclusions and Eqgs. (4) and (5), we find the following relations between various combinations
of the thermal conductivity, the viscosity, and the Prandtl number:

2SS T DR
As = Ns r _Pr - 10
for water and
%_1 —:‘%-— __1—’131'5'—1 ’ i)
H, — H, ~— H,

for toluene.

Now using (4" and (5'), we can find a common equation giving the linear relations between the Prandtl
number and the transport properties for these two liquids:

Pr=Pr’( — —‘1) + 2005
B, A B,
or
Pr=my () +m ()1, (12)
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Fig. 3. The function Pr = f()) for toluene.

Fig, 4. The function Pr = ¢(n) for toluene. 1) Liquid in saturated state; 2) p =
50 bars; 3) 100; 4) 150; 5) 200; 6) 250,

where
m ) =Pr'(l - Ea) , @a3)
B,
Pr' B
‘() = — . —Z 14
1 () W B, (14)
and
B Pr'
pr:pr'(l——’i)+ r,.ﬁ-n, (15)
B, ns B,
or
Pr=m, () +ny () 7, (16)
where
, B
my (6) = Pr (1—_1’), an
. Bn ..
Pr’ B,
n(f) = ——2 . (18)
1. B,

Figures 1-4 illustrate the linearity of the functions Pr = f(}) and Pr = ¢(n) for water and toluene,

The numerical values of m,(t), ny (t) and m,(t), ny(t) in Eqs. (12) and (16), calculated on the basis of two
points, are shown in Table 3,

In conclusion, we should point out that the linear relations which we found between the Prandtl number,
on the one hand, and the transport properties, on the other, for water and toluene are also valid for other liquids,
if these liquids obey the theoretically justified "particular case of the equation of state in virial form," incor-
porating various combinations of only two virial coefficients,

NOTATION

p, pressure, bars; v, specific volume, cm3/g; p, density, g/cm?; pg, density of saturated liquid, g/cm?; p,,
density of liquid for pv/RT = 1, g/cm®; R, universal gas constant, (cm?®/g)(bar/deg K); T, absolute temperature,
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°K; t, temperature, °C; B, Bp, B), By, cm®/g), E, Ep, Ey, E 7 fem®/g)*1, H, Hp, sz, H,, [(em3/g)"], coefficients
of the temperature functions; Pr, Prandtl number; 7, dynamic viscosity, N- sec/m?; A, thermal conductivity,
W/ (m -deg K); cp, specific heat at constant pressure, J/ (kg -deg K); Pr', 5'g, AL, c'ps, properties in the saturat-
ed state..
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THERMAL CONDUCTIVITY OF POLYMETHYLPHENYLSILOXANES
AT HIGH PRESSURES

A, M, Ishkhanov, V, G. Nemzer, UDC 536.21
V. V. Pugach, and Yu. L, Rastorguev

Results are presented of an experimental investigation of the thermal conductivity of poly-
methylphenylsiloxanes in the 20-200°C temperature range and up to 200-MN/ m? pressure
range. An equation is proposed to compute the heat conduction in the temperature and pres-
sure ranges investigated,

Results of an experimental investigation of the thermal conductivity (A) of polymethylphenylsiloxanes
(PFMS) and polymethylsiloxanes (PMS) at atmospheric pressure are presented in papers [1-3].

Results of an investigation of the thermal conduectivity of PFMS-4 and PFMS-2/51 at pressures up to
200 MN/m? and in the 20-200°C temperature range are presented in this paper. The thermal conductivity was
measured in an apparatus whose measuring cell operates according to the method of coaxial cylinders with flat

TABLE 1, Characteristics of Polymethylphenylsiloxane Fluids

o 0 hag. 95, \av
Polymer Pl LTI - - T YR Y ° (—- .10
3! D e N W/m -de ot
ke/m £ / g "atm
PFMS-4 . 1,1015[1094,0{1,5320| 658,7 | 1328 | 9 0,1456 5,10
PFMS~2/ 5k 1,0196]1012,0]1,4982{ 16,93 | 570 ] 3 0.1278 5,17
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