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The author demonstrates the possibility of determining the thermo-
physical constants of incompressible liquids by the methods of simi-
larity theory and dimensional analysis in general form without the
use of critical parameters.

In designing thermal installations, it is neceséary
to know the physical constants of the heat carriers.

In spite of the currently available reference materials,
there is at present a partial or complete lack of data
on the properties of many liquids.

Since the experimental determination of thermo-~
physical characteristics is very laborious, it is nec-
essary to employ a calculation apparatus. The purely
empirical formulas now in use give, as a rule, a sim-
plified dependence of one characteristic on another,
The limitations of the method do not permit one to
find a form of the functional dependence of the param-
eter under investigation on a set of other parameters.

The existing method of determining parameters us-
ing the principle of corresponding states has the fol-
lowing shortcomings: a)the variables employed do
not reflect completely the physical properties of the
substance; b) for computation purposes it is necessary
to know not only a relation between the reduced param-
eters of the type

pIp o =1 (Wi, TIT o) M

but also the values of the critical parameters, the de-
termination of which is difficult.

The present investigation offers a method of deter-
mining the thermophysical properties of liquids based
on the use of the theory of similarity and dimensional
analysis in a more general form than has been avail-
able so far.

It develops that for thermodynamically similar sub-
stances, it is possible to use the following equation in-
stead of Eq. (1):

Ky = [ (K, Ks,... , K3), @)

where Ky, K,, Kj, ...,Kyare dimensionless relative
variables—similarity criteria [1]. These are con-
structed in accordance with dimensional analysis from
parameters which do not include pey, Vep, and Tep.

In developing the criteria, it is necessary to intro-
duce the initial variables which most fully reflect the
individual properties of a substance. Equality of the
indicated criteria for several substances will charac-
terize the similarity of their states. The parameters
included in the criteria will be connected by the well-
known relationship

Py =CPp-

‘Function (2) is exponential. Its specific form is es-
tablished experimentally for individual substances.
Based on the theory of similarity the results of one
experiment may be extended to a number of similar
systems, In this case they are thermodynamically
similar substances.

Let us analyze the application of the given method
using the example of the thermophysical properties of
the hydrocarbons forming the alkane homologous ser-
ies,

The following set of quantities characterizes the
problem under consideration: k

T, p,v.Cp 0, 10, Ay L.

In accordance with dimensional analysis [2], all
the variables expressing the properties of a substance
must appear in dimensionless exponential form:

Ts,pt‘vn_Cg_}id,)\lp,rf_oll./lw.ak.[i‘

Substituting the dimensions of the quantities, we
obtain

Comparative Data for Determining the Coefficient of Dynamic

Viscosity
T Pexp - 107, 1078 |Hcale — K
Hydrocarhon em;:erature, N + sec/m? F;Icalscec/m + |Hcale ~ Hexp. 100%
K according to [3] Heale
N-Pentane 283 0.259 0.285 . —+9.13
288 0.25 0.27 -+9.74
293 0.24 0.26 +7.7
298 0.23 0.245 -+6.12
303 0.22 0.235 -+6.38
N=-Heptane
303 0.373 0.39 -+ 4,36
338 0.281 0.283 + 0.71
373 0,201 0.203 + 0.99
403 0.153 0.151 — 1.33
433 0.12 0.109 —10.2
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In expression (3) the sum of exponents for each sym- |
bol of the basic units of measurement must equal zero, . ~

The problem under study links 11 parameters., Their
dimensions are expressed with the use of four basic
units. According to the pi-theorem, the total number
of criteria will equal seven,

According to the number of primary quantities char-
acterizing the given problem, we obtain a system of
four equations for determining the following 11 expo-
nents:

s—b—e—k=0,
—t+3a+22—dter2f+i=0,
—%—20—d—3e—2f—2h =0,
t—at+td+4e+h4-w=0

Therefore, 7 exponents may be selected arbitrarily.
Solving this system by the generally-acepted method
of [2], and substituting the values found in expression
(3), we obtain the following 7 criteria which link the
basic thermophysical characteristics of liquids:

Ky =op)T, K, = c*/pvp?, K, =c,w/h =Pr, Ky =up*r/e®,
Ks = Ny2o/Mp®, Ky = ao¥/ur, K;=olpl.

In view of the lack of data on the coefficient of vol-
ume expansion for the majority of the hydrocarbons
under consideration, it is interesting to find, first of
all, the dependence of this quantity on the parameters
whose measurement is not complicated and on the pa-
rameters characterizing the individual properties of
liquids.

To this requirement there corresponds the equation

Ka =f (Ku),

where Ky and K, are obtained by combining the initial
relative variables, since any such combination produc-
es a new criterion, The processing of the experimen-~
tal data of [3] on the thermophysical properties of n-
octane leads to the following exponential relationship:

K, (@ Ty = const,
which corresponds to the specific equation
K, (aT)*! =824.10% (5)

The validity of formula (5) was verified on n-pen-
tane and n-heptane by substituting the value of o and
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determining u. The values of o for n-heptane were ob-

. tained by extrapolation of the data of {3]. During veri-

fication the value of aT was varied from 0.37% to
0.866. The values of u obtained experimentally and
by computation for n-pentane and n-heptane are shown
in the table,

" Criterial dependence (5) permits the determination
of the value of the coefficient of alkane volume expan-
sion, which is essential in finding the specific volume
of a liquid as a function of temperature.

Thus, application of similarity theory and dimen-
sional analysis in general form permits the determina-
tion of the thermophysical characteristics of incom-
pressible liquids without the use of critical parameters,
which decreases the number of initial data,

The degree of accuracy of the results obtained natu-
rally depends on the experimental errors as well as on
the number of sections into which we divide the curve
of the functional relation between the criteria in pro-
cessing the experimental results.

NOTATION

T—temperature of liquid; p—pressure; v—specific
volume; cp—isobaric specific heat; u—coefficient of
dynamic viscosity; A~heat conductivity; o—surface
tension; A = M/N—relative molecular mass; M—kilo-

mole mass; N—Avogadro's number; 1=13"‘m —
characteristic dimension, characterizing the conven-
tional linear dimension of a molecule; [~diameter of
sphere whose volume is proportional to the number of
atoms in a molecule; n—number of atoms in a mole~
cule; s, t, a, b, 4, e, f, h, w, k, and i—exponents;
N
M
rameters; pj and pp—parameters of investigated and
base substances; c—similarity constant; a—coeffi-
cient of volume expansion at constant pressure, Di-
mensions of all the quantities are given in the inter-
national system,

1 .
Ke=aT Kp= *-’;-l . Pers Ver, and Tep—critical pa-

REFERENCES

1, A. A. Gukhman, Introduction to Similarity The-
ory [in Russian], Izd-vo "Vysshaya shkola," 1963,

2, G, Grober, S, Erk, and U, Grigull, Fundamen-
tals of Heat Transfer [Russian translation], IL, 1958,

3. N. B. Vargaftik, Handbook of Thermophysical
Properties of Gases and Liquids [in Russian], Fizmat-
giz, 1963,

Moscow Institute of Chemical Ma~
chine Building, Tambov Branch

9 March 1965



