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The acthors give a relaticnship for calculating the heat transfer co-
efficient for boiling organic heat-transfer agents based on the thermo-
dynamic similarity theory.

One of the most promising methods of processing
experimental data on heat transfer of boiling liquids
is the application of the thermodynamic disimilarity
theory described by Novikov [1], Borishanskii [2],
Povarnin [3], and others. The thermodynamic simi-
larity theory is based on the law of corresponding
states, which holds within a certain group of thermo-
dynamically similar substances; according to this
law the thermodynamic properties of thermodynam-
ically similar liquids obey the following general
relations:

he =F (Mg, B Te, @ (00, TiTy, CeiR). (1)

The actual form of functions (1) may vary. It is
essential only that the factor consisting of the most
important thermodynamic parameters of the liquid
and the mass of its molecule have the units of the
quantity considered and that the sign of the function
¥ preceedes at least one of the three given parameters.
We now show how this basic concept of the thermo-
dynamic similarity theory can be used to generalize
the experimental data on heat transfer to or from
boiling liquids. _

We assume that the system of differential equations,
which in its general form describes the heat trans-
fer process during boiling, yields the criterial rel-
ation

F(Kl: K?, K3, e, K”) = 0.

This equation can be solved with respect to the
heat transfer coefficient, and the terms associated
with the thermodynamic properties, on the one hand,
and the terms associated with the geometric and
operational parameters, on the other, can be separ-
ated, i.e.,

a=M(n 0, h 51, )@q @, B, L deq, L) (2)

_Analysis of numerous experimental data shows
that in the conditions of developed boiling

¢(q, wo, B, L, deq, ... )oog?7, 3)

Then, with Egs. (1) and (3), equation (2) may be
written as follows:

a.'q'),? - I(Wg- R 7;:‘ Ter) w‘(p'lfbn T"VT::IH CU-!"IR)‘ (4‘)

We represent the function f in (4) as a power
monomial and remember the following facts: a)
ver = RTop/Per; b) for a boiling liquid Per and Tgp
are interrelated and, consequently, one of the para-
meters of the function ¥ can be eliminated; c¢) for
liquids with identical molecular structures and the
same type of interatomic bonds the effect of CVO/R
may be neglected. Then Eq, (4) can be rewritten
as follows:

alg® == (Migym pETR™  (pi p,). (5)

The exponents of the factors. in front of ¥ (p/per)
can be selected by coordinating the units of the
left-hand and the right~hand sides of Eq. (5). The
determination of n, through n, thus effected yields
the following equation;

R v 015 pO.G -
_c(%) FC;O__Q.W(.B.) . (6)
LA cr pcr

Borishanskii and Kozyrev [4] obtained a similar
equation. The specific form of the function ¥(p/p..)
was found by these workers by processing experi-
mental data on the boiling of water and ethanol,
methanol, hepthane, pentane, and benzene. As a
result the following equation may be recommended:
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The experimental data of the authors of the pre-
sent paper on the boiling of diphenyl mixture (DPM)
and monoisopropyldiphenyl (MIPD) in a tube and
annular channels of a circuit with natural circulation
at pressures of 10° ~ 8 - 10° kN/m? and heat flow-
rates of 50 - 10° ~ 380 . 10° W/m? were compared
with the results of calculations from (7). The com-
parison revealed marked differences between the
heat transfer coefficients obtained by experiment
and those calculated from Eq. (8). This is obviously
due to the fact that the function ¥ (p/pey) obtained
by Borishanskii and Kozyrev is not a universal
equation suitable for a wide range of liquids. In fact,
there is no reason to consider water, alcohols,
alkanes, and polyphenyls thermally similar. Even
the critical coefficients, quite apart from the struc-
ture of the molecules and the interatomic bonds, are
quite different. At the same time, diphenyl mixture,
monoisopropyldiphenyl and other aromatic hydro-
carbons (diphenyl, diphenylbenzene, ditolylmethane)
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Fig. 1. Processing of experimental data on boiling of DPM and

MIPD (tests carried out by the authors), water and ethanol [2]
for determining the form of the function ¥ (p/per) 1) water; 2

)

ethanol ; 3) monoisopropyl-dipheny! (MIPD); 4) diphenyl mixture

(DPM).
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Fig. 2. Processing of experimental data p (bar), T (°K),
d(W/m?) on boiling in the coordinates of Eq. (8):

1) diphenyl mixture; 2) monoisopropyl-diphenyl.
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may be considered to be thermodynamically similar
and the function ¥ (p/P¢y) must be the same for all
these substances. In Fig. 1 the experimental data
on the boiling of DPM and MIPD are given in

0.3
Pcr 0.7 __ P )
o) —= = Fui
MO 15T q ‘P(

coordinates. For comparison the graph gives Bori-
shangkii's experimental data [2] on water and eth-
anol processed in the same way. The graph shows that
the experimental points for boiling water and ethanol
differ considerably from the experimental points
obtained with DPM and MIPD, which within a scatter
range of +10% agree with the relation

Y(p/p,) = B(p/iR)"*.

Figure 3 gives the experimental data on the boiling
of DPM and MIPD in the coordinates

Pei (ﬂ)(’":f(q). (8)
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The graph shows that the experimental data are
in a good agreement with the relation
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The equation thus obtained can be used to calcu-
late the heat transfer coefficient for the boiling of
organic heat-transfer agents thermodynamically

INZHENERNO-FIZICHESKII ZHURNAL

similar to DPM and MIPD from data on the critical
parameters of the boiling liquid and its molecular
weight.

NOTATION

xj—arbitrary thermodynamic constant; p—vis-
cosity; o—surface tension; A—thermal conductivity;
cp-specific heat at constant pressure; cy,—molar
specific heat in the ideal gas state; r—heat of
evaporation; M—molecular weight; g—acceleration
due to gravity; p—pressure; p,—critical pressure;
T—temperature; Ter—critical temperature; vop—
critical specific volume; R—universal gas constant;
g—specific heat flowrate; wy—circulation velocity;
B—true volume steam vapor content; ! —linear
dimension of heating surface; dgg—equivalent di~
ameter.
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