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AHHoTauuA-—B craTee HamaraioTcA pesyabTATH SHCIEPUMEHTANBHOTO HMBYYeHUA KPHUTH-

YeCKMX TemJIOBHIX HArPY30K IPH KUMEHHM HA HOIPYHEHHON MOBEPXHOCTH HATPeBa 3THJIOBOTO

COMPTa, BOXH M YETHIPEXXJIOPHCTOTO Yrilepoja. BemmyuHBl KPHTHYECKUX HATPY30K Ui

STAHOJIA oOpefeseHbl Ipn W3MeHeHuH HaBieHus oT 1 jto 62,6 ata, paa Bogw—oT 1 Ko 36,5

ata. J[nfi 4eTHPEXXIOPHCTOTO YIJIEPONA BEJIMUYHHA Ger—1) ONMpPeREIIATACh P aTMocpepHOM

maBieHnu. JIaHHBIE OIEITOB COMOCTABJIEHE ¢ ONMEITAME APYIUX UCCiIefoBaTeelt 1 o6paboTansl
B OpMe KPUTEPHAILHON 3aBHCHMOCTH.

NOMENCLATURE
gr-1), first critical heat load, kcal/m? h;

Per, critical (in a thermodynamic sense)
pressure, atm;

P, pressure when testing, atm;

T, saturation temperature, degK;

r, latent heat of evaporation, kcal/kg;

Cyps heat capacity of a liquid at constant
pressure, kcal/kg degC;

Vs specific weight of a liquid, kg/m3;

¥, specific weight of vapour, kg/m3;

g, surface stress, kg/m;

v, . kinematic viscosity, m?/s;

g acceleration of gravity, m/s?

Subscripts
cr, critical;
evap, evaporation.

THE results of an experimental investigation of
the effect of various factors on values of critical
heat loads (g«r-1)) at boiling of methanol and
n-propanol on a submerged heating surface
were given in a recent publication [1]. Later on,
critical loads for ethanol (ethyl alcohol), water
and carbon tetrachloride were investigated. The
results of this investigation are given in the
present work.

Experiments for determining ger—;) Wwere
carried out according to the methods described
in detail in [1]. Boiling of a liquid proceeded on
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horizontal, gauged ni-chrome plates placed on a
fin. The working length of the plates was equal
to 80-90 mm. Heating of the plates was carried
out by direct current fed from a low-voltage
dynamo. The presence of a rheostat in the ex-
citing winding of the dynamo gave a smooth
increase of heat load on the plates. The approach
of critical flow was determined by a sharp change
in electrical resistance of the plate where it was
superheated by two zero-galvanometers con-
nected by a balanced-bridge scheme. The
method adopted determined the start of a boil-
ing crisis with great reliability. In our experi-
ments, the correction for measuring critical
loads did not exceed +7-10 per cent.

RESULTS OF EXPERIMENTS

Experiments with rectified ethanol (95 per cent
alcohol) were carried out in the pressure range
from 1 to 62-6 atm. The purity and chemical
composition of ethanol satisfied all the demands
of GOST. Before critical heat loads were investi-
gated, the vapour-pressure curve for ethanol
was obtained experimentally on a saturation
line.

Results obtained for the dependence of
saturation temperature upon pressure agree
with tabulated data satisfactorily. Boiling of
ethanol was carried out on experimental plates
5 X 0-5 mm in section. Results of experiments
are illustrated in Fig. 1. At heat loads higher
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F1G. 1. Experimental data for determination of critical heat loads at boiling on a submerged heating surface.

@—water

than critical and particularly in the critical
pressure region (in a thermodynamical sense),
the formation of carbon deposits on the plates
was observed.

In experiments repeated on the plates where
carbon was deposited, the values of g r—;) were
usually 15-25 per cent higher than on pure plates.
This phenomenon was also noted earlier in
experiments with organic liquids [1].

Experiments with carbon tetrachloride were
conducted at atmospheric pressure. The carbon
tetrachloride used was of Analytical Reagent
purity and its chemical composition satisfied
GOST and was confirmed by supplied data and
an additional laboratory analysis.* The viscosity
[11] was also determined. Results for ger-y, of
carbon tetrachloride are given in Fig. 1. The
plates used in experiments were 9-8 X 1 mm
and 3 X 0-5 mm in section.

Experiments with distilled water (both single
and double distillation used) were carried out
before the organic liquids were investigated, in

* Chemical analysis of carbon tetrachloride was made
at the Moscow Institute of Chemical Engineering.

-+—95 per cent ethanol

» —carbon tetrachloride

order to work out the methods and to verify the
reliability of work of an experimental installation
working at high pressure.

However, preliminary experiments determined
that, during testing, the distillate purity may
depreciate considerably, and in this case the
initial distillate purity has no great value. The
original distillate had a low electrical resistance.
Samplings made showed an increase in salt
content of the distillate with increasing pressure
and time of boiling, and in some cases it was
many times in excess of the salt content of
ordinary drinking water.

At high salt contents, the electric insulation of
the experimental installation became disturbed
and work became impossible. An additional in-
vestigation showed that the increase of salt con-
tent in distillate is caused by washing-out of salts
from Paronite spacers. Therefore, in order to
prevent this, the Paronite spacers were boiled
for a long time in distillate which was replaced
every 2-3 hr. Boiling was conducted in a special
installation, until the separation of salts from
the spacers stopped. Whenever possible Paronite
was substituted for mica and plastic.
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The spacers which had undergone this pre-
liminary boiling were used in the experiments
with organic liquids.

A number of other experiments were carried
out with water in the pressure range 1-36-5 atm;
the results are plotted in Fig. 1. Plates (9-6-10) X
1 mm in section were used.

It had been determined [1] that, with a change
in plate height from 3 to 10 mm, values of g(cr—y
(under identical conditions) remain practically
invariable. This was confirmed by systematic
experiments with water, details of which are not
presented herein.

TREATMENT AND COMPARISON OF
EXPERIMENTAL DATA

A number of authors have concerned them-
selves with critical heat loads at boiling of
ethanol and water on a submerged heating
surface. Cichelli and Bonilla [2] as well as
Styrikovich and Polyakov [3] considered a
crisis of ethanol boiling.

Cichelli and Bonilla carried out their experi-
ments with 100 per cent ethanol, boiling on a
copper-chromed plate. They obtained eleven
points, in the pressure range from 1 to 60-1 atm,
which were successfully treated, along with
experiments on other liquids, in relative co-
ordinates in the form of a dependence:

)

P
Pex f (P cr) (1)
where Per is the critical (in a thermodynamic
sense) pressure; P is the pressure of the experi-
ment.

Styrikovich and Polyakov [3] studied ethanol
boiling on a ni-chrome plate at atmospheric
pressure.

The cessation of bubbling in boiling water
was most widely considered by Kazakova [4]
who carried out experiments at boiling on a
ni-chrome plate, and for the first time obtained
a full curve for water of the dependence of g(er—y)
upon pressure.

The above-mentioned investigations were
conducted under conditions similar to the present
author’s, and on similar heating surfaces, afford-
ing a reliable comparison. A comparison of the
present results with those of other authors is
presented in Fig. 2 in the form of dependence (1).
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As may be seen from Fig. 2, the results of the
present experiments satisfactorily agree with
those of other authors. Experimental data for
95 per cent cent ethanol in dependence (1) show
a maximum at P ~ 1/3P;.

Besides these experiments on water, the investi-
gation carried out by Kutateladze [5] should be
noted. It was carried out with water boiling on
a graphite heating surface of varying roughness,
in the pressure range 1-30 atm, and the present
data are in satisfactory agreement with these
results.

Cichelli and Bonilla [2] obtained dependence
(1) empirically. As is shown in [5], this depend-
ence is a result of approximate thermodynamic
similarity between the relative pressure (P/Per)
and physical properties of substances. The
more similar the physical properties of the respec-
tive substances, the greater the degree of ap-
proximation. This fact possibly explains the
deviation from a general dependence (see
Fig. 2) of experimental data for carbon tetra-
chloride, physical properties of which consider-
ably differ from those of water and organic
liquids; dependence (1) does not reflect the influ-
ence of all the factors on values of critical loads.

Some authors [5-8] proposed criterial
relations which were obtained as a result of
treatment, by similarity methods or dimension-
ality theory, of a system of mathematical-physics
equations describing various general aspects
of the process, and of boundary conditions.
By these means, formulae with varying degrees
of approximation were obtained. In many
cases, data, e.g. those of Cichelli and
Bonilla [2] and some others, were general-
ized. The data of Cichelli and Bonilla {2] are
described by the dependence proposed by
Sterman [8] with a good degree of approxima-
tion:

(Reevap)(cr—n = f(Ar, Ks)

qcr— o
(Re a ) ~1) T T ) /\/(‘ //)
evap)(er—1) v y—
Ar = g2 \/( ? /;) (l:ﬁ’y—)
v yY—v Y

@)

where




664

V. G. MOROZOV

. +
++
16 .—&% @ Tix _x:+: =t ;
+
- e o *‘\+\,, x
)! ot ax+t | x X+ + X
ooy L Sl DL
14 off e i + N
X + \\
x%/ +a * b4 x
. X+ N

12b—gp—a ReE!
2 8 ? SN
& ? a | A
2 . % X \
X s x +

10 -q@—+
z ¥ \
& P X %A
= + % X4+
L o8| -
L N
E s N\

Gé L <N,

H A
A A
§
‘ \
é 'S
2 i
0] -l 02 03 [o) 05 06 o7 o-8 09 10
P/l

FiG. 2. Treatment of experimental data on critical heat loads in relative co-ordinates.

--—95 per cent ethanol
»—carbon tetrachloride
@—water
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those obtained earlier for methanol and n-
propanol boiling on a plate under atmospheric
pressure [1], are treated in the form of depend-
ence (2). Only data obtained on a pure heating
surface were considered. Values of critical loads
obtained with boiling of methanol and n-
propanol under pressures higher than atmo-
spheric in the form of dependence (2) cannot be
treated, on account of the lack of data on heat
capacity at these pressures.

The results of experiments treated in the form

of dependence (2), as well as data for methanol
91 hmhnc on a horizontal copper tube under at-

mospherlc pressure, are presented in Fig. 3. For
calculation of the values of criteria of dependence
(2), physical constants were taken from [10-13].
The present experiments are covered, to within
<+10-12 per cent, by the following formula:

(Reeva,p)(cr— y = 0’0365 Ar®5 KS_1/3 (3)

} present data

A—-<thanol [2]
l—ethanol [3]
X —water [4]

This formula was also obtained by Sterman [8]
from the experiments of Cichelli and Bonilla [2].

CONCLUSIONS

1. Experimental data on critical heat loads at
boiling of 95 per cent ethanol, water and carbon
tetrachloride have been obtained. With ethanol
boiling, the pressure ranged from 1 to 62-6 atm,
with water from 1 to 36-5 atm. Experiments with
carbon tetrachloride were carried out at atmo-
spheric pressure.

2. Experimental data obtained for 95 per cent
ethanol and water satisfactorily agree with those
of other investigators [2-5].

3. The curve q(cr ) /Pcr = f(P/Pcr) for
athanal ha D A D
€lnansc: nas a ul.cu\uuuul. at P ~ 1/.1 i¢r.

4. Experimental data for 95 per cent ethanol,
water, carbon tetrachloride, as well as those
obtained earlier [1] for methanol and n-propanol
boiling under atmospheric pressure, are covered
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Fic. 3. Generalized treatment of experimental data on critical heat loads.

W—95 per cent ethanol

»—carbon tetrachloride

@ —water

& —methanol
{J—n-propanol
X ~—methanol [9]

by equation (3) to within 410-12 per cent.
Equation (3) was earlier obtained by Sterman
{8} from the experiments of Cichelli and
Bonilla [21.
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Abstract—Results are presented of an experimental investigation of critical heat loads at boiling on a

submerged heating surface, of ethanol, water and carbon tetrachloride. Values of the critical heat

loads are determined, for ethanol, in the pressure range from 1 to 62-6 atm, and for water, from 1 to

36'5 atm. For carbon tetrachloride the value of g(er—y) is defined at atmospheric pressure. Data of

experiments are compared with those of other investigators and treated in the form of a critical
dependence.

Résumé—Cet article présente les résultats d'une recherche expérimentale sur les charges thermiques

critiques au cours de I'ébullition, sur une surface chauffante, de 1’alcool éthylique, de 1'eau et du

tétrachlorure de casbone. Les valeurs des charges thermiques critiques sont déterminées pour un

domaine de pression s’étendant de 1 a 62,6 atmosphéres pour 1’éthanol et de 1 & 36,5 atmosphéres

pour l'eau. La valeur de g1y pour CCl, est définie a la pression atmosphérique. Les données
expérimentales sont comparées a celles d’autres auteurs.

Zusammenfassung—Die kritischen Wirmestromdichten beim Sieden an einer untergetauchten

Heizplatte wurden fiir Athanol, Wasser und Tetrachlorkohlenstoff untersucht. Die Werte der

kritischen Wirmestromdichte liessen sich fiir Athanol im Druckbereich von 1 bis 62,6 atm bestimmen,

fiir Wasser im Bereich von 1 bis 36,5 atm. Fir Tetrachlorkohlenstoff ist der Wert von qcr_q) bei

Atmosphirendruck definiert. Die Ergebnisse wurden mit Daten anderer Versuche verglichen und
bezogen auf die kritischen Werte wiedergegeben.



