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AnHotauussi—IIepexon JaMUHAPHOTO pesKMMa HepeHoca B TYPOYJeHTHBIH upu CcBoOOmHOIT

KOHBEKI(UM BIOJL TIOCKOI

IOBePXHOCTH M BOKPYr KPHUBOJMHeiHOMH

XapaKTepusyerca

PasHsIM sHAYeHHeM ArPr, paBHLHIM B HEPBOM ciy4ae ArPr ~ 28 x 108, a Bo BropoM =~ 2 X 107
ITH 3HAYEHUA COXPAHAIOTCH A ePeH0oCca Temna U MaCCHL.

NOMENCLATURE
Ar, Arkhimed number, gl3/v? - dp/p;
Pr, Prandtl number, v/d;
Se,  Schmidt number, v/k;
Nu, Nusselt number, #l/x;

g,  gravitational constant, m/s?;

A length (a diameter), m;

v,  kinematic viscosity, m?/s;

p.  density, kg s?/m?;

change in density;

a,  thermal diffusivity, m?%/s;

A, thermal conductivity, kcal/h m degC;
h,  heat transfer, kcal/h m? degC;

k,  mass diffusivity, m2/s.

Subscripts
cr, critical;
con, convection.

Superscripts
lam, laminar;
tur, turbulent.

IN practical calculations and in experimental
work on heat transfer, it is usual to assume that
with free convection the flow regime is laminar
in the region of ArPr < 2 X 107 and turbulent
at values of ArPr > 2 x 107. No distinction is
made for free convection round bodies and along
plane surfaces. In all cases ArPr is assumed to
be equal to 2 x 107, i.e. this applies to volu-
metric and surface problems [1].

Experimental investigation [2] by the inter-
ference method of the structure.of free flow
along a vertical plane and observations of wave
phenomena in a boundary layer of free flow and
of the wavelength established that the beginning
of transition of laminar flow regime into turbu-
lent for the value Pr ~ 0-71 takes place at
Arer ~ 4 x 108, i.e. at

(ArPr)er ~ 4 x 10% xX0-71 = 2-84 x 108

This value of (A4rPr)er is approximately fourteen
times 2 X 107,

Naturally the question arises also whether
the value Arer ~ 4 X 10® is characteristic only
for the plane problem, for which it has been
experimentally determined, or it is general for
volumetric problems as well.

In order to elucidate this question, consider
the equality:

= Nu'™

free con’

Nu lam

free con
which in expanded form for a plane vertical
surface may be written as:

0-66(ArPr)f* = 0-135(ArPr)?

er

where 0-66 is taken from {3] and 0-135 from [1].
The solution of this equation gives:

(ArP)? =49
or
(ArPr)er ~ 2 x 108
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At Pr = 071

2 x 108

—. A~ 8
o = 3 x 108,

1.e. it has the order of the value

Arcr exp jad 4 X 108.

Arer =

For complete correspondence it is sufficient
that the numerical value of the coefficient 0-135
be substituted for 0-133. Then

Arcr — Arcrexp ~ 4 X 108
Similarly proceeding from the equality
0-54(ArPr)l* = 0-133(ArPr)!

cr ?

we obtain for spherical bodies
(ArPr)cr ~ 2 x 107 [1]

Thus it is true that numerical values of (ArPr)er
differ for the two cases of dimensional and
plane-surface convection.

Now let us show on the basis of joint con-
sideration of energy-, heat- and mass-transfer
equations that, for a laminar regime of free
convection along a plane surface, the pro-
portionality factor under the conditions of
transfer is the same for all types of transfer and
is equal to ~ 0-67.

From the energy-transfer equations we have:

0-667Re"> = 0-037Re’?®
and hence
Reer ~ 16 200.

If we combine the turbulent heat transfer
energy and heat equations in free convection:

0-133(ArPr) = 0-037Re%* = 0-037(16 200)°"®,
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we find that
(ArPrie ~ 2-25 x 108,

This value of (ArPr)er is close to
(ArPr)cr =2 x 108

determined above.
Proceeding from the heat-transfer equation
A(ArPr)* = 0-133(ArPr)i?

we determine that

A = 0133(ArPr)i/** = 0-133(2-25 x 108)V12 =
= (-66.

If we remember that experimental investiga-
tions [3] on evaporation of some liquids from a
vertical surface at ArSc <3 x 10% yielded the
value 4 = 0-66 as well, it is possible to assume
the existence of a fairly close analogy in transfer
mechanism that allows calculation formulae to
be written for heat- and mass-transfer processes
on the basis of hydromechanical considera-
tions.
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Abstract—Transition of a laminar regime of transfer into the turbulent in free convection over a plane

surface and round a curvilinear surface is represented by different values of ArPr, where in the first

case ArPr ~ 2-8 x 10® and in the second ~ 2 x 107. These values remain the same for both heat
and mass transfer.

Résumé—La transition du régime laminaire au régime turbulent, en convection libre, sur une surface

plane et sur une surface curviligne est représentée par des valeurs différentes de ArPr; dans le premier

cas, on a ArPr ~ 2,8 x 108 et dans le second cas >~ 2 x 107.-Ces valeurs restent les mémes pour les
transports de chaleur et de masse.

Zusammenfassung—Bei freier Konvektion an einer ebenen Platte und entlang einer krummlinigen

Oberflichen ist der Ubergang vom laminaren Ubertragungsregim zum turbulenten durch bestimmte

Werte von ArPr gekennzeichnet. Fiir den ersteren Fall ist ArPr ~ 2,8 x 108, fiir den zweiten Fall
~ 2 x 107. Diese Werte bleiben fiir Wiarme- und Stoffiibergang die gleichen.



