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Abstract—Experiments have been carried out to test the validity of King’s widely quoted rule for evaluating a
characteristic length for problems of multi-dimensional external natural convection. A more recent rule set
forth by Lienhard was also tested. Both rules areintended to enable standard textbook-type correlations to be
employed to predict natural convection heat transfer from complex bodies. The experiments were performed
using a heated vertical cylinder of equal height and diameter, with heat being transferred to the ambient air
from all three faces of the body (top, side, and bottom). The use of King’s rule led to 40-50%, overpredictions of
the experimental data, so thatits continued citation in textbooks appears inappropriate. Although Lienhard’s
rule yielded predictions that were somewhat closer to the data than those of King, the level of agreement does
not appear to warrant its adoption as the link between multi-dimensional natural convection and the
established literature correlations.

NOMENCLATURE

A surface area of cylinder

D  diameter and height of vertical cylinder
g  acceleration of gravity

h  heat transfer coefficient

k  thermal conductivity

L, horizontal dimension

L, vertical dimension

I*  characteristic length

Nu Nusselt number, hl*/k

Pr  Prandtl number

Q...v COnvective heat transfer rate

Q..q radiative heat transfer rate

Ra Rayleigh number, [gB(T,, — T,;)L**/v*]Pr
T, cylinder surface temperature

T, ambient temperature
Greek symbols

B thermal expansion coefficient
£ emissivity

v kinematic viscosity

c Stefan-Boltzmann constant

1. INTRODUCTION

IN A PAPER of historical interest published in 1932 [1],
W. J. King set forth all that was known about natural
convection at that time. Most of the contents of that
paper are no longer reflected in the modern literature.
There are, however, two interrelated aspects of King’s
work which continue to be quoted in the most recently
published heat transfer texts. The enduring quality of
this vintage information is remarkable, especially since
the primary result attributed to King has not been
subjected to experimental verification since it was first
set forth in 1932. Experiments designed to test the
validity of King’s results have been performed during
the course of the investigation that is reported in this

paper.

The primary result of King that is the focus of the
present work affords a classicexample of how less-than-
adequately supported information can attain the status
of full acceptance in the modern literature. The process
typically begins with the information being quoted in a
widely used textbook. Then, asubsequent text borrows
the information from the first text, and this borrowing
continues from one new text to another. Along the way,
modifications or interpretations of the information
made in one or another text tend to be carried alongin
the borrowing process, with the modified form of the
information still being attributed to the original source.

For external natural convection about bodies whose
verticaldimension L, and horizontaldimension L, may
both affect the heat transfer, King indicates that a
characteristic dimension L* be defined as

1 1 1

r L, + L, (M
As examples of the class of bodies in question, King
names small short cylinders, planes, or spheres.

To complement the aforementioned characteristic
length, King presented a Nusselt-Rayleigh correlation
in graphical form which spans 16 decades in the
Rayleigh number. This correlation is purported to be
universal for all external natural convection flows,
including vertical plates and cylinders, horizontal
cylinders, spheres, rectangular blocks, and all other
bodies whose characteristic length is given by equation
(1). Over a range of Rayleigh numbers (not specified by
King), the correlation was expressed }lgebraically as

Nu = 0.55Ra'/4, )]

More recent and more accurate experiments have
refuted the notion of a universal correlation, so that
separate correlations are now employed for the vertical
plate, horizontal cylinder, and sphere. Yet, as will be
described shortly, the King correlation, particularly
equation (2), continues to appear in the modern
literature as a companion for equation (1).
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Equation (1) is quoted in at least four of the recently
published heat transfer texts [2-5]. In all of these texts,
the equation is specifically earmarked for use for
rectangular -blocks, which represents a case not
mentioned by King among his examples. Further
embellishments, also attributed to King (but not
appearing in his paper) are that L, is the longer of the
two horizontal dimensions of the block [2] or that L,
and L, are respectively taken as the average of the
horizontal and vertical dimensions of the block [5].

All of the cited texts specify that equation (1) for ¥ is
to be employed in conjunction with equation (2) [2, 5]
or with a modified form where the coefficient 0.55 is
replaced by 0.60 [3, 4], with the modified form again
attributed to King although it nowhere appears in his
paper. Furthermore, these texts append the range
10* < Ra < 10° to equation (2) (or its modified form)
and, by implication, also to equation (1). This implied
limitation on equation (1) is not found in King’s paper,
where equation (1) is presented as an adjunct to the all-
encompassing Nusselt-Rayleigh correlation.

There are reasons to doubt the validity of equation
(1). First of all, King’s advocacy of this definition of the
characteristic length was based on its success in
bringing together data for odd geometries with data for
regular geometries to yield a universal correlation.
However, as was noted earlier, King’s universal
correlation has subsequently been found not to be
universal, thereby eliminating the main basis for the
characteristic length of equation (1).

Perhaps of greater concern is that equation (1) takes
no account of the specifics of the various configurations
to which it might be applied. In this connection,
consider, for instance, a short, heated vertical cylinder,
with heat being transferred from all three surfaces (top,
bottom,andside)to the surrounding fluid. The natural-
convection-induced flow on the bottom surface is
directed radially outward, while that on the top surface
moves radially inward. By way of further contrast, the
bottom surface is washed by fresh fluid (i.e. from the
surroundings), whereas the top surface is washed by
fluid that has been heated by contact with the other
surfaces of the cylinder. Notwithstanding these major
differences, no distinction is made between the two
surfaces, and they are jointly represented by L, = D
(D = diameter) in equation (1).

Considering the broad acceptance of equation (1)
and the virtual absence of definitive data supporting its
validity, there is ample motivation to undertake careful
experiments on multi-dimensional external natural
convection. The present research was undertaken in
response to this motivation. The experiments were

“performed using a heated vertical cylinder of equal
height and diameter. A cylinder was employed because
itafforded a clean-cutapplication ofequation(1), which
would not have been true had a rectangular block with
two different horizontal dimensions been employed.

The experiments were carried out in air under
conditions conducive to the attainment of data with an
accuracy in the 19 range. Nusselt and Rayleigh
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numbers were evaluated from the data for several
choices of the characteristic dimension, one of which is
King's equation (1). Another characteristic dimension
that wasinvestigatedis that recommended by Lienhard
[6], namely, the length of travel of the fluid in the
boundary layer. A third characteristic dimension,
based on purely geometrical considerations, was also
considered. These results were compared with a
number of literature correlations in addition to that of
King (and those attributed to him). These many
comparisons provide perspectives about how the
Nusselt numbers for a multi-dimensional bodyrelate to
literature information for simpler geometries.

2. THE EXPERIMENTS

The experimental apparatus and the test environ-
ment will now be described. The description of the
apparatus is facilitated by reference to Fig. 1, which
shows a cross-sectional view of the vertical cylinder
used in the experiments. As seen there, the height and
the outside diameter of the cylinder are equal—the
finished dimension being 3.119 cm. The cylinder was
assembled from three parts,all made of aluminum, with
auniform thickness of 0.635 cm for all walls. Aluminum
was chosen because of its high thermal conductivity
(to facilitate the attainment of a uniform surface
temperature) and becauseitis capable of being polished
to an enduring mirror-like surface finish (to minimize
radiative heat transfer).

Thelower portion of the cylinder was a cup-like piece
made from a solid rod into which a cavity had been
machined concentric with the axis. The cavity served to
house a specially fabricated heating element, the core of
which was an aluminum shell. Forty equally spaced
longitudinal grooves were milled into the core, 20 on
the outer surface and 20 on the inner surface. The
heating wire (0.0076 cm diameter chromel wrapped
with 0.0076 cm thick Teflon insulation) was laid in
series in the grooves in a back and forth pattern and
then fixed in place by copper oxide cement. The choice
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F1G. 1. Cross-sectional view of the vertical cylinder used in the
experiments.



A refutation of King’s rule

of the wire type, diameter, and length was made to

achieve low electric current flows (< 0.18 A), enabling’

the use of small diameter copper lead wires to deliver
power to the heater..

The upper portion of the cylinder was a disk
machined from a solid rod, with an integral cylindrical
extension which penetrated downward into the hollow
space within the heater core. Asseenin Fig. 1,a0.1cm
diameter hole was drilled along the axis of the disk and
the cylindrical extension. The line used to suspend the
cylinder was passed through the hole. The end of the
line which emerged from the bottom of the hole was
threaded through a small hollow spherical ball (from a
key chain) and knotted below the ball. When the
cylinder .was suspended, the ball centered itself in the
mouth of the hole.

The hole also served to convey the heater lead wires
and the thermocouple-wires from the interior to the
exterior of the cylinder. However, owing to the
blockage of the mouth of the hole by the spherical ball,
lateral access to the hole was provided as shown in the
figure.

Two thermocouples were installed in the wall of the
cylinder to detect the outside surface temperature. The
holes for the thermocouples were drilled from the rear
side and penetrated to within 0.076 cm of the surface,
with copper oxide cement used to fix the thermocouples
in place and fill the holes. The positions of the
thermocouples are indicated in the figure—one in the
lower wall and the other in the upper wall. These
locations were chosen since it was expected that any
wall temperature differences would show themselves
most strongly there. For most of the data runs, no
temperature difference could be detected within the
1 uV resolving power of the instrumentation. At the
highest heat input, the temperature difference between
the measurement points was 0.19 of the wall-to-
ambient temperature difference. Inlight of this,itcan be
concluded that the desired uniform-wall-temperature
boundary condition was achieved.

A major issue in the design of the apparatus was the
minimization of extraneous%iosses by conduction along
the suspension line and lead wires and by radiation
from the surface of the cylinder. With regard to
conduction, the suspension line was made of catgut, a
low conductivity material of great strength. (It is used
for bows in high-performance bow and arrow sets.) In
view of the low levels of electric current, it was sufficient
to use 0.0076 cm diameter copper lead wires to supply
the heater. A survey of the thermal conductivities of
commonly available thermocouple-wire pairs showed
that chromel-constantan has the lowest value (as well
as the highest thermoelectric output). Therefore,
chromel-constantan thermocouples were employed
for the experiments, the wire being of the smallest
diameter that could be handled conveniently (0.0076
cm).

To diminish the radiative heat transfer to its smallest
possible value, the cylinder surface was subjected to a
succession of painstaking polishing and lapping
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operations, concluding with 1200 grit. The final surface
finish was that of a high quality mirror, so that it can be
safely assumed that the surface can be regarded as
‘highly polished’ from the standpoint of radiation
properties. .

In addition to the two thermocouples used to
measure the cylinder surface temperature, three
additional thermocouples of the same type were
employed for the determination of the temperature of
the ambient air. These thermocouples were positioned
about 30 cm to the side of the cylinder, with one at the
same height as the cylinder and the other two at 15 cm
above and below this height. Aluminum-foil shields
were used to block direct radiation from the heated
cylinder to the ambient-air thermocouples. All
thermocouples had been calibrated prior to their
installation.

Power to the cylinder heating element was provided
by a programmable DC supply whose voltage output
was constant to at least one in the fourth significant
figure over the 8 h duration of a data run. The heater
voltage was read directly, while the current was read in
terms of the voltage drop across a calibrated shunt.

The laboratory in which the experiments were
performed was ideally suited for high-precision natural
convection work. The walls, ceiling, and floor of the
laboratory are insulated with 46 cm of cork, and there
are no ducts, pipes, or vents leading in or out. It is
situated in a basement, is windowless, and is away from
external walls (i.e. a room within a room). The total
volume of the laboratoryis about 70m?, and it contains
various objects of large aggregate heat capacity. The
combination of thermal isolation and large heat
capacity makes for unusual thermal stability. Thermal
stratification, as detected by the ambient-air ther-
mocouples, was negligible.

The power supply and all instrumentation were
situated outside the laboratory. It was never entered
during a data run nor were lights turned on.

3. DATA REDUCTION

The cylinder heat transfer coefficient and Nusselt
number were evaluated from the defining equations

h=(Qeon AT, —T,), Nu=hL*/k. (3

Inthe hequation, A is the surface area including the top,
side,and bottom faces of the cylinder. Since the cylinder
height was equal to its diameter, 4 = (3/2)rD?% Both
the wall and ambient temperatures T, and T, needed as
input to equation (3) were directly measured.

The convective heat transfer, Q.,,.,, Was determined
from the measured heater power corrected for
extraneous losses. For the calculation of the radiation
heat loss, the cylinder is accurately modeled as a small
body in a large isothermal enclosure. Correspondingly,

Qrua = Aea(T5—T5) @

where eis the graybody emissivity of the cylinder, taken
as 0.05 for the highly polished aluminum. In equation



1360

(4), T,, denotes the temperature of the walls of the
laboratory, which is assumed equal to the air
temperature. The calculated values of @,,4 ranged from
5 to 7% of the electric power input.

The conduction losses along the lead wires were also
estimated. Owing to the small diameter of the wires
(0.0076 cm), these losses were less than 0.5% of the input
power and were therefore neglected. Consequently, the
convective heat transfer Q.,, was obtained by
subtracting Q,,, from the input power.

In the Nusselt number definition of equation (3), the
quantity L* denotes the characteristic length of the
cylinder. If King’s prescription, equation (1), is used,
then

(L*)King = %D- &)

Lienhard, as ,noted earlier, suggested that the
characteristic length be taken equal to the length of
travel of the fluid in the boundary layer. For the
cylinder used here, the Lienhard length is

(L*)Lienhard =2D 6)

with contributions 4D, D, and 4D, respectively for the
bottom, side, and top.

As a third alternative, the characteristic length was
taken to be D itself, i.e.

L*=D. )

Thischoice was motivated by thefact that the geometry
of the present cylinder is characterized by D alone.

The Nusselt number results will be presented as a
function of the Rayleigh number defined as

Ra = [gB(T,— T )L \*1Pr ®)

where L* is the same characteristic length as for the
Nusselt number. The thermophysical properties ap-
pearing in equations (8) and (3) were evaluated at the
film temperature T; = (T, + T,,), with f as 1/T; (abso-
lute temperature for the f calculation).

E. M. Sparrow and M. A. ANSARI

4. RESULTS AND DISCUSSION

Before presenting the experimental results, it is
relevant to establish their level of accuracy. High
accuracy is to be expected because of the features built
intothe apparatus tominimize extraneouslossesand to
obtain stable and uniform operating conditions. Also
contributing to thisexpectationistheideal nature of the
available test environment. To help provide a
quantitative measure of the expected accuracy, it may
be noted that the heated cylinder used in the present
experiments had also been employed in the study of a
fully enclosed natural convection flow which was
amenable to solution via numerical finite differences
[71. Of the 22 experimentally determined Nusseit
numbers which were compared with the numerical
predictions, the majority agreed to within 19, and the
maximumdeviation was 3%. Thereis noreason why the
present results should not be equalily accurate.

Tests of proposed characteristic lengths

- The present heat transfer data, evaluated in terms of
Nu and Ra based on King’s prescription for the
characteristiclength (i.e. I* = D), are plotted in Fig. 2.
The data are seen to be remarkably free of scatter, and
for Ra > 1800 they fall on a straight line,

Nu = 0.597 Ra®2°%, [* =1D, 9

which was determined by least squares. Overall, the
Rayleigh numbers of the data span a forty-fold range.
However, because of the factor 1/8 which enters the
Rayleigh number through the characteristic dimension

* = 1D, the values of the Rayleigh number are limited
to about 16 000.

In addition to the experimental data, Fig. 2 contains
several curves representing literature correlations. The
most pertinent of these is that of King and those
attributed to him (i.e. the powerlaws appearingnear the
right-hand margin of the figure). It is seen that thereisa
large gap between the experimental data (based on

10
of Nu = 06Ra?
- Nu = 0.55Ra"* =
Sln VERTICAL. ==
- PLATE [8]
4
Nu
2._
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Ra x 107

F1G. 2. Comparison of experimental Nu, Ra data based on King’s characteristic length (L* = 1D) with King's
and other literature correlations.
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1* =1D) and the King-related curves. Indeed, the
curves lie40-50%; above the data. This finding stands in
strong opposition to the use of King’s rule [equation
(1)] to determine I* and to its subsequent use in con-
junction with either King’s correlation-or the power
laws frequently attributed to him in the modern
literature.

Itisrelevant to observe that King’s rule overpredicts
the data regardless of the literature correlation with
which it is used. In this connection, the Churchill-Chu
equation for the vertical plate {8] and the Morgan
equation for the horizontal cylinder [9] are plotted in
Fig.2.(Theselection of these particular correlations for
the comparison will be discussed shortly.) Itisseenfrom
the figure that the vertical plate correlation
overpredicts the data by 40—45%, while the cylinder
curve lies 20-25%; above the data.

Theaggregate of theresults presented in Fig. 2 argues
persuasively against the use of King’s rule [equa-
tion (1)] for evaluating the characteristic length for
multi-dimensional natural convection = problems.
Moreover, its continued citation in textbooks appears
inappropriate.

Attention is next turned to the characteristic length
suggested by Lienhard (the length of travel of the fluid
in the boundary layer). This yields I* = 2D for the
present problem. According to Lienhard, the use of this
definition of L* in conjunction with the expression

Nu = 0.52 RaV/* (10)

should predict the naturdl convection heat transfer
from any submerged body within about 10% if Pris not
« 1.

When the present data are evaluated with L* = 2D,
the Rayleigh number range extendsfromabout2 x 10*
to 108, These data are plotted in Fig. 3 along with the
Lienhard equation (10). The figure shows that the
Lienhard prescription underpredicts the data, which is
Jjust opposite to the behavior of King’s prescription for
L*. At the lower end of the Rayleigh number range, the
data lie about 309, above equation (10). On the other
hand, at the upper end of the range, the data are within
8% of the prediction, which fulfils Lienhard’s stated
accuracy band. Overall, however, the gap between the

Nu
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prediction line and the data is too large to encourage
acceptance of Lienhard’s prescription as the sought-for
link between multi-dimensional natural convection
and the established literature correlations.

Final form of the Nu, Ra data

Up to now, the presentation of results has been
focused on evaluating the credentials of various
proposals for the characteristic length. Now, the data
will be presented in their own right, as basic
information for a case not heretofore investigated. For
this purpose, it appears reasonable to take L* = D,
since, with thecylinder diameter equal to the height, Dis
the only geometric parameter of the problem. The
resulting Nusselt-Rayleigh data are plotted in Fig. 4,
with the range of the Rayleigh number extending from
about 3 x 10° to 1.3 x 10% For Ra > 1.4 x 10%, the
data lie on a least-squares straight line

Nu =0.775Ra®2°8, [* =D (11)

virtually without deviation.

It is interesting to see where these results lie with
respect to the totality of the availableinformationin the
present Rayleigh number range for external natural
convection. To this end, Fig. 4 includes the vertical
plate and horizontal cylinder correlations that were
mentioned earlier as well as the correlations for the
sphere [10] and for the up-facing, heated horizontal
plate [11].

All of the cases included in Fig, 4 display a tendency
toward- a flattening of the slope of the Nu, Ra
distribution as the Rayleigh number decreases. At the
upper end of the depicted Rayleigh number range, the
literature correlations tend toward a i-power slope,
whereas the present data display a 0.208-power slope
[equation (11)]. This lesser slope is believed due to a
thickening of the thermal boundary layers on the side
andtopsurfaces of thecylinder due to whatis,ineffect,a
preheating of the air. The preheating occurs when the
air passes over the bottom face of the cylinder before
reaching the side and when it passes over the side en
route to the top face. This effect is also believed to be
responsible, at least in part, for the fact that the present
data lie below that for the vertical plate.

0.52Ra'"? 6]

ol

Ra x 10°°

F1G. 3. Comparison of experimental Nu, Ra data based on Lienhard’s characteristic length (L* = 2D) with
Lienhard’s correlation.
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F1G. 4. Experimental Nu, Ra data based on the characteristic length L* = D and comparisons with literature
correlations.
Choice of comparison cases evaluating the characteristic length for multi-

As a final matter, the selection of the literature
correlations used for comparison with the present data
will be discussed. For the vertical plate, up-facing
horizontal plate, and sphere, there is, for each case, only
one modern correlation, and that one was used here.
For the horizontal cylinder, there are several modern
correlations, so that considerable care was exercised in
the choice of the one used here for comparison
purposes.

To facilitate a rational choice, a set of data for the
horizontal cylinder was obtained using an apparatus
that is described in ref. [12]. These horizontal cylinder
data were collected subsequent to the completion of the
work described in ref. [12], with the experiments being
carried outin the same test environment as employed in
the present experiments, The data obtained are plotted
in Fig. 5, which also shows the modern correlations of
Morgan [9], Churchill and Chu [13], and Fand et al.
[14], with the venerable McAdams correlation [15]
included for perspective. Churchill and Chu actually
give two correlations—the upper of the two curves in
Fig. 5 corresponds to their equation (10) and the lower
to their equation (6). Nu and Ra which appear in this
figure are based on the diameter of the horizontal
cylinder.

Inspection of Fig. 5 shows that the data agree very
well with the Morgan and the Fand correlations. The
Churchill-Chu correlations lie below the data, and
examination of their paper indicates that in the
Rayleigh number range considered, the correlating
lines lie below the data on which they are based.

The foregoing comparisons, plus the fact that the
Morgancorrelation hasasubstantially larger data base
than that of Fand, led to Morgan being chosen. The
McAdams correlation lay well above the data.

5. CONCLUDING REMARKS

The experimental evidence presented here stands in
opposition to the use of King’s rule, equation (1), for

dimensional natural convection problems. In view of
the present findings, its continued citation in textbooks
appears inappropriate.

Lienhard’s prescription for the characteristic length
(the length of travel of the fluid in the boundary layer)
leads to a prediction thatissomewhat closer to the data
than that of King. Overall, however, the gap between
the predicted Nusselt numbers and the experimental
values is too large to encourage acceptance of the
Lienhard prescription as the sought-for link between
multi-dimensional natural convection and the es-
tablished literature correlations.

Thus, neither of the aforementioned proposals
brings the data for the present case into congruence
with predictions obtained from literature correlations
for standard cases. This outcome appears quite
plausible when cognizance is taken of the distinctive
and specific nature of the pattern of fluid flow
associated with the present body or with any multi-

20~

McADAMS [15)

MORGAN [9]

CHURCHILL [13]

FAND [14]

2 1 S DU U A U I 2
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Ra x 107

FiG. 5. Results of supplementary horizontal cylinder
experiments and comparisons with literature correlations.
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dimensional body. These distinctive features may
include one or more zones of flow separation and
buoyant plumes which are spawned by one or more
faces of the body and which may screen another face
from the ambient. The preheating of the fluid which
arrives at a surface of a multi-dimensional body after
passing over other surfaces of the body also affects the
heat transfer characteristics. In view of these factors, it
would appear unlikely that the selection of a single
characteristic length would be sufficient to bring data
from multi-dimensional bodies into congruence with
literature correlations.
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UNE REFUTATION DE LA REGLE DE KING POUR LA CONVYECTION NATURELLE
EXTERNE MULTIDIMENSIONNELLE

Résumé—Desexpériences éprouvent la validité delarégle de King, largement citée, pourévaluer une longueur
caractéristique pour les problémes de convection naturelle externe multidimensionnelle. On vérifie aussi une
régle plus récente proposée par Lienhard. Les deux régles prétendent permettre aux formules d’étre employées
pour prédire la convection naturelle thermique autour de corps complexes. Dans les expériences est utilisé un
cylindre chaud, vertical, de hauteur égale au diamétre, avec la chaleur transférée a 'air ambiant par les trois
faces du corps (sommet, coté et base). L'utilisation de la régle de King conduit 4 40-50 pour cent de
surestimation sur les résultats expérimentaux si bien qu'elle est inappropriée, Bien que la régle de Lienhard
conduisent a des prévisions plus proches des données que celle de King, le niveau daccord ne semble pas
garantir son adoption comme chainon entre la convection naturelle multidimensionnelle et les formules
données dans la littérature.

EINE WIDERLEGUNG DER KING'SCHEN REGEL FUR MEHRDIMENSIONALE
AUSSERE FREIE KONVEKTION

Zusammenfassung—Es wurden Versuche durchgefithrt, um die Giiltigkeit der viel zitierten King’schen Regel
zu priifen, mit der man bei mehrdimensionaler duBerer freier Konvektion die charakteristische Lange
bestimmen kann. Eine etwas neuere Regel von Lienhard wurde ebenfalls Gberpriift. Beide Regeln haben zum
Ziel, die Anwendung {iblicher, einfacher Gleichungen auf die Berechnung der freien Konvektion an
komplexen Korpern zu ermdglichen. Die Versuche wurden an einem vertikalen Zylinder, bei dem
Durchmesser und Hohe gleich waren, durchgefiihrt. Die Wiarme wurde dabei von allen drei Flichen des
Korpers (Oberseite, Mantel und Unterseite) an die umgebende Luft Gbertragen. Die Anwendung der
King’schen Regel fiihrte hierbei zu 40 bis 509 zu hohen Voraussagen gegeniiber den MeBwerten, so daB ihre
fortgesetzte Zitierung in Lehrbiichern nicht gerechtfertigt erscheint. Obgleich die Regel von Lienhard
Voraussagen liefert, dic den Versuchswerten etwas niher kommen, so scheint das AusmaB der
Ubereinstimmung doch nicht dazu zu berechtigen, diese Regel als Bindeglied zwischen der
mehrdimensionalen freien Konvektion und den etablierten Literaturbeziehungen anzusehen.
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OBF HMCHMOJIb30BAHHH TMPABUJIA KHHIA [IJid PACUETA MHOTOMEPHOH
BHEWIHENH ECTECTBEHHOH KOHBEKLIHH

Annoranus—BRINOIHEHB! JKCMEPIMEHTH MO NPOBEPKE COPABELIHBOCTH npasuia Kuura, WHpoko
HCMO1b3YEMOr0 111 OLEHKH XapaKTePHCTHYECKON [UTHHBI B 3adayax € MHOroMepHoii Buewusei
ecTecTBeHHOl KonBexunell. Bri1o nposepeHO Takke RPaBHIO, BuiBeaeHHOEe noiyke Jhnnxapaom. Oda
npaBuia NpenHa3’HayeHsl Q1 NOJyYeHHS CTAHIAPTHBIX H HALEKHLIX COOTHOWEHHIT H HX HCNOIb30-
BaHHSA JUTA PacyeTa TEMIONEPeHOCa ECTECTBEHHOI KOHBeKUnell OT Ten C10KHOIT popMBI. DKCIIEPHMEHTH
NPOBOMILTHCL C HErPeBaEMBbIM BEPTHKAIBLHBIM IILTHHAPOM, ¥ KOTOPOro BHICOTA paBHAIach AHAMETPY.
Tenno oTBOAMTOCH B OKpyxatolliif BO3AYX €O BCEX TpeX €ro noBepxHOCTell (BepxHeii, GOKOBOI H
uinkueil). [Mpabiio Kiura npueoInT K 3aHHXEHHIO PACYCTHBIX JaHHLIX 10 CPABHEHHIO ¢ IKCIIEPHMEH-
TanpHeiMH Ha 40-50%, Tak 4TO ero JanbHeliee WHTHPOBAHHE B y4eOHHKAX KakeTcsd HEUS/IECO-
obpazusin, XoTa nMpasuno JInexapaa MO3BOIKCT NOAYYATH PACYCTHLIC 3HAYEHHS HECKOILKO Gairke K
H3MEPAEMBIM, TEM HE MeHee CTeNeHb COOTBETCTBHA PE3Y/bLTATOB HeAOCTATOYHA 718 PEKOMEHIAUNH
3THX COOTHOLIEHNTT NPH pacieTax MHOTOMEPHOM ecTeCTBeNHO KOHBEKIH.





