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Abstract-The results of a numerical study of laminar, natural convection in a honeycomb wall filled with 
air spaces are presented. The study attempts to compare the honeycomb wall with the conventional wall 
cavity filled with common porous materials. Using discretized forms of the governing differential equations, 
heat transfer data are obtained for two different cavities: square and triangular cross sections, both having 
an aspect ratio of 5 : 1. The data are plotted in the form of Nusselt number vs Rayleigh number. Three 
flow regimes are evident. The effect of rotation of the cavity about its longitudinal axis is examined along 
with the effect of tilting the longitudinal axis above and below the horizontal. The triangular cavity tilted 
with the higher temperature at the upper end is found to have insulation properties comparable with 

conventional wall fillings. 

INTRODUCTION 

INTERNAL temperature control and energy con- 
servation are both important aspects of building 
design, and both are dependent on the heat transfer 
processes which are operative in and on the building 
envelope. In turn, heat transfer rates across the enve- 
lope are determined by the conductive, convective and 
radiative characteristics of the envelope space, as 
defined by its thickness and the arrangements of the 

structural and non-structural elements it contains. 

Heat transfer across wall spaces, floor spaces and 
roof spaces is often the combined result of conduction 
and convection in the cavities and pores of air formed 

by the chosen design ; the space between the inner and 
outer (planar) shells may or may not be subdivided 

by studs or cross pieces ; and it may or may not be 
filled with foamed or granular insulation. Typically, 

the contribution of radiation is small in these spaces 
but the same would not generally be true for fittings 
such as double-glazed windows and skylights; nor 

would it be true for solar collectors. 
Among various strategies to improve the insulating 

properties of envelope cavities is the use of honey- 

combing. This approach has been the subject of much 
attention in the last two decades. Catton [l] sum- 
marized a number of studies dealing with circular, 

hexagonal, square and rectangular honeycombs. Of 
particular importance is the experimental work of 

Cane et al. [2] on square sections, and the related 

study of Arnold et al. [3] on rectangular sections. 
Trefethen and Chung [4] described experiments with 
a Venetian blind geometry and later complemented 
their work with a two-dimensional analysis [5]. At 
about the same time, Eftekhar et al. [6] suggested a 
simplified analytical model for quasi-one-dimensional 
heat conduction through a wall built from square 
honeycomb cavities. 

Very recent work at the University of Alberta has 

also been directed towards the behaviour of honey- 
comb wall spaces. The results of a numerical study of 
the square honeycomb cavity with its longitudinal axis 
horizontal are presented in ref. [7], while the effect of 
inclining the cavity above and below the horizontal is 
described in ref. [8]. 

The present work is a comparative numerical study 
of two honeycomb cross sections: a square and a 
triangle formed by halving the square through the 
diagonal. Previous work on triangular-section cavities 
appears to have been limited to two dimensions [9- 
11]. Here, the analysis is extended to three-dimen- 
sional heat transfer in a cavity with an aspect ratio 
of 5 : 1. The study will be limited to steady, laminar 
conditions in air, and neglects radiation. In addition 
to examining the effect of section geometry, it will give 
consideration to the effects of inclination, both in 
respect to rotation of the cavity about its longitudinal 
axis (here described as roll) and in respect to incli- 
nation of the long axis relative to the horizontal (here 
described as tilt). Comparisons will be made with 
cavities filled with conventional insulating materials. 

FORMULATION 

A rectangular coordinate system was chosen and is 
defined in Fig. 1. For either the square or triangular 

section ; the longitudinal (X) axis is the axis about 
which roll displacements take place. In the con- 
figuration shown, the Y-axis is parallel to the gravi- 
tational acceleration vector and the Z-axis is then the 
tilt axis. In general, the tilt axis is always normal to 
the roll axis but the plane containing them both will 
not always be horizontal. For ease of reference, the tilt 
and roll angles were measured as follows. Tilt (tl) was 
taken with respect to a horizontal roll axis, positive 
angles indicating that the hotter end of the cavity 
(X = 0) is the lower end. Roll (y) was taken with 
respect to a horizontal diagonal, with the vertex being 
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NOMENCLATURE 

A end area [m’] Greek symbols 
D cavity width [m] 

9 gravitational acceleration ; 

tilt angle 
thermal expansion coefficient [Km ‘1 

[m ss*] 7 roll angle 

k thermal conductivity Ic thermal diffusivity [m’ s- ‘1 

[W mm’ K-‘1 V momentum diffusivity [m’ s- ‘1 

L cavity length [m] P density [kg m ‘1 

NU Nusselt number 4 normalized temperature. 

; 

absolute pressure [Pa] 
heat flux [W] Subscripts 

Ra Rayleigh number eff effective 

T absolute temperature [K] H, C, m hot, cold and central planes, 

U, V, W velocities in the X-, Y-, Z-direction, respectively 

respectively x, y, z differentiation with respect to x, y, Z, 

X, Y, 2 rectangular coordinates. respectively. 

above for a triangular section ; symmetry then dictates 
that equal positive and negative roll angles produce 
the same effect. 

As indicated in Fig. 1, the aspect ratio of the cavity 
is L/D which was fixed at 5 : 1 for all the results pre- 
sented. The triangular section is seen to be right- 
angled with the short sides being equal to each other 
and to the square side. These geometrical charac- 
teristics were believed to be suitable for the main pur- 
pose of the study and provided useful comparisons 

with other work. 
Buoyant flow within the cavity is governed by the 

differential equations of motion, continuity and 
energy. These may be written in their primitive form 
using the Cartesian coordinate system. Following the 
introduction of non-dimensional variables they 

become 

FIG. 1. Coordinate system. 

in which 

x = X/L, y = Y/D, z = Z/D 

u = DUILJF, v = v/,/F, w = w/,/F 

where F = /$q(T, - T,,,)D, /J’ is the coefficient of expan- 
sion for air, 9 the gravitational acceleration, TH the 
temperature of the hotter end wall and T,,, the wall 
temperature in the central plane X = L/2. The press- 
ure and temperature are rendered non-dimensional 

by 

p=P/pF and $=TT” 
Tn - T, 

The Prandtl number, Pr = V/K, is here fixed at 
Pr = 0.71. The walls of the cavity were taken to be 
rigid and impermeable. Hence the hydrodynamic 
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boundary conditions on equations (1) are u = u = 
w = 0 on all bounding surfaces. The end walls were 

taken as isothermal ; that is 

4(O,Y,Z) = 1 

4(l,y,z) = -1. 

For the long walls, two separate thermal conditions 
seem appropriate to a honeycomb cavity: a linear 
temperature distribution 4 = 1-2.x simulating a per- 
fectly conducting wall; and an adiabatic condition 
simulating a non-conducting wall. In practice, the role 
of conduction in the wall would depend principally 
on the ratio (rx) of the wall conductivity and the 
fluid (air) conductivity. As r,: + co, the linear wall 
temperature condition is approached, while as rf + 0, 

the adiabatic condition prevails. Most of the results 
presented here have been obtained with a linear wall 
temperature distribution. 

The equations were discretized and solved using 
the finite difference algorithm of Patankar [12] in the 
SIMPLE-C version suggested by Van Doormaal and 
Raithby [13]. Iteration was continued until a con- 
vergence criterion had been satisfied. This consisted 
of the requirement that successive averaged values of 
the dependent variables agree to within 1% ; agree- 

ment was frequently better than this. 

Typically, a run would require no more than 100 
iterations using a 5 1 x 13 x 13 mesh. The initial fields 
were taken as zero, nominally, although a few runs 
were repeated with other initial conditions to confirm 
that the solution was unique. 

As a matter of convenience, the nodal networks 
used for the square and triangular sections were ident- 
ical. This choice followed a variety of numerical exper- 
iments including alignment of the coordinate system 
with the diagonal. Although the sawtooth boundary 
representing the diagonal introduces some error, its 
effect on the diagonal heat flux distribution was found 
to be minor. The triangular section results were thus 
obtained by suppressing all velocity and temperature 
variations on one side of the diagonal. This was done 
using a large source in each of the nodal equations to 
be eliminated. 

Before the data proper were generated the pro- 
gramme was validated and the accuracy estimated. 
Validation was undertaken both qualitatively and 
quantitatively, the former consisting of replication of 
established two-dimensional secondary and tertiary 
behaviour [14, 151. Quantitative comparisons were 
also made with the Nusselt numbers generated in the 
related three-dimensional study of Mallinson and de 
Vahl Davis [ 161. Based upon these validation studies, 
and a comparison of additional current data obtained 
with 51x11~11, 61x13~13 and 71x15~15 net- 
works, it is estimated that the Nusselt numbers pre- 
sented have an accuracy of about 5%. 

RESULTS AND DISCUSSION 

Recent work [7, 171 has revealed the basic flow 
pattern in a slender horizontal cavity exposed to 

different end temperatures. This consists of a simple 
primary loop upon which is superimposed a sec- 

ondary circulation induced by lateral temperature 

gradients. It is to be expected that the precise details 
of the flow would depend upon the temperature dis- 
tribution over the long surfaces and, for a non-circular 
cross section, upon the geometry and roll angle of the 
cavity. 

Figure 2 shows the two-filament primary flow in 

the horizontal square-section cavity when y = 7c/4, 
Ra = 105, and the wall temperature varies linearly. 
This longitudinal velocity profile is seen to take its 
familiar S-shape which is only slightly modified by the 
side walls. The form is preserved in tilted cavities 
provided they are not too close to the vertical [8, 181. 
The corresponding secondary flow is revealed through 
the transverse velocity field on selected planes in 
Fig. 3. The bar on the left-hand side indicates the 
non-dimensional velocity scale. In the central plane 
(x = 0.5), the anticipated two-fold symmetry is evi- 
dent in a pair of vortex pairs. The symmetry about 
the vertical mid-plane is retained as the cavity end is 
approached but the vortex pairs become increasingly 
unequal until they are replaced by the refluent end 
flow. At this Rayleigh number, the end flow is re- 
stricted to a region extending about half the cavity 

width from the end. 
The effect of rolling the cavity about its longitudinal 

axis is indicated in Fig. 4 which, together with the 
bottom right-hand diagram of Fig. 3, shows the trans- 
verse velocity field in the central plane. As expected, 
the flow pattern exhibits a two-fold symmetry for the 
limiting roll angles of y = 0 and 7[/4. Between these 
limits the four vortices must somehow find accom- 
modation with the ‘unsymmetric’ section geometry. 
The intermediate roll angles chosen here provide a 
representative illustration of the flow adjustment. 

A similar study was undertaken for the triangular 

cross section with the longitudinal axis again being 

horizontal and the Rayleigh number remaining at 105. 
Figure 5 illustrates the primary flow when the diag- 
onal is horizontal. As indicated, the opposed filaments 
adjust their cross-sectional area to fit the triangular 
geometry and reach very close to the end before the 
turn begins. The accompanying secondary flow is 
shown in Fig. 6 which reveals how the two vortex pairs 
adjust to the non-rectangular geometry and vanish in 
the end region. Again the bar on the left-hand side 
indicates the non-dimensional velocity scale. Under 
these conditions, the basic elements of the flow pattern 
previously observed are preserved; only the details 
are altered to fit the section geometry. 

Rolling the triangular section about the longi- 
tudinal (horizontal) axis produced the mid-plane 
results shown in Figs. 6(d), 7(a) and (b) for Ra = 10’. 
As expected, the transverse field exhibits symmetry 
about the mid-plane passing through the vertex when 
y = 0 or 7cj2. However, the flow patterns at these limit- 
ing roll angles are substantially different. It is clear 
that the diagonal, as the longest side, plays a sig- 
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x=0.06 x=0.1 x=0.2 x=0.5 

FIG. 2. Primary flow in a horizontal square section cavity viewed from below : Ra = IO’. 

nificant part. When the diagonal is horizontal, the 

flow adjacent to it is very weak and the effect of 
vertical motion is felt mainly along the shorter sides. 
A vertical diagonal evidently creates a very different 
situation in which a stronger vertical motion fills the 

entire cross section. 
The intermediate roll angle y = 7r/4 creates a par- 

ticularly interesting result which is also shown in Fig. 
7. For the higher Rayleigh number of 106, four 
unequal vortices are evident, each adjusting to the 
shape of its neighbours and the local wall geometry ; 
this is shown in Fig. 7(d). However, for Ra = lo4 the 
interplay of internal boundaries produces an alter- 

ation in the flow pattern, as indicated in Fig. 7(c). In 
the region originally common to the top vortices and 
the lower right vortex, the velocity vectors have 
become mutually reinforcing and have generated 
a strong field moving up left. On the other hand, 
the region common to the bottom vortices and the 
upper left vortex has been occupied by a strong field 
moving down right. That is, the vortices originally 
positioned top left and bottom right in Fig. 7(d) have 
almost merged into a single counterclockwise vortex 
separating unequal, and weaker, clockwise vortices 
positioned up right and down left. This behaviour 
suggests that other cavity geometries may, by virtue 

FIG. 3. Secondary flow in a horizontal square section cavity : Ra = 10’. 
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FIG. 4. 

y=25O 

Effect of roll on secondary flow in the central plane of a horizontal, square section cavity : Ra = 105. 

of their shape and orientation, produce departures 
from the basic four vortex flow pattern, depending 

upon the Rayleigh number. 

Heat transfer characteristics 
The rate of heat transfer through a cavity may be 

defined in several ways the most appropriate of which, 

for present purposes, is to base it on the end walls. 
Accordingly, the Nusselt number of the cavity has 
been defined by 

QL 
N” = A(T, - T,)k 

in which Q is the heat flux over the end wall, k the 

thermal conductivity of air and A the area of the 
end wall (D2 and D2/2 for the square and triangular 
sections, respectively). In general, Nu will be a func- 
tion of the cavity geometry and orientation. It will 
also depend upon the Rayleigh number, defined by 

Ra = MT, - TcP3 
VK 

where v and K are the momentum diffusivity and ther- 
mal diffusivity, respectively. A representative indi- 
cation of this dependency is shown by the open sym- 
bols in Fig. 8 for square and triangular cavities lying 
horizontally. It is evident that when Ra 6 lo4 the 
systems behave essentially as pure air conductors, in 

x=0.06 x=0.1 x=0.5 

FIG. 5. Primary flow in a horizontal, triangular section cavity viewed from below : Ra = 10’. 
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x=0.06 

FIG. 6. Secondary flow in a horizontal, triangular section cavity : Ra = 10’. 

which condition they would be effective insulators. It 
is also clear that as Ra increases beyond IO4 the 
growth of convection increases the heat transfer rate, 
first steeply and subsequently with less effect. For 
Rayleigh numbers in excess of 106, it appears that a 
boundary layer type of flow may exist around the walls 

of the cavity with velocity and temperature gradients 
in the central core region being relatively small. As Ra 

falls below 106, the boundary layers evidently giow 
to fill the cavity thus leading to an ‘impeded’ regime 
in which interference between the outer and inner 
flows creates comparable lateral gradients in both. 
The corresponding reduction in heat transfer rate 
eventually leads to the conduction regime in which, 
although convection does not cease entirely, the tem- 
perature field does cease to be dependent on it. From 
the point of view of thermal insulation, this is the 
preferred regime. Its upper limit is a function of system 

parameters and is discussed at length below. 
Heat transfer data for the square cavity with a 

linearly varying wall temperature are displayed in 
Figs. 9 and 10. In Fig. 9, the square section data 
presented in Fig. 8 are combined with data for a roll 
angle of 45”, both sets of data being for a horizontal 
cavity. Bearing in mind that y = n/4 corresponds to 
an extremum, it is clear that the effect of roll on 
heat transfer is very small. In the interest of clarity, 
intermediate data obtained for other roll angles have 
not been plotted. 

Figure 10 shows the effect of tilt on heat transfer 
for the roll which displayed the lowest rates, i.e. 
11 = n/4. As indicated, a family of curves is generated 
with tilt angles above and below zero. The highest tilt 
angles reveal a gradual transition to a boundary layer 

type of flow even when Ra = 105, whereas the lower 
angles barely exhibit entry into the impeded regime. 
It is evident that large negative tilt angles are associ- 
ated with effective insulation characteristics, at least 
for Ra 6 105. 

The open symbols in Fig. 8 suggest that the tri- 
angular section creates a less effective heat transfer 
system than the square section when the comparison 
is based on a Rayleigh number using the short side 
dimension D. Also shown in Fig. 8 (solid symbols) 
are the same triangular data based upon the hydraulic 
mean diameter D/(42/2+ 1). The two sets of data 
may thus be brought into closer alignment. However, 
such a re-definition does not completely eliminate 
effects caused by an altered flow area or flow pattern 
which, as noted earlier, may be substantial. Conse- 
quently, the dimension D has been used consistently 
in all the heat transfer comparisons discussed below. 

Figure 11 shows corresponding heat transfer data 
for a horizontal, triangular section at various roll 
angles. As might be expected, the geometrical effect is 
greater than that evident in Fig. 9 for the square 
section. The orientation of the longest side, the diag- 
onal, is evidently important ; maximum heat transfer 
occurs when the diagonal is vertical while a horizontal 
diagonal corresponds to a minimum. This reflects the 
importance of secondary motion on heat transfer rate. 
The horizontal diagonal is particularly conducive to 
insulating behaviour. 

The effect of tilt on heat transfer rate in a triangular 
section is shown in Fig. 12 with the roll angle being 
that which produced minimum heat transfer behav- 
iour in the horizontal position. Once again, variations 
in the tilt angle produced a family of curves in which 
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Ra= 1 O5 

(W 

FIG. 7. Effect of roll on secondary flow in the central plan of a horizontal, triangular section cavity: 
Ra = 105. 

only the lowest remain close to the conduction regime. 

As with the square section, the triangular section tilted 
at large negative angles is an effective insulator for 
Ra < 105. 

Finally, the effect of the long wall boundary con- 
dition was explored by replacing rk = cc with rk = 0, 
i.e. using an adiabatic condition. The results generated 
have a lower accuracy (e.g. 10%) but serve well to 
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illustrate the general trend. In Fig. 13, for example, 
the heat transfer data for the two extreme values of r, 
indicate that the thermal conductivity of the wall will 
play an important role in a square section cavity which 
is aligned horizontally or with a positive tilt. Equally 
clear is the reduction of this effect when the tilt is 
made increasingly negative. In Fig. 14, which shows 
corresponding data for the triangular section cavity, 
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FIG. 9. Effect of roll on heat transfer : square section. FIG. 8. Effect of Rayleigh number on heat transfer. 
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FIG. 10. Effect of tilt on heat transfer: square section FIG. 13. Effect of wall conductivity on heat transfer in a 
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FIG. 11. Effect of roll on heat transfer : triangular section. 
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log Ra 

FIG. 12. Effect of tilt on heat transfer: triangular section. 

the effect is even more pronounced. For both cavity 
geometries, the precise boundary condition is seen to 
be unimportant under the desirable design condition 
of large negative tilt. 

Comparison with conventional insulation 
Figure 15 offers a comparison of the insulation combing. Such a feature in fact applies to any con- 

characteristics of typical insulators [ 191 with the most ductor inclined relative to the containing wall normal 
effective system found in the present investigation. because the path length is then increased and the 
The effective conductivities /z,~ in this figure are based effective cavity cross section is reduced, but this 
on the area which an inclined honeycomb cavity pro- reduction only applies if no heat flows laterally 
jects on the containing walls. This definition intro- between the cavities. This tilting attenuation is not 
duces the paradox of conductivities lower than that possible in insulation fillings which are essentially 

of pure air, a feature resulting from tilted honey- isotropic. 
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FIG. 14. Effect of wall conductivity on heat transfer in a 
triangular section cavity. 
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FIG. 15. Comparison of conductivities. 
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As indicated, the negatively-tilted cavity has a 
theoretical performance which is much better than 

that of representative conventional fillings. In prac- 
tice, however, the honeycomb matrix would likely 
yield a higher conductivity because of lateral con- 
duction ; its performance would probably be closer to 
that of quiescent air. 
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1. 

2. 

CONCLUSIONS 3. 

The paper presents the results of a numerical study 
of flow and heat transfer in honeycomb wall spaces, 
the principal objective being an assessment of thermal 
insulating effectiveness. Using the discretized forms 

of the differential equations governing motion, con- 
tinuity and energy, a finite-difference algorithm was 
employed in the development of numerical solutions 
for a slender cavity filled with air under steady, lami- 
nar conditions. No attempt was made to include the 
effects of radiation or leakage. 

4. 

5. 

6. 

Exploration of the effect of the Rayleigh number 
on heat transfer indicated three regimes. For high 
Rayleigh numbers, i.e. Ra > 106, the NM N Ra rela- 
tion suggested a boundary layer regime which grad- 
ually merged with an impeded regime as the Rayleigh 
number was reduced and the boundary layer filled 
the cavity. At much lower Rayleigh numbers, i.e. 
Ra 6 IO“, the impeded regime degenerated into a 
conduction regime in which the velocity field had a 
negligible effect on the temperature field. 

I. 

8. 

9. 

Two particular section geometries were studied- 
the square and the triangle. With the cavity horizontal, 
the effect of roll about the horizontal axis was found 
to be negligible for the square section and moderate 
for the triangular section. For the latter, the minimum 
heat transfer curve corresponded to the hypotenuse 
(diagonal) being horizontal, while for the former the 
minimum occurred with the diagonal at 45”. 

10. 

11. 

12. 

13. 

Tilt of the cavity longitudinal axis relative to 
the horizontal produced much greater changes in 
heat transfer rate for tilt angles in the range 
-60” < c( < 60”. As anticipated, heat transfer rates 
increased with increasing tilt angle. Conversely, heat 
transfer rates decreased substantially with increas- 
ingly negative tilt angles. As y -+ n/4, the system 
approaches a one-dimensional, purely conductive 
state when the linear (rL = m) and adiabatic (rk = 0) 
boundary conditions coincide. This tendency was 
observed. 

14. 

15. 

16. 

17. 

A comparison between conventional insulating fill- 
ings and the best insulating performance observed 
in this study suggests that honeycombing is a very 
effective thermal strategy. Production problems and 
the associated economics of manufacturing are 
beyond this paper, but should they not introduce any 
barriers the honeycomb wall may provide useful solu- 
tions to a variety of thermal and structural problems. 

18. 

19. 
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CONVECTION NATURELLE DANS LES ESPACES DE PAR01 A NIDS D’ABEILLE 

Rbume~On presente les resultats d’une etude numerique de convection naturelle laminaire dans une paroi 
a nids d’abeille remplie d’air. On veut comparer cette paroi avec la paroi conventionnelle a cavite remplie 
de materiau poreux. En utilisant les formes discrttistes des equations aux dtrivees partielles, on obtient 
des resultats sur le transfert de chaleur pour deux cavites differentes : sections droites carrte et triangulaire, 
ayant toutes deux un rapport de forme de 5 : 1. On presente le nombre de NUSSELT en fonction du 
nombre de REYNOLDS. Trois regimes d’ecoulement sont evidents. L’effet de rotation de la cavite autour 
de son axe longitudinal est examine, avec I’effet d’inclinaison de cet axe au dessus ou au dessous de 
l’horizontale. La cavite triangulaire inclinee, avec la temperature la plus elevte a I’extremite superieure 

presente des proprietts d’isolation comparable aux remplissages des parois conventionnelles. 

NATURLICHE KONVEKTION IN EINER WAND MIT WABENSTRUKTUR 

Zusammenfassung-Es werden die Ergebnisse einer numerischen Untersuchung der laminaren natiirlichen 
Konvektion in einer Wand mit Wabenstruktur vorgestellt. Dabei wird versucht, eine herkiimmliche Wand, 
bei der Hohlraume mit poriisem Material aufgefiillt sind, mit einer Wand ohne Hohlraumfiillung zu 
vergleichen. Durch numerische Liisung der diskretisierten Differentialgleichungen wird der Warme- 
transport fur quadratische und dreieckige Wabenquerschnitte bestimmt. In beiden Fallen wird ein Sei- 
tenverhaltnis von 5: I angenommen. Die Eraebnisse werden als Nusselt-Zahl iiber der Ravleiah-Zahl 
dargestellt. Dabei werden-drei Striimungsformen erkennbar. Es werden die Einfltisse der Drehmrg der 
Hohlraume urn die Langsachse sowie der Neigung der Langsachse untersucht. Im Falle eines dreieckigen 
Hohlraums, bei dem sich die warme Seite oben befindet, ergeben sich vergleichbare Wlrme- 

dammeigenschaften wie bei einer herkiimmlich gefiillten Wand. 

ECTECTBEHHAX KOHBEKHMX B I-IYCTOTAX CTEHKM, M3FOTOBJIEHHOR M3 
COTOBOI-0 MATEPHAJIA 

AlluoTaqHPnpeACTaBneHbI pe3yJIbTaTbl %iCneHHOrO mxneAoBaHar nah4tiHapHoii eCTeCTBeHHOii KOH- 

BeKlJkiH B XOHetiKOM60BOfi CTeHKeC3BIlOJIHeHHbIMN BOJA,‘XOM COTBMH.f@2IIpHHRTaIIOIIblTKaCpBBHe- 

HI,,, XOH&KOM6OBO~ CTeHKH C 06bNHOji nOJIOCTblO, 3allOJIHeHHOi-i IlOpHCTblM BelWCTBOM. c 

AC"O,Ib30BBHBeM AHCKpeTHbIX +OpM OnpeAeJlKIo"JHX &@Z~HUHBJbHblX PBBHeHHfi ITOJI~eHbl 

AaHHbIe ILO TetLllOtle~HOCy JUIBnByX pa3JttiVHbIX IlOJIJIOCTeii,a BMCHHO,C KBWpBTHbIM HTpejTOJIbtibIM 

"O,Iepe'IHbIMH Ce9eHBKM11, 0THO"IeHHR CTOpOH KOTOpbIX paBHb1 5: 1. ABHHbIe npUWTBBJ7eHbI B BHAe 

rpac$E,KOB 3aBHCAMOCTH 'WC,Ia HyCCUIbTa OT YllCJla P3JIeK.&MeYeHbI TpII pextuMa TeSeHHB. kfCCneAO- 

BaHbl 3@$eKTbI BpalueHHK nOJB,CTH OTHOCHTeJlbHO W IIpOnOJlbHOii OCH, a TBK;Ke HBKnOHa yKa3aHHOii 

OCU BBepX B BHB3 OT rOpH30HTBJlH. Hafineno, 'iT0 H30JUUJUOHHbIe CBOiiCTBa HaKnOHHOi Tpe~OJIbHOi-4 

nonoCTTB C 6onee BbICOKOfi TeMllepaTypOti y BepXHWO KOHIW CO”OCTaBHMbI CO CJIy’EleM CTeHOK C o6t.m- 
nbrhin nanonmirennMn. 


