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Abstract— The average heat transfer coefficient of a surface can be increased by adding turbulence pro-
moters. Use of such devices produces a non-uniform distribution of heat transfer coefficient over the surface.
Consequently factors affecting the ease with which heat can reach the areas of high heat transfer coefficient
will affect the distribution of surface temperature; examples are the thickness and thermal conductivity of
the material forming the surface and the method of heat input. Using a computer program to solve the heat
conduction equation the magnitude of these effects has been assessed for some surfaces having transverse
ribs. The results show that the performance of geometrically identical surfaces, as judged by, say, the peak
surface temperature, may differ significantly. The implication is that such factors must be taken into
account when, for example, experimental data obtained for a ribbed surface on a thick walled aluminium
can are used to predict the peak surface temperature in a reactor of a geometrically similar surface on a
thin walled can made of stainless steel.

NOMENCLATURE

c,c;orc{R/ro, Z/ry), increase of the can to
coolant temperature difference rela-
tive to that for a surface of infinite
thermal conductivity, equation (9);

e, rib height [m];

for f(R,Z), distribution of heat transfer
coefficient;

F, denotes an unknown function;

h,, base value of heat transfer co-
efficient distribution [W/m? °C];

heyps apparent experimental value of heat
transfer coefficient, equations (10)
and (14) [W/m? °C];

hy,, average heat transfer coefficient for
a surface,equation (1) [W/m?°C];

h,, definition of average heat transfer

coefficient used in practice, equa-
tion (2) [W/m? °C];
159

Js

=1 denotes input of heat by con-
duction;

=2 denotes input of heat by elec-
trical generation;

thermal conductivity of the can
wall material [W/m °C];

normal to the surface;

rib pitch, equal to 7e in the cal-
culations [m];

Pm),m = 1,2,...5  parameters in the cor-

Pr,
q,

Qs

i

ro,

relations;

Prandtl number;

heat flux, defined by equation (15)
[W/m?];

total heat input per unit length of the
can by method j [W/m?];

inner radius of can wall [m];
outer, or rib root radius, of can wall
[m];

coordinate [m];
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Re, Reynolds number;

s(R,Z), heatgeneration rate per unit volume
[W/m®];

Stevps experimental value of Stanton
number, equation (11);

St, Stanton number based on h,,;

ro—r; can wall thickness [m];

T, temperature [°C];

bulk coolant temperature [°C];
wall temperature at mid point
between ribs in experiment [°C];
T;or T;(R,Z), temperature at (R,Z) for Q;

[°Cl;

T,, average wall temperature [°C];

U, =efry;

V, =7, hp/k R

w, width of rib, equal to e in the cal-
culations [m];

X’ = rO hexp/k ,

Y, = tfe;

Z, coordinate [m];

oT, value of AT, for a material of infinite
thermal conductivity [°C];

AT;, defined by equation (5) [°C].

INTRODUCTION

THE IMPROVEMENT in heat transfer performance
obtained by adding transverse ribs of square
cross section to a smooth cylindrical surface has
led to the consideration of such ribbed surfaces
for use in Advance Gas Cooled Reactors. A wide
variety of ribbed surfaces has been studied
experimentally, e.g. Wilkie [ 1], so that the opti-
mum rib configuration may be determined.
However, different experimental techniques have
been used, e.g. Wilkie [1] and White [2], and in
some cases significantly different results have
been obtained for geometrically similar surfaces.
The experimental techniques commonly used
are to manufacture the heat transfer surface
either from stainless steel and heat it by the
passage of an electric current, or from aluminium
and input the heat by conduction to the inner
surface. In the reactor the surface would be made
from stainless steel and the heat input by con-
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duction and radiation from the nuclear fuel. The
possibility that the different experimental tech-
niques might account for the apparent variations
in performance led to the series of calculations
presented in this paper. The implications for
predicting peak surface temperature in a reactor
from experimental data are also discussed.

DESCRIPTION OF MODEL

The heat transfer surfaces considered are
formed by adding transverse ribs of square cross
section to a smooth circular cylinder. The flow
of coolant is along the cylinder so that (R, 0, Z)
cylindrical polar coordinates are appropriate
and the problem is independent of 6. The rib
height, width and pitch are denoted by e, w and p
respectively. Attention is restricted to the par-
ticular values p/e = 7-0 and w/e = 1-0 which are
relevant to the AGR. The outer radius, inner
radius and thickness of the cylinder are denoted
by r,, r; and t respectively. Typical values for
e, w, p and ry are 0-28, 0-28, 2-03 and 7-62 mm
respectively.

The distribution of heat transfer coefficient
over a ribbed surface has been estimated by
Kattchee and Mackewicz [3] using a mass
transfer technique; it may be written h, . f(R, Z)
where h, is a base value of the distribution and
f(R, Z) is a dimensionless shape function. The
base value h, used by Kattchee and Mackewicz
is the heat transfer coefficient of the smooth
surface. It was selected by them because the
surface studied had both smooth and ribbed
sections so the level of the local ribbed surface
heat transfer coefficient relative to the smooth
value for the same coolant flow rate was immedi-
ately available. However, this link with the
smooth surface is only an incidental feature of
the calculations.

The distribution f(R, Z) has no features, such
as symmetry about some plane Z = constant,
which lead to an obvious choice of surface
length in the calculations. Since some limit must
be introduced a distance equal to two rib pitches
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F1G. 1. Model used for the heat conduction calculations,

is considered, Fig. 1, and the, possibly incorrect,
boundary condition 6T/Z = 0 applied when
Z =0 and Z = 2p = 14e. The importance of
this assumption will be discussed later. The
boundary condition at R = r, willbe dT/6R = 0
if heat is generated in the can wall and ribs, but
will be non-zero if the input of heat is by con-
duction.

The HEATRAN computer program, Collier
[4], can be used to solve the heat conduction
problems presented in Fig. 1 for different dis-
tributions of the volume generation of heat,
S(R, Z), in the can wall and ribs. The program
requires a subdivision into triangles of the area
in which heat conduction takes place. Figure 2
shows a typical distribution of nodal points and
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F1G. 2. Typical distribution of nodes and associated triangles.
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connections used in the calculations. If, for
example, the value of r, =r, — 2¢ is under
consideration then the nodes having R < r, — 2e
would not be used. The computer program
requires a constant heat transfer coefficient
on any side of a triangle forming part of the
boundary. To meet this requirement the heat
transfer coefficient distribution measured by
Kattchee and Mackewicz [3] has been simpli-
fied to that shown in Fig. 3.
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definition of average heat transfer coefficient
given by equation (1) is not the one most
commonly used. In practice the surface area of
the ribs is ignored when calculating fda and
the area under the rib at the rib root radius, r,,
included. Thus the average used in practice, h,
is given by

h, = . gﬂch hy. f(R, Z)da/2nr,p 2
= h, (1 + e[2r, + w + €]/rop). 3)

Boundary condition number
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Fi1G. 3. Distribution of ribbed surface heat transfer coefficient.

The average heat transfer coefficient, h,,, can
be calculated from
hy,= [ hy.f(R,Z)da/

av
rib pitch

| da 1)

rib pitch

where da is an element of surface area. This is
also the heat transfer coefficient which a surface
made of infinite conducting material will appear
to have, no matter where the temperature is
measured, because all parts of the surface will
be at the same temperature. However, the

For the particular surfaces under consideration
w = e and p = 7e giving

= h, (1 + 2 + 2¢/Tr,). 4)

The values of &, and h,, vary slightly with e/r,
over the range of interest as shown in Table 1.

When the input of heat is solely by conduction
to the inner surface of a can the volume genera-
tion of heat in the can wall and ribs, s(R, Z), will
be zero. However, when the can is heated by
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Table 1
£ by hy
o h, By
0020 2-302 2:973
0035 2-305 2-987
0050 2-309 3-002
0-065 2312 3016

passing an electric current through it (R, Z) will
be non-zero and also non-uniform. The equa-
tions of heat conduction and electrical conduc-
tion are identical so the HEATRAN program can
be used to solve the electrical conduction problem
first and from the distribution of electrical
potential the variations in heat generation for
the heat conduction calculation may be deter-
mined. In the electrical conduction calculations
a given potential drop per rib pitch is assumed.
Thus the boundary conditions are T = 0 when
Z =0,T =100(say)whenZ = 2p,and 0T /on=
0 over ribbed surface and when R =r;. An
example of the distribution of heat generation
obtained is given in Fig. 4; the numbers show
the ratio of the local volume generation of heat
relative to that which would arise if the ribs were
not present.
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DIMENSIONAL ANALYSIS OF THE MODEL

Let Q; denote the total heat input per unit
length of the surface with j = 1 indicating that
the heat input is by conduction at r = r; and
j = 2 indicating internal electrical generation
in the can wall and ribs. The temperature in the
can at the point (R, Z) is denoted by T(R, Z)
and T, is the bulk coolant temperature (assumed
constant over the short distance of two rib
pitches). Defining

AT, = Tj(R,2) - T,
we may write
ATj = F(f’Qj’Razaro ’eyw7patahp5k) (6)

where F denotes an unknown function and k is
the thermal conductivity of the material forming
the surface. Dimensional analysis using dimen-
sions of heat, length, time and temperature
simplifies equation (6) to

[AT;.ro. h,/Q;] = F(f.[R/re],[Z/r,],
[e/ro], [wie], [p/e}. [t/e], [, - h,. /k]). )

Note that the same indicial equations are
obtained for the dimensions of heat and time
so the 11 independent variables combine to form
8 dimensionless groups. If the heat transfer
surface could be constructed from material

&)
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F1G. 4. Distribution of heat generation in a can having transverse ribs; e/r, =
0-035, tfe = 1-0.
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having an infinite thermal conductivity then
all parts of the surface would be at the same
temperature; in particular [r,.h/k] would be
zero and AT; would be independent of t,R,Z
and the method of heat input. Denoting this
value of AT; by 6T we have

[6T .ro. hy/Q;]1 = F(f, [e/ro]. [w/el, [p/e]). (8)

Because the 0T values are independent of
experimental technique they form a useful base
for comparing the effects of [r, . h,/k], [¢/e] and
method of heat input at various points in the
can wall or on the heat transfer surface. The
results of the HEATRAN calculations will be
presented in terms of the quantity c{R/ro, Z/r)
defined by

¢j(Rfro, Z/ry) = (AT, — 0T)/oT. )]

Thus c;(R/ry, Z/ry) gives the increase of the
local can to coolant temperature difference
relative to that obtained for a surface of infinite
thermal conductivity. Note that the “apparent”
experimental value of the average heat transfer
coefficient will depend upon the position at
which the temperature is measured. Thus

hexp(R/rO’ Zfrg) = hp/[l + Cj(R/rO’ Z/"o)]

and
St p(R/1o, Z[ry) = St /[1 + ¢j(R/ry, Z/ry)] (11)

where Stp is the Stanton Number based on hp.

(10)
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RESULTS
Thin cans, heat input by conduction

The calculations for thin walled cans with
heat input by conduction to the inner surface
are relevant to an AGR. The thermal conduc-
tivity of the nuclear fuel is usually an order of
magnitude less than that of the stainless steel
can, so the contribution of the fuel to the flow
of heat in the Z direction is ignored. Figure 5
shows the distribution of 100c¢,(R/r,, Z/r,)
obtained for the particular case of e/r, = 0-035,
tle = 1'5 and roh,/k = 21 (or rohy/k = 0-7). Tt
can be seen that the hottest point on the heat
transfer surface is about one rib height upstream
of the mid-rib position. The peak surface tem-
perature is important in reactor assessments
because it affects can endurance and reflects
through to the peak fuel temperature. Although
in the particular example shown the peak
outside surface temperature is not associated
with the peak on the inside surface it is thought
reasonable to present information for the peak
outside surface temperature for can endurance
calculations and use a uniform temperature rise
through the can wall to give a slightly pessimistic
peak fuel temperature.

On completion of the calculations it was
found that a plot of ¢, at one rib height upstream
of the mid-rib position against the group
(h, e2/kt) = (h,ro/k) (e/ro) (e/t) for various e/t

Flow of

coolant
rnte -llz 5 —_— —IG-IO
[ +056 —<|s'e —9'8
I 3]5 9-[9 IO|7 9-|9 9|3 8]-2 I-IO
7y -05e 9|-3 12| | 135 I3>|-3 |2l & it-4 7|~5
rnL-e I3|~8 I5I-3 IG:B 168 I6|-2 ISiO 12l4
n-15e 178 189 204 2(I)o 200 18-9 165

FIG. 5. Distribution of 100 ¢,(R/re, Z/ro) for e/r, = 0-:035, t/e = 1'5 and ro.h,/k = 2:1.
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Fi1G. 6. Variation of 100.c on the surface 2e¢ downstream of

arib for j = 1, i.e. heat input by conduction.

was not sensitive to e/r,. Figure 6 shows the
calculated results in this form for 0-020 < e/r, <
0-050, 1-0 < t/e < 20 and 00 < h,ry/k < 211
(or 00 < h,ro/k < 0-7). The results have been
correlated in terms of r, h,/k and are represented
to within 0-001 by the following equation.

4 w/es |0
pre =70
t/e =80

100 ¢

temperature difference,
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¢ =U.V[P(l) + PQU + PRV + P&U . V]

x [1+PB)Y 2] (12
where P(1) = 156:08 Y=tle
P2)= 5764 U=efr,
P33 = -229 V =ryh,k
P(4) = —226:05
P(5) = 0-16288.

Thick cans, heat input by conduction

Thick walled cans made of aluminium have
been used by several experimenters studying
the behaviour of ribbed surfaces, e.g. Wilkie [1].
Input of heat to these surfaces has been effected
by using an internal heater bar. The thermal
conductivity of aluminium is an order of
magnitude greater than that of stainless steel
so the values of ryh,/k may be significantly
different from the reactor. In fact the range
covered in Wilkie’s experiments is 0-0 < roh,/k
< 012 (or 0-0 < ryhy/k < 0-04). The thick walls
of the aluminium cans also contribute signifi-
cantly to the reduction of temperature differences
in the can wall, but the calculated effects for
t/e > 80 were found to be the same as those
for t/e = 8:0. Consequently the investigation

e

0-05

002

Percentage increase of can to coolant

1
o o015

030 0-45

1y by /K

FIG. 7. Variation of 100.c on the surface at the mid rib position for j = 1, i.e.
heat input by conduction.
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was restricted to the one value of t/e = 80 as
opposed to the range 104 < t/e < 31-5 covered
in the experiments. The results shown in Fig. 7
are for the point on the surface midway between
two ribs. This point was selected, rather than
the point 2¢ downstream of a rib, because the
experimenters usually attempt to locate thermo-
couples near the mid rib plane and adjust for
temperature drop through the can wall to get
the temperature at the surface.

Thin cans, internal heat generation

A number of experimenters have used stain-
less steel cans heated by passing an electric
current through the can wall, eg. White and
White [2]; many combinations of t/e and e/r
are involved. So that the magnitude of the
various effects can be assessed the particular
values of t/e and e/r, chosen for the HEATRAN
calculations are such that adjustments for the
various experimental configurations can be
obtained by interpolation. The calculated results
are shown in Fig. 8 where use is made again
of the insensitivity to e/r, of ¢ against h,e*/kt.
The value of ¢ plotted refers to that point on the
surface midway between the ribs and is selected
for reasons given in the previous section. The
results for e/r, = 0-035 are of particular interest
for reactor applications so these results have
been correlated and are generated by the
following equation.

¢ = X[P(1) + PQ)X + P(3)X?]

x [1 + P4)Y?] (13)
where

P(ly= 54300
PQ) = —034998
P3)= 0052572
P4) = 025423

Y= tfe

X = rohy/k
hop = 4Ty — 1) (14)
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and

q= (15)

T.,, is the measured temperature of the can
surface midway between the ribs and k., is
the “apparent” heat transfer coefficient based
on this temperature. Equation (13) is valid for
efra = 0035 10<t/e<30 and 00<
rohexp/k < 2:30. Note that the group r,h,,,/k
is used instead of ryh,/k; it has been chosen so
that the value of h, implied by the experiment
may be calculated from

Q/2nr.

hy=(1+c)h (16)

exp

and no iteration procedure is involved.

The results shown in Fig. 8 for 10 < t/e < 20
are similar to those in Fig. 6 indicating that the
two methods of heat input do not give sig-
nificantly different results in this range for the

20

N.B. Results for
0-020< e/r,< 0-065
have been used fo
draw these curves

Percentage increase of can to coolant temperature difference, 100C

RSN SN SUNS S SOU S U U SRS
5 Ll 15 20

(hpe’/ kt) xIO?

Fii. 8. Variation of 100.c on the surface at the mid-rib
position for j = 2, i.e. heat input by electrical generation.
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mid-rib region of the surface. However, it
would be unwise to assume that the same
observation would apply for t/e < 1-0. Figures 6
and 8 could also be presented as plots of ¢
against he/k instead of he®/kt, but this would
lead to confusion of the lines for varying t/e.

Checks on the calculations

To ensure that the information presented is
accurate a number of checks have been made.
The mesh size shown in Fig. 2 was found
satisfactory for t/e = 1-0. The test was a repeat
calculation for the same heat input and boundary
conditions, but using additional nodal points at
R =ry,—ge,r, — 3¢,y — 3¢ and ry — fe with
the values of Z already involved; no significant
differences were found. In fact the finer distribu-
tion of nodes so obtained was used for all the
calculations having t/e < 1-0.

The effect of the “possibly incorrect” boundary
condition 0T/0Z.= 0 when Z = 0 and 2p was
investigated by repeat calculations for which
temperature distribution at Z = p in the first
calculation was inserted in the second calcula-
tion as the boundary condition at Z = 0 and
Z = 2p. The differences for the nodal points
between Z = Se and Z = 9e were small and no
changes were found at Z = 7e, the plane mid way
between the ribs. It was discovered, however,
that significant changes occurred in the planes
Z = 4e and Z = 10e, i.e. the downstream and
upstream faces of the ribs. The results obtained
for the repeat calculations were found to be
approximately equal to the mean of those at
corresponding points in the first calculation.
Consequently the numbers presented in Fig. 5
for the downstream side of the rib are the mean
of those obtained for Z =4e and Z = lle in
the first calculation; a similar comment applies
to the numbers for the upstream side of the rib.

The distribution of heat transfer coefficient
estimated by Kattchee and Mackewicz [3] is
not the only one available. Wilkie [5] has also
used a mass transfer technique on a ribbed
surface and obtained an estimate of the heat
transfer coefficient distribution which differs
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significantly from that of Kattchee and Macke-
wicz on some parts of the surface. However,
calculations using Wilkie’s distribution showed
that the effect on the value of ¢ near the mid-rib
position on the surface was small: typically the
difference between the two values of ¢ would be
10 per cent of the larger. Kattchee and Macke-
wicz’s distribution always gave the larger value.

APPLICATION OF RESULTS

Figures 6-8 show how the heat transfer per-
formance of a ribbed surface, as judged by the
temperature at or near the mid position between
two ribs, varies with e/ry, t/e, roh /k and the
method of heat input for the one particular
combination of w/e = 10, p/e = 70 and the
Kattchee and Mackewicz distribution of heat
transfer coefficient. The largest value of 7, h /k
shown in each figure is typically 1-5 times the
largest value encountered in practice. The
implication is that experimental data for one
particular surface geometry cannot be applied
to a similar geometry without consideration
of the experimental techniques, etc, involved.
In particular, these effects must be taken into
consideration when comparing different sets of
data for nominally the same surface or predicting
peak surface temperatures in a reactor from
experimental data. The sequence of calculations
necessary to obtain a reactor prediction is as
follows:

(i) The “apparent” experimental value of the
heat transfer coefficient, h,,,, must be
calculated based on the measured surface
temperature at the mid-rib position.

(i)) Using Figs. 7 and 8, or equation (13) as
applicable, the value of h, (which cor-
responds to the heat transfer coefficient
of a surface made from an infinite thermal
conductivity material} must be found.
This is an iterative procedure unless, as in
the case of equation (13), the “reverse
correlation” has been obtained.
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(iii) The value of h_ must be scaled to reactor 2. The surface temperature varies with the

.. p. . » . . .
conditions. This will usually involve a thickness and thermal conductivity of the
correlation of the form surface material and the method of heat

i t
St = F(Re, Pr, T,/ T;). 17 mput. :
(Re, o/ T) (an 3. These factors must be taken into account
(iv) The value of ryh,/k for the reactor is when predicting the peak surface tempera-
calculated and then Fig. 6 or equation ture in a reactor from experimental data or
{(12) will allow the “effective” value of h at comparing different sets of experimental data
a distance 2¢ downstream of a rib to be for nominally the same surface.
found from
h = h,/(1 + ¢). (18) REFERENCES
. . . . 1. D. WiLkig, Heat transfer from surfaces roughened by
This Va.lue, with the heat input, will allow square ribs at pitch to height ratios of 5, 7-2, 9-4 and 15,
calculation of the peak surface temperature. TRG Report 1127(W) (1966).

2. W. J. WHiTe and L. WHITE, The effect of rib profile
on heat transfer and pressure loss properties of trans-
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Augmentation of Convective Heat Transfer Session,
ASME, Winter Meeting (1970).
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INFLUENCE DE L’EPAISSEUR DE PAROI, DE LA CONDUCTIVITE THERMIQUE ET DE LA
METHODE DE CHAUFFAGE SUR LE TRANSFERT THERMIQUE DE QUELQUES SURFACES
ANNELEES

Résumé—Le coefficient de transfert thermique moyen d’une surface peut étre augmenté par I'adjonction
de promoteurs de turbulence. L'utilisation de tels éléments provoque une distribution non uniforme du
coefficient de transfert thermique sur la surface. Des facteurs liés 4 la facilité avec laquelle la chaleur peut
atteindre les zones ot le coefficient de transfert thermique est élevé affectent la distribution de la température
de surface ; des exemples sont Pépaisseur et la conductivité thermique du matériau et la méthode de chauf-
fage. Utilisant un programme de calcul pour résoudre I’équation de la conduction thermique I'importance
de ces effets a été déterminée pour quelques surfaces ayant des annelures transversales. Les résuitats
montrent que les performances de surfaces géométriquement identiques, jugées a partir du pic de la
température de surface, peuvent différer de fagon significative. Ceci implique que de tels facteurs doivent
étre pris en compte lorsque par exemple des résultats expérimentaux obtenus pour une surface annelée
avec une paroi épaisse d'a‘uminium sont utilisés pour prévoir le pic de température de surface dans un
réacteur avec une surface géométriquement similaire avec une paroi mince en acier inoxydable.

DER EINFLUSS DER WANDST}}.RKE, DER WARMELEITFAHIGKEIT UND DER ART DER
WARMEZUFUHR AUF DIE WARME()BERTI}AGUNGSLEISTUNG EINIGER BERIPPTER
OBERFLACHEN

Zusammenfassung— Der mittlere Wirmeiibergangskoeffizient einer Oberfliche kann durch das Anbringen
von Turbulenzerzeugern gesteigert werden. Die Anwendung solcher Anordnungen erzeugt fiber der
Oberfliche eine nicht einheitliche Verteilung des Wiarmeibergangskoeffizienten. Damit werden jene
Faktoren, dic den Wirmetransport in Gebiete mit hohem Wirmetbergangskoeffizienten begiinstigen,
die Temperaturverteilung der Oberfliche beeinflussen. Dies sind zum Beispiel die Wandstirke, die
Wirmeleitfihigkeit des Oberflichenmaterials und die Art der Wirmezufuhr. Fiir einige Oberflichen
mit Transversalrippen wurde die Grdssenordnung dieser Einfliisse abgeschétzt, wobei ein Rechen-
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programm zur Losung der Warmeleitgleichung benutzt wurde. Die Ergebnisse zeigen, dass der Wirkungs-

grad geometrisch dhnlicher Oberfliche, beurteilt nach der maximalen Oberflichentemperatur, bedeutend

differieren kann. Daraus lisst sich folgern, dass solche Faktoren beriicksichtigt werden miissen, wenn z.B.

experimentelle Ergebnisse fiir eine berippte Oberfliche einer dickwandigen Aluminiumbrennelementhiille

benutzt werden, um die maximale Oberflichentemperatur einer geometrisch dhnlichen Oberfliche einer
Hiille aus rostfreiem Stahl in einem Reaktor zu berechnen.

BJIMAHUE TOJIMHBI CTEHKHN, TEIJIONMPOBOAHOCTH N1 METOJA
NOJABOJA TEIJIA HA XAPAKTEP TEIIJIOOBMEHA HEHKOTOPKLIX
OPEBPEHHBIX INOBEPXHOCTEN

Annoramua—C nomoulblo TypOyJan3aropOoB MOMKHO YBeJM4YMTb cCpefiHuii koadgduuueHt
Teroo6MeHa noBepxHocTU. Mcnoab3oBaHue TAaKUX YCTPOUCTB ofecneunBaeT HepaBHOMEPHOE
pacnpegesnenne xovdduuuenta Tenmoobmena o mnopepxHoctd. CiemoBarenbHO, QAKTOPHL,
ONpefeALe CKOPOCTh MepeHoca Temnja B 06JacTh ¢ BHICOKMM KO3(POUIMEHTOM Temnnool-
MeHa, BIAMAIOT TaKike M HAa pacnpefelieHue TEMIepPaTypul nosepxHoctu. Takumu daxTopaMmu
ABJAKTCA TOJIMHA MOBEPXHOCTH M TEMIONPOBONHOCTE MAaTepHaja NOBEPXHOCTM, a TaKMkKe
MeTOJN [OABOAA Temaa. Micnoneaya nporpaMmy jJiAl pellieHHA ypaBHEHUA TEILIONpPOBONHOCTH,
YMCJICHHO UCCJIEN0BAJIOCh BJUAHNE BTUX (PAKTOPOB HA TenJo0OMeH NJIA HEKOTOPHIX MOBEpX-
HOCTelt ¢ momepevyHHMHn pe6pamu. Peayiabrarn NMOKasHBAOT, YTO XAPAKTEPUCTHKU Ieo-
METPUYECKM HIEHTHYHHIX IOBEPXHOCTEH, eCiu CYNUTb, CKaKeM, [0 MaKCHMAJbHON Temie-
paType CTeHKM, MOTYT CYIIECTBEHHO OTJIMYATHCA. OTH (AKTOpH HEOOGXOQUMO YYMTHIBATH,
KOTJa, HAIpuMep, BKCTIEpUMEeHTaNbHEe TaHHbIe, ITOJIyYeHHHIe AJA opeOpeHHo HOBepXHOCTH
IUJIMHAPA € TOJCTOH AaMIOMUHMEBON CTeHKOH, MCIOJB3YIOTCA AJNA pacuéra NMUKOBOH TeM-
nepaTypsl NOBEPXHOCTH PEAKTOPHOTO KOHTelHepa ¢ TOHKMMU CTeHKAMHU M3 HeprkaBemwolleit
CTaJIK, UMEIIUMH MMOBEPXHOCTD, FeOMETPHYECKH NOA00HYI0 MOBEPXHOCTH dKCIEePHMEHTAb-
HOTO UMIUHADA.
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