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Abstract-The technique of live-fringe holographic interferometry has been used in an investigation of 
convective heat transfer in air beneath a heated horizontal circular plate. Measurements were made beneath 
an 18.1 cm dia copper plate held at 16,21 and 26K above ambient temperature. This resulted in Rayleigh 
numbers of 1.07 x lo”, 1.34 x 106 and 1.60 x 106. The paper describes apparatus and procedures used in the 
holographic process as well as methods used in deriving temperature profiles from interferograms. Measured 
temperature profiles and Nusselt numbers agreed with predictions based on approximate analytical 

solutions to the heat transfer problem previously reported by others. 

NOMENCLATURE 

plate radius [m] ; 
acceleration of gravity [m s-“] ; 
Gladstone-Dale constant [m3 kg-‘] ; 
refractive index ; 
Nusselt number ; 
pressure [Pa] ; 
ideal gas constant [m3Pa kg-’ K-l]; 
Rayleigh number; 
spatial coordinates; 

R/a, Y/a, Z/a ; 
temperature [K] ; 
(1 - y2)“*; 
(1 _ y71:2. 

Greek symbols 

i 

theimal diffusivity Em2 s- ‘I; 
coefficient of thermal expansion [K- ‘1; 

f dimensionless boundary layer thickness 

[2/~~1; 
El fringe displacement ; 

% kinematic viscosity [m” s-l] ; 
0, T-7’,fK]; 
4 wavelength [m] ; 
V, (a/A) (n - nd; 
PY density [kgmi3]; 

43 (T - 7-,)/V, - T,)* 

Subscripts 

0, conditions at heat transfer plate (z = 0); 

a, ambient conditions. 

I. INTRODUCITON 

~~Asu~~~s have been made of convective heat 
transport in air beneath the surface of an 18.1 cm dia 
horizontal circular plate, free at the edges and held at a 

*Present address: Nuclear Engineexing Department, 
Kansas State University, Manhattan, Kansas, U.S.A. 

Q Crown copyright. 

constant temperature above that of the surroundings. 
The plate temperature was varied from 15 to 26 K 
above the ambient temperature, Live-fringe holo- 
graphic ~t~ornet~ was used to measure tempera- 
ture profiies from which were determined convective 
heat transfer coefficients and boundary-layer thick- 
nesses. Though many measurements have been made 
for rectangular plates, these are the first to be reported 
for a circular plate. 

Figure 1 establishes the geometrical notation used 
here. Within the fluid, the dimensionless temperature 
index is 

rp(r, z) = w, 2)/q) (1) 

where 19~ is the plate temperature T, less the ambient 
tem~rature T,, and @(r, z) is the local fluid tempera- 
ture T(r, z) less the ambient temperature. The Y 
direction is transverse to the direction of illumination 
and viewing of the plate. Dimensionless position 
indices are defined in terms of the characteristic plate 
dimension, viz. r = R/a. The Rayleigh and Nusselt 
numbers, defined in terms of the same characteristic 
length, are respectively 

and 

(2) 

Nu(r) = - z (r, 0). 

The plate-average Nusselt number is 

s 1 

FL==2 dr r i%(r). (4) 
cl 

A dimensionless index of the boundary layer thickness 
may be defined as 

6(r) = 2/Nu (r). 
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FIG. 1. Geometry for the downward heat transfer experi- 
ment. The plate surface temperature is T,. Ambient tempera- 
ture is TX,. The laser beam is parallel to the plate surface and 

perpendicular to the y axis. 

Experimental studies of downward heat transfer by 
convection from horizontal surfaces have built upon 
the early efforts of Weise [l], Saunders, Fishenden and 
Mansion [2], and Kraus [3], whose investigations 
established that, over a wide range of parameters, the 
Nusselt number for heat transfer was proportional to 
Ra’.’ and only weakly dependent on the surface shape 
and edge conditions. Recent experimental studies 
include the work of Fujii and Imura [4] and Aihara, 
Yamada and Endo [5]. The former measured average 
Nusselt numbers for heat transfer to water from 
rectangular brass plates 5 cm x 10 cm x 0.5 cm thick 
and 15cm x 30cm x I cm thick. In an effort to 
establish 2-dim. flow patterns, the plate slides were 
insulated along the shorter dimensions. The unin- 
sulated sides were presumably at or near the plate 
surface temperature. Over the range lo6 < Ra I 10” 
boundary layer flow was found to be laminar, with 

Nu = 0.58 Ra”.2. (6) 

Aihara and his co-workers studied heat transfer to 
air from a brass plate 25 cm x 35 cm x 1 cm thick. The 
shorter sides of the plate were insulated and the 
uninsulated sides were presumably at or near the plate 
surface temperature. Temperature profiles, measured 
using a thermocouple probe, and local Nusselt num- 
bers were in substantial agreement with those pre- 
dicted by Singh and Birkebak [6] for an infinite strip. 

Birkebak and Abdulkadir [7] investigated heat 
transfer to water from a 19 cm square aluminum plate 
1.25cm thick. By a special cooling system, the plate 
sides were held at ambient temperature. Except near 
the edges of the plate, temperature profiles, measured 
using a thermocouple probe, and local Nusselt num- 
bers were in agreement with predictions of Singh, 
Birkebak and Drake [S] for a square plate. In 
agreement with previous observations, [l-5] the 
boundary-layer thicknesses were found to be finite at 
the plate edges. The average Nusselt number over the 
entire plate surface was found to be 

Nu = 0.68 Ra0.2. (7) 

Restrepo and Glicksman [9] studied heat transfer to 
air from a copper plate 7 in. x 7 in. x I in. thick with 
side surfaces insulated, heated to the plate surface 

temperature, or cooled to ambient temperature. Tem- 
perature profiles were measured using a thermocouple 
probe. At the plate edges, boundary-layer thicknesses 
were much greater for the cooled sides than for the 
heated sides and for the former were as thick as l/S the 
plate dimensions. For plates with heated sides, plate- 
average Nusselt numbers agreed with equation (6). 

Analytical studies of downward convection from 
plates have been carried out using the boundary-layer 
approximation. Stewartson [lo] and Gill, Zeh and de1 
Casal [ll] obtained similarity solutions for a 2-dim. 
case. Integral methods were applied by Levy [ 121 and 
Wagner [13] for the semi-infinite strip. The method 
was extended [8] to rectangular and circular plates. 
These analyses involved assuming the thermal boun- 
dary layer to vanish at the plate edge. For the special 
case of the infinite strip [6] solutions have been 
obtained accommodating finite boundary-layer thick- 
nesses at the plate edge [6]. 

For the circular plate, the subject of this experimen- 
tal study, the analysis in ref. [8] leads to temperature 
profiles of the form 

in which, to a first-order approximation, 

6(r) = 6,~~’ ‘2(r) 

with 

and 

6, = 6(O) = 4.104Ra-’ ’ 

u(r) = (1 - r2)l “. 

The local Nusselt number is thus 

Nu(r) = 2/6(r) = 0.487 u- ’ 2 (r) Ra’ .‘5 

(8) 

(9) 

(10) 

(11) 

(12) 

2. EXPERIMENTAL PROCEDURE 

Measurements were made of temperature profiles in 
air beneath the surface of a heated, downward-facing, 
horizontal plate using live-fringe holographic inter- 
ferometry. A general discussion of the techniques and 
apparatus has been presented elsewhere [ 143. Using an 
argon-ion laser, a hologram was made of the plate and 
its surroundings, all at ambient temperature. The plate 
temperature was then increased, while the hologram 
and plate were illuminated by the laser light under 
conditions otherwise identical to those during the 
preparation of the hologram. The hologram image was 
superimposed on the real plate and surroundings. 
Changes in refractive index of the heated air led to 
optical interference patterns which were recorded 
photographically. From the interference patterns were 
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FIG. 2. Experimental arrangement for holographic interferometry. L, laser ; BP, beam positioning mirrors ; 
S, shutter ; BS, beam splitter; M, mirror ; VF, variable filter; SF, spatial filter ; CL, collimating lens; TP, heat 

transfer test plate; HP, hologram plate; FL, focusing lens and C, camera. 

determined temperature profiles and Nusselt numbers 
using procedures described below. 

The overall arrangement of apparatus is illustrated 
in Fig. 2. Apparatus was positioned on a granite bench, 
4 ft x 10 ft x 4 in. thick. Isolation from vibration was 
provided by supporting the bench at each comer on 
lightly inflated rubber-tyre tubes. The tubes rested on 
sand-filled concrete cylinders. The cylinders rested on 
a sand base in larger concentric concrete cylinders, 
also sand-filled. (For further details, see ref. [14]). 

The beam from an argon-ion laser was elevated to 
26cm above the bench by a pair of beam-positioning 
mirrors. After passing through a shutter, the beam was 
divided into two equal components by a beam- 
splitting cube. One beam, the reference beam, was 
expanded by a x 20 microscope objective and filtered 
by an 11 pm dia. pin hole. The objective was located 
85 cm from the hologram plate and the expanded beam 
struck the plate at an angle of about 45”. A second 
beam, the object beam, was expanded and filtered by a 
20 x objective and 11 pm pm hole and collimated by a 
15cm dia., 2Ocm focal length lens located 38cm from 
the center of the heat transfer plate. A variable density 
filter was used to adjust the intensity of the object 
beam. The X-axis of the heat transfer plate (Fig. 1) was 
aligned with the axis of the object beam. 

The laser used was a high-power, argon-ion laser, 
Spectra-Physics Model 171-06. It had a nominal power 
rating of 9 W (multi-line) and 3.75 W (514.5 nm line). 
Available power was considerably in excess of rated 
power. Single-frequency operation was made possible 
by the use of an etalon, Spectra-Physics Model 589, in 
the laser cavity. With the etalon in use, available power 
at 514.5 nm was about 2.5 W. Laser beam diameter 
(em2 points) was nominally 1.6mm with a full-angle 
beam divergence of 0.72 mrad. 

Mirrors, beam expanders, positioners, splitters and 
spatial filters were components distributed by Ealing- 

Beck Ltd. For high-power operation, uncemented 
microscope objectives, manufactured by W. R. Prior, 
were used. The reference-beam mirror was a 4 in. dia 
Schlieren-quality mirror made by Optical works Ltd. 
The hologram plate holder was a Micro-Controle, 
Type SH37 Plate Support distributed by Unimatic 
Engineers Ltd. Hologram plates were 8E56 (AHI) 
Holotest Plates made on speical order by Agfa- 
Gevaert Ltd. The plates were 4in. x 5 in. with 
thickness 1.5-1.7 mm. Plate flatness is 25 pm/in or better. 

The heat transfer plate was a circular copper plate, 
18.1 cm dia and 1.21 cm thick, free at the edges, shown 
in silhouette in Figs. 3-5. Thermocouple wells, 1.6 mm 
dia, were drilled to 1 mm from the plate surface. Wells 
were located at radii of 0,2.54, 5.08,6.99 and 8.81 cm. 
The plate was heated by four circular nichrome 
heating elements cemented into grooves in an insulat- 
ing backing plate (0.572 cm thick asbestos board). The 
heating elements were connected in series and were 
spaced to provide approximately uniform heating (3.8, 
6.4, 7.6 and 8.4cm radii). The elements were powered 
through variable transformers connected to 240 V, 
50 Hz mains power. To facilitate adjustment, a variable 
resistor (22 Q 10 A rating) was placed in series with the 
heating elements. With these arrangements, the plate 
temperature was easily held uniform to within 0.5 K. 
The insulating plate was backed by a 0.85cm thick 
perspex plate from which supporting connections were 
made. 

The test plate was levelled and aligned using the 
horizontal unexpanded object beam from the laser. 
The laser beam was also used to align the camera used 
to photograph interference patterns. With the align- 
ment beam along the centre-line of the plate, the 
levelled camera was positioned so that the beam 
passed through the aperture at its smallest stop and 
through the centre of the film-holder. To minimize 
effects of air currents, the test plate was surrounded on 
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FIG. 3. Infinite fringe interferogram for BO zz 18 K, 

FIG. 4. Finite fringe interferogram for 8, = OK. 
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FIG. 5. Finite fringe interferogram for B0 = 26 K. 

four sides by a glass-windowed enclosure made of 
heavy cardboard. The enclosure was open at the top 
and had air entrance slits at its base. 

With the heat transfer plate at ambient temperature, 
a hologram plate was exposed to an incident energy 
density of about 5 PJ cm-‘, with the intensity of the 
reference beam twice that of the object beam. The 
hologram plate was processed using a procedure 
similar to that described by Phillips and Porter [15]. 
The essential features were developed in undiluted 
Neofin Blau (Tetenal Photowerk), and bleaching in an 
aqueous solution of ferric nitrate, potassium bromide 
and isopropanol. 

With the heat transfer test plate still at ambient 
temperature, the hologram plate was carefully re- 
positioned in its holder and illuminated by the object 
and reference beams. A virtual holographic image of 
the test plate was then displaced slightly to produce a 
system parallel interference fringes (Fig. 4) the so- 
called finite-fringe setting. Power was then applied to 
the heating elements of the test plate. The plate 
temperature was increased at a rate of about 
1 K min- ’ and at the same time carefully monitored to 
assure uniformity. Convective heat transfer from the 
plate caused density changes and corresponding re- 
fractive index changes in the air. These changes caused 
optical interference leading to distortion of the fringes. 

Interference patterns were photographed on micro- 

film (Eastman Kodak 5669 Micro-File) using a 
35mm SLR camera (Asahi Pentax KX) with a 
50 mm focal length f/l .7 lens, augmented by a 15 cm 
dia, 60cm focal length lens (Tropel 280-150). Typical 
exposure time was 1/25Os with the laser power at 
50mW. The microfilm was processed using Teknol 
developer (May & Baker Ltd.). 

3. DATA ANALYSIS 

Raw experimental data were in the form of photo- 
graphic records of interference patterns. Figure 3 is an 
interferogram for B0 = 18 K. This corresponds to the 
infinite-fringe setting of the Mach-Zehnder interfero- 
meter and was produced by double-exposure holo- 
graphic interferometry. This intlnite-fringe setting was 
difficult to achieve experimentally, and an alternate 
approach was used, the finite-fringe setting. 

Figure 4 exhibits deliberately introduced finite 
fringes, with T, = T, = 294 K, i.e. 8, = 0 K. The 
hologram plate was exposed under the prescribed 
conditions, but rotated very slightly about its vertical 
axis when re-positioned in its holder. Figure 5 exhibits 
the interferogram after the plate temperature had been 
brought to 319 K (0, = 26 K). Adjacent pairs of light 
or dark fringes result from a change of one wavelength 
(514.5 nm) in the optical path length of the object beam 
between the conditions when the hologram was made 
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FIG. 6. Supposition of interferograms to determine fringe 
displacement. 

and the conditions under observation. Differences 
between the interferograms of Figs. 4 and 5 are due to 
density changes in the air beneath the plate. Super- 
position of Figs. 4 and 5, shown schematically in Fig. 6, 
allows measurement of fringe displacement E(L., zj as a 
function of position. Figure 7 shows the loci of fringe 
displacements for Figs. 4 and 5. The procedure for 
determining fringe displacement was as follows. Prints 
of the microfilm records were made on Eastman 
Kodak 4556 Reproduction Film at an enlargement of 
about three times actual size. Films for Figs. 4 and 5, 
for example, were superimposed over an illuminated 
background and values of c(y, -_) were scaled directly 
from the films. 

Temperature profiles were determined from fringe 
displa~ments in the following manner. Since unit 

fringe displacement results from a change of one 
wavelength in optical path, the measured displacement 
is related to the variation in refractive index n(r, r) of 
the air by the equation [16] 

s ’ 
t:(y, t) = 2 

dr r v(r, z) 

y (9 - y2)“2 
(13) 

where 

v(r, z) = (a/^;) [n,, - n(r, z)] (14) 

and rrac is the refractive index at ambient temperature. 
The function v(r, z) may be determined from measured 
values of a(~*, z) by the inversion [16] 

s I 

v(r,z)= -71-l 
I 

($ d’;* y ,2 2 (Y, 2). (15) 

An alternative, and computationally more efficient, 
inversion may be accomp~shed in terms of the vari- 
ables u and v. Then 

&(U, z) = 2 s u dv v v(u, z) 

0 (u2 - &r ,2 (16) 

and 

(17) 

According to the Gladstone-Dale law, the variation 
with density p of the refractive index of a gas is closely 
approximated by 

-=.dp dn 

dT dT 

were IC is the Gladstone-Dale constant (0.2226cm3g 

FIG. 7. Loci of fringe displacements for BO = 26K. 
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for air). Assuming ideal gas behaviour, dp/dT = - 
pjRT=, thus 

dn KP 
dT= -RT2 (19) 

where p is the ambient pressure and R the ideal gas 
constant. Thus, upon integration of equation (19) and 
application of equation (14) 

v = C(T,’ - T-l) (20) 

where C = Kpa/Ri = 13760 f 70K. Since O,, = 
T, - T,, it follows from equation (20) that 

0 = vTT& (21) 

and vg = c:/2, (28) 

l#J = e/e, = vT/v,T, = v/v0 (22) 

The approximation T/T, * 1 in equation (22) is valid 
to within a few percent for the measurements reported 
in this paper. On the basis of this approximation 

Nu(u) = - ; g (u, 0). 
0 

Equation (22) combined with equation (8) leads to 
the following as an approximation based on theory: 

v(u, z) N v,(l - z&u”=)= (24) 

Substitution of equation (24) into equation (16) yields 
the following approximation for E(U, z): 

&/2V0U N (1 - cP)r!= + cr=cos-la= + 23’%JF 

x (cos -ifJ, 2-i’=) - 25’%E(cos-‘a, 221’2) (25) 

where 

u = z/~$ll~= (26) 

and F and E are, respectively, elliptic integrals of the 
first and second kind. 

A RESULTS AND DISCUSSION 

Raw experimental data are presented in Table 1. For 
each plate temperature and each y position, measure- 
ments were made of z positions for integral fringe 
displacements. Random measurement error in z is 
about + 0.0005. Systematic error in z due to imprecise 
location of the plate surface (z = 0) is also about 
+ 0.0005. Uncertainty in T oc is 0.5 K. 

Equation (25) indicates that, based on the approxi- 

mate theory, for given 00, E/U is a function of z/u~‘~. 
Experimentally this was found to be true, as exhibited 
in Fig. 8. Indeed, data were well fit by the approxi- 
mation 

(E/t+!= = Cl - c, z/u”2. (27) 

Least-squares regression analyses yielded values of Cl 
and C, listed in Table 2. The uncertainties cited 
combine the estimated standard deviations from the 
regression analyses and the effects of the possible 
systematic error in the z position. Uncertainties for the 
other parameters listed in the table were propagated 
by standard statistical methods. 

Substitution of equation (27) into equations (17), 
(23) and (5) yields 

Nu(u) = 
1.66925 C2 

c,P 
(29) 

and 

1.19814 Cl 
6,= c (30) 

2 

Values for T, and O0 were determined from equations 
(20) and (21) using the values of vr, from equation (28). 

Experimental results, expressed as (c/2uv,)’ j2 vs 
Z/6&’ ‘= are illustrated in Fig. 8 and compared with the 
theoretical prediction given by equation (25). Tem- 
perature profiles are described by 4 z v/v,,. The 
experimental profiles may be determined by sub- 
stitution of equation (27) into equation (17), with the 
result 

v(u, 2) 2 - = n[cos-r s= - 21’2sF(cos-1a, 2-1’2)] 
vo 

(31) 

where 

c2z 1.19814~ 
s=c,u”2=- 6ou’!2 (32) 

Note that the inversion integration of equation (17) 
was carried out analytically using equation (27) for 
&, z) rather than numerically using raw experimental 
data. This experimental result is compared with the 
approximate theoretical result, equation (24), in Fig. 9. 

Figures 8 and 9 demonstrate excellent agreement 
between measured temperature profiles and those 
predicted in ref. [S]. Equation (8) is apparently a very 
good representation of the temperature profile be- 
neath a heated circular plate. Likewise the radial 
dependence of the boundary layer thickness 6 ap- 
parently is represented well by equation (9). It must be 
pointed out, though, that in equation (8) the distance z 
from the plate surface is normalized by the boundary 
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FIG. 8. Experimental data shown in comparison with approxi- 
mate theoretical predictions, as depicted by the solid line 

[equation (25)]. 

Table 2. Summary of experimental results 

0, 16.0 f 0.2 20.8 f 0.3 25.8 k 0.3 

Cl 2.200 f 0.015 2.485 f 0.022 2.748 * 0.016 
C, 10.33 f 0.18 12.10 f 0.28 14.83 f 0.16 
v0 2.419 f 0.033 3.088 f 0.048 3.777 + 0.044 
T0 310.0 f 0.6 314.8 f 0.6 319.8 f 0.7 

u”‘Nu 7.84 f 0.14 8.13 + 0.20 9.01 * 0.11 
60 0.255 f 0.005 0.246 & 0.006 0.222 f 0.003 

02 - 

‘\ 
‘\ 

‘-._ 

OO 
1 1 I --__ 
0.2 0.4 0.6 0.8 10 

Z&,V"~ 

FIG. 9. Experimentally determined [equation (31), solid line] 
and theoretically predicted [equation (24), broken line] 

temperature profiles as described by v(u, z). 

Table 3. Comparison between measured and predicted 
Nusselt numbers at plate centre 

Ra 

Nu,,r, 
Nu,, 

16.0 

1.07 x lo6 
7.84 k 0.14 

7.83 

e0 
20.8 

1.34 X 106 
8.13 f 0.20 

8.18 

25.8 

1.60 x lo6 
9.01 + 0.11 

8.47 

layer thickness. However, our measured values of the 
boundary layer thicknesses, or equivalently the Nus- 
selt numbers, are also in good agreement with 
predicted values of equations (10) and (12). A com- 
parison between measured and predicted Nusselt 
numbers is given in Table 3. In the table, the Rayleigh 
numbers are evaluated at the mean between T, and 
T,. Within that range of temperature the Rayleigh 
number varies by about f 20% but, since the Nusselt 
number is expected to vary with RaO.' number, this 
variation in Rayleigh numbers would not account for 
the differences between measured and predicted Nu- 
sselt numbers. That measured Nusselt numbers exceed 
predicted values is expected, since the analysis leading 
to equation (12) is based on the assumption that the 
boundary layer vanishes at the plate edge. A finite 
boundary layer at the plate edge was observed in this 
study and by others [l-3,5] in previous investigations. 
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MESURE PAR INTERFEROMETRIE HOLOGRAPHIQUE DE LA CONVECTION 
THERMIQUE AUTOUR D’UNE PLAQUE CIRCULAIRE HORIZONTALE CHAUFFEE DANS 

L’AIR 

R&m&La technique de l’interfkrom6trie holographique a ItC utiliste dans une Etude du transfert convectif 
de chaleur dans l’air autour d’une plaque circulaire horizontale et chauff& Des mesures sont effect&es pr& 
d’une plaque de cuivre de 18,l cm de diamdtre, maintenue B 16, 21 et 26K au dessus de la temp&ature 
ambiante. Ceci conduit & des nombres de Rayleigh de 1,07 x 106, 1,34 x lo6 et 1,60 x 106. On decrit 
l’appareillage et le mode opCratoire suivi dans le processus holographique aussi bien que les m6thodes 
utilis&s pour obtenir les profils de templrature d partir des interf&ogrammes. Les profils de temp&ature 
mesures et les nombres de Nusselt s’accordent avec les prtcisions baskes sur des solutions analytiques 

approch&.s du probltme de transfert thermique antlrieurement trait& Dar d’autres. 

MESSUNG DES KONVEKTIVEN WARMEOBERGANGS IN LUFT UNTERHALB EINER 
HORIZONTALEN, KREISRUNDEN, BEHEIZTEN PLATTE MIT HILFE DER 

HOLOGRAFISCHEN INTERFEROMETRIE 

Zusammenfassung - Mit dem Verfahren der kontinuierlichen holografischen Interferometrie wurde der 
konvektive Wgimeiibergang in Luft unterhalb einer beheizten, horizontalen, kreisrunden Platte untersucht. 
Die Messungen wurden an einer Kupferplatte mit 18,l cm Durchmesser durchgefiihrt, die 16; 21 und 26K 
iiber Umgebungstemperatur gehalten wurde. Dies hatte Rayleigh-Zahlen von 1,07 x 106; 1,34 x lo6 und 
1,60 x lo6 zur Folge. Die Arbeit beschreibt sowohl die Apparatur und Arbeitsweise des holografischen 
Verfahrens als such die Methoden zur Ermittlung der Temperaturprofile aus den Interferogrammen. Die 
gemessenen Temperaturprofile und Nusselt-Zahlen stimmten gut mit Berechnungen iiberein, die auf einer 
analytischen NSiherungsldsung des W&meiibergangsproblems basieren und von anderen Autoren 

vero;ffentlicht wurden. 

M3MEPEHME KOHBEKTMBHOFO TEIIJIOHEPEHOCA B BO3AYXE IlOfl HArPEBAEMOR 
l-OPM30HTA.JlbHOti KPYl-JlOR IlJIACTMHOR C IlOMO~bIO METOAA 

rOJIOTPA@MqECKOI? MHTEP@EPOMETPMM 

AHHmaunn- ~OnOrpa@4'lCCKMM HHTCp~CpeHUMOHHblM MeTOnOM mKHBbIX IlOnOC)) HCCnenOBaH KOH- 

BeKTNBHbIfi TeFUlOnepeHOC B BOWlyXe "On HarpeBaeMOfi rOpM30HTanbHOii KpyrnOih L!,aCTHHOfi. B 3KC- 
neplcMeaTax Ncnonb3oaanacb MenHaN nnacTHHa neaMeTpoM 18.1 CM. HarpeeaeMan no TeMnepaTypbl 
Ha 16, 21 H 26 K ablme orpyma&ometi. B ~TNX cnyranx ‘IHCJIO Penen nocTarano seaqesati, paaabrx 
I .O7 x 106, I ,34 x IO6 M I ,60 x 106. flaao onacamie npu6opa H TexHMKW ronorpa@qecKMx HsMepeHltfi, 
a TaKme MeTOLlOB nonyqeHm npo+inei? TCMflepaTypbI HJ HHTep+eporpaMM. TeMnepaTypbIe npo@ine 
a 3HaqeHAx VHCna HyCCenbTa CornacyHJTcn c pe3ynbTaTaMu npH6nmKeHHblX aHanHTweCKHX pemeHHii 

3anaqa Tennonepeeoca, nonyreHnb,MM paHee npyra~w amopahlu. 


