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Abstract—The present paper is concerned with the heat-transfer characteristics by the induced flow,
laminar or turbulent, about a rotating cone with non-uniform surface-temperature distributions.
Consideration is first given to the theoretical calculation based on various existing theories. Discussed
in details are the two cases: the power-law and the step-change surface-temperature distributions. The
case of step-change distribution is further studied experimentally through the naphthalene-sublimation
technique. The step-change surface temperature is simulated by a step-change surface sublimation.
Measurements of the sublimation rate from rotating cones of various vertex angles are made in both
the laminar and turbulent flow regions. They are then compared with the predicted mass-transfer
results obtained from the analytically established heat-transfer relation through the heat and mass-
transfer analogy argument.

NOMENCLATURE m,  dimensionless constant defined in equa-
radius of thermally insulated or imper- tion (5);
meable surface [ft]; my, rate of mass transfer [Ilbm/s];
heat or mass-transfer area [ft?]; Nug, local Nusselt number at x;
dimensionless constant defined in equa- Nu, average Nusselt number;
tion 4); DPvw, partial pressure of naphthalene vapor
dimensionless constant in the eddy- at Ty [Ib/ft2];
diffusivity profile [7], b2 = 0-0075; Pr, Prandtl number;
dimensionless constant defined in equa- q, local heat flux [Btu/s f2];
tion (5); . Ry, gas constant for naphthalene vapor
mass diffusivity of naphthalene vapor [ft 1b/Ibm degR];
in air [ft2/s]; Reg, rotational Reynolds number evaluated
average heat-transfer coefficient [Btu/s at xo;
ft2 degF7J; Rez, rotational Reynolds number defined in
local heat-transfer coefficient [Btu/s ft2 (14);
degF]; o s1,  dimensionless constant defined in equa-
thermal conductivity [Btu/s ft degF]; tion (3);
ie}y‘;]el‘age mass-transfer coefficient [lbm/ 5,  dimensionless constant defined in equa-
t]; tion (11);
dimensionless constant defined in equa- Se, Schmidt) number;
tion (2); Sk ;
dimensionless constant defined in equa- ’ :;/i;ztig:ns(lllgv.vood number defined in

tion (10); h, dimensionless constant defined in equa-

* Since the completion of the present paper a number
of closely related works have become available [16, 17,

tion (4);
ta, dimensionless constant in the eddy-

18). They will be mentioned only briefly in the paper. diffusivity profile [7], 2 = 0-54;
t+ Associate Professor of Mechanical Engineering. T, temperature [°F];
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Tw, wall temperature [°F];
Tw, freestrecam temperature [°F];
To, temperature defined in equation (7)

[°F];
u, radial velocity component [ft/s];
X, radial coordinate [ft];
xo,  slant height of the cone [ft];
X,  integration variable in equations (1)

and (9) [fta];
z, coordinate normal to the surface [ft).
Greek symbols

a, half vertex angle of the cone [deg];

T, gamma function;

A, dimensionless ratio (a/x);

Ao,  dimensionless ratio (a/xo);

w1,  dimensionless constant in equation (3);
u2,  dimensionless constantinequation(11);
v, kinematic viscosity [ft2/s];

w, rotational speed [rad/s].

INTRODUCTION

THE PROBLEM dealing with heat transfer by flow
around rotating disks (i.e. cones of 180° vertex
angle) and cones has received considerable atten-
tion in recent years, partly because of its import-
ance in practical applications but also due to its
being a simple ideal model for theoretical and
experimental investigations of three-dimensional
boundary-layer characteristics. Extensive theore-
tical investigations have been made on the
laminar heat transfer [1, 2, 3, 4] and some semi-
empirical and approximate theories have been
developed to explain the turbulent heat-transfer
characteristics [5, 6, 7]. A number of investigators
[5, 6, 8, 9] have also carried out experimental
studies for both laminar and turbulent cases,
and have obtained results in good agreement with
prediction. In most existing theoretical and
experimental works, however, results were
obtained for the case of uniform surface tempera-
ture. A few works [2, 7, 10, 11, 12}* of theoretical
nature have been concerned with non-isothermal
disks and cones, but no experimental studies have
ever been reported for those cases.

The present paper is concerned with the heat-
transfer characteristics by the induced flow about
a rotating cone of non-uniform surface-tempera-

* See also recent works [16, 17, 18].
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ture distribution. Heat transfer in both laminar
and turbulent flow regimes are under investiga-
tion. Consideration is first given to the
theoretical calculations based on various existing
theories, which include the similarity solution of
Hartnett {11, 12}, the approximate solution by
use of Lighthill technique [13] and the modified
Lighthill theory by Davies [7, 10]. Two cases
are discussed: the power-law and the step-
change surface-temperature distributions. In the
experimental study, only the case of step-change
distribution will be examined because of its
simple experimentation. The experimental model
is a naphthalene-coated surface, from which the
rates of sublimation are measured [6, 8]. The rate
of mass injection due to sublimation is so low
that the process is equivalent to the heat-transfer
process from an impervious surface. The step-
change surface temperature is simulated by a
step-change surface sublimation from no sub-
limation to sublimation. Measurements from
cones of various vertex angles are made in both
the laminar and the turbulent flow regions, and
are compared with the predicted results.

THEORETICAL CONSIDERATIONS

The only existing solution concerned with heat
transfer by the induced flow from non-isothermal
rotating cones is that given by Hartnett [11, 12]
for laminar heat transfer from rotating cones of
power-law surface-temperature distribution. The
solution is an exact one for the non-dissipative
laminar boundary layer and the restriction on
the power-law temperature distribution arises
from similarity consideration. There exists no
similarity solution for other surface-temperature
distributions. An approximate solution for any
kind of surface-temperature distribution can be
obtained through the Lighthill technique [13]
which employs a linear velocity profile in the
boundary layer and applies the von Mises trans-
formation to the energy equation. The linear
velocity profile, strictly speaking, is a valid
approximation only for the case of large Prandtl
numbers, although relatively good agreement
with exact solution has been demonstrated by
Lighthill for a flat plate of uniform surface
temperature in the moderate range of Prandtl
numbers, i.e. Prandtl numbers of order of one.
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The use of the Lighthill technique to the rotating-
disk problem was first suggested and modified by
Davies [7, 10], by employing a power-law velocity
profile. For the induced-flow case the approxi-
mate solution of Davies can be readily extended
to the rotating-cone problem by the transforma-
tion suggested by Wu [14] and Tien [3]. The
approximate solution is of considerable im-
portance as a result of its applicability to
any surface-temperature condition, however, its
accuracy should first be assessed by comparing
with exact solutions and experimental measure-
ments.

In the laminar, incompressible case, the
approximate solution of Davies [10] can be
easily modified to give the local heat flux at a
radial position x on the cone surface as:

w sin a \1/2 d
e et 172481 v—1_
q(x) = Kik ( ” ) (Pr) 1 x i

f (x5 — XY T(X) — Tl X (D)

where K1 = n~1(2)~#1 (1 4 1))@ (2 + t1)#1-1

I'(u1) (sin pam) k
X by 2
X2t 2 )

“—(1_*_[1)35"1:5

and b, and 1, are related to the radial-component
velocity u by

ey
u = (wx sin a) by ]:Z(msin ‘ﬁ)} '

Equation (4) is an approximate expression of the
actual radial-velocity profile. The case of 1y = 1-0
and b1 = 0-51, which gives Kj = 0207 and
s1 == 3-0, corresponds to the approximation of
the linear velocity profile first suggested by
Lighthill in the analysis of heat transfer for
boundary layers over a flat plate. A better fit
to the exact solution of velocity profile was
suggested by Davies by letting 71 = 0:67 and
by == 0-245, and consequently, K; = 0-159 and
51 = 3-20.

For a power-law surface-temperature dis-
tribution

@)

Tw""Tszxm (5)
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the approximate solution in terms of the local
Nusselt number can be obtained from (1) as:

he y 1/2
Nux:?c_(wsina) =

I'l(m + s1)/s1} T(p1)
Ll(m + s1 + 2)/s1]

5 Prl/@+ty)

©

Shown in Table 1 is the comparison with the
exact solution of heat transfer for a power-law

Ki(m + 2)

Table 1. Comparison between exact and approximate
solutions of laminar heat transfer from rotating cones of
power-law surface-temperature distributions

Nu, Nu, (6) Nz (6)
Pr m (Exact[12]) (1 =067) (1=10)
1-0 0 0:396 0-509 0:620
1-0 4 0-769 0-86% 1:001
10 10 1-073 1-161 1-296
10 0 1-13 1-21 1-33
10 4 1-95 2:06 2:15
10 10 2:60 275 279
100 0 2:69 2-85 2-88
100 4 4-46 4-87 4-65
100 10 595 650 602

surface-temperature distribution obtained nu-
merically by Hartnett [12]. In general, the
approximate solution based on a power-law
velocity profile gives a reasonably good agree-
ment with the exact solution in the range of
moderate and high Prandtl numbers. At Prandtl
numbers of order of 100 or larger, however, the
linear velocity profile does give better results
than the power-law velocity profile.

In practical applications, a step-change surface
temperature is probably more common than the
power-law one, but theoretically, there is no
exact solution in this case. For a step-change
surface temperature such as

Tw=Teo for x <a, Ty=1Ts for x =>a (7)

the approximate method as given in (1) yields
the following expression for the local Nusselt
number:

Nuz = Kisy (1 — M= pplie-t  (8)

and A = (@/x). The accuracy of the above solu-
tion will be discussed when the analogous
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expression of mass transfer is compared with the
mass-transfer measurements. An approximate
solution for Pr = 0-72 from integral method has
been recently reported by Schnurr [18].

For turbulent flows over rotating disks or
cones, all existing heat-transfer calculations are
of approximate nature. The friction-analogy
calculation [5, 6], which has been quite successful
in correlating with the experimental data from
surfaces of uniform temperature, cannot be
easily extended to take into account the effect of
non-uniform surface temperature. Based on the
same mathematical technique as in the laminar
case, Davies [7] has given an approximate solu-
tion for the limiting case when the disk surface is
entirely covered by turbulent flow. To achieve
such a solution, however, he employed a number
of assumptions, among which are the power-law
radial-velocity and eddy-diffusivity profiles and
equal eddy diffusivities for momentum and heat.
For the case of uniform surface temperature, the
approximate solution has been found in good
agreement with experimental data [8]. The local
heat flux at a radial position x is given as

w sin a \%/5 Ko\ d
o-r (= )

So X
T — Xy [T(X) — Tl dX )
0
-where
Ky = n-1 (_lgfl_)llz(l-tz) pghe F(,U«2) (sin “277) b;ztz
(10
s2=22Q2— 1), p2= an

2—1

and bs and ?; are two matching constants in the
power-law eddy-diffusivity profile and are given
by Davies as 0-0075 and 0-54 respectively. For
the above values of b2 and 12, there follow K3 =
0:0215, s2 = 3-8 and p2 = 0-685. The value of
Ka = 0-0253 has been implicitly given by Davies
[7} and used by Tien and Campbell [8] in their
comparison with experimental data, however, a
recaiculation shows Kz = 0-0215. It should also
be noted that due to a misprint, the expressions
of Ky and K; in Davies paper {7] should be
divided by =.
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From (9), the local Nusselt number for a
power-law surface-temperature distribution is

_ sz pz + m\  D((m + s2)/s2] D(uz)
Ntz = K ( 52 ) T{(m + 52 + s2 p2)/s2)
PrRe (12)

and for a step-change surface-temperature dis-
tribution it is

Nug = Kp (1 — As2)#2=1 Pr Re03  (13)

where the rotational Reynolds number is defined
as

2 o
wX® 81N a
Rey = ———

(14)
In the special case of uniform surface tempera-
ture (m = 0 or A = 0), both equations reduce
to Nuy = Kz Pr Re,%8. The results of the step-
change case will be discussed with respect to the
experimental measurements.
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EXPERIMENTAL APPARATUS
The schematic of the experimental setup is
shown in Fig. 1. The rate of sublimation from
various conical surfaces rotating in air was
measured in this experiment. The vertex angles
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F16. 1. Sketch of the experimental equipment.
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of the cones investigated were 60°, 90°, 120°,
150° and 180° (disk). The cones were rotated
at constant speeds ranging from 780 rev/min to
10000 rev/min, which correspond to a range of
conditions from entirely laminar flow to that
the outer 70 per cent of the surface area is covered
by turbulent flow. For each run, the speed, the
ambient temperature, time interval and mass
loss due to sublimation were recorded. From the
data obtained, the Sherwood number was cal-
culated. Details of the experimental procedure
and precautions follow closely those in the
previous works [6, 8] and will not be repeated
here.

The present experiment differs from the pre-
vious investigations [6, 8] in the use of non-
uniform surface conditions. For a step-change
surface-temperature distribution, the mass-trans-
fer simulation is to have a conical surface of no
sublimation in the central portion and sublima-
tion in the outer zone. This was accomplished
as follows: In the central portion of radius a of a
naphthalene-coated cone, a cut of ; in. deep
was taken and was filled by painting in thin
layers of the Duco Lacquer (made by E. 1. Du
Pont De Nemours & Co., Inc., Wilmington,
Delaware) till it became in level with the rest
of the surface. The paint was left overnight to
dry and then the whole surface was machined
smooth for experiment. Experiments were per-
formed for various cones at two values of
A(), )\o = a/Xo = 0-25 and 0-5.

EXPERIMENTAL RESULTS AND DISCUSSION

The experimental values of average mass-
transfer coefficient, k., were calculated from the
rate of sublimation, m,, through the following

relation ~
‘kc e vava/vaA. (15)

The physical properties of the naphthalene were
taken from Table 2 of the paper by Christian and
Kezios [15]. With the definition of average
Sherwood number given as

ke(xo — a)

D, (16

The experimental values of Sk can be evaluated
from the measured rate of sublimation m,,.
The predicted average Sherwood number can

Sh =
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be obtained from the analytically established
heat-transfer relation through the heat and mass-
transfer analogy argument. For a step-change
surface-temperature distribution, the average
Nusselt number based on the local Nusselt
number expressed in (8) and (13) is

h(xo — a)

N k

Il

= Kisi(1 — Ap)# (1 + Ag)?
Reds prie+ty  (17)

for laminar flow and

Nu = 13 Ko(1 — A)#2 (1 4 Xo)~1 Red® Pr (18)

for turbulent flow, where Ao and Rep are evaluated
at xo. Corresponding expressions of the average
Sherwood numbers follow directly by replacing
Nu and Pr by Sk and Sc (Schmidt number)
respectively.

The Schmidt number of naphthalene in air is
2-40 at the average temperature 78°F in the
present investigation. Appropriate calculations
thus show the predicted Sherwood numbers as

Sh = 065 Red> (A = 0-25) (19
Sh = 0-50 Red® (A9 = 0-50) (20)

for laminar flow with the Lighthill approximation
of a linear radial-velocity profile and

Sh = 056 Re3s (Ao = 0-25) @n
Sh = 0-43 Red® (A9 = 0-50) (22)

for laminar flow with the approximation of a
power-law velocity profile suggested by Davies.
In turbulent fiow, the results are

Sh = 00316 Re® (Ao = 0-25)
Sh = 0:0248 Red® (Ao = 0-50)

(23)
4

The experimental mass-transfer results for
the rotating cones are shown in Fig. 2 for
Ao = 0-25 and in Fig. 3 for A¢ = 0-5. The case
A9 = 0 corresponds to that of a uniform surface-
temperature and the measurements were reported
in references 6 and 8. The experimental data
shown in Figs. 2 and 3 again indicate a different
characteristic of mass-transfer results of the 60°
cone from those of other cone models. The
difference was explained by Tien and Campbell
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FiG. 2. The variation of the average Sherwood number
with the rotational Reynolds number for non-isothermal
rotating cones (Ao = 0-25).

[8] and Kreith and Kneisel [9] as a result of the
breakdown of boundary-layer behaviorin slender
cones due to the large centrifugal forces acting
normal to the cone surface. The experimental
results of Kreith and Kneisel show that bound-
ary-layer flow behavior exists for rotating cones
having vertex angles larger than 80 degrees.

It is expected that the mass-transfer results of
60° cone do not agree with theoretical predic-
tions as shown in Figs. 2 and 3, since all existing
theories for flow and heat transfer over rotating
cones are under the boundary-layer assumption.
Relatively good agreement does result between
the theory and the experimental measurements
for the 180°, 150°, 120° and 90° cones. In the
laminar range the Davies prediction based on
a power-law velocity profile shows a better
agreement with experimental results than that of
Lighthill with a linear velocity profile. This
confirms also with the conclusion reached from
the theoretical consideration since the experi-
ments were conducted at a moderate Schmidt
number (Sc = 2-4). Both theories yield higher
values than measurements, but the deviation
from Davies result is within 15 per cent as com-
pared to the 30 per cent in the Lighthill case.
This again agrees qualitatively with the general
nature, as shown in Table 1, of the comparison

€ = WXSINA Sy

F1G. 3. The variation of the average Sherwood number
with the rotational Reynolds number for non-isothermal
rotating cones (A = 0-5).

between exact and approximate solutions in the
case of a power-law surface-temperature dis-
tribution.

The theoretical relation in the turbulent range
as given in equations (23) and (24) are for the
limiting case that all the conical surface is
covered by turbulence. Since the upper limit of
the rotational Reynolds number in the present
experimental investigation corresponds to the
situation the outer 70 per cent of the surface area
is covered by turbulent flow, no direct comparison
between theory and measurements is feasible. In
theory, however, the predicted result should
represent the asymptotic nature of the experi-
mental data. The comparison shown in Figs. 2
and 3 seems to indicate that the predicted result
based on Davies technique is lower than the
extrapolated asymptotic experimental result by
about 20 per cent. This agrees qualitatively with
the recent findings by Hartnett e al. [17], who
made a critical comparison of various approaches
for the turbulent case. Similar deviation in the
case of uniform surface temperature (Ao = 0)
should be observed if the correct value of Ka
(K2 = 0-0215) were used [8]. The agreement
must still be regarded as relatively good in view
of the many physical assumptions made in Davies
analysis [7].



HEAT TRANSFER BY THE INDUCED FLOW ABOUT A ROTATING CONE

versary Volume, Edited by H. A. Johnson, McGraw-
Hill, New York (1964).

417

ACKNOWLEDGEMENT 10. D. R. Davies, Heat transfer by laminar flow from a

The author wishes to thank Professor R. A. Seban for rotating disk at large Prandtl numbers, Quart. J.

his many helpful discussions. Mech. App. Math. 12, 14-21 (1959). )
11. J. P. HARTNETT, Heat transfer from a non-isothermal
REFERENCES disk rotating in still air, J. Appl. Mech. E81, 672-673
1. K. MiLLsaps and K. POHLHAUSEN, Heat transfer by (1959).
laminar flow from a rotating plate, J. Aero. Sci. 19, 12. J. P. HARTNETT and E. C. DeLAND, The influence of
120-126 (1952). Prandtl numbers on the heat transfer from rotating

. C. L. TieN and J. Tsun, Heat transfer by laminar non-isothermal disks and cones, J. Heat Transfer C83,
forced flow against a non-isothermal rotating disk, 95-96 (1961).

Int. J. Heat Mass Transfer T, 247-252 (1964). 13. M. J. LiguTtHiLL, Contribution to the theory of heat

. C. L. TreN, Heat transfer by laminar flow from a transfer through a laminar boundary layer, Proc. Roy
rotating cone, J. Heat Transfer C82, 252-253 (1960). Soc. A202, 359-377 (1950).

. C. L. TieN and 1. J. Tsun, A theoretical analysis of 14. C. S. Wu, The three dimensional incompressible
laminar forced flow and heat transfer about a laminar boundary layer on a spinning cone, Appl. Sci.
rotating cone, ASME Paper No. 64-HT-34. Res. A8, 140-146 (1959).

. E. C. CoBB and O. A. SAUNDERS, Heat Transfer from 15. W. J. CarisTIAN and S. P. KEezios, Experimental
arotating disk, Proc. Roy. Soc. A236, 343-350 (1956). investigation of mass transfer by sublimation from

. F. KRrErTH, J. H. TAYLOR and J. P. CHONG, Heat and sharp-edged cylinders in axisymmetric flow with
mass transfer from a rotating disk, J. Heat Transfer laminar boundary layer, Proceedings of the 1957
C81, 95-105 (1959). Heat Transfer and Fluid Mechanics Institute, 359

. D. R. Davies, On the calculation of eddy viscosity 381 (1957).
and heat transfer in a turbulent boundary layer near 16. L. A. DorRFMAN, Hydrodynamic resistance and the
a rapidly rotating disk, Quart. J. Mech. Appl. Math. heat loss of rotating solids (English Translation from
12, 211-221 (1959). Russian by N. KemMER). Oliver & Boyd, London

. C. L. TN and D. T. CampBELL, Heat and mass (1963).
transfer from rotating cones, J. Fluid Mech. 17, 105- 17, J. P. HARTNETT, H. N. JANTSCHER and S. H. Tsal,
112 (1963). Heat transfer to a non-isothermal rotating disk with

. F. KrertH and K. KneiseL, Convection from an iso- a turbulent boundary layer, ASME Paper No.
thermal cone rotating in air, Heat Transfer, Thermo- 64-WA[HA-46(1964),
dynamics and Education, pp. 247-254. Boelter Anni- 18, N. M. ScHNURR Heat transfer from a rotating disk

with a stepwise discontinuous surface temperature,
J. Heat Transfer C86, 467-468 (1964).

Résumé—L’article concerne les caractéristiques de transport de chaleur par P’écoulement induit,
laminaire ou turbulent, autour d’un céne tournant avec des distributions non-uniformes de tempéra-
ture de surface. On considére d’abord les calculs théoriques basés sur différentes théories existantes.
Deux cas sont discutés en détails: les distributions de température de surface en puissance et en
marche d’escalier. De plus, le cas de la distribution en marche d’escalier est étudié expérimentalement
al'aide de la technique de la sublimation du naphtaléne. La température de surface en marche d’escalier
est simulée par la sublimation de la surface de méme allure. Des mesures de la vitesse de sublima-
tion A partir de cones tournants de différents angles au sommet sont faites 4 la fois dans les régions
laminaire et turbulente. Elles sont alors comparées avec les résultats de transport de masse prédits
a partir de la relation de transport de chaleur établie analytiquement a I'aide de I’analogie entre le
transport de chaleur et le transport de masse.

Zusammenfassung—Die vorliegende Arbeit befasst sich mit den Warmeiibergangseigenschaften bei
der induzierten laminaren oder turbulenten Strémung um einen rotierenden Kegel mit nicht gleich-
formiger Oberflichentemperaturverteilung. Zuerst wird die theotetische Berechnung, die auf ver-
schiedenen bestehenden Theorein fusst, betrachtet. Im einzelnen werden die zwei Fille diskutiert:
die Oberflichentemperaturverteilung nach dem Potenzgesetz und durch die schrittweise Anderung.
Der Fall der Verteilung bei schrittweiser Anderung wird weiterhin experimentell mit der Naphtalin-
Sublimations-Technik untersucht. Die schrittweise verinderte Oberflichentemperatur wird durch eine
schrittweise gedinderte Sublimation an der Oberfliche simuliert. Messungen der Sublimationsge-
schwindigkeit an rotierenden Kegeln mit verschiedenen Offnungswinkeln werden sowohl im laminaren
als auch im turbulenten Strémungsbereich durchgefiihrt. Sie werden dann mit den vorhergesagten
Ergebnissen des Stoffiiberganges verglichen, die sich aus der analytisch belegten Beziehung fiir den
Wiirmeiibergang iiber den Analogiebeweis fiir den Wiirme und Stoffitbergang ergeben.
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ANHOTANMA—DB CTaThe NPHBONATCA XAPAKTEPHCTHKI TemI000MEHa NpH JAMUHAPHOM MM
TypOyIeHTHOM OGTEKAHHH BPAIIAIOINETOCH KOHYC& C HEPABHOMEPHWM paclpefeeHueM
TEMIEPATYPH Ha moBepxHOCTH, CHAYAJIA PACCMATPUBAITCH JAHHBIE TEOPETUYECKUX PACUETOB,
OCHOBAaHHHIX HA PABIMYHHX CyLlecTByMIux Teopusx, [logpoGHo pasbuparrca gBa ciuydad :
CTENEHHO! BaKOH M CTYIEHYATOE pacnpefesieHHe TeMIeparypH nosepxuoctH. Ciydait
CTYNEHYATOrO PacHpefelleHNA 3aTeM U3Y4AJICH SKCIEePUMEHTAIbHO HA YCTAHOBKe 1A cy6un-
manuu Hadramuua. CrynmeHUaToe pacipefeleHne TeMIePaTypH MOHEIHDPYETCA CTYNEHYaTOR
cyGaumarmeii. /sMepesusa cKOpoCTH CyGauMamuu BPalAOIIMXCH KOHYCOB ¢ Pa3IMYHEIMU
yIJaMH [IPH BepUIMHE NPOBOMMINCH AIA 00JIACTH KAK JAMMHAPHOrO, TAK M TYpGYIEHTHOIO
noToKoB. [[oToM OHUM CPABHUBAIMCEH C PE3YJILTATAMM PACYeTOB MaccoOMeHa, TIONyYeHHHMH 13
AQHANUTHYECKH YCTAHOBJIEHHHX COOTHOLIeHMH Temoo6MeHa (IMOJNb3YACH AHATIOIMEN Meiyy
TEeNI0- ¥ MacCOOOMEHOM ),



