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Abstract—The performance of heat pipes with localized heat input including the effects of axial and

circumferential heat conduction under high and low working temperatures is investigated. The numerical

results show that when heat pipes are spot heated, the peak temperature of the wall is greatly reduced and

the surface can be protected from being burned out by the high heat flux. The boiling limitation becomes

the most important limitation for this type of heat pipe. Numerical results for block heating a heat pipe

with low working temperatures indicate a good agreement with existing experimental data. It is also shown
that most of the input heat passes through the wall beneath the heated block.

INTRODUCTION

SINCE the publication of the first paper on heat pipes,
various kinds of heat pipes have been manufactured,
tested and put into operation. In the meantime, thou-
sands of theoretical and experimental analyses dealing
with the characteristics of heat pipes have been pub-
lished. Among the special types of heat pipes, localized
heat input or spot heated heat pipes have not been
extensively studied. This is surprising since many high
performance heat pipes are subjected to localized
heating for a variety of applications. The study of spot
heating heat pipes is important in research areas such
as the cooling of leading edges on hypersonic aircraft,
the protection of special surfaces from being attacked
by very high heat flux sources such as a laser beam,
cooling of microelectronic elements, etc.

According to the working conditions and the appli-
cation, spot heated heat pipes can be classified into
two major types, namely, heat pipes with low or mod-
erate working temperatures which are mainly used
for the purpose of energy conservation or electronic
cooling, and heat pipes with high working tem-
peratures which are used to protect a surface from
being burned out by a very high heat flux. Rosenfeld
[1] studied the performance of line heated heat pipes
with low working temperatures analytically with a
one-dimensional model (circumferential direction)
and numerically with a two-dimensional model (radial
and circumferential directions).

For the present analysis of spot heating or block
heating, axial conduction needs to be considered,
which has a much more pronounced effect than con-
duction in the radial direction. Furthermore, the effect
of radiation is included in the analysis of spot heated

pipes with high working temperatures. In addition,
the operating temperature of the heat pipe should be
obtained by an overall energy balance rather than an
input condition as carried out by Rosenfeld [1] for the
line heated heat pipe.

ANALYSIS

Spot heated heat pipes with high working temperatures

Spot heated heat pipes are to be used as a means of
protecting a surface from being burned out by a very
high heat flux by using the working fluid within the
porous media inside the pipe as an evaporator to
absorb the heat energy. The vapor flows to the rest of
the porous surface and releases latent heat energy as
it condenses. The energy is dissipated into space or to
the environment by radiation from the outer surface.
Because of the high latent heat of the working fluid,
a large amount of incoming heat can be absorbed by
evaporation, and spread to the surrounding surface
of the wall to be dissipated into space, without causing
the temperature in the wall to become too high and
burn out. The positions of the evaporator and con-
denser are not fixed nor are their areas. These depend
on where the pipe is hit by the incoming heat flux, and
how large the surface area is that is being hit by the
heat flux. Also, this kind of heat pipe has no adiabatic
section. This is illustrated in Fig. 1(a). The end caps
have been removed to demonstrate the typical interior
structure and the vapor flow pattern. The origin of
the coordinate system is set at the center of the heated
spot. Figure 1(b) shows a typical wall temperature
profile along the x-axis at y = 0 and the vapor tem-
perature T,. If the temperature of the wall is higher
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radiation area [m?)
Ay heated area [m?]

a coefficient in the power-law equation for
boiling

b exponent in the power-law equation for
boiling

H heat transfer coefficient [Wm~2K ~']

h height of the spot heated heat pipe [m]

k thermal conductivity [Wm~"'K~]

Le condenser length [m]

Lg evaporator length [m]

Ly length of heated block [m]

L, L, length of spot heated heat pipe [m]

Qu  input heat [W]

Qr radiation heat transfer to surroundings
(W]

q heat flux [Wm~?]

qu input heat flux [Wm ™ 7]

R radius of heat pipe [m]

s circumferential distance coordinate [m]

Su Wy/2nR

T wall temperature {K]

Tu reference temperature [K]

NOMENCLATURE

T, temperature of environment [K]

T, vapor temperature [K]

™ (T-T)/Tx

AT T-T,[°C]

AT, critical temperature difference [K]

Wy width of heated block [m]

W, W, width of spot heated heat pipe [m]

X x/nR

X, distance of the edge of the heated block
from the origin [m]

x,y  Cartesian coordinates [m]
Y s/tR.
Greek symbols
é wall thickness [m]
€ emissivity
a Stefan—Boltzmann constant
[Wm—2K~4.
Subscripts
C condensation
E evaporation.

than 7, it serves as the evaporator ; if the wall tem-
perature is lower than T, it serves as the condenser.
This particular phenomenon is not observed for con-
ventional heat pipes where it is operated at a nearly
constant wall temperature.

The present analysis is based on a number of physi-
cal assumptions. The emphasis is put on the wall
temperature in the analysis because of the need to
prevent the melting of the heat pipe wall. The heat pipe
is assumed to contain only one fluid and is operating

Porous wick

under steady-state conditions. This means that the
vapor region is nearly isothermal, and the total energy
input and output are equal. The wick-liquid matrix is
assumed to be very thin, and its existence is rep-
resented by the evaporation heat transfer coefficient,
H, and the condensation heat transfer coefficient,
H_. Thisis a good approach for the purpose of design-
ing a heat pipe because in most cases, evaporation
and condensation heat transfer coefficients in porous
media can only be obtained from experimental data

FiG. 1(a). Typical configuration of a spot heated heat pipe.

;

____“[ T

x (y=0)

FiG. 1(b). Typical wall temperature profile at y = 0.
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[2—4]. The common measurable parameters in exper-
iments on heat pipes are T,, Hg, Hc, and the wall
temperature. The results of the analysis based on the
above concept can be readily used as a guide when
designing heat pipes. Finally, it is assumed that the
wall thickness is thin, and the radius of curvature of
the surface is much larger than 4, so that the wall
temperature does not vary substantially with radial
position in the wall.

In the Cartesian coordinate system shown in Fig.
1(a), the two-dimensional governing equations and
boundary conditions for the wall can be written by an
energy balance of the differential elements in each
section of the heat pipe. For the evaporation section,
except the surface beneath the heated spot, the govern-
ing equation is

o(, 0T\ a( oT\ eo,_,
a("ﬁ)%("?) 57
Q)]

where T'= T} at the junction of the evaporator and
the condenser segments, ¢ is the emissivity, é the thick-

T“)——=

ness of the wall, 7. the temperature of the environ-
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ment, and gy the evaporation heat flux. It has been
shown that the evaporation heat transfer coefficient
varies with heat flux because the meniscus in a capil-
lary evaporator recedes as the heat flux increases. An
examination of the reported data shows that a power-
law boiling relation is appropriate for relating the heat
flux to the evaporating temperature drop in a heat
pipe [1,2]; i.e.

gz = a(T—T,)". @

The most common values of the exponent vary
from 1.0 to 2.0, with that of liquid metal heat pipes
remaining 1.0 and the coefficient a = Hy in many cases
[2,3,5].

For the wall beneath the heated spot, the cor-
responding equation is

0 oT 0T\ qu g
a(kax) <kay)+——7 )

where gy is the incoming heat flux at the heated spot.
For the condenser segment, the governing equation
is

0, 0T 0 ( T\ e, _, .
5;<"E>+5y‘<"—ay)7” 7o)
+H(T,—T)=0. (4)

With T'= T, = T at the junction of the evaporator
and the condenser sections, and 87/0n = 0 at the per-
ipheral boundary of the heat pipe where 7 is the normal
direction of the periphery.

The vapor temperature, T, is an unknown in equa-
tion (4). The fact that the vapor temperature must be
determined requires one more equation. This equation
is provided by an energy balance over the entire heat
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pipe. In a steady-state operation, there are no energy
and mass accumulations, and the vapor temperature
will be adjusted according to the heat input and the
ambient conditions. This means that the condensing
heat transfer is equal to that of evaporation, and all
the heat input is rejected to the ambient, i.e.

jj HE(T—Ts)dA=fJ H(T,—T)d4 (5)

On = J:[ eo(T*—T5)dA (©)

where Qy is the heat input through the spot; 45 and
Ac are the evaporator surface area and the condenser
surface area inside the heat pipe, respectively ; 4 is the
outer radiation surface area. It should be noted that
A is not necessarily equal to 4c. When spot heating
heat pipes, the evaporator and condenser are not pre-
scribed. Usually, the heated area is small, and a large
amount of heat needs to be spread to the surrounding
surfaces to be dissipated. Therefore, A is larger than
the spot heating area Ay and as a result, 4 > Ac.

Block heated heat pipes with low or moderate working
temperatures

Block heated heat pipes are normally used to trans-
port energy from one place to another for the purpose
of energy conservation or electronic component
cooling. The evaporator and condenser segments are
normally separated, which is similar to conventional
heat mnee except for the localized heatine. Thé¥%vork-
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ing temperature is comparatively low or moderéte,
which means that radiation heat transfer is not impor-
tant in the analysis of these heat pipes.

Consider the heat pipe shown in Fig. 2. It has an
evaporator section of length L, a wall thickness §, an
outside radius R and a block heated area of width W,
and length Ly.

The analysis here is based on similar assumptions
used for spot heated pipes with high operating tem-
peratures. With a thin wall and a large pipe diameter,
the problem can be investigated in Cartesian coor-
dinates.

In the evaporator section, the governing equation
for the pipe wall that is not underneath the heated
block is

T  o*T

a b
e ‘3(T— Ty =20 )]

o’k

and the governing equation for the wall beneath the
heated block is

0T + 2T
ox? ' 9s?

T-T) + X
( )Y+ k 5=0 ®
In equation (8), we have employed the power-law
relation for the boiling heat flux. In this situation,
b > 1.0. The boundary conditions for this problem
are
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F1G. 2. A general configuration of a block heated heat pipe.

6T_0 tx=0and L 9
i at x=0and Lg )
or

E=O at s = 0 and nR. (10)

Equation (9) defines an insulated boundary condition,
and equation (10) is true due to symmetry.

Equations (9) and (10) can be nondimensionalized
with the following variables :

— (T __TN/T v iR b4 Py
T*—\l_ls}/.lﬂ, A = XN, [ =a/'l[R.

The resulting non-dimensional equations are

8*T* 92T+

Syt TOTH =0 (9a)
O'T*  0*T*
Sgr t apr FOTH+Cgu =0 (102)

where

C, = —a(mR)’TY 'I6k, C,= (nR)} Tk

and Ty is the reference temperature.

The above model is justified due to the fact that
since the main purposc is to transport CIcrgy from
one place to another, the heat dissipation to the ambi-
ent from the evaporator section is negligible. Also,
because of the large evaporation heat transfer
coefficient, very little heat is transported from the
evaporator to the condenser through the pipe wall.
This will be shown in the numerical resuits in the next

section.

NUMERICAL RESULTS AND DISCUSSION

The governing equations for spot heated and
block heated heat pipes are nonlinear and non-
homogeneous and require an iterative procedure. The
problems were solved by utilizing the finite-difference
method based on the control-volume formulation [6].

A combination of the direct method (TDMA) and
the Gauss—Seidel method was employed to solve the
discretization equations. In some special cases, under-
relaxation parameters were used to control the
advancement of the solutions. The grid size employed
in the program varies from 20 x 70 to 70 x 300 depend-
ing on the computational domain. To determine a
suitable grid size, the computed temperature profiles
are compared for a number of different grid sizes for
the same problem. The maximum errors among these
grid sizes are less than 1.0%. Also, an energy balance
over the entire computational domain was checked
for every computed temperature field, the maximum
error of which was at most 0.1%.

Figure 3 shows the numerical results for spot heated
heat pipes with high working temperatures. Like con-
ventional heat pipes, the heat input has a strong influ-
ence on the heat pipe performance. As the heat input
increases, the peak wall temperature increases. For
example, the peak temperature with Oy = 8000 W is
more than twice as high as that with Qy = 2000 W.

In conventional heat pipes, the area available for
heat input is comparatively large, the input heat flux
is Cﬁmpai'ahvmy IOW, and the ‘v'v'C-fx(iﬁg limitation is
mainly determined by the total energy input. With
spot heated heat pipes, the situation is different. Fig-
ure 4 shows the temperature distribution of the wall
with a very high incoming heat flux (as high as 10 kW
cm~ 7). Comparing the curve of H=Hg = H-=
10000 W m~? K~' and Q4 = 2750 W in Fig. 4
with that of Qy = 4000 W in Fig. 3, it can be seen

that evan thonaoh the heat innut 3. =— 2780 W in

that even though the heat input Qy = 2750 W in
Fig. 4 is less than that of Qy = 4000 W in Fig. 3,
its peak temperature is still several hundred kelvin
higher because of the smaller area that is heated. On
the other hand, Fig. 4 shows that a higher heat transfer
coefficient can reduce the peak temperature, as is
expected.

Also shown in Fig. 4 is the influence of A4y on the
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2500
.\ _—Q,=8000 (W) H=10000 (W ni*x™)
H,=10000 (W m2K™)
20004 ¢
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| — - —_ A
g L=L,=0.23 (m)
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k=394 (W m™' K)
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0.00 0.05 0.10 0.15 0.20

AXIAL DISTANCE FROM CENTER OF HEATED SPOT (m)

FiG. 3. The variation of the wall temperature with input heat.

peak wall temperature. The curve with a much lower
peak wall temperature in Fig. 4 is subject to the same
heat flux as that of the other three curves (gz = 10 kW
cm™?), but a smaller heating area (Qy is also smaller).
The resultant peak wall temperature is almost one
thousand kelvin lower than that with the larger heat-
ing area. In this study, the heating area is square.
Because of the small heating areas, its shape is less
important.

Unlike conventional heat pipes, the thermal con-
ductivity of the wall influences the wall temperature
distribution greatly for spot heated heat pipes,
especially in the case of a very high incoming heat flux,
as shown in Fig. 5. When the thermal conductivity of
the wall is small, the peak temperature would jump
intolerably high and the surface would be burned
out. On the other hand, with a large wall thermal
conductivity, the peak temperature decreases sharply.
This is not surprising because a large amount of heat
needs to be transferred to the surrounding wall
through a very small area by conduction.

In conventional heat pipes, better cooling con-
ditions and a larger cooling surface can ameliorate the
performance and result in a lower working tempera-

ture. This is also true for spot heated heat pipes. The
trend is well illustrated in Fig. 6, where a larger surface
area (radiation heat transfer area) corresponds to a
lower working temperature T,. Also, the peak wall
temperature is decreased accordingly. But, if we pay
attention to the area around the center of the heated
spot, we may notice that the temperature difference
between the peak temperature and the working tem-
perature for different curves almost remains the same.
This local phenomenon obviously results from the
localized heat input characteristics of the heat pipe.
The most important factor which determines the per-
formance is the working condition at the heated
spot.

To estimate the validity of spot heating heat pipes
to reduce the wall temperature, a comparison is made
between the wall temperature of a plate that is not a
heat pipe and that of a plate heat pipe. The curve with
the solid circle legend in Fig. 7 is the wall temperature
profile of a spot heated heat pipe under normal work-
ing conditions, while the curve indicated with H = 0
is the temperature profile of a plate that is not a heat
pipe (Hg = Hc = H = 0), with other conditions being
the same. It can be seen that the peak wall temperature

2500
H=7600 (W mtk~') -
H=10000 (W ') Q.= 2750 W)
2000 H=15000 (W m2K™') A,=0.27415 (ern?)
o 6=0.003 (m)
g H=10000 (W m~2K~") L=L,=0.23 (m)
5 1500 A,=Z0.0685 (cm?) W=W,=0.092 (m)
E e 7,=300 (K)
& 1000 =162 (W K-
3 N~
e —————
500
0 T T T T
0.00 0.02 0.04 0.06 0.08 0.10

CIRCUMFERENTIAL DISTANCE FROM CENTER OF HEATED SPOT (m)

FIG. 4. Variation of wall temperature with H and Ay.
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B 1000 - 1,230 () A
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<
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0.00 0.02 0.04 0.06 0.08 0.10

CIRCUMFERENTIAL DISTANCE FROM CENTER OF HEATED SPOT (m)

FiG. 5. Variation of wall temperature with thermal conductivity k.
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FiG. 6. Variation of wall temperature with heat pipe surface area.
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FiG. 7. Temperature profiles with different working conditions.



The thermal performance of heat pipes with localized heat input

1285

,5950 (W)
6=0.003175 (m)
L=L,=0.1 (m)
W,=0.02 (m)
k=230 (W m™ !
a=17330

o b=125

115

5

W 110 -

=

E .

- 105 ¢

<

=z . b/
100 +—8 :

-0.03 -0.02 -0.01

T T
0.00 0.01 0.02 0.03

CIRCUMFERENTIAL DISTANCE FROM CENTER OF HEATED BLOCK (m)

FiG. 8. Comparison of the numerical results with experimental data.

of the surface adopting heat pipe technology is
reduced significantly.

When a comparison is made with conventional heat
pipes, it is clear that spot heated heat pipes have

small evaporator surfaces, very high evaporation heat
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fluxes, larger condenser surfaces and vapor passages.
Because of these factors, the boiling limit becomes the
most important operating limit of these heat pipes. In
Fig. 7, the curve indicated with AT, = 100 K assumes
that the boiling limitation is reached for the local
evaporating surface when 7—T,> AT, =100 K.
When this occurs, the porous media at that point is
assumed to be completely dry, and no evaporation
takes place. For the curve with the solid circle legend,

this restriction has not been imposed on AT, and the
pipe works properly with the other conditions being
the same. Once the boiling limitation is reached and
the evaporating surface becomes dry, the wall tem-
perature at the heated spot will jump thousands of
kelvin higher than that of heat pipes under normal
working conditions. From the viewpoint of heat pipe
design, most difficulties arise from the avoidance of
the incipience of boiling in the porous wick of the
pipe. Special care must be taken to properly design
the structure of the porous media, to choose suitable
working fluids, and to insure the wettability of the
wick and the wall to increase the boiling limitation.

In addition, the emissivity of the surface and the
thickness of the wall have strong effects on the tem-
perature profile of the wall. Increasing the emissivity
will reduce the working temperature, and therefore
the peak wall temperature. The value of ¢ in this
numerical calculation was taken as 0.8. Also, a larger
thickness of the wall will alleviate the temperature
jumps at the center of the heated spot, but this is not
practical in many applications.

Figures 8-10 show the numerical results for heat
pipes with localized heat input working under low or
moderate temperatures. In this situation, the heated
area is comparatively large, and the heat flux is' com-
paratively low, so that the temperature jump is not so

severe as that for spot heating heat pipes with high
working temperatures.
Figure 8 shows the comparison of the numerical

results of the circumferential wall temperature profile
with the exnerimental data from the naper bv Rosen-
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feld [1]. The experiment was conducted with a narrow
line heater at the evaporation section of the heat pipe.
The evaporation heat flux relation is also taken from
that experiment, with

qe = a(T_Ts)b
where a = 17330 and b = 1.215.

The agreement between the numerical results and
the experimental data is excellent. The line width
surely influences the performance of the heat pipe.
With the width of the heated line becoming larger,
the temperature distribution along the circumferential
direction becomes smoother, as shown in Fig. 9.
Among the different heating widths, half heating
(Sy = Wu/rR = 0.5) is of special interest in many
applications. It can be seen that with a uniform input
heat flux and a large evaporation heat transfer
coefficient, the temperature profile of the wall beneath
the heated block is nearly smooth, and the working
conditions of this half of the evaporator are nearly
the same as that of heat pipes with a uniform heat
input.

Figure 10 shows the performance of block heated
heat pipes for different values of the wall thermal
conductivity. Unlike the spot heated heat pipes shown
in Fig. 5, the thermal conductivity of the wall has little
effect on the temperature distribution. The reason is
that, because of the large boiling heat transfer
coefficient, most of the input heat was absorbed by
the evaporating surface beneath the heated block, and
only a small amount of heat is spread to the wall that
is not heated. This is more pronounced as the wall
thermal conductivity decreases. For the working con-
ditions indicated in Fig. 10, withk = 394 Wm~ 'K,
86.2% of the heat passes through the wall under the
heated block, while with ks =45 Wm~'K~!, 96% of
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F1G. 9. Variation of the temperature difference 7— T, with the dimensionless width S,,.
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Fic. 10. Variation of T— T, with thermal conductivity k.

the heat passes through the wall under the heated
block.

CONCLUSIONS AND REMARKS

(1) The use of a heat pipe is an excellent method to
protect a surface from burning out when the surface
is spot heated. The peak wall temperature is greatly
reduced due to the operation of the heat pipe. The
parameters which influence the performance are Oy,
k, Hg, H¢, Ay, € and 6. For a fixed heat input Qy,
larger values of k, Ay, Hg, Hc, or d can reduce the
peak wall temperature, and larger vaiues of ¢ and
the heat pipe surface area result in a lower working
temperature. Because of the localized heating charac-
teristics of heat pnpes, a temperatuwjamp is inevitable
at the center of the heated spot, and results in a large
AT and a high gy at the heated location. Special mea-
sures must be taken to increase the boiling limitation
of the heat pipe. Otherwise, the temperature at the
heated location will jump intolerably high. More work
needs to be done on the structure of the porous media,
the wettability of the wick and wall, and the vapor

flow pattern in the pipe for this special kind of heat
pipe.

(2) The numerical results for localized heat input
heat pipes working under low or moderate tem-
peratures agree well with the existing experimental
data, and can be used to improve the predictions of
heat pipe performance under localized heating With

a mlgc CVdelduUll llCd.l lldllblCl LUClﬂblClll, inosi Ul
the input heat passes through the wall under the
heated block.
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PERFORMANCE THERMIQUE DES CALODUCS AVEC SOURCE DE CHALEUR
LOCALISEE

Résumé—On étudie la performance des caloducs avec source de chaleur localisée, conduction thermique
axiale et circonférentielle, pour des températures de fonctionnement faibles ou élevées. Les résultats
numériques montrent que quand les caloducs sont chauffés ponctuellement, le pic de température de la
paroi est fortement réduit et la surface peut étre protégée du brillage par les flux de chaleur élevés. La
limitation par ébullition devient la limitation la plus importante pour ce type de caloduc. Des résultats
numériques pour le chauffage par bloc d’un caloduc, avec des températures faibles de fonctionnement,
indiquent un bon accord avec les données expérimentales existantes. On constate aussi que la plus grande
part de la chaleur entrante passe a travers la paroi sous ie bioc chauffé.

DAS THERMISCHE VERHALTEN VON WARMEROHREN BEI ORTLICHER
WARMEZUFUHR

Zusammenfassung—Es wird das Verhalten von Wérmerohren bei ortlicher Wirmezufuhr fiir hohe und
niedrige Arbeitstemperaturen untersucht. Die numerisch ermittelten Ergebnisse zeigen bei einer punktuellen
Wirmezufuhr, dafl die Maximaltemperatur in der Rohrwand bei Beriicksichtigung axialer und tangentialer
Wiirmeleitung stark abnimmt. Die Oberfliche ist dadurch vor einem Durchbrennen bei hohen Wirme-
stromdichten geschiitzt. Die Siedegrenze ist bei dieser Art Wirmerohr die wichtigste Leistungs-
begrenzung. Die numerischen Ergebnisse fiir flichige Beheizung des Wirmerohres bei niedriger Arbeits-
temperatur stimmen gut mit experimentellen Daten iiberein. Dabei zeigt sich auch, daB unter diesen
Bedingungen der groBte Teil der zugefiihrten Wirme im beheizten Bereich durch die Rohrwand dringt.

TEMITEPATYPHASI XAPAKTEPUCTHUKA TEIUIOBBIX TPVE C JIOKAJTU30BAHHBIM
IMOABOAOM TEILNIA

Ammoramus—HccnenyioTcsi XapakTepHCTHKH TEMIOBbIX TPYy6 ¢ JOKAaNMM30BAHHEIM NOABOLOM TeIIa,
Brouatoume 3pdexTsl ocepoit nepuepAUecKoli TEIIONPOBOAHOCTH NPH BHICOKOH M HU3KOH paboumx
TemnepaTypax. YncieHHEe pe3yNbTaThl MOKa3biBAIOT, 4TO NMPH JIOKANH3O0BAHHOM HArpeBe TEILIOBBIX
Tpy6 MakcHUMaJIbHas TEMNEpaTypa CTEHKA 3HAYHTE/IbHO CHEKAETCS H NOBEPXHOCTH MOXET GBITH 3aud-
LWIEHA OT NEPEeXEra MNpPH BLICOKOM TEILUIOBOM MNoToke. OrpaHmycHHe XHMIIEHHS SBASCTCH HaHGosee
BaOXHBIM /15l JAHHOT'O THNA TEMIOBHX TPy6. UHCIIeHHBIC pe3yIbTaTsl sl 6JI0KA, HArPEBAIOWIETO TEMIO-
BYIO TpyOy DM HHM3KHX TeMIIEpaTypaXx, MOKa3hIBAIOT XOPOIIee COOTBETCTBHE ¢ HMEIOIIAMHACS 3KCTICPH-
MEHTAILHBIMH AaHHBIMH. [10Ka3aHO Takxe, ¥TO OCHOBHaA MacTh NOABOAHMOrO TEILIa NPOXOMHT uepes
CTEHKY IOA HarpeTEIM GIOKOM.



