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Abstract— The reflux condensation flow phenomena in a two-phase closed thermosyphon are investigated

experimentally and analytically by considering the countercurrent vapor-liquid flow occurring in this device.

The analysis predicts that the liquid-film thickness is increased by vapor shear, resulting in a reduction of heat

transfer compared to that calculated from Nusselt’s solution. The experimental results indicate that Nusselt’s

solution for film condensation cannot interpret satisfactorily the observed trends and that inclusion of vapor
shear effects alone does not rectify the discrepancy.

1. INTRODUCTION

THE TWO-phase closed thermosyphon used in this study
is essentially a gravity-assisted wickless heat pipe,
which is very efficient for the transport of thermal
energy via phase change of the working fluid. In this
work, reflux condensation in a two-phase closed
thermosyphon is examined both analytically and
experimentally. The term reflux condensation refers to
the return of liquid condensate through condensation
of rising vapor. Figure 1 illustrates schematically a two-
phase closed thermosyphon. Vapor generated due to
input of heat in the liquid reservoir at the bottom of the
device rises up the tube and condenses on the cooled
tube wall at the top of the device. The condensate then
returns to the evaporator in the form of a falling liquid
film driven solely by gravity. Because of the alignment
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FiG. 1. A two-phase closed thermosyphon.

of the device with respect to gravity, the condensate can
be returned to the evaporator without the requirement
of a capillary pressure head as needed in conventional
heat pipes using porous wick structures [1, 2]. Since
there is no wick material, the thermosyphon is simpler
in construction, smaller in thermal resistance, and
wider in its operating limits than the wicked heat pipe.

The operating characteristics of a two-phase closed
thermosyphon have been investigated extensively in
recent years [3-11]. There still exists, however,
considerable uncertainty in the description of heat
transfer characteristics. In particular, the existing
works focus mostly on the overall system
performance of the two-phase closed thermosyphon.
Little information is available for the description of the
local behaviors of the flows in both phases. The reason
lies in the inherent complexity of the coupled transport
phenomena.

The objective of the present work is to gain
understanding of the heat transfer processesinvolved in
reflux condensation of countercurrent liquid-vapor
flows. It includes, specifically, an analytical investi-
gation of the retardation of condensation by vapor
shear and an experimental study of the local heat
transfer coefficient of condensation.

2. REFLUX CONDENSATION WITH
INTERFACIAL SHEAR

2.1. Fundamental formulation

In the following analysis, an annular flow is assumed
in the condenser of the thermosyphon. Figure 1 shows
the physical model. Since the liquid film is much smaller
than the tube radius, the curvature effect can be
neglected and the governing equations of boundary-
layer type for a vertical plate can be applied to the
condensate flow. In the current system, the heat
capacity parameter, { (= CpAT/h), and the
acceleration parameter, ¢ ( = {/Pr), are both small.
Thus, as in Nusselt’s analysis [12], the fluid inertia and
the energy convection can be neglected. The governing
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A surface area

B, parameter, (4¢L/A)Y*

By parameter, p,R/pAB,

Cp specific heat

F, augmentation of interfacial shear by
phase change

f;  friction factor

g  gravitational acceleration

h  heat transfer coefficient

he, latent heat of vaporization

k  thermal conductivity

L  condenser length

Nusselt number ratio, Nu/Nuy

Nusselt number

P dynamic pressure

Pr  Prandt! number

g  heat flux

R radius

Re film Reynolds number, I'/u

vapor Reynolds number, 2p.(u, +u)R/p,

s dimensionless axial coordinate, x/L

T  temperature

temperature difference, T, — T,

u  x-component velocity

v y-component velocity

NOMENCLATURE

x  axial coordinate
y  transverse coordinate.
Greek symbols
I'  condensate mass flow rate per unit width
I'  condensation rate, dI'/dx
y density ratio, p./p
A characteristic length, (vZ/[(1 —y)g])*/?
¢  film thickness
{  heat capacity parameter, C, AT /h,,
n  similarity variable, y/(4£A3x)
6  dimensionless temperature
4 viscosity
v kinematic viscosity
¢ acceleration parameter, {/Pr
p  density
T shear stress
¢  augmentation factor of interfacial shear.
Subscripts
i interface
v vapor
w  wall
Superscript
* dimensionless quantity.

equations become

d*u 0P
0=”W_6_x+(p_p')g 1)
T
0=2_ 2
P )

where P is the dynamic pressure of vapor. The
associated boundary conditions are, at y = 0:

u=v=0 T=T, 3)
andaty =4:
]
pem= -1, T=T, @
dy
oT
k$=rhfg %)

where the minus sign is introduced in accordance with
the notations in Fig. 1indicating a retardation of liquid
flow, and
ar d (¢
Ik_dx T dx opudy.

Difficulties may arise in calculating the pressure drop
unless the flow field in the evaporator is fully known.
Fortunately, the pressure variation is usually small
compared to the viscous forces acting on the liquid,
although it is the pumping force for the vapor flow. To
assess the pressure drop, a uniform one-dimensional (1-
Dj)vapor flow at saturation temperature, T,,is assumed.
From mass conservation at each cross section, the

velocity of vapor is given as
2r
u, =
PR

and the force balance for both phases yields

2
RS - —2rw+2(p—pv)g6—2%<ier> ©
where the liquid inertia is neglected and ., is the wall
shear.

The motion of liquid, on the other hand, is governed
by the driving force due to gravitation and the retarding
force from the interfacial shear. At some particular
vapor flow rate, the velocity at the interface vanishes.
The interfacial shear and the gravitational force are of
equal significance at this point. For vapor flow rates
above this point, flow reversal occurs. Eventually, the
interfacial shear becomes dominant and the system
reaches the total flooding limit, i.e. the liquid flow is
totally retarded. Regardless of the dominant forces, the
pressure term in the momentum equation of the liquid
is negligible as is seen from equation (6} by order of
magnitude analysis.

Letting L be the condenser length and introducing
the following variables

y=pJp, A=[/(1-y)}g]'"° s=x/L
n= YMAEA3X)4, 6% = B/(4EAX)1*

4y2Ex\1/? 4v2Ex\Y?
e - /(%)



Reflux condensation in a two-phase closed thermosyphon

618
I*= f u* dy

0
= T/(dp*g*Ex A3t
0= (T-TIMT.—-T,)
equations (1)+4) can be nondimensionalized and
solved to give
u* = (3*—thn—n’/2 Q]
0 = n/o*. 8)

The following expressions can then be obtained

T* = §%3/3— 5%2¢¥/2 )
u¥ = §%2/2—*5* (10)
e (1)

where t¥ = du*/0n|, - ;. The dimensionless form of the
condensation rate in equation (5) follows as
ar* 1

* -
3r* +4s Frial 12)
Upon substitution of equation (9) into equation (12)
there results
*4 *3, %k
@_”izl—é +1.56 @ 13)
ds 450**(5* —1¥)
Note that in the limiting case of t} = 0, similarity exists
and the problem reduces to Nusselt’s analysis which
gives 6* = 1.

The significance of interfacial shear can now be
assessed. The dimensionless interfacial shear at the
onset of flow reversal, occurring at the location where
u¥ = 0,is1¥ = 6*/2, whichindicates that the interfacial
shear is comparable to the gravity force. At higher
values of interfacial shear, the liquid flow may vanish.
By letting I'* = 0, this point can be seen to occur when
¥ = 26*/3. Further increase of vapor flow will totally
retard the liquid flow. The total flooding point can be
determined as the point where ¥ = 0, which means
that the velocity at the wall is maximum. Thus, at the
total flooding point, ¥ = 6* It should be noted that the
conclusion drawn above may not be strictly accurate
since finite-amplitude waves are usually observed near
the flooding point [13].

Rather than solving the vapor flow under conditions
of reflux condensation, the interfacial shear can be
specified using the Lockhart-Martinelli correlation
[12] or the Fanning friction coefficient, f; [14, 15]. In
this work, the interfacial shear is evaluated as for fully
developed pipe flow of the vapor with suction. To
account for the augmentation of interfacial shear due to
the momentum exchange of phase change, the
following modification proposed by Blangetti and
Nanshaki [16] is used

7; = 0.5f;

(u, +u? (14)

e?—1

HAT 27:9-K
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where u, is positive for upward flowing vapor and

¢ = —IT1/05fip,lu, + ).

The pure Fanning friction factor, f;, is given, for pipe
flow with no suction, by the following expressions [ 14]

f, = 16/Re,, Re, < 200

f, = Re%33/1525, 2000 < Re, < 4000
f, = 0.079Re; %25, 4000 < Re, < 30000
f; = 0.046Re; °2, 30000 < Re, < 10°.

(15)

Here, to be consistent, the vapor Reynolds number is
defined in terms of the mean vapor velocity, u,, and the
interface velocity, u;, as

_ 2p(u,+u)R 4T + 2p,u;R
Hy oo B

Re, (16)

Using the above dimensionless variables, we have

Re, = B (u/u,)4s>*T*+2Bgs'?ut)  (17)
uk = 2514T%/ B (18)
¢ = —(R/L)/[2Bgs™*8*f(u¥ +u})] (19)
and
= 0.532(’2—") fis 4t +u) < i . Q)

where equation (5) has been used to obtain equation
(19) and

B, = (4L/AN)"%, Bg = p,R/(pAB,).

2.2. Computational method

A finite-difference scheme is adopted to solve the
problem formulated above. Since the computation
starts from the top of the thermosyphon, the
dimensionless interfacial shear there has to be sought
first. As s approaches zero, it can be shown that

f;s3/4_,0’ ¢_' — 0

and
¢ R

- 3/4 !
L s e T

Therefore, at s = 0
¥ = Eu¥/5*.

Since £ is small, equation (13) states that 6* is very close
to unity in the region near the top end of the condenser.

The computation proceeds by assuming an initial
value of t}* at each node. The value of 6* is then found by
equation (13). Equations (9), (10) and (18) are solved for
I'*, uf and u}, respectively. A new distribution of ¥ is
obtained by using equation (20). This procedure is
repeated until the required convergence criterion
is satisfied.

2.3. Results and discussion
In the following, numerical results for laminar film
condensationincluding the effect of interfacial shear are
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FiG. 2. Interfacial shear effect on reflux condensation for water
at T, = 100°C and AT = 15°C.

presented. All the cases reported are calculated for
L =1 m. Figure 2 shows the behavior of the film for
water at T, = 100°C and AT = 15°C. The distribu-
tions of film thickness, interface velocity and flow
rate downward along the condenser are displayed.
Also shown in the figure are Ny = Nu/Nuy, the ratio
of Nusselt number to that predicted by Nusselt’s solu-
tion, and F,, the augmentation of interfacial shear
due to phase change, defined by

-1 'c;"d_l e 1
R

where t¥, is the interfacial shear calculated at the same
vapor Reynolds number as ifthe wall were adiabatic. As
mentioned before, near the top end of the condenser the
effect ofinterfacial shear issmall. Thus, if oneextends all
curves toward s =0, they converge to Nusselt’s
solution.

It is seen that the effect of interfacial shear is to cause
the liquid film to become thicker, the interface velocity
to be slower and the flow rate of liquid to be lower than
in cases where shear effects are absent. Therefore, the
ratio of the heat transfer coefficient, N p, decreases with s
as a result of an increase in film thickness. The
distribution of F, shows that at small s, the interfacial
shear is mainly due to phase change and its effect on
condensation is secondary. When the flow rate of vapor
becomes so high as to be in the transition region from
laminar into turbulent flow, as indicated by the sharp
change of slope in the F -curve, the decrease in heat
transfer by vapor shear becomes appreciable. Further
downstream, the vapor flow becomes fully turbulent
and a second slope change in the F,-curve can be
observed at the location marked by the dotted circle.
While the augmentation of interfacial shear due to
phase change is less significant in this region, the heat
transfer coefficient continues to drop.

When vapor shear is appreciable, flow reversal may
occur. As shown in Fig. 3 for water at T, = 40°C and
AT = 15°C, the interface velocity is negative over most
of the condenser, indicating that some of the liquid flow
is reversed across the condensate layer since the net
mass flow rate is still positive. The decrease in heat
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F1i. 3. Interfacial shear effect on reflux condensation for water
at T, = 40°C and AT = 15°C.

transfer coefficient for this case is more pronounced
than in the aforementioned case. Note that the
difference in the film behaviors between Figs. 2and 3 is
caused by the different operating temperatures which
can affect the thermophysical properties of the working
fluid.

Since the properties of vapor are strongly dependent
on temperature, it is expected that the effects of vapor
shear on condensation will be different at other
operating temperatures. Figures 4 and 5 exhibit heat
transfer coefficients including the effect of vapor shear
for various operating temperatures using water and
methanol as working fluids. It is seen that at high
operating temperatures, the effect of vapor shear on
condensation is small. However, it becomes relatively
important at low operating temperatures, especially for
water. Since the values of the temperature difference,
AT, are the same, the differences result from the
variations of properties of vapor and liquid with
temperature. Along the saturation curves, the density
and viscosity of vapor increase with temperature while,
for the liquid, these two properties decrease slightly
with temperature. At high operating temperatures, the
net effect of property variations is to have lower vapor
velocity, higher vapor Reynolds number and smaller
vapor shear effect as revealed by equations (17),(18)and
(20), respectively.
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Fi1G. 4. Reduction in Nusselt number by vapor shear during
reflux condensation of water at AT = 15°C and different
operating temperatures, T,.
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FIG. 5. Reduction in Nusselt number by vapor shear during
reflux condensation of methanol at AT = 15°C and different
operating temperatures, T,.

It is noted that the effect of interfacial shear is more
importantin the water cases than in the methanol cases.
This is because the ratio of liquid density to vapor
density is larger for water, and the difference in the
averaged velocities of both phases becomes relatively
significant. Hence, the interfacial shear in the water
cases modifies the liquid flow relatively more.

The effect of vapor shear can be expected to be more
pronounced at larger flow rates of both phases. As AT is
increased, the decrease in the heat transfer coefficient by
vapor shear becomes larger. This can be easily seen
since higher values of AT mean larger mass flow rates ()
and thus signify greater interfacial shear.
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3. EXPERIMENTAL INVESTIGATION

3.1. Apparatus

A schematic diagram of the test apparatus
is shown in Fig. 6. The system is composed of
three sub-systems: the test section, the cooling water
circulation system and the power supply. The test
section is basically a two-phase closed thermosyphon,
witha 14.2mm I.D. As shown in Fig. 6, it is divided into
three parts: evaporator, adiabatic section, and
condenser. The total section length is 2.2 m. The
evaporator section, which is an inconel tube with a wall
thickness of 1.016 mm, is electrically heated by a DC
power supply. Glass-wrapped chromel-alumel ther-
mocouples are spot-welded on the outside surface of the
inconel tube at six locations along its length. In the
adiabatic section and the condenser section, the tubes
are made of 19.05 mm O.D. stainless steel tubing. The
local heat fluxes and temperatures in the condenser and
adiabatic section are measured by Rdf Micro-Foil heat
flow sensors (Model No. 20455-2) which have copper—
constantan thermocouples built in. Five such sensor—
thermocouple pairs are attached to the outside surface
of the condenser and one pair to the adiabatic section
by a special glue with high thermal conductivity. Each
sensor is 27.94 mm in length and 12.7 mm in width. The
sensor foil thickness is 0.127 mm. The maximum
operating temperature is 260°C. An additional copper—
constantan thermocouple is inserted into the tube
through the upper end cap to measure the vapor tempera-
ture. The tip of it is exposed while the remain-
der is covered by a stainless steel sheath of 1.56 mm
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FIG. 6. Schematic diagram of experimental apparatus (HS, heat flow sensor; TC, thermocouple).
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O.D. A strain gauge-type pressure transducer is
mounted on the condenser end cap to measure the
system pressure, i.c. the vapor pressure. In addition, the
system pressure is also monitored by a bourdon-type
gauge. The test section is insulated to minimize the heat
loss. Cooling is provided by house water supply. A
regulator is used to assure a constant coolant flow rate.
A small heat exchanger is used to control the inlet
cooling-water temperature, which in turn affects the
system pressure.

Before operation, the test tube is thoroughly cleaned
and vacuum dried. A known amount of working fluid is
then charged into the tube. Heating is applied by
passing current directly through the inconel evapor-
ator. The cooling water is let into the jacket via the
regulator and the flow meter. After the system reaches
steady state, the temperatures, heat fluxes, heat input
and flow rate are recorded.

3.2. Data reduction

The local heat transfer coefficient, h, at each location
of the heat flow sensor indicated in Fig. 6 can be
calculated directly from the measure of local heat flux,
g, and average wall temperature, T,

Here, the vapor temperature has been assumed uniform
in the condenser. Also attainable from the experiments
is the mass flow rate of the condensate per unit width, I".
Using the fact that the top end of the thermosyphon is
closed, the mass conservation requires that the mass
flow rates of both phases be the same. Hence, a simple
energy balance gives

i

M) = ¥

n=1

Aug,
.

fg

In this equation, g, is the heat flux measured by sensor
n, x; is the sensor location, and A, is the portion of the
condenser area over which that heat flux is assumed to
apply. Itis assumed that the heat flux measured by each
sensor applies to the region delimited by the midpoints
of the segments to the two adjacent sensors. If the sensor
is adjacent to a boundary, A4, extends to the boundary.
In view of the measured heat flux distributions, this
assumption appears reasonable over most of the
condenser except in the region near the closed end.

3.3. Experimental results

The entire body of data collected from the steady-
state operation of the device is shown in Fig. 7. This plot
represents a variety of operating temperatures and
pressures for both methanol and water. For
comparison, the theoretical Nusselt’s solution and its
improvement taking into account the effect of
interfacial shear are plotted along with the experi-
mental data. The curve corrected for vapor shear effect
is for the case of maximum vapor shear among the test
conditions.

As can be seen in the figure, the data are quite
scattered about Nusselt’s solution. However, it appears
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FiG. 7. Experimental data of reflux condensation at a wide
range of system pressures.

that at relatively high Reynolds numbers (10 < Re
< 30), the condensation heat transfer is higher than
that predicted by Nusselt theory. The observed increase
of heat transfer coefficients may be attributed partly to
the waviness of the film which will be discussed in
subsequent work, and partly to the liquid carry-over
from the evaporator. At higher Reynolds numbers, this
increase is offset by the interfacial shear due to the
turbulent vapor flow. On the other hand, the dataatlow
Reynolds numbers fall below the predicted results. It is
believed that this occurs because of certain aspects of
the condensation problem which are particular to a
closed device such as that used in this study. It is noted
that most of the low Reynolds number data represent
the behavior at the top of the thermosyphon.

There are several effects which may account for the
low values of the heat transfer coefficient occurring at
the top of the device. First, any non-condensable gases
present in the system will move upward with the bulk
vapor flow and accumulate at the top of the condenser.
As a result, the gas-occupied portion of the condenser is
nearly shut off and the active condenser area is reduced.
Moreover, the gas front will also tend to spread along
the liquid—-vapor interface [ 17] and thus will present a
diffusive resistance to the vapor migrating to the
interface which further reduces condensation.

A second factor which may contribute to the low heat
transfer readings at the top of the device is that the end
capis not perfectly insulated. A thick liquid film may be
established near the top end due to the Marangoni
effect [18] which accounts for the variation of surface
tension over the film surface caused by axial
temperature drop. The thermal end effects discussed
here are, however, not believed to be responsible for the
trend in the data because application of an external
guard heater to the end cap resultsin little change in the
device performance.

Another possible explanation is that no liquid film
exists at the top of the device. This is particularly true for
water at low pressures. During certain test runs, the
steady-state heat transfer in the upper portion of the
device was nearly zero. In addition, the wall
temperatures were also observed to be close to that of
the heat sink (cooling water). Since heat transfer was
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Fi1G. 8. Experimental data of reflux condensationat P ~ 1 atm.

very small in this portion, the wall and vapor
temperatures were nearly equal. This indicated that
little condensation was occurring in this region of the
device and the liquid film was absent. At low pressures,
the vapor flow rate generated by the input heat is
probably not high enough to reach the upper portion of
the condenser. This is because the upward flowing
vapor will eventually be totally consumed by
condensation. If the pipe is long enough, the vapor flow
generated at low pressures may be unable to adjustitself
to have film condensation start from the top end of the
thermosyphon. Some droplets may be present on the
tube wall in these locations, but the condensation rate
will be very small.

The effects at the top of the device as mentioned
above should be much less evident if only data for
relatively high system pressures are considered and if
the data from the flux sensor closest to the end cap are
omitted. As the system pressure is increased, less
leakage of non-condensable gas into the system would
be expected. Therefore, this subset of data should not
show the low values of heat transfer coefficient at low
Reynolds numbers which are evident in the full data set.
Figure 8 displays this subset of data. All the data are for
system pressures near 1 atm which is the maximum
pressure range among the test conditions. As expected,
the anomalous behavior seen in Fig. 7 is much less
evident in Fig. 8, although a few points substantially
below the theoretical curve are still observed.

4. CONCLUSIONS

A theoretical analysis of the influence of vapor drag
on condensation in countercurrent vapor-liquid flow
wasincluded in the present work. The vapor drag on the
liquid surface was assessed by introducing modified
Fanning friction factors which incorporate the
augmentation of interfacial shear through phase
change and the velocity difference between liquid and
vapor phases. The numerical results indicate that the
interfacial shear in the laminar vapor flow regime is
mainly due to phase change and here the decrease in
heat transfer by vapor shear is small. When the vapor
flow becomes turbulent, the importance of the
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augmentation of interfacial shear by phase change
rapidly becomes small, although it cannot be ignored
under the conditions in the present study. However, the
decrease in heat transfer by vapor shear in this regime
becomes appreciable. For the cases under consider-
ation, the reduction of heat transfer by vapordraginthe
water case is much more significant than that in the
methanol cases.

A series of experiments was performed to examine
the film behaviors during reflux condensation.
Emphasis was placed on the measurement of local heat
transfer rates. The whole set of experimental results was
reduced in dimensionless form and compared to
Nusselt’s solution. It was found that at low Reynolds
numbers the data fall below Nusselt prediction, but at
high Reynolds numbers, the condensation heat transfer
coefficients are underpredicted. Several possible factors
were discussed to explain such trends. The experi-
mental results indicate that Nusselt’s solution cannot
satisfactorily explain the film flow and that improve-
ments of this simple analysis are needed.
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CONDENSATION DE REFLUX DANS UN THERMOSYPHON DIPHASIQUE FERME

Résumé — Le phénoméne d’écoulement de condensation avec reflux dans un thermosyphon diphasique fermé

est étudié expérimentalement et analytiquement en considérant 'écoulement 4 contrecourant vapeur-liquide

fonctionnant dans cette condition. L’analyse prédit que I'épaisseur liquide-film est augmentée par le

cisaillement de la vapeur, ce qui conduit 4 une réduction du transfert thermique comparé a celui calculé par la

solution de Nusselt. Les résultats expérimentaux montrent que la solution de Nusselt pour la condensation en

film ne peut interpréter correctement les tendances observées et que I'inclusion des seuls effets du cisaillement
de la vapeur ne peut rectifier le désaccord.

RUCKSTROM-KONDENSATION IN EINEM GESCHLOSSENEN ZWEI-PHASEN-
THERMOSYPHON

Zusammenfassung—Die Strémungsvorginge bei der Riickstrom-Kondensation in einem geschlossenen
Zwei-Phasen-Thermosyphon wurden experimentell und analytisch untersucht. Hierzu wurde die
gegenliufige Dampf-Fliissigkeits—Strdmung, die in einer derartigen Apparatur auftritt, betrachtet. Aus den
theoretischen Uberlegungen folgt, daB die Kondensatfilmdicke durch die vom Dampfstrom aufgeprigte
Schubspannung zunimmt und infolge dessen der Wérmeiibergang im Vergleich zur Nusselt’schen Theorie
schlechter wird. Die experimentellen Ergebnisse zeigen, daB die Nusselt’sche Theorie der Film-Kondensation
nichtin der Lage ist, die beobachteten Resultate zu erklaren und daB die Abweichungen nicht allein durch den
EinfluB der Dampfschubspannung zu begriinden sind.

KOHJAEHCALIMS B ABYX®A3ZHOM 3AMKHYTOM TEPMOCHU®OHE

AnnoTaumms— SIBJICHHS TeYEHHH C KOHAEHCauMeHk B AByX(a3HOM 3aMKHYTOM TEPMOCH(OHE HCCNEAYIOTCS
IKCMEPHUMEHTAIBHO H AHAJIMTHYECKH Ha OCHOBE PAacCMOTDPEHHS NMPOTHUBOTOYHOrO TEYEHHA Napa H
XHIKOCTH B 3TOM YCTPOWCTBe. AHaJTH3 NOKa3blBAaeT, YTO TOJILIMHA XKHIAKOH IUICHKH YBE/IMYHBACTCA
3a CYET KacCaTe/JbHOrO HANPSOKCHUS B [1ape, YTO NPHBOAMT K CHHAXEHHIO BEJIMYHMHBbI MNEPEeaaBacMoOro
TENJIOBOTO MOTOKA MO CPABHEHHIO CO 3HAYEHHEM, MOJIy4eHHBIM K3 peineHus Hyccensra. Dxcnepumen-
Ta/bHbIE PE3YIbTATHl CBUAETENLCTBYIOT O TOM, YTO pelieRHeM HyccenbTa Henb3s yI0B/IETBOPHTENLHO
OMHUCHIBATD MJICHOUYHYIO KOHAEHCALMIO H YTO YYET TOJILKO 3(ipeKTOB KacaTeJIbHOTO HANpAXKEHHUS B nape
He MO3BOJISAET MOJYYHTb TOYHBIX PE3yJbTaTOB.



