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Abstract-This paper describes the heat transfer augmentation and the flow situation around a single 
spacer (a cylindrical rod) on the heated surface of a parallel plate duct in order to examine basically the 
effects of the spacer in the fuel elements of a high temperature gas-cooled reactor. The ends of the cylindrical 
rod contact the upper and lower planes. A thermosensitive liquid crystal iilm is used to indicate the effective 
area for the heat transfer. The mean Nusselt number, which is estimated within the optional distance from 
the spacer to the downstream direction, peaks at a dimensionless distance of X/D = 1-3, and after that 
decreases gradually with the flow direction. The manner in which heat transfer corresponds to the flow 
situation is also examined. The horseshoe vortex, produced around the spacer, affects the wake and 

contributes to the increase of the local heat transfer. 

INTRODUCTION 

IN THE fuel elements of a high temperature gas-cooled 
reactor, helium gas flows as a coolant through a nar- 
row space between fuel rods and between a fuel rod 
and a moderator. In order to support these narrow 
spaces, several ribs are placed on the circumferential 
or longitudinal surface of fuel rods. However, the 
manner in which the spacer affects the flow and the 
local heat transfer has not been examined. Therefore, 
the effects of spacers on the local heat transfer and 
the flow situation should be examined in detail. 

Some experimental studies have been performed on 
three-dimensional flow and local heat transfer on the 
surface of a rib [l] or on augmentation heat transfer 
by separation and reattachment of flow [2]. In 
addition, the effects of circular cylinders set in the 
perpendicular direction to the flow on the center of a 
parallel plate duct have been examined experimentally 
with the local heat transfer and flow situation by 
changing the blockage ratio (the ratio of the outer 
diameter of a circular cylinder and the width of the 
flow passage) [3-51. However, effects of the ribs have 
not been studied in the system where a rib is placed 
through the whole height of the flow passage like a 
spacer. 

In the present study, a cylindrical rod was set ver- 
tically to the flow direction from the upper plate to 
the lower one of a parallel plate duct, and the effects 

of the rod as a spacer were examined experimentally. 
A liquid crystal sheet was placed on a heater in order 
to examine the effective local heat transfer and to 
visualize the temperature distribution. The flow situ- 
ation around the spacer was also observed using a 
water circulation system. In addition, correspondence 
between the flow and the heat transfer was examined. 

EXPERIMENTAL FACILITY AND PROCEDURE 

Experimental facility 
A schematic diagram of the experimental facility is 

shown in Fig. 1. The test section was set on the suction 
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FIG. 1. Schematic diagram of the experimental facility for 
heat transfer. 
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NOMENCLATURE 

D outer diameter of a cylindrical rod Re Reynolds number, UL),,/ll 

0, hydraulic diameter, 2H T temperature 

H distance between the upper and lower X longitudinal distance from the end of a 

planes cylindrical rod 

NU Nusselt number, aD,/i Y lateral distance from the center of a 

N% average Nusselt number cylindrical rod. 

N%,X maximum Nusselt number 

Nu, thermally fully developed Nusselt Greek symbols 

number for a parallel plate duct with C! local heat transfer coefficient 

one side heated IL thermal conductivity 

4 heat flux v kinematic viscosity. 
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FIG. 2. Cross-sectional view of the test section 

side of a blower and was composed of a parallel plate 
duct of which the width, length and height were 230, 
2100 and 10 mm, respectively. After the air flowed 
through the control valve 0, the flow meter @ and 
the settling section 0, it was heated uniformly in the 
heating section @ and returned to the atmosphere via 
the blower. A cylindrical rod @ was set at a point 375 
mm from the end of the heating section (1600 mm 
from the entrance of the settling section). The cylin- 
drical rod was placed between the upper and lower 
plates of the parallel plate duct and was attached using 
silicon grease of thickness 0.01 mm. The liquid crystal 
layer and stainless steel foil were adhered to the upper 
plate of the duct which was made of transparent 
acrylic resin (Fig. 2). 

Table 1. Relation between color and temperature 

Color boundary Temperature ( ‘C) 

Black-dark brown 
Dark brown--light brown 
Light brown-orange 
Orange-yellow 
Yellow-yellow green 
Yellow green-green 
Green-light blue 
Light bludark blue 

26.OkO.2 
27.1 kO.2 
2x.3 20.2 
29x+0.5 
30.7&0.6 
31.3kO.4 
32.350.5 
35.6kO.4 

FIN;. 3. Recirculating water bath for flow visualization. 

Stainless steel foil, the thickness and length of which 

were 0.05 and 750 mm, respectively, composed the 
heating section and was heated uniformly by con- 
trolling the alternating current of 100 V. 

The thermosensitive liquid crystal layer was used to 
measure the temperature distribution in the effective 
area of the cylindrical rod. The cholesteryl-type cap- 
suled liquid crystal layer [6] was used because it has a 
long life span. It changes to eight different colors 
which depends on the temperature. A liquid crystal 
sheet the width and length of which were 230 and 750 
mm, respectively, was composed of a thermosensitive 
liquid crystal layer and a black adhesive layer. The 

relationship between its color and temperature was 
determined by a calibration test and is shown in Table 

FIG. 4. Nusselt number in a smooth parallel plate duct (one 
side heated and the other side insulated). 
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- Ftow direction 

FIG. 5. Isothermal ~st~bution around a cylindrical rod (liquid crystal sheet) (an acrylic resin cylindrical 
rod~tb~=lOmm):(a)Re=l~;(6)Re=~;(c)Re=lO~. 



Fundamental study of heat transfer and flow situation around a spacer 2219 

1. The relation was obtained by setting a given linear 
temperature gradient on a heated plate for calibration 
[7]. The colors of this liquid crystal were black, dark 
brown, light brown, orange, yellow, yellow-green, 
green, light blue and dark blue in a temperature range 
from 26 to 36°C. 

A water-recirculating bath was used to visualize the 
flow pattern around a cylindrical rod (Fig. 3). A cyl- 
indrical rod, the outer diameter of which was 20 mm, 
was set in the center of the flow passage of width 
300 mm and height 20 mm. Small pearl&d particles 
(diameter, 30 pm ; specific weight, 3) made of mica 
and covered with titanium oxide [S], were traced in 
the water flow. These particles reflect light well. 
Through this inspection, the shearing direction of the 
flow made it possible for the flow to be visualized by 
illuminating the slit (width, 1 mm) of a light source. 

Experimental procedure 
In the first stage, the heat transfer experiment was 

performed on a smooth parallel plate duct (one side 
heated and the other side insulated) without a cylin- 
drical rod. 

In the second stage, a cylindrical rod had been 
set, and the alternating current was charged to the 
stainless steel foil. The surface tem~ratu~ was main- 
tained within the thermosensitive region of the liquid 
crystal controlling the electric current and voltage. 
Entrance and exit temperatures of air were measured 
directly by thermocouples. The mixed mean tem- 
perature, Tbr of the air at an arbitrary point was 
estimated by assuming a linear longitudinal dis- 
tribution of the air temperature. The maximum 
difference between the net heat flow and the electric 
input was 7%. The surface temperature, T,, was mea- 
sured by converting the color of the liquid crystal 
sheet into the temperature. The local heat transfer 
coefficient was obtained by the following equation : 

(1) 

where q is the local heat flux. The scattering of the 
local heat transfer coefficient was about + 10% 
including the errors in the surface and fluid tem- 
perature measurements. 

The present experiments were carried out using 10 
mm high cylindrical rods for three different outer 
diameters of D = 10, 15 and 20 mm with two 
materials, acrylic resin and brass. The Reynolds num- 
ber with a characteristic length of 2H changed from 
1000 to 10000. 

RESULTS AND DISCUSSIONS 

Heat transfer for a smooth parallel plate duct 
Figure 4 represents the experimental results of a 

smooth parallel plate duct. The ordinate shows the 
most developed Nusselt number, Nu, and the abscissa 
denotes the Reynolds number, Re. These values were 
obtained at the position corresponding to the cylin- 
drical rod and in the most developed hydraulic and 

thermal conditions. They agree well with the fully 
developed value 193, and their scattering is within 
f 10% in the turbulent region. On the other hand, in 
the laminar region, the experimental values are equal 
to the analytical value Nu = 5.4 [lo] at Re = 1000. 
However, at Re = 2000, these are larger than the ana- 
lytical values because they are in the transition region. 

Heat transfer around a single cylindrical rod 
Figure 5 shows the temperature distribution around 

a cylindrical rod (outer diameter D = 10 mm) made 
of acrylic resin on a liquid crystal sheet for Re = 1000, 
4000 and 10 000. A uniform color of the liquid crystal 
indicates an isothermal situation. A stagnation region 
exists behind the cylindrical rod at Re = 1000. There- 
fore, the temperature increases in this region. As Re 
increases, the local heat transfer is improved in the 
downstream region since two separated flows are 
joined after the cylindrical rod. Additionally, the pos- 
ition of the depression of the isothermal domain 
downstream of the cylindrical rod tends to approach 
the rod (move toward the upstream region). 

Figure 6 shows the iso-Nusselt number lines 
obtained by local temperature distribution and equa- 
tion (1) with dimensionless distance (X/D is the dis- 
tance from the cylindrical rod edge and Y/D the lateral 
distance from the center line of a cylindrical rod) for 
three Reynolds numbers. For a cylindrical rod made 
of acrylic resin, the maximum Nusselt number exists 
before stagnation occurs behind the cylindrical rod at 
Re = 1000. On the other hand its position is on the 
symmetric line of the center axis of the cylindrical rod 
at high Reynolds numbers (turbulent region). The 
region where local heat transfer is clearly improved is 
less than X/D = 5 for Re = 1000 and is more than 
double, X/D = 11, for Re = 10 000. However, slight 
differences in the colors of the liquid crystal sheet exist 
s~et~cally in the do~str~m region, X/D & 20. 

While a cylindrical rod made of acrylic resin is in 
contact with the heat transfer surface at the insulated 
condition due to low thermal conductivity (0.194 W 
m - ’ K- ‘), a cylindrical rod made of brass produces 
the fin effect (extended surface) because of high ther- 
mal conductivity (98.9 W m-’ K-‘). As a result, a 
maximum Nusselt number exists on the periphery of 
the rod as shown in Fig. 6(d). This local maximum 
value is larger than that of the acrylic resin. The effec- 
tive area of heat transfer, however, does not depend 
on the material of the cylindrical rod. 

Effects of the dimension of the outer diameter on 
heat transfer do not appear clearly at constant Reyn- 
olds numbers. The absolute value of the effective area 
increases with the diameter of the cylindrical rod. Iso- 
Nusselt number lines are expressed similarly by using 
dimensionless distances X/D and Y/D. 

Figure 7 shows a comparison with the results of 
other research. The comparison is based on the Nus- 
selt number ratio, Nu/A&, normalized by the fully 
developed value. The upper half contours of the figure 
show the present results and the lower half Goldstein 
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FIG. 6. Local Nussdt number (Lf = 10 mm). 

et al.‘s results [ll] which were obtained for a three- 
dimensional circular rod. The local heat transfer of 
ref. [l l] reaches a peak at the reattached region since 
fluid flows over the head of the rod and reattaches to 
the heat transfer surface. However, the effective area 
for heat transfer is similar to the present result. 

Improvement of heat transfer is generatly evaluated 
by (i) the maximum Nusselt number ratio, Nu,,,/Nu, 
or (ii) the average Nusselt number ratio, Nu,/Nu,, 

Three dimensional rod El11 
@ram) 

H/b =l.O 
u, =4.6m s-’ 

where Nu, is a fully developed value for a smooth 
parallel plate duct. Ratio (i) shows a maximum evalu- 
ation. While the average value of the whole effective 
area of a cylindrical rod has been used up to this time, 
in the evaluation of ratio (ii), the most effective area 
was determined by obtaining Nu,/Nu, for an arbi- 
trary distance from the edge of a cylindrical rod. Fig- 
ure 8 shows a model to estimate Nu,/Nu, from Fig. 
6. The average value Nu,/Nu, was obtained by mul- 
tiplying Ntr,, and Ak and averaging the entire area 

Nu,/Nu, = 

! 
N--l 

JI, oh+ 1 -Nuk)Ak,,+Nu,A, NuoA, (2) 

where Nul, is the iso-Nusselt number value for the 
arbitrary distance from a cylindrical rod and AR the 
area of NUT. These results are shown in Figs. 9 and 
10. 

In Fig. 9, the relationship between Nu,,,/Nu, and 
Re is shown for acrylic resin and brass. After 

FIG. 7. Local Nusselt number ratio. Nu,,,lNu, increases with Re in the laminar region 
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(=Nu,) 

FIG. 8. A model of the local Nusselt number distribution. 
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Re 

FIG. 9. Maximum Nusselt number. 

The flow situation around a cylindrical rod was 
visualized corresponding to the local heat transfer by 
using a water recirculating bath. The results represent 
that the flow is mainly characterized by a wake flow 
behind a cylindrical rod and horseshoe vortices 
around a rod. and reaches a peak at Re = 3000-4000, it then tends 

to decrease in the turbulent region. In the case of Figures 11 (a)-(c) are photographs taken by illumi- 
acrylic resin, the maximum Nusselt number is ex- nating horizontally the slit of a light source. These 
pressed by Re” the index of which is n = 0.66. Zema- Reynolds numbers are Re = 1000, 4000 and 10000. 
nick and Dougall [12] obtained the index n = 2/3 and The stagnation flow is in the upstream region. Separ- 
Filleti and Kays [13] n = 0.593-0.689 for the Reynolds ation flow on the side surface and wake flow are 

number index for the maximum Nusselt number on 
the reattached region of an abruptly extended flow. 
For heat transfer of the side surface of a finite circular 
cylinder on a smooth plate [l], the index n = 0.657, in 
which the ratio of the outer diameter and height is 1. 
It is interesting that these values are similar to our 
results (n = 0.66). The maximum Nusselt number of 
the brass cylinder is about 25% higher than that of 
the acrylic resin cylinder at Re = 4000, because of the 
high thermal conductivity, namely the fin effect. 

Figures 10(a) and (b) represent the relationship 
between the average Nusselt number Nu,/Nu, and 
the dimensionless distance X/D as a parameter of Re. 
In Fig. IO(a), the effects of the acrylic cylinder appear 
before the stagnation region around the cylinder for 
low Reynolds numbers. While Nu,/Nu, reaches a 
peak at X/D = 1-2 for Re = 1000 and 2000, the peak 
moves to X/D = 3 for Re = 10000. The value 
approaches 1 at the downstream region. In the figure, 
the representative tendency is shown with a dashed 
line. Effects of the outer diameter do not appear 
clearly in the behavior. In Fig. 10(b), Nu,.JNu, 
reaches a peak at X/D = 1 for all Reynolds numbers 
in the experiment and also approaches 1 along the 
downstream region. 

These facts will be useful as fundamental data to 
determine a longitudinal pitch when several spacers 
are to be set in a flow passage. 

Flow situation 

1.1 

1.0 

Acrylic resin 

0 2 4 6 8 
X/D 

Brass 

1.0 
0 2 4 6 a 

X/D 

(a) 

FIG. 10. Average Nusselt number. 

(b) 
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- Flow direction 

-_ _. . ^ 
FIG. 1 I, Main stream line at half height from the bottom plate (exposure, fl.4 ; time, 0.5 s) : (a) Re = 1000: 

(h)Rr = 4000; (c) Re = 10000. 

observed in all the photographs and are similar to the 
flow around a long cylindrical rod. The wake Aow 
depends on Re and is classified into a stagnation flow 
following the cylindrical rod and a wake region. Stable 
twin vortices are constructed in the stagnation region 
for a Reynolds number less than Re = 1500 and their 
tails extend longitudinally. The flow is stable and is 
considered to be laminar. The blue color of the liquid 
crystal sheet corresponds to the stagnation region and 
the temperature is comparatively high (Fig. 5(a)). 

For Reynolds numbers higher than Re = 1500, the 
tail of twin vortices is irregular and the area of the 
stagnation region is reduced. A disturbed wake region 
appears downstream of the stagnation region, and 
the width extends along the downstream region for 
Reynoids numbers higher than Re = 2000. Alternate 
vortices (similar to Karman vortices) are generated 
for Reynolds numbers higher than Re = 4000, but 
these disappear in a disturbed wake region under 
Re = 6000. The maximum Nusselt number Nu,,,/ 
Nzd% reaches a peak in the range of the above- 
mentioned Reynolds number (refer to Fig. 9). Alter- 
nate vortices did not appear owing to the slow shutter 
speed of the camera ; the flow was normalized during 
exposure. Alternate vortices were clearly observed by 
adding a solution of pearlized particles. These vortices 
were generated for Reynolds numbers higher than 
those in which normal Karman vortices were 

produced. Three-dimensional constructions of these 
Rows were not clear in the present study. 

Flow around a cylindrical rod was also observed 
from the side surface of the flow passage by illumi- 
nating vertically the slit of a light source from an 
upper direction and using an amplifier. Fluid collided 
with the rod and caused several horseshoe vortices 
1141 which surrounded the base of a cylindrical rod 
and washed out to the downstream region. The 
behavior of horseshoe vortices is shown schematically 
in Figs. 12(a)-(c). Two stable horseshoe vortices were 
observed for Reynolds numbers less than Re = 2500 
(Fig. 12(a)). Four horseshoe vortices were generated 
for Reynolds numbers equal to or higher than 
Re = 4000 (Fig. 12(b)), and two outside vortices were 
inte~ittent. All of the horseshoe vortices were gen- 
erated intermittently over Re = 6000 (Fig. 12(c)). 
This intermittency is related to the behavior of alter- 
nate vortices as stated previously. 

In Fig. 13, the pattern of the particles lying on the 
bottom of the heated wall is shown corresponding to 
the flow near the heated surface. Figures 14(a)-(c) 
show top views of the horseshoe vortices and these 
patterns on the wall. 

The dark parts in Fig. 13 show that the particles do 
not accumulate in large amounts. This kind of pattern 
is considered to express the characteristics of Aow 
co~esponding to shear stress. For Re = 1000 (Fig. 
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FIG. 12. The behavior of horseshoe vortices for various FIG. 14. A mode1 of ffow patterns for various Reynolds 
Reynolds numbers: (a) Re = 1000; (b) Re = 4000; (c) numbers : (d) Re = 1000; (b) Re = 4000 ; (c) Re = 10000. 

Re = 10000. 

- Flow direction 

FIG. 13. Precipitation pattern of pearlized particles on the bottom plate (exposure, f8; time, 0.25 s): 
(a) Re = 1000; (b) Re = 4000; (c) Re = 10 000. 
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13(a)), a curved white line represents the boundary of 
the outside horseshoe vortices near a cylindrical rod. 
For Re = 4000 (Fig. 13(b)), two curved white lines 
correspond to the outside boundary of two horseshoe 
vortices. In the downstream region, patterns of pearl- 
ized particles are observed corresponding to the stag- 
nation region. The width of the pattern is reduced 
once, and then extended again to the flow direction. In 
Fig. 13(c), the photograph was taken by illuminating 
tangentially the slit of a light source along the wall 
and shows that the particles move downstream along 
the bottom wall with wavering. The size of patterns 
around a cylindrical rod reduces with an increase of 
Re, and the shape is similar to a circle. The width of 
the wake flow was primarily constant. This charac- 
teristic is a common representation of Reynolds num- 
bers higher than Re = 5000. These patterns from a 
cylindrical rod to the stagnation region correspond 
well to the temperature distribution. 

CONCLUDING REMARKS 

The effects of a cylindrical rod (corresponding to a 
spacer) in a parallel plate duct on the heat transfer and 
the flow situation were determined experimentally. 

(1) The effective area was clarified by visualizing 
the temperature of the liquid crystal sheet. Heat trans- 
fer was evaluated by the maximum and average Nus- 
selt numbers and the characteristics were clarified. 
The most effective area of heat transfer augmentation 
existed downstream of a circular rod. 

(2) The cylindrical rod made of brass with high 
thermal conductivity gave a 25% higher local heat 
transfer coefficient (due to the fin effect) than the 
cylindrical rod made of acrylic resin. 

(3) Small pearlized particles were used to visualize 
the flow situation. Horseshoe vortices around a cyl- 
indrical rod contributed to the improvement of the 
local heat transfer of the wake flow. 

These results will be extended to the study of several 
spacers and will be useful as fundamental data for 
practical application. 

Acknowledgements-We would like to thank Dr H. Kawa- 
mura, Japan Atomic Energy Research Institute, who advised 
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ETUDE FONDAMENTALE DE L’ECOULEMENT ET DU TRANSFERT DE CHALEUR 
AUTOUR DUN ESPACEUR (DANS LE CAS D’UNE BARRE CYLINDRIQUE COMME 

ESPACEUR) 

R&mm&-Gn d&it l’accroissement du transfert thermique et l’ecoulement autour d’un espaceur unique 
(une tige cylindrique) sur une surface chauffee d’un canal entre plans paralleles, de faGon a preciser les 
effets de l’espaceur dans les elements combustibles d’un reacteur a haute temperature refroidi au gaz. Les 
extremites de la tige cylindrique touchent les plans superieur et inferieur. Un film de cristal liquide 
thermosensible est utilisf pour montrer l’aire effective du transfert de chaleur. Le nombre de Nusselt moyen 
qui est estimir, presente un pit a la distance adimensionnelle X/D = 1-3, puis il decroit graduellement dans 
la direction de l’itcoulement. On examine aussi la fagon dont le transfert thennique correspond a la 
configuration de l’bcoulement. Le tourbillon en fer a cheval produit autour de l’espaceur, affecte le sillage 

et contribue a l’accroissement local du transfer? de chaleur. 
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GRUNDLEGENDE UNTERSUCHUNG VON WARMEUBERGANG UND STRGMUNG 
UM EINEN ZYLINDRISCHEN STAB ALS ABSTANDHALTER 

Z--Es wird die Verbesserungdes Wiirmeiibergangs sowie die Striimung mn einen einzelnen 
zylindrischen Stab als Abstandshalter auf einer beheizten Oberihiche eines durch parallele Platten gebildeten 
StrGmungskanals beschrieben, um die Effekte der Abstandshalter in den Brennelementen eines gasgektihlten 
Hochtemperaturreaktors gnmdlegend zu untersuchen. Die Enden des zylindrischen Stabes beriihren die 
obere und untere Platte. Ein warmeempfindlicher Fliissigkristalhihn wird dazu benutzt, das effektive Gebiet 
der W%rmeiibertragung zu markieren. Die mittlere Nusselt-Zahl, die fur ein bestimmtes Gebiet stromab vom 
Abstandhalter berechnet wird, hat einen Hiichstwert bei der dimensionslosen Entfemung von X/D = l-3 ; 
danach nimmt sie allmahlich in Striimungsrichtung ab. In welcher Weise Wgirmeiibergang und Striimung 
zusammenhiingen wird ebenfalls untersucht. Der durch den Abstandhalter erzeugte Hufeisen-Wirbel 

bewirkt einen Nachlauf und tr&gt zum Anwachsen der iirtlichen Warmeiibertragung bei. 

0YH)JAMEHTAJIbHOE MCCJIEAOBAHHE TEIIJIOOBMEHA Ii OPTEKAHH5I 
HHJIHH~PHHECKOH PACIIOPKH 

AHponenerro nccnenoaamre mrrencmjmxamm rennoo6Mena a xaprmrbr o6rexamia eLuImrs- 
~oii pacnopK~ (mnmmpmecroro crepxm) ira narpeeaeMol nonepx~ocrn xatia.na n3 napannenbnbrx 
tlJlWT&fH.kiCCJle~OBtweBbIlIOJIHeHO CJJeJIbIO BbUlCiieHHfiBJWUiEJipEW2llOpOK B TB3JIBXBblCOKOTeMn~- 

T~HOrOra300XJlaJKJWeMor0~KTo~. Toprrbt tmJmHxpH¶ecxOrO crepxuix COIIpHKXWOTC~ c eeplurel u 

~elcre~a~nrrKaHana.~r?ABHasnnOm~nepeHocaTennaonpenenneTcsCnOMOUlbH)TepMo- 

V~BCTB~~T~JI~HO~ xw~orp~c~a~~~~~~~oti nneHKH. Cpemree 3HaqeHHe -nicna HyCCWIbTa, onpenenxeMoe 
Ha HeKoTopoM yna.xeHmi 0TpacnopoK mm3 no Te~eHw,wCTmaeTMaKckfMajTbHoro 3Havemm Hapacc- 

TOKHEE (fk3pa3MepHOM) X/D= l-3, a 3aTeM IIocTeIIeHHo uiuxae~c~~ ~mi3 no no~ory. Taxlne Hcute- 
nyemx B3aHMOCB113b MeXQ' TenJlOne~HOCOM H Te'feHHeM. Bo3HaKawmie BOKpp pt3ClIOpKH 

nonxonoo6paznbre BHXpH BO3MyUWOT CJIeIl 38 p%XIOpKO~ H Cl’lOCO6CTB)‘eT yWllH'leHHEO JlOKBnbHOrO 

nepeHocaTenna. 


