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Abstract-A new enhanced surface for forced-convection heat transfer effective in the range of Reynolds 
numbers lower than 3000 is proposed. The surface has many perforations and is bent to form a trapezoidal 
shape. A heat exchanger constructed with these surfaces has enlargement and contraction parts alternately 
along the flow passages. The mechanism of the heat transfer enhancement is studied experimentally by 
changing the surface geometries and heat exchanger configuration, and, in addition, by flow visualization. 
It is shown that the mechanism of the heat transfer enhancement is due to the secondary flow induced by 
the suction and injection through the perforations, and to the frequent boundary layer interruptions at 

each contraction part. Dimensionless correlations on the heat transfer and pressure drop are presented. 

1, INTRODUCTION 

Two OF the most conventional extended surface heat 
exchangers are the plate-fin and the tube-fin types, 
which are widely used in air conditioners, automobiles 

and electronic equipment. 
Recently, the heat exchangers have been required 

to be much more compact in size and lighter in weight 

because of restrictions in setup space and for eco- 
nomical reasons. Furthermore, low frontal velocities 
are required in order to reduce the noise level of the 
exchangers. As more compact heat exchangers are 

developed, the smaller the hydraulic diameter 
becomes, by using more closely spaced fins, and with 
low velocities the design Reynolds number also 
becomes smaller. It is therefore necessary to develop 
an enhancement technique in forced-convection heat 
transfer at low Reynolds numbers in order to achieve 
high performance of compact heat exchangers. In this 
paper, a new enhancement technique in forced-con- 
vection heat transfer in the range of Reynolds num- 
bers lower than 3000 is presented. 

An excellent source of design information on the 
compact heat exchanger surface is a monograph by 
Kays and London published in 1964 [l] and in 1984 
[2], and most of the developed surfaces [3] in use 
until now are more or less related to that monograph. 
According to the monograph, the surfaces efficient in 

industrial heat exchangers in the range of low Rey- 
nolds numbers are interrupted fins such as strip and 
louver fins. The interrupted fins have boundary layers 
that develop anew after each interruption, and thus 
exhibit higher heat transfer coefficients than those of 
plain fins. 

However, there have been no other advanced con- 
cepts on enhancement techniques at low Reynolds 

numbers (except these interrupted fins) since Kays 

and London. 
The present authors have proposed an advanced 

concept on the enhancement technique in forced-con- 
vection heat transfer and also on the performance 
of an advanced surface [4]. The surface had many 
perforations and was bent to form a trapezoidal 
shape. The phase of each adjacent surface was shifted 
by a half-pitch, and therefore a heat exchanger con- 
structed with these surfaces had enlargement and con- 
traction parts alternately along the flow passage, as 
shown in Fig. 1. The heat transfer coefficient of the 
heat exchanger at the same Reynolds number was 
about three times that of a similar heat exchanger with 
plain surfaces, and also about 2.2 times at the same 
pumping power. Furthermore, it was judged that the 
mechanism of the heat transfer enhancement would 
be due to the secondary flow through perforations 
and also due to the boundary layer interruption, 
which means that the boundary layer was developing 
anew at each contraction. 

In the present paper, the mechanism of the heat 
transfer enhancement of the advanced heat exchanger 
was studied experimentally by changing the surface 
geometries and heat exchanger configuration, and, in 
addition, by flow visualization. 

2. EXPERIMENTAL APPARATUS AND 

PROCEDURE 

The heat transfer measurements were carried out 
using a transient test technique, as shown in refs. [4, 
51. The test heat exchanger constructed with heating 
surfaces was set in an open circuit wind tunnel. The 
heating surfaces were made of stainless steel, 0.5 mm 
thick. Twenty such heating surfaces were piled up with 
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1 NOMENCLATURE 

diameter of perforation S width between surfaces 
hydraulic diameter (S, + S,) u mean velocity of main flow, (u, +~*)/2 
mean drag coefficient which includes both v mean velocity of secondary flow. 
skin friction and form drag over the 
surface, defined by equation (3) Greek symbols 
heat transfer coefficient a ratio of cross-sectional area of contraction 
dimensionless factor, defined by part to that of enlargement part, 
equation (5) defined by equation (6) 
total length of heat exchanger surface B porosity of heat transfer surface 
length of a flat part /I thermal conductivity of fluid 
Nusselt number, defined by equation (I) v kinematic viscosity of fluid 
pressure drop through heat exchanger P density of fluid. 
static pressure difference, defined by 
equation (4) Subscripts 
flow rate per unit area 1 enlargement part 
Reynolds number, defined by equation (2) 2 contraction part. 

1 
a spacing of 5.5 mm to compose a heat exchanger with 

120 x 120 mm2 cross-sectional area. 
Table 1 gives the dimensions of the test heat ex- 

changers. Figure 2 shows a schematic diagram of 
those heat exchangers. The perforations were in a 
staggered array, with diameter d and with a constant 
pitch corresponding to their porosity b. The heat 
exchangers from (P-3) to (P-11) are of the same 

shape as (P-2). 

The air flow rate in the wind tunnel was kept con- 

stant at a predetermined value. The air was heated 
with an electric resistance heating screen up to about 
10°C above the ambient temperature. The heating was 
continued until the heat exchanger reached a uniform 
temperature, which was confirmed from a negligible 
difference between the air temperatures at the inlet 
and outlet. The air temperature was measured with a 
thermopile made by 16 copper-constantan thermo- 

;::wact’m S$ulder Flat Enlargement 
\ - lJ?fi , port 

(UNIT: mm) 

FIG. 1. Schematic diagram of advanced heat exchanger configuration. 

Table 1. Test heat exchangers 

No. 
S, S* 1 L d 

(mm) (mm) (mm) (mm) (mm) B a 

P-l 
P-2 
P-3 
P-4 
P-5 
P-6 
P-7 
P-8 
P-9 
P-10 
P-11 
NP- 1 
NP-2 

5.5 

8.6 

8.3 
1.6 

9.5 

8.9 

5.5 
8.6 

5.5 _ 

15.0 
2.4 

1.5 
2.1 
3.4 

1.5 
15.0 

2.1 20.0 
15.0 

5.5 _ 

2.4 15.0 

100.0 

52.3 
92.4 

132.4 

100.0 

111.1 
100.0 

100.0 

1.00 

0.28 
0.145 

2.0 
0.33 
0.45 

0.296 0.16 
0.086 

4.0 
0.145 0.24 

1.00 _ 
0.28 
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NP- I 

FIG. 2. Schematic diagram of test heat exchangers. 

couples, each 0.1 mm in diameter. After the stable 
condition was reached, the power to the heating screen 
was turned off. The temperature-time history of the 
outlet air was continuously recorded. This tem- 
perature-time history of the air depended on the heat 
transfer rate from the heat exchanger, and the heat 
transfer coefficient was determined by a direct curve 
matching method. 

The average of the initial and final outlet air tem- 
peratures was used in the data reduction. 

The pressure drop AP through the heat exchanger 
was obtained by measuring the difference in the wall 
static pressure difference. 

The experimental results of the heat transfer and 
pressure drop of a parallel plate heat exchanger (NP- 
l), shown in Fig. 2, were compared with the data 
obtained by other investigators [6,7], and were almost 
in agreement [4]. Therefore, the transient test tech- 
nique employed in this study was confirmed to be 
reliable. 

In this study, a flow of water was visualized mixing 
aluminum powder as the tracer for a model five times 
as large as the actual heat exchanger. 

3. RESULTS AND DISCUSSION 

The heat transfer and pressure drop characteristics 
of the heat exchanger were presented in terms of the 
following nondimensional groups : 

Nu=h*De/l (1) 

Re=u*Delv (2) 

f=Ap g.$ -I, ( > 

The heat transfer coefficient was obtained by con- 
sidering the porosity of the heating surface. 

3.1. Flow observation 
The flow of water with aluminum powder in the 

advanced heat exchanger was observed by using a 
model five times as large as the actual test heat ex- 
changer (P-2). 

The aspect of the flow is shown in Fig. 3. Figure 4 
shows the flow in the contraction part for three differ- 
ent Reynolds numbers. The sketch is illustrated in 
Fig. 5. 

The results of the observation are summarized in 
the following. 

Contraction part. (I) Judging from the fact that the 
aluminum powder in the water flew regularly and 
smoothly in the contraction part, the flow developing 
from each enirance of the contraction part seemed to 
form a laminar boundary layer. Thus the heat transfer 
in this region was enhanced possibly by the effect of 
the boundary layer interruption. 

(2) Fluid injection through perforations was 
observed. The injected flow joined the main flow with- 
out disturbing it, as shown in Figs. 4(a) and (b), but 
the injected flow through perforations caused the 
boundary layer to become locally turbulent. With the 
increase of the Reynolds number, as shown in Fig. 
4(c), the main flow was gradually disturbed by the 
injected flow. The fluid injection from perforations 
might have increased the enthalpy transport by 
removing the superheated boundary layer, and accel- 
erating the fluid flow in the boundary layer. Thus, it 
might be thought that the fluid injection improved the 
heat transfer. 

(3) The injection velocity was larger at the rear part 
of the contraction part. This fact suggests that the 
static pressure difference between the contraction part 
and the adjacent enlargement part is changing along 
the flow passage. 

Enlargement part. (4) Fluid suction through per- 
forations was observed, and thus the main flow was 
brought close to the surface. The fluid suction could 
make the boundary layers thinner and thereby aug- 
mented the heat transfer. 

(5) At the entrance of each enlargement part, the 
main flow was separated to generate many vortices. 
Thus the fluid flow became turbulent, resulting in the 
turbulent heat transfer in the enlargement part. 

(6) The fluid injection and suction were remarkable 
through the perforations at each shoulder part shown 
in Fig. 1. 

As stated in (2) and (4), the injection and suction 
through the perforated surfaces were achieved sim- 
ultaneously in this heat exchanger. The present 
authors would like to call this injection and suction 
phenomena the ‘breathing effect’, which means the 
perforated surfaces breathe through the perforations. 

3.2. Effect of heat exchanger conjiguration 
Results for the heat exchangers shown in Fig. 2 are 

shown in Fig. 6. The heat exchangers (P-2a) and (P- 
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Water flow 

FIG. 3. Aspect of water flow in advanced heat exchanger (Re = 400). 

2b) were made by closing some part of the per- 
forations of the heat exchanger (P-2) with very thin 
adhesive tapes, of which the thermal resistance and 
the heat capacity were so small as to be negligible 
compared with those of the heat exchanger surfaces. 

The parallel plate heat exchangers (NP-I) and (P- 
1) had almost the same performance, and thus it 
seemed that the perforations had no effect at all on 
the performance of the parallel plate heat exchanger 
within this experimental range of the Reynolds 
number, as stated in ref. [4] and also shown by Liang 

PI. 
The heat exchanger (NP-2) without perforations 

showed an increase in both NU and f compared with 
the parallel plate heat exchanger (NP-1). It is con- 
sidered that the enhancement of heat transfer of the 
heat exchanger (NP-2) was due to the effect of the 
boundary layer interruption in the contraction parts, 
and the flow separation and reattachment in the 
enlargement parts. However, the effect of the tur- 
bulent flow in the enlargement part on the enhance- 
ment of heat transfer might be small, because the Aow 
velocity in the enlargement part was smaller than that 
in the contraction part. This could be confirmed by 
the fact that the dependence of Nu on Re of the heat 
exchanger (NP-2) was similar to that of the parallel 
plate heat exchanger (NP-1). Thus the increase in f 
of the heat exchanger (NP-2) might be mainly due to 
the increase in the skin friction in the contraction 
parts. The form drag at each contraction and enlarge- 
ment part also made the pressure drop increase, but its 
effect might be small compared with the skin friction, 
because the enlargement and contraction were not 
abrupt. 

The heat exchanger (P-2b), which had perforations 
only on the shoulder parts of the heat exchanger (NP- 
2) had the same heat transfer characteristics as the 
heat exchanger (NP-2). However, the pressure drop 
of the heat exchanger (P-2b) was much smaller when 
compared with that of the heat exchanger (NP-2). 
The magnitude was almost the same with the heat 
exchanger (P-2) which had perforations uniformly 
distributed on the heating surface. Hence, the per- 
forations at the shoulder part were considered to con- 
tribute to the decrease in pressure drop. 

The Nusselt numbers of the heat exchanger (P-2a), 
which had perforations only on the flat parts of the 
heat exchanger (NP-2) were much larger when com- 
pared with those of the heat exchanger (NP-2), and 
were almost the same as those of the heat exchanger 
(P-2). The pressure drop of the heat exchanger (P-2a) 
was almost the same as that of the heat exchanger 
(NP-2). 

In the case when there are no perforations at the 
shoulder parts, the entrance region of the enlargement 
part may almost be a dead zone for the heat transfer 
because of the flow separation. The flow separation 
causes the increase in form drag. However, in the case 
when there are perforations at the shoulder parts, such 
as in the heat exchangers (P-2) and (P-2b), the fluid 
Aow is injected into the dead zone so that the heat 
transfer characteristics can be improved and the form 
drag is reduced. At the same time, since the main flow 
is separated by the perforations at the shoulder parts, 
the flow velocity in the contraction part becomes 
small, resulting in the decrease of the heat transfer 
coefficient and friction loss. Con~quently, the per- 
forations at the shoulder parts do not affect the heat 
transfer, but do the pressure drop. 

In general, the perforations at the shoulder parts 
contribute to the decrease in pressure drop, and the 
perforations at the flat parts contribute to the 
enhancement in heat transfer caused by the breathing 
effect. Such a speculation leads to the conclusion that 
the heat transfer surfaces of (P-2) type are most appro- 
priate for the advanced heat exchanger. 

3.3. Effect of surface geometry 
Based on the experimental results and flow visu- 

alization, a simple model is set up to clarify the effect 
of the surface geometry on the performance of the 
advanced heat exchanger, assuming the steady flow 
of an ideal fluid. 

In Fig. 1, the static pressure difference APd between 
the contraction part and the adjacent enlargement 
part is given by Bernoulli’s theory as follows : 

BP, = $(u;-UT). 



(a) 

(b) 

(c) 

FIG. 4. Flow in the contraction part for three different Reyn- 
olds numbers : (a) Re = 400 ; (b) Re = 600 ; (c) Re = 2000. 

It can be considered that this pressure difference acts 
as a driving force of the secondary flow through the 
perforations. Here, it is assumed that the flow rate 
through the perforations is very small, and thus it 
does not influence the velocities U, and u2. 

Assuming that the injection (or suction) velocity u 

is uniform and constant all over the perforated surface 

L 
AP, = K;tr’. 

- 
102 2 5 IO’ 2 5 

Re 

FIG. 6. Effect of heat exchanger configuration on heat trans- 
fer and pressure drop characteristics. (5) 

Heat transfer and pressure drop of perforated surface heat exchanger 

Perforation 
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m 

Contraction 
part 

d main flow 

- secondary flow 

FIG. 5. Sketch of a flow in contraction part. 

The dimensionless factor K depends on the porosity 

fi. K decreases with an increase in p. b is a function of 
the diameter and pitch of perforations. 

If the injection (or suction) velocity v is negligibly 
small, the law of the conservation of mass yields 

u,/u* = s,/s, = a(t1). (6) 

The flow rate through the perforations per unit area 
of the heat exchanger surface is then 

2PUB 
‘=l+a 

Equation (7) indicates that the flow rate through 
the perforations increases with the increase of p and 
the decrease of c( since the derivative of q by CI is 
negative. The increase in flow rate through the per- 
forations, that is, the increase in the breathing effect, 
leads to the augmentation of the heat transfer. 

The increase in /I at the shoulder part brings about 
the decrease of the pressure drop as mentioned in 

0 P-2 A P- I 

n P-26 
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Section 3.2, and the decrease in a can increase the 
pressure drop because of the increase in the skin fric- 
tion in the contraction part and also the increase in 
the form drag at each contraction and enlargement 
part. 

Length I is also one of the main factors influencing 
the performance of the advanced heat exchanger. As 
length I decreases, the heat transfer rate will increase 
because of the frequent boundary layer interruption 
at each contraction part as stated in the summary of 
the result of the flow observation (1). Also the pressure 
drop will increase because of the frequent boundary 

layer interruption and the increase in number of con- 
traction and enlargement parts. 

Thus, it can be predicted that the performance of 
the heat exchanger will be mainly dominated by the 
geometrical factors such as s(, /I and 1. 

3.3.1. EfSect ofu. Figure 7 shows the experimental 
results indicating the effect of t(. As the ratio of the 
cross-sectional area c( decreases, both the Nusselt 
number and the drag coefficient increases. 

3.3.2. Effect offi. Figure 8 shows the experimental 
results indicating the effect of p. As /? increases, the 
heat transfer characteristics are improved a little, and 
the drag coefficient decreases dramatically. 

Figure 9 shows the effect of the diameter of the 
perforation d on the performance of the heat ex- 
changer at the same fl (= 0.145). With the decrease 
in the perforation diameter, the Nusselt number 
seems to increase slightly. However, the effect of 
the perforation diameter on the performance of 
the heat exchanger is relatively small at the same /?, 

IO2 

oO.Y6(P-7) 
6 - AO.26(P-2) 

A0.45(P-6) 

21 
102 2 5 IO3 2 5 

Re 

5 
oO.296(P-6) 

3 

OO.i45(P-7) 

2 

lo-” 
102 2 5 IO3 2 5 

Re 

FIG. 8. Effect of porosity, fl. 

and thus the effect of the perforation diameter can 
be ignored in practical application. 

3.3.3. Efl^t of 1. Figure 10 shows the effect of 1 on 
the performance of the heat exchanger. As the length 
1 decreases, the heat transfer is enhanced and the drag 
coefficient increases. 

Figure 11 shows the effect of the total length L on 
the performance quoted in ref. [4]. From Figs. 10 and 
11, it is known that the heat transfer and pressure 
drop of the heat exchanger is not dominated by the 
length L, but by the length 1. 

The experimental results shown in Figs. 7, 8 and 10 
indicate that the prediction is almost correct. 

4. CORRELATION FOR ADVANCED HEAT 

EXCHANGER 

In the preceding section, the effects of the surface 
geometries on the heat transfer and pressure drop 
characteristics of the advanced heat exchanger were, 

102 
d (mm) (B-0.145) 

IO-I- 
IO2 2 5 IO3 2 5 

Re 

FIG. 7. Effect of c(. FIG. 9. Effect of perforation diameter, d. 
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102 
Itmm) 

Id- 
I02 2 5 I03 2 5 

Re 

FIG. 10. Effect of contraction length, 1. 

to some extent, clarified. Although the mechanism of 
the heat transfer on the heat exchanger surface was 
not fully understood, the authors attempted to estab- 
lish the dimensionless correlation of the heat transfer 
coefficient and the drag coefficient for practical appli- 
cation. 

The results were as follows : 

Nu = l.04ReD.55(l -~2)2.4~0.08(De/1)0.2’ (8) 

f = 0.20Re- 0 34u-l.23~-0.6(~e/~)0.69 (9 

where 0.16 < u < 0.45, 0.086 < p ,< 0.296, 250 < Re 
< 3000. 

The experimental data were well correlated by equa- 
tions (8) and (9) within the uncertainty of +_ 15% for 
NM and +_ 20% for f. 

Ltmm) 
0 52.3 (P-3) 

5 
0 92.4 (P-4) 

z’ l 132.4 (P-5) 

2 /’ 

Re 

FIG. 11. Effect of total length, L. 

5. CONCLUSIONS 

From the result of the flow visualization, the breath- 
ing effect, which was the phenomenon that the fluid 
was injected and sucked through the perforated 
surface, was observed. At each contraction part, the 
boundary layer was developed and at each enlarge- 
ment part, the turbulent flow was dominant. Thus, it 
was certain that the heat transfer enhancement of 
the advanced heat exchanger was attributed to the 
secondary flow caused by the breathing effect and the 
frequent boundary layer interruptions at each con- 
traction part. 

The mechanism of the heat transfer enhancement 
of the advanced heat exchanger was studied experi- 
mentally for different surface geometries and heat 
exchanger configuration (CI, /I, r). As /I increased and c( 
decreased, which meant that the injection (or suction) 
flow rate through the perforated surface increased, 
the heat transfer characteristics were improved. 
Furthermore, the heat transfer characteristics were 
improved with the decrease in 1. Thus, the mechanism 
of the heat transfer enhancement for the advanced 
heat exchanger coincided with the prediction obtained 
from the results of the flow visualization. 

Finally, the dimensionless correlations (8) and (9) 
on the Nusselt number and the drag coefficient were 
presented. These correlations will be very useful for 
the optimum design of compact heat exchangers. 
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TRANSFERT DE CHALEUR ET PERTE DE CHARGE D’ECHANGEUR DE CHALEUR 
A PLAQUES PERFOREES AVEC ELARGISSEMENT ET CONTRACTION DE 

PASSAGE 

RCumP-On propose une surface nouvelle pour le transfert thermique efficace de convection for&e, dam 
le domaine des nombres de Reynolds infirieurs a 3000. La surface a de nombreuses perforations et elle a 
une forme trapezoidale. Un echangeur construit avec ces surfaces presente des Clargissements et des 
contractions alterntes le long de I’ecoulement. On etudie experimentalement le mecanisme de l’ac- 
croissement du transfert thermique en changeant les geometries de surface et la configuration de l’echangeur, 
et de plus par visualisation de l’ecoulement. On montre que le mecanisme de I’accroissement de transfert 
est dfi a l’ecoulement secondaire induit par suction et injection a travers les perforations, et aux interruptions 
frequentes des couches limites a chaque contraction. Des formules adimensionnelles sont presentees pour 

le transfert de chaleur et la perte de charge. 

WARMEUBERGANG UND DRUCKVERLUST IN WARMEUBERTRAGERN MIT 
PERFORIERTEN OBERFLACHEN SOWIE ERWEITERUNGEN UND VERENGUNGEN DES 

STROMUNGSKANALS 

Zusammenfassung-Es wird eine verbesserte Ubertragungsflache fur den Warmeubergang bei erzwungener 
Konvektion vorgeschlagen, die im Bereich von Reynolds-Zahlen kleiner als 3000 wirksam ist. Die Ober- 
fllche ist stark perforiert und trapezformig gebogen. Ein aus diesen FlLchen konstruierter Wlrmetibertrager 
weist entlang den Striimungskanllen wechselweise Erweiterungen und Verengungen auf. Die Verbesserung 
des Warmeiibergangs wird experimentell untersucht durch Variation der Oberflachengeometrie und der 
Warmeiibertragerkonfiguration und zusatzlich durch Sichtbarmachung der Striimung. Es wird gezeigt, 
dall die Verbesserung des Wlrmeiibergangs auf die Sekundarstromung zuriickzufiihren ist, die durch 
Ansaugung und Injektion durch die Perforation erzeugt wird, und auf die hlufig auftretenden Grenz- 
schichtunterbrechungen an jeder Verengung. Es werden dimensionslose Korrelationen fur Wlrmeiibergang 

und Druckverlust vorgestellt. 

TEHJIOO6MEH H HAAEHHE JIABJIEHHJI B TEI-IJIOOBMEHHMKE C 
I-IEP@OPWPOBAHHbIMM I-IOBEPXHOCTIIMM II KAHAJIAMH I-IEPEMEHHOI-0 

CEYEHHR 

fillilOTaUllS-npe&JIOXCeHa HOBaR IlOBepXHOCTbLlJlJl BHTeHCH~HKaIJHH Tennoo6MeHa BbIHy,WeHHOii KOH- 

sercweii B AHana30He 3Ha~eIisiii %iCna PefiHonbnca HwKe 3000. Ha IIOB~~XHOCTH EiMeeTcK MHO)K~CTBO 

OTBepCTHii &i,KpOMe TOTO,OHa B30THYTa B l$OpMe TpaIleIlHH.TenJloo6MeHHHK C TaKOi nOBepxHOCTbI0 

KOHCTpyICTHBIiO COCTOHT 83 y’iaCTKOB nepeMeHHOr0 Ce'ieHUII, paCnOJIOmeHHbIX BAOJ,b nOTOKa. Mexa- 
HUJM WHTeHCH@iKaINi TeMOO6MeHa WCJIeAyeTCJl 36CnepkiMeHTUIbHO IIyTeM B3MeHeHHR reOMeTp&iH 

nonepxriocreti ri +OpMbl TenJIOO6MeHHnKa, a TaKEe nyreM su3yanu3aImH Teyemis. IloKa3aH0, 4~0 

IIHTeHCU~UKaUlm TennOO6MeHa npO&SCXOAHT 38 C'IeT BTOpH'iHOrO TeYCHBII, BbI3bIBaeMOrO OTCOCOM 11 

~ny~0M 9epe3 oTBepcTur, a TaKxe 38 uieT TacTblx pa3pbIaoB norpaImvHor0 cnoN B cymawumxca 

SaCTRX KaHaJIOB.l$YeACTaBJTeHbI 6e3pa3MepHbIe o606memibIe COOTIiOUIeHHR &JIK paCgeTa TeMOO6MeHa 


