Int. J. Heat Mass Transfer.
Printed in Great Britain

Val. 32, No. 7, pp. 12391244, 1983

0017-9310/89 $3.00-+0.00
Maxwell Pergamon Macmillan ple

Natural convection near a rectangular corner
formed by two vertical flat plates with uniform
surface heat flux

MAN HOE KIM

Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology,
P.O. Box 150, Cheongryang, Seoul, Korea

and

MOON-UHN KIM

Department of Applied Mathematics, Korea Advanced Institute of Science and Technology,
P.O. Box 150, Cheongryang, Seoul, Korea

(Received T November 1988)

Abstract—The laminar natural convection flow along a rectangular corner formed by the intersection of

two vertical quarter-infinite flat plates with uniform surface heat flux is considered. For large Grashof

numbers, the leading-order corner-layer equations which govern the behaviour of laminar natural con-

vection flow near the corner are derived and the appropriate boundary conditions are determined by using

the method of matched asympiotic expansions. Solutions of the equations are numerically obtained for

Prandtl numbers of 0.733 and 6.7. The gencral flow patterns and temperature distributions are similar to
those with uniform wall temperature conditions except temperature profiles near the corner.

1. INTRODUCTION

A CONSIDERABLE amount of work has been devoted
to the study of various aspects of natural convection
boundary layers around a single heated plate, e.g.
higher-order boundary layer effects around a vertical
plate with uniform surface temperature [1, 2] or uni-
form heat flux [3], horizontal- and inclined-plate situ-
ations [4-6], and transient behaviour [7]. On the other
hand, the natural convection near a corner formed by
two planes has received little attention, in spite of its
importance from theoretical and practical points of
view.

Two-dimensional natural convection in a corner
delimited by a vertical heated semi-infinite plate and
a second plate forming an arbitrary angle has been
considered by Luichini [8]. Liu and Guerra [9] studied
theoretically the natural convection along a concave
vertical corner submerged in a saturated porous
medium. Reference [10} analysed the three-dimen-
sional natural convection along a vertical rectangular
corner formed by two quarter-infinite isothermal
planes, and obtained velocity and temperature dis-
tributions for large Grashof numbers.

All of the above studies on the natural convection

near 2 corner are for the cases that temperature dis-

tributions are specified on the surfaces. In practical
applications as well as in many natural circumstances,
however, the uniform heat flux condition on the sur-
faces is frequently met with. In this paper, we analyse
the high Grashof number natural convection flow
along a vertical rectangular corner formed by two

quarter-infinite planes on which the uniform heat flux
condition is imposed. Matched asymptotic expansions
are used to derive the leading order corner-layer equa-
tions and the appropriate boundary conditions, in a

‘similar way to that of refs. [10, 11]. Numerical sol-

utions are obtained for both air (Pr = 0.733) and water
Pr=06.7).

2. ANALYSIS

We consider the laminar natural convection flow
along a corner formed by the intersection of two
vertical quarter-infinite perpendicular flat plates dis-
sipating heat uniformly. The present problem is for-
mulated in a Cartesian coordinate system (x, y, z)
with the origin at the starting point of the intersection.
The x-axis coincides with the vertically upward inter-
section. Both y- and z-axes lie along the leading edges
of quarter-infinite planes, respectively (Fig. 1(a)). Due
to the geometrical singularity at the corner, the fiow
field and temperature distributions are inherently
three-dimensional. The various regions delineated in
Fig. 1(b) are designated as a potential flow (Region
I), two boundary layers on plates y =0 and z =0
(Regions II and III), and a corner layer (Region IV),
where the gradients in both the y- and z-directions are
large compared to that in the x-direction.

2.1. Corner-layer equations

Employing the Boussinesq approximation and
neglecting viscous dissipation, the governing equa-
tions are
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NOMENCLATURE
a grid spacing parameter, 0.2 Greek symbols
Gr* modified Grashof number, gBg,x*/kv? o thermal diffusivity
H mesh size, 0.02 B thermal expansion coefficient
k thermal conductivity of fluid y lim, ., [1 fo(n) —4fo(n)]
L arbitrary characteristic length 0 dimensionless temperature
N,S  transformed independent variables u dynamic viscosity
Nu local Nusselt number v kinematic viscosity, u/p
p* pressure in x, y, z coordinate system &,n,{ scaled independent variables
p pressure in &, 1, { coordinate system p density of fluid
Pr Prandtl number, v/a Ty wall shear stress
9w surface heat flux Twoo wall shear stress as { - o
T temperature b, ¢ velocity potentials defined in equations
T, wall temperature (19)
T, ambient temperature ] velocity potential in potential
u*, v*, w* velocity components in x, y, z region
directions w x-component of vorticity
u,v,w velocity components in &, 5, { directions Q modified vorticity function defined in
U, convective velocity, (v/x)(Gr*/5)*> equations (19).
x,y,z Cartesian coordinate system.
ou* dv* ow* D 0 i i
RS T W, ey SR Yhdl *
Ox + dy + 0z (1a) “ 6x+v 6y+w oz
Du* 1 op* 2o *2_6_2 6_2 .‘?i
—ﬁt_ = —; ox +vW**y +gﬂ(T T.) (lb) V= Bx2 + ayz + 8z2
Dv* 14p* , Let us introduce the scaled dimensionless corner-layer
D ooy +yV*ip* (1¢)  variables as follows:
/5 a*\1/5
Dw* 16 __(Gr*) _Z(Gr)
W _ P+V*2‘ (1d) n="\—<) - {=2\—=%
Dt p 0z AN 2y AN
DT [u(n,0),v(, 0, w(n, D]
= aV*IT (le)
Dt w* v* [Gra\YS w* (Gre\/*
where U UN 5 ) U\
x. 5
1 9
X,y>0|
Z20 I
X,Y,Z2>0
——z,0
N I
x>0,¥,220 X,z>0, y¥20
ot 4
v (@ (b)

FiG. 1. Definition sketch : Region I, potential flow ; Regions II and II1, boundary layers ; Region IV, corner

layer.




Natural convection near a rectangular corner formed by two vertical flat plates

_ p# Gr* 2/5

k Gr\\/*
6(n,0) =;IW—J;(T Tw)( ) @)

where n and { are the stretched similarity corner-
layer variables; Gr* and U, denote, respectively, the
modified Grashof number and the convective velocity

r* = gBaux* kv’

25
U. = 0% (%’)

In what follows, we assume that the modified Grashof
number is sufficiently large such that (Gr*/5)~ % can
be taken as a small perturbation parameter.
Substitution of equations (2) into equations (1)
yields, to the leading order, the corner-layer
equations, after eliminating the pressure terms in
equations (1c) and (1d)
(3a)

1
— g(nu,,+Cu;—3u)+v,,+w; =0

— g(nu,,+lu(—3u)+vu,,+wu¢ =Vu+50 (3b)

u
-3 (naw, +{w; +2w) +vw, + way

+ (v, +w)w + (r]v,, +{v,+v)
- %(nwﬂ +lw +w) = Vo (3
= wW,—; (3d)

1
- -‘Sf(no"+ce¢——e) +00,+w, = 5-V°0  (3¢)

where

8 8
2=— —_—
V=gt

The set of non-linear equations (3) is to be solved
throughout the region 0 < #, { < co with the bound-
ary conditions which will be described in the sub-
sequent subsection.

2.2. Boundary conditions

Note the following symmetry properties which are
useful in describing the boundary conditions as well
as the flow field :

u(n,0) = u(l, ),
0(n,0) = 0(¢,m)
om,{) = —o,n). @

2.2.1. Wall boundary conditions. The conditions to
be satisfied on the wall boundaries are the no-slip and
uniform heat flux conditions

v(n,{) = w((,n),
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u=v=w=0, wo=w, 0,=-1 atn=0
u=v=w=0, o=-v, =-1 at{=0 (5

2.2.2. Far-field boundary conditions as { - oo, n/{ —0.
The conditions at the far-field boundary for the
corner layer ({ — o0) are given by the asymptotic
matching with the solutions of the boundary layer
(Region II) as z — 0. Since the zeroth-order potential
flow (u =v =w =0, 6 = 0) does not satisfy the uni-
form heat flux condition 8, = —1 on the wall, the
first-order boundary layer is introduced.

We assume the following series expansions for the
boundary layer (Region II), in which x- and z-co-
ordinates are unchanged, but the y-coordinate is
stretched :

(G (G
02 ~Po+P1<~5-> +P2(—§—> +
k - (G VS (G Y
aL T~ 05) als)
where Gr* and U, denote, respectively, the modified
Grashof number and the convective velocity based on

an arbitrary length L which should not appear in the
final result

Gr* = gPq.L*/kv?

_ v (Gr*\Y*
U°‘Z(T>

Substituting series (6) into equations (1), the first-
order boundary layer equations are obtained as

6170 61)1
—1=0
% T o7
_ did,  _ O, 0%,
uoﬁ- Ula—}_;=5ﬁ+560
oo, 15,
°%x% "' op " Prov
o8, ~
4, =9, =0, 5?°=—1 at ¥ = 0and i, — 0,
G,-»0 as¥- . )

Equations (7) have the solutions
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Usito = 5Uf(n)

Gre VS
‘s
QL (GrY 5 qux (Grey Ve
_k—( 5) 8, = = \ 5 to(n)

¥ G]‘*)”5

where fo(n) and #4(n) are the solutions for two-dimen-
sional natural convection on the vertical flat plate with
uniform heat flux

o+ =300+ =0
o+ Pridfoto—fot0) =0
Jo(0) = f5(0) = 2(c0) = f(0) =0,

Solutions (8) imply that the comer-layer variables
u, v and ¥ become asymptotically the corresponding
two-dimensional values as { - oo, The additional
matching condition for the crossflow w is posed by
considering the second-order boundary layer approxi-
mations in Region II. Observation of solutions (8)
shows that the inflow velocity to the boundary layer
which is absent in the zeroth-order potential flow

appear
Gy G\
Uc(T) ”ILII;IO 01(17) =»U, “‘g’* forx > ¢

7= lim [ fo(n—4fon]- ®

o

ket

=

G AR ]
(?") RORTAG)

t5(0) = —1.

This inflow velocity forces the introduction of the
next-order potential flow. Since the flow field outside
the boundary layers must remain irrotational, we
define the velocity potential

@.2,9,)

_ [GrYy e
=Uc<*5—> (UL Vi, W)

{(w* v*, w¥) =

With the matching condition on y =0

m 5, = km v,

foro

as well as the corresponding one on the opposite sur-
face z = 0, we obtain the following boundary value
problem for the first-order potential flow :

ae e 0

wtyr Tt =0

%\~ 1/5
yUc(%~) , aty=0%*x2z>0

g, aty=0"x<0z>0
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Grr\- Vs
yUc(»—»g——) , atz=0"x,y>0

g, atz=0"x<0.y>0
(1)

which can be solved directly with the use of a suitable
Green’s function. We find, after some calculations,

that
A\~ 13
~yU, (ﬁGg.,.) [’?Aiﬁ _‘;_,?2)2;5

LG
o(Z)"a-

40, +cotsine
X CC)S5 1++CO gsms 1

O =

z

4 4
+ +C’)z/s(cos—géz-{-cot%singﬁz)

b © t—’fs'nﬁ
5 Teotgsmy
G, r ., 8,
~5- ~ €Ot g sin ?)]
G A\~ 15 Gr¥ ~ 175
7] vi=yud )
5 5
x{c sg‘« cotgsini‘}l
0573 5503

- 'G‘_* — /5 G*wl/i
U(g.%) W,=w¢(?’) (1+£2y- e

— 7 (L 45 ”“’(cos

__Cl X(l +§'2)-Um(cos

4, r . 8
x (cos«s« wcotgsm?> (1)
where
g = }}f{xy {: ijx
#y=tan" ', B, =tan" 'L

The following asymptotic behaviours for the above
solutions as f and { — 0 are noted for the subsequent
analysis:

_ (G GrAYy s
%G%) d&x)~ﬂb0( )

(cot5+ GO+ ) {12a)

L (GreY v Gre\ s
(%) e -0 %)

e
(1 ot i S ) (12)
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Gre\ 13 Grr\ Vs
U, ) Wl(x,y,2)~vU( 5 )

(l cot

The crossflow velocity W, which appears as a result
of the mutual interaction of the boundary layers, leads
to a second-order boundary layer flow.

Substituting boundary layer variables (6) into equa-
tions (1) and retaining the second-order terms, we
have the following second-order boundary layer equa-
tions :

P+ ) 12¢)

5ﬁ1 652 awl

_é;-‘_—ﬁ-'- PY: =0 (13a)
o, iy 6u. 6u0 0%,
gz thgz thop thigg = 50
(13b)
P (13c)
(2 §
_ow,  _ 0w, 0w,
o 52 +Dl—ﬁ= 37 (13d)
_o6, _o6, _o0, _ o6, 1 %,
uo€§+ulg+vlﬁ+02ﬁ—ﬁayz. (13e)

The w, distribution is determined directly from equa-
tion (13d) using the asymptotic result (12c). The
appropriate boundary conditions for w, are

W, =0 at¥=0,
W, > Wi(x,0,z) as ¥ - co.
It is assumed that
Wi~ yE" S H ().

With @, and &, given by equations (8), the equation
governing H (i) becomes

H )+ 4o H () +f () Ho(n) =
2(0) =0, Hj(o0) =1. (14)

The solutions for i,, 7, and §, can be obtained in a
similar manner. If we write

} 5
# = —37%" Y3

] ()

Nl\i

6, = - 25 0 as)

then we easily find that f,(7) and ¢,(n) satisfy the
following equations :
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VA f1=2of 1+t =0

1
E”f+4fot'1+3fi)tl"fof,1 =0

S10) = f1(0) = 1,(c0) = 11(0) = 0

Sfi(e0) = 5vcot— 16)

5
Equations (16) are the same as those governing the
second-order boundary layer flows for a two-dimen-
sional vertical flat plate [3].

The far-field boundary conditions for the flow in
the corner layer are described finally as follows :

u~ 3o, v~nfom—4fm), w~yHo@m)
@~ yHo(m), 6~ to(). an

Considering symmetry properties (4), we have the
asymptotic conditions as # — oo, {/n - 0

u~5f5(0), v~yHL D, w~Lfo)—4 50
o~ —yHg(), 0~ 1,(0). (18)
The corner-layer equations (3) with boundary con-

ditions (5), (17) and (18) can be rewritten in a more
convenient form by introducing ‘the velocity poten-
tials’ ¢ and ¢, and ‘the modified vorticity’ Q, defined
as follows :

nu {u
ST =W
Q=g,~¢;. (19
The resulting corner-layer equations are
Viu+ du, + ou, — §u2+50 =0
VQ+ 49, +¢Q¢+u[ﬂ+ 585 (nuy —Cu,,):l
+{0,—n0, =0
V+Q,—u, =0
Vp—-Q,—u =0
lv20+¢eq+<pe{—f‘-o=o (20)
Pr 5
and the boundary conditions are written as
u=¢=9=0, Q=9, 0,=-1 atn=0;
Uu=¢p=0=0, Q=—¢,, 6,=-—1 at{=0;
u~3fo, Q~Lf5m—yHoMm), ¢~ 4fom)
@ ~ {folm —yH (),
O~to(m) as{—co, n/{—0;

u~ 3o, Q~ —nfe(Q)+yHs(©),
¢~ nf)—vH(0)

O ~4(D), O~1(0) asnp—>0, {Mn—-0. (1)
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F1G. 2. Streamwise isovels: (a) Pr = 0.733; (b) Pr =6.7.

3. METHOD OF SOLUTION

Corner-layer equations (20) and boundary con-
ditions (21) are similar to those of ref. [10], and the
procedure for numerical solutions is closely paral-
leled : we introduce new variables ¢, { and ¢ instead

of p, Qand ¢

¢=0—nfo®
Q=Q—nfo—L{fom)
¢ =0—Lfom (22)

and then transform the unbounded region 0 <7,
{ € o into a finite computational domain 0 < N,
S<1by

_a 4«
T l4ar T 1+4al

23)

where a is a grid-spacing parameter. A uniform grid
in the computational plane gives a non-uniform grid

M. H. KM and M.-U. Kmm

in the physical plane with the grids being more heavily
concentrated near the corner.

The corner-layer equations and the boundary con-
ditions rewritten in terms of the new defined variables
are solved numerically by the alternate direction
implicit scheme used in ref. [10]. The mesh size H and
the grid-spacing parameter a that were used earlier
[10] are also found adequate in the present analysis

H=002, z=02

The solution is considered to have converged when
the variation in successive iterations becomes less than
10~ % as done in ref. [10}.

4. RESULTS AND DISCUSSION

The numerical results for Pr = 0.733 and 6.7 are
presented in Figs. 2-5. Figure 2 shows streamwise
isovels. The distributions of streamwise velocity u are

7.5

w
o~ ﬂhr/f ¥ F ¥ FF 7 7
o VhelF Fl¥ #i¥ ¥ » ¥ P
&
I U A L Y A #
e
I ; s
ey FRFWF ¥ ¥ ¥ ¥ ¥ » 4 #
o~ FX P AL ¥ ¥ # ¥ P #
=) r"/ky‘/'r ¥ LS I I
o VEF¥ ¥ ¥ ¥ ¥ ¥ ¥ #
Py K¥ oo * 08 * #
¥ P\F ¥ ¥ K ¥ F K » *
A (¥ ¥ 3 * & »0.6 & i
¥¥ A a o E K K #
¥ V2 AT e s g o
(=} ”::4-4—
1 1 1 1
.0 1.5 3.0 us 6.0 7.5
() 4

FiG. 3. Magnpitudes and directions of crossflow: (a)
Pr=0.733; (b) Pr=06.7.
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similar to those for the isothermal surfaces: closed
contours of u due to the mutual interaction of the
boundary layers appear in the vicinity of the symmetry
plane near the corner. The thickness of the velocity
boundary layer has its maximum value at the sym-
metry plane and decreases monotonically to its
asymptotic two-dimensional value as { - oo.

Isolines of r = (v2+w?"?, the magnitude of the
crossflow, and the directions ® =tan~' (v/w) are
depicted in Fig. 3. The crossflow converges almost
radially towards the corner. This converging flow
increases the amount of flow entrainment near the
corner and, therefore, the streamwise velocity exhibits
the distributions discussed above. As seen in Figs. 2
and 3, the magnitude of velocity decreases and the
thickness of velocity boundary layer increases with
Prandtl number.

The dimensionless temperature distributions are
shown in Fig. 4. It is observed that the temperature
profiles are similar to those for the isothermal corner

w
~
o
o
us
in
&~
e 0=005
m
Lo 0.2
n
= 0.5
1
o 148
S.o 1.5 3.0 u.s 6.0 7.5
(@ Z

7.5

.0 1.5 3.0 4's 6.0 7.5
®) 4

F1G. 4. Isotherms: (a) Pr =0.733; (b) Pr=6.7.
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except in the interior region near the corner. Figure
5 illustrates the local Nusselt number Nu, which is
inversely proportional to the surface temperature

80, 0)
1 (Gre\s
N“=9(0,C)<?> '

The surface temperature (the local Nusselt number)
has a maximum (minimum) value at the corner and
decreases (increases) monotonically to an asymptotic
value corresponding to the two-dimensional problem.
The results are consistent with those of ref. [10]. The
isothermal results [10] reveal that the local heat trans-
fer rate changes appreciably near the corner and
becomes essentially constant at a distance (larger for
smaller Prandtl number) from the vertex. Thus, the
temperature profiles for isoftux walls differ from those
for isothermal walls only in a close neighbourhood of
the corner, and become similar as the distance from
the corner increases. The region which shows different
temperature profiles is wider for smaller Prandtl
number.

Figure 5 also illustrates the distributions of wall
shear stress which is given by, neglecting the effects of
the crossflow

@4

Tw = 5 0, 25
f (0) 4,(0,0) (25)
where
Gre\/*
f ”(0)( \
>/
n
n_
o
o
.
+ Pr=0733
[=}
2
. 67
e 6.7
/ 0733
o .‘.—_.‘..’"’f
.0 1.5 3.0 4.5 6.0 7.5

Z
Fic. 5. Local Nusselt numbers and wall shear stresses: & &,

Nu(0, )(Gr*/5)™ "% ; ——, 1u(0, O)(f " (0)/%wco)-
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The general trend for local shear stress distributions
is similar to that for the isothermal case: 7., is zero at
the corner and attains its maximum at a certain dis-
tance from the vertex and then tends to its asymptotic

two-dimensional value.

As comnared with the iso-

15 coiipalicd 1L U

thermal walls, the magnitude of overshoot is larger
for the isoflux case. This can be expected physically
since the variation of temperature distributions near
the corner is greater for isoflux walls and the buoyancy
force becomes more pronounced.
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CONVECTION NATURELLE PRES D’UN DIEDRE DROIT FORME PAR DEUX PLANS
VERTICAUX AVEC DENSITE DE FLUX THERMIQUE UNIFORME

Résumé—On considére la convection naturelle laminaire le long d’'un angle rectangle formé par I'in-
tersection de deux plans verticaux infinis avec densité de flux thermique uniforme sur les surfaces. Pour
des grands nombres de Grashof, les équations de couche limite au bord d’attaque qui gouvernent le
comportement de la convection naturelle laminaire prés du coin sont établies et les conditions aux limites
appropriées sont déterminées en utilisant la méthode des développements asymptotiques. Les solutions des
équations sont obtenues numériquement pour des nombres de Prandtl de 0,733 et 6,7. Les configurations
générales de I"écoulement et des distributions de température sont sembiables i celles relatives 4 des
conditions de température uniforme a I'exception des profils de température prés du coin.

NATURLICHE KONVEKTION IN DER NAHE EINER ECKE, DIE VON ZWEI
RECHTWINKLIG ANGEORDNETEN UND MIT KONSTANTER
WARMESTROMDICHTE BEHEIZTEN SENKRECHTEN PLATTEN GEBILDET WIRD

Zusammenfassung—Es wird die laminare natiiriiche Konvektionsstrémung entiang einer Ecke, die durch
den rechtwinkligen Schnitt zweier viertelunendlicher senkrechter Platten gebildet wird, betrachtet. Die
bestimmenden Gleichungen fiir die Grenzschicht in der Ecke, die das Verhalten der laminaren Strémung

durch natiirliche Xonvektion beschreiben

warden FRir oroBe Warta der Grashaf.7Zahl harsaloitet Dia

durch natiirliche Konvektion beschreiben, werden fiir groBe Werte der Grashof-Zah! hergeleitet. Die

geeigneten Randbedingungen werden mit der Methode der angepafBiten asymptotischen Néherung

gewonnen. Die Gleichungen werden numerisch fiir die Prandtl-Zahlen 0,733 und 6,7 gelost. Die

Strémungsbilder und Temperaturverteilungen gleichen im wesentlichen denen, die man im Falle kon-
stanter Wandtemperaturen erhélt, mit Ausnahme der Temperaturverteilung in der Ecke.

ECTECTBEHHAS KOHBEKUWSA BBJIHW3H ITPAMOI'O VIJIA, OBPA3OBAHHOI'O ABYMS
BEPTUKAJTEHBIMU IMMIQOCKUMU INMITACTUHAMHU C PABHOMEPHBIM TEITJIOBBIM

TETUIOBBIM ITOTOKOM HA ITOBEPXHOCTH

Ammoranes—McciefyeTcs TaMHHAPDHOE eCTECTBEHHOKOHBEKTHBHOC TEYEHHE Y MPAMOro yria, obpaso-
BAHHOTO TEPECEUCHHEM [BYX BEPTHKAJBHBIX TOJYOrPaHHYCHHBIX IUTOCKHX TUIACTHH C paBHOMEPHRIM
TEIUIOBBIM MOTOKOM Ha NMOBEpXHOCTH. {14 Gosbiunx wacen 'pacroda ¢ TOYHOCTHIO 0 I1aBHBIX YICHOB
HOJTy4eHbl YPaBHEHUs, ONACHIBAIOIINE TedeHHE BOIH3M yriaoBoli 30HK, ONPEAe/AIOIHE XapakTep JaMu-
HADHOTO ECTECTBEHHOKOHBEKTHBHOTO Te4€HMs, 4 TAKXKe ONPEACJCHBl COOTBETCTBYIOLIME IDaHHYHBIE
YCIOBHS METOHOM CPAIMBAEMBIX ACHMIITOTHYECKHX pasjoxeHHid. ITonydeHbl YACIEHHO pelHEHMs 3THX

ypaBHeHwit a1a wuces Ipasuarias, nsmenstonmxcs ot 0,733 xo 6,7. O6mas CTpykTypa TedeHnsl ¥ pacnpe-
menanue TEMIENAaTVNEI MONOBHLI MONVUSHELIM ang nam:lnu-munﬁ TEMIEDATYNER! cTéltnl( 332 UcKmoye-

HACHCHAC TCMIICPaTYPEl HORODHE OO yUcHRX!

HHEM TeMIIEpaTyPHBIX npocwaeﬁ p6masn yrna.



