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Abstract-—Two-phase boundary layer equations of filmwise condensation on a horizontal cylinder are
solved with an approximate method due to Jacobs. Numerical results for average coefficients of heat
transfer are expressed as ; for downward vapour flow,
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especially for large vapour velocity, namely for
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The heat transfer coefficients predicted by these expressions are in good agreement with experimental
data, which are taken by the authors and Berman-Tumanov. Temperature distribution on the cylinder
is usually affected by oncoming vapour velocity and surface heat flux, then the peripheral mean tempera-

ture must be adopted as the representative one.

NOMENCLATURE q. heat flux;

Ag, A, By, coefficients in (45),(46); F, radius of a cylinder ;
Cpm specific heat at constant pressure; R, pu-ratio defined by (38);
D, outer diameter of a cylinder ; Re, Reynolds number defined by (43);
1, Froude number defined by (13); T, measured temperature of the tube
Fr, Froude number defined by (44); wall ;
g. gravitational acceleration; T, mean value of T';
Gr, Grashof number defined by (52); T., temperature of saturated vapour ;
H, nondimensional number of con- T, surface temperature of a cylinder ;

densation defined by (14); uU.v, nondimensional  velocities  of
L, latent heat of condensation ; vapour defined by (10) and (12)
Nu, average Nusselt number defined respectively ;

by (41); U,. oncoming velocity of steam;
Nugyp average Nusselt number experi- u,v, nondimensional velocities of con-

mented : densate defined by (9) and (11)
Pr, Prandtl number; respectively ;

¥z nondimensional coordinate vari-

* Now at Thechnical Research Laboratory, Kawasaki
Heavy Industry Co., K&be, Japan.
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ables defined by (7) and (6) respec-
tively.
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Greek symbols
o, coefficient of heat transfer defined
by (39) or (40);
A4, nondimensional thickness of the
vapour boundary layer defined by
(28);
0, nondimensional thickness of the

liquid layer defined by (8);

L, nondimensional coordinate vari-
able defined by (27);

A, thermal conductivity ;

M- dynamic viscosity ;

v, kinematic viscosity :

. density ;

0. angle measured clockwisely from
the leading stagnation point;

X nondimensional number defined
by (54).

Subscripts

1, dimensional value as shown in
Fig. 1;

D, peripheral mean value

Q, local value at angle ¢ ;

A, value outside the vapour boundary
layer ;

0, value at the interface between

vapour and liquid.
Physical properties with and without super-
scripts ~ are for vapour and liquid respectively.

1. INTRODUCTION
LAaMINAR filmwise condensation on a hori-
zontal cylinder placed in quiescent vapour was
solved by Nusselt [1] approximately. A more
accurate solution of the boundary layer equation
ofthe condensate film was obtained by Sparrow-
Gregg [2] on account of both inertia and con-
vection term. Furthermore, Chen [3] solved the
two-phase boundary layer equation concerning
the same problem. Similarly to the case of a
vertical surface, however, these two solutions
are almost coincident with Nusselt’s approxi-
mate one, as far as the vapour is at atmospheric
pressure or at room temperature except for
metal vapours. Comparing the Nusselt’s pre-

TETSU FUJII, HARUO UEHARA and CHIKATOSHI KURATA

diction with experimental data, McAdams [4]
showed that measured values of heat transfer
coefficients ran from 36 per cent below to 70
per cent above those predicted from the
measured values of temperature differences and
that the average of the ratio of measured to
predicted coefficients was 123 for steam and
094 for organic vapours. Recent experimental
data of Stépanek et al. [5] exhibit that Nusselt’s
prediction is verified within the error of 10 per
cent at least for benzen and methanol.

For condensation on vertical banks of hori-
zontal tubes, Nusselt calculated the decreasing
ratios of heat transfer coefficients toward lower
tubes, assuming that the liquid film falls con-
tinuously from the upper tube to the lower one.
Chen [3] gave a supplementary expression for
these results on account of the effect of condensa-
tion between tubes. The experimental results for
Freon-11 by Short-Brown [6] and for Freon-12
by Young-Wohlenberg [7], however, exhibited
that these theoretical results predicted too low
values. Though Chen noted that the pheno-
menon had been attributed to splashing and
nonuniform spilling of the condensate, the effect
of vapour velocity must be accounted first of all.
Because each condenser tube has a function of a
sink of vapour, the vapour velocity at the inlct
of the tube bank becomes larger as the number
of the tubes increases.

In this paper the effect of vapour velocity
on condensation is studied with a single hori-
zontal tube. Already, Sugawara et al. [8] and
Shekriladze-Gomelauri [9] dealt with this prob-
lem, assuming that the shearing stress on the
film surface was analogous to the case of non-
condensing flow and to the case of the boundary
layer with suction respectively. Recently Denny-
Mills [10] gave somewhat accurate results under
the same assumption as Shekriladze-Gome-
lauri’s. The authors attempted to solve the
two-phase boundary layer equations, assuming
that vapour outside its boundary layer is
potential flow. The reliability of both the method
of solution and accompanying various assump-
tions was confirmed in previous paper [11]. A
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simple expression for average coefficients of
heat transfer is proposed and compared with
experimental results.

2. BASIC EQUATIONS

Figure 1 shows the physical model and
coordinate system. Vapour flow outside the
boundary layer is assumed to be a potential
one which is expressed by 2U , sin ¢. Other
conditions and assumptions are similar to the
case of a vertical surface already reported by the
authors [11].

Fi1G. 1. Physical model and coordinate system.

Partinent equations are

for the liquid film,
Ouy | Oy = (continuity) (1)
rée  dy,
u, )
v——7 + gsing = 0. (momentum) (2)
%
31
d MT, - T,)
O0— | u,dy, = ——,
- d(pL 14V oL
(heat balance) (3)
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for the vapour boundary layer,
ou ov .
—2 4+ =1 =0, (continuity) @)
I‘aq) 6y1
U, v, _o*U, 2U%
Ul;_x% + IE =1 e ——sin 2¢.
(momentum) (5)

For convenience of solving. pressure term in
(2) 2pU? /r) sin 2¢ is neglected. The validity will
be discussed later.

By using following variables and numbers of
nondimension,

22 (9N s (Y
i=T y_yl(vUz), 5_51(\'U?ﬁ>'

(6).(7).(8)
Uy U,
= N _ 9 y
u=5 U U (9), (10)
% %
b= ul(g) V= V1<U‘°> : (11),(12)
vy vg
Uz, c)Ts—T,)
= H=""5" (13).(14)
(1)«5) are transformed as
ou Ov
i 1
0z + dy 0 (15)
u
W + sin fZ =0, (16)
d
d
“0
W ¥ o 18
oz o8y (18)
ou oUu  vorUu
L i )
U@z + v o +2fsin2fz (19)

Boundary conditions and compatability ones
at vapour-liquid interface for these equations
are,

u=v=0 T=T, (20)
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y=(5; u=U=u5=U(§- (21)
cu ou
) = pl— 22
#(@)a ﬂ(@) 5 -
dé
p(@_l>5=ﬁ<ug;—V>a (23)
T =T, (24)
U
= A = 2 1 < A =
¢ U=U, sin f <6y)A 0,
(25). (26)
where

g
=y—0 4d=A4,\—
{=vy 1<vU

and the left-hand term of (23) is rewritten by
using (15)and (17) as

]
ds )_ d , _PH
PUG T Yo =Pg)"Y =5
0

Integrating (16) subject to (20) and (21)
twice with respect to y, we obtain the velocity
profile in the liquid film

)2. 27).(28)

kg

(29)

sin fz

u, 0 . i
U= <3+2smf~>y—— 5

When the velocity profile in the vapour boundary
layer is approximated by a quadratic formula
of ¢ subject to (21). (25) and (26), it is expressed
as

U=u;+ (2sin fz — u,s)(2< CZ)

y2. (30)

1
4 G

Integrating (18) and (19) subject to (21), (25)
and (26) with respect to y, we obtain respec-
tively.

d+4

d d(6 + A) dé
d~J‘Udy U,— i +u"dz

+ V=V =0, (32)
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5+4
d 2 d(é + 4)
dzf U7 dy = Ui, dz

I
+ (UAVA - H&Vo) =

+2fAsin2fz. (33)

Taking operation (33}-U, (32), and then trans-
forming with (27), (23) and (29), we obtain
A4

a4

d (., PH
&jUd{_ JUdC UA)ﬁé
0 0
v (U :
+ 3<6—C>0 —2f4sin2fz=0.  (34)

The ratio of 4 to J is obtained by substituting
(30) and (31) into (22), such that
4 A4uZsin fz — uy)
3 uus— 6% sin fz)
Substituting (30) into (17) and (31) and (35) into
(34), we obtain respectively as
u; 82 dé*  6%°du
H— o o~ du,
<4+88nf>dz T

54
+ Efcosfz,

(35)

(36)

H3u? — 2sinfz — 8sin? fz) (2 sin fz — uy)

dé?
x (Qus + 6% sin fz)aj + [26*(3us — sin f2)

x (2sin fz — u;) Quz; — 8% sin fz)
— 82%(3uf — 2u,sin fz — 8sin? fz)

x (4 — 6%)sin fz]% + fu6%(4 — 6%

x (3u2 — 2u,sin fz — 8sin? fz)cos fz
+ 4 f8*QQuy; — 9sin fz) (2 sin fz — u,)
x (2uz — 6% sin fz)cos fz + ¥R?
x [2(H + Duy; — (4H + 6%)sin fz]

x (Qus — 8%sin fz)? = 0. (37)

where R = (pu/pi)?. (38)
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When u;, 6 are solved simultaneously from
(36) and (37), local and average coefficient of
heat transfer «,, «, and average Nusselt number
Nu are calculated by the following formula
respectively,

__ 4 _* _Ag ¥
Y= (T.— T, o, 5<‘U,> (39)
qdp (g 1
P T T 5D<vUﬁ) ’ (40)
apD 1 [Re\*
N = — = —]—
=T 5D(Fr> (41
where
1 11 U.D
— —|-dp. Re=—2=2 42), (43
5, J{s dp. Re , (42), (43)
0 UZ

Integration of (36) and (37) cannot but be
performed numerically for prescribed values
of f(= 2Fr), Hand R. Because z = Oisasingular
point, u; and 8% are expanded in power series
of z subject to physical conditions u; = 0 and
d6%/dz = Oatz = 0,such that

8% = Ao + Ay2* + ..., (45)
Uy = Byz + Byz® + ..., (46)
and sin fz, cos fz are also approximated as
sin fz &~ fz. cos fz &~ 1 — 3f%z% 47)
Substituting (45)-(47) into (36), we obtain
343
e e LIRS e 1yl

then, substituting into (37) and eliminating B,
with (48),
f3A5 + 6345 + {—36f*8f+ H)
+ 30R2fX(H + 4)}A% + {—144f*(18f + H)
+ 360R?H f2]A3 + {432 fH(8f + H)
—~ 90R2fH(5H + 8)}A2
+ {864 fH? — 1080R*fH?} A4,
+ {—1728H* + 1080R*H*(H + 1)} = 0.
(49)
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Among two real and positive roots of (49) there
is adopted the smaller one, because A,. which is
corresponding to the square of film thickness at
z = 0, must be smaller than a double root for
the case of U,, = 0. In the range of z < 107 ¢ ~
107>, the first terms in (45) and (46) are employed,
and in the larger range (36) and (37) are succes-
sively computed by means of Runge-Kutta—
Gill method.

3. NUMERICAL RESULTS AND
CONSIDERATIONS

Combinations of parameters R, H and Fr
employed for numerical calculation are shown
in Table 1 with the results for average coefficients
of heat transfer. Peripheral distributions of the
nondimensional coefficients of heat transfer
are shown in Fig. 2. For the case that the vapour
velocity or Fr is smaller, the temperature
difference or H is larger, and the vapour pressure
or 1/R is lower, both the local coefficients near
the leading stagnation and the average coeffi-
cients become smaller.

Table 1. Parameters employed for numerical calculation and
the results for average Nusselt number

No. Symbol R H x 10* Fr x 107* Nu/,/Re
1 [ 10 1 05 8960
2 ) 1000 1 50 1901
3 T 1000 1 5 1977
4 é} 1568 6325 7-289 1-065
5 &) 1568 6325 3571 1-068
6 ©) 1568 6325 0656 1'106
7 © 1568 6325 0018 1-387
8 A 10000 1 0500 1127
9 A 10000 10 0005 1601

In Fig. 3 the peripheral distributions of the
local coefficients of heat transfer normalized
by each average one are compared among three
typical cases of high vapour velocity (No. 4),
moderate one (No. 7) and quiescent vapour
(Nusselt’s prediction). For the case of high
vapour velocity, about 78 and 98 per cent of
total condensate take place where angle ¢ are
less than 90 and 140 degrees respectively.
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FiG. 2. Peripheral distributions of the nondimensional
coefficients of heat transfer. Numbers in parentheses
correspond to those in Table 1 respectively.
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FiG. 3. Influence of oncoming vapour velocity upon distri-
butions of local coefficients of heat transfer. Numbers in
parentheses correspond to those in Table | respectively.
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Fi1G. 4. Comparison among several solutions on local
coefficients of heat transfer for a real condition of U, = 70
m/s. T, — T, = 2deg, T, = 30°Cand D = 14mm.

In Fig. 4 the peripheral distributions of the
local coefficients of heat transfer for a real
condition given in the figure are compared
among those calculated by means of the methods
of the authors. Sugawara et al. [8], Shekriladze-
Gomelauri [9] and Nusselt [1]. The solution
by the authors gives the highest value in the
average coefficient, and the least value in the
local coefficient near the trailing stagnation. It
seems that the latter fact is caused by thickening
of the liquid film owing to smaller vapour
velocity as well as increasing of total condensa-
tion rate. The fact that the curve of Sugawara
et al. is folded at ¢ = 80 degrees indicates the
effect of separation of the vapour boundary
layer. On account of the tendency that the
separation point must be more retarded in the
boundary layer with suction, it is reasonable
to consider that this solution will predict some-
what smaller value in average coefficient. The
curve of Shekriladze-Gomelauri is calculated
under the assumptions that the local shearing
stress is equal to the momentum given up by the
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FIG. 5. Average Nusselt number in the case of large oncoming vapour velocity. Symbols corres-
pond to those in Table 1 respectively.
condensing vapour and the effect of body force where
is negligibly small. From the results concerning G D3g )
a vertical plate it is considered that the average =" (52)

coefficients by this calculation has tendency to
be underestimated generally.

The average coefficients of heat transfer for
the case of relatively large oncoming vapour
velocity are plotted in the relation of Nu/,/Re
vs. RH in Fig. 5. These data may be expressed by

1\?%
' £
Nu = 090 (1 + ) Rez, RH < 10. (50)

The data for the case of small oncoming vapour
velocity tend to Nusselt’s prediction, that is

Gr\*
Nu <H> (51)

Such average Nusselt number Nu that becomes
(50) and (51) in the limit cases of large and small

oncoming vapour velocity respectively, is
assumed as
0276
Nu =y (1 —)* Ret,
u X( + x“FrH) e (53)
where
1 \3
=090l + —-| . 54
X ( + RH) (54)

In Fig. 6 numerical results are compared with
(53). Maximum difference between these is
about 5 per cent. The dotted line indicates

S
2\
E\ ® (2}
(3) —--— Nusselt
e — ————— L — Shekriladze —Gomelauri |
- (4) / ekritadze omelagurl |
o6 1 [ | i a1 il 1 | a TR | 1 L1

10 102 10°

F1G. 6. Comparison between the numerical results and the values predicted by (53) on average Nusselt number.
The curves (1), (2), (3) and (4) correspond to the cases of RH = 1073, 107!, 1 and 2 in (53) respectively. Symbols

correspond to those in

Table 1 respectively.
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expression (28) in { 9], which will be correspond-
ing to the case of RH = 10 of calculation in this
paper. Though (53) is generally available, (50)
and (51) may be also adopted for the cases that
17

1ic much larcer and much emallar than 3274
0 1D 11i1uUvil 1al 5\/1 aliu i1iuvil dliialivi wuiall v L /v

gD/y*H respectively.

Based on aforementioned results, the effect
of pressure term neglected in (2) is considered.
For an example of saturated steam at 20 deg C
and a tube of 0'03 m dia., the ratio of pressure
to body force term are expressed approximately
as

4p% /pgD = 3 x 107*U2.

The ratios are about 003 and 12 for U, = 10
m/s and 60 m/s respectively. For the case of
relatively small oncoming vapour velocity.,
pressure term is negligibly small, and for large
one, on the other hand, the magnitudes of both
terms are comparable. For the latter case, how-
ever, the effect of pressure term also will become
negligibly small, because the body force term is
negligibly small in comparison with viscous
one. Inclusively. the ignorance of pressure term
in (2) is reasonable except narrow range near
U% =~ 0276 gD/x*H.
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4. EXPERIMENTAL RESULTS
Experiments for condensation of steam were
performed with a horizontal brass tube of 0-014

m od. and 00104 m id. which intersected
cirenilar dnet of 0002 m 14 Fight

thranoh o
viibuial Uult Ul VUJ4 o L. DIgi

through a
thermocouples of 0:023 m effective length were
inserted in the wall of the brass tube as shown in
Fig. 7. Some experimental conditions and
average Nusselt numbers measured are listed up
in Table 2. The detail of the test loop is described
in[12].

Cooling water

10°
Cooling
outlet water inlet Steum
low
L
w Hot junction

: of fhermocouple

F1G.7. Sketch of a heat transferring tube.

The temperature measured by i-th thermo-
couple T; is nondimensionalized by (T, — T,,)/
(T, — T,), and plotted as a function of angle ¢
in Fig. 8, where T,, is the arithmetic mean of
T; and T, is the steam temperature. The
peripheral distribution of wall temperature is

Table 2. Experimental results

Run Symbol T,(°C) AT.(deg) w(m/s) T,(°C) T,- T, U, o Nu,,, Nus;  Nusq  Nus;
(deg) (m/s}) (W/m?deg)
1 O 1012 061 104 22:07 101 713 535 x 10*1250 421 1270 1280
2 O 1019 056 095 22:32 108 685 419 976 414 1240 1240
3 O 10012 056 128 2227 123 691 493 1150 400 1210 1210
4 @) 1091 049 102 2222 1-04 558 406 945 418 1120 1120
5 [ 528 054 082 2031 1-00 363 379 889 418 889 899
6 N 575 059 082 2075 105 354 400 931 414 873 884
7 DS 502 077 070 26'51 11 261 353 944 419 805 820
8 B 481 072 097 2553 137 317 358 994 396 839 850
9 AN 518 056 1-00 2177 142 225 337 788 400 664 684
10 — 516 051 1-:00 2200 156 233 280 655 376 668 684
11 LN 572 049 144 2165 197 248 304 710 534 658 671
12 o 502 053 144 2150 1-95 244 336 786 355 652 667
13 ] 544 053 059 1878 075 72 453 418 519

T... temperature of cooling water at the inlet; AT, temperature rise of cooling water : w, velocity of cooling water ; Nus,.
Nusgand Nus, are Nusselt numbers predicted by (51), (50) and (53) respectively.
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360°

Fic. 8. Temperature distributions of tube wall. Symbols
correspond to those in Table 2.

affected by both oncoming velocity U, and
heat flux q. Therefore, the relation between the
temperature measured at a definite point and
the peripheral mean value depends on experi-
mental conditions. In Fig. 9 there are plotted the
correlation between the arithmetic mean values
of the readings at eight points (T, — T,)s
and those of four points of every one skip
(T, — T,)s The fact that the scattering of the
correlationiswithin about three per cent suggests

{T- Z-n)s B

FiG. 9. Correlation between mean temperature differences

of eight points (T, — T, }; and four points(T, — T,,),. Symbols
correspond to those in Table 2.

deg
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that the number of thermocouples inserted at
peripheral equi-distance in the tube wall must
be at least four in order to measure the peri-
‘pheral mean temperature.

In Fig. 10 the average Nusselt number
measured Nu,,, is compared with the values
predicted by (51) for body force convection,
(50) for forced convection and (53) for combined
convection respectively. In these predictions
there are used the measured values of the
temperature and oncoming velocity of steam
and the peripheral mean surface temperature
of the tube wall corrected by the mean heat flux.
Though the direction of steam flow is different
from the situation of theoretical calculation and
the experiments are not so accurate owing to
small temperature rise in cooling water, the
data are in fairly good agreement with {53) or
(50). In each figure there are also plotted experi-
mental data by Berman-Tumanov [13], which
are the cases of downward and relatively low
velocity of steam. These are in good agreement
with (53) as shown in Fig. 10(c).

On the average coefficients of heat transfer,
the fairly good agreement between the laminar
theories treated in this paper and the experi-
mental results suggests that the influence of
turbulence in the liquid film or the vapour flow,
if there were, is small.

5. CONCLUSIONS

(1) The average coefficients of heat transfer
are expressed by (53). When oncoming vapour
velocity is high, that is U2 > 0276 gD/x*H, the
effect of parameter RH on the coefficients is
remarkable but the effect of body force is
negligible.

(2) As the oncoming vapour velocity becomes
higher, the local coefficients of upper stream side
become relatively higher. About 80 per cent of
total condensation takes place in the upper half
of the cylinder.

(3) In experiments, the temperature of tube
wall is not uniform, but the peripheral distribu-
tion is affected by both oncoming vapour
velocity and heat flux. In order to measure the
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Fi1G. 10. Comparison between experimental average Nusselt
numbers and theoretical ones. Symbols correspond to those
in Table 2.

(a) experimental values vs. (51).

(b) experimental values vs. (50).

{c) experimental values vs.(53).
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(c)

peripheral mean temperature, four thermo-
couples at least must be inserted at equi-distance
in the tube wall. The mean value is employed
for the prediction of the average coefficient of
heat transfer.

(4) The agreement between theorectical and
experimental results is fairly good on the
average coefficients of heat transfer.
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CONDENSATION EN FILM LAMINAIRE D'UNE VAPEUR CIRCULANT AUTOUR
D'UN CYLINDRE HORIZONTAL

Résumé—On a résolu les équations de la couche limite biphasique pour une condensation en film sur un
cylindre horizontal en utilisant une méthode approchée due & Jacobs. Les résultats numériques relatifs
aux coefficients moyens de transfert de chaleur sont exprimés comme suit:

pour un écoulement de vapeur vers le bas,

0,276 \*
Nu =y (1 + - ) Ret
4

spécialement pour une grande vitesse de la vapeur et plus précisément pour

gD x“
< A
UZH 0276
Nu =y Ret

1\
0\:!x=0.9(1+‘§ﬁ‘)

Les coefficients de transfert thermique estimés par ces expressions sont en bon accord avec les résultats
expérimentaux des auteurs et de Berman-Tumanov. La distribution de température sur le cylindre est
généralement affectée par la vitesse de la vapeur et le flux thermique pariétal: par suite la température

moyenne périphérique peut &tre considérée comme étant représentative.

LAMINARE FILMKONDENSATION VON STROMENDEM DAMPF AN EINEM
WAAGERECHTEN ROHR

Zusammenfassung— Zwei-Phasen-Grenzschichtgleichungen fir die Filmkoudensation an einem hori-
zontalen Rohr werden mit Hilfe einer Ndherungsmethode nach Jacob geldst.

Die numerischen Ergebnisse fiir mittlere Wiarmeiibergangs-Koeffizienten lassen sich wie folgt ausdriicken:
fiir Dampfstromung nach unten:

0,276 \*
Nus=yll+— Ret
¥ FrH
Besonders fiir grosse Dampfgeschwindigkeiten, ndmlich wenn
gb i :
— < ist, kann geschrieben werden:
wiH 0276

1 \*
Nu=7y Retmity =09{1 + —1.
u = 3 Re? mit 7 ( RH)

Die hiermit errechneten Wirmeiibergangskoeffizienten stimmen gut mit den experimentellen Werten
Uberein, die von den Autoren diesen Arbeit und von Berman-Tumanov gemessen wurden.
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Die Temperaturverteilung am Zylinder wird gewdhnlich von der herrschenden Dampfgeschwindigkeit
und vom Wirmestrom durch die Oberfliche beeinflusst. In diesem Fall muss die mittlere Temperatur des
Umfangs als Bezugstemperatur herangezogen werden.

JAMHUAPHAA INIEHOYHAA HOHIEHCAIUA IAPA, NBWKVIIETOCH
1O TOPU3OHTAJIBHOMY LTWJINHIPY

Anporanus—C nomomplo mpubmmmerHoro merofa JxeroGca pemaloTcs ypaBHEHUA
aByX$asHoro HOrPAHMYHOTO CIOA JUIA IUIGHOYHON KOHJEHCAIMM HA rOPHBOHTAILHOM
yuimHApe. UncaeHHbe pesyabTaTH AJA CPENHMX BHAaYeHAH xoedduiueHTa NepeHoca Tenna
BHPaKAWTCH CIEAYIOMIM 06pasom

1A HAIPABJIEHHOTO BHU3 MOTOKA mapa

0,276
_ ha 14 1/2
Na_‘x(l“‘x‘*FrH) Re

B 0COGEHHOCTH A GOJBIION CKOPOCTH Napa, a UMeHHO AN gD[W2H « x*/0,276
Nu = y Re'?

rre x = 0,97 +1/RH}

HoagduuueHTs nepeHoca TemIa, PacCYMTAHHBEIE ¢ IOMOIIBIO ATUX BHIPAMKCHMI, X0pOLIO
COTIACYIOTCA C OHCNePUMEHTAJNLHEIMA [IAHHLIMM, IOJYYeHHBIMH aBTOpaMu u BepmanoM-
TymauoBrM. Pacnpefenenne TeMIepaTyphl N0 GUIHHAPY HAaXORUTCH NOX BAHAHAENM CKOPOCTH
npaferafomero TOTOKA 7mapa M Temida K nosepxHocth. TOrxa 32 XapaKTepHsie SHAYEHHA

XOJKHE] TIPHHUMATBLCH CPefiHMe 3HAYeHHA TeMIepaTyphl 1o mepugepun.



