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Abstract-Anexperimental studyismade onrev,ettingofa hot stainlesssteeltuhe byaFreon 113 liquid film at 
atmospheric pressure. The effects of liquid film flow rate, initial wall temperature and wall thickness on the wet 
front velocity are presented. Applying the temperature variation measured at the wall surface, a two- 
dimensionaf conduction equation in the wall is solved numerically to derive the bailing curve, i.e. the relation 
between the surface heat flux and the wall superheat. The result indicates that theintensive heat transfer to the 
liquid film behind the wet front is performed by transition and nucleate bailing, that the boiling curve is little 
affected by Iiquid film flow rate, initial wall temperature and wall thickness, and that the maximum heat flux is 

about twice the critical heat flux predicted for the pool boiling system. 

NOMENCLATURE 

thermal d~~usjvity Cm2 s- ‘1; 
specific heat [J kg- 1 IS- ‘1; 
acceleration of gravity Es.8 m s-“1 ; 
heat of vaporization [J kg- ‘1; 
heat transfer coefficient [W mm2 K-l]; 
thermal conductivity [W m-’ K-l] ; 
heat flux [W m -2] ; 
liquid film Reynolds number, 4T/pL ; 
inside radius of tube [mf ; 
radial coordinate [m] ; 
temperature c”C] ; 
saturation temperature c”C] ; 
surface temperature [“Cl ; 

+_t, rewetting temperature [“Cl ; 
Twi, initial wall temperature [“C] ; 
AT,, wall superheat t”C] ; 
t, time fs] ; 

At, time interval Es] ; 
U, wet front velocity cm s- ‘1; 

2, axial coordinate moving with the wet front 

Cm1 ; 
3 A3 fixed axial coordinate [ml. 

Greek symbols 

r, liquid film flow rate per unit periphery 
[kg mPz se’]; 

4 wafl thickness [r-n] ; 
tc> viscosity [kg m-t s-t]; 

Pl density [kg m- “I; 

fl, surface tension [N m-l]. 

Su.bscripts 

L liquid phase ; 
V, vapor phase; 
w t tube wall. 

1. INTRODUCTION 

IN THE cooling of hot vertical surfaces by a falling liquid 
film, the wet front of the liquid film, which is 
accompanied by violent boiling and sputtering, flows 
down slowly as the surface ahead of it is cooled to the 

rewetting (or sputtering) temperature. The surface 
rewetting is a heat transfer process of fundamental 
importance in the emergency core cooling of water 
reactors in the event of postulated loss-of-coolant 

accidents. 
Several experimental studies El-41 have been made 

and the results show that the wet front of the liquid film 
moves along the surface at a constant velocity. Behind 
the wet front, in the wet region, the surface temperature 

drops rapidly to the saturation temperature due to the 
high heat transfer rate by boiling. The dry hot portion of 
the surface, ahead of the wet front, experiences in turn 

very poor heat transfer by vapor or vapor-mist flow. 
Therefore, the axial heat conduction in the wall towards 
the wet region plays an important role in the rewetting 
process. 

Various l- and 2-dim. models have been proposed 
for predicting the wet front velocity. Yamanouehi [I31 
has derived an analytical solution for the wet front 
velocity assuming that the heat conduction is I -dim. in 
the wall and that the heat transfer coefficient is constant 
in the wet region and zero in the dry region. Thompson 
[S] presented numerical solutions of I- and 2-dim. 
equations in the ease where the heat transfer coefficient 

in the wet region was proportional to the cube of wall 
superheat. Dividing the wet region into two parts, Sun 
et at. [6] proposed an analytical model, Sun, Dua and 

coworkers I?, S] included the effect of heat transfer in 
the dry region. Elias and Yadigaroglu [9] presented a 
computer-oriented l-dim. conduction model in which 

the wet and dry regions were divided into several parts 
of constant heat transfer coefficient. 

For predicting the wet front velocity by these 
analytical models, however, knowledge of the wall 
temperature at the wet front (the rewetting tempera- 
ture) and the surface heat transfer or its axial 

distribution in the wet region are required. The heat 
transfer is considered to show a drastic change in a 
short distance behind the wet front. Dua and Tien [lo] 
measured the surface temperature variation with a 
copper tube and liquid nitrogen system, and derived 
distributions of the surface heat flux behind the wet 
front by solving a l-dim. equation, As for the reflooding 
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process, boiling curves derived from a l-dim. analysis 
were presented by Chen et al. [f l] for the rewetting with 
subcooled water. However, data are limited and further 
investigations on the boiling phenomenon near the wet 
front are needed for understanding the rewetting 
process by a failing film. 

In the present study, measurements are made of 

rewetting of a hot stainless steel tube by a fluorocarbon 
R-l 13 liquid fitm preheated near the saturation 
temperature. The effects of initial wall temperature, 
liquid film flow rate and wall thickness on the wet front 

velocity are investigated. Applying the temperature 
variations measured at the wall surface, relations 
between the surface heat flux and the wall superheat are 
derived by solving nuinerically the Z-dim. conduction 

equation in the wall. The boiling heat transfer behind 
the wet front is discussed and compared with the boiling 
curves predicted for pool boiling. 

2. APPARATUS AND PROCEDURE 

The experimental apparatus consists of three 
components, a test section, a liquid circulating system 

and an electric circuit for heating, as shown in Fig. 1. 
The test section arranged vertically in a glass tube of 124 

mm I.D. is composed of a copper intake region of i SO 
mm long, a heating tube (SUS 304) of 16 mm O.D. and 

400 mm long, and a copper tube silver-soldered to the 
lower end of the heating tube. The test liquid passes 
through a porous sintered tube provided at the upper 

end of the test section, flows down the outer surface 01 

the intake region as a uniform film, and rewcts the 
heating tube. 

At the start of the experinient, the test liquid wa\; 

circulated through a by-pass tube keeping the flow rate 
constant and heated so that the Liquid subcooling 
becomes about 5 K at the mixing chamber. The heating 
tube was heated by passing an alternating current 
through it. When the heating tube reached an intended 
temperature, the heating current was shut ofI, and then. 
the liquid was supplied to the test section by turning the 
three-way cock. The test liquid used was R-l 13 ;II 
atmospheric pressure, the saturation temperature 
being 47.0 ‘C 

For measuring the surface temperature ofthe heated 
tube, five C A thermocouples were spot-wetded to the 
outer surface at axial intervals of 20 mm. The leads of 
these thermocouples (100 pm O.D.) were taken to the 
inside of the test section, as shown in Fig. I, through 
small holes drilled in the heating tube. The clearance of 

FIG. 1. Schematic diagram of experimental apparatus and details of test section. 1. Test tube. 2. Intake region. 
3. Sintered tube. 4. Pyrex tube. 5. Condenser. 6. Main tank. 7. Strainer. 8. Drier. 9. Cooler. 10. Pump. 
11. Preheater. 12. Head tank. 13. Heater. 14. Flow meter. 15. Control heater. 16. Mixing chamber. 17. Three- 

way cock, 18. Manometer. 19,20. Electrodes. 21. Transformer. 22,23. Excess temperature lrip. 



the holes was sealed up with sealing cement. The 
thermocouple outputs were recorded on an oscillo- 

graph chart. 
Experiments were performed at six different liquid 

flow rates, the liquid film Reynolds number Re = 700, 
1000,2000,3500,5000 and 7000, in a range of the initial 
tube wall temperatures from 120 to 200°C. Four test 
sections of wall thickness 6 = 0.5, 1.0, 2.0 and 3.0 mm 
were used. 

3. EXPERIMENTAL RESULTS 

3.1. Cooling (temperature-time) curve 

When the liquid film flows downwards on a hot 
surface, the wet front of the film progresses slowly 
accompanied by liquid film sputtering. Figure 2 shows 
states of boiling near the wet front ofthe falling film. The 
region of violent boiling was observed to extend 
its width with increasing the wall thickness 6, the 
width was l-1.5 mm for 6 = 1 mm and 222.5 mm for 
6=3mm. 

Figure 3 shows a record of temperature-time history 
of TC Nos. l-4 located on the tube surface. Although 
fairly large fluctuations due to splashed films and 
droplets are observed in the thermocouple output, the 
decrease in wall temperature is gradual in the dry 

region. However, a sharp temperature drop takes place 
when the wet front reaches the thermocouple location. 
Inspection of correspondence between the variation of 

thermocouple output and the wet front position 
photographically observed showed that the moment of 
the wet front covers the thermocouple location 

coincided well with the start point of the sharp drop in 
wall temperature. Therefore, the temperature at this 
point was defined as the rewetting temperature T,,,. 
The output of the thermocouple located 20 mm below 
(TC No. 2) at this moment was regarded as the initial 
wall temperature T& in this experiment. 

The wet front velocity was determined by 

U = L/At (1) 

where At is the time interval taken for the wet front to 
travel the distance L = 20 mm between the location of 
TC No. 1 and that of TC No. 2. 

The wall superheat at the rewet point AT,,,,, = 
T,,,- T, is currently used as a matching parameter 
for correlating the experimental data on the wet front 
velocity. However, experimentally determined data on 
the superheat are limited. Figure 4 shows the superheat 
AT’,, obtained in this experiment. Although the values 
are scattered in the range 3447 K, showing a slight 
trend to increase with increasing initial wall 
temperature, the average is about AT,,, = 40 K, 
independent of the liquid film Reynolds number and 

the wall thickness. Dua and Tien [lo] have reported the 
value AT,,, z 25 K for a copper tube and liquid 
nitrogen film system. The present result is comparable 
with the value AT,,, w 30 K obtained by Simopoulos 
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FIG. 2(a). 6 = 1 mm. FIG. 2(b). 6 = 3 mm. 

FIG. 2. Boiling of liquid film near the wet front, Re = 2ooO. 
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FIG. 3. Temperature- time hlstory of thermocouples located on the tube surface. 

et al. [ 121 from measurements of a stainless steel and 
R-l 13 film system carried out at 1.775.2 bar. 

3.2. Wetjkont velocity /‘w(‘pw \ 0 : 

Figure 5(a) shows the wet front velocity in’ plotted 
against the initial wall superheat AT,, = TWi - ‘4. The 
wet front velocity decreases with increasing initial wall 
superheat, and is expressed approximately by 
7Jx AT;i1.6 as the lines drawn in the figure. The 
velocity decreases as the wall thickness is increased, but 

is only slightly affected by the film flow rate. The 
experimental results of the velocity U presented so far 
for subcooled liquid films have shown a trend to 
increase with increasing the flow rate [ 1,3,4]. However. 
the effect of the flow rate is not clear in the present data 
obtained with the film preheated near the saturation 
temperature, the same as the result of Bennett et al. 121. 

P’(A7’) = [(TWi-- 7;)(‘I;,i- ‘I,,,)\’ ‘:(7kC, - I,, 

Assuming the heat transfer coefficient is constant in 
the wet region and zero in the dry region, Yamanouchi 
[3] solved the l-dim. equation and derived theoreti- 

where h is the heat transfer coefficient on rhe surface m 
a wet region. Figure 5(b) shows the variation of the wet 
front velocity for the temperature term in the above 
equation, F(AT), obtained by substituting the 
rewettingsuperheat temperature, 7,,, - 7; = 40 K. The 
data were well correlated with a form of U x I /FIAT) 
as is indicated in equation (2). However, the relation of 
U x l/6o.5 given in equation (2) did not fit the 
experimental result. Figure 6 represents the variation L~I 
the parameters derived from Fig. 5 for the wall 
thickness. The effect of the wall thickness on the wet 
front velocity is not so simple as indicated by equation 
(2). This discrepancy can probably be ascribed to the 
over-simplified assumptions of Yamanouchi’s model. 

tally the wet front velocity as follows. 

_ 
Re - 

j pni _ 0 700 
00.5 v 1000 
Q 1 0 2000 
l 2 A 3500 

_ 0 3 0 5000 

FE. 4. Superheat at the rewet pomt 
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FIG. 5. Variation of the wet front velocity with initial wall temperature and wall thickness. 

in which the temperature variation across the wall 
thickness is neglected and the surface heat transfer 
coeMicient is assumed to be constant in the wet region. 
For reference, the value of h in equation (2) was cal- 
culated by applying the present experimental data for 
U, Twi and T,,,. The heat transfer coefficient h thus ob- 
tained, was scattered in the range 1%4Cl kW rn-’ K-l, 
showing a trend to increase with decreasing 6 and 
increasing Re. 

4. ANALYSIS OF SURFACE HEAT FL&X 

A physical model of the rewetting by a falling liquid 

film is shown in Fig. 7. Since the wet front moves at a 
constant velocity U, the surface temperature profile 
along the tube length is obtainable from the recorded 
temperature-time history. In this system, it is 
convenient to adopt a coordinate Z which moves with 
the wet front and has its origin at the wet front point, 

Z--Z-UC (3) 

The curve in Fig. 7 shows the surface temperature 
profile thus transformed to the Z coordinate, in which 
the value at 2 = 0 represents the rewetting temperature 
7&,. Here, based on the currently used assumption that 
the temperature distribution in the wall moves with the 
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FIG. 6. Effect of wall thickness on the wet front velocity. 



wet front without changing its profile, the surface heat 
flux was calculated by solving numerically the 2-dim. 
conduction equation in the wall. 

Provided the tube wall is assumed to have a uniform 

temperature throughout its thickness 6, the problem 
becomes l-dim. In the present experiment, the heat flux 
through the inner surfaceis zero, then, the outer surface 
heat flux q is expressed from an energy balance on a 
differential element of the tube as follows : 

The space and time gradients are related as 

Then, equation (4) is transformed to 

(61 

Therefore, it is possible to calculate the surface heat flux 
from the surface temperature profile. 

However, for evaluating the accurate heat flux, a 
2-dim. analysis considering the wall temperature 
variation in the radial direction will be required. The 
2-dim. conduction equation in the wall is 

Then, the governing equation transformed to the Z 
coordinate is expressed as 

where. 7,(Z) denotes the surface temperature obtained 
by transforming the recorded temperature- time 
history to the 2 coordinate. The recorded temperature 
fluctuated in the dry wall region,so that a smooth curve 

was approximated for evaluating 7’,(Z) in this region. 
There seems to be little in~uence arising from this 

approximation on the wail temperature distribution in 
the wet region. 

In the present study, equations (8) and (9) werri 
converted to finite difference equations as described in 
the Appendix. and computed with an iteration method 
to find the whole temperature distribution in the wall. 
The computation was terminated when the converged 

temperature distribution was obtained. The outer 
surface heat fiux y was then derrved from the wall 
temperature distribution thus obtained. The heat 
transfer coefficient on the surface defined by 

I IOi 

The relations between the surface heat Jhrx and the 
wall superheat (the boilingcur~~es) derived from I- and 
Z-dim. analyses are compared in Fig. X. The curves of 
the I -dim. analysis are shifted to higher wall superheats 
than those of the 2-dim. analysis, showing higher 
maximum heat fluxes. The difference in the maximum 
heat flux increases with increasing the wall thickness. 
the value by l-dim. analysis being about three times 
higher than that by ?-dim. analysis. in the case of S :- 
3 mm. This trend indicates that the wall temperature 
gradient in the radial direction cannot be neglected and 
that the ‘-dim. analysis is necessary for evaluating the 
surface heat llux near the wet front accurately. 

The boiling curves derived from the I?-dim. analysis 
are presented in Fig. 9, Figure 9(a) shows the result of 
test runs performed at different film Row rates, and Fig. 
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FIG. 8. Boiling curves (comparison of f- and 2-dim. analyses). 

9(b) the result obtained for different values of the initial 
wall temperature. It should be noted that the boiling 
curve is considered to be independent of the film flow 
rate and the initial wall temperature, and that, as shown 
in Fig. 8, the boiling curve derived from the 2-dim. 
analysis is little affected by the wall thickness. In the 
present test with a stainless steel and R- 113 film system, 
the maximum heat flux appeared near AT, = 25 K, and 
its value was about 5-6 x lo5 W rnm2. 

- 700 89.1 K 

lo6 
---zoo0 86.6 
---5000 85.0 - 

"1 5 10 5 lo2 1 5 10 5 102 

AT, = T, - T, K ATs=T, - T, K 

As is seen in Fig. 9(a), the present result was compared 
with some correlations proposed for pool boiling. 
Nishikawa and Fujita [13, 141 presented a general 
correlation for nucleate boiling heat transfer to 
fluorocarbon refrigerants. The dotted lines written in 
the nucleate boiling region represent the relations 
obtained by assuming the nucleation factorfi = 4.0. In 
the present experiment, the region of violent boiling 
behind the wet front was observed to be l-2.5 mm in 
width, so that two values of the characteristic length of 
heating surface, R = 1 and 2 mm, were applied to the 
correlation. The value of Zuber [is] and Kutateladze 
[16] shows the critical heat flux in pool boiling 
predicted from their equation 
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The maximum heat flux in the rewetting process is 
about twice the value predicted by the above equation. 
The threedotted lines writtenin the high wall superheat 
region represent the relations for the film boiling, which 
were derived from Bromley’s equation [17] presented 
for the averaged heat transfer coefficient in laminar film 
boiling from the vertical surface, 

hf = 0.943 %,(p, -P&H;, 1’4 

Q&CL - T,1 1 WI 

and Ldenotes height of the vertical surface. Also shown 
in this figure are the superheats at the rewet point AT,,, 
observed in the test runs. The condition of the rewet 
point is located in the transition boiling region, and 

FIG. 9. Boiling curves, (a) effect of film flow rate, (b) effect of initial wall temperature. 
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does not seem to be corresponding to the minimum 
heat flux of the film boiling. The dotted line depicted in 
Fig. 9(b) for reference, is the boiling curve measured by 
Yiimaz and Westwater [lCr] for R-1 13 pool boiling 
from a horizontal tube of diameter D = 6.5 mm at 
atmospheric pressure. 

In the analysis for predicting the wet front velocity, as 
mentioned in the Introduction. several models have 
been presented of the surface heat transfer distribution 
behind the wet front. However, the measurement of the 
surface heat transfer is limited and no model has 

considered the effect of wall thickness on the surface 
heat transfer distribution. Figure 10 shows the axial 
distributions of the surface heat transfer coefficient 
derived from the 2-dim. analysis, in which the wet Front 
is located at Z = 0. The distribution curves represent 
the averaged values obtained from test runs of various 
ATwi under a condition of Rr = 5000. It is found from 
this figure that the heat transfer in the wet region 
(Z < 0) consists of the transition boiling direct behind 
the wet front and the following nucleate boiling, and 
the boiling region extends with increasing the tube 
wall thickness. 

6. CONCLUSIONS 

Rewetting of a hot surface by a falling film was 

studied experimentally at atmospheric pressure with R- 
113 liquid preheated near the saturation temperature, 
and the relation between the surface heat flux and the 
surface superheat behind the wet front was examined by 
solving numerically the 2-dim. conduction equation in 
the wall. The conclusions derived from this study are as 

follows : 

(I) The wet front velocity decreases with increasing 
initial wall temperature and wall thickness, but is little 
af&ted by the liquid film flow rate. The effect of the 

initial wall temperature on the wet front velocity is well 
expressed by Yamanouchi’s solution for the l-dim. 

IWAlA and Y soc;nw\ 

equation (equation (211, but the clf‘cct of thr ~;tii 
thickness is not simple. as is shown in Fig. 6. 

(2) The rewetting temperature is found to he ab~ru% 
40 K above the saturation temperature lor the present 
stainless steel and R-l 13 liquid system. 

(3) Near the wet front in the \rcl region. the i>c;iL 
transfer process consists ofthe transition boiling direct 
behind the wet front and the follouing nucleate boiling. 
The axial distribution of the surl‘ac~ Itcat rransfei 
coefficient is dependent upon the \c;rlI thicknsss. 

(4) However, the relation between the SUI-face heat 
Aux and the wall superheat,namely. the bvilingcurbe ii 
little afected by the wall thickness, ;tnd i$ Independent 
ofthe liquid IiIm fiow rate and the initial wall sqwhctlt. 

The maximum heat flux is about t~icc the critical heat 
flux predicted for the pool boiling \i;*tctn. 
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APPENDIX 

Discretizing the tube wall along r- and Z-directions as 
shown in Fig. 1 l(a), equation (8) is reduced to the foilo~ng 
difference equation : 

1 
1 

+ &+(j- 1)Ar 
T,j+l-T,j-1 

2Ar 

1 

+E 

T+ l,j- T,j K,j- T- 1.j 

AZ - AZ 1 
U T+I,j-T-1.j 

=-- 

a, 2A.Z . (Aif 

To simplify the computatjon, we assume 

Ar=AZ=A (A? 

then, equation (Al) is rearranged as 

where 

112 UA 

“I = R,/A+(j- 1)’ 
c(=--_. 

a, 2 

The boundary conditions, equation (9), are written in finite 
difference form as follows : 

On the inner surface 

this gives 
?;.z = T,rJ 

z.1 =SC2Z,~+(l-a)T,-1,1+(1+or)Ti+,.~]. (A4) 

On the outer surface 

?.M = T,(i) tA5) 
where, T.(i) represents the temperature at the ith nodal point 
on the outer surface. In this paper, the temperature 
distribution in the tube wall was computed from equations 
(A3HA5) by substituting the measured surface temperature 
into T,(i). The interval size A = 0.01 mm was used in this 
computation. 

As for boundary conditions in Z-direction, the following 
relationships derived by imposing zero net axial conduction at 
the nodal point i = 0 and N + 1 

To.1 = 2T, ,j- &,j 

T ,vtl.j=2T~.j-T~-l.j 
were used. 

Once the temperature distribution in the tube wall has been 
solved, the surface heat Bux q is obtainable. From the heat 
balance for the hatched area in Fig. 1 l(b), 

4 = &i” - 4,“,) + 4,. (A7) 

Then, the surface heat flux was determined by calculating the 
heat fluxes qin. qO,, and q, from the following equations : 

qin = -~c~(3~,,+1;,,_,)-?(3T,_,,,+7;-~,,-,),, 
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REMOUILLAGE D’UNE SURFACE CHAUDE PAR UN FILM LIQUTDE TOMBANT 

RCsumB-On &die expirimentalement le remoudlage d’un tube chaud en acier inoxydablepar un tilm hquide 
de Freon 113, $ la pression atmosph&ique. On prtsente les effets du d&bit du film, de la temptrature initiale de 
la paroi et de I’tpaisseur de la paroi sur la vitesse du front de mouillage. En appliquant la variation de 
tempkrature mesurte sur la surface pariktale, une kquation de conduction bidimensionnelle est r&olue 
numeriquement pour obtenir la courbe d’t?bullition, la relation entre le flux thermique et la surchauffe de la 
paroi. Le rtsultat montre que le transfert intense au film liquide derriere le front humide est rialisi pal 
I’Cbullition nucIt&e et de transition et que la courbe d’t?buIlition est peu affect&e par la vitesse du film, la 
tempkrature initiale de la paroi et l’kpaisseur de celle-ci, et le flux thermique maximal est environ dew Lois plus 

grand que le flux critique prtdit pour I’ibullition en rt-servoir. 

WIEDERBENETZUNG EINER HEISSEN OBERFLI(CHE 
DURCH EINEN FALLENDEN FLUSSIGKEITSFILM 

Zusammenfassung Die Wiederbenetzung eines heil3en Rohres aus rostfreiem Stahl durch einen l,‘llrn 
aus fliissigem R 113 bei Atmosphiren-Druck wird experimenteD untersucht. Der EinfluLj des Film- 
Massenstroms, der anfsnglichen Wandtemperatur und der Wandstirke aufdie Ausbreitungsgeschwindigkeit 
der Benetzungsfront werden dargestellt. Unter Verwendung der gemessenen TemperaturZnderung an der 
Wandoberfliiche wird die zweidimensionale Wlrmeleitungsgleichung in der Wand numerisch gel& urn die 
Siedekurve zu erhalten ; diese stellt die Beziehung zwischen der WHrmestromdichte an der Oberfllche und der 
Wandiiberhitzung dar. Das Ergebnis zeigt, da13 die intensive WIrmeiibertragung an den Fliissigkeitsfilm 
hinter der Benetzungsfront durch Ubergangs- und Blasensieden hervorgerufen wird. Die Siedekurve wird von 
Film-Massenstrom, anfgnglicher Wandtemperatur und WandstHrke nur wenig beeinfluBt. Die maximalc 
WLrmestromdichte ist ungefghr doppelt so groR wie die kritische WBrmestromdichte, die sich fiir BehPlter- 

sieden errechnen l&. 

fIOBTOPHOE CMAYMBAHME HArPETOfi IIOBEPXHOCTM HATEKAI-OUIEL? 
nJlEHKOfi KKMAKOCTM 

AHHOTBUWA- npoBeneHo 3KcnepHMeHranbHoe wzc.renoeaHae uoBTopHor0 CMawBaHnn Hal peroti 
rpy6br ~3 Hepmaserometi CTann rnlzn~oti nneHKoi? +peoHa-113 npn aTMoc@epHoM ,JaBJleHHta. 
PaCCMOYpeHO BnARHHe paCXOna mnAKOfi n:leHKM, HaqaJlbHOB TeMnepaTypbl M TO.nmMHbl CTeHKN “a 
CKOpOCTb $pOHTa CMaYABaHRR. B pe3y:lbTaTC H3MepeHMa TeMnepdTypbl Ha nOBepXHOCTA CTeHKll 
II wcneHHor0 pemensn neyxMepnor0 ypdsHeHM9 Tennonpoaonnocvi a cTenKe, noJ,yvena Kpnsaa 
Knnenm3, T.e. cooTnomenne Memny nosepxnoclwb,M TennoablM noToKoM n neper_peeoM cTenKn. 
floKa3an0, 470 nHTenceenbG Tennonepenoc K n.veHKe ~KA~KOCTA 3a (PPOHTOM cMawBaHw ocyme- 
CTB,,lleTCIl “epeXOnHb,M M ny3bIpbKOBblM KHneHlleM. KpNBaa KWneHMIl cna6o 3aBMCM.I o7 PaCXOaa 
m,,nKOfi n”eHKA M HaVa.“bHOii TeMnepaTypb, M TOJm,MHbl CTCHKA, a MaKCMMa>TbHblfi Ten,loBOir 
no~o~ npMMepH0 a flaa pass npeeb,maeT KpnTnqecKMR TennosoB noroK, paccqMTaHHbld 228 cncTeMb1 

Kz-inemiIl B 6O~lbmOM o6beue. 


