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Abstract-Transient boiling heat transfer data are reported for two different heater surface geometries 
submerge in liquid nitrogen. During the early part of the transient heat pulse, the heat transfer coetkient for 
both geometries generally agrees with vaiues predicted from classical transient pure conduction equations. 
The agreement persists until the time for onset ofconvection which varies approximately as l/q2 where 4 is the 

heat flux to the fluid. 

INTRODUCTION 

HEAT transfer rates during processes where heat flux 
and/or surface temperature and/or fluid velocities 
change rapidly in time are not generally predictable 
from correlations developed from steady-state 
measurements [l-4]. Differences often are due to com- 
pressible fluid effects, or vapor nucleation phenomena. 

Study of dynamic processes can be by : 

(1) time-resolved measurements of heat flux and 
surface temperature rise (q, A T), i.e. standard procedure 
but adding time as a variable ; or 

(2) me~urement of dynamics within the fluid using, 
for example, optical techniques. 

The Center for Chemical Engineering of the 
National Bureau of Standards at Boulder, Colorado, 
has started a research project to study heat transfer in 
dynamic processes involving both processes (1) and (2) 
above, but this paper deals with process (1) using two 
heater/thermometers of two different geometries (a thin 
platinum film Sat surface and a small diameter 
platinum wire). 

This paper may be considered an extension of the 
work reported in refs. [l-3] where the heater/ 
thermometer was a thin carbon film supported by a 
quartz substrate and data were for liquid or 
supercritical helium. For the current work platinum 
was selected as the heater/thermometer material 
because of its more suitable temperature coefficient of 
resistance at elevated temperatures. Also the metallic 
surface (platinum) is more representative of that found 
in various engineering applications. 

The data reported in this paper were gathered while 
investigating the suitability of different heaters for use 
in our optical facility which will be used for more 
extensive transient heat and mass transfer measure- 
ments &thin the fluid. The similarities and differences 
in results observed for the two geometries are reported 
herein. 

The flat geometry was selected to avoid size effects 
which may be evident with small diameter wires having 
dimensions of the order of the boundary layer thickness 

or bubble sizes. However, because the very thin 
platinum film used in the flat surface requires a 
supporting medium (quartz, in our system), it has the 
experimental disadvantage of requiring an accounting 
for the instantaneous heat flow into the substrate. This 
has been taken into account. However, for fluid media 
where the heat transfer is poor, the correction is large 
compared with the heat flow to the surrounding &id. 
This can result in large experimental errors in the fluid 
heat flow determination. (In our original transient heat 
transfer studies at liquid helium temperatures, the 
correction for the substrate heat flow was negligible 
because of small heat capacity of solids at 4 IL) 

The small diameter platinum wire was therefore 
included as an alternative heat transfer surface and 
thermometer because the correction to the heat flux 
measurement is substantially smaller and mathemati- 
cally simpler. The corrections for both geometries are 
discussed in the following text. 

The fluid for the data presented is liquid nitrogen 
vented to atmospheric pressure (approximately 0.83 
x 10’ Pa) at Boulder, Colorado. 

EXPERIMENTAL APPARATUS 

Two heater surface geometries were used in the 
experiments. Both heaters served also as thermometers 
for determining the solid-fluid interface temperature. 

One geometry was a 35 mm x 8 mm x 35 nm 
platinum film which had been vapor-deposited on a 
0.15875 cm fused quartz substrate. A second platinum 
film was located on the back side of the quartz 
substrate. The film on the back side of the substrate 
served only as a thermometer and the data from that 
thermometer were applied in the substrate heat flow 
correction discussed later in the text. The construction, 
calibration, and performance details of the platinum 
films have been previously reported [S]. Figure 1 shows 
the platinum film and quartz substrate assembled in the 
fiber-filled phenolic plastic holder. 

The second geometry was a 25.4 pm diameter, 7 cm 
long platinum wire. Samples of the wire taken from the 
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Electrode/Voltage 

Platinum Film 

FIG. 1. Assembly of substrate and holder. 

same spool as the test sample had been calibrated 
previously by Roder [6]. That calibration data were 
applied in the data reduction program with slight 

correction factors as dictated by in situ measurements 
at room temperature, liquid nitrogen temperature, and 
boiling water temperature. 

The wire was soldered between and supported by two 
twisted thin copper sheet brackets which were mounted 

on a fiber-filled phenolic plastic holder. A schematic of 
the assembly is shown in Fig. 2. 

Either test sample (wire or thin film) could be 
mounted on a probe which was inserted in a liquid 
nitrogen containment vessel vented to atmospheric 
pressure. 

The wire was oriented horizontally and the thin 
platinum film was oriented with the 35 mm dimension 

vertical. 

TEST PROCEDURE 

For both test samples, a voltage pulse of variable 
duration was applied to the electrical circuit containing 

_I_ 

i” 
Brass Support Rod \ 

Small Diameter 
Platinum Wire 

‘Electrical Leads 

FIG. 2. Assembly of small diameter wire and support pieces. 

the test sample load in series with a 10 fi standard 
resistor. The resulting current was essentially constant 

through the platinum wire test sample when the 
temperature was near 76 K since the wire resistance was 
small (approximately 2.5 Q) compared to the 10 R 
standard resistor. This resulted in an increase in joule 
heating as the resistance (temperature) of the wire 

increased during the pulse. The magnitude of the 
increase depended on the magnitude of the applied 
voltage pulse. At the higher temperatures for the wire 
and for all temperatures for the flat surface (thin 
platinum film) the current (andjoule heating) decreased 
with time during the pulse since the sample resistance 
was of the same order or larger than the 10 Q standard 
resistor. The voltage drop across the test sample and 
across the standard resistor were fed into a digital 
recording oscilloscope. Subsequently, the data were 
transferred to a minicomputer where the recorded 
voltages were transformed to temperature and applied 
heat flux as a function of time. 

The voltage pulse duration ranged from 1 ms to as 

long as 10 s for low level voltages. The limitation was the 
temperature rise of the test sample in order to stay 
below a ‘burnout’ level of temperature. 

DATA REDUCTION 

As mentioned in the introduction a correction to the 

applied power or heat flux was required to account for 
the heat flow into the substrate (in the case of the flat 
surface) and to account for the heat capacity and mass 
of the wire (in the case of the platinum wire test sample). 

For the wire one has 
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where qfluid is the heat flux to the fluid [W cm - ‘1, qapp,lied 
is the total applied heat flux [W cm-‘], p is the density 
of platinum [g cm-3], C, is the heat capacity of 
platinum [J g-’ K-l], dT/dt is the derivative of 
temperature with respect to time [K s-l], and D is the 
diameter of the wire [cm]. 

The density, p, and the capacity as a function of 
temperature, C,(T), were taken from refs. [7, 81, 
respectively. The value dT/dt was obtained from the 
experimental data and, because of the small wire size, 
radial variation of temperature and heat loss from the 
ends were neglected. 

For the thin film on the quartz substrate 

aT a2T 
at=“=’ (2) 

where T is the temperature [K], CI is the thermal 
diffusivity of quartz [cm’ s-l], X is the spatial 
coordinate in the substrate, normal to the heater 
surface [cm], and t is the time [s] subject to boundary 
conditions 

x 

/ 

= 0, i’- = &St) 
(measured with heater surface/thermometer), 

t>o 
X = 0.15875 cm, T = &ottom(t) 

(measured with back side thermometer), 

X > 0, t = 0, T = T$‘.. = To. 

Equation (2) and the accompanying boundary 
conditions were solved for each run. A digital computer 
package [9] was used to obtain the numerical solution 
which provided the instantaneous temperature 
distribution in the quartz substrate. This yields the 
instantaneous heat flux into the quartz substrate, i.e. 

dT 
qsubstra&) = -k(T) dX, = 0, (3) 

where k(T) is the thermal conductivity of the quartz 
substrate [W cm-’ K-l]. Published values of the 
thermal conductivity of quartz were used in this 
calculation [lo]. Using a transient procedure, the 
thermal conductivity of the quartz substrate was 
measured at a few convenient temperatures [S] to 
support the use of published thermal conductivity 
values. 

Finally 

qfhid = qapplied -qsubstrate. (4) 

Anexpressionfor theratio ofthe heat flow to the fluid 
to the heat flow to the substrate during pure conduction 
heat transfer, i.e. before any convection or boiling are 
established in the fluid, is (14), p. 71 

qfluid -= (‘dJ~)fluid 
qsubstrate (k/J&mate (5) 

For most liquids and quartz substrate, this ratio is 
approximately 0.5, however, for most gases at room 
temperature, even at high pressure, this ratio is lo- 1 or 
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FIG. 3. Example of surface temperature rise during a step in 
heat flux. 

less. Thus, the thin platinum films are not suitable for 
gaseous data because of the large uncertainties in the 
heat flux to the fluid calculation [equations (3) and (4)]. 

Note again that equation (5) is for pure conduction 
only, and for enhanced heat transfer mechanisms that 
may occur subsequently during the heat pulse (such as 
nucleate boiling) the magnitude of the substrate 
correction is reduced. Equation (5) puts an upper 
bound on the magnitude of the correction. 

RESULTS AND DISCUSSION 

Examples of surface temperature rise during a step in 
heat flux are shown in Fig. 3. The experimental 
transient heat transfer coefficients, h, for both 
geometries are shown in Figs. 4 and 5. Also shown in 
Figs. 4 and 5 are the theoretical pure conduction 
transient heat transfer coefficients based on liquid and 
vapor properties. The theoretical equations applied 
were those according to Carslaw and Jaeger [l 1, pp. 
221 and 561. 

For the wire geometry 

AT= -4b,Zii 
4nk 

TIME, s 

FIG. 4. Transient heat transfer coefficients for small diameter 
platinum wire heater surface submerged in liquid nitrogen. 
Total heat flux applied at t, : 0.8 W cm-‘(Curve 1); 5 W cm-* 
(Curve 2); 7.5 Wcn--* (Curve 3); 10 Wcm-’ (Curve 4); 

12 Wcm-* (Curve 5); 18 Wcm-* (Curve 6). 
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TIME, s 

FIG. 5. Transient heat transfer coefficients for vertical thin platinum film heat surface submerged in liquid 
nitrogen. Total heat flux applied at t,: 1.68 W cm-* (Curve 1); 2.8 W cm-’ (Curve 2);4.2 W cm-2(Curve 3); 

5.3 Wcm-’ (Curve 4); 9.2 W cm-’ (Curve 5); 10.2 Wcm-’ (Curve 6). 

For the thin film geometry 

where AT is the surface temperature rise, 7;,,r - Tbulk 
[K], qb is the heat to fluid per unit length [W cm ‘1, y0 
is the heat flux to fluid [W cm ‘1, k is the thermal 
conductivity [W cm-’ Km ‘1, s( is the thermal 
diffusivity [cm’ s ‘1, ris the radius ofwire [cm], and t is 
the time [s]. The typical behavior ofthe curves shown in 
the figures has been observed and reported by other 
investigators [ 1, 12-141. Oker and Merte’s [ 121 high- 
speed films of the transient boiling process provide a 
description which can be related to the experimental 
transient heat transfer coefficients shown in Figs. 4 and 
5. For heat fluxes below the critical heat flux, at the 

beginning of the transient, heat is transferred by pure 
conduction from the heating surface to the fluid. This 

can be seen by the fairly good agreement at short times 
between the experimental heat transfer coefficient and 

the theoretical hcand shown in Figs. 4 and 5. Subsequent 
to the pure conduction period, natural convection 

commences but persists for a relatively short time 
before nucleate boiling spreads over the surface. These 
two regimes of heat transfer are evident from the 

deviation of our low heat flux data upward from the 
pure conduction curve for liquid in Figs. 4 and 5 and by 
the decrease in temperature following an initial increase 
shown in Fig. 3 for the low heat flux data. In this 
investigation there was no visual way of distinguishing 
natural convection from the initiation of boiling. For 
heat fluxes above the critical, the early part of the 
transient is again represented by pure conduction, but 
then the deviation of the high heat flux experimental 
data is generally downward from the liquid pure 
conduction curve, signaling a transition to film boiling. 
While not seen in Fig. 4 for the wire geometry, the thin 
film results in Fig. 5 show there was an apparent short- 
term increase in h before the decrease to film boiling as 
shown by Curves 5 and 6. This short-term increase in h 

may be representative of a metastable nucleation 
period before the transition to film boiling as noted by 

Steward [l]. Finally, note that the film boiling co- 
efficient lies between the liquid hcond and the vapor hcond. 
This is reasonable since the theoretical calculations for 
pure conduction were based on a model of a semi- 
infinitemedium heated at thesurface (for the flat surface 

geometry) and a continuous line source surrounded by 
an infinite medium (for the wire geometry). The 
calculation for a finite vapor film with liquid above it (as 
is the case for film boiling) would be expected to be 
somewhere between these two cases. 

Oker and Merte Cl23 correlated the time to the onset 

of natural convection (time at which hexp begins to 
deviate from hcond) with the heat flux to the fluid. Such a 
correlation is shown in Fig. 6 and includes the data of 
this study as well as other investigators. For our data t 
was taken to be that corresponding to the time when the 
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FIG. 6. Time to onset of convection vs heat flux to the fluid. 
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FIG. 7. Steady-state boiling heat transfer data for small 
diameter wire heater surface. 
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FIG. 8(a). Transient boiling heat transfer data for small 
diameter wire heater surface: Curve 1,2.2 W cm-’ at t,, time 
period, 0.00-10s; Curve 2, 5Wcm-* at t,, time period, 
O.OO-lOs;Curve3,7.5 Wcm-*att,,timeperiod,O.OO-10s; 
Curve 4, 1OW cm-’ at t,, time period, 0.001-l s; Curve 5, 
12Wcm-zatt,,timeperiod,0.00-ls;Curve6,18Wcm-2at 
t,, time period, 0.001-0.1 s; Curve 7, 33 W cm-’ at t,, time 

period, O.OOl~.Ol s. 

surface temperature began to decrease. Oker and Merte 
cited the analysis of Goldstein and Briggs [ 151 which 
predicts that the onset of natural convection from a 
vertical surface is inversely proportional to the 2/S 
power of the heat flux. The data of this study and others 
follow the trend of Oker and Merte’s data and indicated 
a much stronger influence of heat flux (approximately 
proportional to l/q’, see the appendix). 

Although not a clear-cut distinction, it appears that 
for a given heat flux, the wire geometry time to onset of 
convection is about twice that of the flat surface 
geometry. 

Traditionally, boiling heat transfer data are 
presented in the form ofheat flux vs surface temperature 
rise, as shown in Figs. 7-9 for both steady-state and 
transient data. Figure 7 contains the steady-state data 
for the horizontal wire geometry. Whereas the classical 
nucleate boiling correlation shown [16] predicts heat 
flux proportional to about the 2.5 power of AT, the 
experimental heat flux is approximately linear with AT 
The experimental film boiling data also indicate a less 
pronounced variation of heat flux with AT when 
compared with the predictive correlation of Breen and 
Westwater [17]. Finally, the steady-state experimental 
peak nucleate boiling heat flux (approximately 8.5 W 
cm- *)is about halfofthat predicted by the Kutateladze 
correlation. This may be due to the small size of the wire 
which may be more readily blanketed by coalescing 
bubbles. Sinha [ 141 reported that transient heating of a 
vertical platinum wire produces a premature transfer to 
film boiling at heat fluxes as low as 40% of the steady- 
state critical heat flux. No premature transition to film 
boiling was observed for the horizontal platinum wire 
ofthis study. No attempt was made to maintain a highly 
quiescent liquid bath, and this may account for the 
absence of a premature film boiling transition since 
Sinha reported a decided effect of convection on the 
level of the transition heat flux. 

Figure 8(a) presents transient q vs AT, for the wire 

geometry. Each curve corresponds to a different 
applied heat flux at time zero and for a duration noted 
in the legend for the graph. Results are shown in Fig. 9 
for the thin platinum film heater surface. One may 

AT, K 
FIG. 8(b). Illustration of small temperature ‘overshoot’ for platinum wire [Curve 3, Fig. 8(a)]. 
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observe some striking differences between these two 
figures. First, there is very little AT ‘overshoot’ before 
the onset of nucleate boiling in the case of the platinum 
wire. The small overshoot can be seen in Fig. S(b) where 

Curve 3 of Fig. S(a) is plotted on an expanded scale. 
However, the thin film surface produces a substantial 
overshoot as seen by the reversal of the arrows on the 
curves in Fig. 9. This ‘overshoot’ may also be seen, for 

example, in Fig. 3, Curves 7.5 and 2.8 W cm *. where 
the AT rises momentarily to a value above the steady- 
state value. 

The steady-state data for the thin film surface, Fig. 9, 
are limited and thus the peak nucleate boiling heat flux 
and the nucleate boiling curve were not well 
established. However, the peak is estimated to be about 

8.5 W cme2 since Curve 5 is considered to be very near 
the peak nucleate boiling heat flux at 20 K. The 
experimental peak nucleate boiling heat flux is, as for 
the wire, about half of that predicted by Kutateladze. 
The thermal properties of the quartz substrate, 
J(pC,k), are presumed to account for this reduced 
value since several investigations, e.g. Grigoriev et ul. 

[ 181, have found that the peak nucleate boiling heat 
flux is proportional to J(pC,k) ofthe heater surface(see 
Fig. Al in the appendix). Since the heater surface in this 

study is a very thin platinum film (35 nm) the thermal 
properties of the quartz substrate dominate. For the 
limited data, it appears that the experimental steady- 
state nucleate boiling curve has a slope in fair 

agreement with the predicted curve, in contrast to the 
slope for the wire geometry. Due to concern for ‘burning 
out’ the thin film sample, steady-state film boiling data 
was not attained for the flat surface. However, as can be 
seen, the trend ofcurves 5 and 6 is toward the Breen and 
Westwater steady-state film boiling correlation. From 

Fig. 8(a) one may note that the short duration transient 
heat transfer may be significantly higher than the 

heat b~lse 

0.1 I I 
1 10 100 1000 

AT, K 

FIG. 9. Transient boiling heat transfer data for vertical 
platinum film heater surface: Curve 1,1.68 W cm-’ at r,, time 
period, 0.002-10s; Curve 2, 2.8 W cm-’ at t,,, time period, 
0.001-10s;Curve3,4.2Wcm~‘att,,timeperiod,0.001~10s; 
Curve 4, 5.3 W cm- * at t,, time period, 0.001-10s; Curve 5, 
9.2 Wcm-2att,,timeperiod,0.00-l s;Curve6,10.2 Wcm-’ 
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\ T 
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l Data ooint at end of 

at t,, time period, 0.001-l s. 

corresponding steady-state heat transfer at the same 

AT This is the trend for the nucleate boiling regime. 
however, and for the film boiling regime the opposite 
may be true. 

For the thin film geometry, Fig. 9. the pronounced 

hysteresis during the transient makes it difficult to 
generalize with regard to improved or degraded heat 
transfer as compared to the steady-state heat transfer. 

SUMMARY 

(1) The heat transfer coefficient during the early part 

of a transient heat pulse may be predicted by classical 
transient pure conduction equations. 

(2) The time to onset ofconvectionis proportional to 
approximately l/q*. 

(3) The steady-state nucleate boiling heat flux varies 

linearly with AT for the wire geometry and varies 
approximately as AT2,5 for the thin film flat surface 
geometry. 

(4) The experimental steady-state peak nucleate 

boiling heat flux is about halfthat predicted by classical 
correlations but for these data there is no evidence of a 
premature transition to film boiling under transient 

heating conditions. 
(5) For the wire geometry, the short duration heat 

transfer may be higher than the corresponding steady- 
state value at the same AT, however, for the thin film flat 
surface on a quartz substrate, hysteresis effects make it 
difficult to make a similar generalization. 
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APPENDIX 

Dependence of ‘time to onset of convection’ on l/q2 
For a horizontal layer heated from below, Lord Rayleigh 

[19] noted that at a critical value of Gr Pr (referred to as the 
Rayleigh number, Ra) the unstable stratification in the fluid 
would break down resulting in convective motion. Similar 
observations of Racri, have been made for vertical heated 
layers and are reported in ref. [20]. The critical Rayleigh 
number concept is used to support the l/q2 dependence of 5 
exhibited by our data. 

where g is the gravitational constant, /l= l/V(dv/dt) is the 
compressibility, v = p/p, is the kinematic viscosity, AT = Turf 
- Tbvllr,is the temperaturedifference, and Lis the heater length. 
For pure conduction in the fluid, which is the mechanism of 
heat transfer up to the onset of convection 

(A3) 

(This is equation (7) in the text.) Substituting equation (A3) in 
equation (A2) results in 

where 

Grsrit = 
g&q,t”*C 

vz ’ 

2 a I/’ 
Cyn . 

0 

Solving for 21/z and squaring the result 

(A4) 

which shows 

Experimental error 
Experimental uncertainty in the heat transfer coefficient is 

determined primarily by the heat pulse duration and 
magnitude, at least for short times. The minimum usable pulse 
is that for which the temperature rise is comparable with the 
digitizing noise in the temperature measurements (originating 
in the digital recording oscilloscope). The noise corresponds to 
about 0.3 K for the thin film and about 0.7 K for the platinum 
wire. The lower limit ofenergy (qA&,for the thin film is about 
0.0002 Jcn-‘and for theplatinum wire0.002 Jcn-*. At these 
limits, the experimental uncertainty would be approximately 
100%. For longer or larger pulses, the experimental error 
resulting from temperature measurement uncertainty is 
reduced, and other error sources become important, primarily 
the substrate correction for the thin films. Under the best 
experimental conditions the error in hex,, is as low as ) 5%. 

Racrit = (Gr PL, = C 1, (Al) 
“OW 

Gr =g’ATp 
cr,t v2 ’ 642) 

FIG. Al. The effect of thermal properties of heater surfaces on the peak nucleate boiling heat flux, q,, 
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TRANSFERT THERMIQUE VARIABLE PAR EBULLITION POUR DEUX DIFFERENTES 
SOURCES DE CHALEUR: FIL FIN ET COUCHE FINE SUR UN SUBSTRAT EN QUARTZ 

R&arm-Des experiences sur le transfert thermique variable parebullition sent d&rites pour deux geometries 
differentes de surface chauffante submergee dans I’azote liquide. Pendant la premiere partie de la pousste 

thermique transitoire, le coefficient de transfert thermique pour les deux geometries s’accorde generalement 

avec les previsions a partir des equations classiques de la conduction pure variable. L’accord persiste jusqu’a 

I’instantdelamiseenplacedelaconvectionqui varieapproximativement comme l/q’ouqest leiluxdechaleur 

transfer+ au Guide. 

DER WARMEUBERGANG BEIM INSTATIONAREN SIEDEN AN ZWEI VERSCHIEDENEN 
WARMEQUELLEN: EIN DRAHT MIT KLEINEM DURCHMESSER UND EIN EBENER, 

DUNNER FILM AUF EINER QUARZUNTERLAGE 

Zusammeofassung-Es werden Warmeiibergangsdaten an zwei Heizoberflachen verschiedener Geometrie, 
welche in fliissigen Stickstoff eingetaucht sind, mitgeteilt. In der Anfangsphase des instationaren Wlrme- 
Impulses stimmt der Warmeiibergangskoeffizient im allgemeinen fiir beide Geometrien mit den Werten 
iiberein, die mit klassischen Gleichungen fiir reine instationare Warmeleitung erhalten werden. Die 
Ubereinstimmung besteht bis zum Zeitpunkt des Einsetzens der Konvektion, welcher sich etwa aus l/q* 

ergibt, wobei 4 die Wgrmestromdichte an das Fluid ist. 

TEHJIOIIEPEHOC IIPH HECTAHMOHAPHOM KMIIEHHM OT ABYX PA3JIMYHbIX 
HCIOYHHKOB TEI-IJIA: IIPOBOJIOKH MAJIOI-0 AHAMETPA M IIJIOCKOH 

IIOBEPXHOCIH TOHKOZi IUIEHKM HA KBAPHEBOH IIO&ROxKE 

,kIHOTaUHl-npHBeAeHb1 AaHHble “0 WlAOnepeHOCy npu HeCTaWfOHapHOM KHlleHHM ZlZ1R UBYX 
pa3JInWbIX reOMeTpiiii nOBepXHOCTH HarpeBaTeAs, nOrpy~eHHOr0 B XWlKHii a3OT. B 06OSX C,ly’IasX 

K03+$mweHT rennoo6Meea AAR HaranbuoB cTaAmi nepexonuoro pewwa B 06met4 cornacyerca 

CO 3HaSeHBRMH. paCCWTaHHbIMH n0 KAaCCWeCKAM ypaBHeHusM WCTOi”4 HeCTannOHapHOti TenAOnpO- 

BOAHOCTH. COrAaCue COXpaHseTCs BnAOTb A0 BpeMeHn BOSHAKHOBeHAs KOHBeKUnH, KOTOpOe 

n3MeHlleTCR npHMe,.JHO KaK l/q’. re 9-TenAOBO8 nOTOK K XWAKOCTH. 


