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Ahstraaft-In this paper an approach to the analysis of temperature fluctuation in two-phase system is 
presented, It is assumed that resulting temperature fluctuation in two phase boiling boundary layer am be 
divided into two independent fluctuating function. One is the square wave function obtained as a result 
of crossing the liquid-vapor interface and the other function represents the random Iluctuation of tem- 
perature in water and vapor. Taking this assumption into consideration the resulting variance of the tem- 
perature fluctuation is sum of the variances of these independent functions. 

Experimental verification of this approach is obtained by the amplitude and frequency analysis of the 
microthermocouple signal placed at the different position from the heating wall. It is shown that the 
presented approach of the analysis of temperature fluctuation is in fair agreement with the experimental 

measurement. 

NOMENCLATURE 

temperature [“Cl ; 
record time [s] ; 
number of the same amplitude for hot 
junction being in the liquid; 
total number of Ar in one record; 
variance of rectangular wave; 
variance of normal distribution; 
power spectral density function; 
frequency. 

INTRODUCTION 

THE STATISTICAL nature of temperature fluctua- 
tion has been recognized in many recent 
investigations of boiling processes [l-3]. The 
scope of the present investigation is based on 
the statistical method and suitable experimental 
technique for the determination of the statistical 
characteristics of temperature fluctuation in 
two phase boiling system [4]. In order to verify 
a validity of the hypothesis taken in this approach 
the simultaneous high-speed motion picture 
was used for the photography of the physical 
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interaction of two-phase mixture with the 
microthermo~oupie probe and the obtained 
e.m.f. This study intends as a prelimina~ step 
to investigate the possibility of separating 
different causes which affect the temperature 
fluctuation in two-phase boiling system. In 
several experimental works [l, 3, 41 it was 
shown that in the vicinity of the heated wall 
the temperature of the boiling liquid is larger 
than corresponding saturation temperature of 
the vapor. The thermocouple hot junction in 
one fixed point near the heated wall will be 
simultaneously in liquid and vapor phases. Each 
crossing of the interface between the liquid 
and vapor phase by thermocouple hot junction 
will cause the temperature change at this 
fixed point. Due to the violent motion of the 
two-phase mixture during the boiling process 
there will be many crossing of the interface at 
the fixed point of the system, so that this is one 
of the causes for the temperature fluctuation 
in the two-phase boiling system. It is very 
often recognized that bubble formation at the 
heating surface acts as a turbulence promoter 
in boiling liquid. Turbulence motion of the 
liquid and vapor in the two-phase system can be 
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taken also as a cause for the temperatu~ 
fluctuation at a fixed point of the system. 

The purpose of this study is to analyse the 
temperature fluctuation for pool boiling heat 
transfer and to obtain some fundamental know- 
ledge about the boiling phenomena mechanism. 
Although the method for the determination of 
the statistical characteristics of temperature 
fluctuation is based on the assumption of a 
random variable, it will be shown that regulari- 
ties which exist in this fluctuation are the result 
of the processes which are taking place in the 
system. 

EXPERIMENTAL STUDY OF THE TEMPERATURE 

FIELD IN THE VICINITY OF HEATED SURFACE 

In order to verily the main assumption on 
which this study is based an experimental 
apparatus was designed. The experimental set-up 
of the boiling vessel and the high speed motion 
picture camera is shown in Fig. 1. The heating 
surface is 6 cm2 of the stainless steel plate with 
a copper beam as a heater of the same cross 
section silversoldered from the lower side. At 
the distance of 30 mm from the silversoldered 
end of the copper beam the heating coil was 
wrapped with the heating power of 1000 W. 
At five points along the copper beam the tem- 
perature was measured from which the reading 
of the heat flux at the heating surface was 
calculated. The side surface of the boiling vessel 
was made of Pyrex glass. In order to hold the 
desired temperature of the boiling liquid, a 
glass tube preheater was used with the heating 
surface large enough to prevent boiling at the 
preheater surface. The microthermocouple probe 
was mounted at the cover plate of the boiling 

vessel. The the~o~ouple was made of chromeI 
alumel 12.5 u dia. wire electrically insulated with 
glass tubes and, as is shown in Fig. 2, connected 
to the support. 

The response time of this thermocouple was 
determined by a specially developed method for 
the determination of the dynamic characteristics 
of the thermocouple [S]. The basis of this 
method consists in successive heating the hot 
junction of the thermocouple by radiation and 
cooling it by convection. This is achieved by 
focusing a light beam on the hot junction and 
simultaneously cooling it with a gas stream. 
By chopping light beam by the desired frequency, 
the time dependence of e.m.f. is obtained. In 
comparing this signal with the signal of a 
photodiode placed in the light beam direction 
behind the hot junction the response time of the 
microthermocouple is obtained. The dynamic 
characteristics of the microthermocouple used 
in this measurement are shown in Fig. 3. 

The distance of the hot junction of the micro- 
the~ocouple to the heating surface could be 
adjusted accurately by using a special screw 
micrometer design. The construction permits 
a horizontal displacement of the probe so that 
it was possible to place the hot junction at any 
point over the heating surface. 

The cold junction of the microthermocouple 
was immersed in melting ice. The signal was 
amplified by factor 1000 and fed simultaneously 
to the oscilloscope screen and magnetic tape 
recorder. 

The two lens “Hycam” camera with the time 
marking accessories was used for the simul- 
taneous recording of the real process with the 
signal from the microthermocouple displayed 
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FIG. 2. Microthermocouple probe. 



- 

FIG. 1. Experimental set-up of boiling vessel, high speed camera, magnetic recorder and oscilloscope. 
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FIG. 4. Photographs taken from high speed motion picture (4000 frame/s Flux: 
15 W/cm2). 
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at the oscilloscope screen. The final rate of the four photographs, namely No, 2, 3, 4, 5, cor- 
camera move was 4000 frames per s. The time- 
marking pulse of loo0 Hz was used: One of the 

respond to the early stage of the bubble growth. 
The temperature at the hot junction at this 

camera objective was focused on the hot time is the temperature of liquid in the vicinity 
junction of the microthermocouple which was of the heated wall. In photograph No. 6 it is 
illuminated by the 200 W lamp and placed obvious that the hot junction has crossed the 
opposite to the camera objective. The second liquid vapor ifiterphase and a corresponding 
objective was focused on the oscilloscope decrease in temperature is recorded. Due to the 
screen with high illumination of the signal time lag of the microthermocouple, the tempera- 

-6 

0 a=15500 [J/s m*“C] O-200 [~/h] 

_a~ . a=11000 [J/s mzOC] o-400 r/_/h] 

FIG. 3. Dynamic characteristic of microthermocouple 

trace. In order to obtain corresponding en- 
largement of the bubble and hot junction the 
102 mm lens and the 80 mm extension tube were 
used, 

Figure 4 gives a demonstration of the photo- 
graphs taken in boiling water at heat flux 
g” = 15 W/cm’. This series of photographs 
shows consecutive pictures of bubble growth 
and its interaction with the hot junction of the 
microthermocouple. The hot junction in this 
case was at 1 mm distance from the heating 
surface. At the left side of the photographs a 
strongly illuminated trace represent the e.m.f. 
signal of the thermocouple. Photograph No. 1 
corresponds to the moment just preceding 
formation of the bubble nucleus. The following 

ture change at the liquid-vapour interface is 
not as sudden as it would be without this delay 
caused by thermal inertia of the thermocouple. 
Photograph Nos. 7,8,9,10, I1 and 12 correspond 
to the later stage of bubble growth after the 
hot junction has crossed the liquid vapour 
interface. The temperature of the hot junction 
corresponds the vapor temperature in the bubble 
during the period of bubble growth. 

This illustration confirms the main assump- 
tion that the temperature change at the liquid 
vapor interface can be considered approxi- 
matively as a step change of the temperature 
at any fixed point in the two-phase boundary 
layer. From this experimental verification it 
can be derived that the temperature fluctuation 
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in the two-phase system contains also, a stepwise 
fluctuation as a result of the intersection of 
liquid-vapor interface. In the time coordinate 
this stepwise fluctuation can be regarded as a 
rectangular wave with the frequency of bubble 
interaction with the microthermocouple. The 
amplitude of the rectangular wave is the most 
probable temperature difference between the 
liquid and vapour phase. It is assumed that 
this regular rectangular wave has a pulse with 
the amplitude + AT corresponding to the hot 
junction passing through the liquid and pulse 
with the zero amplitude corresponding to the 
hot junction passing through vapor. 

Having this in mind it can be assumed that 
the temperature fluctuation is mainly due to the 
following two reasons: 

The crossing of the hot junction through the 
liquid-vapor interface causes the steljwise 
change of the tem~rature in the two-phase 
system. The frequency of these changes 
corresponds to the change of void fraction 
at any fixed point in the system. 
The violent motion of the liquid and vapor in 
the two-phase flow induces the random 
tem~rature fluctuation. 

Assuming this picture of the temperature field 
in the two-phase system, the analysis of the 
temperature fluctuation can be based on the 
following assumptions : 

1. Resulting measurement of the temperature 
fluctuation in the two-phase boundary 
layer can be divided into two independent 
fluctuating functions. One is the square 
wave function obtained as a result of 
crossing the liquid vapor interface and 
the other function represents the random 
fluctuation of temperature of water and 
vapor. 

2. Resulting probability density distribution 
of the temperature random fluctuation is 
a sum of two distributions corresponding 
to the fluctuation in the liquid and vapor 
phase. 

Taking this into consideration we can write 

T(z) = X(z) + Y(t) (1) 

where 

T(z)--resulting temperature fluctuating variable 
X(z)-random fluctuating variable 
Y(T+ariable fluctuating as a result of crossing 

the liquid-vapor interface. 

Variable Y(r) is a rectangular wave so that we 
can write 

x expljno.(r - 4)/ (2) 

where 

b--liquid phase width 
r,--period of rectangular wave. 

Mean value of this variable is 

- AT.b 
Y(z) = p. 

t* 
(3) 

If we take a sample of the signal with the 
period z0 and assume that zr is the time which 
corresponds to the hot junction passing through 
the liquid phase, it is 

Y(T) = AT: 

or 

Y(z) = AT.2 

(4) 

On the other hand it is 

Ye = AT’?. 
0 

So that the variance of the rectangular wave is 

CJ”Y = r(z)Z - IP( = AT2 fJI 
No 

. (6) 
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In accordance with the second assumption 
we can write that the probability density 
distribution for the random variable is 

Since, it is assumed that X and Y are inde- 
pendent variables, the variance of their sum is 
equal to the sum of their variances, so it is 

P(x)=&exp -f 
I I 

(7) +c:+c+r:+AT2~ (8) 
x x 0 

taking that 1 = 0. 
In our case, the samples of the random 

fluctuating variable in the liquid and vapor 
are two parts of the same fluctuation. The 
probability density distribution of this variable 
is obtained by adding together the probability 
density distributions in the liquid and in the 
vapor resulting from the amplitude analysis 
of the temperature fluctuation in the two-phase 
system [4]. 

The mean square value of the temperature 
fluctuation is obtained from the power spectral 
density function. So we have 

a 

s c,(f)df=c:+AT”$ (9) 
0 

0 

The experimental verification of this relation 
has been investigated in order to prove that the 
assumption used in this analysis is in consistency 
with the real measurement. 
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FIG. 5. Amplitude probability distribution functions of temperature 
fluctuation in boiling water at atmospheric pressure (Flux: 24 W/cm2). 
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RESULTS AND DISCUSSIONS 

Measurement of the temperature fluctuation 
has been performed in the water pool boiling 
from the vertical tube. The amplitude and 
frequency analysis of the temperature fluctua- 
tion was made according to the procedure 
described in paper [4]. The steadiness test was 
applied by comparing the different samples 
measured at the fixed point in the system. It 
was proved that the significant difference in the 
probability density distribution does not exist. 
Measurement was performed at 0.5; 1; 1.5; 2.5; 
35; 4; 6; 8; mm distance from the heated wall. 

In Fig. 5 the amplitude probability distribution 
functions are shown for distances of 0.5; 1.5; 
25 and 8 mm. The obtained amplitude prob- 
ability distribution functions were graphicalfy 
divided into two normal distributions. By this 
procedure it was possible to determine AT, the 
most probable temperature difference between 
the liquid and vapour phases. 

The power spectral density functions were 
obtained for the same measurement and pre- 
sented in Fig. 6. In this analysis the band pass 
filter with a band width 0.51 f was used. By 
integrating the area under the power spectral 

r=0,5 mm r=V5mm 

FIG. 6. Power spectral density of temperature fluctuation in boiling water at 
atmospheric pressure (Flux: 24 W/cm’). 
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density function, the mean square value of 

temperature fluctuation was determined. 
The relation (9) has been applied to these 

results in order to show the validity of the 
assumption taken in the evaluation of the 

approach to the analysis of the temperature 
fluctuation in two-phase system. In Fig. 7 it 
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FIG. 7. Relation (9) applied to the temperature fluctuation 
in boiling water @ = 1 bar, Flux: 24 W/cm’). 

is shown that the mean square value obtained 

from the frequency analysis is in fair agreement 
with the same value obtained from the ampli- 
tude analysis. At a distance of 25 mm from the 

heated wall some discrepancy exists which might 
be explained by the appreciable difference 
between the real signal and the square signal 

which was assumed in this analysis. 
It should be noted that the telegraphic square 

wave with the Poisson distribution of pulses 
could significantly improve agreement between 
the experimental measurement and the de- 
veloped approach. Nevertheless, it should be 
mentioned that for this type of approach it 
would be necessary to prove that the Poisson 
distribution of pulses is in agreement with the 

measurement. 

It should be pointed out also that by measur- 
ing the other fluctuating parameters, such as the 

velocity, pressure and void fraction, and de- 
veloping their cross correlation we can advance 
the knowledge needed for justification of this 

method of approach to the analysis of tempera- 

ture fluctuation in the two phase flow in the 
vicinity of the heated wall. 

CONCLUSIONS 

The temperature fluctuation in saturated 

pool boiling of water at atmospheric pressure 
was measured and an approach was developed 
for the analysis of this fluctuation from which 

some interesting considerations were made. The 
significant conclusions can be summarized as 
follows: 

1. The temperature change at the liquid- 
vapor interface can be taken as a step change 

between the liquid and vapour temperatures. 
2. With fair agreement it was proved that the 

resulting temperature fluctuation in the boiling 
boundary layer can be divided into two inde- 
pendent time-dependent functions, one, being 
a square wave and the other being the random 

fluctuating variable. 
3. It is clearly revealed that the random 

fluctuating variable has the normal probability 
density distribution. 
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UNE APPROCHE DE L’ANALYSE DE LA FLUCTUATIaN DE TEMPERATURE 
DANS UN ECOULEMENT ~IPHASIQUE 

R&mm&-On p&sent& dans cet article une approche de l’analyse de la fluctuation de temperature dans 
un systeme biphasique. On suppose que la fluctuation de temp&ature dam une couche limite biphasique 
d’bbullition peut etre sCpar&e en deux fonctions de fluctuation indtpendantes. L’une est la fonction onde 
car&z resultant de la traversQ de l’interface liquide-vapeur et l’autre fonction represente la fluctuation 
desordonnte de la temperature dans I’eau et la vapeur. En partant de cette hypothtse, la variance resultante 
de la fluctuation de la temperature est la somme des variances de ces fonctions independantes. 

Une verification experimentale de cette approche est obtenue par analyse de I’amplitude et de la frequence 
du signal d’un microthermocouple place a differentes distances de la paroi chauffante. On montre que cette 
approche de I’analyse de la fluctuation de temperature est en bon accord avec les mesures experimentales. 

EINE N~HERUNGSL~SUNG ZUR ERMITTLUNG DER 
TEMPERATURSCHWANKUNGEN BE1 DER ZWEIPHASENSTR~MUNG 

Z~mm~nfa~~g- Diese Arbeit befasst sich mit einer N~herungsl~sung zur Ermittlung der Temperatur- 
schwankungen in einem Zweiphasensystem Es wird angenommen, dass die resuhierende Temperatur- 
schwankung in der Zweiphasengrenzschicht in zwei unabhlngige Schwankungsfunktion~ unterteilt 
werden kann. Eine davon ist die quadratische Wellenfront, die als Ergebnis beim Uberschreiten der 
Phasentrennfllche erhalten wird, die andere Funktion stellt die zufalligen Temperaturschwankungen im 
Wasser und im Dampfdar. Unter Berticksichtigung dieser Annahmen ergibt sich die resultierendeb;nderung 
der Temperaturschwankungen aus der Summe der Anderungen dieser unabhangigen Funktionen. 

Die experimentelle Bestitigung dieser Naherung wurde durch die Amplituden- und Frequenzanalyse 
des Signals eines Mikrothermoelementes an verschiedenen Stellen der Heizflache erhalten. Es zeigte sich, 
dass die vorgeschlagene NHherungslijsung zur Analyse der Temperaturschwankungen in angemessener 

~bereinstjmmung mit den experimentellen Ergebnissen steht. 

~~~0~ XHAJIM3A ~O~E~AH~~ ~E~~~~PATYPbI B ~BY~~A3HO~ 
HOTOKE 

~EHOT~~~~-~ crarbe onHcaH MeToE aHa,vHBa Ko~e6a~rH~ TeMnepaT~p~ B ~Byx~a3HO~ 
cHcTeMe. I?pe~no~araeTcfs, YTo pe3y~bT~pym~ee Kone6awe TeM~epaTyp~ B ~Byx~a~KoM 

rrorpaHwfaoM cnoe rip5i KuneHw MOIKHO pa3ReJlHTb Ha ,I@%e He3aBBCHMble @yHKqVrH: 

KBanpaTHyHym BOXHOByw, (PJ’HKHHH), HOJlyHeHHyH, B pe3yJIbTaTe IIepeCeYeHl0-l IlOBepXHOCTM 
pa8JJeJIa FKMnKOCTb-IIap, II (&yHKqllm CJIy'iafiHbIX KOJIeliaHIlti TeMItepaTypbI B BOAe H nape. 

IIpli BTOM ~ony~efnin pe3ynbTHpymqee wdMeIseHWe KoneGaKan TeMnepaTypbr npencTasnfleT 

CO608 CyMMy W3MeHeHId 3TIIX HeaaBMCMMblX +yHKlJHti. %2IIepHMeHTaJIbHaH IIpOBepKa 

BTO~O MeTona nposefieHa c nohfo~bm aMnnwrynHor0 II 4acToTHoro aaann3a cwHana MIIKPO- 

TepMOllilpbI, yCTaHOBJIeHHO2t Ha PaSHOM paCCTORH&iH OT HarpeTOH CTeHKH. nOKa8aH0, ST0 

pe3ynbTaTbi AaHKor0 kieToaa aHanHaa KoaeBaHsi& TeMnepaTypU IiaxoARTcR R xopouIeiu 


