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Abstract-As shown in a recent paper [9] the many existing data for natural convection nucleate boiling are 
well represented by using a different set of dimensionless numbers for different groups of substances. 
Furthermore a general equation valid for all substances could be built up. The influence of forced convection 
is now considered. It may be taken into account by an additional term. Existing experimental data could be 

fairly well correlated by introducing the new pool boiling equation into an equation by Chawla. 

NOMENCLATURE 

~(g~P*~ PJ Laplace constant [m] ; 

specific heat capacity [J kg- ’ K- “1; 
tube diameter [m] ; 
break-off diameter [m] ; 
acceleration of gravity [m se2 ] ; 
specific latent heat of vaporization 

[Jkg-‘1; 
mass velocity [kg mm2 s- ‘1; 
pressure [N m - “I; 
critical pressure [N m- ‘I; 
heat flux density [W mp2]; 
mean roughness according to DIN (Deut. 
Ind. Norm) 4762; 
thermodynamic temperature [K] ; 
quality. 

Greek symbols 

a, heat-transfer coefficient [W rnd2 K-l]; 

PI contact angle (water j3 = 45”, refrigerants 
and hydrocarbons j5’ = 35”, cryogenic 
fluids j3 = 1”); 

K, thermal diffusivity [m2 s- ‘1; 

4 thermal conductivity [W m - ’ K- ‘1; 

V, kinematic viscosity [m’ s- “1; 

P. mass density [kgmm3]; 

0, surface tension [N m-l]. 

Subscripts 

B, boiling in natural convection; 

c, cover on the surface of the heater; 

9, gas (vapour); 
h, heater-surface; 

k-9 forced convection ; 
1, liquid ; 
S, saturation. 

INTRODUCTION 

NUCLEATE boiling heat transfer in forced convection is 

mainly governed by the mechanism of nucleation as it 
is observed in natural convection boiling heat transfer 
as well. An additional effect of minor importance is due 
to the influence of forced convection. Empirical cor- 
relations and models, therefore, are based on experi- 
ments in natural convection nucleate boiling and often 
consider the influence of forced convection either by a 
factor or by an additional term. This procedure is 
based on the idea that bubble growth is scarcely 
influenced by the Row pattern as long as bubbles are 
smaller than the super-heated boundary layer. Though 
it is now possible to study formation of a single bubble 
in forced convection boiling from a solution of the 
partial differential equations (i)-(4) neither the tem- 
perature profile near a heated wall nor the flow pattern 
can be predicted since no safe predictions are possible 
of the number and distribution of active cavities and of 
their dependence on superheat and thermal properties. 
The link, still missing, in a general theory of boiling 
heat transfer concerns the relationship between the 
processes around a single bubble and the interactions 
of a great number of the single phenomena. 

In order to escape from this unsatisfactory situation 
and to obtain at least empirical correlations some 
authors start from the fact that the process of heat 
transfer in forced convection nucleate boiling is similar 
to that in natural convection boiling as long as the 
heater is covered by the boiling liquid. Different 
procedures are employed in the technical literature. 
Part of them are based on the fact that in the range of 
forced convection nucleate boiling vapour contents 
are comparatively low. Equations neglect therefore the 
vapour content. They usually contain two terms, one 
for the heat transfer in natural convection nucleate 
boiling and a further term for forced convection heat 
transfer without boiling. As an example equations by 
Kutateladze [S] should be mentioned or those recom- 
mended by Rohsenow [t;]. As a matter of fact equa- 
tions of this kind may serve as a rough approximation. 
They do not include, however, the vapour content, 
which according to experiments is often not com- 
pletely negligible. Better approximations therefore 
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may be expected, when establishing equations taking 
into account the influence of the vapour content. An 

regression analysis, which proved to bc lery useftii I;, 

equation of this kind was proposed by Chawla [7]. He 
statistical economics [lo, 111. Recently Wagner I!_‘. 

based his equation on heat transfer in natural con- 
131 applied this method to obtain a vapour pressurz 

vection boiling according to an equation by Stephan 
equation from experimental data. The regrezslo:: 

[8] and corrected it by a factor taking into account 
analysis represents a method for derlvmg a ~ol-r&~t~~~: 

also the vapour content. 
between a dependent and several independent \‘ii:‘! 
ables. It is based on two assumprjiina 

However, at present the application of the above 
mentioned equations is limited to a few fluids and 

thermal conditions only. One of the reasons for this 
situation is the fact that most of the equations for 
natural convection heat transfer in nucleate boiling are 
only valid for specific systems of heater and boiling 
liquid and for a limited pressure range. Furthermore 

they include factors and exponents to be fitted to the 
experimental data of the given system. Another reason 
is the lack of experiments in forced convection nucleate 
boiling. 

(i) A sufficient large number ,)E expermentai it,~ta 
must be avaiiable describing the rntluence of I& 
essential variables in a wide range. The quality of tilt: 
correlation depends decisively on the number ;t!ici 
accuracy of the experimental data. 

(ii) A general form of equation (11 must be knc)wn 

including all essential variables 

In order to establish equations with a wider appli- 
cation in a recent paper [9] the existing experimental 

data in natural convection boiling were critically 
reviewed and correlated. In the present paper these 
equations served as a basis for correlating heat transfer 
data in forced convection nucleate boiling. 

EQUATIONS FOR HEAT TRANSFER IN NATURAL 
CONVECTION BOILING 

At first the procedure for obtaining correlations in 
natural convection boiling according to [9] shall be 

described. Starting from the fact that certain groups of 

thermal properties are decisive for natural convection 
boiling heat transfer the corresponding dimensionless 
numbers may be built up. As already stated in other 

papers (e.g. [8,9]) an appropriate set of the dimension- 
less numbers Xi is given by 

In fact there exist a great number of experltnentai 

data on heat transfer in natural convectjon boiling for 

many substances especially for W;LI~I-. hydrocarbotl<;. 
cryogenic fluids and refrigerants, substances which are 
often used in technical applications. An appropriate 
form ofequation (1) is a power law which proved to be 

very efficient in many heat transfer problemb. !r is. 

however, disadvantageous that the pressure depen- 
dency of heat-transfer coefficients then is main11 
represented by a power of X, = {)a /jr which does GOI. 

fit with the experiments over a wider pressure range 

The pressure dependency may be much better des- 
cribed, as confirmed by the following results. when 

introducing an additional term .yL 3 -=- (p! - JI,J’~,! in 

the power law. Instead of the general equation (1 I we 

use therefore a power law 

x, = (44/(&T,) ; x, = (‘6 P,)/(@; 

x, = (C,,Tsd2)/K: ; X4 = (Ah,d’) /K: : 

X5 = PgIPI; X, = b/K,; 

X, = K:/(d3S) ; X, = Rpjd; 

X9 = (Pc,&lW,4 ; X 1” = (P~,&/w,4, ; 

XI, = “I,/“,; X,, = tic/K,. 

The Nusselt number Nu, = Y = (n&)/i., and these 
dimensionless numbers are correlated by 

Y =f(X,. x2.. X,,). (1) 

In the following analysis we do not assume that the 
above set of dimensionless numbers is complete. It 
must only include the essential dimensionless num- 
bers, a condition which is undoubtedly all the more 

fulfilled since all thermal properties influencing heat 
transfer in natural convection boiling are included in 

the values Xi. 

1’= eP”X~’ ,y[: y”” 
13 12) 

Herein P is the dependent variable, which according to 

the approximative character of equation (2) may be 
slightly different from the Nusselt number NuH -: Y. 

The exponents pi are still unknown. The regresslon 
analysis does not aim at estimating all exponents pi. 
This could be done by a mere adjustment to the 
experiments. The regression analysis rather allows tc~ 

select those values Xi, which exert the most remark- 

able influence on the dependent variable ?. This 
selection may be achieved in different steps according 

to the following scheme : 
In a first step for each of the Independent var&ies 

an equation of the form 

p _~ e”” J. ‘;’ :J! 

is assumed, where 2y1 now stands ior each of‘ the i.i 

variables. For each of them the exponents pLo and /ii 
are evaluated according to the method of least error3 
From all the different equations employed in the 
analysis that one contains the most essential dimen- 
sionless number XT, which yields the smallest square 

error sum 

THE REGRESSION ANALYSIS 

A very powerful tool to find a correlation between 
the Nusselt number and the values Xi is given by the 

t The values are determined by the methods of iinear and 
non-linear regression analysis as well [l l] : the results from 
the linear analysis represented experimental data better than 
those from the non-linear analysis. 
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Q1 = i (Yi - fi)‘. (4) 
i=l 

In a second step for the remaining 12 independent 
variables an equation of the form 

p = ,!I0 .x y x $2 
(5) 

is introduced, where Xf is the most essential variable 
from the first step and X, stands for the other 
remaining variables. For each of these variables the 
square error sum Q2 is calculated and yields the next 
essential variable Xz. The procedure is continued until 
the experimental accuracy is well represented by the 
power law. This is usually achieved when using only a 
limited number of the above mentioned variables. 
Introduction of further dimensionless numbers then 
does not improve the result. 

SELECTION OF SUBSTANCES AND DATA 

In their paper [9] Stephen and Abdelsalam applied 
the above described method of regression analysis on 
experimental data of natural convection heat transfer. 
They selected and critically reviewed the data under 
the following aspects : 

(a) Only pool boiling data concerning boiling on 
horizontal surfaces were considered. 

(b) Boiling should take place in a gravity field and in 
the range of fully established pool boiling. 

(c) Reports should inform on the material of the 
heater used in the experiments. 

These conditions were fulfilled by about 5000 data 
taken from 72 papers. Many of the authors 
represented their experimental data by fitting curves 
and did not publish the original data. Others also 
communicated the original data. In these cases the 
measuring points were fitted by curves cr&) and each of 
these represented by a certain number (usually four) 
of characteristic points, which were used then for the 
analysis. Thus the total of 5000 original measuring 
points were replaced by 1553 characteristic points. 
Due to the different range of values of some of the 
dimensionless numbers Xi for different substances 
some of these numbers important for certain sub- 
stances turned out to be unimportant for others. It 
seemed to be reasonable therefore to subdivide the 
substances in four groups, namely water, hydro- 
carbons, cryogenic fluids and refrigerants and estab- 
lish in a first step a seperate correlation for each of 
these groups. This procedure seemed to be justified all 
the more as each of the groups were represented by the 
same number of about 400 characteristic points. 
Eventually an overall-correlation valid for all sub- 
stances of the four groups was established, its accuracy 
being below that of the correlation for the single 
groups. 

In a first course of the analysis all the 1553 
characteristic points were used in order to establish the 
correlation (2). When comparing then the results from 
the correlation with the characteristic points it turned 

out that a certain number of characteristic points 
deviated considerably from the results of the cor- 
relation and also from results of other authors. These 
characteristic points were then eliminated from a 
further analysis. There remained thus 983 characteris- 
tic points, representing 2806 original data in a wide 
pressure range between 0.0001 I p/pK I 0.97. From a 
second analysis with these characteristic points the 
final correlations were established. 

RESULTS 

As a result the following equations were obtained : 
For water in a pressure range between 0.0001 I p/pk 

< 0.8865 

mean deviation from the characteristic points 
f 11.3%. For reasons of simplicity the equation 

ag = C1(io.673 (6a) 

is recommended, where C, depends on the pressure 
according to Fig. 1. 

For hydrocarbons in a pressure range between 
0.0057 < p/pk I 0.9 

F = 0.0546 ([;(r.‘[g])“,“7 

(-L-J3’ (!!$!,.,,: (7) 

mean deviation from the characteristic points 
* 12.2%. 

For cryogenic Jluids in a pressure range between 
0.004 I plpl, I 0.97 

Cl 4 
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FIG. 1. Pressure dependence of constant C, in equation (6a). 
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mean deviation from the characteristic points 
_+ 14.37;. 

For refrigerunts in a pressure range between 0.003 I: 

plpk 2 0.78 

mean deviation from the characteristic points 
&- 10.6%. 

For all substances in a pressure range between 
0.0001 _< plpk < 0.97 

mean deviation from the characteristic points 
+ 22.3%. 

for boiling water; p is the pressure in N m ~’ and 4 the 
heat flux in W m-‘. For the convective term zh in 
equation (14) the Dittus-Boelter equation XU, z- 
(a,D)!j., = 0.023 Reg.8 Pro 4 is recommended. 

EQUATIONS FOR HEAT TRANSFER IN 
FORCED CONVECTION BOILING 

From experiments with boiling water flowing in 

tubes and other ducts Borishansky pr ul. [16] found 
that equation (14) yields fairly accurate results if the 
dimensionless number 

As already mentioned the mostly employed equa- 

tions contain as an essential term the heat transfer 
coefficient for natural convection boiling. When re- 

placing these terms by the new equations (6).-( 10) one 

obtains modified correlations, which are expected to 
apply to more substances with reasonable accuracy. As 
a prerequisite for this at first the main procedures for 

evaluating heat-transfer coefficients in forced con- 
vection boiling shall be briefly summarized. 

where 

11’” = ti[(l - U)i[J, t- z’py]. IIS) 

Criterion (15) was experimentally veritied for water in 
the pressure range 2 bar I /> L 170 bar and 

furthermore0.8 x lo5 W mm * -5 cj i 6 x 10h W m ‘_ 
1 ms-’ 5 w, 5 3OOms~‘and4mm I D < 32mm. 

Rohsenow’s [6] equation is based on the assump- 
tion that the total heat flux density 4 is made up of 

two parts. The main part (ja is due to the mechanism of 
bubble formation and microconvection around the 

bubbles as it is observed in natural convection boiling. 
an additional part ijh- comes from the influence of 
forced convection 

Contrary to the above equations Chawla [7] de- 
veloped a procedure taking into account also the 
influence of vapour content. From his experiments he 

derived the equation 

4 = dH + dh.. (11, 

The first term in this equation is calculated from 
Rohsenow’s equation on natural convection boiling 

heat transfer 

a/aB = 29 Rr,-” 3 rrp ’ (171 

with Re, = [tiD( 1 - s)]/p,r, and br, = 

[ti2(t - x)2]/(pfgO). For a8 he recommended an 

equation by Stephan [g] 

Nux = (CL&)/~., = C, ReHo 6h7 Prmo ‘. (12) 

where the heat-transfer coefficient aB is defined 

through aB = ya/( T, - 7’,), b is the Laplace constant 
and the Reynolds number ReB and Prandtl number Pr 

are given by ReB = (g,b)/(v, Ah,p,) and Pr = Y,/K,. 

Nu, = (a&)/& = 0.071 KY ’ K’j ’ Klj 13.3. (1X) 

where d = 0.0204 b b is the break-off diameter of 
vapour bubbies with the Laplace constant h and the 
contact angle p, The dimensionless numbers arc 

defined as K, = (qd)/(i.,T,), K, = idT,&)i(v,cTJ and K, 
= (R,p,Ah,)/(,fd)2 d pL. Hereinfstands for the bubble 
frequency, which according to McFadden and Grass- 
mann [17] is given byf2d = 3.06 m s--2. 

The factor C, in equation (12) considers the thermal For sufficient high fluid velocities and vapour 

properties of the heater and the interaction between contents the dependence of heat flux becomes smaller 

wall and boiling liquid. Values of C, for different and equation (17) is no longer applicable; instead ot 

systems of heater and boiling liquid were given equation (17) another correlation should be used, also 

elsewhere [6]. The convective term LjK in equation derived e.g. by Chawla. According to him and also to 

(11) may be evaluated from the Colburn equatlori 

,Yu, = (aK D),‘i, = 0.023 Kc,:. ’ f’r” I5 1 111 

with the Reynolds number Re, = (ri~~):(v,p~! and rht: 

Prandtl number Pr = VJX,_ 

A similar procedure for calculating heat :ransfc~ 

coefficients has been proposed by Kutateladze [5J, His 
equation also includes a heat transfer coefficient a, fc>n 
boiling without any influence offorced convection aud 
is given by 

rjak = [I + (2, r,)‘]’ ‘, l,I4) 

According to Borishansky et ul. 114. 151 J,, is related 
to the heat-transfer coeffiicient zH in natural con- 
vection boiling 

with 

Jo = 3(0.18 .p”,14 + 1.60 x IO- “p’)$’ t14h) 
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Table 1. Range of conditions for data used in testing correlations. 

No. Ref. Fluid Geometry Diam./mm Material, Surface Flow 

1 Chawla [7] Rll tube, horiz. 25 copper - 
2 Chawla [7] Rll tube, horiz. 14 copper - 

3 Chawla [7] Rll tube, horiz. 6 copper 
4 Bandel [22] R12 tube, horiz. 14 copper 
5 Kaufmann [24] R12 tube, vert. 20, 5 stain]. st. UP 
6 Haffner [23] R12 tube, vert. 15 stainl. St., sandblast up 
7 Bandel [22] R22 tube, horiz. 14 copper - 

8 Jallouk [20] R114 tube, horiz. 20 copper 
9 Morozov [21] water tube, vert. 32 stainl. St., honed up 

10 Steiner [25] N2 tube, horiz. 14 copper, Rp = 0.09 pm 
11 Klein [26] N, tube, horiz. 12 copper - 

12 Mohr [27] neon tube, horiz. 4 copper 

Number Criterion Press. Heat flux Mass velocity 
No. of data of Select. bar density W rn-’ kg m-’ s-r Quality 

1 65 Chawla 0.61 4652-13956 14-54.4 0.10-0.90 
2 56 Chawla 0.61 9304-23 260 7.9-49.2 O.l(M.80 
3 48 Chawla 0.61 13 956-93 040 2.3-14.5 O.l(M.80 
4 142 Observ. by [22] 3.09 2141-70520 91.8-726.1 0.09-0.91 
5 52 Observ. by [24] 11.2-29.7 9610-111320 658.&4850 0.02-0.20 
6 35 Chawla 6.9-29.5 14900-200000 543.3-928.1 0.04-0.33 
7 131 Observ. by [22] 3.56 3223-71470 86.4749.9 0.10-0.81 
8 237 Chawla 3.21; 6.75 ; 12.28 8739-82 066 162.7-1256.9 0.01-0.84 
9 85 Equation (15) 31.4;41.3 116300-515209 772.7-1621.3 0.01-0.34 

10 355 Observ. by [25] 6&16 30040000 40-450 0.02-l .o 
11 23 Crit. by [26] 3.0 10 OO@50 000 154.5-257.4 0.10-0.90 
12 38 Crit. by [27] 1.44 10 430-45 780 74128 0.16-0.76 

Kutateladze and Borishansky [lS] it is recommended 
to use that relation which gives the higher transfer 
coefficient. Therefrom a criterion for the range of 
validity of equation (17) has heen derived by Chawla 
[7], which was also applied in this paper. 

In the following the heat transfer coefficient aB for 
natural convection boiling in equations (12), (14) resp. 
(14a) and (17) shall be replaced by those of equations 
(6)-(10) and these results for a compared with ex- 
perimental data. 

SELECTION OF DATA 

Compared to natural convection boiling heat 
transfer data there exist a much smaller number of 
experiments for fully developed boiling in forced 
convection. Furthermore in order to test equation (17) 
the vapour content x must be known which unfor- 
tunately was specified only by a few authors. 

Table 1 gives a survey of all experimental data 
disposable for the intended comparison. As the survey 
reveals, most experiments were done with refrigerants, 
whereas only a few data are available for water and 
cryogenic substances and no data at all exist for 
hydrocarbons. Table 1 also specifies the criteria for the 
selection of data. For refrigerants the Chawla criterion 
was used unless the author himself indicated what kind 
of flow pattern or kind of heat-transfer mechanism he 
observed in his experiments. The experimental data for 
water were selected according to the criterion of 
Borishansky, equation (15). Furthermore only those 
data were selected that fulfil the conditions for 

equation (6)-( lo), which are only valid if the character- 
istic length of the heater, e.g. its diameter, is large 
compared to the break-off diameter of vapour bubbles. 
For this reason the well known data by Schrock and 
Grossmann [lo] for boiling water inside tubes of 3 mm 
dia. were not used for a comparison with the cor- 
relation, because it seems useless to compare them 
with the results from an equation which is based on the 
assumption that tube diameters are of an order of 
magnitude larger than bubble diameters. In fact such 
experiments could not be fitted by the correlation. 

FIG. 2. Modified Chawla procedure, a, calculated by 
equation (9). 
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Ffc,. 3. Chawla procedure 

lo* 
5 

5 IO2 5 lo3 5 10’ N”exp 10” 

Ffo. 4. Modified Kutateladze procedure, a, calculated by 
equation (9). 

lo2 
6 

5 
5 lo* 5 lo3 5 IO’ N”exp IO5 

FIN;. 5. Kutateladze procedure. 

I 

z .- Refrigerants 
7 ! 

=I 

FIN,. 6. Modified Rohsenow procedure, a,, calculated by 
equation (9). 

RESULTS 

As a result in Figs. 2-10 the calculated Nusselt 

numbers are plotted over those from experiments. All 
Nusselt numbers contain the tube diameter as a 
characteristic length. An attempt to compare with the 

results from Rohsenow’s procedure, equations 
(1 l))( 13) failed, because the necessary constants C, for 
the combinations heater and boiling liquid were not 

available. 

Figures 2-6 compare the results for refrigerants. 
Obviously the introduction of equation (9) for the 
natural convection boiling heat transfer coefficient 

leads to a better representation of the experimental 
data. The good representation of the data by the 
modified Chawla equation seems to be noteworthy. 
Only the experiments by Jallouk [20] deviate con- 
siderably not only from the results of the correlation 

but also from the data of the other authors. 
Experiments with water reported by Morozov [21] 

FIG. 7. Modified Chawla procedure, x8 calculated by general 
equation (10). 
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FIG. 8. Modified procedures by Rohsenow, Kutateladze and FIG. 10. Modified procedures by Rohsenow, Kutateladze and 
Chawla, as calculated by equation (6). Chawla, CQ, calculated by equation (10). 

are better represented (Fig. 8) by the correlation 
modified by equation (6) than by former procedures 
(Fig. 9). As Fig. 8 shows the modified Chawla equation 
yields fairly accurate results. Figure 7 compares all 
experiments cited in Table 1 with the results from the 
modified Chawla equation. The heat transfer coef- 
ficients ag now were calculated from equation (10) 
valid for all substances. Taking into account the great 
number of properties entering the equations the result 
seems to be satisfying. The accuracy is lower when 
employing the procedure by Kutateladze and Roh- 
senow. Figure 10 gives the results for cryogenics, where 
aB also was calculated from the general equation (10) 

since no values for (PC&), in the individual equation (8) 
were reported in forced convection boiling. 

SUMMARY AND CONCLUSIONS 

Nucleate boiling heat transfer in forced convection 
is mainly governed by the mechanism of nucleation as 

5 vA I I I 

5 lo2 5 lo3 5 10” Nuexp. lo5 

FIG. 9. Procedures by Kutateladze and Chawla. 

it is observed in natural convection boiling heat 
transfer as well. An additional effect of minor impor- 
tance is due to the influence of forced convection. By 
means of the regression analysis equations correlating 
the experiments data for nucleate boiling in natural 
convection were derived. 

In order to calculate heat transfer coefficients in 
forced convection nucleate boiling the analysis was 
based on equations by Rohsenow, Kutateladze and 
Chawla, where the influence of forced convection is 
included in an additional term that corrects the heat 
transfer coefficient for nucleate boiling in natural 
convection. When replacing this coefficient by the 
new equations modified correlations are obtained. 
They allow a better representation of the experimental 
data than the original procedure. Especially good agree- 
ment is achieved by using the modified Chawla 
equations. Heat transfer for at least the often used 
liquids can thus be evaluated. In order to improve the 
accuracy of the equations, however, much more 
experiments on nucleate boiling in forced convection 
are required. 
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FORMULES POUR LE TRANSFERT THERMIQUE EN 
EBULLITION NUCLEEE AVEC CONVECTION FORCEE 

R&m&On prtsente des equations relatives au coefficient de transfert thermique par Cbullition nucltee avec 
convection naturelle ou for&. La plupart des don&es sur l’ibullition nucliie avec convection naturelle est 
bien representee en utilisant un groupe different de nombres sans dimension pour chaque groupe de 
substances. Neanmoins on peut construire une equation gentrale valide pour toutes les substances. 
L’influence de la convection for&e peut etre consider&e par un terme additionnel. Les donnees 
experimentales existantes peuvent itre correctement representees en introduisant la nouvelle equation 

d’ebullition en reservoir dans une equation de Chawla. 

GLEICHUNGEN ZUR BERECHNUNG DES WARMEUBERGANGS BEIM BLASENSIEDEN 
IN ERZWUNGENER STROMUNG 

Zussmmenfassung Wie kiirzliche gezeigt wurde [9], kann man die vielen Versuchswerte iiber den 
Warmeiibergang beim Blasensieden in natiirlicher Striimung gut wiedergeben, wenn man fiir verschiedene 
Stoffgruppen unterschiedliche Sitze von dimensionslosen GrGRen benutzt. AuBerdem konnte eine fiir alle 
Stoffe giiltige Gleichung ermittelt werden. Es wird nun der EinfluB der erzwungenen Stromung untersucht. 
Dieser Ial% sich durch einen Zusatzterm in den bisherigen Gleichungen erfassen. Vorhandene Versuchswerte 
lieBen sich mit guter Genauigkeit wiedergeben, indem man die neue Beziehung iiber den Warmelbergang bei 

Blasenverdampfung in natiirlicher Stromung in eine Gleichung von Chawla einfiihrte. 
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OEOEL[IEHHbIE 3ABMCAMOCTI-i UJI TEWIOI-IEPEHOCA IlPM IlY3bIPbKOBOM 
KHl-IEHMW W BbIHYXfiEHHOfi KOHBEK~MH 

AHHoTaw-r@wIOxeHbI KOppeJIZNWiH !JJIl TeIIJIOIIepeHOCa npli ny3bIpbKOBOM KHneHHH B yCJIOBARX 

'ZCTeCTBeHHOti U BbIHyWteHHOii KOHBeKUUH. 6OJIbIlJWNZTBO HMeiOIUHXCR .ItaHHbfi n0 tIy3bIpbKOBOMy 

KRneHHK) FkpHCCTeCTBeHHOti KOHBeK!,HB XOpOluO OITHCbIBaMTCI pa3JIH'IHbIMH CO'teTaHHRMH 6espamep- 
HbIX KpHTepHeB LUISl pa3JIW'iHbIX rpyIIn BeUleCTB. nOMkiM0 3TOr0, MOXCHO BbIBeCTH o6uree ypaBHeHLie. 
cnpasennuaoe anfi wex aeuecm. BBOLIOM nononwiTenbHor0 weHa ypamewin MOTHO yrecrb mmmie 
BbIHy)I(LIeHHO~KOHBeKUWW,MMelOUl~eCII3KCnepAMeHTanbHbIenaHHble lIOBO."bHO XOpOUlO o606matoTca 

C ~OMOLUbH) HOBOrO COOTHOIIleHWR mll KWIIeHHIl B OTKpbITOM 06lSMC IlyTeM nOnCTaHOBKH er0 

BypaBHeHHe qoynbb 


