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Abstract-—The complex problem of void calculation in the different regions of flow boiling is divided in
two parts.

The first part includes only the description of the mechanisms and the calculation of the rates of heat
transfer for vapour and liquid. It is assumed that heat is removed by vapour generation, heating of the
liquid that replaces the detached bubbles, and in some parts, by single phase heat transfer. By considering
the rate of vapour condensation in liquid, an equation for the differential changes in the true steam quality
throughout the boiling regions is obtained. Integration of this equation yields the vapour weight fraction
at any position.

The second part of the problem concerns the determination of the void fractions corresponding to the
calculated steam qualities. For this purpose we use the derivations of Zuber and Findlay [9].

This model is compared with data from different geometries including smali rectangular channels
and large rod bundles. The data covered pressures from 19 to 138 bars, heat fluxes from 18 to 120 W/cm?

with many different subcoolings and mass velocities. The agreement is generally very good.

NOMENCLATURE k, thermalconductivity ofliquid [W/m°C];
a, adimensional constant in equation (16)  m, total mass flow rate [kg/s];
[m~%]; m,, mass of liquid which is converted into
a,, adimensional constant in equation (12) steam per unit time per unit area of the
[m~*%]; heated surface [kg/m2s];
a proportionality constant in equation N, a dimensionless number defined by

(15); equation (14);

contact area between the bubbles and  p,  pressure [N/m?];

the liquid per unit length of the channel ~ P,, heated perimeter [m];

[m?]; Pr, Prandtl number C uy/k;;
A, flow area in the channel [m?]; g/A, heat flux [W/m?];
C, distribution parameter in equation (8); Q,, the amount of heat which is absorbed by
C,, specific heat of liquid at constant pres- boiling per unit time per unit length of

sure [J/kg°C]; channel [W/m];
D,, equivalent hydraulic diameter, 44,/P, Q.. the amount of heat which is exchanged

[m]; by condensation of bubbles per unit
G, mass velocity [kg/m?s]; time per unit length of channel [W/m];
h,  heat transfer coefficient (Collburn’s cor- Re, Reynolds number, G - De/u;

relation) [W/m?°C]; t;, liquid temperature in the presence of
k., condensation factor [W/m°C]; steam flow [°C];

t, saturation temperature [°C];

* Section for Thermal Design of Reactors. X, true vapour weight fraction (steam

+ Section for Applied Mathematics. quality);
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average steam quality;

z, distance along the heated channel
measured from the inlet [m];

o,  vapour volume fraction (void);

o, upper limit of wall voidage given by
equation (1);

8, liquid subcooling as an integral of
equation (9), t, — ¢, [°C];

0, average liquid subcooling obtained from

a heat balance for the whole flow [°C];

a pressure-dependent non-dimensional

parameter defined in equation (15);

4, latent heat of vaporization [J/kg];

w, dynamic viscosity of liquid [kg/m s];

p,, vapour density [kg/m?];

pi»  liquid density [kg/m®];

o, surface tension of liquid [N/m].

1. INTRODUCTION
THE CALCULATION of void in subcooled flow
boiling is particularly complex because of the
absence of thermal equilibrium between the
two phases. For this reason the problem of
subcooled void calculation must be divided in
two parts:

1. A close estimation of the true liquid
subcooling and the vapour weight fraction
at any position,

2. The determination of the vapour volume
fraction for the calculated steam qualities in
the given conditions.

A particular approach to the solution of these
problems was described in a previous report [1].

The method of void calculation suggested in
[1] was only applicable to the regions of sub-
cooled boiling and was approximative regarding
the influence of slip velocity.

The main improvement in the present model
over that of [1] is the admission of slip velocity
between vapour and liquid even in the region of
subcooled boiling. The inclusion of a slip ratio
other than unity in this model improves it
considerably and makes it applicable to a
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wider range of conditions. The present model is
valid even in the net boiling region.

Another improvement is the inclusion of a
unified correlation for the condensation constant
throughout the regions of subcooled boiling.
This eliminates any discontiuity in transitions
between the different boiling regions.

2. LITERATURE SURVEY

A literature survey on the papers dealing with
the calculation of void fraction in subcooled
boiling was given in [1]. The survey included
works of Griffith et al. [2], Maurer 3], Bowring
[4], Costello [5] and Delayre and Lavinge [6].

Several additional reports on this subject
have appeared in the literature recently. Among
these are the works of Levy [7] and Zuber et al.
[8]

The main points of the paper by Levy [7] isa
new method of calculating the liquid subcooling
at the point of bubble departure. This is different
from Bowring’s method [4]. Levy suggests also
a certain relationship between the true local
vapour weight fraction and the corresponding
thermal equilibrium value. Finally, by applying
an accepted slip correlation he calculates the
void fraction in subcooled boiling.

Zuber et al. [8] emphasize the influence of
flow regime upon the relative vapour velocity
throughout the boiling regions. With the in-
clusion of a concentration constant and the
drift velocity of the bubbles as presented in [9]
they give a better description of the average
slip velocity. For the particular region of sub-
cooled boiling they assume a mathematically
feasible function for liquid temperature dis-
tribution along the heated channels. They
apply Bowring’s correlations [4] to determine
the location of bubble detachment and finally,
in the absence of a method of predicting the
limits of various flow regimes, they make use
of a fixed value of concentration constant for
all conditions.

3. THEORY
3.1 Basic assumptions
As explained in the introduction one should
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first estimate the true vapour weight fraction
at any position along the channel. This may be
done through proper heat balance equations
for each phase in axial and transverse directions
in the channel.

We consider first the transverse heat flow
from the heated surface to the boiling flow.
The assumed mechanisms of heat removal in
this model are the same as given in [1]. These
are briefly repeated below :

1. Single phase heat transfer which will be
partially effective as long as the heated
surface is not covered with bubbles,

2. Steam generation,

3. Heating of that mass of water which
replaces the detached bubbles.

At least two of these mechanisms are effective
in parallel on the heated surface while some
heat exchange between steam bubbles and the
subcooled liquid will take place through con-
densation.

3.2 The separate regions of subcooled boiling

As pointed out in many reports on the subject
of subcooled boiling [1-8] there exists a certain
limit of subcooling at which the bubbles begin
to detach from the heated wall. It is assumed
that the bubbles generated at subcoolings
larger than that of the point of detachment are
mostly stationary and collapse before moving
away from the wall. The void fraction due to
the stationary bubbles is termed wall voidage
and it has an upper limit which depends on
pressure, heated perimeter and the flow area.

According to the works of Maurer [3],
Bowring [4] and Costello [5], and as explained
in [1], we consider two regions of subcooled
boiling :

1. Local boiling with stationary bubbles on
the surface and high subcooling,

2. Local boiling with low enough subcooling
to allow bubble detachment and flow of
vapour bubbles with liquid.

The maximum value of wall voidage occurs
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at the end of the first region. We refer to the
void fraction at the end of the first region by «,.
The basis of calculation of «, was explained in
[1] and it was concluded that for water as the
boiling medium

P

o = 24351073 p=0237 k.

>

In this equation p is in N/m?, P, in m and 4, in
m2,

The second region starts at the point of
detachment and ends at a position where the
liquid subcooling becomes negligible.

3.3 Derivation of the basic equations

We assume that local boiling starts at a

point where

% — h(t, — 1) > 0 @)
h is the single phase heat-transfer coefficient
for only liquid flow.

We use Collburn’s correlation which gives

0023 -
h= WGCPPT g.

At high subcoolings the single phase heat
transfer will still be effective but accompanied
by the other mechanisms. As the subcooling
decreases the heated surface will become more
and more covered with bubbles and hence
less accessible to the bulk liquid flow. For this

reason we assume that the non-boiling fraction
of heat flux will be

(5).-

in which « is the local void fraction and «, is
the void fraction at the point of vapour clotting.
The non-boiling fraction of heat flux will
gradually decrease with increasing wall voidage
and it vanishes when the wall voidage reaches «,.
The heat balance on the heated surface is

()

(1 - %) ht,—t) for a<a (4)

g a . "y
E=k8;(1—;—)+msk+p~gC},p;9, (5)

£
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For values of « larger than «,, the first term on
the right-hand side of this equation should be
eliminated.

The amount of heat which goes to steam
generation per unit time within dz along the
channel will be

dQ, = mAP,-dz
_ (g/4) — h6,[1 — (a/a)]
- pg- 4+ Cppfy ooty dz. ©

Again for o > o, the term containing h must
be eliminated.

The amount of heat which goes to the sub-
cooled liquid through condensation of vapour
bubbles per unit time within dz may be expressed
as

dQ, = k,-6,dz ()

in which k, is a condensation coefficient with
the same dimensions as that of the thermal
conductivity. It will be shown that this constant
is actually proportional to the thermal con-
ductivity of the liquid phase divided by the
Prandt]l number.

Considering the heat balance in the axial
direction we use two separate equations for
the two phases. The connection between the
two heat balance equations is found in equation
(7) which gives the rate of heat exchange between
vapour and liquid.

Without making any distinction between the
different regions of boiling, one may write the
heat balance for the vapour phase within dz as

dx = 92 — 40 (8)

m-A

This is the differential change in the true
vapour fraction with dz regardless of the flow
regime or slip ratio.

The total heat balance across dz gives the
differential change in the true liquid subcooling
as

(¢/4) -P,-dz — (dQ, — dQ)

m-C,

de, = )

Now, assuming that the vanations of dQ, and
dQ. with z are known, one may integrate
equation (8) to obtain the true steam quality
at any height.

With the known values of steam quality x,
one may use a suitable relationship for slip
ratio and calculate the local values of the void
volume fraction.

It will be shown that k. is dependent on the
local void fraction in a non-linear manner. For
this reason dx in equation (8) becomes a non-
linear function of z and therefore it may only
be integrated by numerical methods.

For the calculation of the average local
void from steam quality, the authors draw upon
the derivations of Zuber and Findlay [9] and
use the following relation :

x { x 1-—x 1-18
o0=—<{C|— + + —
Py Pq Py ] G
. — +)-1
i

In this equation, C is a distribution parameter
which is dependent on the velocity profile and
void distribution over flow area.

Although one would expect that C should
vary with channel geometry and flow regimes,
we have found that an average value of about
1-1 would be adequate to match the data from
a large variety of test geometries. However, a
rather strong dependence of C upon the mass
velocity was observed for the lower values of the
latter parameter (G < 200). For low velocities
C was found to be much larger than 1'1.

4. ESTIMATION OF THE RATE OF
BUBBLE CONDENSATION

The condensation coefficient, k,, in equation
(7) is dependent on many parameters. Physic-
ally, this coefficient must depend on the thermal
conductivity of the liquid and some other
properties of the two phases. It must be a
function of the local values of contact area
between vapour and liquid which is to some
extent dependent on the void fraction and the
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channel geometry. Finally, mass velocity and
heat flux must have some influence upon the
condensation parameter.

The individual effects of these parameters
were determined by a systematic comparison
of this model with the data of [10] in a manner
explained in the Appendix. The general validity
of the model and the related dependencies
upon various parameters were then verified
by comparing this calculation procedure with
a large number of data from different sources
[11-14].

4.1 Selection of the distribution parameter

Before any studies on the effects of different
parameters upon k, the data of net boiling
regions were used in equation (10) to obtain a
suitable value of C. In most cases the average
value of this parameter turned out to be

C=112. (11a)

This value of the distribution parameter was
then used in equation (10) for the region of
subcooled boiling.

For the case of low mass velocities of [10]
it was found that

C=154. (11b)
4.2 Effect of void and channel geometry on k,

As described in [1] the average contact area
between the bubbles and liquid may be expressed
as

A, = a;- A% o (per unit length) (12

in which a, is a proportionality constant which
may depend on the heat flux (bubble generation
frequency).

4.3 Effect of mass velocity and heat flux

The effect of mass velocity is included in a
non-dimensional form by using Reynolds num-
ber calculated for the local liquid velocity

G - De

S T

(13)
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A systematic comparison with the experi-
mental data of [10] showed that the condensa-
tion coefficient varied linearly with (Re), This
equation illustrates another dependence of k,
upon a. The effect of heat flux is also included in
a non-dimensional manner by using the follow-
ing dimensionless number : (see Appendix)

— (9/A)p i
Moy — pylo
The dependence of k. on N, was found to be as

1/JN,

(14)

q

4.4 Effect of physical properties on k,

Apart from the effect of physical properties
through (Re), and N, it was seen that k, varied
with pressure considerably with all the other
parameters being the same. The effect of
pressure could be represented with the following
group of parameters (see Appendix)

op) = a, X <’—’£>2 for p>19 (15)

- tPr P
in which a, is a dimensionless constant.

4.5 The proposed correlation for the condensation
parameter
Based on the above mentioned results it was
found that

k = &(&)Z/ﬁ 4 05
c=a- ¢ o (Re)y/Ng”  (16)
Prip,
inwhicha = a, - a, = 300 m~*isa dimensional
constant and may probably depend on the
number of nucleation sites per unit area of the
heated surface as well as on the bubbling
frequency and other factors.
Equation (16) is applicable in both regions
of subcooled boiling.

5. COMPARISON WITH DATA UNDER VARIOUS
CONDITIONS

The general validity of the model and the
related dependencies upon various parameters
were verified by comparing this calculation
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Table 1. Range of data used in comparison with this model
Test section
Source Pressure g/A G 4 X
Flow Heated 2 2 o o
of data Geometry area perimeter (bar) {(Wicm?%) (kg/m?.s) Q) (%
(cm?) (cm)
Ref. [10]  annular 378 377 19-50 60-120 130-1450 0-130 0-12
Ref [11]  6-rod cluster 305 262 31-6-514 46-7-64-5 1345-1607 57-272 0-6
{corrected)
Ref [12]  36-rod cluster 1427 1560 500 22-64 1110-1159 11-224 2-9
Ref [13]  rectangular 493 111 510699 496 877-906 12-5 67
1111 x 444 cm
Ref. [14]  rectangular 0665 56 1379 189-0 9080-1165 5734 8-18
0261 x 2:54 126-1
procedure with a large number of data from () a
different geometries obtained over a wide 09
£ = 198 bar 08
range of parameters.
Table 1 gives a brief description of the test o . oo omae  ©7T .
able 1 gives a brief description of the tes 6 - 1055 kg/mas P
62 > 8, > I LA
(© o] 5/
a
07 " o:;'
- 3
£ = 50 bor 06 /l/. ./.02_
g/A = 88 Wem2 o gl /’ * - s
& = 665 kg/més o4k -. ’_,8.&—""| ; L ST !
58 > 8,> (°C Vd 30 20 ) 0O t 2 34 5686 7 8
O-3F *
023 g,, °C %, %
[Tl s
o o} FiG. 2(a). Comparison with data of.Ref. [10]. Low heat flux.
w—O""‘.—l" 1 bbb ot 1)
30 20 10 0123456788910
8o, ¢ Tor % {b} ¢
FiG. 1(a). Comparison of this model with data of Ref. [10]. o8 o—
Annular test section, low mass velocity. P =198 bor o7k -
g/A = 1B W/m? o8k
(b a G = 1060 ke? s 0 5-")/
osh 62 > 8, > 1%C 0ae”l
P = 50 bor o7k o ./03~
g/d = 121 Waeme? o6l e R o2k
G = 665 kg/m?s o o«
e B3 y —* oir
67 > 84> 1°C Vo : i i PSS DO O WS WA S W
04—./. 30 20 10 O | 2 34 5 6 7 8
'oa. 4 8,, °C Xo s Yo
. LS el FI1G. 2(b). Comparison with data of Ref. [10]. High heat flux.
att
i .—‘. H I H [ ) S 2 S S S 1
30 20 10 01234567839 I0HI2 )
8,, °C Xy, % geometries and the range of parameters covered.

FiG. 1(b). Comparison with data of Ref. [10]. High heat flux,
low mass velocity.

The void volume fraction corresponding to
the experimental conditions were computed by
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07k
L
P = 295bar  O6F v
g = 92 W/im? o-S| /v'
6 = 1430 kg/m?s 0.4 —/‘
g > ein > {°C 03 *
L] 0-2
/‘ S
[ * i i 1 H i H i
20 10 0 | 2345 8
eﬁ) °C Xa, %
Fi1G. 3(a), Comparison with data from annular test section
[10].
{b) a
07k
P =292 bor 06
g/A = 9l W/m2  0-5h
& = 1305 kg/m2s 04} =
177 >> 8, > 157 °C 0.3 s
02¢ *
o1t
1 1 1 1 1 1 §
20 10 0 | 234586
6,, % Xoy %

FiG. 3(b). Comparison with data from annular test section
{10]. Very low mass velocity.

numerical integration of equations (6)(9) and
using equations (1), (3), (10) and (16).

Graphical comparisons of the results of
computations with experimental data are shown
in Figs. 1-7.

For the case of data of [10] in which voids
are given at a fixed position in the channel at
109 cm from the inlet, the comparisons are
made by plotting voids as a function of the local
average subcooling or local average steam
quality. These average values are calculated
by assuming thermal equilibrium in the channel
and neglecting the true vapour flow. These are
good only as some reference points for compari-
son. The true liquid subcoolings calculated
from equation (9) are considerably different
from average subcoolings, 8, Likewise, the
lower values of the average steam quality are
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considerably different from the true steam
qualities obtained from equation (8).

As can be seen in Fig. 3(b) the agreement
between the model and data with very low
mass velocities (G = 130 kg/m?s) is rather
poor for very large inlet subcooling (6,, >
150°C). It has not been possible to find out
whether this discrepancy depends on the effect
of mass velocity, on the rate of condensation,
or on the effect of variations of physical proper-
ties because of the large temperature variations.

a (o)
o4 P = 54 bor

03 g/4 =645 W/em?
02 G = 1607 kg/m2s

o 8, = 272 °C o/‘

3 0/

1 S - L

Q t 2 3 4
Z, m

F1G. 4(2). Comparison with measurements in a 6-rod cluster
(Run No. 13028 of Ref. {11]).

a (b}
05 /.,./
04 * P = 514 bor
03 ./ g/4 = 645 W/em?
o2 o 6 = 1597 kg/m2
01 .S 8, = 132 °C
- | i 1 t
[o} t 2 3 4 5
z, m

Fi1G. 4(b). Comparison with measurements in a 6-rod cluster
(Run No. 13027 of Ref. [11]).

0‘7_0 -
o6k ‘/
osr / P = 316 bar
o4r /° g/ = 467 W/em?
03p Ve 6 = 1345 ko/mes
o2 ¢ B = 57°C
0 tF *
L i i i i i
o] i 2 3 4 5

z, m

F1G. 4(c). Comparison with measurements in a 6-rod cluster
(Run No. 13026 of Ref. [11]).
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o4
03
02
Q1

S. Z
{a}
a
P = 500 bar
g/4 = 220 W/cm? o«
& = O kg/m2s >
8, = N7 T A
—4—0-"'"".1/ L L 1
| 2 3 4 5
2z, m

F16. 5{a). Comparison with measurements in a 36-rod cluster

a6
05
04
o3
o2
o3|

(Run No. 313007 of Ref. [12]).

a
(b}
L o
i * P = 497bur
i * /4 = 427 W/em?
/' 6 = 16 kg/m2s

B . 8., = 1O °C
- o

| 1 1 1 1,

i 2 3 4 5

zZ, m

FIG. 5(b). Comparison with measurements in a 36-rod cluster

o7
c6
o5

(Run No. 313015 of Ref. [12]).

{c)

P 497 bor

g/4 = 646 Wem?
G = |I59 kg/m2 s
8, =224 °C

i1 e H

3 4 5

m

Zy

F16G. 5(c). Comparison with measurements in a 36-rod cluster

(Run No. 313020 of Ref. [12)).

Although the effect of natural convection on
the single-phase heat transfer has been con-
sidered, it is plausible that in the presence of
steam bubbles near the inner surface of the
annular geometry there has been some sort
of intensified convection at very low mass
velocities. Heat removal through such mecha-
nisms has not been accounted for in these
calculations.

. ROUHANTI and E. AXELSSON

a {a)
o7k
oek P = 55412 baor
5 g/A4 = 4365 W/em? e
95 6 = 906 ke/mes .
O4F g, = 125 °C
03l
o2t
0
e i ] bk : ! N ; :
0 08 10
z, m
F1G. 6(a). Comparison of this model with Christensen’s
data [13]. Rectangular test section.
a (b)
o6t »
o5k = 689 bor et
oal g/A = 4965 W/im? .’o/'
G = 8775 kg/m2s .o/“‘
O3 5, = 121°C 4 o
02+ . .
o1 -
»-"1. [T WO WSO W S W TR S S
¢} 05 10
zZ, m
F1G. 6(b). Comparison of this model with Christensen’s
data [13]. Rectangular test section.
a {a)
05
g/4 = 18-93 W/cm?
04 2
G = 908 kg/m°s
03
6§, = 50°C
02
o
— ke M | | : i I
o 0l 02 03 04 05 06 O7
Z. m
Fi. 7(a). Comparison with the data of BMI at 138 bars
(Condition No. 11 of Ref. [14]).
a b
05
o4 q/A = 473 W/em? *
03 G = 867 kg/m2s . ./
02 8, = 3667 °C o
-
01 ¥
{ Ll -.—“’.T. i ) i
o ol 02 03 04 05 06 07
z, m
Fi1G. 7(b). Comparison with the data of BMI at 138 bars

{Condition No. 6 of Ref. [14)).
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Figures 1(a)-3(a) show very good agreement
between the calculation and the data under
different conditions. These are only samples of
many similar tests of this model against the
data of [10].

Figures 4 and 5 show the comparisons with
data from rod bundles with six and thirty six
rods respectively [11, 12]. The calculated voids
match the data quite well.

Comparisons with the data from two rect-
angular geometries are shown in Figs. 6 and 7.
These include runs at pressures up to about
140 atm. The largest deviation (in the case of
Christensen’s data at 56 atm) seems to be
about 6 per cent void. The admitted limits of
experimental errors for these data are +5 per
cent.

The computed voids for the conditions of
data from Battelle Memorial Institute [14] are
shown in Figs. 7(a) and 7(b). On the average
the computed results show good agreement
even with the data from these experiments.

6. CONCLUSIONS

Based on the results of comparison with the
experimental data it may be concluded that the
present model gives a very close approximation
of the true physical phenomena involved in the
changes of steam volume fraction in flow boiling
throughout the boiling regions.

In the absence of data from subcooled
boiling of other liquids, nothing can be said on
the applicability of the correlation for the
condensation factor in general However, it
seems to agree quite well with the properties of
water and heavy water for pressures from 19
to.140 atm.
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APPENDIX

Investigation of the Effects of Various Parameters on the Rate
of Bubble Condensation

The theoretical derivations for calculating the steam
volume fraction according to this model were first worked
out without any knowledge of the magnitude of the conden-
sation parameter k. This analysis was then applied to the
experimental data of [10] to calculate k. and its variations
with different parameters such as G, p and ¢/A. The reasons
for using the data of [10] were firstly the possibility of
systematically studying the effect of each parameter sepa-
rately withall other conditions being unchanged and secondly
for the relatively good degree of accuracy in those experi-
ments.

In these calculations we used the experimental values of
a along with the other parameters to obtain k, from equations
(6)10). The variations of k, with each parameter displayed
a certain trend. In the case of G and g/A4 one could easily
approximate the trends by a linear and inversed square root
dependence respectively. The proportionality between mass
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velocity and Reynolds number suggested the possibility of
using the latter dimensionless number. In the case of heat
flux dependence we decided to include the physical properties
which could influence the rate of bubble production and
combined them with g/4 ina manner that gave the dimension-
less group N, as expressed in equation (14)—although the
significance of such a grouping may be questionable.

Finally, the variation of k, with pressure was studied by
plotting k.- (N 3/Re)) as a function of pressure. This curve
was then compared with various combinations of the physi-
cal properties of steam and water. A good agreement was
found between this curve and the combination given in
equation (15) which also had the right physical dimensions.
The effect of Prandtl’s number is not clearly established.
This is due to the fact that the reference data are from experi-
ments with heavy water and for this substance Prandtl’s
number happens to be almost constant within the covered
range of pressure variations.

An entirely different approach in correlating k. with the
significant parameters would be to express it as

G ot

k5=m 'fg':

f) (A1)
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in which f, should represent the geometry dependent function
and f(p) the pressure dependence as a whole. This analysis
was actually followed and for the data of [10] we found

4860

1016
0-000918 + ~—-
P

f(p) = —83 x 10° + 1340 p — (A.2)

where p is pressure in N/m? and f(p) has the dimensions of
kg¥/(m? - s°C) .

The pressure dependent function was obtained from heavy
water data and when used for comparison with data from
light water experiments, it gave almost the same level of
deviations as when we used the non-dimensional groups
appearing in equations (14}{16). We then decided to use the
first approach.

It is plausible that better ways of expressing the dependence
of the condensation coefficient on the physical properties of
the liquid and vapour may be obtained. A study on this
subject requires some data from boiling substances other than
than D,0 and H,0 and with considerably different physical
properties.

CALCUL DE LA FRACTION VOLUMIQUE DE VIDES DANS LES REGIONS
D’EBULLITION SOUS-REFROIDIE ET DE QUALITE

Résumé—Le probléme complexe du calcul des vides, dans les différentes régions de 1"écoulement dii &

I’ébullition est divisé en deux parties.

La premiére partic comprend seulement la description des mécanismes et la calcul des vitesses de
transport de chaleur pour la vapeur et le liquide. On suppose que la chaleur est enlevée par la production
de vapeur, le chauffage du liquide qui remplace les bulles détachées, et en certains endroits, par le transport
de chaleur monophasique. En considérant la vitesse de condensation de la vapeur en liquide, on obtient
une équation pour les changements différentiels dans la vraie qualité de vapeur d’un bout & 1'autre des
régions d’ébullition. L’intégration de cette équation fournit la fraction pondérale de la vapeur a n’importe

quelle position.

La seconde partie du probléme concerne la détermination des fractions de vide correspondant aux
qualités de vapeur calculées. Dans ce but, nous employons les dérivations de Zuber et Findlay [9].

Ce modéle est comparé avec les résultats de différentes géométries y compris les petits canaux rectangu-
laires et les grands faisceaux de barres. Les résultats englobent les pressions de 19 & 138 bars, les flux de
chaleur de 18 a 120 W/cm? avec beaucoup de sousrefroidissements différents et de vitesses massiques.

L’accord est généralement trés bon.

BERECHNUNG DES DAMPFVOLUMENANTEILS IM BEREICH DES UNTERKUHLTEN
SIEDENS UND BEIM SIEDEN IM QUALITATSBEREICHT.

Zusammenfassung— Das verwickelte Problem der Berechnung des Dampfvolumenanteils in den verschie-
denen Bereichen des Siedens wird in zwei Abschnitte unterteilt.

Der erste Teil schliesst nur die Beschreibung der Mechanismen und die Berechnung des Wirmeiiber-
ganges fiir Dampf und Fliissigkeit ein. Es wird angenommen, dass die Warme durch die Erzeugung von
Dampf, Auflssung der Fliissigkeit, welche die angeldsten Blasen ersetzt, und in einigen Fillen durch
Einphasen-Wirmeiibergang wegtransportiert wird. Durch Betrachtung der in der Flissigkeit konden-
sierenden Dampfmengen erhiilt man eine Gleichung fiir die differentiellen Anderungen .der tatséichlichen
Dampfqualitit innerhalb der Siedebereiche. Die Integration dieser Gleichung ergibt den Dampfgewicht-

santeil fir jede Position.



CALCULATION OF VOID VOLUME FRACTION

Der zweite Teil des Problems fiihrt zur Bestimmung der den Dampfqualititen entsprechenden Dampf-
volumenanteilen. Zu diesem Zweck wurden Ableitungen von Zuber und Findlay [9] verwendet.

Dieses Modell wird mit Messdaten fiir verschiedene Geometrien, einschliesslich schmaler rechteckiger
Kanile und umfangreicher Stabbiindel, verglichen. Die Daten fiberdecken eine Messbereich fiir Driicke
von 19 bis 138 bar, Heizflichenbelastungen von 18 bis 120 W/em® sowie vicle verschiedene Unterkiihlungen
und Mengenstromdichten.

Die Ubereinstimmung ist im allgemeinen sehr gut.

PACYET ROHUEHTPAIIM TIAPA [IPH KUIIEHUU B OBJACTH
HEJOTPEBA H IIEPEI'PEBA

Anmoranua—(IOREGA 32JQ48 PAcyeTa HOHUEHTPAIMHM §apa B PasAnNYHHX 06maCTAX
TIOTOKA IPH KMNCHUA pa36m'a Ha JIB€ 4YacTH.

B nepsoit 4aCTH OMHCHIBAIOTCA MEXAHM3MBL M PAcyeT MHTEHCHBHOCTH TeraooGMera napa u
mugroctu. Ilpegmonaraerca, 4T0 TEMIIO IEPeHOCHTCA reHepanuell napa, HarpeBaHMeM
IMUTKOCTH, KOTODAA 3aMeHAET OTOPBRHHHE IYSHPEKH, 3 B HEKOTOPHX YaCTHAX OXHO(ABHAEIM
TenooOmenom. (i yUeToM CKOPOCTH KOHJEHCALMH TIAPA B HALKOCTH TONYHEHO yPABHEHHE
ATA PASAUYHHX HaMeHenull HCTHHHOrO napocofepwauusa B ofnactAx xunesus. Varer-
PHPOBaHUE STOPO YPABHEHUA JACT BECOBOE CONEPIRaHUe mapa B mobol Touxe.

Bo sropolt yacTE OmpejeNAIOTCA KOHNEHTDPALMM Tapa, COOTBETCTBYIOUINE PACHETHHIM
SHAYEHMAM CYX0CTH mapa. A 9TOT0 MCIONB3OBANICH BHBOAK 3ybepa u dungies (9).

9Ta MOJeNs CPABHUBAETCH ¢ MOMEIAMU PAsIMYHBIX KOH(Urypauwmit, BKIouasa HeGoJabLIne
NPAMOYTOAbLHHE KAHATH U 60ALIINE MYYKH cTep:Helt. B 5THX JaHHKX JaBJIeHHE UBMEHATIOCH
or 19 no 138 Gap, tenmoBue noroxu or 18 mo 120 Barr/cm2 npM PASIHYHKX BHAYCHHAX

HelOTPEBa M MaccoBX chopocrax. [Tomydeno oueHs xopoulee COOTBETCTBHE JAHHEIX.
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