Technical Notes

€=05,T=15C
Variable fluid properties
———~ Constant fluid properties
70+
a=10.0,A=0
5.0
I~
S~
T~
-3 e 5.0,05
v 5.0,0
30F= - 10.0,0
T Smmmo—- 50,05 |
N TTTEG T T T T
1.0t 10,0 ————
P -10,0
0 1 L 1
-1.0 -05 0 05 10
A

F1G. 5. Skin-friction parameter in the y-direction (self-similar
flow).

CONCLUSIONS

The skin friction and heat transfer are found to be strongly
dependent on the variation of viscosity and Prandtl number
with temperature especially for large values of buoyancy
forces. The effect of mass transfer is found to be more
pronounced on the heat transfer than on the skin friction.
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F1G. 6. Heat transfer parameter (self-similar flow).
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DURING recent years, there has been much speculation on the
possible existence of nucleate boiling in high quality diabatic
annular flows [1-7]. Hypotheses have been formulated and
experimental data re-analysed [1, 2] in an effort to show that
nucleate boiling may occur in the liquid film region at the wall.
A recent paper [7] describes experiments designed especially
to test the hypothesis of annular flow nucleate boiling, and
involving the determination of heat transfer coefficients at
constant quality and film flow. Data were obtained using a
tube, 367.2 cm long by 9.6 mm diameter, the first 182.9 cm of
which was heated to produce a desired quality fora given flow ;
the next 138.6 cm (or 144 diameters) was unheated to ensure
flow development ; and the last heated 45.7 cm was the section
in which heat transfer coefficients were determined. The heat
transfer characteristics were determined from wall tempera-
tures monitored by seven thermocouples uniformly spaced
along the final section, power input measurements, and local
coolant conditions. Experiments were performed with

steam—water at near atmospheric pressure ; mass fluxes were
105and 203kgm ~ 25~ !, and qualities ranged from 0.05 to 0.42.

On the basis of linear relationships between heat flux and
wall superheat at constant mass flows and qualities,
Aounallah et al. [7] concluded that nucleate boiling was not
present for the range of annular flow conditions covered by
their experiments.

This communication draws attention to similar experi-
ments performed nearly two decades ago, by Bertoletti et al.
[8] whose results were at variance with the conclusions of
Aounallah et al.

Bertoletti et al. [8] heated water at a pressure of 7 MPa to
required coolant qualities in an electrically heated section
corresponding to the 182.9 cm preheated section used in the
more recent experiments [7]. Heat transfer measurements
were made near the inlets and exits of two heated tubes 80 cm
long by 4.99 mm diameter and 139.9 ¢cm long by 9.18 mm
diameter, respectively. In each case the heated test section was
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Fia. 1. Comparison of heat transfer data obtained at the inlet
of a 9.18 mm diameter tube [8] with fully-developed forced
convective nucleate boiling correlation of Aladiev et al. [10].

preceded by a 250 cm length of calming section of the same
diameter. The flow development lengths were thus 501 and 272
diameters, respectively. Mass fluxes were in the range
1100-3900 kg m ™25~ !, and qualities ranged from 0 to 1. Flow
conditions were representative of those occurring in many
industrial situations.

Unlike the heat transfer data of Aounallah et al. [7], a
significant fraction of the data of Bertoletti et al. [8] did not
show a linear relation between heat flux and wall superheat for
constant mass flux and quality. Instead, heat transfer
coefficients varied significantly with heat flux, having
negligible dependence on mass flux, quality, tube diameter,
and distance from the inlet of the heated section. Furthermore,
these data are close to the predictions of several of the fully
developed forced convection nucleate boiling correlations
summarized in the survey of Guglielmini et al. [9].

To illustrate these factors, typical experimental data of
Bertoletti et al. [ §] have been compared with the correlation of
Aladiev er al. [ 10}(Fig. 1). The ability of a correlation obtained

specifically for nucleate boiling to describe these data suggests
that nucleate boiling may well be present.

The upper limit to which the correlation of Aladiev et al.
[10] may be applied to the data of Bertoletti et al. {8] is
indicated in Fig. 2 by broken lines ; included in this figure is a
flow regime map obtained by Bennett et al. [11] for similar
flow conditions(i.e. P = 7MPa,D = 12.7mm), and the critical
heat flux (CHF)boundaries of annular flow for the data of refs.
[8.11]. (The irregular CHF boundaries for the data of ref. [8]
reflect arbitrarily chosen maximum inlet qualities for different
mass fluxes.)

From the comparisons shown in Figs. | and 2, it can be seen
that those data obtained by Bertoletti et ul. [8] at qualities up
to the maximum values achieved by Bennett et al. [11]
correspond to the annular flow regime yet are well described
by a nucleate boiling correlation.

Theabove observations are based solely on the examination
of heat transfer coefficient data in a manner similar to that of
Aounaliah et al. [7]. However, it has been indicated elsewhere
[5], that pressure loss data and qualitative trends in heat
transfer data during approach to the heat transfer crisis can
both be used to indicate nucleate boiling., Such data were
obtained concurrently with the heat transfer data of ref. [8]
and reported by Gaspari et al. [12] and Bertoletti et al. [13].

For conditions in which the correlation of Aladiev et al.
describes the heat transfer data, the pressure loss data [12] are
consistent with roughened wall friction factors having
rugosity elements equivalent to attached wall bubbles. Also,
abrupt improvements in heat transfer were noted just before
CHF [13]. These are consistent with the boiling mechanism
proposed by Mesler [ 1]. The pressure loss data [12] and CHF
data [13] thus both support the hypothesis that nucleate
boiling is present for the annular flow test conditions of ref. [8]
up to the limits indicated in Fig. 2.

In summary, although heat transfer data obtained from a
special experiment [ 7], which was designed to test the presence
of nucleate boiling in steam-water annular flows at
atmospheric pressure, suggest its absence, heat transfer data
obtained from earlier similar experiments [8] performed at a
pressure of 7 MPa support an earlier hypothesis [5] that
nucleate boiling can occur in the liquid film at the wall in
annular flow, even at relatively high gualities.
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F1G. 2. Critical heat flux limits and validity limit of fully-developed nucleate boiling correlation of Aladiev et al.
[10] for data of ref. [8] compared with the 7 MPa flow pattern map of Bennett et al. [11].
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