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Abstract—Experiments on subcooled flow boiling heat transfer are carried out in a vertical annular channel

the inner wall of which is heated and the outer wall insulated. Refrigerant-113 is the working fluid. Flow

boiling heat transfer data are reported at three mass velocities (579, 801, and 1102 kg m~? s~ '), three

pressures (312, 277, and 243 kPa), and three inlet subcoolings (20.0, 30.0, and 36.5°C). A multiple-hysteresis

phenomenon is identified. The measured wall heat transfer coefficients are compared with predictions by
various correlations and an improvement of the Shah correlation for annuli is suggested.

INTRODUCTION

NUCLEATE boiling is an important mechanism of heat
transfer from a surface to fluid flowing adjacent to it.
The fluid may be either subcooled or saturated at
the prevalent pressure. Because of its efficient heat
transfer characteristics, nucleate flow boiling has been
the subject of numerous investigations, some empha-
sizing experiments (e.g. refs. [1-5]) and others con-
centrating on examination and analysis of data
reported in the literature to develop predictive cor-
relations for the heat transfer rate from the surface
(e.g. refs. [6-11]). Experiments such as refs. [1, 4,
5] and empirical analyses such as refs. [6, 7, 9-11]
have dealt specifically with subcooled flow boiling.
An empirical correlation developed by Chen [8],
although originally meant for saturated flow boiling
conditions, was extended later by others to the sub-
cooled boiling situation {12].

In this paper, we report heat transfer measurements
in subcooled nucleate boiling flow of Refrigerant-113
(R-113) through a vertical annular channel the inner
wall of which is heated and the outer wall insulated.
The measured variables are: the inner wall heat flux
and temperature, radial distribution of the liquid
phase temperature, mass velocity of the fluid, local
pressure at the measurement plane, and the dissolved
air content of R-113 (so that the partial pressure of
R-113 and thus its true saturation temperature can be

+ This is discussed further in a later section of the paper.

+ The modification involves the single-phase liquid forced
convection portion of the correlation and is explained in a
later section.

determined). Boiling curves are presented as are plots
of the measured wall heat transfer coefficient. The wali
heat transfer coefficient is defined here as

4w

h (Tw - Tbl) ) (l)
The rationale for our use of T, in place of the more
common T gq is two-fold: Ty, is a state variable
which appears naturally in two-fluid models of boiling
flow, and it is also the temperature at which the liquid
phase properties are calculated in various wall heat
transfer coefficient correlations. The use of T}, g, cal-
culated from the heat balance consideration would be
an equally appropriate alternative in the presentation
of the wall heat transfer coefficient data.t The mea-
sured values of h are compared with predictions by
Shah [9], modified Shah,{ Gungor-Winterton (11},
and Chen [8, 12] correlations. The Shah correlation
pertains specifically to subcooled boiling flow of fluids
in annuli. An earlier paper by us [13] contains
additional information regarding the single-phase
liquid heat transfer coefficient data which appears in
the plots presented here. The effect of natural con-
vection in the experiments reported here can be con-
sidered to be negligible because even at the lowest
mass velocity the parameter (Grashof number)/
(Reynolds number)? is much smaller than unity.

EXPERIMENTAL APPARATUS

The experimental rig has been described in an earl-
ier paper [14] and as such, only the annular test section
will be described here. The outer segment of the test
section consisted of two long pieces of transparent
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Ax_s flow area of test section

Bo  boiling number

D, hydraulic diameter of annulus,

2("cul;er - rinncr)

h wall heat transfer coefficient

p pressure

De partial pressure of R-113

g wall heat flux

r radial coordinate

liquid Reynolds number
time-averaged mixed-mean

temperature of the fluid

NOMENCLATURE

T, time-averaged mixed-mean temperature
of the liquid phase
T, time-averaged local temperature of the

liquid phase

saturation temperature of R-113 at its
partial pressure

T.  time-averaged temperature of the heated

wall

AT,.p;» liquid subcooling at test section
inlet

i time-averaged axial velocity of liquid

X, Martinelli parameter.

Pyrex glass pipe (38.6 mm i.d., 47.0 mm o.d.) with a
0.5 m long 304 stainless steel section of the same
i.d. in between them. The stainless steel section will
henceforth be referred to as the ‘measurement sec-
tion’. A 304 stainless steel tube, of 15.9 mm o.d.
and 1.2 mm wall thickness, constituted the inner seg-
ment of the test section. The total length of the test
section was 3.66 m of which the upper 2.75 m could
be heated via resistive heating of the inner tube (d.c.,
38 kW maximum heating power). The measurement
plane (in the measurement section) was approxi-
mately 86 hydraulic diameters downstream of the
beginning of the heated length. Concentricity of
the test section was maintained by means of four sup-
port vane assemblies, each assembly consisting of
four 9 mm long and 1 mm thick vanes arranged in
a x -configuration, carefully welded to the inner tube
at equal axial spacings. The nearest vane assembly
upstream of the measurement plane was about 32
hydraulic diameters away. The heater tube was filled
with aluminium oxide powder for insulation. The
outer segment of the test section was insulated with
50 mm thick jacketed fiber glass wool.

Figure 1 shows, schematically, the locations of two
hot-film sensors and two (out of a total of four) wall
thermocouples in the measurement section. The fluid
temperature measurements were performed by the
two hot-film sensors, TSI models 1262AE-10W (a
miniature cylindrical sensor, 25 um diameter and 51
um long) and 1264-BP (a miniature conical probe, 30°
tip angle, with the sensor film located very close to
the tip), located diametrically opposite each other.
Although the hot-film probes were intrusive, they
were designed (via miniaturization and 90° bend) to
minimize the resulting disturbance to the measure-
ment plane flow field. Each sensor was operated with
a constant-current module (TSI 1040). The slight
difference in the fluid temperature due to the axial
separation of about 3 mm between the sensors was
estimated and found to be well within the exper-
imental uncertainty.

The heated wall temperature at approximately the

same axial location as the hot-film sensors (see Fig.
1) was measured by means of two copper—constantan
surface thermocouples (STC; Omega, foil-thickness
=~(.012 mm) baked on with Omegabond epoxy to the
heater tube inner wall. The tube inner wall tem-
perature was read off a multichannel temperature
monitor (Omega 2176A-T). The heater tube outer
wall (which is the heated wall of the annulus) tem-
perature was then calculated by a steady state heat
conduction analysis. The wall temperature data pre-
sented in this paper are from STC #1. The dis-
crepancy in the value of the mixed-mean liquid phase
(or fluid) temperature due to the slight mismatch
between the surface thermocouple location and the
hot-film sensor locations was estimated to be less than
0.1°C.

The volumetric flow rate of liquid at the test section
inlet was measured by means of a turbine flow meter
(Flow Technology, Model FT-12). The pressure at
the measurement plane was measured by means of
an accurate pressure gauge (Omega, Model PGT-
45L-60).
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FiG. 1. The annular test section.
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floppy disk drive and plotter enphcral was
acquire, store, analyze and display the time series data
for fluid temperature.

EXPERIMENTAL PROCEDURE

Temperature calibration

The hot-film sensors and the walii thermocoupies
were calibrated in situ by increasing the temperature
of liquid R-113 entering the test section in stages by
means of a preheater located upstream. The test sec-
tion itself was unheated.

Dissolved air content of R-113

It is well known that R-113 quickly absorbs air
from the surrounding atmosphere. The dissolved air
lowers the partial pressure of R-113 at any given tem-
perature, thereby significantly affecting the boiling
process. For example, the onset of nucleate boiling at
a heated surface is expedited.

The dissolved air content of R-113

by bleeding off fluid from the experlmental ng and then
using an aireometer (Seaton-Wilson AD-4003). The
same procedure had been used by Murphy and Bergles
[4]. The partial pressure of air in the solution was
found by applying Henry’s law along with the value
of K,;, provided by DuPont (Bulletin B-14B, 1967).
The R-113 partial pressure was then equal to the total
pressufe minus the air partial pressure. The true satu-
ration temperature of R-113, T, corresponds to
the partial pressure of R-113.

The experiments

The nucleate flow boiling heat transfer experiments
were carried out in two different modes : one mode in
which the wall heat flux was gradually increased from
a low initial value at which smgxe-pnase uqmu forced
convection existed, and another in which the wall heat
flux was gradually decreased from a high initial value
at which fully-developed subcooled nucleate boiling
prevailed. The majority of the experiments were con-
ducted in the increasing heat flux mode although

several series of experiments were repeated in the
decreasing heat flux mode. In the latter, the wall heat
fiux was iowered through the same set of vaiues as in
the corresponding increasing-heat flux mode exper-
iments, the intent being to examine the hysteresis effect
in flow boiling.

For each experiment series (as defined by th

velocity, pressure and s

e fluid
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+ The vapor phase temperature can, of course, be expected
to be narrowly distributed around the local R-113 saturation
temperature with a peak at the saturation temperature [15].

1 The preferred option will depend upon the details of the
model that one wishes to use for describing subcooled boiling
flow. As mentioned earlier, the mixed-mean liquid phase
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may be preferred.
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such h e range from single-phase liquid forced
convectlon to fully-developed nucleate boiling would
be spanned. At each heat flux a steady state was estab-

lished. The wall temperature was then measured by
STC #1 and STC #2. The hot-film sensors were

manually traversed in the radial direction and at each
location a temperature signal time series was recorded
in the data acquisition system. In the event of the
sensors being in the two-phase fluid region, a prob-
ability density function (PDF, or histogram) was con-
structed from the signal time series to determine if the

sensor was fast enough to recognize both the liquid
phase and the vapor phase temperatures.t The PDFs
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obtained from the miniature conical probe indicated
that this probe was too sluggish to respond to the
passage of discrete vapor bubbles (the bubbles were
often of the order of 1 mm or smaller) and essentially
measured the liquid temperature distribution. Having
thus measured the liquid phase temperature radial
distribution and assuming an appropriate axial vel-

acity nrafila fartha Linnid (thie meafila chaiild ha came.
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what flatter than the turbulent axial velocity profile
for single-phase liquid flow through the annulus [16]),
the mixed-mean temperature of the liquid phase was
calculated as

~

[ RRICLCER
= Ax-s
Ty=—F—". ®))
ia(r) d4
Ax-s

This temperature was then used in the calculation of
the wall heat transfer coefficient by equation (1).

Our method of comparison of the measured wall
heat transfer coefficient with the predictions of various
subcooled flow boiling correlations for the same
coefficient is tantamount to comparing the measured
heated wall temperature to the predicted ones at the
prevalent fluid condition. The wall heat transfer
coefficient can be predicted by using the differential
between the wall temperature calculated from a cer-
tain correlation and either Ty,, obtained in accordance
with equation (2), or Tb.ﬂu,d, the mixed-mean fluid
temperature obtained from a heat balance.{ The same
mixed-mean temperature must then be used to obtain
the measured heat transfer coefficient. Thus, uncer-
tainty in the assumed liquid phase velocity profile
in equation (2) does not affect the validity of the
comparisons presented in the next section.

RESULTS

Tabie 1 shows the ranges of variabies over which
the experiments were conducted and the associated
measurement uncertainties.

Flow boiling curves
Figures 2 and 3 show single-phase liquid forced

convection and subcooled nucleate bonlmg heat trans-
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Table 1. Ranges of experiments and measurement uncertainties
Range Uncertainty
Heat flux I x10°~1.5x10° Wm™? +80Wm™?
Wall temperature 60-100°C +04°C
Wall heat transfer coefficient 4006000 W m—2K~! +5%
Mass velocity 579-1102kgm~%s~" +3kgm~?s7!
Pressure at measurement plane 243-312 kPa +0.7 kPa
Subcooling at test section inlet 20-37°C +0.1°C
Time-averaged local liquid phase 45-72°C +0.2°C
temperature (at measurement plane)
Sensor radial traverse (in annulus) 0-10 mm 430 um
‘ fer data at three mass velocities (579, 801, and 1102
pe2774Pa 5, =219 P kgm~ z.s“ ') at a measurement plane pressure of 277
To=a20°C kPa (this corresponded to R-113 partial pressure of
Zm=1.943m . .
2r ° g::?m: 219 kPa at the prevalent dissolved air content) and a
06 - 1102 xgm2s & liquid temperature at the test section inlet of 43.0°C
\ & (subcooling of 30.0°C). The data shown pertain to the
1 “; ~ o8 increasing-heat flux mode. In Fig. 2, the wall heat flux
< I B has been plotted vs the wall superheat (defined as
g ¢r o 3 T.—T...). whereas in Fig. 3 the wall heat flux is
& WL G © plotted vs the temperature difference between the wall
. g and the mixed-mean liquid, T, — T,,. The phenom-
- ) enon of delayed nucleation followed by a sudden drop
L ‘ %, in the wall temperature (hysteresis), typical of ‘wetting
. . liquid—-commercially prepared surface’ combinations,
is apparent as is the trend of decrease in the magnitude
fard | - r——— L ., of hysteresis with increase in mass velocity. These
trends are in agreement with the observations of
(T~ Teat, e 1. °C Murphy and Bergles [4]. A region of partial nucleate

FI1G. 2. Flow boiling curves at three mass velocities (the filled
symbols indicate single-phase liquid data).
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FiG. 3. Wall heat flux vs the difference between wall and
mixed-mean liquid phase temperatures at three mass
velocities.

boiling can be observed immediately after the hys-
teresis region followed by an asymptotic approach
to the fully-developed nucleate boiling mode. The
fully-developed mode is essentially insensitive to
variations in the mass velocity. All of these features are
consistent with the findings of earlier investigators
(e.g. refs. [1, 4]).

Figure 4 shows two boiling curves at a mass velocity
of 579 kg m~2 s, pressure of 277 kPa, and inlet
liquid temperature of 43.0°C where wall temperatures
measured by STC #1 and #2 are plotted to dem-
onstrate typical data scatter. Except in the vicinity of
hysteresis. the temperatures measured by the surface
thermocouples are within 1 0.4°C of each other. The
difference in the extent of hysteresis in the two curves
may be explained by small variations in local surface
condition (e.g. finish).

Figures 5 and 6 show single-phase liquid forced
convection and subcooled nucleate boiling heat trans-
fer data at three measurement plane pressures, namely
312, 277, and 243 kPa (these correspond to R-113
partial pressures of 253, 219, and 184 kPa, respec-
tively). It is evident from Fig. 6 that pressure has
essentially no influence on single-phase liquid forced
convection heat transfer, the changes in the physical
properties of the liquid with pressure being negligible.
In Fig. 5, a larger hysteresis effect can be deciphered
at lower pressure. Figure 5 also shows that as the
pressure increases the wall superheat decreases at the
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FiG. 4. Flow boiling curve data scatter due to two wall
thermocouples at diametrically opposite locations.

same wall heat flux. This effect in the nucleate boiling
region was also reported by Hsu and Graham [17]
who ascribed it to the variations in the specific volume
difference between the vapor and liquid phases as well
as surface tension. Figure 6, on the other hand, shows
that as pressure increased, T, — Ty, increases in the
nucleate boiling region at the same wall heat flux.
Figures 7 and 8 show single-phase liquid forced
convection and subcooled nucleate boiling heat trans-
fer data at three different inlet subcoolings, namely
20.0, 30.0, and 36.5°C, at a measurement plane pres-
sure of 277 kPa and mass velocity of 801 kgm~2s~".
In the single-phase liquid region, a larger heat flux can
be sustained at the same wall superheat as the local
liquid subcooling increases which, of course, is
expected. The heat transfer coefficient as given by

4
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Tp=420°C
Zme 19430
21 o ped12wPafp=20KPn:
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FIG. 5. Flow boiling curves at three different pressures.
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F1G. 6. Wall heat flux vs the difference between wall and
mixed-mean liquid phase temperatures at three pressures.

equation (1) remains essentially constant here (Fig.
8). It is evident from Fig. 7 that the wall superheat
remains lower at higher subcoolings in the partial
boiling region followed by an asymptotic approach to
fully-developed boiling where the influence of sub-
cooling becomes minimal. Figure 8 shows that the
temperature difference between the wall and the
mixed-mean liquid phase is lower at lower subcoolings
at any given heat flux in both the partial and fully-
developed boiling regions resulting in higher heat
transfer coefficients at lower subcoolings.

It was noted by earlier investigators (e.g. refs. [1,
4]) that the boiling curve data in the nucleate boiling
region for the decreasing-heat flux experiments follow
those of the increasing-heat flux experiments until the
hysteresis region is approached. Figure 9 shows this
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F1G. 7. Flow boiling curves at three different subcoolings.
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FiG. 8. Wall heat flux vs the difference between wall and
mixed-mean liquid phase temperatures at three subcoolings.

behavior at a mass velocity of 801 kg m=? 5™/,

measurement plane pressure of 277 kPa and inlet
liquid temperature of 43.0°C. Additional experiments
run at other mass velocity—pressure—inlet temperature
combinations exhibit similar behavior.

One other feature of the data in the hysteresis region
is noteworthy. This pertains to the appearance, in
some instances, of a multiple-hysteresis (primary,
secondary, etc.) pattern with gradually diminishing
amplitude as the wall heat flux is increased. Such a
pattern can be recognized in the data of Fig. 9. The
multiple-hysteresis phenomenon in a wetting liquid—
commercially prepared surface combination may be
explained as a sequence of superheat buildups fol-
lowed by sudden temperature drops upon activation
of cavities which continue well into the partial boiling
region albeit with decreasing amplitude.

Wall heat transfer coefficient

The definition of wall heat transfer coefficient given
by equation (1) pertains to both single-phase liquid
flow and boiling flow in this work. In ref. [13], we
presented the single-phase liquid turbulent flow data
and compared them to four different correlations/
analyses, namely, Dittus-Boelter, Colburn, Kays—
Leung, and Gnielinski.

Figure 10 shows plots of the wall heat transfer
coefficient vs the heat flux at three mass velocities.

t A distinction is made between ‘high subcooling’ and
‘low subcooling’ condition in the Shah correlation. In the
majority of our experiments the ‘low subcooling’ condition
existed at the measurement plane and the corresponding
correlation was used in predicting the wall heat transfer
coefficient. There were a few low heat flux experiments where
the ‘high subcooling’ condition existed. Even in these cases,
however, the ‘low subcooling’ correlation gave better agree-
ment with our data and was, therefore, used.

A. HasaN er al.
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FIG. 9. Multiple-hysteresis effect.

Both single-phase liquid and flow boiling data are
included. Also shown for comparison are predictions
of wall heat transfer coefficient by the Shah cor-
relation [9].+ The Shah correlation reduces to the
Dittus-Boelter correlation in the event of single-phase
liquid flow.

It is immediately noticeable in Fig. 10 that the
single-phase liquid data do not compare very well
with the Dittus-Boelter correlation. Our own best fit
for the annular test section in the Reynolds number
range of 20000-50000 is [13]

Nu = 0.0106Re" 28 Pr%*. 3

If equation (3) is used in the Shah correlation in
place of the Dittus—Boelter correlation, the agreement

(W/m3K)

p=27TKPa
oL B =219 kPa (T = 73.0°C)
Ta=430C
Zm= 1943 m
© —— G = 579 hy/m?P's
& —-——G = 801 k/m?s
0 ~—=—=G = 1102 kgym2s

12102 . . P
tx10 2 ‘ s 8 1x10® 2

Gy (W/m?)

FiG. 10. Wall heat transfer coefficient data and comparison
with the Shah correlation.
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FIG. 11. Wall heat transfer coefficient data and comparison
with the modified Shah correlation.

between the heat transfer coefficient predictions and
measured data is much better in the subcooled
nucleate boiling region as seen in Fig. 11. This modi-
fication is henceforth referred to as the ‘modified Shah
correlation’.

We studied the use of the Gnielinski correlation
for single-phase forced convection in an annular
geometry [18] in place of the Dittus—Boelter cor-
relation in the original correlation of Shah. This also
resulted in better agreement between the measure-
ments and predictions in the single-phase liquid and
subcooled nucleate boiling regions although the
improvement was not as consistent as when equa-
tion (3) was used. Nevertheless, this demonstrates
that the accuracy of subcooled nucleate boiling wall
heat transfer coefficient correlations depends rather
strongly on the proper choice of the single-phase
liquid forced convection heat transfer correlation.

In Figs. 10 and 11, the data as well as the cor-
relations point to a trend of decreasing wall heat trans-
fer coefficient with increase in mass velocity in the
subcooled boiling region. This is especially the case at
higher heat fluxes as fully-developed subcooled boil-
ing occurs. The trend can be explained as follows:
in fully-developed subcooled flow boiling, the wall
temperature is essentially independent of mass vel-
ocity [6, 7]. However, as the mass velocity increases
at the given wall heat flux, the mixed-mean liquid
(or fluid) temperature decreases. Thus, the wall heat
transfer coefficient decreases with increase in mass
velocity.

Figure 12 shows plots of the wall heat transfer
coefficient, A, calculated as

qw
(Tw - Tb‘ﬂuid)

"
Iw

T -Ty
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FiG. 12. Wall heat transfer coefficient data based on T\, and
T\ nuie and comparison with the modified Shah correlation.

vs wall heat flux at the mass velocity of 579 kg m~?

s~ '. As explained earlier, any change in the value of
h due to the use of T}, 4, in place of Ty, would be of
the same magnitude for the measured data and the
predicted correlation. This is apparent from the figure.

Figure 13 shows a comparison of the measured wall
heat transfer coefficients at three pressures with the
modified Shah correlation. Again, the agreement is
quite good. While essentially no influence of pressure
is seen on the single-phase liquid coefficient, the heat
transfer coefficient in the subcooled nucleate boiling

|l|€ —
h ok
(W/m2K)
G = 801 kgamds
‘r T, = 43.0°C
2= 1943 m
© ~=== p»312KkPa (p, » 253 \P2)
&~ pa2TTkPa(p, = 219 WPY)
2 0 —=— p=243kPa (p, = 184 1P}
1210? ; L NP |
1210 2 . [ RTT 2
q," (Wim2)

FIG. 13. Wall heat transfer coefficient data and comparison
’ with the modified Shah correlation.
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Fi1G. 14. Wall heat transfer coefficient data and comparison
with the modified Shah correlation.

region decreases with increase in pressure. A possible
explanation is as follows.

The temperature difference between the wall and
the bulk (mixed-mean) liquid can be expressed as

Tw - Tbl = (Tw - Tsat.r) + (Tsa!.r - Tbl)- (4)

While the saturation temperature increases with
increasing pressure, the difference between the wall
temperature and the saturation temperature decreases
because of an increase in the density of nucleation sites
caused mainly by a reduction in the surface tension of
the fluid. At the same time however, the difference
between the saturation temperature and the bulk
liquid temperature increases by a sufficient enough
magnitude to more than compensate for the decrease
in (T—T..,). The end effect is that (T,—Ty)
increases with increasing pressure which translates to
a decrease in the wall heat transfer coefficient.

Figure 14 shows a comparison of the heat transfer
coefficient data at three inlet liquid subcoolings with
the modified Shah correlation predictions. The agree-
ment is good. A trend of decreasing wall heat transfer
coefficient in the nucleate boiling region can be ident-
ified as the subcooling is increased. Again, the essen-
tially invariant wall temperature at any given pressure
explains this trend.

A correlation for the wall heat transfer coefficient
at saturated flow boiling in tubes and annuli has been
developed by Gungor and Winterton [11]. For sub-
cooled flow boiling they suggest a modification which
involves setting the ‘enhancement factor, E in their
correlation to unity but retaining the ‘suppression
factor, S”. Figure 15 shows a comparison of the wall
heat transfer coefficient data with values predicted by

A. Hasax et al.
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Fi1G. 15. Wall heat transfer coefficient data and comparison
with the Gungor-Winterton correlation.

this correlation in which the suppression factor is
calculated from the expression.

1

S = IF115x10 °E Re' ™

&)

after setting E to unity. If, however we use the value
of E obtained from their suggested expression

E =1+2400080"'¢+1.37(1/X,,) "% (6)

in calculating S (this may be one interpretation of
how this correlation should be used), the agreement
between our data and the correlation becomes poor.

It is apparent from Fig. 15 that the agreement
between our data and the Gungor-Winterton sub-
cooled boiling correlation improves as the degree of
subcooling decreases. In the highly subcooled region
however, the agreement is not as good as it is with the
modified Shah correlation.

The wall heat transfer coefficient data were also
compared with the Chen correlation as modified for
use in subcooled flow boiling situations [8, 12]. The
agreement was generally poor.

CONCLUDING REMARKS

The experiments reported here confirm the effects
of mass velocity, pressure, and subcooling on partial
and fully-developed subcooled nucleate flow boiling
heat transfer. The Shah correlation when modified by
replacing the Dittus—Boelter correlation for single-
phase liquid convective heat transfer by one better
suited to the annular geometry is able to predict the
wall heat transfer coefficient quite well.
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EXPERIENCES SUR L’EBULLITION EN ECOULEMENT SOUS REFROIDI DANS UN
CANAL ANNULAIRE VERTICAL

Résumé—Des expériences concernant le transfert thermique pendant I'ébullition en écoulement sous

refroidi sont réalisées dans un canal vertical annulaire dont la paroi intérieure est chauffée et I'autre externe

est isolée. Le fluide de travail est le R113. Les données expérimentales correspondent 4 trois débits-masse

(579, 801 et 1102 kg m~2s™"), trois pressions (312, 277 et 243 kPa) et trois sous-refroidissements a I'entrée

(20, 30 et 36,5°C). On identifie un phénoméne multiple d’hystérésis. Les coefficients de transfert thermique

pariétaux sont comparés aux prévisions de plusieurs formules et on suggére une amélioration de la formule
de Shah pour les espaces annulaires.

EXPERIMENTE ZUM WARMEUBERGANG BEI UNTERKUHLTEM
STROMUNGSSIEDEN IN EINEM VERTIKALEN RINGSPALT

Zusammenfassung—Experimente zum Wirmeiibergang bei unterkiihltem Stromungssieden werden in
einem vertikalen Ringspalt, dessen Innenwand beheizt und AuBenwand isoliert ist, durchgefiihrt. Das
Arbeitsmittel ist R113. Es werden Ergebnisse fiir den Wirmeiibergang bei drei Massenstromdichten (579 ;
801 und 1102 kg m~? s~ ') drei Driicken (312; 277 und 243 kPa) und drei Eintrittsunterkiihlungen (20,0;
30,0 und 36,5°C) mitgeteilt. Mehrfache Hysterese-Erscheinungen werden beobachtet. Die an der Wand
gemessenen Wirmeiibergangskoeffizienten werden mit Berechnungen nach verschiedenen Korrelationen
verglichen ; eine Verbesserung der Korrelation nach Shah fiir Ringspaltstrdmung wird vorgeschlagen.

DKCMEPUMEHTHI 110 TEIUIOOBMEHY IPH TEYEHMU KMITAMEN HEJOTPETON
XHUOKOCTHU B BEPTUKAJIBHOM KOJIBLIEBOM KAHAIJIE

AmmoTams—TIIpoBeacHN 3XCIEPHMEHTH N0 TEIUIOOOMEHY NPH TEYCHHWHM KANsled Hegorperoft xua-
KOCTH B BEPTHKA/IBHOM KOJIBICBOM KaHajle C HArpeTo#ft BHYTPCHHCH H H3OJHpPOBAHHON BHEUIHCH CTeH-
xamu. Pabouelt xmaxocThio sBAUICK Xnamarent-113. IMpencrsnennl naHHee MO TemwtooGMmeny B
npoliecce TEYCHAR KHONIEH XHAXOCTH NPH TPEX PAIHIHBIX 3JHAYCHHAX MaccoBoit ckopocta (579, 801 u
1102 xr M~ 2 ¢™Y), nannenns (312, 277 u 243 xIla) u nenorpesa Ha sxone (20,0; 30,0 u 36,5°C). Ycranos-
JIEHO SBJICHHE MHOXCCTBEHHOTO IHCTepednca. I[IpoBeOCHO CPaBHEHHE 3KCIHCPHMCHTANLHLIX 3HAaYCHHH
x03QQRUMEHTa TEIUIONEPEHOCA ¢ PACICTAMH [0 PAaIMYHBIM COOTHOILICHHAM, H NPCATOXCH Cnocob
yroanenns o6o6mennoit 3asucumocTtH Illaxa U1 X0/ILUEBBLIX KAHAOB.



