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Nucleate Pool Boiling over Vertical Steps

John Baker¤ and Krishna Prasad A. K.†

University of Alabama at Birmingham, Birmingham, Alabama 35294-4461

Nucleate subcooled pool boiling of water over vertical steps was carried out under atmospheric conditions.
Two forward-facing steps of 0.8125 and 0.50 in. were considered. Data were statistically analyzed to determine
samplingerror. The ebullitionwas qualitativelyexplained in terms of thermal/� ow� elds and bubbledynamics.Plots
of boiling heat � ux vs superheat and surface heat transfer coef� cient vs heat � ux have been provided. Empirical
correlations, developed from the above-mentioned data, are also presented. Boiling on vertically extended surfaces
showed an increase in heat � ux for a given superheat when compared with a plain vertical surface because of � uid
agitation in the region of the step. The parameters associated with bubble dynamics and bubble interactions were
also qualitatively discussed.

Nomenclature
C = correlation constant
h = surface heat transfer coef� cient, kW/m2 K
n = exponential constant
q = ebullition heat � ux, kW/m2

T = temperature,K

Subscripts

p = pool conditions
w = wall conditions

Introduction

H EAT transfer by means of phase change, i.e., boiling, is the
most effective means of transferring energy in areas where a

high rate of heat transfer needs to be achieved at near-isothermal
conditions. Boiling by direct immersion techniques is increasingly
used as an ef� cient form of heat transfer from high heat � ux com-
ponents such as electronic devices. The present trend is to enhance
boiling by use of various surface modi� cations to achieve better
operating ef� ciencies at lower operating costs.1

Although there is a wealth of literature in the area of nucleate
boiling heat transfer,2¡4 it is seen that nucleate pool boiling on
vertical cylindrical surfaces has not been investigated in its com-
pleteness. Further, boiling on vertically extended surfaces in the
form of forward-facing steps has not been investigatedbefore. Sev-
eral researchers5¡10 have observed that nucleate boiling is more
ef� cient when the surface is vertically oriented rather than in the
horizontal position because of the varying nature of the thermal
boundary layer and the buoyancy force, especially in the low heat
� ux region.5 Boiling on downward-facingsurfaces7 was also found
to be better than on upward-facing surfaces because of the differ-
ing nature of the thermal boundary layer, which is thicker for a
downward-facingsurface than for an upward-facingsurface.To uti-
lize completelythe advantagesof boilingby use of verticalplain and
extended surfaces, a clear understandingof the process of nucleate
boiling on these geometries needs to be achieved. The step can be
considered as a downward-facing surface, and hence the extended
surfaces considered here combine the advantages of both vertical
and downward-facingsurfaces.In this paper, the boilingmechanism
has been qualitatively discussed and best-� t correlations based on
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a power-law-type regression have been obtained for the ebullition
heat � ux–superheat and heat transfer coef� cient–heat � ux varia-
tions. The variations in the parameters associated with a bubble are
also discussed.

Boiling Test Cell
Figure 1 presents a schematic diagram of the boiling test cell

used in this investigation. The primary components of the test cell
are a pool boiling tank, a heater/heat exchanger con� guration capa-
ble of maintaining a constant pool temperature, a data acquisition/
visualization system, and an instrumented cylindrical test speci-
men.The glass-walledpoolboiling tankmeasured300 mm in width,
480 mm in height,and 760 mm in length.The top of the tank was ex-
posed to the atmospheric conditions.Energy was removed from the
liquid within the pool boiling tank by two compact heat exchangers.
The � ow rate within each heat exchanger was controlledmanually.
Heat exchanger coolant (a mixture of ethylene glycol, diethylene
glycol, and water) was circulated between the heat exchangers and
a coolant reservoirby a submersiblepump locatedwithin thecoolant
tank (not shown in the � gure). In addition to the heat exchangers,
two 2-kW submersion heaters were � xed within the pool boiling
tank.The primary functionof these heaters was to preheat the water
within the tank. They were also used to maintain the temperature of
the water in the tank when the energy from the heated test specimen
was insuf� cient to offset heat losses from the pool boiling tank to
the surroundings.Each submersion heater was regulated by a sepa-
rate proportional–integral–derivative temperature/power controller.
A dataacquisition(DAQ)systemrecordedvoltagereadingsfrom the
10 T-type thermocouples used to instrument the heated test speci-
men and the four T-type thermocouplesused to measure the temper-
atureof thewaterwithin theboiling tank.The DAQ systemconsisted
of an external multiplexer board and a DAQ board mounted within
a personal-computer-class computer (Pentium 90-MHz processor).
An integrated-circuittemperaturesensor,locatedon themultiplexer,
was used for cold-junctioncompensationof the thermocouple read-
ings.Thermocouplevoltagereadingswere convertedto temperature
data by LabVIEW, a commercially available software package for
DAQ, control, and analysis. Boiling behavior in the vicinity of the
step was recorded by a digital video camera with a shutter speed
of 1/ 4000 of a second and a 180 £ digital zoom lens. Because of
the quality of the video images obtained during the course of the
investigation,no quantitative results were obtained.

Figure 2 is a schematic diagram of the cylindrical test specimen
showing thedimensionsof the thermcouplesand the cartridgeheater
unit. The dimensions identi� ed in Fig. 2 are speci� ed for both step
sizes in Table 1. The test specimen was mounted in the boiling tank
verticallyalong the axis of the test specimen.The test specimen was
formed froman aluminum(ASTMB221) rod.A forward-facingstep
was machined into the aluminum rod approximately halfway along
the length of the rod with a step size of S, as indicated in Fig. 2.
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Fig. 1 Schematic representation of the experimental con� guration.

Fig. 2 Diagram of the
test specimen.

Table 1 Dimensionsa referenced in Fig. 2

Dimension Case 1 Case 2

A 2.00 2.75
B 3.25 4.00
C 4.50 5.25
D 7.50 8.25
E 7.75 8.50
G 5.25 6.00
J 2.5 2.25
S 0.8125 0.500

aAll measurements are in inches.

A hole (0.75-in. diam) was drilled to a depth E , as indicated in
Fig. 2, to accommodate a cartridge heater unit. The cartridge heater
(0.75-in. diam and 6.00 in. long) inserted into the test specimen had
a power density rating of 0.25 W/mm2 with a total wattage of 2 kW
at 240 V. A variable power supply was used to regulate the power
to the cartridge heater. The power supplied to the cartridge heater
was determinedwith a voltmeter and an ammeter with uncertainties
of §0.005 V and §0.005 A, respectively. Ten low-noise T-type
thermocouples (4.75 mm in diameter) were located in the drilled
thermocouplewells at � ve different depths in the test sections.Two
thermocoupleswere positioned at each depth. The respective ther-
mocouple well depths are indicated in Fig. 2 as dimensions A–D.
The standard error for T-type thermocouples is reported as §1±C.
Note thatFig. 2 is a schematicdiagram,is not to scale,andshouldnot
be considered a mechanical drawing. Two cement-on bead-welded
T-type thermocouples were located at the top of the test specimen
to determine the temperature of that part of the test specimen out-
side the boiling pool. A heat transfer release coating � uid with a
thermal conductivityapproachingthat of aluminum was used to � ll
completelyany gaps that occurred between the cartridge heater and
its corresponding mating hole in the test specimen because of ma-
chining tolerances. To minimize axial conduction losses, the space
above the heater was � lled with insulation and polystyrene foam. A
surface-roughnessestimate (root-mean-squarevalue) was obtained
with a Mitutoyo Surftest 402 instrument. This value was found to
be 0.3 l m for both the test sections.

Experimental Procedure
All the trials were carried out at a water temperature of 90±C

with atmospheric pressure at the upper pool surface. The statistical
variation in the temperature at any two random depths of the pool
was found to be less than 0.5±C before the onset of heating the test
specimen.The test specimenswere cleanedwith acetone,dried, and
then immersed into the boiling tank. The cartridge heater was then
switched on. During each trial, the heat � ux was varied accordingly
to obtain a total of 16 heat � ux steps with a � nal voltage of 240 V.
Each heat � ux step was maintained for at least 15 min to allow
the boiling process to reach steady state. We veri� ed steady-state
conditions by noting the readings of the thermocouples located in
the test sections and the pool boiling tank at regular intervals of
time. The atmospheric pressure, thermocouple readings, and the
input power to the cartridge heater were all recorded during each
trial for future analysis.

The heat transferredto the liquid surroundingthe test sectionswas
computed after determination of the heat loss along the axial direc-
tions both above and below the heater, assuming one-dimensional
heat conduction.The averageheat loss that was due to axial conduc-
tion was observed to be of the order of 23% of the energy supplied
to the cartridge heater, as determined from the voltage and current
readings.This value representsthe percentagelost for conditionsun-
der which the maximum power was being supplied to the cartridge
heater. The surface temperature was computed after the resistance
between the thermocouplesand the outer surface of the test sections
was accounted for by a one-dimensional radial heat conduction as-
sumption. In the results presented in this paper, the impact of the
existence of thermocouples in the test specimen and the associ-
ated heating of the electrical leads to the cartridge heater have been
neglected.
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Results and Discussion
The experimentinvolvedsubcoolednucleatepoolboilingofwater

over vertically extended cylindrical surfaces, i.e., a vertical step un-
der atmosphericconditions.The results are presentedand discussed
separately along two facets of the experiment:

1) the nature and the behavior of the temperature data from a
statistical viewpoint

2) theboilingbehavioras describedby theplotsand thequalitative
analysesof the thermal and the hydrodynamic� ow� elds along with
the nature of bubble behavior at various heat � uxes

The data set was composed of temperatures from the water in
the boiling tank, temperatures from the test specimen, atmospheric-
pressuremeasurements,and power measurements (voltage and cur-
rent) from the cartridge heater.

Statistical Analysis

The data were examined to investigate the error associated with
sampling. A detailed explanation is provided in Ref. 11. It was
seen that once conditions of steady state had been reached, for a
95% con� dence interval, 40 readings were a suf� cient sample size
for temperature measurements at each depth both from accuracy
and time requirements.Con� dence limits at a 95% con� dence level
were provided for the difference between means at each thermo-
couple location for each trial. The statistical error associated with
measurementwas provided in terms of the uncertaintyassociatedin
the measurement of the maximum heat � ux value and it was equal
to 0.1%. The F statisticwas used for evaluatingthe numberof trials.
A two-factor analysisof variance (ANOVA) was carried out at each
heat � ux step size to determine if the variation in the thermocou-
ple readings at each depth for several trials and the thermocouple
readings at each trial for varying depths were due to randomness.
The interaction between several trials and varying depths was also
tested for randomness.

The con� dence interval was given for the difference of means
between the thermocouple readings at the same depth for different
heat � uxes. The con� dence intervalmatrix sampled for several heat
� uxes during a single trial showed a uniform spread in value among
all the cells. A test was also carried out to determine if the variation
between the temperature values of the thermocouplesat each depth
was due to randomness alone. The results revealed that most of
the time there was no statistical difference among the values. The
probability of such a statistical difference at any heat � ux for any
pair of thermocouples located in the test section was found to be
less than or equal to 0.1.

After the two-factor ANOVA was carried out at each heat � ux
step, it was seen that the variation in the thermocouple readings at
each depth for several trials and the variation in the thermocouple
readingsat each trial for varyingdepthswere becauseof randomness
alone.The interactionbetweenseveral trials and varyingdepths was
also observed to be random.

Experimental Analysis

The ebullition heat � ux, computed after the axial losses from the
test specimen were accountedfor, is plotted vs a modi� ed superheat
value in Fig. 3 for both step sizes. The modi� ed superheatis de� ned
as the difference between the wall temperature minus the boiling
tank water temperature. Note that the de� nition of the modi� ed su-
perheat differs from the traditional de� nition of superheat, i.e., wall
temperature minus saturation temperature. For subcooled boiling a
term is also usually introducedto accountfor the fact that the pool is
at a temperature less than saturation. Since the goal of this investi-
gation is to determinethe effect of the step and not to developexper-
imental correlations, the use of a modi� ed superheat does not seem
unreasonable.These plots presented in Fig. 3 represent the average
of four trialschosenfromamongthe many trialsconducted.It should
be noted that these four trials were pickedon a randomsample basis,
although as a sequence, because the surface variability from trial to
trial is an inherent occurrence. The calculated measurement uncer-
tainty in the heat � ux for both step sizes ranged from approximately
§0.05W at theminimumheat � uxappliedto approximately§1.2 W

Fig. 3 Boiling heat � ux vs modi� ed superheat.

Fig. 4 Boiling convection coef� cient vs boiling heat � ux.

at the maximum heat � ux value. The measurement uncertainty in
the modi� ed superheat value was calculated to be approximately
§1.4±C. The above uncertainties are based on the accuracy of the
measurement devices; they do not represent statistical uncertainty.
From Fig. 3, it is seen that there are two distinct zones of heat trans-
fer: a natural convection zone and a nucleate boiling heat transfer
zone.The steep slope is characteristicof the boilingprocesswherein
heat is removed both by sensible heat transport through the bubble
and the latent heat transport of the microlayer beneath the bubble.
The boiling heat transfer coef� cient is also plotted against vs heat
� ux in Fig. 4, againbasedon the averageof the four trial values. The
measurement uncertainty in the boiling heat transfer coef� cient for
the 0.8125-in. step ranged from §0.0578 W/m2 K at the minimum
appliedheat � ux to §0.1498 W/m2 K at the maximum applied heat
� ux. For the 0.5-in. step size, the measurement uncertainty range
was from §0.0022 W/m2 K at the minimum applied heat � ux to
§0.183 W/m2 K at the maximum applied heat � ux.

From the experimentaldata, correlationsfor the pool boilingheat
transfer as functions of the modi� ed superheat were obtained with
power-law-typeregression.Note that these correlationsare not valid
over the entire nucleatepoolboilingregime for water at atmospheric
pressure and are presented only to illustrate the impact of the step
on boiling characteristics. Data were obtained up to a maximum
wattage of 2 kW, which was insuf� cient to obtain critical heat � ux
conditions. The heat � ux correlations are in the form of

q D C1(Ts ¡ Tw)n1 (1)
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Table 2 Empirically determined constants
and correlation coef� cients for Eq. (1)

Step size, in.

Variable 0.8125 0.500

C1 0.0207 0.0995
n1 2.4771 2.0037
R2 0.9870 0.9842

Table 3 Empirically determined constants
and correlation coef� cients for Eq. (2)

Step size, in.

Variable 0.8125 0.500

C2 0.2057 0.3091
n2 0.6016 0.5097
R2 0.9942 0.9847

where the valuesof C1 , n1, and the respectivecorrelationcoef� cient
R2 are found in Table 2. Similarly, correlations for the convective
heat transfer coef� cient were obtained. These correlations are pre-
sented in the form of

h D C2q
n2 (2)

where the valuesofC2 , n2 , and the respectivecorrelationcoef� cients
R2 are found in Table 3. It was seen that the surface heat transfer
coef� cient for the vertical step of size 0.8125 in. was »80% more
than that for vertical plain cylinder results.11 For the step size of
0.500 in., the heat transfer coef� cient was nearly twice than that for
a vertical plain cylinder.11

Three zones of boiling could be de� ned based on visualizing the
process. These are below the step, the step itself, and above the
step. Boiling in the region below the step was found to be vigorous
with the production of a large number of bubbles. The nature of
the bubble parameters was found to be similar to those of a plain
vertical cylinder.11 The thermal boundary-layer pro� le during the
natural convection period showed a thickening of the layer as it
approached the step, and in the region of the step there was rapid
� uid agitation. Once boiling was vigorous at high heat � uxes, the
agitation increased not only because of the step but also because of
the formation of bubbles along the step. Contrary to the occurrence
of a reattachmentzoneduringnaturalconvectionof air over a step,12

here the boundary layer developed at the outside edge of the step
itself and progressed into the region above the step. It was seen that,
because of the nature of the thermal and hydrodynamic boundary
layers, the bubbles that originated from the region below the step
tended to hit the step at points well inside of the inside edge of the
step.This is also valid for the bubbles that originatefrom pointswell
below the step region. However, for those bubbles that originated
at lengths that were very close to the inside edge of the step, the
nature of the bubble interaction had to be considered. The number
of active nucleation sites was found to increase with an increase in
heat � ux.

The boiling heat transfer below the step was similar to that of a
plain vertical cylindrical surface. After the video recordings were
analyzed, it was seen that at a low heat � ux (5.94 kW/m2) there
were certain active sites for bubble growth on the surface of the
test section. The tendency of the bubbles to slide along the vertical
surface (both below and above the step) was observed at low heat
� uxes only. This sliding bubble implies the existence of a liquid
layer between the bubble and the surface since the possibility of
a fully grown bubble’s sliding is not possible because of the � ow
of the surrounding liquid onto the surface behind the wake of the
bubble that aids in its departure. Further, a fully grown or departing
bubble does not have any interfacial contact with the surface that
may be thought to be responsible for the slide.

The sliding nature of the bubbles above and below the step has
been explained in detail by Prasad,11 who used the three-phase-line
(TPL) approachproposedby Mitrovic.13 In Fig. 5, two interfaces in

Fig. 5 Vapor bubble during a) initiation, b) growth, c) just before de-
tachment, d) after detachment.

the microlayer region are de� ned for the growing vertical bubble.
These are the leading (AA) and trailing (B B) interfaces. The TPL
motion, as proposed by Mitrovic,13 in� uences both AA and B B.
During the bubble’s growth, the directions of the interface motions
are as shown in Fig. 5. It is seen that for interface AA, the direction
of interface motion and the buoyancy vector are both in the same
direction, whereas for the interface B B, the directionsare reversed.
This implies that the rates of motion of interfaces AA and B B are
different. This difference is believed to be the cause for bubble’s
sliding.The slide can be considered to be a result of the interfacial–
interfacial motion that exists between AA and B B.

During departure it is seen that the motions of AA and B B are
reversedand are toward the cavity mouth. This causes interface B B
to move at a higher rate compared with that of AA. This may cause
interface B B to slide into the cavity at which it originated. Finally
the two interfaces meet each other, after which the bubble departs.
The � ow of liquid into the microlayer is also to be consideredalong
with the forces and heat transfer effects in explaining the interfacial
motions. As interface AA moves up during growth, there is also a
continuous latent heat transfer across the microlayer. This causes
the interface to grow as it moves. Because interface AA moves at a
rate higher than that of B B , the heat transfer through the microlayer
is not uniform for both interfaces AA and B B. For the bubble to
grow rather than collapse, the increase in motion of interface AA
has to be compensated for by an additional amount of heat � ow
through microlayer P . This is because an interface motion away
from the originatingcavity causes an interactionwith liquid, which
is at a lower temperature than in the microlayer, and hence there is
a possibility of heat transfer in the reverse sense, that is, from the
bubble to the surrounding liquid. To circumvent this, heat transfer
through microlayer P must be greater than that of microlayer Q.

Hence the sliding nature of the bubble depends on the interac-
tions of the � uid thermal–mechanical parameters that vary both in
time and space and also surface parameters like orientationand sur-
face � nish. Although the motion of interfaces A A and B B may be
observed on a surface at all inclinations, it is unlikely that there
will be an interfacial–interfacial motion observed on a horizontal
upward-facingsurfacethat is due to thenatureof thebuoyancyforce.
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However, the sliding nature of the TPL, as suggestedby Mitrovic,13

will in all probability occur. The surface � nish relates on a micro-
scopic scale to the number of active nucleationsites present and the
bubbleduring its slide may activatesites that were initiallydormant,
thereby causing an increase in nucleation site density, which on a
macroscopic scale affects the overall ebullition heat � ux.

The bubble parameters and bubble behavior along the step are
quite different from the rest of the test section. The step may be
consideredas a horizontaldownward-facingsurface (that is, heated
from above). However, here the heat transfer is not uniformover the
region of the step. This is due to the design and the constructionof
the test section that uses a singlecartridgeheater that is locatedat the
centerof the test section.This nonuniformityof heat � ux transferred
to the step in� uences the variation of bubble parameters on the
outside of the step that, on a macrolevel, in� uences the ebullition
heat transfer. The temperature at the inside edge of the step is found
to be in excess of the temperatures recorded at the outside edge of
the step by approximately 6% at maximum heat � ux.

At low heat � uxes, it is seen that boiling � rst occurs around the
inside edge of the step. The bubbles that originate are small in di-
ameter and have a very low release frequency. These bubbles tend
to slide along the step, and, in doing so, they may perform two func-
tions that aid theebullitionprocess.Each bubbleduring its slidemay
uncoverand activateadditionalnucleationsites, therebycausingva-
por production to increase. The bubble during its transit along the
step may also receive extra heat transfer from the microlayer that is
beneath the bubble, causing the sum total of latent and sensibleheat
carried away per bubble to increase. However, these two functions
are dependent on several factors, such as the nature of the bubble
when it originates, the temperature gradient pro� le along the step,
the nature of the surface, and the liquid temperature.

At moderate heat � uxes, the bubble formation is spread along
the step, and the size of the bubbles (on an individual basis) is
found to decreaseas the distance from the inside edge to the outside
edge of the step increases. The bubbles now tend to merge as they
travel along the step. Again, Fig. 5 shows a schematic sketch of
the behavior of bubbles on the surface. This has been drawn based
on visual observations of the boiling process. This bubble merging
causes the above-mentionedtwo functions to occur that accentuate
the boiling process.

To explain the behavior described above, one may de� ne a new
parameter referred to as a bubble interaction parameter (BIP). This
stochasticmeasure may vary from one to any positivenumber. If the
BIP is equal to one, then it means that there is no bubble interaction
and each bubble’s history has no in� uence on or is in� uenced by
other bubbles. The BIP is a stochastic measure, and hence one can
speak of a range of values for the BIP for a speci� ed con� dence
level. It is important at this point to differentiate between the BIP
and the other usual parameters that are associated with a bubble.
Note that the BIP makes sense only when more than one bubble is
considered and that it is associated when a modi� ed surface (step)
only is considered. Hence it is not a parameter associated with a
single bubbleand a plain surface.BIP values indicate the coalescing
nature of the bubbles. As mentioned above, at moderate heat � uxes
the bubbles that form at the insideedgeof the step tend to slide along
the step, and in doing so they coalesce with other bubbles along the
way until they reach the outsideedgeof the step.During this process
the bubbles tend to grow in size and they acquire an elongated
ellipsoidalshape. The shape depends on the step size. It is seen that
the bubbles tend to have an intermittent, and not a smooth, motion
during their transit toward the outside edge of the step. This may
be because of the motion of the microlayer beneath the bubble and
the correspondingpumping of heat energy into the growing bubble.
(Note that here “growing” is used in the context of an increase in
size caused by the merger of several bubbles.) It is known that even
in the case of a single bubble on a plain surface, there is an area
over which the bubble in� uences the behavior of nucleation sites.14

Hence this also needs to be considered apart from the BIP measure
when bubble interactionsare analyzed in the step region.

Once the bubble reaches the tip (or outside edge) of the step,
it moves up and condenses in the bulk liquid because the boiling

is under subcooled conditions. At high heat � uxes, the frequency
of bubble generation increases at the expense of its size, and the
interaction of bubbles needs to be looked at from two points of
view. As mentioned above, a greater percentage of the bubbles that
originate from the region below the step hit the step at points well
within the inside edge of the step. Hence these bubbles agitate the
� uid and also interactwith the bubbles along the step to enhancethe
heat transfer process. The vapor bubbles impinging on the step may
also collapse or combine with bubbles formed at the step, although
the probability of the latter is not great, as observed during the
experiment. Nevertheless, this indicates that we have to consider
BIP values from this viewpoint too.

Boiling in the region above the step is found to be smaller com-
pared with that in the previous two zones. This may be due to the
increased thickness of the test section (and hence an increase in re-
sistance of heat transfer to the liquid) in the region above the step.
It is seen that, because the bubbles that are formed at the step con-
dense once they move out from the outside edge of the step, the
bubbles in the region above the step undergo no interaction with
the bubbles from the previous two zones. Further, even at high heat
� uxes, the bubbles from this zone are not as large as those from the
region below the step, nor is their frequency. This implies that the
contribution of boiling in the region above the step to the overall
boiling heat transfer is quite small.

The reduction of the step size from 0.8125 to 0.500 in. is found to
in� uence the � nal size of the coalescedbubble as it departs from the
outside edge of the step. It is seen that the � nal size of the bubble is
smaller compared with a step size of 0.8125 in. However, ebullition
heat transfer is better here than for the step size of 0.8125 in., and
this may be due to the increasedfrequencyof bubble generationthat
more than offsets the reduction of bubble size. It is seen that for the
same heat � ux, the surface heat transfer coef� cient for a step size
of 0.500 in. is in excess of the value for a step size of 0.8125 in. by
»12%. Further, boiling in the region above the step size of 0.500 in.
is found to be better compared with that of the 0.8125-in. step.

Conclusions
Pool boiling on vertical plain and extended surfaces under sub-

cooled conditions in water at atmospheric pressure was performed.
The verticallyextendedsurfaceswere in the form of forward-facing
steps.A thoroughstatisticalanalysiswas carried on the data, and the
correspondingcon� dence interval and statistical variation matrices
were determined. The boiling process was qualitatively described
with the help of visual recordingsand still image capture by a digital
video camera. Best-� t correlation equations were obtained that re-
late the ebullitionheat � ux to superheatand the surface heat transfer
coef� cient to the ebullition heat � ux. The in� uence of the step on
enhancing the boiling process was described. The coupling of the
sensibleheat transferand the latent energy transporton the extended
surfaces was found to improve the heat transferred for the same de-
gree of superheat. The aspect of sliding bubbles that was noted on
all the vertical surfaces during experimentationwas also explained.

It was seen that the sliding of the bubbles at low heat � uxes might
bebecauseof the interfacial–interfacialmotionof the interfaceat the
base of the bubbles. Among other parameters, the buoyancy force
vector orientation determines the sliding. A qualitative explanation
was provided that explains the nature of the interface motion and
the � uid-thermodynamic effects associated with it. Boiling on the
stepped surfaces was discussed with reference to the nature of the
bubblesand theirparameters.It was proposedthat a new term, called
the bubble interactionparameter, be de� ned that explainsthe extent
of the coalescing nature of the bubbles along the step.
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