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Abstract—Pool boiling heat transfer in a confined narrow space is systematically investigated for saturated
water at atmospheric pressure between heated and unheated parallel rectangular plates. Experiments are
performed at heat flux from boiling inception to the critical heat flux on heating surfaces with a width of
30 mm, lengths of 30 and 120 mm, and gap sizes of 5, 2, 0.6 and 0.15 mm under three surface peripheral
canditions. They are all edges open, closed side edges, and closed side and bottom edges. Space inclination
is also changed from vertical to facing downwards nearly to the horizontal. On the basis of measurements
and observation, boiling behavior and mechanisms in a narrow space are discussed. Measured critical heat
flux under two different periphery conditions are also compared with predictions on corresponding burnout
models.

1. INTRODUCTION

PooL BOILING in a confined narrow space is frequently
encountered in various heat transfer equipment. In
this case, heat transfer characteristics become quite
different from those of conventional unconfined pool
boiling. There may arise in a confined space two
opposing effects either to enhance or to degrade heat
transfer as compared with that for the unconfined
situation. Therefore, knowledge on the effect of a
confined space on heat transfer in pool boiling is of
great practical importance and also of great academic
interest, but it is still very limited.

Several investigations have been conducted in a
confined narrow space so far. Katto and co-workers
[1, 2] carried out experiments on nucleate boiling at
rather high heat flux in a space bounded by two hori-
zontal co-axial disks with the lower disk heated and
they classified the boiling behavior depending on gap
size into three regions as follows: unheated bubbles,
depressed bubbles, and oppressed bubbles. They
investigated in detail the region of depressed bubbles
and pointed out the thin liquid film evaporation as
a dominant heat transfer mechanism of this region.
Ishibashi and Nishikawa [3] performed experiments
at rather low heat flux in a vertical annuli of a heated
core and unheated external shroud with both ends
open. They identified the isolated bubble region and
the coalesced bubble region. Compared with the
unconfined situation, the enhanced heat transfer
coefficient is attained in the coalesced bubble region
and an empirical correlation was proposed for this
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region. Yao and Chang [4] studied pool boiling in a
vertical annuli with a closed bottom for various gap
sizes, fluids, and heat fluxes, and distinguished three
boiling regimes of isolated deformed bubbles, slightly
deformed bubbles, and coalesced deformed bubbles,
on a boiling map where the Bond number and the
boiling number are chosen as coordinates. Hung and
Yao [5] measured the heat transfer coefficient and
critical heat flux in a horizontal annuli with open ends,
and investigated the effects of annuli length, liquid
subcooling, and non-uniform gap due to eccentricity.
As for the critical heat flux in a confined space, Chang
and Yao [6] and Nejat [7] modified the flooding model
of Wallis [8] to correlate their data in a vertical annuli
with a closed bottom. Kusuda and Imura [9] clarified
heat transfer in an annuli of a boiling thermosyphon
with an unheated core rod.

Though considerable light has been focused on the
heat transfer problem through these experimental
studies in confined narrow spaces of various size and
geometry under various peripheral conditions, there
may still be required basic data to elucidate further
the boiling behavior and heat transfer in a confined
narrow space.

In the present study, systematic experiments on heat
transfer characteristics in pool boiling are performed
in a confined narrow space bounded by a rectangular
heating surface and an opposed unheated plate. Vari-
ous parameters which may affect the boiling behavior
in a confined space are taken into account. They are
the gap size, the peripheral condition of a space
whether edges of a space are open to bulk liquid
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NOMENCLATURE
A area [m?] s gap size [mm or m)
a thermal diffusivity [m®s~'] AT, wall superheat [K]
C constant in equation (13) [—] t time {s]
I friction coefficient [—] v specific volume [m*kg ']
D characteristic dimension [m] w width of duct [m]
D, hydraulic diameter [m] x quality [—]
f void fraction [—] z distance along duct [m].
G superficial mass velocity (kgm ?s']
g gravitational acceleration [ms~?]
H height of duct [m] Greek symbols
j* non-dimensional superficial velocity [—] o heat transfer coefficient [Wm K ']
Ah, latent heat of evaporation [Jkg™'] & thickness of thin liquid film [m]
Nu  Nusselt number [—] 0 inclination angle [deg]
p pressure [Pa] y) thermal conductivity [Wm 'K ']
q heat flux [Wm 2] u viscosity [Pas]
Re  modified Reynolds number defined by v dynamic viscosity [m?s~']
equation (6) [—] P density [kgm 3}
AR  gap size of annuli [m] Ty wall shear stress [N m™?].

or not, the longitudinal length of a space, and the
inclination of a space. Heat transfer coefficient and
critical heat flux are measured along with visualization
of boiling behavior for saturated nucleate boiling of
distilled water under atmospheric pressure at heat flux
covering almost the whole nucleate boiling region. On
the basis of the experimental data and observation,
characteristics and mechanism of boiling in a confined
space are discussed and heat transfer models and ten-
tative prediction of heat transfer are proposed. The
critical heat flux under two basically different per-
ipheral conditions are reproduced by corresponding
different burnout mechanisms.

2. EXPERIMENTAL APPARATUS AND
PROCEDURE

The experimental apparatus is illustrated in Fig. 1.
The heating surface assembly ® is installed in the
middle of an inner boiling vessel ® by horizontal
supporting tubes @, which bring power and thermo-
couple leads to and from the inner vessel. These
supporting tubes can be rotated around the horizontal
axis to change an inclination angle of a heating surface
without interrupting the boiling [10]. The heating sur-
face consists of a rectangular copper plate, 30 mm
wide and 30 mm long for Surface A, and 30 mm wide
and 120 mm long for Surface B. They are surrounded
by fins around their periphery so as to reduce heat
loss. The fin and heating surface are cut out in a unit
body to prevent preferential boiling at the edge of the
heating surface. Figure 2 shows the heating surface
assembly and the narrow space geometry for Surface
B. The heat flux is supplied by conduction through a

heating surface

narrow boiling space
heating surface assembly
inner boiling vessel
outer vessel

condenser

thermocouples

auxiliary heater
auxiliary heater
supporting tube
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FiG. 1. Experimental apparatus.

copper block from electric heaters ® in the slits at the
bottom.

Thermocouples are positioned at the center for Sur-
face A, and at four longitudinal locations at 15, 45,
75, and 105 mm from the bottom edge for Surface B.
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FIG. 2. Geometry of narrow space.
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Small dots on the copper block in Fig. 2 indicate
thermocouple positions. Their depths from the heating
surface at each location are 3, 11 and 19 mm.

The narrow space is formed between the heating
surface @ and the unheated glass plate @, set face to
face as shown in Fig. 2. Gap sizes of 5, 2, 0.6, and 0.15
mm are accurately set with the aid of space adjusters
® of specified thickness. Three different peripheral
conditions are tested, two of which are depicted in
Fig. 2. The first is an open periphery where four edges
of a confined space are open to bulk liquid. The second
is a closed side periphery where both side edges are
closed and the top and bottom edges are open. The
third is a closed side and bottom periphery where only
the top edge is open to bulk liquid. Thin teflon blocks
are attached to close the specified edges of a confined
space.

Experimental inclination angles of the heating sur-
face measured from the horizontal plane are 90° (ver-
tical surface), 150° and 175° (inclined surfaces facing
downwards).

Heat flux is calculated by the temperature gradient
measured by the thermocouples embedded in the heat-
ing block. Heating surface temperature is determined
by extrapolation of the measured temperature gradi-
ent to the surface. For Surface B, average values for
the four longitudinal locations are used as the rep-
resentative values for the heat flux and the heating
surface temperature.

Experiments are performed under the conditions of
saturated nucleate boiling of distilled water at atmo-
spheric pressure. Prior to each test run, the heating
surface is finished with No. 0/5 emery paper in an
attempt to keep the same surface conditions for all
test runs. Heat transfer data are taken with heat flux
decreasing step by step to avoid the boiling hysteresis
effects. Critical heat flux is defined when the heating
surface temperature starts rising gradually or sud-
denly in an excursion. Since heat transfer charac-
teristics are closely related to boiling behavior, visual
observation by still pictures is carried out along with
heat transfer measurements.

3. EXPERIMENTAL RESULTS

3.1. Effects of gap size and periphery condition

Figure 3 shows the boiling curves obtained on ver-
tical Surface B for various combinations of gap size
and periphery conditions, where g is the heat flux,
AT,, the degree of superheat of the heating surface,
and s the gap size. Arrows in the figure show the
measured levels of critical heat flux. Typical boiling
behaviors are shown in Fig. 4 for gap sizes of 5, 0.6,
and 0.15 mm under the open and closed side and
bottom periphery conditions. Boiling behaviors and
heat transfer characteristics are summarized as fol-
lows depending on the combination of periphery con-
dition and gap size.

3.1.1. Open periphery. At large gaps s = 5 mm, a
bubble is so small compared with the gap size that
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bubble behavior and the shape of boiling curves are
similar in nature to those in the unconfined boiling
[10]. But a higher heat transfer rate is achieved at low
heat flux due to the two-phase mixture agitation in a
narrow space.

At moderate gaps s = 2 and 0.6 mm, an isolated
bubble at low heat flux is squeezed and flattened and
grows rapidly to cover the width of the heating surface,
enhancing heat transfer markedly. The rapid growth
of a bubble and highly enhanced heat transfer are
supposed to be attributable to the liquid film evap-
oration observed between the flattened bubbles and
the heating surface. Especially at low heat flux less
than about 1.5 x 10> W m ~?, alternative bubble gen-
eration of the periodic and the intermittent occurs
depending on a delicate difference in the heating sur-
face finish. This leads to poor reproducibility of the
boiling curve. Data in the figure are those measured
during the periodic bubble generation. Boiling curves
during the intermittent bubble generation move to
higher superheat of the heating surface. At high heat
flux, bubble generation becomes more frequent and
stable. Partial bubble accumulation is observed on the
upper part of the heating surface, which reduces the
slope of the boiling curve and therefore the enhance-
ment rate of heat transfer.

At gap sizes s = 0.15 mm, most of the heating sur-
face is steadily covered with vapor and a wavy liquid—
vapor interface is observed only close to the open
edges even at very low heat flux. An increase of the
heat flux gives no further change in this boiling
behavior. Vigorous oscillation of a standing liquid—
vapor interface sometimes splashes fine droplets over
the heating surface covered with vapor but they are
immediately out of sight. This means that the vapor-
covered portion is dried and most heat is transferred
from the wetted area near the open edges. Since the
wetted area is very narrow compared with the total
heating surface, the heat transfer rate is less than that
for unconfined boiling.

3.1.2. Closed side periphery. At gap sizes s = 5 and
2 mm, closing side edges give no marked difference in
both boiling behavior and heat transfer compared
with the case of open side edges. This is because liquid
and vapor bubbles flow mainly in the tongitudinal
direction in either case.

At gap sizes s = 0.6 mm, retardation of rising
bubbles leads, contrary to expectation, to a higher
transfer rate at low heat flux than that under the
open periphery condition. But this enhancement
decreases at high heat flux due to vapor accumula-
tion all over the heating surface.

At gap sizes s = 0.15 mm, the heating surface is
completely covered with vapor and only open edges
at the top and bottom are exposed to liquid. The heat
transfer coefficient becomes lower than that under the
open periphery condition or that for unconfined pool
boiling. This implies heat transfer degradation.

3.1.3. Closed side and bottom periphery. At gap
sizes s = 5 mm, liquid penetration into a boiling space

is only from the open top edge. Rising bubbles are
easily subject to the deformation and mixing owing to
the countercurrent liquid penetration, and a coalesced
bubble becomes larger than that observed for the open
periphery. Heat transfer is more enhanced as a result
of the countercurrent of bubble outflow and liquid
inflow. At a heat flux more than about 1.5x 10° W
m~2 however, generated vapor bubbles fill up the gap
and hinder the steady liquid penetration into it. In this
situation, liquid is supplied mainly along the unheated
glass plate, synchronized with the up and down oscil-
lations of generated vapor. Thus, the heat transfer
coefficient at high heat flux becomes slightly smaller
than that for the open periphery.

At gap sizes s = 2 and 0.6 mm, many bubbles gen-
erate and rise between the narrow space expanding
their volume even at low heat flux. Rising bubbles are
agitated by counter liquid penetration from the open
top edge and they are divided into smaller deformed
bubbles. Especially at s = 0.6 mm, most of the heating
surface is dried already at a heat flux of about 2.5 x 10*
W m ™2 and large liquid droplets fall down between
the surface to fill the bottom space where some active
nucleation sites can be found. At a heat flux of about
4 x 10* W m~?, the top part of the heating surface is
completely dried and liquid film falls down along the
unheated glass plate. Vigorous boiling can be
observed at the bottom portion. At low heat flux, in
addition to heat transfer at the bubble base, agitation
of the vapor-liquid mixture by the penetration of
liquid from the open top edge results in a larger rate
of heat transfer enhancement than that for the open
periphery. At high heat flux, however, shortage of
liquid on the heating surface causes a rapid fall of
enhancement rate and occurrence of burnout.

At gap sizes s = 0.15 mm, heat transfer is more
degraded than that for the closed side periphery
because only the open top edge can contact with
liquid.

3.2. Effect of length of heating surface

Figure 5 shows the boiling curves obtained on Sur-
face A 30 mm in length and Surface B 120 mm in
length at the vertical inclination, under open and
closed side and bottom periphery conditions. Even
under the open periphery condition, the boiling
behavior for Surface A does not coincide with that
observed on the lower quarter of Surface B. It rather
resembles the vertically reduced behavior of Surface
B. The heating surface length does not give a dis-
tinctive effect under the open periphery condition,
while for the closed side and bottom periphery
condition, the longer surface gives a lower heat trans-
fer rate than the shorter surface. This is true at high
heat flux for s = 0.6 mm and over the whole heat flux
for s = 0.15 mm. This is due to the vapor covering the
heating surface because the longer surface, higher heat
flux and narrower gap cause the higher vapor velocity
at the exit which hinders the liquid penetration from
the open top edge.
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3.3. Effect of surface inclination

Figure 6 shows the boiling curves on inclined sur-
faces under the closed side periphery condition, the
inclination angles of which measured from the hori-
zontal plane are 6 = 90° (vertical surface), 150° and
175° (surfaces facing downwards). Boiling curves for
60 =150° and s =5 and 0.6 mm do not deviate far
from the boiling curves for the vertical surface with
the same gap size. This is partly because the velocity of
rising bubbles does not directly affect the heat transfer
provided that the flow is stable enough to supply
liquid to a heating surface.

For 6 = 175°, heat transfer at a gap size s = 5 mm
is enhanced much more than that for the vertical
surface. This is because flattened bubbles are pushed
up to the heating surface to contact over an enlarged
area and therefore the heat transfer rate increases due
to thin liquid film evaporation under these bubbles.
At 5= 0.6 mm, on the contrary, inclination of the
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confined space results in slowly rising bubbles and
vapor accumulation on the heating surface, which
lead to a lower rate of heat transfer enhancement than
that for the case 8 = 90° or 150°.

At the narrowest gap size s = 0.15 mm, the heating
surface is completely covered with vapor and this
boiling behavior does not change with inclination
angle. Consequently the boiling curves gather to-
gether for all inclination angles.

4. PREDICTION OF HEAT TRANSFER

4.1. Prediction based on sensible and latent heat trans-
port model for gap sizes of 2 and 0.6 mm

At gap sizes of 2 and 0.6 mm, boiling curves are
independent of an inclination angle of the heating
surface between 90° and 150°. Especially under the
open and closed side periphery conditions, heat trans-
fer is markedly enhanced by a peculiar mechanism of
the evaporation of thin liquid film formed between
the heating surface and the flattened bubbles. If atten-
tion is paid to a point on the heating surface, a liquid
slug and vapor bubble alternately pass over the point
concerned. This situation resembles that observed on
the inclined boiling surface facing downwards in an
unconfined pool [10]. Thus, heat is assumed to be
transferred as sensible heat and latent heat. A rising
flattened bubble carries away the superheated liquid
layer in front of it. The sensible heat removed in this
manner is calculated as follows on the basis of one-
dimensional transient heat conduction from the heat-
ing surface to the semi-infinite liquid during the liquid
period 1, defined as the time interval during which the
heating surface is in contact with the liquid filling up
the gap

2'J'IAT'sm
¢ =—
‘ \/(T‘-’altl)

where 4, and g, are the thermal conductivity and diffu-
sivity of liquid, respectively. Existence of the unheated

M
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glass plate is neglected in the above equation. But this
may be admissible since the thermal boundary layer
scarcely reaches the glass plate even at the end of
the liquid period. After the liquid period elapses, a
succeeding bubble rises up and reaches the point in
question. During the successive vapor period f,,
defined as the time interval during which the heating
surface is covered with a rising bubble, a thin liquid
film is formed and evaporated under the bubble. The
latent heat removed in this manner is approximately
evaluated by heat conduction through the liquid film
as follows:

A
q = g ATsal (2)

where ¢ is the average thickness of the liquid film.

As the heating surface is alternately in contact with
the liquid slug and a bubble, the time-averaged heat
flux can be expressed as

— qltl +qvtv

= 0=Natfe O

where f is the void fraction, calculated as the time
ratio of the vapor period to the total.

As the film thickness is difficult to measure in the
boiling experiment, measurements were performed for
a liquid film formed between the non-heating surface
and an air bubble rising in a narrow gap [10]. The
measured film thickness is = 34 um for s = 2 mm
and 6 = 9 um for s = 0.6 mm irrespective of the vol-
ume and frequency of an injected air bubble. These
results are assumed applicable to the case of boiling
bubbles. Periods £, and ¢, were measured 0.5 mm above
the heating surface at vertical locations of 20 (L-pos-
ition), 60 (M-position), and 100 mm (H-position)
from the bottom edge, using an electric probe which
detects the liquid and vapor phases. Mean values of
t, and ¢, for each gap size are evaluated from statis-
tical reduction of the measured data so as to avoid
underestimating the significant contribution by
the long bubble slugs. Figures 7 and 8 show the
measured periods and void fraction.

Predicted heat flux from equation (3) using values
on the curves through data in Fig. 7 is compared
with the measured flux in Fig. 9. Good agreement is
confirmed for s = 2 mm, while the prediction is higher
for s = 0.6 mm and the deviation increases with heat
flux. This trend of deviation implies that the heating
surface is dried at some locations due to complete
evaporation of the liquid film before the end of the
vapor period. Visual observation supports the occur-
rence of the dried area.

4.2. Prediction by Ishibashi and Nishikawa’s cor-
relation

Ishibashi and Nishikawa [3] proposed the following
empirical formulae to correlate their boiling data in
the coalesced bubble region of water in a vertical
annuli with both ends open:
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where Nu is the Nusselt number, Re the modified
Reynolds number, AR the gap size of annuli, 4 the
thermal conductivity of liquid, v the dynamic viscosity
of liquid, Ah, the latent heat of evaporation, and p,
the density of vapor. Figure 10 shows the correlated
result for the open and closed side periphery, in which
the gap size s is used in place of AR. Data at s = 0.15
mm are excluded from the calculation because the
boiling behavior is different from that in the coalesced
bubble region. For the open periphery condition,
experimental data including those at s =5 mm to
which the correlation should not be applied, are well
correlated within an accuracy of 30 and —40%. For
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the closed side periphery condition, agreement is poor
though this periphery condition is similar to thatin a
vertical annuli with both ends open for which the
formulae are derived. The reason for this dis-
agreement is uncertain at present.

4.3. Heat transfer mechanism at gap size of 0.15 mm
At the smallest gap size of 0.15 mm, the boiling
curves run almost straight with a slope of about 45°,
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Y. Funta et al.

Y TTTIT T

11
| Distilled Water rTTi
1 WPa

I
|l,}/l
- -

]
0. Lo R e\e
Surface B \s ?-,\9’\’
102 = Open Periphery x'?g/l' "’v/ —
- v
= v ]
— |

.
> - Y
=r L W15 0 -
Equation{4): —— =
s mm 3
. 5.0 ]
v 2.0
® 0.6 i
1 i lLIlIlII | llllllll S S I P A N
102
(a) Rel/z
[ oistitied ater] ' T TTTTH[ T T 27 A1
0.1 MPa o\e, 1
Surface B x Q/u ‘9',\”
102 Closed Side Periphery P g/ .z o
— g ,// 3
= e v =
- o w =
= a a0 W 3
- & , O #V0p- N
3 %, g
= ’— e —
o e
10 — Equation{4): —— —
= - 3
P -, ’ S mm -
E - @ 5.0|
& v 20|
. o 0.6
] 1 llllllll L llllllll (AR
2
) T ez 10 10

FiG. 10. Correlation of data by Ishibashi and Nishikawa’s
formula : (a) open periphery ; (b) closed side periphery.

which means the constant heat transfer coefficient
independent of heat flux or heating surface superheat.
Since the wetted area is observed only in a narrow
zone near the open edges, the heating surface is div-
ided into the wetted area A, and the remaining dried
area A, as shown in Fig. 11. Then the total heat
supplied to the far end of the heating block is removed
across the heating surface partly through the wetted
area with heat transfer coefficient &, and partly

wetted area

dried area
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FiG. 11. Wetted area on heating surface at gap size of
0.15 mm.
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through the dried area with coefficient a,. Conse-
quently

qA = fZVAvATv-i-d]AlAT'l (7)

where 4 is the heating surface area, and AT, and AT,
the heating surface superheats on the dried and wetted
areas, respectively. As the heating block is made of
copper with a large thickness, the measured local
surface temperature is quite uniform, so that
AT, = AT, = AT. There may be so great a difference
between the heat transfer coefficients for both areas,
that a, « o;. Thus, g is approximately proportional to
AT provided that the heat conductance of the wetted
area o4, does not change with heat flux. The heat
transfer coefficient «.4,/4 becomes higher for the
larger wetted area, which corresponds to the longer
edge length of the open periphery.

5. PREDICTION OF CRITICAL HEAT FLUX

5.1. Closed side periphery condition

For the closed side periphery, critical heat flux may
be predicted from the limiting condition that the
homogeneous flow of the vapor and liquid mixture in
a vertical duct is completely evaporated at the top
exit. If the continuity and momentum equations are
applied to a control volume of vertical infinitesimal
length dz within the rectangular narrow duct of width
W, gap size s and height H, the pressure gradient
incorporates the contributions of hydrostatic, wall
shear stress, and fluid acceleration terms as

dp\ g  2(W+s) ,dv
_<E>_v+ Ws WG dz ®

where p is the static pressure, g the gravitational accel-
eration, v the specific volume, z,, the wall shear stress,
and G the mass velocity. The shear stress z,, is esti-
mated in terms of the friction coefficient as follows:

AW +s)t, =3 DfG ©)

where D, is the equivalent diameter given by
2Ws/(W+s). The specific volume v of the vapor—
liquid mixture is a function of the quality x and the
specific volumes v, and v, for liquid and vapor. Under
an assumption that heat flux is uniform, x = 0 at the
bottom inlet, and x = 1 at the top exit, then x = z/H.
Using these relations, equation (8) is easily integrated
to give the pressure drop Ap between the inlet and
exit, which is equated to the static liquid head gH/v,
of height H

gH gH v, ne:G*H v, )
I Svy ey A 4
o o n (1 + Uu) + Wrs v+ 3 +G*v,

(10)

where ¢; is estimated from the Blasius equation, using
the mean viscosity u,, evaluated at x = 0.5 from the
following relation:
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F1G. 12. Predicted critical heat flux and measured data.

1
T (=X,

where g and u, are the viscosities of liquid and vapor,
respectively. Equations (9)—(11) are solved to find the
mass velocity traversing the duct. Then the critical
heat flux gy, becomes

Hm (11)

_ GsAh,
qro = H -

(12)

Figure 12 compares the prediction with the measure-
ments for vertical Surface B. Even if x in equation
(11) is changed from 0.1 to 0.9, the calculated value
of gy, changes only 2% for s = S mm and 15% for
s = 0.15 mm. Prediction agrees well with the measure-
ments for the closed side periphery, while it under-
estimates the measured results for the open periphery.
This is partly due to the effect of liquid flow from the
side edges.

5.2. Closed side and bottom periphery

When the bottom and side edges are closed, only
the top edge is open to bulk liquid and the liquid
supply to a confined space is done against the vapor
velocity in the opposite direction. Consequently
burnout may be limited by the flooding at the top
edge because vapor velocity is highest at that poini.

Wallis’ correlation [8] for countercurrent flooding
is

jERjE = C (13)

where j¥ and j¥ are the non-dimensional superficial
velocities of vapor and liquid, respectively, at the
flooding point. They are related to the superficial mass
velocities G, and G, which are expressed in terms of
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heat flux, height of heating surface, and gap size as
follows :

. G, A
7 J(aDppi—pu)
G,
Bl S — 14
/ J(gDpi(pi—p,)) 1
—c 91
G =G = (an,

where D is a characteristic dimension of the duct cross-
section. For a rectangular channel of dimensions s by
W, the larger dimension is found to be more signifi-
cant. Thus the prediction of critical heat flux is done
using width W in place of D. If an empirical constant
C depending on the geometry at the opening is equal
to 0.65, predicted heat flux agrees well with measured
data as seen in Fig. 12.

6. CONCLUDING REMARKS

In nucleate boiling within a confined narrow space,
the effects of gap size, the periphery condition of
space, the size of the heating surface and the surface
orientation on heat transfer characteristics are sys-
tematically studied through the experiments. The heat
transfer coefficient increases up to a certain maximum
value with decrease of the gap size at moderate heat
flux, while degradation occurs for a further decrease
of the gap size over the whole heat flux range. For the
enhanced boiling heat transfer, a predictive method is
proposed based on the consideration of heat transfer

mechanisms. Burnout mechanisms are also con-
sidered for the narrow spaces of two basically different
periphery conditions and the predicted critical heat
fluxes are compared with the measured ones.
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TRANSFERT THERMIQUE PAR EBULLITION NUCLEEE ET FLUX CRITIQUE DANS
UN ESPACE ETROIT ENTRE DES SURFACES RECTANGULAIRES

Résumé—L’ebullition en réservoir dans un espace trés étroit est étudiée systématiquement, pour de I'eau
saturée a pression atmosphérique, entre deux plaques rectangulaires paralléles. Des expériences sont faites
pour des flux depuis le début de I’ébullition jusqu’a la criticité sur des surfaces chaudes ayant une largeur
de 30 mm, des longueurs de 30 et 120 mm et des écartements de 5, 2, 0,6 et 0,15 mm, et soumises a
trois conditions périphériques de surface. L’inclinaison de la cellule est chargée entre la verticalité et
I’horizontalité. Les mécanismes de 1’ébullition dans un espace étroit sont discutés a partir des mesures ct
de I'observation. Le flux critique de chaleur dans les différentes conditions périphériques est comparé avec
les prévisions des modéles correspondants.

DER WARMEUBERGANG BEIM BLASENSIEDEN UND DIE KRITISCHE
WARMESTROMDICHTE IN ENGEN SPALTEN ZWISCHEN RECHTECKIGEN
PARALLELEN PLATTEN

Zusammenfassung—Der Wirmeiibergang beim Behiltersieden in einem engen geschlossenen Spalt zwischen
beheizten und unbeheizten parallelen rechteckigen Platten wird fiir gesiittigtes Wasser bei Atmos-
phirendruck systematisch untersucht. Die Versuche werden vom Siedebeginn bis zur kritischen Wir-
mestromdichte an den Heizflichen, die eine Breite von 30 mm und eine Lange von 30 und 120 mm haben,
durchgefiihrt. Es werden Spaltbreiten von 5, 2, 0,6 und 0,15 mm unter drei duBeren Bedingungen untersucht.
Die duBeren Bedingungen sind : alle Kanten offen, geschlossene Seitenkanten und geschlossene Seiten- und
Unterkanten. Der Neigungswinkel der Spalte wird ebenfalls von vertikal bis nahezu horizontal nach unten
gerichtet variiert. Auf der Grundlage der Messungen und der Beobachtungen werden das Siedeverhalten und
die Siedemechanismen eines engen Spaltes diskutiert. Die bei zwei unterschiedlichen dufieren Bedingungen
gemessenen kritischen Wirmestromdichten werden mit Berechnungen nach entsprechenden Burnout-
Modellen verglichen.
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TEITLJIOOBMEH IIPY NTY3bIPBKOBOM KHUITEHHMM U KPUTUYECKWUIN TEIJIOBON
IIOTOK B Y3KOM NPOCTPAHCTBE MEXAY IIPAMOYI'OJIBHBIMHU [TOBEPXHOCTAMMN

Asnvorauus—Temioo6meH npu kuneHuH B GoJjibiIoM 06GbeME B OrpaHMYEHHOM Y3KOM HPOCTPAaHCTBE
MEXAY HarpeBaeMOH H HEHarpeBaeMoI NMapasuleIbHBIMA NMPAMOYTOJIBHBIMH ILUIACTHHAMM H3Y4aeTCH JUIS
HACBILIEHHOH BOJABI NpPH aTMOCHEPHOM [aBJICHHH. JKCIEPHMEHTHI NPOBOAMWIHCH INPH TEIIOBOM
NMOTOKe—OT HavyaJla KMAEHHA J0 KPHTHYECKOFO—HA HATPEBAEMBIX NMOBEPXHOCTAX LIMPHHOH 30 MM H
nmmHo#t ot 30 mo 120 MM, BenmyHHA 3a30pa paBHaiIack S; 2; 0,6 1 0,15 MM npR Tpex pajMYHBIX yCJIO-
BMAX HA MOBEPXHOCTAX: CO BCEMH TOPLAMH OTKPHITBIMH, C 3aKPHITHIMH GOKOBBIMH TOPIAMH H 3aKphl-
THIMH GOKOBBIMH M HHXHHM Toplami. M3MeHsICs yrosl HakJIoHa NPOCTPAHCTBA OT BEPTHKATH NOYTH
Ao ropusoHTanH. Ha ocHoBe H3MepeHHi H HaOmoneHHH oGCYXIal0TC MEXAaHH3IMBI KHIICHHAS, NPOHC-
XOIAIIME B Y3KOM MpocTpaHcTBe. M3MepeHHEI KpHTHYECKHH TEIUIOBOH MOTOK NMPH IBYX Pa3jIHYHBIX
YCJIOBHAX Ha TIpaHHIAX TaKXe CPaBHHBAacTCA C pacdeTaMH COOTBETCTBYIOIUMX MoIeeH Kpu3Hca
KHIICHHUA.
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