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Derivations of Correlation and Liquid-Solid Contact Model of

Transition Boiling Heat Transfer∗

Hiroyasu OHTAKE∗∗ and Yasuo KOIZUMI∗∗

The correlation of liquid-solid contact fraction in transition boiling was derived by fo-
cusing on the dimensionless wall temperature θ = (Tw − TCHF)/(TMHF − TCHF). The fol-
lowing correlation was obtained from experimental results for water, R-113 and LN2: Γ =
1.000−0.9120θ−0.1343θ2, where qtb =qCHFΓ+qMHF(1−Γ). In the present model, consider-
ing a pseudo-liquid solid contact right after the detachment of a bubble from a liquid-vapor
interface, transient heat conduction was analyzed in it three-dimensionally. Liquid-solid con-
tact time and area were determined by the present correlation of the fractions of liquid-solid
contact: τcontact = 0.3Γt, Awet = 15×15×Γa, Γt =Γa =Γ

0.5 = {1.000−0.9120θ−0.1343θ2}0.5.
The heat transfer during the wet period was estimated using qwet = f (∆T 0.8

sat ). The prediction
by the present model was in agreement with the present experimental data for water. Fur-
thermore, a simulation of the rewetting was performed; the experimental results of cooling
curves during the rewetting were well reproduced by the transient heat conduction model
using the present correlation of transition boiling heat transfer and the present liquid-solid
contact model.

Key Words: Heat Transfer, Boiling, Heat Conduction, Transition Boiling, Liquid-Solid
Contact, Correlation, Model

1. Introduction

The heat transfer characteristics of transition boil-
ing are important in nuclear engineering and mechanical
engineering, for example, for assessing the reliability of
the Emergent Core Cooling System (ECCS) during Loss-
of-Coolant Accidents (LOCAs) of Light-Water Reactors
(LWRs) and analyzing the thermal stability of supercon-
ductor magnets and other devices. Thus, many attempts
have been made by several investigators to examine the
mechanism and models of transition boiling. For exam-
ple, Berenson(1) pointed out early through many experi-
ments that transition boiling is a combination of unstable
film boiling and unstable nucleate boiling, each of which
alternately exists at a given location on a heating surface.
Kalinin et al.(2) presented a correlation of a liquid-solid
contact fraction in transition boiling on the basis of the
hypothesis on Ergodic property on liquid-solid contact.

Because of the complexity of mechanism of liquid-
solid contact and the difficulty in steady heat transfer ex-

∗ Received 3rd October, 2005 (No. 05-4185)
∗∗ Department of Mechanical Engineering, Kogakuin Uni-

versity, 2665–1 Nakano-machi, Hachioji-shi, Tokyo 192–
0015, Japan. E-mail: ohtake@cc.kogakuin.ac.jp

periments, however, the heat transfer characteristics are
still unresolved. In particular, nucleate and film boiling
heat transfers are able to utilize some correlations indus-
trially (for example, Rohsenow’s correlation(3) in nucleate
boiling and Bromley’s equation(4) in film boiling); how-
ever, there is no correlation for transition boiling except
for a linear correlation between CHF —critical heat flux—
and MHF —minimum heat flux— on any boiling curve.
Furthermore, it is pointed out by Witte and Lienhard(5)

that there are two possible transition boiling curves: that
is, there is hysteresis in transition boiling. On the other
hand, Auracher et al.(6) reported that there is no hysteresis
in transition boiling for both a well-wetting fluid (FC72)
and a fluid (water) with a larger contact angle.

The purpose of this study is to determine the mech-
anism of transition boiling heat transfer by examining cor-
relations and models. In our previous report, we(7) exam-
ined the heat transfer characteristics of transition boiling
through steady heat transfer experiments. The correlations
of the transition boiling heat transfer were derived from
the present experimental data for water. Two models of
transition boiling heat transfer were developed and exam-
ined using the macrolayer model and liquid-solid contact
model, respectively. However, both these models could
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not concur with the experimental data of the transition
boiling heat transfer experiments quantitatively: the pre-
dictions of transition boiling heat transfer by the macro-
layer model underpredicted the previous experimental re-
sults significantly; the dependence of the predictions on
wall superheat using the liquid-solid contact model dif-
fered from that of the experimental data.

The objective of this study is to examine the heat
transfer characteristics of transition boiling through steady
heat transfer experiments and the use of models. The cor-
relation of transition boiling heat transfer is revised from
experimental results for water and other liquids. The mod-
ified liquid-solid contact model for transition boiling heat
transfer at high wall superheat is developed by taking into
account the dependence on wall superheat of liquid-solid
contact time and area, and nucleate boiling heat transfer
during a wet period. Furthermore, a simulation of rewet-
ting is performed using the present transition boiling cor-
relation.

Nomenclature

c : specific heat [J/kgK]
h : heat transfer coefficient [W/m2K]
k : thermal conductivity [W/mK]
L : latent heat of vaporization [J/kg]
q : heat flux [W/m2]
T : temperature [K]
φ : contact angle [degrees]
Γ : liquid-solid contact fraction [–]
Γa : liquid-solid contact area fraction [–]
Γt : liquid-solid contact time fraction [–]
ρ : density [kg/m3]
θ : dimensionless wall temperature [–]
σ : surface tension [N/m]
τ : period [s]

Fig. 2 Details of test section

Subscripts
l : liquid
v : vapor
w : wall

2. Experimental Apparatus and Procedure

2. 1 Experimental apparatus
A schematic diagram of the experimental apparatus

used is shown in Fig. 1. Steady heat transfer experiments
were conducted using a copper block and saturated water
for a pool condition under atmospheric conditions. Details
of the test section are illustrated in Fig. 2. As shown in
Fig. 2, the test section was 15×15×60 mm each in length
and thickness. The ratio of the heat capacity to the cross
sectional area of the heater was 2.2×105 J/Km2, which was
sufficient to maintain the test section in a time-smoothed
steady state, as reported by Bui and Dhir(8). Six-electric
cartridge-type heaters, 300 W in total, were embedded on
the back surface of the test section. The temperature of

Fig. 1 Experimental apparatus
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the test section was measured at the center of the heater
by three thermocouples fitted inside 5, 25, 40 mm from
the heating surface. The test section was held in a frame
of a Teflon plate and insulated thermally by glassy wool
except for the top side.

2. 2 Experimental procedure
Experiments were carried out as follows. Deion-

ized and degassed water was poured in a vessel up to
20 mm below the heating surface. A copper block was
heated to 300◦C by applying a.c. current supplied from
an a.c. power supply, and film boiling was established on
the heater as water level was increased above the heater.
Then film-boiling heat flux and heater temperature under
steady-state conditions were measured by reducing elec-
tric power step by step to the minimum film boiling point
—MHF point—. Once the boiling heat transfer was im-
mediately below the MHF point, namely, the temperature
of the test section decreased steeply, the electric power to
the cartridge-heater in the test section was increased. The
voltage to the heater was controlled while monitoring the
boiling surface temperature on a digital oscilloscope, and
transition boiling in a “time-smoothed” steady state was
achieved. Again transition-boiling heat flux and heater
temperature under the respective steady-state conditions
were measured by increasing electric power step by step
to the critical heat flux and nucleate boiling. To confirm
whether there is hysteresis in the boiling curve, heating
experiments were also performed: the electric power to
the cartridge heaters embedded in the test section was in-
creased stepwise while maintaining nucleate boiling at the
critical heat flux. Once the boiling heat transfer was im-
mediately below the CHF point, namely, the temperature
of the test section increased rapidly, the voltage to the
cartridge-heater in the test section was slightly reduced.
Electric power was controlled while monitoring boiling
surface temperature on the digital oscilloscope. Transition
boiling in a “time-smoothed” steady state in the heating
mode was attained.

The criteria for transition boiling in a “time-
smoothed” steady state are as follows.

( 1 ) The temperature fluctuation inside 5 mm from
the heating surface, where the thermocouple was the clos-
est to the surface, should be within 2◦C.

( 2 ) The temperature fluctuation at 25 mm position
should be below 1.2◦C.

( 3 ) The temperature fluctuation at the 45 mm posi-
tion should be below 0.3◦C.

( 4 ) Both above-mentioned conditions should be kept
for more than 5 min.

The wall heat flux and wall temperature of the test
section were determined using measured temperatures and
Fourier’s law. The surface of the test section was polished
with #2000 or #80 emery paper and cleaned with acetone
prior to each experiment. During the experiments, the

behaviors of the bubbles and liquid-vapor interface were
recorded with a high-speed video-camera system. Fur-
thermore, the void fraction near the boiling surface is mea-
sured using a pulse generator and a conductive probe lo-
cated 0.2 to 0.5 mm above from the surface.

More details of the experimental apparatus and pro-
cedure can be found in Ref. (9).

2. 3 Stable conditions for steady transition boiling
In general, steady transition boiling experiments are

difficult, because of a negative gradient (dq/dT <0) in the
transition boiling region. However, data of steady transi-
tion boiling is obtained using a heating block with a large
heat capacity in a previous study by other investigators(8).
Thus, we checked stable conditions for steady transition
boiling using a three-dimensional transient heat conduc-
tion model. The procedure is as follows.

( 1 ) A temperature distribution under prescribed tran-
sition boiling conditions is calculated three-dimensionally
in a block; the calculated method used is the same as that
in section 4.1.

( 2 ) Then, a temperature disturbance is added on the
heating surface. Here, the temperature disturbance is 2◦C,
which is similar to the criterion for the transition boiling
in a “time-smoothed” steady state. The parameters of the
present simulation are the thickness of the heated block
and the initial wall temperature.

( 3 ) If the temperature distribution is returned to the
initial temperature, a steady transition boiling point is at-
tained. In the simulation, the relationship between wall
heat flux and wall superheat has a negative gradient.

Figure 3 shows conditions for steady transition boil-
ing realized using the present simulation. From Fig. 3, the
calculation results for the thickness of the present heater,
60 mm, is covered under the stable condition for steady
transition boiling up to low wall superheat. Therefore,
steady transition boiling may be realized using the present
heater. In addition, when the heated block is thin, the re-
alized conditions for steady transition boiling are limited.

Fig. 3 Region of steady transition boiling by heat conduction
model
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2. 4 Experimental uncertainty
The temperature of the test section was measured us-

ing calibrated K-type thermocouples. According to the
calibration curves, the uncertainty of the temperature was
estimated to be less than 1 K. Because the temperature
gradient was about 150 K divided by 40 mm at the critical
heat flux, the uncertainty of the critical heat flux obtained
by Fourier’s law was calculated to be about 5%; the un-
certainty at the minimum heat flux was estimated to be
about 15% according to a temperature gradient of about
4 K divided by 40 mm at the minimum heat flux. Heat loss
through the insulation was measured to be about 10% at
CHF and about 25% at MHF. When the temperatures in
the test block are measured, the linearity of the temper-
ature distribution is confirmed well. The uncertainty of
the liquid-solid contact fraction obtained from CHF, MHF
and heat flux in transition boiling was estimated to be 20%
through repeated experiments.

3. Experimental Results and Discussion

3. 1 Heat transfer characteristics
— Boiling curve —

In Fig. 4, our previous experimental results(7) of the
heat fluxes qw obtained during some steady-state exper-
iments are plotted against wall superheat, ∆Tsat = Tw −
Tsat, for various experimental parameters such as surface
roughness and type of heating procedure, namely heating
mode or cooling mode. The conventional correlations for
nucleate boiling(3), critical heat flux(10) and film boiling(11)

are included for comparison. Figure 4 also shows the ex-
perimental results of steady-state transition boiling (cool-
ing mode) reported by Bui and Dhir(8) without special con-
trol systems. The data for the cooling mode were obtained
using a test section with 7.4×105 J/Km2 in ρcV/A.

As mentioned in our previous report(7), the exper-
imental results of boiling heat transfer are close to re-
sults calculated using the conventional correlations of sat-

Fig. 4 Boiling curves for water

urated pool boiling by Rohsenow(3) for nucleate boiling,
Kutateladze(10) for CHF, and Brenson(11) for film boil-
ing. Although the effect of surface roughness on nucleate-
boiling heat transfer is strong, the effect on transition-
boiling heat transfer is weak. There is no hysteresis
on transition boiling in the present experiments for wa-
ter. The trend is similar to the experimental results of
Auracher et al.(6) and Haramura(12), but different from
those of Witte-Lienhard(5) and Liaw-Dhir(13).

3. 2 Liquid-solid contact fraction
— Correlation —

On the basis of reports by Berenson(1) and Kalinin
et al.(2), we examined the correlations of liquid-solid con-
tact fractions in the transition boiling, Γ, as reported in
our previous study(7). The heat transfer in the wet region
is given at the CHF to avoid overestimated heat flux in
high superheat: for example, according to Rohsenow’s
correlation, the boiling heat transfer at a high superheat,
∆Tsat = 100 K, is 4.2×107 W/m2. The heat transfer in the
dry-out region is estimated at the MHF for convenience to
utilize the present correlation. Thus, the liquid-solid con-
tact fraction Γ is derived using

qtb =qCHFΓ+qMHF(1−Γ)→Γ= qtb−qMHF

qCHF−qMHF
, (1)

where, qCHF and qMHF are the measured heat fluxes at CHF
and MHF, respectively. qtb is also the measured heat flux
in transition boiling. Figure 5 shows the liquid-solid con-
tact fraction plotted against dimensionless wall tempera-
ture, θ= (∆Tsat−∆TCHF)/(∆TMHF −∆TCHF), for water, R-
113 and liquefied nitrogen under saturated condition. The
experimental data for water were reported in our previous
study(7). The Γ values for R-113 and LN2 are calculated
using the experimental data reported by Haramura(12) and
Peyayopanakul and Westwater(14), respectively.

The following correlation is obtained to provide an
optimal agreement with the several experimental data
from Fig. 5.

Γ=1.000−0.9120θ−0.1343θ2. (2)

Fig. 5 Liquid-solid contact fraction based on CHF and MHF
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Fig. 6 Comparison with correlation and experimental results

Fig. 7 Liquid-solid contact fraction based on nucleate boiling
and film boiling(7)

Figure 5 also shows the accuracy of Eq. (2). Equation (2)
is proposed, it has an accuracy of 40% for steady-state
pool transition boiling on a clean surface in saturated liq-
uid at atmospheric pressure.

Figure 6 shows the predicted transition-boiling heat
transfers calculated using Eq. (2) and measured transition-
boiling heat transfers at CHF and MHF for water, R-113
liquid and liquefied nitrogen. For R-113 liquid, the ex-
perimental data were reported by Haramura(12) for steady-
state experiments with a special control system. The ex-
perimental results for liquefied nitrogen were obtained
by Peyayopanakul and Westwater(14). The transition-
boiling heat transfer calculated using the present corre-
lation agrees well with the experimental results for each
liquid, quantitatively. This result suggests that the prime
dominant factor on transition-boiling heat transfer is wall
superheat.

The conventional liquid-solid contact fraction, Γn f =

(qtb−qfb)/(qnb−qfb), is also examined, as shown in Fig. 7.
As described previously(7), however, the predictions for

Fig. 8 Comparison with Γ and 1−α

water are poorer than those obtained using Eq. (2). Here,
qnb and qfb ate values calculated using Rosenow’s correla-
tion and Brenson’s equation, respectively.

Thus, to estimate quantitatively the transition-boiling
heat transfer, we recommend the revised correlation,
Eq. (2), based on Γ, CHF and MHF points.

3. 3 Void fraction near heating surface
1−α is plotted against the present dimensionless wall

superheat θ in Fig. 8. The quantity subtracts the measured
void fraction from unity. For reference, the liquid-solid
contact fractions calculated on the basis of heat transfer
characteristics in the present experiments are also included
in Fig. 8. The values obtained from the measured void
fractions are similar to those obtained from the liquid-
solid contact fractions obtained on the basis of the heat
transfer characteristics in Fig. 5. 1−α is related to the time
fraction occupied by the liquid near the heating surface,
that is, the liquid-solid contact time fraction. Although
further detailed measurement will require the liquid-solid
contact time fraction and liquid-solid contact space frac-
tion in the transition-boiling region, it is considered from
the analogy that the liquid-solid contact fraction is an Er-
godic property in time and space.

4. Modeling and Discussion

4. 1 First model
In our previous study(7), we proposed and discussed a

model of transition-boiling heat transfer in high superheat,
focusing on heat conduction right after pseudo-liquid solid
contact.

We considered that the pseudo-liquid solid contact
right after detachment of a bubble from the liquid-vapor
interface resulted from Rayleigh-Taylor instability, and
analyzed transient heat conduction in it three dimension-
ally, as shown in Fig. 9. As all parameters for the liquid-
solid contact were not clear, we selected appropriate val-
ues and examined the model by parametric simulations.
The following conditions were adopted in the present
model.
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Fig. 9 Model of transition boiling at high superheat

( 1 ) The period of pseudo-liquid solid contact, τ, is
3 Hz (0.3 s), because a bubble from a vapor film in film
boiling is released every 0.3 s.

( 2 ) The time during the liquid-solid contact, τcontact,
was 0.1 s.

( 3 ) The calculated region was 15 mm × 15 mm ×
15 mm.

( 4 ) To take the effect of wetting into account, we
used a wall temperature obtained right after the pseudo-
liquid solid contact given by

Ti= (Tw+βTsat)/(1+β), (3)

where β= {(ρck)l/(ρck)w}0.5,
based on a two-body contact model. Heat flux in the wet-
ted region was estimated by heat conduction from Tw to
Ti.

( 5 ) The transition-boiling heat transfer was obtained
as a time space-averaged heat flux of the wetted and film-
boiling areas.

( 6 ) The initial liquid-solid contact area, Awet, was 1×
1, 2×2 and 3×3 mm2, respectively.
The predictions using the above model are shown in
Fig. 10. As shown in Fig. 10, although the dependence
on wall superheat of the predictions differs from that of
the experimental data, if the wetted area increases with
decreasing wall superheat, the dependence of transition
boiling heat transfer on wall superheat supports the ex-
perimental results.

4. 2 Present model
In the present report, the liquid-solid contact model of

transition boiling heat transfer at a high wall superheat is
developed by taking into account the dependence on wall
superheat of liquid-solid contact time and area. Consid-
ering pseudo-liquid solid contact right after the detach-
ment of a bubble from the liquid-vapor interface, transient
heat conduction is also analyzed in it three-dimensionally.
Liquid-solid contact time and area are given by the present
correlation of the fractions of liquid-solid contact, Eq. (2).

When we assume that the liquid-solid contact time
fractions are the same as the liquid-solid contact area frac-
tions, some of the previous assumptions are replaced by
the following relations.

Fig. 10 Comparison between models and experimental results

for assumption (2), τconstant =0.3Γt =0.3Γ0.5 [s]

(4)

for assumption (6), Awet=15×15×Γa=225Γ0.5 [mm2]

(5)

where Γ=Γt×Γa =1.000−0.9120θ−0.1343θ2

θ= (Tw−TCHF)/(TMHF−TCHF)

Furthermore, heat transfer during the wet period is taken
into account in this report.

for t< twait, q=qconduciotn to liquid (6)

for t> twait, q=qwet = f (∆T 0.8
sat ) (7)

The latter is Shoji’s correlation(15) during the wet period.
Here, the waiting time by incipient boiling, twait, is esti-
mated using

twait = (1/παl){Rc∆Tsat/(∆Tsat−∆TBI)}2. (8)

Rc is the radius of an active cavity for any superheat.

Rc

sinφ
=

2σ(ρl−ρv)Tsat

ρlρvL∆Tsat

{
1− h

kl

Rc

sinφ
(1+cosφ)

} (9)

∆TBI is the liquid superheat of an active spherical bubble
with a radius of Re(= Rc/sinφ) in a uniform temperature
field.

∆TBI =
2σ(vv−vl)Tsat

LRe
(10)

In Eq. (9), φ is the contact angle, which is 90◦ for the
present model. h is natural-convection heat transfer co-
efficient obtained by the present experiments (see Fig. 4).

Figure 10 also shows the prediction by the present
model. The prediction by the present model agrees well
with the present experimental data for water in the transi-
tion boiling region, both qualitatively and quantitatively.
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(a) Correlation model (Side view) (b) Wetting model (Top view)

Fig. 11 Rewetting models

4. 3 Application to rewetting
In this section, the simulation of rewetting(16) is per-

formed using two transient heat conduction models with
the present correlation of transition boiling heat transfer
and the present liquid-solid contact model. As in Ref. (16),
we use the pool boiling heat transfer characteristics as the
boundary conditions of the heat transfer surface because
the heat transfer characteristics during the rewetting of
the falling film in the film flow rate range from 0.096 to
0.639 kg/ms at atmospheric pressure were similar to those
during conventional pool boiling.

4. 3. 1 Correlation model The following as-
sumptions were employed for the present correlation of
transition boiling heat transfer.

( 1 ) The two-dimensional transient heat conduction is
applied in a slab (see Fig. 11).
For boundary conditions on heating surface, the following
are noted.

( 2 ) The heat flux in the dry region qfb is calculated
using Bromley’s equation.

( 3 ) The MHF point TMHF is determined using
Nishio’s equation(17) (200◦C).

( 4 ) The heat flux in the region after rewetting, qtb, is
estimated using the present transition boiling correlation

qtb=qCHFΓ+qMHF(1−Γ),

where Γ=1.000−0.9120θ−0.1343θ2,

θ= (Tw−TCHF)/(TMHF−TCHF).

( 5 ) The heat flux in the wetted region qnb is found
using Rohsenow’s correlation.

( 6 ) A portion of the upper boundary on the heating
surface is initially qCHF given by Kutatelaze’s equation,
because of precursory cooling.

( 7 ) The other boundary conditions except for the
heating surface are adiabatic walls.

4. 3. 2 Wetting model The following assump-
tions are used in simulating the present liquid-solid con-
tact model.

( 1 ) “Three”-dimensional transient heat conduction is

applied in the slab.
For the boundary conditions on heating surface, the fol-
lowing are noted.

( 2 ) The heat flux in the dry region, qfb, is calculated
using Bromley’s equation.

( 3 ) The heat flux in the wetted region qnb is deter-
mined using Shoji’s correlation: f (∆T 0.8

sat ).
( 4 ) Once the wall is wet, the wetted region is main-

tained: Γt =1.
( 5 ) The wetted area is estimated with the liquid-solid

contact fraction Γ:

Γa =1.000−0.9120θ−0.1343θ2,

where θ= (Tw−TCHF)/(TMHF−TCHF).

( 6 ) During precursory cooling, a portion of the upper
boundary on the heating surface is initially qCHF given by
Shoji’s equation(15).

( 7 ) The other boundary conditions except for the
heating surface are adiabatic walls.

4. 3. 3 Calculation results and discussion Some
predictions by the rewetting model are illustrated in
Fig. 12. The cooling curves obtained in an experiment
on rewetting of a vertical hot thick surface using a falling
film(16) are also shown in Fig. 12. As seen from Fig. 12, the
experimental cooling curves obtained during the rewetting
are well reproduced by the transient heat conduction mod-
els using the present correlation of transition boiling heat
transfer and the present liquid-solid contact model.

4. 4 Application to core cooling
In the following sections, the present correlation de-

scribed in the previous section is examined for application
to core cooling including wettability on a heated surface.

Figure 13 shows the measurement results of a tran-
sient boiling experiment for water in a 12.5-mm-ID in-
conel X-750 tube at a mass flux of 135 kg/m2s, a qual-
ity of 0.49 and a pressure of 6.90 MPa. The experi-
mental data were reported by Iloeje et al.(18) The predic-
tion of transition-boiling heat transfer calculated using the
present correlation, Eq. (2), is also plotted in Fig. 13. The
prediction by the present correlation of transition boiling

JSME International Journal Series B, Vol. 49, No. 2, 2006



350

Fig. 12 Comparison between experimental data and some
simulation results during rewetting

Fig. 13 Comparison between present correlation and experi-
mental results for conditions similar to those of core
cooling

heat transfer describes well the experimental results for
conditions similar to those for core cooling, as shown in
Fig. 13. More detailed examinations are expected using
some analysis codes with the present correlation to assess
the characteristics of core cooling.

To examine the effect of wettability on transition boil-
ing heat transfer, Fig. 14 shows the measurement boiling
curve obtained during rewetting using a falling film for

Fig. 14 Comparison between present correlation and experi-
mental results for wettability

saturated water in copper and brass slabs in the film flow
rate range of 0.096 to 0.639 kg/ms. The experimental data
were reported by us(16). The test parameter is wettability
on a heated surface. We examined the dependence of wet-
tability of different surfaces (namely, copper clean surface,
copper oxidized surface, copper rough surface and brass
clean surface) on transition boiling heat transfer. The pre-
dictions of transition-boiling heat transfer calculated using
the present correlation, Eq. (2), are also plotted in Fig. 14.
The predictions by the present correlation of transition
boiling heat transfer agree well the experimental results
including the dependence of wettability on transition boil-
ing heat transfer, as shown in Fig. 14. Although further
examination is required, the finding suggests that critical
heat flux, minimum heat flux and their superheats reflect
wettability. When we examine closely, there is a small dif-
ference between the measured and calculated heat fluxes
for experimental condition of the copper oxidized surface.
Further collection of many experimental data is required
for oxidized surfaces to accurately assess the dependence
of wettability on transition boiling heat transfer.

Transition boiling heat transfer was well reproduced
by the present correlation for some clean metal surfaces
and several liquids (namely, water, R-113 and liquefied
nitrogen).

5. Conclusions

Transition boiling heat transfer was examined by de-
riving the correlation and model, the following conclu-
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sions were obtained.
( 1 ) As correlation of transition boiling heat transfer,

Γ=1.000−0.9120θ−0.1343θ2

was presented from experimental results for water, R-113
and LN2. Here, heat flux in transition boiling was given by
qtb = qCHFΓ+qMHF(1−Γ). θ is the dimensionless temper-
ature: θ = (Tw−TCHF)/(TMHF −TCHF). Transition boiling
heat transfer was well reproduced by the present corre-
lation for some clean metal surfaces and several liquids
(namely, water, R-113 and liquefied nitrogen).

( 2 ) The prediction by the present model, taken the
dependence on wall superheat of liquid-solid contact time
and area into account using the present correlation and nu-
cleate boiling heat transfer during the wet period, agreed
well with the present experimental data for water in the
transition boiling region, both qualitatively and quantita-
tively.

( 3 ) A simulation of rewetting was performed using
the present transition boiling correlation and model; the
experimental cooling curves during rewetting were well
reproduced by the transient heat conduction model using
the present correlation of transition boiling heat transfer
and the present liquid-solid contact model.
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