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POST-CHF HEAT TRANSFER DURING
STEADY-STATE AND TRANSIENT CONDITIONS

by
K. K. Fung
ABSTRACT

This review extends previous reviews of steady-state post-CHF literature
by Groemeveld, Gardiner, and Fung by including more recent data. A review of the
literature on transient post-CHF data is also included by extending the work of
Yadigaroglu.

INTRODUCT LION

Post-CHF heat transfer is frequently encountered in the safety
analysis of nuclear reactors. It correspends to the boiling curve section
to the right of the CHF as shown in Fig. la. As the wall temperature is
increased beyond the CHF, the surface will be wetted intermittently. This
regime is termed the "transition boiling". At temperatures above Tmin’
only the vapor phase will be in contact with the heated surface. This is

the film boiling regime.

During film boiling the heated surface is cooled by radiation,
forced convection to the vapor and liquid-wall interaction. The vapor

can become highly superheated. The liquid is thought to be in the form of

(a) a dispersed spray of droplets, usually encountered at void
fractions in excess of 80%. The corresponding flow regime is

referred to as the "liquid-deficient regime" (Fig. 1b (i)).

(b) 2 continuous liquid core surrounded by vapor annulus. This is
the inverted annular flow regime usually encountored at void

fractions below 30% (Fig. 1b (ii)).

(c) a transition between the above two cases, usually in the form
of slug flow (Fig. 1b (iii)).

Steady-state post-CHF heat transfer has been the subject of
several review reports. Reviews of transition boiling were covered by
Groeneveld ar’ Fung [1976), high quality liquid deficient regime by
Groeneveld [1975] and low quality and subcooled film boiling by
Groeneveld and Gardiner [1977]. An exhaustive review of transient
post-CHF heat transfer during the reflood phase of the LOCA was made
by Yadigaroglu et al. [1975].

The purpose of this report is to consolidate the subject

information and to review the more recent developments.
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1. STEADY-STATE "ST-CHF HEAT TRANSFER STUDIES

T%» most recent studies are listed in Table 1.1. They are
separated by boiling regimes and are reviewed in the following
sections. For completeness, studies which we e reviewed in previous

reports are listed in Appendix 1.
1.1 TRANSITION BOILING

1.1.1 Recent Experimental Studies

Experimental studies were recently carried out i. and
Britain, using a transient heat conduction quenching tec! . Since
the transients are very slow, the heat transfer process se considered

as semi-steady-state. This method, as originally used by Newbold [1976],
Cheng [1976] and Fung [1976], consists of a short copper test block having
a central flow passage. The test section was heated initially to a high
temperature and then water at preset conditions was introduced. The
temperature transient of the block is recorded by thermocouples located
near the hcat transfer surface. One of the drawbacks of this simple
set-up is that high axial temperature gradients, sometimes cornarable to
the radial gradient (Fung [1976]), exist due to the presence of dryout and
rewetting fronts at the entrance and exit. This renders the one-dimensional
assumption used in the data reduction questionable. Nevertheless, these
data still give some indication of the parametric trends. Improvements
have since been made by Newbold et al. [1976], Cheng et al. [1978] and
Ralph et al. [1977]. Newbold and Ralph used a composite test section
formed from four copper cylinders separated by thin plated nickel-chromium
alloy seals. In this way, the radial conductivity was much improved with
respect to the axial conductivity. Cheng installed guard heaters just

upstream of the test section to arrest the propagation of the quench front.

To establish the relationship between these transient data and
those that would be obtained ir a steady-state situation, Fung [1976] and
Cheng et al. [.978] carried out some steady-state runs in the film boiling
and nucleate boiling regions. In these tests, the test section power

was carefully adjusted so that the surface temperature remained constant.
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when the downward liquid velocity was very close to the rise velocity of a
single isolated bubble.

The effect of different surface materials has been studied in a
recent series of tests by Cheng et al. [1977]. In order to retain the long
transition boiling period they,used a composite test section which con-
sisted of the usual thick copper cylinder, with a thin stainless steel or
Inconel tube soldered to the central bore. Some of the results are compared

in Figure 1.6. Several ohservations can be made:
(1) The boiling curves are shifted .o higher superheat.

(2) There is a difference in the boiling curves B and C obtained
with stainless steel cladding of thickness 1.27 and 0.41 mm.
Since in the data reduction the interface was taken as a nodal
point and the boiling surface as the next one, discrepancies in
representing the temperature gradient might probably arise as the
cladding became thicker. This is even more evident by comparing
the boiling curves A and C, which are obtained with stainless
steel and Inconel claddings of comparable thickness. Here the

transition regions of the two curves are very close to each other.

(3) The TCHF and Tmi

The above observations are tentative, pending further verification by

& depend on the surface material.

experiments underway.

The boundary between the film boiling and transition boiling has
been assumed to be the Tmin (Groeneveld and Fung [1976]). However, the
data of Newbold, Cheng and Fung show that just beyond the transition
boiling region the film boiling heat flux is independent of the surface
. A recent

in
experiment by Ragheb et al. [1978) demonstrated the relative extent of

temperature. This casts much difficulty in locating the Tm

liquid-surface contact in transition boiling with respect to film and
nucleate boiling. The test section used was similar to the one used by
Cheng et al. The liquid-wall contact was indicated by an electric probe
built into the boiling surface. The construction and installation details

of the probe are shown schematically in the insert of Figure 1.8.
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1.2 SUBCOOLED AND LOW QUAIITY FILM BOILING

1.2.1 Recent Experimental Studies

In the transition boiling experiments of Newbold [1976], Cheng
[1976], Fung [1976] and Ralph [1977], some film boiling data near the
minimum temperature were also obtained. They observed that just beyond
the minimum temperature, the film boiling heat flux was independent of
the wall temperature. This implies a decrease in the heat transfer

coefficient.

The technique of using a thick-walled copper cylinder is limited
to short test sections, due to the axial conduction problem. Another
method of obtaining flow film boiling data for subcooled water has
recently been used by Groeneveld and Gardiner [1978]. This is the so
called hot patch technique originally used by Groeneveld [1974] to study
the effect of flux spikes on the CHF in Freon. It was discovered that,
after steady film boiling was attained at the hot patch and the test
section power raised gradu:lly, the dry patch propagated downstream into
the heated tube. It was immediately realized that this method could be
used to obtain film boiling for subcooled water.

The test section used by Gardiner and Groeneveld [1977] is shown
in Figure 2.1. The hot patch clamp was silver-soldered to the directly
heated test section. The original purpose of the hot patch was to provide
a dry patch location from which the vapor blanket could propagate down-
stream along the directly heated test section where steady-state heat
transfer measurements could be made. It was found, however, that the
spreading process was very slow in water and that excessive axial temper-
ature variations occurred. This approach was therefore abandoned in favor

of a much quicker and safer method.

The modified method employed the hot patch to stop and anchor a
rewetting front rather than to initiate a spreading dry patch. Initially,
the test section and the copper block were heated to temperatures well
above the minimum film boiling temperature. When the flow was introduced,
the high thermal inertia of the hot patch prevented the quench f{ront from

propagating further downstream. As a result the downstream portion of the
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Macdonald et al. [1977] carried out in-reactor tests with PWR
type zircaloy-clad, 97 cm long, U0y fuel roc “ach rod was tested in
its own coolant flow shroud. The results are ».aown in Figure 3.3, It
indicates that the Groeneveld correlation for film boiling in annuli tends
to serve as an upper bound for the measured wall temperature. The
calculations either agree well with the data or overestimate the observed
maximum cladding temperature. In three cases the correlation under-

predicts by up to 9%.

i3 8 Prediction Methods

Several phenomenological models to predict the heat transfer in
dispersed film boiling have been developed recently. Jones & Zuber [1977]
and Jones & Saha [1977) crnsidered the vapor-droplet interactions as a
first order relaxation process having a forcing function proportional to
the local rate of heat input. A superheat relaxation number is correlated
based on the data of Forslund & Rohsenow [1966] and Bennett et al. [1967].
They demonstrated that this model is capable of predicting actual quality
(Figure 3.4a) and that it can be extrapolated to higher pressures as

shown by the comparison with Swenson's data in Figure 3.4b.

Sergeyev et al. [1976) developed a governing equation for the
change in actual quality by using a droplet heat transfer coefficient and
taking the driving potential (lva-Tsat) to be proportional to (hva-hg).
They derived the following equation

dxa X
—= = K(1~- xe) (xe - xa) (xe/xa)

dX_
€
where K is a constant proportional to (pU)?/q" for a fixed pressure.
Simultaneous solution of the above equation and the vapor heat transfer
equation is shown to give good agreement with their experimental data

(Figure 3.5).

Chen et al. [1977] adopted the two-step model but instead of
solving the mechanistic equations they used a phenomenological approach.
The wall-to~vapor heat transfer is calculated based on the momentum

analogy and is expressed through the two-phase friction factor for the
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appropriate flow regime. The heat transfer to impinging liquid is
considered to take place in three stages: pre-nucleaticn <tuge, bubble
growth and disruption stage and finally the residual liquid film
evaporation stage. The two components are weighted according to the
liquid contact area fraction, which is empirically correlated. Agree~
ment between data from several sources and the correlation is reasonably
good, as shown in Figure 3.6,

One of the premises in the development of this model is that
liquid-wall contacts exist throughout the dispersed flow regime. This
seems to contradict the belief that only dry collisions take place beyond
the Leidenfrost temperature. It is true that the contribution to the
total heat transfer due to liquid wall interaction is small at high wall
temperature. Nevertheless the mechanism needs to be identified correctly.

Probably the component of heat transfer due to droplet entering the thermal

boundary layer should be incorporated to make this model more compatible
with the physical phenomena.

A wmodification to the Groeneveld correlation has been proposed
by Bjornard and Griffith [1977]. In the original Groeneveld correlation,
the vapor velocity is calculated by using the homogeneous void fraction
model, which is probably appropriate in the propused mass flux range of
0.8 to 4 Mg*m™“+s~!, 1In order to extend the applicability of this
correlation to low mass fluxes, Bjornard and Griffith used the drift flux
model, which, besides properly accounting for the influence of mass flux
and flow direction on the void fraction, will automatically transform into

the homogeneous model at high mass fluxes. The modified correlation

becomes
k (G Dex}
b 0.052 48 |omced P,:.Zé y-1.06
2 iJS dfm
where St " drift flux void fraction (see the same reference for method

of evaluation).

In addition, to circumvent the singularities of this correlation
at low pressure, they proposed that a modified Dittue-Boelter correlation
be used for pressures below 1.38 MPa.
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TABLE 11.

1: RECENT TRANSIENTT

POST-CHF STUDIES (1978)

: Heater initial Peak Inlet Cool- Floodi .
Reference Geometry* Deaign Pressure Tempersture] Power ant Temp. Rateng Comments
MPa) () °C)
Tube
Farman & ID = 12.7 mm Stainless Initial ~ 590 2~-3.47 250 - 290 1.35<«3.375 Blowdown tests
Cermak x 91 em Steel 17.24 MW/m? kgem ‘eg™? with constant
[1972] t=3.18 mm Blowdown decay rate or decaying
Hastelloy C rate 0.36-1.55 flow rate
t=2.54 om 1.38 - 69 kgem ‘eg=!
MPa/s
Mergan et al.| 9-rod bundle resistance Initial 370 962 kW/m’ 290 3.375 Blowdown tests
[1972] oD = 11 mm heated 15 step- Mgem ‘eg—!
3x3 array varying
pitch=14.4 mm
Lauer & Rod t =11 om .10 300 - 700 0 5-73 5-15 cm/s Bottom flooding
Hufschmidt 45 mm OD heated by tests
[1977] radiation
furnace
Tube
Groeneveld & | ID; = 16.07 mm | Inconel 600 .10 400 - 700 Voltages: 54, 35, 34 - 1500 Vertical upflow
Young IDp=12.70mm {t3 =0.76 mm ¥y =90 17 k.g'm‘z's“1 tests
[1%78] X 1.68 m ty)=1.59mm V3=0,3,5
Tube
Lee, Chen & ID} =19.1 om t] =1.65mmSS .10 270-800 |JUp to 10 - 80 100 - 400 Heorizontal and
Groeneveld Dy=19.1 mm ty =0.89 mm SS S kW/m® subcooling kgem~ “+s~! vertical upflow
[1978! ID3 =15.9mm t3=1.02mm reflooding tests]
Inconel
Chen, Lee & Lij=4m
Groeneveld L =3.5m
[1978] L3 =4m

"Slow transient tests of Newbold, Cheng, Fung and Ralph are included in the "steady state" section of this report.

B
Subscripts designate different test sections.

1%
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11.1.2 Single Channel Data

In these experiments, resistance heating of the test section wau
used. After the test section had been heated up to a high temperature,
coolant was introduced and quenching was achieved by the propagation of
a rewetting front. During quenching, all three boiling regimes existed
simultaneously along the channel. The principal information extracted
from these tests is che rate of rewetting during a reflood condition.

Most authors did not report explicitly the PDO heat transfer coefficients.
The experiment of Chen et al. [1978] contained a more systematic study of
the parametric effects on the heat trarsfer coefficient. Their report will

be reviewed in greater detail in the following section.

In the single rod reflooding experiment of Lauer & Hufschmidt
[1977] a thick-walled cylinder was used as test section. However, the
wall thickness was not as large as those used in the transition boiling
experiments of, for example, Cheng et al. Therefore, it is expected that

the effect of transient will be more significant.

11.2 PARAMETRIC EFFECTS

11.2.1 Effect of System Pressure

In general, the effect of pressure in reflooding heat transfer is
found to be in agreement with the observation that two-phase heat transfer
improves at higher pressure. Riedle & Winkler [1972] and Martini &
Premoli [1973) found that, at low pressure, a relatively small increase
of the pressure resulted in a large reduction of the quench time. This
suggests that the PDO heat transfer coefficients improved more signifi-
cantly at low pressure. The BWR-FLECHT data (Fig. 2.1) show that the heat
transfer coefficient increased significantly with pressure up to some
pressure in the vicinity of 1.4 MPa (200 psia). Beyond this pressure,
the trend seemed to be reversed. The increase of the PDO heat transfer
coefficient with increasing pressure has been attributed to the increases
in vapor density and specific heat (McConnell [1972]), and to the higher
entrainment with increasing pressure (Cadek et al. [1971]). The reduced

influence at higher pressure has not been explained satisfactorily.



T T T
Peok Power - 0 .74 W/t
intiol Temperoture - 1300 *F
Flooding Rote - 3 in./sec

{*F)

Temperoture

{
750
!
‘

500+

face

Sur

Ihe-112 —*F)

{Bty

cefficient

~
.

Test __ Pressure
$54-10 2ipsiwo

- SS4-1I1X 3Jipsio
$54-12 45psi0
554- MR 60 psio

<
£54- 16X S7 psio
£
c

sfar

Tenn

S4-17 195 psio 2487
$54:18 330 psio 295 *F

ec

2]

4 Rl GRS Ritevel MR Wy
80 100 120 140 160 180 200

Time (sec) ANC-B-44)1-¥H

HEAT TRANSFER

BWR-FLECHT,




e

11.2.2 Effect of Inlet Subcooling

In general, it was found that the quench time decreased with
increasing inlet subcooling. This implies a higher average heat transfer
coefficient over the film and transition boiling regions. However, the
effect of inlet subcooling on different boiling modes may not be the same.
For example, during the initial reflooding .tage in the PWR-FLECHT tests,
the mid-level of the bundle assembly was cooled by liquid deficient film
boiling and the heat transfer coefficient was found to increase with
decreasing inlet subcooling. This is shown in the initial 0.4 dimension-
less time in Fig. 2.2. The increase was attributed to the higher vapor
generation rate at the upstream location. Later when the quench front
propagated to near the mid-level, the heat transfer mode changed to
transition and inverted annular film boiling. At this stage, the lower
subcooling retarded the propagation of the rewetting front and therefore

the heat transfer coefficients decreased.

Lauer & Hufschmidt [1977] observed a very significant increase in
the heat flux with increasing fluid subcooling in both transition and film
boiling regimes in their reflooding test with a heated rod. Their data
are shown in Fig. 2.3. There is a sharp minimum film boiling temperature,

which increases with increasing inlet subcooling.

Chen et al. [1978] also found that the PDO heat flux increased
with inlet subcooling (Fig. 2.4). However, the difference during film
boiling was found to be relatively small.

I1.2.3 Effect of Depressurization

The effect of depressurization is a combined effect of change in
pressure and subcooling?¥ 1In the two blowdown studies (Farman [1972] and
Morgan et al. [1972]), the PDO heat transfer coefficients were found to

be significantly higher than those at steady-state.

Farman [1972] measured post-CHF heat transfer coefficients during
a blowdown test in a tubular geometry. The system was depressurized
while the flow rate was kept at an approximately constant value. He
found that the transition and film boiling heat transfer coefficients

were higher than those at steady-state conditions. No explanation for

*1f the coolant is at saturation temperature, depressurization will
result in flashing.
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the increase was given. In this author's opinion, this is probably due to
the higher vapor generation rate and higher turbulence as a result of
flashing.

Morgan et al. [1972] carried out blowdown tests with a 9-rod
bundle, They compared the measured wall temperatures with those predicted
by a computer code (CRAFT) and found that the best agreement was obtained
by using a film boiling heat transfer coefficient about twenty times larger
than those predicted by the steady-state correlation of Quinn [1966].

They suggested that the heat transfer process early in the blowdown phase
was dominated by a high degree of turbulence generated by bulk nucleation
rather than by a flow-dominated, boundary~-layer phenomenon such as film
boiling.

11.2.4 Effect of Flow Rate

The effect of flow rate is coupled with the effect of subcooling.
At higher flow rates, the convective component of the heat transfer will
increase. Also the local subcooling at a fixed location will decrease
with increasing mass flux, resulting in a further improvement in heat
transfer. However, during a transient, the heat transfer process might be

dominated by the turbulence level.

In most of the teste, only the quench time was reported. It is
therefore not straightforward to deduce the effect of flow rate on the
heat transfer coefficients. Riedle & Winkler [1972] reported that the
heat transfer coefficient in the transition and film boiling regions in
their tests with a 340-rod simulated bundle assembly did not depend
strongly on the flooding rate. Chen et al. [1978] found that, during
reflooding of a heated tube, the critical heat flux and surface heat flux
in the transition and film boiling regions increased slightly with mass
flux (Fig. 2.5). Comparing Figs. 2.4 and 2.5, it seems that the effect of

mass flux (in the range tested) is less than that of subcooling.

In the PWR-FLECHT program, some tests were carried out at stepwise
variable flooding rates. It was found that, with a step reduction in flow
rate as shown in the insert of Fig. 2.6, the variable flow heat transfer

coefficient was between the 6 and 10 in./s curve during the high flow part
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Fig. 2.8 shows the effect of initial wall temperature in the
reflooding test of a heated tube of Chen et al. [1978)]. Here a strong
effect of initial wall temperature can be seen. However, the boiling
curves corresponding to initial wall temperatures of 650°C and 750°C
coincide with each other. This seems to agree with the observations of
Lauer & Hufschmidt that, at sufficiently high initial wall temperature,

there was no significant difference in the boiling curve.

11.2.6 Effect of Power Level

ln all of the transient PDO experiments the power was either kept
constant (including zero) or programmed to decay. In the 2l-rod simulated
bundle assemblies tests of Campanile & Pozzi [1972], the PDO heat transfer

coefficient was found to increase with power level.

Siemens et al. [1973] also reported that, at low flow (8.64 -=m/s),
the average PDO heat transfer coefficient downstream of the one-third

elevation of their tubular test section improved with higher power level.

Chen et al. [1978] observed that the major difference caused by
the power input during the reflooding process was the shift of the boiling
curve to higher temperature, as shown in Fig. 2.9. The shift was thought
to be due to the power generation rate but not to the change in local sub-
cooling because, as can be evidenced from Fig. 2.4, the influence of sub=-

cooling on the nucleate boiling region was negligibly small.

In some of the PWR-FLECHT tests, Cadek et al. [1971] investigated
the effect of different power generation rate on the heat transfer coef-
ficient. Their results were plotted against time after flood (Fig. 2.10).
It cannot be deduced from this figure alone whether the boiling curves
(heat flux vs. wall temperature) are different. At higher peak power, we
would expect that the wall temperature also incieases. This will tend to
bring the curves shown in Fig. 2.10 closer to each other, if they are

plotted against wall temperature.

The effect of power decay rate was also studied in the PWR-FLECHT
tests. It was found that, with exponential decay rates differing in
time constants by a factor of 2, no measurable effect on the heat transfer
was observed. Cadek et al. inferred from this that the vapor generation

rate was not significantly affected by the power decay rate.
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11.2.7 Effect of Flow Blockage

A comparison of the findings of several studies on the effect of
flow blockage during reflood is given by Lee [1977]. A typical set of
data from the PWR-FLECHT program is shown in Fig. 2.11. It can be seen
that the flow blockage simulated by flat plates resulted in higher heat
transfer at the 1 in. downstream location from the blockage. Contrary to
this observation, Davis‘' [1971] data show that, at 0.5 in. downstream, no
flow blockage gave the best heat transfer, while a sleeve blockage
resulted in a worse heat transfer than a flat plate blockage (Fig. 2.12).
In the FLECHT tests, the positive effect of flow blockage on heat transfer
extended as far as two feet upstream and four feet downstream of the
blockage location, whereas in Davis' tests, the negative effect became

unnoticeable beyond 5.5 = 10.5 in. downstream.

The improvement in heat transfer in the FLECHT test is attributed
to droplet atomization and increased turbulence. The discrepancies
between the PWR-FLECHT and Davis' data were thought to be due to the
differences in bundle geometry and operating conditions. Lee [1977]
concluded that Davis' experiment was not a representative simulation of a

low velocity reflooding.

11.3 PREDICTION METHODS

Two approaches are currently being taken to predict the post-CHF
boiling heat transfer during blowdown and reflood. The first is the
global parameter approach in which empirical correlations derived from
data obtained in simulated bundle tests are used. Invariably, the corre-
lation based on FLECHT data has been used in the U.S. due to licensing
requirements. The other approach is the so-called "instantaneous local
conditions hypothesis" in which the local conditions are calculated by a
loop code and then the heat transfer correlations are chosen accordingly.
The correlations used are generally derived from single channel data
obtained in steady-state experiments. Table 11.2 summarizes the

approaches taken by different authors.
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f Friction factor

g Acceleration due to gravity
8 Conversion factor

G Mass flux

Gr Grashof number [‘-E-A‘;,Lg:]
h Enthalpy

h Heat transfer coefficient

Kk Therma! conductivity

L Length

Nu Nusselt number (h D/K)

P Pressure

Pr Prandt! number (u Cp/K)

Q Surface heat flux

R Gas constant

S Slip ratio, suppression factor
; § Temperature

U Velocity

X Quality

4 Axial coordinate

a Void fraction

B Thermal expansion coefficient
4 Ratio of specific heats

v Surface heat flux

5 Droplet diameter

€ Roughness height, eddy diffusivity, emissivity
v Kinematic viscosity

u Dynamic viscosity

? Shear

p Density

0 Surface tension

AH Local subcooling, h, - h

AT Local subcooling, Ts -T
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INTRODUCTION

Fuel sheath temperatures in water-cooled nuclear reactors are usually near the satura

tion temperature of water. During an accidental increase in pow 27 Or decreases If flow

and pressure, however, deterioration in heat transfer can occur wher the surface temper

ature increases to such a high level that the heated surface temperature can no longer sup

port continuous liquid contact. This phenomenon is usually referred to as the boiling

{ fl tical heat flux or CHF. The boiling crisis

crisis® and the corresponding heat flux as the cr

is characterized either by a sudden rise ir ¢ perature, caused by the heated sur
face being covered by a stable vapor film (tiim botling rb il surtface temperature

ding to the appearance and disappea. ance
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ors normally operate unde
postulated where dryout occu

dents thoug ¢ be the

*Other terms frequently used to denote the boiling crisis: "'dryout burnout’’ and “departure from

nucleate bolling DNB
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transition boiling. Table 1 summarizes the studies; they all suffer from

ings and cover only narrow ranges of conditions The data are not

accurate and p Ul 1O serve as a basis Of geriving a ¢ rrelat

have been deduced from the data (Groeneveld (4]
increases the transition boiling heat flux a
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Prediction Methods

COMPARISON OF TRANSITION BOILING CORRELATIONS
WITH FLECHT DATA




Table 2: Transition Boiling Correlations for Water
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Table 2 Transition Boiling Correlations for Water (cont'd)
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Table 3: Low Quality Film Boiling Experiments
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Table 4. Low Quality and Subcooled Film Bolling Correlations
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Yabie 5: Post-Dryout Data
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Table 6 Post-Dryout Correlations




TYable 6 Post-Dryout Correlations (cont'd)
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our understanding of the mechanisms governing this type of heat transfer. 5till reliable

data for water are lacking because of the complexity of using temperature controlled sys

temns. Another possible approach is the so-called hot patch technique 1as been used by
this author (Groeneveld [62]) to measure post-dryout temperatures in Freon-12
The prediction methods cannot be expected 10 be accurate for water except at low
flows where use of the pool boiling correlations seems "easonable. Present correiations
r
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