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Abstract

The results of laboratory experiments with CFC114 flowing in an electrically heated, serrated-fin or perforated fin
test section to measure local boiling coefficients over a wide range of vapour quality, with mass fluxes up to 45 kg/
m” s, heat fluxes up to 3500 W/m? and pressure of 3 bar are reported. These low mass and heat fluxes reflect the
industrial process application of these heat exchangers where small temperature differences may exist between
streams.

An analysis of the measured heat transfer coefficients from tests with CFC114 in both serrated fin and perforated
fin geometries shows the separate effects of quality, mass flux and heat flux.

Two kinds of mechanism were found: a nucleate boiling regime and a convective boiling regime. The data were
predicted using an asymptotic model, the nucleate boiling component was obtained from pool boiling data and the
forced convective component of the two-phase heat transfer coefficient was found to be well represented by the F
and Martinelli parameters used by Chen [I&EC Process Design and Development 5(3) (1966)]. © 2000 Elsevier
Science Ltd. All rights reserved.

1. Introduction

Finned flow passage geometries have been widely
used in single-phase compact heat exchanger appli-
cations. Over the past decade, compact heat exchanger
surfaces have been used more and more widely in ap-
plications involving phase changes, such as cryogenic
processing system for liquefaction of natural gas, hy-
drocarbon separation and automotive air-conditioning.

* Corresponding author. Tel.: +33-03-83-59-56-08; fax:
+33-03-83-59-55-44.

Aluminium plate fin heat exchangers also offer process
integration possibilities (12 or more simultaneous
streams in one exchanger), and high energy efficiency
under a tight temperature approach (1 or 2°C) in a
large variety of geometries.

The design of this type of heat exchanger may be
largely influenced by two important features: first,
the fin geometry which may be of ‘offset strip’ fin
or ‘perforated’ type; secondly, the hydraulic diam-
eter which can be very small (about 1 mm for the
tested geometries presented in this report) and
which greatly depends on fin geometrical parameter
(fin height and pitch). These heat exchangers are
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Nomenclature

A area (m°)

C, specific heat at constant pressure (J/kg K)
Dy hydraulic diameter (m)

F  enhancement factor

h  fin height (m)

his  latent heat of vaporization (J/kg)
fin length (m)

mass flow velocity (kg/m? s)
mass flow rate (kg/s)

molecular weight (kg/mol)
exposant in the asymptotic model
number of fins

pressure (bar)

Prea reduced pressure (bar)

heat flux (W/m?)

power (W)

temperature (°C)

vapour quality
Lockhart—Martinelli parameter

N o glgg ~

R IS

Greek symbols

o heat transfer coefficient (W/m? K)
0 fin thickness (m)

A difference

Subscripts
cv  convective boiling
g  vapour

in inlet
liquid
1 laminar

nb nucleate boiling

npb nucleate pool boiling
out outlet

sat saturation

t turbulent

tp two-phase

w  wall

currently used in many processes as an evaporator
in a thermosyphon loop. To avoid excessive press-
ure drop of the evaporating fluid, mass flux in the
finned passage is kept at low values (in this study
20 < m < 45kgm~>s7h.

Some authors have already worked on boiling in
compact heat exchangers. Experimental results have
been obtained by Robertson [1] and Robertson and
Lovegrove [2] with nitrogen and CFCI11. Robertson
[3,4] also developed two different models for pre-
dicting local heat transfer coefficients for annual
flow in these geometries.

In more recent studies, Carey and Mandrusiak
[5~7] examined the effects of channel geometry on
the local heat transfer coefficient for flow boiling,
visualised the flow in the channel and proposed an
expression for computing the two-phase heat trans-
fer coefficient.

The GRETh (Groupement pour la Recherche sur
les Echangeurs Thermiques) has been engaged in
research into this type of exchanger for a number
of years in single phase applications [8,9]. The need
to understand the performance characteristics of
these configurations used for phase change has led
the GRETh to carry out a study to obtain direct
visual observations, the local heat transfer coefficient
and the local pressure law.

The proposed paper presents local boiling heat
transfer data in plate fin passages. Tests were carried
out under saturated conditions at 36°C with CFC114

and two kinds of fin: offset strip fins and perforated
fins, whose dimensions are given in Table 1.

The present study was undertaken to achieve two
main objectives. The primary objective was to obtain
local heat transfer coefficients during flow boiling and
to quantify the contribution of nucleate boiling or con-
vective boiling to the heat transfer coefficient. The sec-
ondary objective was to study the influence of the fin
geometrical parameters over the heat transfer coef-
ficients and to propose a method for predicting the
heat transfer coefficient, regardless of the fin geometry.

2. Experimental apparatus

The experimental apparatus (Fig. 1) allowed boiling
in plate—fin heat exchangers to be studied during an
ascendant flow of pure refrigerant. It consisted of three
circuits: a cold water, a hot water and a refrigerant cir-
cuit.

The test section was inserted in the main circuit
which provided a steady flow of pure refrigerant: liquid
flow from the reservoir to the preheater was provided
by a variable speed circulation pump and a mass flow
rate transmitter (Coriolis type) measured the mass flow
rate. The preheater evaporated some of the refrigerant
using the hot water circuit to provide a two-phase flow
through the section. The preheater power input was
controlled to adjust the inlet quality to the test section.
After the fluid passed through the test section it was



Table 1
Dimensions of the fins
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Offset strip find

ow direction

Perforated fins

flow direction

OSF01/0OSF02 Perf01/Perf02/Perf03
Fin height h (mm) 6.93/6.93 6.93/3.33/6.93
Fin length L (mm) 3.18/9.52
Fin thickness 0 (mm) 0.2/0.2 0.2/0.2/0.2
Fins per inch N 18/22 18/18/25
Hydraulic diameter Dy, (mm) 2.06/1.98 2.06/1.78/1.67

condensed back to subcooled liquid in a water cooled
condenser. With this test loop, experimental data were
obtained for vapour qualities ranging from 5 to 80%
and mass flux values ranging from 20 to 45 kg/m” s.
Each test section consisted of a single channel
with fins between two aluminium slabs, 400 mm
long and 150 mm wide (Fig. 2). Adhesive resist-
ances (230 V, 1300 W) heated the slabs; thus, heat

was conducted through the slabs to the finned sur-
face where it was transferred to the fluid flowing in
the channel. Available heat flux values ranged from
1000 to 3500 W/m?. Eight thermocouples were also
embedded in the slab as shown in Fig. 3 to measure
the wall temperature.

Determination of the wall temperature is necessary
for calculation of the local heat transfer coefficient.

Test section

Preheater

—= =

Flowmeter

Pump

Condensor

Reservoir

Fig. 1. Experimental apparatus.
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®  pressure tap
0  thermocouple

Fig. 2. Test section.

Moreover, this temperature provides a better under-
standing of the phenomena occurring in the channel.
For example, nucleation departure or a possible dry-
out region can be detected from the wall temperature.

With these test conditions (the fluid entering the test
section is already two-phase) the fluid temperature
should not deviate far from the saturated temperature.
But the pressure drop in the channel is large enough to
modify the evolution of the fluid temperature. Eight
additional thermocouples were also placed in the chan-
nel to detect this evolution.

Passage for
wall thermocouple Tested fins
\ | adhesive heater
R S S A
——— / r
1|5
al
.. ~ Passage for
-— -~ s~ = ~>pressure tap

[ adhesive heater |

Passage for
fluid thermocouple

Fig. 3. Details of instrumentation.

Unfortunately, because of the random fin positions
we cannot ensure that the thermocouples will only be
in contact with the liquid (Fig. 3): they may touch a
fin. To overcome this problem, we measure the absol-
ute pressure at the inlet of the test section and the
differential pressure along the length of the channel.

We can also determine the saturated pressure and
thus the evolution of the saturated temperature.

3. Experimental procedure

All the heat transfer tests were carried out with an
inlet test section two-phase flow. An experimental run
was conducted as follows. The required flow rate and
working pressure at the inlet to the test section were
obtained by adjustment of the variable speed circula-
tion pump and by heating the reservoir on the main
circuit.

The hot water circuit heaters were controlled to
adjust the inlet quality x;, to the test section. The inlet
quality to the test section can also be determined from
an energy balance on the preheater:

M‘PCPI(AT)I + xianPhlg = Qhot water (1)

Using the inlet quality x;, determined from the above
equation, the quality at each thermocouple location is
obtained from an energy balance on the portion of the
test section taken into account:

(Xout — xin)Mlphlg = QA 2

where A correspond to the area of the considered
portion.

The electrical adhesive heaters were then applied
and by continual adjustment of all three parameters,
the required experimental conditions were attained at
thermal equilibrium.

An axial profile of wall and bulk temperatures along
the test section is drawn in Fig. 4 for a perforated fin
geometry. Included on this plot is the local quality

39
— .
| ‘ e —
G —o— Tsat (thermocouples)
< 1 = Twall p=3bar
g —x— Tsat (pressure) fluid : CFC114
® 37 m = 45 kg/m’s
Q 1 q = 3200 W/m?
E: | o1a 018 | 02 4| 031 03 0.47
1 %= X X e —  — X
] 0.41
35 —— —— —
0 0,1 02 03 04

length (m)

Fig. 4. Typical temperature profiles along perforated fin test
section.
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from the net heat input, the mass flux and the appro-
priate latent heat as explained before. The test con-
ditions were set at a mass flux of 45 kg/m? s and a
heat flux value of 3200 W/m?>.

Two kinds of measurement give us the fluid tem-
perature as it has already been underlined, fluid ther-
mocouples and pressure taps along the test section. As
shown in Fig. 4 the fluid temperatures measured with
the thermocouples are in accordance with those deter-
mined from the pressure measurement.

A slight decrease of fluid temperature is observed
(about 0.4°C) between the inlet and outlet of the test
section, due to the pressure drop along the channel.

A significant decrease is noted for the wall tempera-
ture for a 0.26 value of vapour quality. This obser-
vation will be interesting to analyse the heat transfer
coefficient evolution.

The slight difference between the fluid and wall tem-
perature (about 3°C) must be underlined. It also jus-
tifies paying particular attention to the experiments
which are very difficult under these conditions.

With this plot it is then possible to derive the tem-
perature difference between the wall and bulk and to
obtain the local heat transfer coefficient (Fig. 5)

q

a(Z) - TW(Z) - Tsat

©)
An abrupt change in the slope is observed in Fig. 5.
The heat transfer coefficient seems to be constant until
the 0.26 vapour quality value is reached. As we have
already explained, this evolution is linked to the wall
temperature evolution.

Once again, we can see how important the local
instrumentation is. With a global measurement, the
change in the slope would not have been detected.

4. Remarks on measurement accuracy

The evaluation of the accuracy in the determination

1500 T T
€ p=3bar | |
@ fluid : CFC114 | |
é m = 45 kg/m?s |
[T q = 3200 W/m? | ;
8 X : 0.47
& £1280 f X
23 | 036 041
g % ‘
= 0.16 026 .
g e x et oa |

0.20 | |
1000 - -
0 0,1 0,2 0,3 0,4
length (m)

Fig. 5. Heat transfer coefficient along perforated fin test sec-
tion.
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Fig. 6. Heat transfer coefficient versus quality.

of the local heat transfer coefficient gives a relative
error of 15% for the more difficult conditions charac-
terised by a low temperature difference between the
wall and the saturated fluid (about 2°C). The evalu-
ation of inlet vapour quality presents a relative error
of 15%. Moreover, preliminary tests confirm the stab-
ility and repeatability of data with increasing or
decreasing heat flux.

5. Analysis of the results: influence of quality, heat flux
and mass flux

The measured variations of the two-phase flow heat
transfer coefficient with quality, mass flux and heat
flux for flow boiling of CFC114 in the different types
of fins are presented here. A plot of the boiling heat
transfer coefficients against quality, with heat flux as a
parameter, is presented in Fig. 6 for a mass flux of 45
kg/m? s in a perforated fin geometry.

This figure suggests that the heat transfer phenom-
enon can be divided into two regions: a nucleate boil-
ing region where the heat transfer coefficients depend
on the heat flux but are independent of the vapour
quality, and a convective boiling region where the heat
transfer coefficient is independent of the heat flux.

This is also demonstrated in Fig. 7 where the heat
transfer coefficient versus heat flux, with the quality as
a parameter, is shown. For high quality values
(x = 40%), the lines for the heat transfer coefficients
are horizontal, i.e., independent of heat flux until the
heat flux reaches the maximum test value. For low
quality values (x = 20%), the heat transfer coefficient
rises with the heat flux.

The influence of the mass flux is presented in Fig. 8.
In the region where nucleate boiling is dominant, the
heat transfer coefficient is independent of mass flux
while it is dependent on the mass flux in the convective
boiling region.

Two kinds of boiling regimes have been observed in
this perforated fin geometry: a nucleate boiling region
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Fig. 7. Influence of heat flux.

for low vapour quality values, where the heat flux in-
fluences the heat transfer coefficient and a convective
boiling region for high vapour quality values where the
heat transfer coefficient is independent of the heat flux
but is dependent on the mass flux and quality. Heat
transfer increases with increasing mass flux and qual-
ity.

By direct viewing, we compared this thermal regime
with the hydraulic regime. It was observed that for
points obtained at low mass qualities and situated in
the nucleate boiling area, the flow appeared to be bub-
bly or a slug flow regime. At higher qualities, the flow
was annular in configuration, bubble nucleation on the
heated surface appeared to be completely suppressed
and the convective boiling regime was predominant.

In conclusion we can associate the nucleate boiling
with a bubbly flow regime and the convective boiling
regime with an annular flow regime.

6. Analysis of the results: influence of the fins
dimensions

To examine the effect of channel geometry on the
local heat transfer coefficient and on the two different

—e— m=20 kg/m?s
_ —X— m=45 kg/m?s g
¥ |
£
£1000 1% XX | S
s

q=2600 W/m?
0 02 04 06 08

quality

Fig. 8. Influence of mass flux.

boiling regimes, five different geometries were tested
and are summarised in Table 1.

6.1. Influence of fin length

Tests were carried out using the same experimental
conditions described earlier with two offset strip fins
with different fin lengths (OSFO1 — L = 3.18 mm and
OSF02 — L = 9.52 mm). Fig. 9 shows the recorded
results.

The trends in the data indicate that, for a given
mass flux (here 45 kg/m? s), the heat transfer coef-
ficients for the two kinds of fin differ by about 35%.
The results represented in Fig. 9 are sufficiently differ-
ent to conclude that the overall two-phase heat trans-
fer coefficient is very sensitive to changes in fin
dimensions.

With the offset strip fin OSF02, whose fin is longer,
the two boiling regimes can be observed. In the first
region, for weak vapour quality values, the heat trans-
fer coefficient depends on heat flux (nucleate boiling
region) while in the second region, for high vapour
quality values, the heat transfer coefficient depends
only on quality and mass flux. Under the same exper-
imental conditions with the offset strip fin OSF01, no
nucleate boiling region is observed. All the data are
independent of heat flux and viewing shows that the
annular flow regime is predominant in the test section.

6.2. Influence of the fin height

The effect of the fin height was studied with two per-
forated fin geometries Perf01 and Perf02. These two
geometries were similar except for the fin height.
Fig. 10 shows the results obtained under the same ex-
perimental conditions with these two geometries.

Here again the trends in the data indicate that, for a
given mass flux (here 45 kg/m? s), the heat transfer
coefficients for the two kinds of fin differ by about
30%. Once again, the two sets of results represented in

2000

p = 3 bar l ‘
E fluid : CFC114 ; z
§ = 45 kg/m?3s \ A
5 1500 414oo<q<3soo wimz| | . —
9 ¥ ‘
3 o°
= £ o]
% E “, 0@ Q#
§ <4000 Yo 5 ) i
= 0.0 90 N
: 00 % \ [ || a OSFO1 |
< | | | 00SF02|
500 1 -
0,00 0,20 0,40 0,60 0,80
quality

Fig. 9. Influence of fin length.
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Fig. 10. Influence of fin height.

Fig. 10 are sufficiently different to conclude that the
overall two-phase heat transfer coefficient is very sensi-
tive to changes in fin dimensions.

With the perforated fin PerfO1, whose fin is higher,
the two boiling regimes can be observed. In this first
region the heat transfer coefficient depends on the heat
flux (nucleate boiling region) while in the second
region the heat transfer coefficient only depends on the
quality and mass flux. Using the same experimental
conditions and the perforated fin Perf02, no nucleate
boiling region is observed. All the data are dependent
of heat flux and viewing shows that the annual flow
regime is predominant in the test section.

6.3. Influence of fin density

The effect of the fin density was studied with two
perforated fin geometries PerfOl and Perf03. These two
geometries were similar except for the fin density.
Fig. 11 shows the results obtained under the same ex-
perimental conditions with these two geometries.

The trends in the data indicate that, for a given

2000
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fluid : CFC114 A8 o8
m = 45 kg/m?3s RYS s X
1500 1400< q<3500W/m=| e & " x|

o]
a uD Dnﬁ o
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o oPerf03 [ OSFO2 |
g oBoo | APerf02  =Perfo1
x OSFO1
500 - —
0,00 0,20 0,40 0,60 0,80

quality

Fig. 12. Heat transfer coefficient versus quality.

mass flux (here 45 kg/m® s) the heat transfer coef-
ficients for the two kinds of fin do not differ. The over-
all two-phase heat transfer coefficient is not very
sensitive to changes in fin density.

Whatever the perforated fin (Perf0l or Perf03), the
two boiling regimes can be observed. In the first region
the heat transfer coefficient depends on the heat flux
(nucleate boiling region) while in the second region the
heat transfer coefficient only depends on the quality
and mass flux.

7. Results analysis

The convective boiling regime is generally the domi-
nant heat transfer mechanism for OSF fins with a
small fin length or for perforated fins with a small fin
height. For those fin geometries, the convective regime
appears not only for the medium and high vapour
quality but also at the lowest values of vapour quality.
These observations shown in Fig. 12 can be easily
explained: on the short length, a laminar boundary

o 2000 S

“E fluid : CFC114

E m =45 kg/m?3s

~ 1400 < q < 3500 W/m?

T 1500

2 5 07
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Fig. 11. Influence of fin density.
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Table 2

Comparison between experimental results and correlations (percent of data predicted with +35%)

Chen [11] Carey [5] Liu and Winterton [12] Wadekar [13] Steiner and Taborek [14]
Dent01 74 78 49 0 30
Dent02 71 99 57 0 25
Perf01 96 69 98 0 15
Perf02 96 80 39 0 35
Perf03 99 57 87 0 40

layer in the liquid phase is developed, followed by its
destruction in the wake region between strips. Greater
enhancement is obtained by using a shorter strip
length.

The boiling regime becomes the dominant heat
transfer mechanism with sufficiently high wall super-
heat. This wall superheat may be increased with the
heat flux: in fact nucleate boiling appears with the
highest values of heat flux. High wall superheat may
also be obtained with a low convective heat transfer
coefficient: low vapour quality or mass velocity involve
a low convective heat transfer coefficient and promote
a nucleate boiling regime. For the same reasons, fin
geometries with high fin length which reduce the con-
vective effects generally show a dominant nucleate boil-
ing regime.

8. Construction of a semi-empirical model

In flow boiling, the nucleate and convective com-
ponents are superimposed by a very complex mechan-
ism. Three main models exist in the present literature
[10], the superposition model using the addition of two
components with a suppression factor, the enhance-
ment model and the asymptotic model based on an
asymptotic addition of two boiling components.

As will be explained, we propose to use an asymp-
totic model

o = ol + oy 4

which assures a smooth transition as the boiling mech-
anism changes from nucleate (nb) to convective (cv).
The case n = 1 represents the superposition model and
n — oo is the case for which the larger of the two
mechanisms is predominant.

8.1. Treatment of convective boiling effect

A substantial fraction of the heat transfer measure-
ments obtained in this study corresponded to flow con-
ditions in which annular film flow evaporation was the
dominant heat transfer mechanism. We will examine

different methods of correlating the convective boiling
component .

The convective boiling heat transfer coefficient is
very often expressed by

ey = FOC/ (5)

where the ratio F is defined as the two-phase convec-
tion multiplier.

Several correlations have been proposed by authors
to evaluate the F factor. Table 2 shows the results
obtained using some well-known correlations for each
test geometry.

The data seem to be well correlated in terms of a
version of the F-parameter used by Chen [11] to corre-
late the forced convective effects for flow boiling in
vertical tubes. Chen correlated the convective heat
transfer data by using the F factor and the Lockhart—
Martinelli parameter [15]. The F factor is defined as
the ratio of the two-phase heat transfer coefficient to
the single-phase liquid fraction heat transfer coefficient

F=2—14+18x 797" )
o

The term o; is computed from the single phase corre-
lation for the specific geometry. For the offset strip fin
geometries, the Wieting correlation [16] is used, and
for the perforated fin geometries the Shah correlation
[17] is proposed.

The expression of the Martinelli parameter X

20 p = 3 bar ]
fluid : CFC114 }
20 < m < 45 kg/m3s }
1400 < q < 3500 W/m? o L
.
5 10 X
w x XX
B OSF01-02
g Perf01-02-03
0 = T
0 10 20

Fexperimental

Fig. 13. Comparison between Chen correlation and exper-
imental results.
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depends on the nature of each phase and it can be
written Xy, Xj, Xu, or Xj. The liquid and vapour fric-
tion factors were determined from the laminar or tur-
bulent correlations proposed by Wieting or Shah.

In Fig. 13, a comparison between the experimental
F-factor and the F-factor used by Chen is shown.
Eighty-two percent of the data are predicted with
+35% with the Chen correlation. Only the experimen-
tal results obtained at a very low mass flux are not
well predicted by the Chen correlation.

The discrepancy between experimental data and the
calculated data with the Chen correlation may be
easily explained by the following reasons. The Chen
correlation has been initially developed for smooth
tubes and the present work shows that the extrapol-
ation of the method to complex and confined geom-
etries (as OSF and perforated fins) involves a reduced
quality of prediction.

The evaluation of a single-phase heat transfer coeffi-
cient and of the Lockhart Martinelli parameter is
made with adequate correlation (Wieting correlation
for the OSF fins, and Shah correlation for the per-
forated fins) which nevertheless may show some
deviations with experimental data as can be seen in
Table 3.

8.2. Treatment of the nucleate boiling effect

To correlate the nucleate boiling data, we propose
to use the Cooper correlation [18] which can be
expressed for pure CFC114 by:

oop = 8.41" pliiA(—1og 10 prea) (7

where the parameter p.q is defined as the ratio of the
saturated pressure and the reduced pressure of the
fluid. This parameter is frequently introduced in the
nucleate boiling correlations based on the correspond-
ing state method [18,19]. The constant 8.41 has been
evaluated from the analysis of experimental data on
CFC114 nucleate boiling.

The comparison between the experimental nucleate
boiling heat transfer coefficients and the nucleate pool
boiling heat transfer coefficients obtained with the
Cooper correlation is shown in Fig. 14.

With the correlation, 95% of the nucleate boiling
data are predicted within +35%. As it was earlier

Table 3
Comparison between experimental results and correlations
(liquid phase) (Wieting and Shah correlations)

Type of fin OSF01 OSFO02 Perf0l Perf02 Perf03

Mean deviation (%) 11 18 39 38 27

2000

p = 3 bar
fluid : CFC114
20 < m < 45 kg/m?3s
1400 <q < 3500 W/m?

1000

S OSF01-02 |
L . Perf01-02-3
0 L

0 1000 2000

npb_Cooper (W/m?K)

@ nb_experim ental (W/m2K)

Fig. 14. Comparison between Cooper correlation and exper-
imental results.

emphasised two different mechanisms have been clearly
identified: a nucleate boiling regime (for low vapour
quality values) and a convective boiling regime (for
high vapour quality values). Moreover, an abrupt tran-
sition from nucleate to convective boiling has been
detected. It corresponds to the case n — oo in the
asymptotic model. To use this form of the asymptotic
model, both the nucleate pool boiling term o, with
the Cooper correlation and the convective term Foy
with the Chen factor would be calculated, and the
greater of the two values would be taken into consider-
ation.

Fig. 15 shows the comparison between the exper-
imental heat transfer coefficient and the semi-empirical
heat transfer coefficient. With the asymptotic model,
the data are, for the main part, predicted with +35%.

9. Conclusions

This study enabled local measurement of the heat
transfer coefficient in compact heat exchangers to be
obtained. Two kinds of boiling regimes have been
detected.

On the one hand, there is the nucleate boiling regime
where the heat transfer coefficient depends on heat flux
but is independent of quality and mass flux. Only the

~ 3000 - "
X ‘ o
b | X |35%
t |
=3
_ X -35%
T 1500 ’— '
1
€ +3
@
€
3 )
2]

0 }

0 1500 3000
dexperimental (W/m?2K)

Fig. 15. Comparison between experimental results and semi-
empirical model.
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data obtained at low quality values are concerned by
the nucleate boiling. On the other hand, the convective
boiling depends on quality and mass flux but is com-
pletely independent of heat flux. Only the data
obtained at high quality values are concerned by this
mechanism.

The influence of the fin dimension emphasised the
effect of fin length, height and density on the boiling
regime. It appeared clearly that the decrease of fin
height or length suppresses the nucleate boiling regime.
The influence of fin density is not so evident in the
boiling regime.

To help the manufacturers to design this kind of
heat exchanger, a semi-empirical model, based on the
asymptotic model is proposed in this paper. It allows
prediction of the heat transfer coefficient regardless of
the boiling regime, within +35%.
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