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To evaluate the effect of wall surface wettability on the characteristics of upward gas-liquid two-phase
flow in a vertical pipe, an experimental study was performed using three test pipes: an acrylic pipe, a
hydrophilic pipe and a hydrophobic pipe. Basic flow characteristics such as flow patterns, pressure drop
and void fraction were measured in these three pipes. In the hydrophilic pipe, a slug to churn flow tran-
sition boundary was shifted to a higher gas velocity at a given liquid velocity, whereas a churn to annular
flow transition boundary was shifted to a lower gas velocity at a given liquid velocity. In the hydrophobic
pipe, an inverted-churn flow regime was observed in the region where the churn flow regime was
observed in the acrylic pipe, while a droplet flow regime was observed in the region where an annular
flow regime was observed in the acrylic pipe. At a high gas flow rate, the mean void fraction in the hydro-
phobic pipe was higher than in the acrylic pipe. The effect of surface wettability on frictional pressure loss
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was confirmed to be insignificant under the present experimental conditions.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

In nuclear power plants and boilers, gas or vapor phase con-
tained in a working two-phase flow plays an important role in
determining the overall heat transfer efficiency of the system. For
example, boiling heat transfer and frictional pressure loss in a sys-
tem depend on the behavior and volume of the gas phase. The two-
phase flow behavior is very complicated even in an adiabatic two-
phase flow system. This complexity is due to the complicated
interfacial forces between the two phases exerted by surface ten-
sion and fluctuations of pressure and velocity.

In recent decades, a number of researchers have pointed out the
importance of the effect of wall surface wettability on gas-liquid
two-phase flow characteristics. Bernardin et al. (1997) pointed
out that the wall surface became superhydrophilic, or the contact
angle of a water droplet became almost zero at ambient tempera-
tures higher than 250 °C. They claimed the validity of their hypoth-
esis with an extrapolation of their experimental results conducted
in the temperature range from 20 to 170 °C. If this hypothesis is
true for a heated pipe in a common boiler system or a fuel pin sur-
face in a boiling water reactor, the heated wall surface can become
superhydrophilic. On the other hand, a stable vapor film is formed
on a heating wall surface when the surface temperature exceeds
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the Leidenfrost temperature. In such case, the heating wall surface
may be close to a superhydrophobic condition. Therefore, the wall
surface wettability and heat transfer associated with phase change
at high temperature are expected to differ distinctly from those at
room temperature. If the flow characteristics of two-phase flow are
affected by a wall surface wettability, the wettability effect on the
flow characteristics is one of important factors in a practical design
of boiling heat transfer systems. Nonetheless, available experimen-
tal data on the effect of wall surface wettability on gas-liquid two-
phase flow characteristics are limited.

Barajas and Panton (1993) pointed out that wall wettability
strongly influenced the flow regime transition in a surface-tension
dominated system, based on their experiment with an air-water
two-phase flow in a 1.6 mm horizontal capillary tube. Iguchi and
Terauchi (2001a,b) evaluated the influence of wall surface wetta-
bility on flow regime transition in vertical air-water two-phase
flows in 5-15 mm diameter pipes, and proposed a bubbly-to-slug
flow transition criterion for hydrophobic pipes with the contact an-
gle higher than 100°. In addition to these studies, it should be men-
tioned that some studies on the effect of wettability on oil-water
flows have been carried out in the field of petroleum engineering.
Govier et al. (1961) obtained a flow regime map in an oil-water
two-phase flow and Charles et al. (1961) developed the drift-flux
correlation in a horizontal oil-water two-phase flow.

In current gas-liquid two-phase flow simulations, a viscous
layer model for gas or liquid single-phase flow is usually adopted


mailto:hazuku@kaiyodai.ac.jp
http://www.sciencedirect.com/science/journal/0142727X
http://www.elsevier.com/locate/ijhff

1594 T. Takamasa et al./ International Journal of Heat and Fluid Flow 29 (2008) 1593-1602

Nomenclature

C Chisholm’s parameter

Go distribution parameter

D pipe diameter, m

G gravitational acceleration, m/s?

hq height of sessile droplet on plate, m

hm height of liquid meniscus in test pipe, m
j mixture volumetric flux, jg + jr, m/s

Jg superficial gas velocity, m/s

Jt superficial liquid velocity, m/s

lg wetting length of sessile droplet on plate, m
P pressure, N/m?

Re liquid Reynolds number (= p:D(j¢)/ 1)
Reg gas Reynolds number (= pgD{jg) /1)

T total measuring time, s

T liquid temperature, °C

te time when liquid phase contacts wall surface, s
Vg gas velocity, m/s

Vgj gas drift velocity, m/s

Vgj mean gas drift velocity, m/s

X Lockhart-Martinelli parameter

X quality
Z axial length, m

Greek symbols

A averaged void fraction

AP pressure loss, N/m?

Ap density difference between phases, kg/m>
0 contact angle, deg.

Y] frictional pressure coefficient
14 wall wettability ratio

Us liquid viscosity, Ns/m?

Ug gas viscosity, Ns/m?

Ds liquid density, kg/m>

Pg gas density, kg/m>

g surface tension, N/m

D¢ two-phase multiplier

Mathematical symbols
() area-averaged quantity
() void fraction-weighted-mean quantity

to determine the wall boundary condition. It should be noted here,
however, that in a strictly sense this model may not work for two-
phase flow with significant surface wettability effect on the wall or
the boundary condition. Here the boundary condition of gas-liquid
two-phase flow may be represented schematically using a wall
contact ratio of gas and liquid phases (degree of surface wetting),
¢, defined by

tfs
(=L, ()
where tg and T are, respectively, the time when liquid phase con-
tacts the wall surface, and total measuring time. The wall wettabil-
ity ratio, ¢, is unity or zero, respectively, for liquid single-phase
(x=0) or gas single-phase (x=1) flow where x is quality (see
Fig. 1). As bubble collisions with the wall and slug liquid film rup-
tures occur, the contact probability of the gas phase with the wall
is not zero. Thus, continuous wetting wall assumption in two-phase
flow may be controversial. In a similar discussion, a gas-single
phase boundary condition cannot be used for mist flow as flowing
liquid droplets in the gas contact the wall frequently. Therefore, it
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Fig. 1. Wetted wall area and boundary condition of gas-liquid two-phase flow.

is very important to determine the boundary conditions for gas
and liquid phases on the wall to perform accurate simulations of
both adiabatic and boiling two-phase flow.

For the above point of view, we examined the effect of wall sur-
face wettability on flow characteristics in a vertical upward gas-li-
quid two-phase flow using three pipes with different wettability;
one with an acrylic inner surface, one with a hydrophilic inner sur-
face and one with a hydrophobic inner surface. We measured flow
regime, frictional pressure loss and void fraction in these pipes and
discussed the wettability effect on the flow parameters.

2. Experiment

Fig. 2 shows a schematic diagram of a vertical upward two-
phase flow loop used in this study. Working fluids were air and
purified tap water with an electrical conductivity controlled to be
smaller than 1 puS/cm. The air was fed into the test section by a
compressor. The water was pumped from a water tank through a
flow meter and into the test pipe and then gravity-fed back to
the water tank. Water temperature was maintained at 20 + 2 °C
by a cooler submerged in the water tank. The water temperatures
in the water tank and separation tank were monitored using ther-
mocouples with an accuracy of £1.5 °C. Three test pipes were used;
one each with a high-, a medium- and a low-wettability surface. A
glass pipe coated with hydrophilic coating material (silicon diox-
ide-containing material, provided by Toshiba, Co.) was used as
the high wettability pipe (hydrophilic pipe). An acrylic pipe was
used for the medium-wettability pipe (acrylic pipe). To produce
the low-wettability pipe, a water-repellent coating material (syn-
thetic resin material, provided by NTT-AT) was applied to the inner
surface of an acrylic pipe (hydrophobic pipe). The inside diameter
and length of the test pipes were 20 mm and 2800 mm, including
the entrance section of 1000 mm. The thickness of the coating film
on the wall surface was less than 10 pm, as estimated by measur-
ing the quantity of coating material before and after applying it.
Thus, the effect of the film coating on the test pipe diameter was
negligible. As an indicator of macroscopic wettability between
water and wall surfaces, contact angles were estimated from Egs.
(2) and (3) based on image-processing of the meniscus image
and droplet contact on the wall surface in each pipe as shown in
Figs. 3 and 4. From the meniscus image, we have
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2
0 =sin™ [l - Apghm} (2)

20

where Ap, g, hy, and ¢ are, respectively, the density difference be-
tween phases, gravitational acceleration, height of the liquid menis-
cus in the test pipe, and the surface tension. From the droplet image,
we have
2h
e 3)
la
where hq and Iy are, respectively, the top height and wetting diam-
eter of the water droplet. The estimated contact angles on the

0 =2tan

hydrophilic, acrylic and hydrophobic pipe surfaces were less than
7°, 45° and 146°, respectively (Fig. 3). The contact angles, surface
tension and water purity were measured before and after each
run to ensure the consistency in all the experiments.

The experiment was performed at a superficial gas velocity, (jg),
ranging from 0.030 to 14 m/s, and a superficial liquid velocity, {j),
ranging from 0.050 to 2.0 m/s. The accuracy of the gas and liquid
flow meters were +5% relative to full scale conditions. Flow visual-
ization was performed with a digital camera and a high-speed
camera located at 900 mm from the test section inlet, correspond-
ing to z/D = 45 where z and D are, respectively, the axial distance
from the test section inlet and pipe diameter. Flow regimes in each
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test pipe were determined by checking a slow replay of the motion
pictures. The definitions of identified flow regimes are given in Sec-
tion 3.1. When the flow regime was not clearly identified, it was
defined as a flow transition regime such as bubbly to slug flow
and churn to annular flow.

Differential pressure in the test pipe was measured using a glass
tube manometer within an accuracy of £12%. Two pressure extrac-
tion taps for the manometer were placed at z=150 mm and
1650 mm from the inlet of the test pipe. The frictional pressure loss
in two-phase flow was obtained by correcting the measured differ-
ential pressure with the water head determined from the mea-
sured void fraction. The void fraction was obtained by measuring
the volumetric ratio of the gas phase remaining in the test pipe
after quick shutoff of two valves installed at top and bottom of
the test pipe. Since the void fractions measured in the slug and
churn flow regimes varied widely, the void fraction data were ob-
tained as an average of several test runs. In the tested conditions,
the average of 3-8 test runs were enough to obtain the average
void fraction within a relative deviation of +3% from the average
value. The quick shutoff valve method was also benchmarked by
the differential pressure method for flow conditions where the fric-
tional pressure drop could be neglected. Void fraction measured by
two methods agreed within a relative deviation of +5% for void
fraction higher than 10%.

3. Results and discussion
3.1. Flow observation
Figs. 5-8 show typical images of flow in the hydrophilic, acrylic

and hydrophobic pipes. The images in Fig. 5 were taken at the
superficial gas and liquid velocities of (jg)=0.080 m/s and

<jp> =1.0 m/s. A bubbly flow consisting of dispersed bubbles in a
continuous liquid phase was observed in these test pipes. Bubbles
were often observed attached to the pipe wall surface in the hydro-
phobic pipe. Similar trends in the bubbly flow regime with a
hydrophobic pipe were reported by Iguchi and Terauchi (2001a,b).

Fig. 6 shows images taken at superficial gas and liquid velocities
of (jg) = 0.40 m/s and <jg> = 0.50 m/s. A slug flow characterized by a
flow alternating between a large Taylor bubble and small bubbles
was observed in the hydrophilic and acrylic pipes. In the hydro-
philic pipe, the film was more stable and thinner than in the acrylic
pipe, as shown in the photographs. In the hydrophobic pipe, a thin
liquid film that formed between the Taylor bubble and the pipe
wall was destabilized and broken, resulting in a liquid rivulet flow-
ing down the wall.

Fig. 7 shows images taken at superficial gas and liquid velocities
of (jg) =3.3 m/s and <jp> =0.30 m/s. A churn flow with agitated li-
quid and gas slugs was observed in the hydrophilic and acrylic
pipes. In contrast, in the hydrophobic pipe an inverted flow with
reversed phase distribution in the pipe cross section was observed.
In this flow, destabilized liquid jets or liquid ligaments, which were
completely detached from the wall surface, flowed upward and
downward in the gas core. This type of flow was previously ob-
served in inverted-slug or inverted-churn flows in adiabatic and
diabatic experiments conducted by Ishii and De Jarlais (1986,
1987), Obot and Ishii (1988), Ishii and Denten (1990).

Fig. 8 shows images taken at superficial gas and liquid velocities
of (jo) =10 m/s and <jp> = 0.10 m/s. An annular flow was observed
in the acrylic and hydrophilic pipes, with a thin liquid film on
the pipe wall and a continuous gas flow in the pipe core region.
In contrast, no liquid film was observed on the wall of the hydro-
phobic pipe. The liquid phase flowed upward as droplets in a con-
tinuous gas phase. This type of flow usually occurs at relatively
high-quality condition under film boiling in a heated pipe.

Bubbly Flow Region

0 ms

12 ms

24 ms

Acrylic Pipe

Hydrophilic Pipe HydrophobicPipe

Attached Bubble
on Wall Surface

Fig. 5. Typical bubbly flow images in test pipes ((jg) = 0.080 m/s, (js) = 1.0 m/s).
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Fig. 6. Typical slug flow images in test pipes ((jg) = 0.40 m/s, (j;) = 0.50 m/s).
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in Gas Flow
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Fig. 7. Typical churn flow images in test pipes ({jg) = 3.3 m/s, (jp) = 0.3 m/s).
Annular Flow Region
0O ms
Water Droplets
in Gas Flow
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Acrylic Pipe

Hydrophilic Pipe HydrophobicPipe

Fig. 8. Typical annular flow images in test pipes ((jg) =10 m/s, (js) =0.10 m/s).

3.2. Flow regime

Two-phase flow regime is susceptible to inlet flow conditions
and is developing along the flow direction. Hibiki and Ishii
(2002b) discussed the effect of inlet bubble diameter on the flow

structure in a bubbly flow regime using an interfacial area trans-
port equation, and found that the effect of the inlet bubble size per-
sisted even far downstream from the inlet for relatively low liquid
flow rate conditions. Jeong et al. (2008) studied axial development
of flow regimes in vertical upward air-water two-phase flow in an
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annulus with 4.37 m length and presented an axial-location depen-
dent flow regime map. In the experiment of Jeong et al. (2008),
considerable bubble expansion due to axially reduced pressure
and relatively long bubble interaction time induced some axial
flow regime developments. In the present experiment, the axial
location of flow visualization and inlet conditions were kept con-
stant. Thus, comparing the flow regime maps in three pipes with
different surface wettability, we can discuss the effect of the sur-
face wettability on the flow regime.

Fig. 9a and b shows a flow regime map of an air-water two-
phase flow in the acrylic pipe. The observed flow regimes are clas-
sified into four basic flow patterns: bubbly, slug, churn and annular
flows. Dashed, chain, and dotted lines in Fig. 9a indicate the flow
regime transition criteria based on the observations by Oshinowo
and Charles (1974), Griffth and Wallis (1961), and Gould (1974),

T. Takamasa et al./ International Journal of Heat and Fluid Flow 29 (2008) 1593-1602

respectively. Solid and broken lines in Fig. 9b indicate the flow re-
gime transition criteria predicted by the models of Mishima and
Ishii (1984), and Taitel et al. (1980), respectively. Fig. 9c and d
shows the flow regime map in the hydrophilic and hydrophobic
pipes, respectively. Chain double-dashed lines in Fig. 9c and d indi-
cate the flow regime transition boundaries observed in the current
experiment using the acrylic pipe. In what follows, the dependence
of the flow patterns on the surface characteristics is discussed.

3.2.1. Bubbly to slug flow transition

As shown in Fig. 9a, the bubbly to slug flow transition boundary
observed in the acrylic pipe agrees with that observed by other
investigators. The bubbly to slug flow transition boundaries pre-
dicted by the models of Mishima and Ishii (1984), and Taitel
et al. (1980) overestimate the superficial gas velocity at the flow
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transition at a given superficial liquid velocity, which means that
the bubbly to slug flow transition in the acrylic pipe occurs at a
lower void fraction than in the models (Fig. 9b). However, the over-
all trend of the observed bubbly to slug flow transition boundary in
acrylic pipe is in satisfactory agreement with the models.

As shown in the figures, for the bubbly to slug flow transition
boundary there was no significant difference between the test
pipes. The influence of the pipe surface characteristics on the flow
pattern becomes apparent in a flow condition where gas, liquid,
and solid interfaces co-exist. In the current experiment using a
20 mm diameter pipe, the ratio of such a region to the pipe
cross-sectional area is relatively small, resulting in an insignificant
effect of the pipe surface characteristics on the bubbly to slug flow
transition boundary.

3.2.2. Slug to churn flow transition

The bubbly to slug flow transition boundary observed in the ac-
rylic pipe agrees with that observed by other investigators (Fig. 9a).
The slug to churn flow transition boundaries predicted by the mod-
els of Mishima and Ishii (1984) and Taitel et al. (1980), respec-
tively, underestimate and overestimate the superficial gas
velocity at the flow transition at a given superficial liquid velocity,
which means that the observed transition boundary appears be-
tween the predictions for the two models (Fig. 9b). The tendency
of the transition boundary shows a similar trend to the model of
Taitel et al. (1980), which considers the axial development of the
slug ascent velocity and the flow transition due to bubble coales-
cence. However, the overall trend of the observed slug to churn
flow transition boundary in the acrylic pipe is in satisfactory agree-
ment with the models.

As indicated in Fig. 9¢, the transition boundary observed in the
hydrophilic pipe occurs at a gas velocity higher than that for the
transition boundary in the acrylic pipe. The hydrophilic pipe sup-
presses the migration of a bubble into the liquid film formed be-
tween the slug bubble and the wall, resulting in a stabilized slug
bubble with a smooth surface. Such stabilized and smooth-sur-
faced slug bubbles suppress the chaotic interface that is often ob-
served in the churn flow regime.

The hydrophobic pipe disrupts any liquid film, and the resulting
liquid rivulet flows down the wall. This flow pattern is defined as a
flow transition from slug to inverted-churn flow in the hydropho-
bic pipe (Fig. 9d).

3.2.3. Churn to annular flow transition

As shown in Figs. 9a and b, the churn to annular flow transition
boundary observed in the acrylic pipe agrees with that observed by
other investigators and predicted by the model of Mishima and
Ishii (1984). A slight difference between the prediction of Taitel
et al. (1980) and our observation may be due to the assumption
of Taitel's model that the churn to annular flow transition occurs
at the minimum gas velocity for the onset of liquid droplet forma-
tion at the interface. This criterion corresponds to the flow transi-
tion at the annular-mist flow, which occurs at a gas velocity higher
than that for the onset of flow reversal.

As indicated in Fig. 9¢, the transition boundary observed in the
hydrophilic pipe occurs at a gas velocity lower than that for the
transition boundary in the acrylic pipe, and the transition region
becomes narrow. The churn flow to annular flow transition crite-
rion is defined as the condition where the liquid slugs (that include
many small bubbles) disappear and the liquid film starts rising on
the wall. As mentioned above, in the hydrophilic pipe the migra-
tion of the bubbles into the liquid film is hindered and the liquid
slug is more stable, resulting in the transition boundary being
shifted towards a lower gas velocity.

When the flow regime transition conditions in the hydrophobic
pipe match those at the churn to annular flow transition in the ac-

rylic pipe, the flow pattern is transformed from inverted-churn
flow to droplet flow. As mentioned above, the hydrophobic pipe
destabilizes the liquid film in the region between slug flow and
churn flow regimes, resulting in liquid rivulets. As the gas velocity
increases, the liquid rivulet starts detaching from the pipe wall and
flowing upward and downward in the gas. In this study, this flow
regime is defined as an inverted-churn flow. Fig. 9d shows that
the inverted-churn flow regime is observed at the flow condition
where the churn flow regime is seen in the acrylic pipe. As the
gas and liquid flow rates increase, the transition of the inverted-
churn to droplet flow occurs in the hydrophobic pipe at the flow
condition where the transition of churn flow to annular flow occurs
in the acrylic pipe, see Fig. 9d. As shown in Fig. 8, dispersed drop-
lets with a diameter of 2-3 mm flow in a gas core. Visual observa-
tion indicates that the droplets are formed by the breakup of the
liquid jets created in the inverted-churn flow regime mainly due
to interfacial instability.

3.3. Frictional pressure loss

Fig. 10 shows the measured frictional pressure coefficient of li-
quid single-phase flow, Z, in each test pipe. Solid and dotted lines in
the figure indicate the data calculated from the conventional theo-
retical equations for laminar and turbulent flows, respectively. Li-
quid Reynolds number is defined as

M

where prand p¢are the liquid density and viscosity, respectively. As
shown in the figure, the frictional pressure losses in both test pipes
agree with those predicted by the theoretical equations, and their
dependence on the surface wall wettability is confirmed to be insig-
nificant. This result also suggests that the effect of a change in the
surface characteristics on friction pressure loss is negligible, and
there is no significant change in roughness due to the hydrophilic
or hydrophobic pipe coating.

The frictional pressure losses of two-phase flow are compared
based on Lockhart and Martinelli’s method (1949), as shown in
Fig. 11. The two-phase multiplier & and the parameter X are de-
fined as

A
T APs

Ref P Of)D (4)

AP;

and X:AT)g’ 5)

b¢

where APy indicates the frictional pressure loss of two-phase flow.
APy, and AP, are the frictional pressure losses when either the liquid
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Fig. 10. Frictional pressure loss coefficient of single-phase flow.
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or the gas component flows in the pipe as a single-phase flow,
respectively. In Fig. 11, the data calculated by the following Chis-
holm’s correction (1967) is also plotted as a reference:
c 1
2
Pr =1+ x T X2 (6)
where C is the Chisholm’s parameter being 20 for Re;> 2000 and
Reg >2000. Here, gas Reynolds number is defined as
jo)D
Re, = M) (7)
He
where p, and p, are the gas density and viscosity, respectively. As
shown in the figure, overall trend of the measured frictional pres-
sure loss in each test pipe agrees with that predicted by Chisholm’s
equation. The effect of surface wall wettability on the frictional
pressure loss of two-phase flow is confirmed to be insignificant un-
der the present experimental conditions, although the data for the
hydrophobic pipe vary widely in the range of 0.5 < X < 4, where in-
verted-churn flow occurs, and take a slightly higher value than in
the acrylic pipe.

3.4. Average void fraction

The average void fraction obtained in the present experiment is
discussed with the drift-flux model given below. The one-dimen-
sional drift-flux model is expressed as (Zuber and Findlay, 1965)

U
(e =75 =Col) + (a)), 8)
()

where ¢, o, Co, j and 4 are, respectively, the gas velocity, void frac-
tion, distribution parameter, mixture volumetric flux and drift
velocity. () and (()) indicate area-averaged and void fraction-
weighted-mean quantities, respectively. The constitutive equations
for the distribution parameter and drift velocity are given depend-
ing on the flow regime and channel (Ishii, 1977; Hibiki and Ishii,
2002a).

Bubbly flow

Co= (1:2-02/p,/p;) {1 - exp(~22(Dsw) D)},
(g)) = V2(Apga/p?) 4 (1 — ()7,

In Eq. (9), bubble Sauter mean diameter, Dsy,,, can be computed by
Hibiki-Ishii’s correlation (2002c).
Slug flow

9)

C0 =12-02 pg/pﬁ

(10)
((g)) = 0.35,/ApgD/py.
Churn flow
Co=12-02 pg/pf7 (1)

(@) = V2(Apga/p)'"".
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Fig. 12. Drift-flux correlation in bubbly and slug flow regimes.
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Annular flow
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Fig. 13. Drift-flux correlation in churn and annular flow regimes.

(12)

Figs. 12 and 13 compare the drift-flux model with the data ta-
ken in bubbly and slug flow regimes and churn and annular flow
regimes, respectively. Left, middle and right figures indicate the re-
sults for the acrylic pipe, hydrophilic pipe and hydrophobic pipe.
As shown in the figure, the effect of surface wall wettability on
the average void fraction is insignificant in bubbly flow and slug
flow regions, and the measured data agree with the existing drift
flux model very well. However, the void fraction data in the hydro-
phobic pipe show higher values than in the acrylic pipe under con-
ditions where inverted-churn flow and droplet flow occur (Fig. 13).
Most of the liquid phase in the acrylic pipe and hydrophilic pipe
flows as a liquid film, subject to viscous resistance due to interac-
tion with the pipe wall, whereas the liquid in the hydrophobic pipe
flows as liquid ligaments or droplets without attaching to the pipe
wall. Therefore, the relative velocity between both phases in the
hydrophobic pipe should be reduced rather than that in the acrylic
pipe and hydrophilic pipe. This causes the observed increase in
average void fraction.

4. Conclusions

To evaluate the effect of pipe wall surface wettability on flow
characteristics in a vertical upward gas-liquid two-phase flow, a
visualization study was performed using three test pipes: an ac-
rylic pipe, a hydrophilic pipe and a hydrophobic pipe. Such basic
flow characteristics as flow patterns, pressure drop and void frac-
tion were investigated in these three pipes. The results are summa-
rized as follows:

1. In the hydrophilic pipe, the slug flow to churn flow transition
boundary was shifted to a higher gas velocity at a given liquid
velocity, whereas the churn flow to annular flow transition
boundary was shifted to a lower gas velocity at a given liquid
velocity.

2. In the hydrophobic pipe, an inverted-churn flow regime was
observed in the region where the churn flow regime was
observed in the acrylic pipe, while a droplet flow regime was
observed in the region where an annular flow regime was
observed in the acrylic pipe. At a high gas flow rate, the mean
void fraction in the hydrophobic pipe was higher than in the
acrylic pipe.

3. The effect of surface wettability on frictional pressure loss was
confirmed to be insignificant under the present experimental
conditions.
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