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Abstract

Two-fluid model predictions of film dryout in annular flow are limited by the uncertainties in the en-
trainment rate of droplets from the liquid film. The main cause of these uncertainties is the lack of separate
effects experimental data in the range of the operating conditions in industrial applications.

Air-water and Freon-113 entrainment rate data have been obtained in 10 mm tubes using the double
film extraction technique. These experiments have been scaled to approach high-pressure steam—water flow
conditions. The effects of surface tension and density ratio, missing from most previous data sets, have been
systematically tested.

The entrainment rate mechanism is scaled by the Kelvin—-Helmholtz instability at the film surface. Based
on this analysis and the new data, a new correlation is proposed that is valid for low-viscosity fluids in small
ducts in the ripple-annular regime. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Annular flow; Entrainment rate; Atomization; Droplets; Liquid film; Two-fluid model; Film extraction;
Freon

1. Introduction

The application of the two-fluid model in annular two-phase flows is limited by the absence of
valid constitutive relations. The entrainment rate of droplets from the liquid film is, at present, the
greatest uncertainty in the mass balance of the liquid film. The complicated wave structure of the
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film cannot be resolved completely by the state-of-the-art analytical models for waves. The best
alternative is to use similarity methods to obtain a semi-empirical correlation based on well-
chosen dimensionless numbers. To do this, it is necessary to obtain separate effects data. The
entrainment rate data available in the open literature were obtained with air—water experiments at
atmospheric conditions. Models based on these data may not be applicable to high-pressure
steam—water mixtures.

2. Models

There are several entrainment rate correlations available in the literature. Here, we describe and
compare the correlating methods of Dallman et al. (1979) and Kataoka and Ishii (1982) and an
analysis based on the Kelvin—-Helmholtz instability. Woodmansee and Hanratty (1969) identified
by visual observations that the mechanism of entrainment is initiated by the Kelvin—-Helmholtz
instability.

Dallman et al. (1979) correlated the entrainment rate from a liquid film with the film flow and
the gas velocity squared, provided the gas velocity is not too close to the critical velocity for the
onset of entrainment and provided that the mass flow rate of the liquid film, 7 r, is small enough
that the dependence of the entrainment rate, &, on s f is linear

. e — i
82“( ~ LF_C)ﬂépé”p]L/z, (1)

where k, 1s a dimensional coefficient, P the perimeter of the wetted surface and 7y gc is the critical
liquid mass flow rate required for the onset of entrainment. For air—water upflow, Dykhno and
Hanratty (1996) proposed kx = 3.8 x 1076 s*/kg and s pc/P = 0.046 kg/m s.

Kataoka and Ishii (1982) developed a model for entrainment rate based on a force balance at
the gas-liquid wavy interface. The final form of Kataoka and Ishii’s correlation is defined for two
different regimes: under-entrained or developing entrainment, and over-entrained or fully devel-
oped entrainment.

The developing entrainment region is defined by

E
E_ <1 or Rei g > ReLFoo, (2)

where E is the liquid entrained fraction and
E,, = tanh(7.25 x 107" We] ®Rel>) (3)

is the entrainment fraction correlation for fully developed flow by Ishii and Mishima (1989). Re,
is the Reynolds number for the liquid flow flowing alone and

A 1/3 .2D
We, = WeG<—p> , Weg = PeJct 4)
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For this region, the entrainment rate is given by

:D E\’
52— 0.72 x 10°Re ™ Wey(1 — E0 )" <1 — —>
Uiy Ey
0.925 0.26
1 6.67x 107 <ReL(1 — )W ) (Z—G> . (5)
L
The fully developed and over-entrained regions are defined by
E
— =1 6
E (6)
For these regions, the entrainment rate becomes
D 0.925 0.26
& 667 % 107 (ReL(l — E)"*We, ) (”—G> . (7)
L L
3. Scaling

The model of Taylor (1963) for growth of ripples may be applied to obtain an equation for
entrainment rate. The model is based on linear stability theory. Taylor proposed that the per-
turbations of the surface position, d, may be modeled as a sum of Fourier components

5 — 5oeikx+o(t’ (8)

where k is the wave number which is real and the growth coefficient may be a complex number,
o= Im(a) + R(x). So Eq. (8) may be rewritten as

5= 5Oeikx+lm(oct)eR(oct). (9)
Then, the rate of growth of the ripples is the Lagrangian derivative taken at the wave speed

D6 :

o = SpelmEeRENR (4) = GR (o). (10)

The entrainment rate is proportional to the liquid density multiplied by the average growth rate of
the ripples

& x pLoR(a), (11)
where ¢ is the average height of the ripples. Taylor obtained an analytic solution for the growth
rate of capillary waves. When the liquid viscosity is small the asymptotic solution is the same as
the Kelvin—-Helmholtz inviscid model. The growth rate of the fastest growing waves is

R(a) = 0.384koug , /29, (12)
oL
where
2
k, = PG (13)

g
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is a wave number associated with the fastest growing waves. For water and Freon-113 Eq. (12) is
applicable. However, the coefficient in Eq. (12) is not constant for very viscous fluids, but becomes
a function of the liquid viscosity and in such cases, the complete solution obtained by Taylor
should be used. The criterion for the low-viscosity range, where Eq. (12) is valid is

2

pPL O

— > 100. 14

P NG 14
Combining Egs. (11)—(13), we have

iD | pcucD prucd Pe. (15)

s o M PL

Eq. (15) may be written as

.D =
i x WeGReLFg s p—G, (16)

M uL 'V po
where / is the film thickness. One practical difficulty with Eq. (16) is that the height of the ripples
may be quite difficult to measure so it would be hard to validate the effect of § /4. However, Wallis’
(1969) correlation for interfacial shear is based on the assumption that the equivalent sand grain
roughness is equal to four times the film thickness. So if it is assumed that the amplitude of the
ripples is proportional to the sand grain roughness, then 6/4 is constant and Eq. (16) may be
approximated as

eD
. WeGReLFu—G1 /p—G, (17)
o ur y pL

where Re r = Rer (1 — E). This equation is somewhat similar to Eq. (7), the dimensionless cor-
relation proposed by Kataoka and Ishii. It has the same dimensionless groups except for the
velocity ratio and the absence of the visosity ratio. The latter is a consequence of the condition
given by Eq. (14) and of neglecting viscous effects in the gas phase. There is one more difference,
Kataoka and Ishii’s correlation is a function of Rey (1 — E )0'2 instead of Re; r. Based on the similar
dimensionless groups in Egs. (17) and (7), the following scaling was used to design the experi-
ments:

ng(ReL, Weg, Lx ”—L>. (18)

L PG> Mg

This scaling is somewhat arbitrary because the velocity ratio is left out. However, neither of the
two empirical correlations, Egs. (1) and (7), support the effect of it. The choice of Rey vs Repr was
made because both are related by £ and Eq. (3). Finally, this should be considered a scaling
analysis and not a modeling effort because of well-known deficiencies of the Kelvin—-Helmholtz
theory for the present case. For example, the observed wavelength of the capillary waves is about
2 orders of magnitude larger than the one derived from Eq. (13). Asali and Hanratty (1993) have
proposed a more complete model that considers the effect of shear stresses as well as pressure on
the liquid film surface and they have been able to predict the wavelengths within a factor of 2.
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Table 1

Annular flow scaling
Fluids p o Ju Jo Rey, Weg pL/Pg n/ng

(MPa) (N/m) (m/s) (m/s)

Steam-water 13.6 0.0144 0.5 20 2.3x104 1.4x10* 7.5 3.92
Freon-113 2 0.00355 0.357 7.347 2.3x10* 1.4x10* 7.1 10.92
Freon-113 1 0.00705 0.426 15.95 2.3x104 1.4x10* 19.3 16.23
Freon-113 0.5 0.01085 0.503 27.49 2.3x104 1.4x10* 40.9 23.65
Air-water 2 0.07275 2.327 84.47 2.3x104 1.4x10* 424 52.63
Air-water 1 0.07275 2.327 119.5 2.3x104 1.4x10* 84.7 52.63
Air-water 0.5 0.07275 2.327 168.9 2.3x104 1.4x10* 169.5 52.63

Another important effect that is not presently considered is the observation by Woodmansee and
Hanratty (1969) that the capillary ripples atomize from the crests of larger roll waves.

Table 1 shows some scaling calculations based on Eq. (18) for a 10 mm pipe. The reference case
is saturated steam-water at 13.6 MPa (i.e., 2000 psia). The free variables of the calculations are
the volumetric fluxes. These are adjusted to obtain the same values of Re; and Weg. Then, the
pressure is varied to approach the other two dimensionless numbers. The best result is obtained
for saturated Freon at 2 MPa. In this case, the density ratio is very close to the reference and the
viscosity ratio is approximately three times larger. At the lowest pressure (0.5 MPa), the density
ratio of Freon is five times larger. However, the surface tension in this case is quite close to the
reference. For air-water at room temperature, the numbers are not very close and the surface
tension is approximately five times larger than the reference.

4. Experiments
4.1. Air-water experiment

The decision was made to build two experiments: an air—water loop and a Freon loop. The
main purpose of the air-water loop was to develop the extraction probes and the experimental
procedure.

The entrainment rate data for upward annular flow in the air—water experiment have been
reported by Lopez de Bertodano et al. (1997). The measurements were obtained using two film
extraction probes. The film extraction technique has been developed previously by other re-
searchers (e.g., Cousins and Hewitt, 1968; Sekoguchi et al., 1985).

The test section configuration is shown in Fig. 1. The tube diameter was 9.53 mm and the length
to diameter ratio was approximately 440 to ensure fully developed annular flow. The compre-
hensive measurements included temperature (7)), pressure at the injection (pj,), pressure in the
separator tank (p), water flow rate at the injection (71 ), air flow rate at the injection (7ig),
extracted water flow rate from the first and second extraction units (7 |, i1 r,) and extracted air
flow rate from the first and second extraction units (7, iigy).

Fig. 2 shows a schematic of the extraction technique. If the liquid film is removed by the first
extraction, sy, then the amount of liquid extracted from the second extraction, 7, is the
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Fig. 1. Test section.

liquid droplet that get deposited along the length L4, provided that no re-entrainment occurs. For
fully developed conditions, it may be assumed that the entrainment rate and the deposition rate
are the same just before the first extraction. This technique is reliable for low liquid film flows.
Therefore, the present data are limited to the ripple-annular regime. The range of the data is
shown in the flow regime map of Hewitt and Roberts (1969) in Fig. 3.

The extraction pore size of 100 um was selected after comparing measurements with 20, 40, and
100 pm porous tubes. The deposition length, measured from the top of the first extraction unit to
the top of second extraction unit, is 0.45 m. To assure proper mating of sections, the acrylic
flanges were reamed with a tapered reamer.

The entrainment, £, can be calculated as

mLFl

E=1-"1 (19)

ny,

It was found that the liquid film could not be extracted without removing some of the air
stream. For low water flow, either visualization or a plot of extracted liquid flow vs extracted air
flow can be used to ensure all the liquid flow had been removed. The visual technique worked as
follows: when the extracted air flow was increased, the liquid film downstream of the extraction
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Fig. 2. Double extraction technique.

unit decreased. The extracted air flow was increased gradually, until an abrupt change of the flow
regime in the visualization section was observed (i.e., the tube turned from opaque to transpar-
ent). After that, no matter how much more air flow was extracted, no difference of the flow regime
was observed. It is assumed that the liquid film was extracted completely at that point.

For high water flows, it was hard to tell when the liquid film was extracted completely by vi-
sualization. A plot of extracted liquid flow vs extracted air flow was needed to determine when all
the liquid film was fully extracted.

The amount of extracted gas was always the minimum necessary to remove the liquid film. On
an average, the extracted gas was only 1.5% of the total gas flow. The worst case was 6.3%.
Therefore, the error induced by the gas extraction is small.

The deposition rate, d, and the entrainment rate were calculated from the following equation:

mMLF2

£ d , (20)
TEDLd

where Lg4 is the deposition length shown in Fig. 2.

A set of Cousins and Hewitt’s (1968) experimental data were reproduced for testing the per-
formance of the extraction units. The comparison given in Lopez de Bertodano et al. (1997) shows
good agreement. The results of an error propagation analysis performed by the same authors are
given in Table 2.
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Table 2
Experimental uncertainties
ARELF/RELF AVV(&‘G/ WE‘G AE‘/P
Worst case 12.8% 17.3% 13.9%
Average 6.1% 5.0% 2.6%

Another objective of the air—-water experiment is to extend the range of the data to higher gas
flows and pressures. This was achieved by running very high air flows and by pressurizing the
loop. The experimental ranges are listed in Table 3. The high air velocities — up to 126 m/s — are
dictated by the scaling analysis. The data are reported in tabulated form by Jan (1996). Further
data were obtained at higher liquid flow rates, but the deposition and entrainment rates increase
in the wispy-annular regime and re-entrainment occurs between the two extractions so the data
are no longer valid.

4.2. Freon experiment

The entrainment rate data of Freon-113 have been reported by Lopez de Bertodano et al.
(1998) but the experiment was not described.

In order to scale annular steam-water flow at high pressures and temperatures, Freon has been
shown to be one of the best fluids available (Table 1). The adiabatic Freon-113 upward flow test
section (Fig. 1) is a 10 mm stainless steel tube with L/D = 350. The geometry and the instrument
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Table 3

Range of air-water data
Parameter Unit Range
Air flow kg/s 0.0028-0.028
Water flow kg/s 0.0053-0.038
JF m/s 0-0.54
Jo m/s 10-126
Pressure kPa 140-660

arrangement are similar to the air—water experiment. However, some additional equipment was

required in the Freon experiment:

e The vapor generator tank with 20 kW heaters. This pool boiler generates the vapor that goes
into the test section and it is dynamically decoupled from the test section (i.e., one way inter-
action) to prevent instabilities.

e The liquid feed system with a heater to bring the liquid Freon flowing into the test section up to
saturation conditions.

e The bypass loop and condenser. The liquid flow through the bypass loop is approximately 10
times that through the test section. This ensures a constant pressure drop across the test section
and eliminates the possibility of instabilities. The vapor exiting the test section mixes with the
recirculating liquid at a sparger and the heat is removed through a heat exchanger.

e The pressurizer system, which consists of two tanks, an accumulator tank on top of the loop
connected to a large nitrogen tank that maintains the desired pressure.

o A storage tank for long-term Freon storage. This tank also receives the Freon from the extrac-
tion units in the test section during the experiment. There is a small pump to transfer the Freon
from the storage tank to the rest of the loop before initiation of the experiment.

A small vapor bleed is required to operate the extraction units. The bleed is increased until a
“plateau” is obtained in the extracted flow. This procedure is similar to the air-water experiment.
However, there are some differences. In that experiment, rotameters were used to measure the
bleed gas flows. In the present case, this is impractical so calibrated needle valves are used instead.
Since the pressure in the storage tank is well below the pressure in the loop, it is assumed that the
flow is choked at the valves. The flows are calculated from a choked flow chart provided by the
valve manufacturer.

The geometry of the extraction units and the porous tube specifications are the same as in the
air—water loop. However, the operation of the extraction units in the Freon loop requires more
care because the condensation of the vapor causes uncertainty in the measurements. The test
section and the extraction units were carefully insulated to keep the experiment as close to adi-
abatic as possible. Before and after each set of data, extraction measurements were collected with
no liquid flow to estimate the rate of condensation: the flow in the first extraction is the total
condensation in the test section and in the first extraction unit. The amount extracted in the
second unit is just the condensation in the second unit. Assuming that the two extractions con-
dense the same amount, the condensation in the test section may be obtained by subtracting the
measurement of the second unit from the first. For this procedure to be valid, it is necessary to
have no entrainment. Therefore, the vapor flow must be low during this test. If the condensation
rate measurements before and after a data set were different, the data set was taken again.
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Table 4

Range of Freon-113 data
Parameter Unit Range
Gas flow kg/s 0.0085-0.059
Liquid flow kg/s 0.0056-0.0365
JF m/s 0.05-0.35
Jjo m/s 5.2-25.4
Pressure kPa 250-500

The range of the present Freon-113 data are listed in Table 4. The data are reported in Ap-
pendix A. Further data were obtained at higher liquid flow rates, like in the air-water case, but
they were in the wispy-annular regime. Eq. (23) is used to decide when the regime transition

occurs.

5. Results

Fig. 4 is a comparison of the current data with the correlation of Dallman et al. (1979). The new
air-water data have the same trends of previous data for small pipes. The entrainment rate is
proportional to the liquid film flow as shown. It is also proportional to the square of the gas
velocity. Also the entrainment rate is proportional to the square root of the gas density since this
dependence collapses the data for the four pressures measured. In all these respects, therefore, our
data agrees with Dallman et al.’s model. The same may be said for Freon data independently,

0.40
®  Freon data (330-530 kPa)
0.35 - o Air/Water data (140 kPa)
d o Air/Water data (240 kPa)
v Air/Water data (380 kPa)
0.30 . ¢ Air/Water data (660 kPa)
° — Dallmans’ correlation
0254
i [
E’ L4 v v °
2 0.20 2 o v i
w L] v VV 9% o oo
0.15 . o %%F' o
¥y ©
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Fig. 4. Comparison with Dallman et al.’s (1979) correlation.
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however, they do not collapse with air-water data. The two major differences between the two sets
of data are the gas density and the surface tension. However, the air—water data show that the
effect of the gas density is properly scaled. Therefore, the surface tension must account for the
difference. If the entrainment process is described in terms of the Kelvin—Helmholtz instability,
then Eq. (15) indicates that the entrainment rate is inversely proportional to the surface tension.
Taking this into consideration collapses the two data sets as shown in Fig. 5. So replacing k5 by
k), /o, where &, is now dimensionless, Dallman’s correlation may account for the effects of density
ratio and surface tension

ALE — RppC \ Ug ,01/2 Pl/z
=K, P PG PL (21)
o

However, for Freon data, s pc/P =0.014 kg/m s was used to obtain a better fit. By simple
manipulation this correlation may be written in dimensionless form as

iD K,

1/2
1/] 4 (ReLF — ReLFC) WeG (&> . (22)
L

PG

This equation has similarities with (17) but there are some noteworthy differences: the Reynolds
number for the onset of entrainment, Re; rc, the absence of the velocity ratio, and the fact that the
density ratio is inverted. There are several correlations for Rey gc in the published literature. Using
Azzopardi’s (1983) correlation for wave inception results in Re rc = 80 for both Freon and water.
Fig. 6 shows the plot of the data against Eq. (22). The agreement is good as expected since Fig. 6 is
a rearrangement of Fig. 5.
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(MM o) (Pep))? ug?/ mDo (kg/m?s)

Fig. 5. Comparison with Eq. (21).
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Fig. 6. Comparison with Eq. (22).

Fig. 7 shows the comparison of the entrainment rate correlation of Kataoka and Ishii, Eq. (7),
with the data. The proposed dimensionless group (Rey (1 — E)**Wey)"** (ns/n.)">° collapses air—
water data very well for low entrainment rates, but there is some scatter as the entrainment rate
becomes larger. Freon data are correlated closer to the air-water data than with Dallman’s
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Fig. 7. Comparison with Eq. (7).
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correlation. Even though the agreement is not perfect it appears that the surface tension depen-
dence is modeled correctly through the gas Weber number in the same way as Eq. (22). The
disagreement between the correlation and the data shown in Fig. 7 occurs when the new data go
beyond the original database used to develop the correlation (i.e., low-pressure air-water data at
moderate gas flows). The discrepancy arises primarily because the Reynolds number dependence
is different from Dallman’s correlation or Eq. (22): Kataoka and Ishii’s correlation depends on
Rer (1 — E)O'z, but considering Eqgs. (21) and (22) it appears that Re;r is a better choice. Fur-
thermore, the existence of a critical Reynolds number for entrainment was determined experi-
mentally by many researchers (e.g., Dallman et al., 1979; Ishii and Grolmes, 1975) so the
Reynolds number dependence should be Re;r — Reyfc.

The small dependence of the viscosity ratio in Kataoka and Ishii’s correlation is difficult to
determine from the present data because it only varies by a factor of 2.

Eq. (22) is only valid in the ripple-annular regime because the deposition and entrainment
mechanisms change when the flow becomes wispy-annular and because the film extraction
technique does not work properly in this regime so the data cannot support a model. The limit of
the extraction data was determined by Helm et al. (1999) as follows:

18,000

= 1400, 23
WeLF/Re%% ( )

€G

where Werr = p, jiD/o. This equation sets the limit of validity of Eq. (22).
Other limitations of Eq. (22) are:

e The data were obtained in 10 mm tubes, where the entrainment rate varies quadratically with
gas velocity. However, the air-water entrainment rate data of Schadel et al. (1990) in 25, 42 and
57 mm tubes showed a linear gas velocity dependence. The effect of the pipe diameter is another
aspect of the entrainment rate that is not yet understood.

o Eq. (22) was only tested with low-viscosity liquids so it should not be used for more viscous
fluids such as oils that do not satisfy Eq. (14). According to Taylor’s theory the growth rate
of the ripples is damped by viscosity for highly viscous fluids, so the entrainment rate would
be lower. Furthermore, the onset of entrainment may be different too. At present the effect
of the liquid viscosity on entrainment rate remains unknown.

6. Conclusion

The objective of this work was to develop a model for the entrainment rate in annular flow
within the context of the two-fluid model formulation. Eq. (22) was obtained from two new data
sets at conditions beyond what was previously available in the open literature. In particular, the
effects of density ratio and surface tension have been systematically tested. The experiments were
scaled so that the steam—water conditions existing in boilers and water nuclear reactors would be
approached. The new correlation was derived from two previous correlations, Egs. (1) and (7),
and the Kelvin—Helmholtz instability analysis. It combines the strong points of both correlations
and the match with previous and present data is satisfactory. It is valid for low-viscosity fluids in
small ducts in the ripple-annular flow regime.
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Table 5
Freon-113 data

DPrest mL mG PL PG a E &
(kPa) (kg/s) (kg/s) (kg/m?) (kg/m?) (N/m) (kg/m® s)
334.7 0.0103 0.0131 1392 22.86 0.00984 0.349 0.0497
338.1 0.0104 0.0183 1392 23.07 0.00981 0.481 0.0614
344.9 0.0103 0.0258 1388 23.50 0.00973 0.621 0.0741
338.1 0.0104 0.0093 1390 23.07 0.00981 0.256 0.0342
338.1 0.0069 0.0133 1391 23.07 0.00981 0.370 0.0257
338.1 0.0069 0.0186 1391 23.07 0.00981 0.473 0.0445
338.1 0.0069 0.0256 1387 23.07 0.00981 0.611 0.0465
338.1 0.0069 0.0092 1389 23.07 0.00981 0.184 0.0243
338.1 0.0163 0.0132 1387 23.07 0.00981 0.276 0.1026
344.9 0.0163 0.0186 1386 23.50 0.00973 0.371 0.1283
365.3 0.0163 0.0259 1381 24.79 0.00952 0.573 0.1325
338.1 0.0164 0.0090 1387 23.07 0.00981 0.187 0.0806
467.3 0.0157 0.0141 1349 31.29 0.00857 0.309 0.1013
460.5 0.0157 0.0198 1349 30.85 0.00862 0.405 0.1204
467.3 0.0157 0.0279 1347 31.29 0.00857 0.571 0.1235
474.1 0.0215 0.0514 1344 31.73 0.00851 0.866 0.1858
460.5 0.0216 0.0529 1349 30.85 0.00862 0.846 0.1965
460.5 0.0160 0.0550 1351 30.85 0.00862 0.881 0.1479
446.9 0.0105 0.0577 1352 29.98 0.00874 0.891 0.0777
446.9 0.0090 0.0586 1354 29.98 0.00874 0.881 0.0764
446.9 0.0077 0.0590 1355 29.98 0.00874 0.868 0.0643
443.5 0.0069 0.0593 1355 29.76 0.00877 0.871 0.0504
344.9 0.0222 0.0217 1388 23.50 0.00973 0.422 0.2271
338.1 0.0165 0.0218 1390 23.07 0.00981 0.449 0.1484
338.1 0.0107 0.0231 1393 23.07 0.00981 0.542 0.0911
331.3 0.0071 0.0220 1394 22.65 0.00988 0.511 0.0574
331.3 0.0055 0.0225 1396 22.65 0.00988 0.515 0.0383
324.5 0.0223 0.0158 1396 22.22 0.00996 0.188 0.1934
324.5 0.0166 0.0163 1395 22.22 0.00996 0.245 0.1387
324.5 0.0107 0.0167 1397 22.22 0.00996 0.278 0.0880
324.5 0.0070 0.0169 1396 22.22 0.00996 0.305 0.0559
324.5 0.0056 0.0170 1395 22.22 0.00996 0.370 0.0349
528.6 0.0362 0.0493 1336 35.27 0.00808 0.828 0.3414
521.8 0.0282 0.0508 1336 34.83 0.00813 0.810 0.2909
515.0 0.0208 0.0518 1337 34.38 0.00818 0.827 0.2422
501.4 0.0154 0.0540 1340 33.50 0.00829 0.867 0.1662
487.8 0.0098 0.0563 1343 32.61 0.00840 0.868 0.1060
487.8 0.0365 0.0361 1343 32.61 0.00840 0.720 0.2734
487.8 0.0288 0.0375 1344 32.61 0.00840 0.736 0.2320
481.0 0.0210 0.0392 1345 32.17 0.00845 0.731 0.1872
474.1 0.0154 0.0413 1347 31.73 0.00851 0.740 0.1451
460.5 0.0097 0.0443 1349 30.85 0.00862 0.766 0.1071
446.9 0.0212 0.0236 1355 29.98 0.00874 0.467 0.2101
440.1 0.0155 0.0249 1356 29.54 0.00880 0.488 0.1432
440.1 0.0099 0.0264 1358 29.54 0.00880 0.530 0.0884
419.7 0.0157 0.0185 1361 28.24 0.00898 0.347 0.1310
419.7 0.0100 0.0194 1363 28.24 0.00898 0.365 0.0836
406.1 0.0100 0.0133 1368 27.37 0.00911 0.316 0.0600
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