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The following procedure was used to determine the contact wetting angle for both samples:
s The samples were cleaned and dried
* A drop of water was placed on the sample, which was held in a horizontal position

* An optical comparator, located at the Waltz Mill machine shop, was used to measure the angle
hetween the sample surface and the drop at the interface

o  Mezasurements were repeated using several drops to ensure repeatability in the results

Additional tests were conducted with the samples held at different temperatures to determine the effect
of the surface temperature on the contact wetting angle. This was accomplished by heating the
samples with hot water or a heat gun.

The results of the tests are summarized in Table 1. It should be noted that the low temperature data
should ne discounted due to condensation on the sample surface. Also, at high temperatures, the
wettin: angles started out higher than at lower temperatures. 1t was observed, however, that the drops
quick!y flattened out, reducing the angle.

It can be concluded from these tests that the contact wetting angle between the painted surface and
watcr ranges from 20 to 28 degrees for weathered surfaces, and 30 to 53 degrees for unweathered
surfaces, Since the AP600 containment should be well weathered prior to operation, the contact
weiting angle should be taken as 20 10 28 degrees.
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Given an initial mass flow rate of water onto the top of the dome, the flow at any subsequent radius is
given by:

"
o = g s 5 0% (5)
h,
where hy, is the latent heat of vaporization
q", is the heat flux at the location
and AA, 1s the differential area given by:
AAl . n(xl’xl'l)J(xl-xl-l): *(ynl—yl)z (6)
where:
X, = [ Cosa )
y, = 1sina (8)
ah
- 9

\/a ‘(sinot)’ + b (cosa)’

where « is the angic between the vector normal to the surface and horizontal,

This approach results in a conic approximation to the elliptical surface. Using angular increments of
6 degrees, the error is less than 1 percent.

Finally, the mass flow per unit perimeter is given by:

e N (10)
' 2nr

Thus, for an initial mass flow rate, the mass flow per unit perimeter can be calculated at each radius
along the dome for a given heat flux distribution.
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Analysis Method for Predicting Film Flow and Stability

A computer program was written 1o solve the equations for film flow over a dome, to determine the
minimum flow per unit penmeter to ensure the stability of the film, and to determine the coverage
fracton should the film become unstable. The program considers a typical containment geometry,
including a dome section and a cylindrical wall section. Given the surface geometry, initial
conditions, heat flux distribution, contact wetting angle, and water flow rate, Equations 1 through 12
are solved to determine the value of I, T R, and ¢ at each radial position down the dome. If R is
greater than R, the average flow per unit perimeter exceeds the minimum value, and the flow is
expected to be stable. If R is less than R, the average flow per unit perimeter is less than the
minimum value, causing the flow to split and the coverage fraction (o be reduced accordingly.

Variations in the surface of the shell will cause local flow distributions that vary around the
circumference. These local variations cannot be predicted using these simple models, but the observed
coverage can be predicted using the local stability model and comparing it to various tests. The model
can then be used with confidence to estimate the coverage for the AP60O PCS under postulated
accident conditions.

Existing data from both heated and unheated tests will be evaluated using the local stability model.
The heated tests include the APH60X) large-scale containment tests, which include a scale model of the
dome, while the unheated tests include the AP600 water distribution tests, whici utilize a full-scale,
1/8-sector of the AP600 dome. Key parameters from these tests are summarized in Table 2.

The large-scale baseline tests' utilized a series of nozzles to apply the film in a ring near the top of
the dome. It is likely that local variations in the film flow around the circumference were significant.
Observations of the tests showed that for the high heat flux/low flow tests, dry stripes were found to
oceur, indicating film-stability-based coverage fractions,

The unheated water distribution tests were run with a wide range of water flow rates. The film was
found to remain intact at moderate to high flow rates, and steady dry stripes formed at lower flow
rates. These tests included maximum weld and surface deviations, thus, providing base cold coverage
fractions, accounting for full-scale geometry effects.

The stability model was used to predict the results of thirteen large-scale tests. Three different values
of the reference value of the stability margin, R ., were used, and the results are shown in Figure 1.
The reference value of the stability margin that best predicts the data was found to be:
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Figure 2
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Prediction of Water Coverage for the AP600 Under Postulated Accident Conditions

The film stability mode! developed from the AP600 containment tests was used to predict the coverage
of the AP6X) containment during a postulated accident. The AP600 passive containment cooling
system (PCS) is initiated when ihe pressure inside the containment reaches a set value. At that time,
water is applied at the top of the dome of the steel containment shell.  The water flows radially
outward and encounters a series of weirs, which distribute the flow over the majority of the dome and
the vertical wall. The maximum water flow is reached early in the transient when the maximum
energy due to the reactor cooling system blowdown is released inside containment. The water flow is
reduced later in the transient as the reactor decay heat level decreases. The average wall heat flux, as
calculated by the WGOTHIC containment analysis code, and the corresponding cooling water flow
rates are shown in Figure 3™ The initial value of flow and heat flux is indicative of the blowdown
phase of the transient, while subsequent times represent the reactor decay heat level. The WGOTHIC
model that generated these heat flux values divides the water flow path into seven discrete areas; three
on the dome and four on the vertical wall. The model assumes a water coverage fraction of

40 percent for the dome and 70 percent for the vertical wall.

The local stability model was used to analyze several flow/heat flux pairs from Figure 3. The results
of these analyses are summarized in Table 4. These results indicate that the coverage fraction input
into the WGOTHIC model should be higher in the dome region and lower in the vertical wall region.

Table 4

PREDICTION OF AP600 PCS WATER COVERAGE--DESIGN BASIS ACCIDENT
Time Flow q" Dome (%) Cylinder (%)
Btu Mid Mid
Hr Ibmvs s-ft’ Top Mid Bot Top Top Bot Bot Exit

0.183 304 990

2167 29.7 28

5.167 28.7 A73

5.667 15,7 473 ﬂ
i 9.167 15.3 393

15.17 14.7 331

21.17 14.1 301

26.17 11.%8 288 E
| S— e
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AP600 PCS Operation
Under Postulated Accident Conditions
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CONCLUSIONS
The following conclusions can be drawn from this analysis:

e A set of criteria have been developed 1o determine the stability of water films on a coated surface for

both heated and unheated conditions,

« In order to apply these criteria, the contact wetting angle between the water and the coated surface was
experimentally measured. This angle was measured to be approximately 20 degrees for a wide range

of surface temperatures.

¢ These criteria have been applied to several AP600O water flow tests to develop a method for calculating
the film coverage for a “oated steel containment structure, given a heat flux at the wall and an initial

water flow rate.

e This method has been shown to predict the behavior of the large-scale heated tests and the AP6(X)
water distribution tests, These tests cover a wide range of geometries, water flow rates, and wall heat

flux values.

o The method relies on local film stability and is applicable to any size structure with a similar
geometric shape 1o the prototypical AP600 contuinment.

e This method has been applied to the AP600 containment 1o predict coverage values during postulated
accident conditions, These values are somewhst different than what is currently used in the AP6(X

WGOTHIC analysis

Based on these conclusions, it is recommended that the WGOTHIC APHO0) model should be revised to reflect
the coverage values shown in Table 4. An evaluation should be made to determine the sensitivity of the

containment pressure (0 these coverage values.

Based on sensitivity studies that have been performed with WGOTHIC for the AP600,™ it is expected thal
these recommended coverage values will not significantly affect the containment pressure response.
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