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For Shin-Kori Units 5 and 6, the 
evaluation results of the two 
codes were compared and 
analyzed at the LOCA accident. As 
a condition of Shin-Kori Units 5 
and 6 LOCA, no heat structure was 
simulated, and we assumed that 
the Cooling Spray was not 
operated to consider only the 
evaporation and condensation 
models between the CONTEMPT-
LT/028 and CAP 3.0 codes.
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Evaporation is an important role in assessment of the minimum requiring

water level of operating the Cooling Spray Pump and affects the atmosphere

pressure and temperature of the nuclear containment because the Sump

temperature is higher than that of the atmosphere temperature in the case of a

LOCA. The mechanism of this evaporation is atmosphere-water molecular

movement, which rapidly saturates the very thin atmosphere layer. If

convective flow in the air is negligible, further evaporation proceeds entirely

by molecular diffusion, which the evaporation process is governed solely by

the molecular diffusion, which is a very slow process. In this paper, Smith, et

al. evaporation experiment was simulated with CAP3.0 and CONTEMPT-

LT/028, and the gas-liquid interface evaporation rate was investigated. In

addition, it was compared with the widely used Shah’s evaporation model.

Finally, the gas-liquid interface mass rate of the two codes was checked by

simulating the Loss of Coolant Accident (LOCA).

In order to assess the evaporation models of CONTEMPT-LT/028 and

CAP3.0, which analysis environmental conditions of the containment at

LOCA for a long period of time, Smith’s test (i.e. Smith, et al. evaporation

experiment) was simulated by CONTEMPT-LT/028 and CAP3.0. This

Smith’s test differs from the outdoor pool evaporation experiment, where the

evaporation rate may be excessive due to forced convection because it was

performed in an internal large poor. In addition, this paper assesses

evaporation model with the widely used Shah’s evaporation model (2012),

and finally evaluated how the simulation results differ when the results

simulate the LOCA.
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Among several indoor evaporation rate experiments, Smith’s test is

selected. The Smith’s test is an indoor pool evaporation rate experiment

supported by the U.S Department of Energy.

The volume of the experimental facility is

120 ft x 110 ft x 20 ft and the pool

surface area was 4,340 ft2 and the height

was 0.686 ft. The water temperature was

typically designed to be maintained at

82°F by a thermostat, the air temperature at 80°F, and about 60% relative

humidity with ventilation. The experiment was carried out for 68.4 hours,

and the values of water temperature, relative humidity, atmospheric pressure,

evaporation rate, and heat of evaporation were measured (Fig. 1. Table. 1).

Fig. 1 – Experiment conditions of         

Smith’s Test

Table. 1 - Results of Smith’s Test

In order to, simulate Smith’s test, an electric heater is simulated on the

bottom of the tank. Instead of the humidity and temperature control device,

the volume is set to 1.0×E+11 ft^3, but pool geometry is same as the

experiment, and the atmospheric temperature and pressure relative humidity

were fixed.
The temperature of the atmosphere and

the temperature of the pool are set to the

average of the experimental atmosphere

temperature 78 ℉ and water temperature

83 ℉, and the trend is observed for 68.4

hours (Fig. 2).Fig. 2 - Pool Evaporation Modelling

As a result, the evaporation rate of CONTEMPT-LT/028 averaged

0.00106 lb/hr − ft2 for 68.4 hours, and CAP 3.0 is 2.14E-11 lb\hr − ft2.

Smith’s test compared with the test results, CONTEMPT-LT/028 showed an

average of 84.1 times the evaporation rate (smith’s test average evaporation

rate/CONTEMPT-LT/028 average evaporation rate) and CAP 3.0 showed an

average of 2.71E+09 times. The results of CONTEMPT-LT/028 and CAP

3.0 are showed in tables and graphs (Table. 2, Table. 3, Fig. 3).

Table. 2 - CONTEMPT-LT/028 Results of Pool Evaporation*

Fig. 3 - The recorded trends of temperature, relative humidity and evaporation rate

during a 68-hour test period

Table. 3 - CAP 3.0 Results of Pool Evaporation**

For Shin-Kori Units 5 and 6, the evaluation results of the two codes were

compared and analyzed at the LOCA accident. As a condition of Shin-Kori

Units 5 and 6 LOCA, no heat structure was simulated, and we assumed that the

Cooling Spray was not operated to consider only the evaporation and

condensation models between the CONTEMPT-LT/028 and CAP 3.0 codes.

The Smith’s test difference

result in evaporation and

condensation mass transfer

between the two simulation codes

shown in the experiment is similar

in the case of the LOCA. The

mass transfer rate of CAP3.0 is

much smaller than that of

CONTEMPT-LT/028

The fact that the gradient of pressure and temperature showed non-

proportional results despite relatively smaller mass transfer amount means that

the effect of temperature and pressure change due to sensible heat is greater

than the effect on the phase change of water. It also means that the heat transfer

coefficients hg↔gli, and hl↔gli of the Pool interface model of CAP 3.0 are

larger than the heat transfer coefficients hb of CONTEMPT-LT/28 (Fig. 4).

(if the mass transfer rate is

negative, condensed and if

positive, evaporated). However,

pressure and the temperature of

CAP 3.0 changed faster than

CONTEMPT-LT/028.

Smith’s test data and LOCA simulations showed that there is a big

difference in the mass transfer rate for both CAP 3.0 and CONTEMPT-LT/28

codes. From the assessment of the minimum water level of the cooling spray

pump operation and the mass and energy (M/E) emission of the accident

analysis, it is conservative when the evaporation is large.

Also, in LOCA, since the mass transfer rate is small, it is judged that sensible

heat has a greater effect on pressure and temperature than latent heat. It seems

necessary to evaluate the effects of the latent heat and sensible heat of the tank

interface and allow the user to select the evaporation model.

Additionally, when compared with the widely used Shah model (2012),

CAP 3.0 and CONTEMPT-LT/028 both simulation codes produce relatively

lower evaporation rates than Shah’s model and Smith’s test. The percent

deviation of the final test result was 17.0%, while the average of

CONTEMPT-LT/028 percent deviation was 98.0%, and the average of CAP

3.0 was 100% of percent deviation.

Fig. 4 - The recorded trends between

CAP3.0 and CONTEMPT-LT/028 during

LOCA (without heat structures and turning

off Cooling Spray)
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