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This study presents results of Computational fluid dynamics (CFD) analysis conducted to evaluate performances of various
functional products developed for smart bathroom systems. The primary objective was to analyze the efficiency of space
heating, direct drying, and dehumidification functions in a winter bathroom environment. Representative bathroom models in
South Korea were selected and detailed CFD simulations were performed on these models. Results showed that bathtub
models exhibited higher efficiency overall in space heating and dehumidification than shower booth models. This was
attributed to differences in bathroom structure and internal air flow. Additionally, the direct drying function showed higher
efficiency in bathtub models, determined by the placement of air outlets and inlets. This study provides essential
foundational data that can contribute to the design and enhancement of smart bathroom systems' functionality, offering
valuable insights for the development of optimized smart bathroom products.
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NOMENCLATURE Xmo = Volume Mixing Ratio of Water Vapor
ng = Air Density Muo = Molar Mass of Water (in g/mol)
P —  Pressure May = Molar Mass of Dry Air (in g/mol)
R = Specific Gas Constant for Dry Air q = Specific Humidity (Ratio of Water Vapor to Air
T = Temperature Mass)
To = Dew Point Temperature mmy Mass Mixing Ratio
Pioo = Partial Pressure of Water Vapor (in hPa) Cizo = Mass Concentration of Water Vapor (in g/m?)
e = Vapor Pressure, which refers to the partial pressure H,O0 = Molecular Concentration of Water Vapor of Water

exerted by water vapor in the air Vapor (in molecules per cubic meter)
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Fig. 1 Product installation space according to ceiling height and
structure of domestic bathrooms
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(c) Shower booth-type Case 3: Space heating, direct drying,
and dehumidification model

mm Inlet for space heating and dehumidification
= Inlet for directdrying
W Outlet

o)

E=y

(d) Shower booth-type Case 4: Space heating, direct drying,
and dehumidification model

Fig. 2 Four different smart bathroom concept designs and functional
inlet/outlet schematics
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Table 1 Material properties

. Density Therm.al. Viscosity Mole_cular
Material ke/m Conductivity [ke/(m's)] Weight
[W/(m-K)] [kg/kmol]
Air 1.225 0.0242 1.789¢-05 28.966
H,O 0.554 0.0261 1.340e-05 18.015
Table 2 Mesh information
Case Nodes Elements
Bathtub-type case 1 221,578 1,192,793
Bathtub-type case 2 259,202 1,386,598
Shower booth-type case 3 267,962 1,399,958
Shower booth-type case 4 271,192 1,401,348
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(a) Bathtub-type Case 1: Space heating, direct drying, and
dehumidification model

(b) Bathtub-type Case 2: Space heating, direct drying, and
dehumidification model
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(c) Shower booth-type Case 3: Space heating, direct drying,
and dehumidification model
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and dehumidification model
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(e) 3D modeling simplification

Fig. 3 3D analysis model and mesh
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Table 3 Wall shear stress

Case 1 [Pa] Case 2 [Pa] Case 3 [Pa] Case 4 [Pa]
0.011593 0.024933 0.039465 0.010736

Table 4 y+ Values for each case
Case 1 Case 2 Case 3 Case 4
150.42 220.61 277.55 144.76
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(d) Shower booth-type Case 4: Space heating

Fig. 4 Space heating analysis results: 1 to 50 seconds
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Table 5 Space heating variable values

TenIlm;z{cure Wind speed Air inlet Air angle
[[:, C] [mv/s] temperature [°C] [°]
15 12 60 45
Table 6 Direct drying variable values
Terrllmgz{rure Wind speed Air inlet Air angle
F, C] [m/s] temperature [°C] [°1
25 25 120 90
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(c) Shower booth-type Case 3: Direct drying
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(d) Shower booth-type Case 4: Direct drying

Fig. 5 Direct drying analysis results: 1 to 50 seconds
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(d) Shower booth-type Case 4: Dehumidification

Fig. 6 Dehumidification analysis results: 5 to 100 seconds
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Fig. 7 Comparison of indoor average temperature over time
between bathtub and shower booth types - Space heating
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Fig. 8 Comparison of indoor average temperature over time
between bathtub and shower booth types - Direct drying
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Fig. 9 Comparison of indoor average humidity over time between
bathtub and shower booth types - Dehumidification
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