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ABSTRACT

KEYWORD

Purpose: Investigation about how much the convection and radiation heat transfer of internal region of window &% A|&2{|0| M

product will impact its condensation resistance performance. Also window and insulated glass vertical height were 2

sufficient to invoke temperature stratification due to the convection, this vertical temperature gradient should be 215 © oAl

impact to window product's condensation. Method: To invoke temperature stratification in the window product,

assign flow convection and radiation heat flow model to an window product. The subject of window product of this ~ Window simulation

study has double sashes with about 100mm distance, which has exceeds the distance criterion of simplified heat ~Condensation prevention performance

transfer method for industrial standard and can be found very commonly from South Korea's housing. 2D thermal

Double sliding window
Window heat & flow analysis

performance simulation method were conducted first via accordance with ISO 10077 and thermal property from this

initial result applied to 3-dimensional simulation's applicable regions. Result: Beside the estimation of thermal ACCEPTANCE INFO
transmittance of window product were almost identical with 2D and 3D heat transfer models, condensation  Received Jul. 23, 2020

resistance results are differed by heat transfer model applied to the large vertical air gap within double horizontal ~ Final revision received Nov. 6, 2020

sliding window. Conduction-only results failed to locate weak to condensation risk on the surface that faced to

indoor environment.
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Glazing Properties

12mm air gap

* Double glazed insulated glass
*  Clear 5mm flat glass
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Fig. 1. Schematic of 4-Track Double-Sliding Window (Horizontal operation with vertical meeting rail)
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Az go] FiA 02 e Gl Feiel glonz o5 37] % Phermal sansmittance of gass (W7 )
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N _TTO] ool 53 e e 2 "‘/\}C_)] O_Z—"q 571 I,  Perimeter length of Window glass (m)
S AT AGA Mgl Aol f-5 SiA RS b 1 A ¥, : Linear thermal transmittance (W/m-C)
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Fig. 2. Temperature proving points for TDR measurement[4]
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Table 1. TDR Rating for residential apartment

Applied part of building component TDR Region, city
Window that Center of glass 0.18
exposed from Edge of glass 0.24 Seoul,
outdoor Region II
environment Frame and sash 0.28
Side; Outdgg,

# Right sill

Side: |l'ldqo,

Fig. 3. Whole window product simulation as 7 sections of 2D surfaces
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Boundary Condition: Indoor

Fig. 5. Schematic for cavities within window product and air gaps
of insulated glass(Gl, G3) and between sashes(G2)
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Table 4.= E4of ALEH AlEH0]A AA X0 o]=KS F Table 4. Boundary conditions for thermal transmittance of window
2278[13]19] Al HHA o k2 Ao|t}, o]ggt AAHFA © 2 THdgh Type Temperature | Surface Thermal Resistance
Algdlold Ax YoM 98 A5 A=A 35S AAEste] 24 Indoor 20°C 0.11 K- mt/W
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Fig. 6. Grid for 2D Heat conduction (THERM 7) Fig. 7. Grid of Sections from 3D CFD model (Star-CCM+)
Table 2. Glazing system_information Table 5. Constant thermal conduction properties
Layer | Type | Thickness | Comductviey Emissivity Material | Thermal Conductivity Additional Information
[ Gl Ition gy PR ock PVC 1.70 [W/m-°C] Rigid Material
1 Glass 5 mm 1.000 0.837 0.837 : g
2 Air gap 12 mm 0.066 n/e‘l Glass 1.00 [W/m-°C] Typical
3 Glass 5 mm 1.000 0.837 0.837 o -
4 Air space 95 mm 0.486 n/a Sealant 0.35 [W/m C] Silicon
5 Glass S mm 1.000 0.837 [ 0.837 Mohair 0.14 [W/m-°C] Weather strip
6 Air gap 12 mm 0.072 n/a
7 Glass 5 mm 1.000 0.837 | 0.837 Spacer 0.56 [W/m-°C] Specified from manufacturer

U value of Insulated glazing unit = 1.383

Table 3. Flow and Thermal radiation solver Information

Item Info

Finite volume, 2nd order flow solver
Laminar, gravity enabled

Flow solver

Equation of state Constant, Boussinesq approximation

S2S gray thermal radiation

Radiation Model View factor calculation

Solid heat conduction | Finite volume solid energy solver

Table 6. Simulation setup with heat transfer options

Frame and sash
Case | Geometry Air cavities Gl and G3 G2
0 2D Conduction
1 Conduction
2 1D Conduction CFD
3 Conduction CFD
4 CFD Conduction

(©2020. Korea Institute of Ecological Architecture and Environment all rights reserved.
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Fig. 8. Effective conductivity from all of frame cavities within hole window product

Table 7. Contour plot of vertical sections
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Table 12. Contour plot of TDR over interior surface
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Table 13. Maximum TDR per region (indoor boundary surfaces)

Total Upper Bottom
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Case 1 | 0.275 0.275 4322 cnt 0.274 43.76 cm
Case 2 | 0294 0.232 0.00 o 0.294 54.10 cn
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