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ABSTRACT KEYW ORD
Purpose: Recently, with the development and reliability of computational analysis method, thermal conduction analysis 72| & &
. . . . . . . . D=
have been an important process in an architectural design. Especially, the thermal conduction analysis in the window frame S i _! E‘H M
is used instead of the experiment because it saves time and expense. Except for glass, window frames are made of various & _% o ;-l E A
aT ==

materials and there are many air cavities inside the window frames. Therefore, in order to accurately estimate the thermal
transmittance (U,) of the window frame, a method of appropriately predicting the effective thermal conductivity ~ Finite Volume Method

coefficient of the air cavities is required. In this study, we estimate the effective thermal conductivity coefficients of air

Air Cavity
Thermal Conduction Analysis

cavities. Method: We apply formulas of ISO 10077-2 to our scheme developed in previous study and then estimate the  Effactive Thermal Conductivity
effective thermal conductivity coefficients of air cavities using iterative calculations. Thermal conductivity coefficientof ACCEPTANCE INEO

air is used as the initial value of the simulation. Subsequently, the calculated coefficients are used in next simulations. The ~ Received Nov 29, 2018

simulations are conducted until the values does not change. Finally, the obtained thermal conductance and thermal ~ Final revision received Dec 11, 2018

transmittance are compared with the values in ISO 10077-2. Result: We conduct the thermal conduction simulation for ISO

Accepted Dec 16, 2018

10077-2 D2, and estimate the effective thermal conduction coefficients of air cavities. In addition, the temperature
distributions are obtained by using the effective thermal conductivities. From the simulation results, it is confirmed that the
effective thermal conductivities of air cavities having a long length in the direction of the heat flow have a large change. In
the future work, we will add the process automatically calculating effective thermal conductivity on our code.
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Fig. 1. ISO 10077-2 D2 window frame section

P)
> (p¢ dV+Z[p¢ v=uv,) —I,V¢] +dS; (212)

[Q¢vdV+Z[Q¢S - dS;

K

o

9 Ag olEstd sjHol e AFTHAS
o}, o] AHHAHAS 7] ot = HuTuidy
Gradient method) & A&3}ith A5k ol

A3 71E 5] ATt

Ao e 2 9]
(Conjugate
2a[3,4]00

Qo =
2%

3. RE QAT 2ERRE

w
—_
:{o

GREAS] 44 54

rsk
=

22 150 10077-2 D2@Alofl 2-8-2 AIAA F713l
QHEASE Fote Hl Bast Aol dis) At
10077-2% o8 71A] 7|5tekd FAFS AlA ek Q11
o A ALETH H S A=5)7] o)5te] SR A AL ASe &
= D20 tiste] £astal 11 23S 15O A A e ghat vl

— :lo
ol

AO

LIS

re et do
—LI

e Horle xe 2

_O'L

2
iies .—V.L
%,

r

Al o2l 7hA] FAfo] QIAIRE, 15O 10077-2¢014]
*ﬂ% AHgSEGITE T Ao] mad, 2 RLE o5t
EASE HASH Hof olrt. whebA, of 2] ¥io] ks A
Oq FEIREATE 4L 5 AU+
, 2 9o A ARE3HISO 10077-2 D20 A XS ZE 9§
& Fig. 1k 2ok W52 2270 A4 20 Al 2571 4
# 0% A9, F 2719 e)F Az = /4w o] Sl Fig. 1.
oAt 2ol At Gl F715-2 F 6707 EAR . o] FoflA
air3 7|52 42702 2o Af shA& Pstelnt. T2 274
o 7} o] F71 %ol diste] FRIAAE ASES Pt A&
Algeol ol B 715149 frEd AL FAIR R oA
e 3719 GHE A1 0.034w/ S 010t LEREE

__>|“‘_.‘

>, :[o
ol e b ko
<k r>4 rlr

2 o
re, o ol

2



JEESE-C
sttt I o R EHE el REEELFSO 10077-29] vt 9L
= A2 o]-gote] BASIE I A2 g

%zé 13

A7 A, = FRBHAEAS, d= @& LF =9 375 o]
o1, R = 37159 AR o33t A

1
= Al

RS ha +h7 (_I4)

A7IA b, WREHSAFO|L, b, E BAGHEA S|
o] T ol tall A 1SO 10077-2% th-2-2k 22 A& A|tshal Qlct.

(@) 371%9 Z(b)o] 5SmmEct 22 3¢

G
h, = 7 , C;, =0.025 W/(WZK) (A15)
(b) 1A 22 ¢ (otherwise)
C
h, = max (71;CQA TV, (416)

C, : 0.025W/ (mK)
C,: 0.73W/ (m*K*?)

A T : the maximum surface temperature difference in the cavity

371% FoIA air3_4%to] (a)9] Z-fol sigEch whehA
air3 49 gRdAGASL 7)6lshAQl AHo| Qgja AAo)
o}

2AGAGASE heat o] FolAgch,

h, = 40T} EF A7)
o : Stefan — Boltzmann constant,
5.67 x 107 8 W/ (m*K*)
E: the i nter surface emittance (A18)
11 .
—+ -1
( P )
F: theview factorforarectangularsection (419)
1
5(1 +V1+(d/b)*—d/b)
T,, : the mean temperature
B E=RoME [SO 10077-29 71&S waA e(TATLE,

emittance) 2] #2 0.92 L5t

A (6)7F (7)ol A iﬂr/\]ﬂl 2L REe} 7
1 Yol FREHMEASTE T 5 Ut
Al BEE Algdlo]dS Fot] HHE R
AR BAHH

I
—_
olt
o
iy

Hol A& ht= 2
L OFAIRE 2 Al
2ol digt AlZe|o] A of 2t H A S o]- -5
o] HisiAME A5 s F BAEXA

(internal surface) ol A 425t
th2 A HeetzE Aerstal 9l

HE=1S07|1& AAZ
A BAsh= A

-IN

-

A

©Copyright Korea Institute of Ecological Architecture and Environment

PSS
of theto] A1 B0l 8g stel 7t Zke] Az Hoto]
BALAGE FG519 1, 7 AAZRA ot 22t =%
(thermal conductance, r?")%} HEY EHHF-E(thermal
transmittance, U,)& AAFSHRT. = Az 700 tigt AW E19)
o] A (BHGA) = Tabeloﬂ uhet ol Zh 7o) AW 11~ 7
2 Fig. 1.°] EA]= o] 9}
Table 1. Boundary conditions for the internal surfaces

Boundary B1 B2
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11 7.6923 6.3172

12 5.0000 6.3172
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Thermal Thermal
conductance transmittance
[W/(mK)] [ W/ (m*K)]
ISO 0.263 1.44
Bl
0.262782 (0.08%) 1.44359(0.25%)
(Error)
B2
0.263212 (0.08%) 1.44750 (0.52%)
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Table 2. The effective thermal conductivities of air cavities
[W/(mK)]
Iteration
e 0 1 2 3 4 Error [%]
i Bl 0.034 0.047415 0.047420 0.047420 0.047420 2.11x10°°
B2 0.034 0.047675 0.047415 0.047419 0.047419
w2 Bl 0.034 0.075875 0.075874 0.075874 0.075874 1.32x1073
B2 0.034 0.075851 0.075877 0.075875 0.075875
w3 | Bl 0.034 0.032153 0.032153 0.032153 0.032153 3111073
- B2 0.034 0.032135 0.032155 0.032154 0.032154
. Bl 0.034 0.139509 0.140061 0.140061 0.140061 6.64<107 2
- B2 0.034 0.150115 0.139597 0.140154 0.140154
. Bl 0.034 0.046729 0.046729 0.046729 0.046729 2.11x10°?
- B2 0.034 0.046849 0.046739 0.046739 0.046739
w3 4 Bl 0.034 0.112301 0.112374 0.112374 0.112374 2.11x10°°
- B2 0.034 0.114062 0.112344 0.112417 0.112417
s Bl 0.034 0.092863 0.092854 0.092854 0.092854 2.11x10°?
B2 0.034 0.092545 0.092882 0.092874 0.092874
s Bl 0.034 0.063315 0.063310 0.063310 0.063310 2.11x10°°
B2 0.034 0.063137 0.063327 0.063322 0.063322
airs Bl 0.034 0.091152 0.091138 0.091138 0.091138 2.11x107°
B2 0.034 0.091450 0.091161 0.091146 0.091146
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