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ABSTRACT

Purpose: Natural convection within the air layer of a building structure is an important factor affecting the ~AHCHF
thermal insulation performance of the building envelope. This study developed and verified a three-dimensional <=5

thermal flow solver to analyze natural convection and heat transfer between two heated solids. Methods: A

numerical code capable of analyzing solid-fluid interaction was applied. The solid cubes were maintained at a
constant temperature, and only the fluid domain around the solid interfaces was included in the calculation. The  Natural Convection
flow was assumed to be incompressible and laminar, and the SIMPLE method was used to resolve the Interference

pressure-velocity coupling in the momentum equations. Results: The results showed that natural convection was

Double Cube
Numerical Method

mainly governed by buoyancy-driven flow and the temperature difference between the solid surfaces and

surrounding air. The lower cube showed relatively stable heat transfer under various arrangements, whereas the A CCEPTANCE INFO
upper cube was strongly affected by the relative position of the two cubes. When the horizontal distance was small,  Received Apr. 30, 2025

a single integrated plume formed, restricting fluid inflow around the upper cube and reducing heat transfer. As the  Final revision received Jul. 3, 2026

distance increased, the plumes separated, convective transport improved, and the heat transfer rate of the upper

cube increased.
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Table 1. Properties of fluid

Properties Values Properties Values
plkg/m?] 1.20 a[m?/s] 2.14x107°
C[J/kg - K] 1.00 % 10° wulkg/m - s 1.82x107°
k[ W/m - K] 2.57x 1072 L[m] 0.04
g[m/s%] 9.81 AT[-] 1.60
BIE™] 3.43x107° Pr[-] 0.71




0|23 - 0|82 - 227
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S Ve At A3 Fig. 2.0 EAISHATE FAE 491 Rag=(Rayleigh
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A7 o] QoA B& 0|2 FH5}7] $fste] A4 (preconditioning) ) v Ar

[18] &2 7MFEA (artificial compressibility)[19]S AH8S 4= Nu= 0T, 1) /U n walldS (Eq. 5)
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Fig. 1. Computational domain and boundary conditions around
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Fig. 2. Comparison of Nu number according to Ra number
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Table 2. Case names according to distance between two cubes

z/D
<D 0.00 1.00 1.25 1.50 1.75 0.00-1.75
0.00 X X ¢0002 | c0003 | c0004 ¢000x
1.00 X X c0102 | ¢0103 | c0104 c010x
1.25 ¢0200 | c0201 | c0202 | c0203 | c0204 ¢020x
1.50 ¢0300 | c0301 | c0302 | c0303 | c0304 c030x
0.00-1.50 c0x00 | cOx01 | cOx02 | c0x03 | cOx04
272 A8 1 919 oo Smol s ztgo] Hoka 4
Zsto] & 59 944 S Rejste] AR LR A W
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7 A2Q 5 oH o] F A4k B base@t T2 A2 EEE o]-&-o}
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52 9.2 Table 2.9 Yerliolct. 9& SHA (lower cube,
lcube)E A0 g A5t @ 2& SHA (upper cube, ucube) 2
A el w2t o] 55 UERd ZlolH, X" BAITH A2 gAdo] AR
A AstllA ALt Afolm “c000x™et Zo] AR A
x/D=0.00¢] E 7495 Lepdict,

r[o

32 2% 9 24

A o] Nugt= & SHA (single cube) 9] 743 9t
7 UrE’rlHC}iE} A2 x/D, Z/D7} A3 ol et Nugte] $7Fsh=
o 4 QU o] SHA| 7ol A7t Hol A | THd o] ZAo)
A e v S ngtt) f5& frEohe T2 1A
7 7] N

7helel o) £ebhad 4

Rlor

L do —{N

A
g 2
JshA ek 7R Sole fAlE e 2Eo] 442 9%

301 e dofude, sl 3] £919] 2715 24l 19 7

o] 257} o} G Belsic). Q17 Sole

21 2

36 KIEAE Journal, Vol. 26, No. 4, Aug. 2026

6.00
5.50 /'
x/D
2:00 0.00
3 450 1.00

4.00 ——1.25

—o—1.50
3.50

—e—single
3.00

0 0.5 1 15 2

z/D

Fig. 5. Nu variations according to distance between two cubes
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n
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Fig. 9. Nu on each side of horizontal and vertical alignment
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Table 3. Velocity and thermal deviation (AT) from ambient at the
peak-velocity and ambient-temperature locations

at Umax at T;ruuamwnt

z/D x/D Vel. Tem. x/D Vel. Tem.

Case [-] [m/s] K] [l [m/s] K]

c0102 0.69 | 0.0287 | 1.01 | 16.80 | 0.00736 0.00

0204 0.79 | 0.0316 | 095 | 10.00 | 0.00692 0.00

0202 1.05 | 0.0330 | 0.19 | 20.25 | 0.00740 0.00

0204 1.05 | 0.0319 | 081 | 10.50 | 0.00742 0.00

0302 0.79 | 0.0326 | 0.93 | 21.00 | 0.00827 0.00

c0304 0.83 | 0.0320 | 090 | 11.83 | 0.00796 0.00
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