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Applications of Koopman Mode Decomposition to Modeling of Heat Transfer Dynamics

in Building Atriums—I
—Effective Heat Diffusion by Small-scale Air Movement—

Yohei KonO*, Yoshihiko SUSUKT*,
Mitsunori HAYASHIDA™* and Takashi HIKIHARA™*

We develop a methodology for modeling of heat transfer dynamics of building atriums based on observational
data on temperature and air-conditioning system. We focus on the phenomenon of heat transfer mainly due to
the air movement inside a practically-used atrium, where the air slowly moves on a length-scale smaller than
the distance between rooms. The heat transfer is modeled as a two-dimensional heat diffusion equation with an
effective diffusion coefficient. The coefficient is identified based on a spatio-temporal oscillatory pattern extracted
from measurement data via Koopman mode decomposition. The identified coefficient is verified with the char-
acteristic numbers of fluid flow in the atrium and its architectural geometry. In the companion paper [Y. Kono,
Y. Susuki, and T. Hikihara, Trans. SICE (53-2)], we will consider the heat transfer due to the air movement over
the length-scale of the distance between rooms.
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Fig.1 Photograph of the target building
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Fig.2 Cross section of the target building
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Fig.3 Outline of 3rd to 6th floors of the target building. The
circles stand for temperature sensors and the rectan-
gles for outlet ducts
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Fig.4 Photograph of atrium in the target building
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Fig.5 Measured data on July 30, 2014 (Wed.): (a) atrium temperature and (b) outlet

temperature
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Table 1 Koopman mode decomposition of the measured tem-
perature data on July 30, 2014 (Wed.) shown in
Fig.5

{m,m+1} Am| Tm /h V4] IV
{1,2} 1.037 1.304 2.36 x 1072 9.90 x 102
{3,4} 1.025 1.099 3.09 x 1072 8.38 x 10™2
{5,6} 1.004 12.05 1.94x 107! 9.66 x 1072
{7,8} 1.003 0.512 3.60x 1072 1.20 x 107!
{9,10}  1.000 5.582 2.51x10~! 8.09 x 10~!
{11,12} 0999 2.487 4.78 x10~?! 1.54
{13,14} 0.998 0.553 6.31x 1072 1.88x 1071
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Fig.6 Plot of Koopman spectrum with contained modal en-
ergy
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Fig.7 Amplitude and phase of Koopman mode V11 shown in Table 1: (a-1, a-2) Vﬁ of
atrium temperature, where the arrow represents the direction of the calculated
wavenumber vector kfl, and (b-1, b-2) V{{l of outlet temperature, where the
arrow represents the direction of the calculated wavenumber vector k:{l1
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Fig.8 Nodes and brabches for space-discretization. The in-
terger index ¢ stands for the length x and j for the
height z. The fractional indices i}, and j,, stand for
the branch between nodes [i, 7]
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