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Applications of Koopman Mode Decomposition to Modeling of Heat Transfer Dynamics

in Building Atriums—II

—Advection by Large-scale Air Movement—

Yohei KONO*, Yoshihiko SuSUKI* 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. Following the companion paper [Y. Kono, Y. Susuki, M.
Hayashida, and T. Hikihara, Trans. SICE 53-2], we focus on the phenomenon of heat transfer mainly due to the
air movement inside a practically-used atrium, where the air slowly moves over the distance between individual
rooms. The heat transfer is modeled as a two-dimensional advection equation with a coarse-grained velocity.
The velocity is identified based on a spatio-temporal oscillatory pattern extracted from measurement data via
Koopman mode decomposition. The identified velocity is verified with the characteristic numbers of fluid flow

in the atrium and its architectural geometry.
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Fig.2 Cross section of the target building
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Fig.3 Outline of 4th and 5th floors of the target building.
The circles stand for in-room temperature sensors and
the rectangles for VAV units and AHU units

Fig.4 Photograph of atrium in the target building
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Fig.5 Outlet ducts of HVAC units in perimeter zone of the
target building. PU1 to PU4 are located on the ceiling
and generate downward air flow. On the other hand,
PU5 and PU6 are located near the floor and generate
upward air flow
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Fig. 8 Outlet temperature of AHUs sampled on August 1,
2014 (Fri.)

TEWESNTVE, D, IS ORER% Fig. 3 1ORT X
512 THI1-1 #*5 TH4-3 L I8, THI1-1, TH2-3, TH3-1,
BLOTHA-3 I ZNFNEB L OISR BE SN TBY, 1
DA OBEFHIFICHE SN TWwD, BRI, VAV O
AEEE LTHER 12 B CRUMSN TS, —7F, AR
JEIZARE 4 0 AHU NETHEM SN TS, F72, F/ATH
FZeFICE LTI, 4o PUL, PU2 BX U5 D PUL #
5 PU4 ORFIREB L VREOADNEHNEN TN G,

No.2 February 2017

32 1
(5F) Temp. — -
28 Rate - «’
o ]
~ 24 W 3>
o &
g 20 . 8 ]
[ Bk z
T 16 ’ 2

12 PU1 i PU2 0

32 1
28 Z
O g
~ 24 it 3>
9 8
E 20 % g
Z
T 16 2
olPUB__ L ettt PU4 =

6 12 18 240 6 12 18 24

Time / hour Time / hour

1
g
P
5
" z
. <
H TA YN =

H é,g ] 0

12 18 240 12 18 24

Time / hour Time / hour

Fig.9 Outlet temperature and volume of PUs sampled on
August 1, 2014 (Fri.)
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Fig. 6 In-room temperature sampled on August 1, 2014 (Fri.)

1.2
(S_F) VAVI-1 — VAV2-1 —
o VAVI-2 — vav22 — |
g VAVI-3 — M VAV2-3 —
3 06 ™
5 l
E J
& AHU1 | M AHU2
_ VAV4-1 —
o VAV4-2 —
E VAV43 —
P
5 a
E3
2 f
& | AHU4
6 . 12 18 24
Time / hour
1.2 ; " " "
(4_F) VAVI-1 — VAV2-1 —
- VAVI-2 — VAV22 —
g VAVI-3 — VAV2-3 —
S 0.6
! ]
b
E AHU1 t ][/U}l\ ﬂ l\ AHU2
=
o LN
1.2 ; . . . . .
~ VAV3-1 — VAV4-1 —
o [VAVI2 - ey VAV42 —MMWW
g VAV3-3 — 'VAV4-3 —f
306 |
5 /V MWJ““ M
E3
=]
[ 0 AHU3 AHU4
12 18 24 6 . 12 18 24
Time / hour Time / hour

Fig.7 Outlet volume of VAVs sampled on August 1, 2014

(Fri.)
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Fig.10 Plot of Koopman spectrum with contained modal en-
ergy
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Fig.11 Amplitude and phase of Koopman mode V16 shown in Table 1: (a-1,a-2) VI16
of atrium temperature, where the arrow represents the direction of the calcu-
lated wavenumber vector k:I167 and (b-1,b-2) Vll{6 of outlet temperature, where
the arrow represents the direction of the calculated wavenumber vector k{%

Table 1 Koopman mode decomposition of the data measured

on August 1, 2014 (Fri.)

{m,m+1} |Am| Twm/h Vil Vil
{1,2} 1.0036 1.014 2.68 x 10~2 3.76 x 104
{3,4} 1.0019 1.466 8.59 x 1072 9.46 x 104
{5,6} 1.0001  0.583 3.00 x 1072 6.92 x 10~

7 1.0000 oo 1.27 x 102 4.63 x 1072
{8,9} 0.9997 1.151 1.46x 107! 1.86x 1073
{10,11}  0.9997 6.490 4.24 x 10! 6.01 x 1073
{12,13}  0.9995 0.634 4.16 x 1072 7.30 x 104
{14,15}  0.9992 0.381 4.83x 1072 8.39 x 10~*
{16,17} 0.9991 3.999 1.06 7.66 x 103
{18,19}  0.9989 0.272 3.45x 1072 7.38 x 104
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