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Performance of Ventilation with Ceiling-Supplied Displaced Ventilation in Office

ﬂ

(Part 1) Effect of Supply Airflow Rate and Ambient Air Entrainment into Supply Airflow on
Concentration Distribution
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Noriaki KOBAYASHI"' Yuta NAGAI"' Nobuki MATSUI™ Tetsuya OKAMOTO™
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"'Osaka University “Daikin Industries LTD

Recently, DV system has received much attention in terms of infectious disease control. However, DV system is
not widely used because of its specialized nature, which requires air supply from the lower part of the room at low
temperature and low speed. In this study, we propose a new type of DV system that improves design and construction
issues by installing air supply ports on the ceiling. In this paper, we report the results of a full-scale experiment to
investigate the effect of the supply airflow rate and the entrainment of ambient air into the airflow by the air supply.
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Table. 1 Experimental conditions

Supply condition | Airflow rate [m*/h]
3 Case 1-C 750
- Case 2-C | Ceiling Supply 600
5 S ‘ Case 3-C 400
500 A Case 1-F 750
(a) Diffuser (b) Ceiling Supply  (¢) Near-floor Supply Case 2-F | Near-floor Supply 600
Fig. 2 Overview of diffuser and air supply conditions
Case 3-F 400
T —o— o
Case 1-C (V=750 m*h) Case 2-C (V=600 m*h) Case 3-C (V =400 m*h)
r% T% J Indoor air Wall Center of diffuser Average
8 il |
2500 i ]
7 § | i
—~ 2770 E 2000
% 2500 % = 1500 §_§7 % E/ HE1700 mm
= §2000 ﬁéﬁ 1000 i é‘}':' HEL100 mm
8 E 7 5
L 21500 = 55 i P
2| 5 6 500
O 51000 0 ﬁ L, g
il 0 2 4 60 2 4 60 772 0 05 10 15
4 Temperature difference from supply airflow [°C] Normalized concentration [-]
o 0 (b) Vertical distribution of temperature and normalized contaminant concentration of each area
g 2770 =
E '_2500 % 2770 |
S £2000 2500
S !
e E el
o 21000 £ H=1700 mm| H=1700 mm| /EI/ H=1700 mm|
s £ = 1500 —
R 500 '%D 1000 =1100 mm| \ =1100 mm| =1100 mm|
5 T
- 2778 500 # # \F
Ié 2500 0 % [Pa] 3 [Pe] 2 [Pe]
S £
e l
< 15
> = 2500 n
o 51000 7 A W R I
& = o £ 2000 : e S pw
=, Vas H=1700 Wae) = H=1700
2 = 1500 ﬁ — ?;uéf o
&} 0 )
0 2 4 6 ‘D 1000 =1100 mm| Wbe K =1100 mm|
Temperature difference | T }g o Pr o \}\]
from supply airflow [°C] 500 Heg @ °
—o0— -O- 0 o [po] 3 % d 2 [pd
Indoor  Wall 0 0.5 1.0 1.5 . . | o 0.5 1.0 1.5
wf

(a) Comparison of indoor and
wall temperature

Normalized concentration [-] W we

Normalized concentration [-]

(¢) Vertical distribution of normalized contaminant concentration

Fig. 3 Vertical distribution of temperature and normalized contaminant concentration (Case 1-C ~ 3-C)
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Performance of Ventilation with Ceiling-Supplied Displaced Ventilation in Office
(Part 2) Study of the Ventilation Perforemance by CFD simulation
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This study proposes a ceiling-supplied displacement ventilation system consisting of only ceiling-mounted equipment
and components, and examines its effectiveness through full-scale experiments and computional fluid dynamics. In the
previous report, we examined the effects of supply airflow rate and the entrainment of ambient air into the supply airflow
through full-scale experiments. In this paper, we present a more detailed study of this system by CFD analysis based on

the full-scale experiment.
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Wall Boundary no-slip Q20 B
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Wall Local convective 2 3 Y
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UL D Floor 10 W/(m’K) - Specific Heat : 1300 [J/kg-K]
Temperature Experimental Data - Thickness : 150 mm
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k=3/2(U - Iy .
%
Inflow Boundary e=(Cp* - k"L S{Kgﬁlgtgre EISI?II;] Fig. 4 Wall Material
Heat Human T5W X5 Table 3 Parameter
Generation PC S0W X 5 Supply Condisiton | Airflow Rate [m’/h]
Temperature | 13 °C (Experimental Data) Case C1-C 750
Contaminant Flow Rate 3.0 L/min Case C2-C Ceiling Supply 600
Mouth Size 110 X 70 mm Case C3-C 400
Supply Air Temperature Experimental Data Case C1-F 750
* [ : Turbulence intensity Cu: Turbulence model constant Case C2-F Near-floor Supply 600
U: Mean flow velocity [m/s] L : Turbulent length scale [m] Case C3-F 400
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Displacement ventilation (DV) is a promising energy saving alternative ventilation system. Despite the fact that numerous

studies along the years have proven it superior to the dominant mixing ventilation, some factors can lower its efficiency and

thus confining its applicability, such as room size and geometry, furniture arrangement, and seating pattern. Hence, in this

study a novel portable DV cooling unit that enhances DV performance and expands its applicability is proposed. The

proposed unit should enhance the DV system by strengthening the temperature gradient through supplying filtered cool air

at low height and exhausting hot air above the occupied zone.

Introduction

In displacement ventilation (DV), the target zone for providing
thermal comfort and good air quality is the occupied zone which
is defined as the lower section of a space until the 1.8 m height.
The mechanism of DV is to supply cool air at low heights at low
velocity and as air passively gains heat from heat sources in the
space and gets lighter, it rises upwards carrying the contaminants.
Thus, the system induces temperature stratification that clarifies
the occupied zone air as well.

Although, the system functions in the typical case where heat
sources are within the occupied zones, it was found that if a heat
source is present in the upper section, the temperature gradient is
increased improving the system performance (1). Fig. 1 shows
one example of heated roof case.

Despite achieving better air quality compared to mixed
ventilation (2) and being more energy saving (3), DV
performance can be affected by multiple factors. For example,
the room size, heat loads, and heat source location affect the
interface level (1). In addition, movement, presence of obstacles,

and unequal distribution of heat sources, i.e. occupants and

machines, can cause an imbalance in the temperature distribution.

Such imbalance weakens the stratification, causes horizontal
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Fig.1 Heated roof temperature distribution (Adapted from 1)

flow, or result in pockets of unrenewed air (4,5).

Hence, a novel portable cooling unit aiming at enhancing DV
is proposed in this study. Acting as a standalone DV system,
supply diffuser is in the lower section of the unit while the suction
port in the top section as shown in Fig. 2. Placement and
functioning method of the portable DV unit (PDVU) are
illustrated in Fig.3.

Since the unit intakes air from the upper zone, air purification
is needed in order to avoid mixing the ascended contaminants
back into the occupied zone. This can also be considered as an
added advantage as portable air purifiers have been proven to
generally enhance air quality, in some cases reducing the
particulate matter (PM) by 50% (6).
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1. Zonal Model

A simplified zonal model, illustrated in Fig. 4, was adopted in
this stud. The model assumes stratification in two layers and
neglects radiation from the different surfaces. The equation set
consists of two thermal balance equations (1-2), PDVU’s cooling
power equation (3), and the unit’s heating power equation (4).
(n+1)I +nHs +Cop(OstOsm) T1 -Cop OsTu -Cop OsmTu = 0 (1)
-nl +(1-n)Hs +CopQsTs + Cpp OsmTu -Cop(Qs+Osn) Ti = 0 (2)
nl - CopQsm(Tu-Tsm) = 0 3)
(m+1)I - CopOnm(Trm-Ty) =0 (@)
where for the DV system, Qs is the supply flowrate and Ts is the
supply temperature. For the room, 7, and 7i are the air
temperature of upper and lower sections respectively. C, stands
for specific heat of air while p is the air density. Representing heat
sources in the room, human and computer devices, Hs is the heat
load generated and # is the ratio of the heat that ascends to the
upper part of the room. Regarding the PDV unit, n is the unit’s
coefficient of performance, COP, I: input power (W), Osm and
Ohm are the machine’s supply flowrate and hot air flow rate
respectively which are assumed to be equal. Ty, and i, are the

supply temperature and hot-air temperature respectively.

11 Parametric analysis

In this calculation, the settings of the DV system were
assumed fixed, and some of the PDVU specifications were
changed to study the effect of each variable on the unit’s
performance and the room temperatures. Table 1 summarizes the
set of values used in the study. The factors studied in this section
are: 1- the effect of changing Qsm and Qum on the required 7, and
2- the effect of changing 7 with different COP values on the

required supply flow rate.

12 Results
(1) PDVU supply flow rate

As shown in Fig. 5, zonal model calculations with Qsm
varying from 100 m¥h to 300 m%h were performed. The 100
md/h case requires a relatively small wattage of around 40 W. It
can be observed as well that increasing the flow volume requires
an increase in the input power of the machine. Increasing | thus
results in exhausting air at higher temperature (Thm). However, in
all cases, assuming the idea situation, # is 1, keeps the occupied
zone temperature, T, equal to the supply temperature, 20 °C.

(2) PDVU Input power and COP
Fig. 6.a shows its effect of increasing I at a COP of 3.5 on the
temperatures. Increasing the unit’s COP enhances the

performance and decreases the exhausted heat as can be
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Fig. 4. Zonal model for a DV room with PDVU

Table 1. Zonal model calculation conditions

From occupants 150 W (75 W x 2)
= From computer devices 100 W (50 W x 2)
g Total Hs 250 W
n 1
=] Os 200 m*h
< T 20°C
COP, n 3.0-4.0
~ I 50-150w
< Osm, Onm 100300 m°/h
é Tom 20°C
Thm Dependant
? G 1.2 kg/m?
5 p 1004 J/K kg
=N Ti Dependant
¢ T, Dependant

. Supply air diffuser
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observed from Fig. 6.b, where / was assumed 100 W. In addition,
Fig. 6.c shows how changing the COP affects the | - Qsm relation. 180

// 160
140

N
o
)
=1
S

w
ol

lincreasing the COP from 3 to 4 reduces the required input power

£ 30
by a third to provide a fixed flow rate. % e —tm  §®
g Tu — 100
2. CFD analysis 2 " :z
The analysis was carried out, first, to visualize the effect of " 10
installing the PDV unit, and secondly, to investigate the impact T, T
of the unit’s position in respect to the exhaust opening. To match e (/) Qo (/o)
the planned field measurements, presented in part 2, the analysis Fig. 5. a. PDVU supply flow rate vs temperatures,
was set to a relatively small space as shown in Fig. 7.a. b. PDVU supply flow rate vs required input power
To visualize the zonal model calculation, as summarized in a0 3 .
Table 2. Table 3 show the CFD analysis conditions and boundary 35 '\'\k-.‘_. 200

30/

w
=1

conditions. It should be noted that CO, was assumed as the

o
@
S

g 5
. . L . . . =25 Z —
contaminant instead of PM to simplify the simulation, and since g g ® £ 200
the PDVU is an air purifier as well as a cooling unit, the supplied % 1 g 20 g 150
air is assumed to have no CO,. On the other hand, the hot air 10 # 100
15
exhaust has the same CO, concentration as the intake air at the 5 0
. 0
suction port 50 100 150 " 30 35 40 ° 50 150
a. Hw) b. cop c. Hw)
21 Results —e—Thm —+COP40
L. 3 . . Tu —8—COP3.5
The results are divided into two sections in accordance to the . COP3.0
analysis cases; 1- comparing the with and without PDVU cases, Fig. 6. a. PDVU input power vs temperatures, b. PDVU COP vs
and 2- comparing the exhaust opening location. The vertical temperatures, c. PDVU input power at different COP vs required
distribution of temperature and contaminant concentration are supply flow rate
plotted for each case. Sections of temperature and concentration Near . Far
Exhaust \\‘ _~ Exhaust

contours are shown as well. Regarding the vertical temperature
distribution curves, he floor and ceiling surface temperatures as
plotted as well. To differentiate from exhaust temperature, the
ceiling temperature is a darker shade separate point. As for the
concentration contours and graphs, all figures are normalized by 3m
the exhaust concentration.

The effect of installing the PDVU can be seen mainly in the

temperature distribution as shown in Fig. 8.a. At lower heights,

the temperature is decreased slightly while in the top section

increased by about 4 degrees. In other words, the stratification

=

has been enhanced as aimed for. This increase in gradient can be Fig. 7. Analysis model

visually observed from the sections in Table 6. The contaminant Table 2. Zonal model calculation conditions.
concentration on the other hand, has not been affected much in Heat generation
averaged horizonal planes, Fig. 8.b, although an increase in From occupants 150W (75 W~>2)
concentration can be observed around the hot air exhaust of the From computer devices 100WEOWx2)
PDVU, Table 6. DV System PDV unit

The exhaust location change had negligible eff h i " Om Fon i

e exhaust location change had negligible effect on the 200 m'/h 20°C 200m’h | 20°C | 31.95°C

temperature distribution. However, the concentration was
significantly affected. As shown in Fig.10.b, the concentration, 3 Conclusion

maintained the expected stratification but with a decrease of Integrating the merits of air purifiers, high heat sources, and

about 10 times compared to the near exhaust case. This effect can movable diffusers, the proposed PDVU should both boost

also be seen in the sections in Table 7.
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Table 3. CFD analysis conditions.
Analysis software Stream v.22
Turbulence model RNG k-¢ model
Analysis type Steady state
Calculations Heat, radiation, and diffusion
Mesh settings
Default size 30 mm
Growth rate 115
Cells count ~760,000
Thermal Boundaries
Solid- Fluid log law
External surfaces Adiabatic
Heat Generation
Source 2 Seated Occupants + 2 computers
Surface Area 1.745m?
Heat load W
Contaminant Settings
Contaminant COz
Emission rate 10 L/min
Emission Temperature 34°C
Emission Surface Mouths | 2x 0,025 m?

thermal comfort and improve air quality as well as make DV
system more versatile and efficient in various space types.
Preliminary analyses show great potential of the PDVU.
Minimal effect of its position to the exhaust openings on its
performance which indicates that its mobility is not restricted.
Further more intensive parametric study should be carried out to

explore optimum settings and specifications of the unit.

Acknowledgement
This study is funded by Daikin Industries LTD. The authors are
appreciative of the support provided.

6)

TR - B T g
IR RSO (2023.3.7)

»~No PDVU

»-No PDVU

O Far

—O— Near

0.0 0.0

20.0 22.0 240 2.0 280 0.0 5.0 10.0 150 20.0

Temperature ('C) Normalized Concentration (-)

a) Vertical temperature  b) Normalized concentration
distribution vertical distribution
Fig. 8. Vertical distribution of temperature
and normalized concentration

References

Kosonen, R., Melikov, A. K., Mundt, E., Mustakalio, P, & Nielsen, P. V.
(2017). Displacement ventilation. Federation of European Heating and Air-
Conditioning Associations, REHVA.

Melikov, A., & Kaczmarczyk, J. (2007). Measurement and prediction of
indoor air quality using a breathing thermal manikin. Indoor air, 17(1), 50-59.
Lin, Z, Lee, C. K., Fong, S., Chow, T. T, Yao, T., & Chan, A. L. S. (2011).
Comparison of annual energy performances with different ventilation
methods for cooling. Energy and Buildings, 43(1), 130-136.

Lin, Z., Chow, T. T., & Tsang, C. F. (2007). Effect of door opening on the
performance of displacement ventilation in a typical office building. Building
and Environment, 42(3), 1335-1347.

Lin, Z., Chow, T. T,, Tsang, C. F,, Fong, K. F,, & Chan, L. S. (2005). CFD
study on effect of the air supply location on the performance of the
displacement ventilation system. Building and environment, 40(8), 1051-67
Aldekheel, M., Altuwayjiri, A., Tohidi, R., Jalali Farahani, V., & Sioutas, C.
(2022). The Role of Portable Air Purifiers and Effective Ventilation in
Improving Indoor Air Quality in University Classrooms. International Journal
of Environmental Research and Public Health, 19(21), 14558.

Table 4. Temperature and concentration contours

Temperature [°C]
30.0

25.0

PDVU
Far
Exhaust

.,%

a

&

o

5

Q

@ ;

20.0

Normal ized
concentration [-]

10.0

5.0

0.0



ZE AN - MR T2 e D
A-26 SRR TR 2 CE (2023.3.7)

BERBRD-ODERFEMETAHIT 2 R—2TILAELIZ Y FOREHAR
(£ 2#) RRICE DBRERBHEAKR URERZBREDEDIRET
A Study on a Novel Portable Cooling Unit With Air Purification for Displacement Ventilation
(Part 2 ) Experimental Investigation of Temperature Gradient and

Droplet Nuclei Removal Effectiveness
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This study focuses on the displacement ventilation (DV) method, which is capable of both energy conservation and
ventilation efficiency, and is a ventilation method that can form a thermal stratification in a room and efficiently exhaust
pollutants. In this study, we propose a portable displacement ventilation unit (PDVU), which is a mobile diffuser that not
only enhances thermal stratification but also purifies the air. In the previous paper, block model calculations and CFD
analysis were conducted. In this paper, experiments in a small chamber are conducted to verify the performance of this

unit.
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Table 1 Experimental condtion

Case name DV200 DV200 - PDVU200 DV300 - PDVU300
Supply air flow rate from DV diffuser Q, [m’/h] 200 200 300
Supply air temperture from DV diffuser 7, [C ] 6.0 6.0 6.0
Supply air flow rate from PDV unit O, [m’/h] - 200 300
Supply air temperature from PDV unit 7,,, [1C ] - 6.0 6.0
Hot - air temperature from PDV unit Q,,, [m*/h] - 200 200
Supposed COP of PDV unit - 3.5
Supposed input power of PDV unit / [W] - 100
Heat emission rate of duct heater [W] - 450
Change the position of particle counter
Start or Finish
Waig“g%tﬁt); isig;gg'ls)g;mre dr(\%?éiiggufr(l)tr to Samplmg time Waiggfrefg;edtrg plet
( hours) get to steady state] (30 min.) backgraound count
(30 min.) (1 hours)
Start the neblizer Stop theA neblizer

Fig. 6 Measurement procedure
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Table 2 Heat balance
Cooling power |Cooling power| Heating power | Heat emission rate Heat loss Input power
of PDVU of DV of PDVU of person simulator of PDVU /
Heating power of DV)-
QX (T, T, Cyp | OX(T-T)XCop| QT T)¥Cp| 100 %2 (tfeant
W] 7 W] (W1 L [C | [W] (Cooling f)\c;/v]verof DV)
DV200 - 183.56 - 16.44 -
DV200 - PDVU200 315.72 121.65 329.15 200 91.78 13.43
DV300 - PDVU300 289.81 159.25 444.59 195.54 154.78
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Displacement Ventilation with Breathing Zone Air Supply for Prevention
from Infectious Disease in Office

(Part 4) Distribution of Droplet Nucleus in Full-scaled Experimental Chamber

o B & x ( KBRE) o SR ( RFxR)
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VNN NI ( KBRK) wERE fnfET ( RBRE)
Nana SHIKANO™ Toshio YAMANAKA™ Narae CHOI"' Tomohiro KOBAYASHI"

Noriaki KOBAYASHI"' Namba Wakako"'
"1 Osaka University

As the coronavirus disease 2019 (COVID-19) pandemic continues, displacement ventilation can efficiently exhaust
contaminants. However, to maintain cleanliness at the height of the breathing zone, a certain amount of air supply and
energy are required. This study proposes a displacement ventilation with breathing zone air supply. This method aims at
intensive cleaning of the breathing zone and energy-saving ventilation. In the previous paper”, CFD simulation showed
that the effect of supply air to thermal plume is important. In this paper, we present a more detailed study of this system
by a full-scale experiment emitting droplets and CO, at the same time.
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Impinging Jet Ventilation AXDERIREFRIZET 284%
(ZD9) HBREIHUBEICET I EREIMEBIDEICRIETTEE
Prediction of Indoor Environment for Impinging Jet Ventilation System
Effect of Supply Terminal Height on Temperature Profile and Ventilation Efficiency

in Office Room
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Moe KOSHIDA"' Tomohiro KOBAYASHI' Toshio YAMANAKA"
Narae CHOI"' Haruna YAMASAWA ™

"'Osaka University

“Kyusyu University

The effect of the inlet height of an impinging jet ventilation (IJV) system on the indoor environment was investigated
by experiments and CFD analysis. The results showed that the effect of inlet height on the vertical temperature profile is
limited, while that on the vertical contaminant profile is relatively large. It is assumed that there is a threshold of inlet

height that contaminant profile change between stratified and mixed conditions .
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Relation between summer thermal control use types and air movement sensation

of air-conditioner, electric fan, and natural ventilation

OWAR  Ffik CRBRiNZ R
k- B CRBXiNZ R
Shiori HIRAMOTO*

Noriko UMEMIYA*

e g CRBRAINLRSE)
FR Bk ORBRHINLRS)
Yuto ASAOKA*  Lin SUN*

* Osaka City University

For this study, with the aim of clarifying the actual use of airflow and airflow sensation, including natural

ventilation, in actual life, residents of 318 family-friendly housing complexes in Osaka City and its suburbs were

asked about usage during summer and the airflow sensations of air conditioning, electric fans, and natural

ventilation. We 1) classified dwelling units based on the use of air conditioning, electric fans, and natural

ventilation, and 2) clarified the airflow sensation characteristics of the respective types.
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Table.1 main questions

(OISR main questions

[summer] frequency of ac use,ac usage

Summer ¢ me, frequency of ef use, frequency of window
thermal opening(during daytime and sleep)
control

[winter] presence of 12 types of heating appliances

air movement sensation of air conditioner.,
air electric fan, natural ventilation at 19
movement |measuring expression ( lcooll , comfyl ,

sensation Maturall , Fmonotonous] |, rbrightJ s
lexpansivel )
age, sex, jobs, heat resistance, susceptibility to
personal e . .
. colds, sensitivity to cold, life style, environmental
attributes

awareness

dwelling unit(living floor, building age, direction of the window,
attributes |evaluation of living environment

electric bill |electric bill in May, August, january, february
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EDIEFEENE, ) B{EREC 072 EOFEF R L | R
L0 HIBOIE D L 872 8 OJBEEIC L AEBREETH,
5) Ak E SR BEOEMR SR, £ 1
\ZFHE E 2R,

3. [URBEDREF T

SRR Z 13 19 60> 5 B RE 2 L, (K724
DR, Bk - o, PEfE, AL LS, HES D4
FATHFA LT, R 2 IZRFE 4 DEEORFHITRERE

Table.2 factor analysis result

contribit| contribul

Factor]l| Factor2| Factor3| Factor4 ion| tion rate

factor of |hard-soft 0.813 -0.027 -0.166 -0.103(  0.700|  0.080
tension |distract-calm 0.697|  -0.170|  -0.146|  -0.001] 0.535| 0.061
and |cloudy-clear 0.608)  -0.287|  -0.168 0.004]  0.479 0.055
relaxatio (heavy-light 0.582|  -0.199 -0.133 0.027|  0.397|  0.046
n stay inside-diverge outside 0.496 0.019 -0.204 0.259]  0.355]  0.041
cool hot -0.221 0.757 0.064 -0.141f  0.646| 0.074
fresh-annoying -0.275 0.694 0.348)  -0.129[  0.694|  0.080

factor of |stable-unstable -0.229 0.592|  -0.027 0.162|  0.430|  0.049)
comfort |moving-stagnant -0.101 0.493 0.361 -0.367)  0.519]  0.060
comfortable-unpleasant -0.277 0.481 0.390] 0.017)  0.461| 0.053

dry-moist 0.073 0.414 0.130 0.052]  0.196] 0.023
natural-artificial -0.239 0.073 0.729 -0.155(  0.617|  0.071

factor of |friendly-unfriendly -0.313 0.268 0.627 0.114|  0.576] 0.066
naturalne |bright-dark -0.095 0.133 0.536 -0.040{  0.315| 0.036
ss favorite-hate -0.277 0.457 0.485 -0.153(  0.544| 0.063
expansive-limited -0.080 0.336 0.392 -0.296(  0.361|  0.041

factor of |monotonous-changeable -0.033 0.031 -0.107 0.567| 0.335] 0.038
monoton |faint-distinct 0.089[  -0.067 0.066 0.450(  0.219]  0.025
ous _|regular-irregular 0.306] -0.108 0.261 -0.390]  0.326]  0.037|
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Fig.1 classification by thermal control use
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Table.3 Frequency Distribution of Thermal Control Use

| Sw1(4.2%) [Sw2(17.4%)| Sw3(3.3%) |Sw4-1(3.7%)|Sw4-2(7.9%)|Sw4-3(15.4%) | Sw5(10.4%)| Sw6(10.0%) |[Sw7(19.9%)| Sw8(7.9%)
never
hardly
frequency sometimes
of ac use often r : :
always
0 50 100 50 1000 50 100 o 50 100 0 50 100 o 50 100 s0 1 0 50 100 0 50 100 0 50 100
29~ B
. m— —1 — = ] =]
cooling set 27 = — = =
= =] =] =
temperatur 25 : = = = =
=} = = =
€es ~23 = = = = =
0 50 1000 100 0 50 100 0 50 100 O so0 100 © 50 100 0 50 100 o 50 100 0 50 100 0 50 100,
frequency not open atall E
of window frequently close
opening(dur variable : ;
ing daytime) frequently open _ _
100 o 50 100 0 50 100 o so 100 © S0 10, 50 100 0 50 100 0 50 100 O 50 100
frequency not open atall L : r
of window frequently close
opening(dur variable
ing sleep) frequently open ||
100 0 50 100 0 50 100 0 50 100 0 50 100 o 50 100 o 50 100 0 50 100 0 50 100
never
frequency hardly
of electric sometimes
often
fan use always :
0 50 100 0 50 100 0 50 100 O 50 100 o 50 100 O 50 100 0 50 100 O 50 100
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Fig.2 Characteristics of summer thermal control use types
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Day of the week changes and diurnal variation in occupied ratio and

thermal environment regulation action selection and in summer

O M B # (RPN RE)
Akiho MAEDA*1

fig = i CRBRASERT)

Noriko UMEMIYA*1

*1 OsakaMetropolitan University

We measured indoor environments, cooling, and opening and closing windows. Characteristics of the 10

dwelling units differ, but they show common points related to cooling (AC) and window opening (WO). 1) From

the cooling season (C) to the late cooling season (LC), the main adjustment act changes from AC to WO or from

AC to do nothing (FR). 2) Dwelling units with a low rate of staying at home during the daytime are similar in

terms of changes of being at home and AC. The rate of AC at night is higher than in the morning. 3) On holiday,

the rate of AC during (C) and WO during (LC) increases.
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Unit name
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sex and age
direct)
A2, W M,30s PC worker EF use: frequently
B:5,W M, F,20s Laborer & wife | Amer. & Chinese
C:6,:W M, F,20s Freeter Pregnant
D:8, W M, 30s Laborer With a cat
E:8, W M, 70s Driver EF use: frequently
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G:9, W M,30sF20s | Students ) freq v
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H:10,W F,20s Medicalworker | freq Y
irregular work
1:7,S M,F,40s Restaurant irregular night work
J:8,S M, 20s Medicalworker | Regularwork
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Effects of Workplace in ABW-Office

on Intellectual Productivity, Psychological, and Physiological Response

MPAEESEDE - ABEITRIF

Part 2

E/
Fo=

the Subject Experiment in the Summer
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Teppei TANAKA*1  Tomoyuki CHIKAMOTO*1  Yuusuke KOBAYASHI*2
*1 Ritsumeikan University *2 Takenaka Corporation

Evaluation of Work Performance and Psychological and Physiological Quantities in

This paper reports the results of an experiment on intellectual productivity in ABW—Activity Based Working oriented

offices. Recently, there has been an increase in the number of instances in which offices have been set up with multiple

different workspaces. A variety of workspaces in the office can be expected to have a significant impact through improved

worker performance and increased worker productivity. Many previous studies on ABW have focused on questionnaires to

office workers.

In this study, several simulated office workers were subjected to the same test at different locations to

objectively compare productivity and communication, psychological and physiological quantities, and work environment.

The study suggests that establishing multiple workspaces may contribute to increased productivity.
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Details

Target

6 University Students (age.22~23)

Experiment Period

23-25. August,

2022

Experiment Points

9 Points

Clothes

Short Sleeve Shirt, Suit Trousers

Subjects

Table2 Measurements List

Evaluation items

Evaluation Method

Intellectual
Productivity
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Typing Test

WEf

Creation WEf

Mind Map Test
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Psychological |WEn Satisfaction Level . .
Quantity (Table 7) Questionnaire Survey
Ph}'sinogical Salivary Amylase Activity Salivary Amylase
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Communication . . Conversation
. Conversation Time .
Evaluation Recording
2 WEf means Work Efficiency, WEn means Work Environment
Table3 Experimental Case

Select Points Group / One Person Times in the Case
Case 1 Disable One Person 12/12
Case 2 Disable Group 15/ 8
Case 3 Able One Person 2/ 2
Case 4 Able Group 11/ -
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Table4 Working Place List
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Verification of the Effectiveness of Ventilation Control in a City Hall with Void
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(Partl) Analysis of Effectiveness and Energy Consumption of Ventilation Control and

Verification of Ventilation Effectiveness by Actual Environmental Measurement
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Tatsumi DOKI*2 Masaki SHINOHARA*2

*1 Ritsumeikan University

In this study,

*2  AXS SATOW INC.

Fujio TAMURA*2

we will investigate the effectiveness of natural and hybrid ventilation control, energy consumption, and

ventilation effectiveness of natural and hybrid ventilation in a city hall with void. A city hall with void in the center of the

building is the subject of this study. It has a hybrid ventilation system that combines natural ventilation with mechanical

ventilation when natural ventilation is not feasible. This paper presents an overview of the building, energy consumption

and effectiveness of ventilation control in the interim period, and verification of each ventilation effect through actual

environmental measurements.
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Fig.9 Correlation of Indoor wind velocity to Outside wind velocity
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Design Method of Natural Ventilation System with Perforated Metal Duct Ceiling
(Part 5) On-site Measurement of Age of Air Distribution by Tracer Gas Method
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Kenryu NIWA™  Tomohiro KOBAYASHI"'  Toshio YAMANAKA™  Yoshihisa MOMOI™
Narae CHOI"'  Hiroaki TANAKA™ Takuro FUJII® Masatoshi MORI"™
"'Osaka University “University of Fukui ~Nikken Sekkei Ltd.

Installing natural ventilation system in high-rise building helps save energy consumption for ventilation and air
conditioning (HVAC). In this study, Perforated Metal Duct Ceiling, the ceiling-mounted rectangular ducts are proposed
for installing natural ventilation system in high-rise buildings. Its bottom surface is made of perforated metal so that fresh
outdoor air passes through the ducts and the air gradually supplied to the room below at low velocity. This paper presents
results of the field measurement evaluating distribution of local mean age of air obtained from the tracer-gas decay method.
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Table 1 Case and weather conditions
. Prevailling | Mean velocity | Temperature
Case ID | Date and time wind direction [m/s] difference [°C]
Case 1 2022/6/12 14:00 N 0.8 20.8
Case 2 2022/6/12 11:00 NNE 2.1 19.8
Case 3 2022/6/12 19:00 WWE 1.3 16.7




A-33
4 FRFEREER
41 RERERVERES
27 53 M TR 7E B 0D S5 ZE N D CO, IR FE D IR D k1
KON TIRE & OEO AR OT — 2 %R 8 127
Ty OFEED B IR DRI B E AT R S T,
%W’C%ﬂﬂkmﬁai@# I TWbsEEA5, F
72 WHEFR OFE R Tl Case 3, Case 2, Case 1 DJIEIZ
BHERRELR->TEY, v 7 bOHM L CGS Hk
AOFHCTHAENEIM L E 25, 7038, Case 2
TIXE B FL+2700 mm T RIS OFFRIC X
DN ET R BT 2R R I D,
AILF 27 PR3 R - RIWN - SR DE S /8D CO2
REOEAEZB 9 IZ/RT, Casel TIXHEILLYZ FAHD
byt & PR CRENBmICER L TS, i
KR IR TT M DI T I 5 T2 O SN EBJR D B 12 )&
CCHIYZ NTHRAHZBEVIRLIZTZDESZ 5,
Fo, FTHRAITIEHESRBRE & 2HFMHENIELS, 20
FUETIEE 7 PNOBRETEHALIDBEELSL N E
=25, —JiCase?2 & Case 3 TIEL WL o Tiiw
REASIRE L RIRE L2 vy 7 hEFRIALEZES
HRICEVEELTHLYZ b OAKDBTA LT
WD ERERR Sz, Ee. P TCIHRREICR D

2SR« AR LA S S
NI FE SR SCEE (2023.3.7)

REE AR B L O AL, AR & bl L TR E THX
PR ST VW ERFER SN, 2D OREERD
b, VY7 MCEX2ENBK EMABEDOEZZ LT
HIE 7 b HWTZBRIK Y 2T LOHWIE Y %
ELTERE THIDERSNSTSRDEF XD,

PR _E 1,100 mm O ZE5 i O A5 2 B 10 128,
Frz, B U T ORE K E oK ?ﬁ%lﬂ
IZRT, 295 OEIE Case 1, Case 2, Case 3 DJIEIT
VME L 725 Tl 0 | K O Z2 5% D SEEfEIE Case 1
T 1.663h, Case2 T 1.202h, Case3 TO0.868h TH >
7o WREWEORRRFLR, ZXEoANr6H Y v 7
N DOFIH & CGS HEEOFI 2% B AR HE I 2D
BN Z EDREER SN,

4.2 ¥ 7 FRARE

KEER Y Y 7 b~OARGEO R ER R AR 12
(27”9, Case 1 CIHKEREA Y v~ }\0)%“—5’“—7‘/
N—%HH L TWAH=D, ¥R HITITEE O
L7725 TWW5, Case2 & Case 3 C i%ﬁ#*m@ﬂ@
MR B, SEEEHIZZ N Z A 0.98 m/s & 0.88 m/s T
HY Case 2 DI EEE & 72> 7=, AR OZE 55y
Hiny B i Case 3 THAKENHM L7Z Z & ZRd 55

Detailed measurement area

|— Outdoor == A-01 ~ A-06 [= FL +100 == FL +600

= FL +1.100 FL +1.700 e== F[ +2.400 e== F[ +2. 700]|

[NY
£
=)
S

2000

CO, Concentration [ppm]
Y
=3 (=3
=3 =3

2400 -
2000 |1
1600

1200

800

401
00 02 04 06 08 1.0 1.2 14 1.6 18 20 22
Elapsed Time [h]
Case 1 (wind ventilation)

0 401
0.0 02 04 06 08 1.0 1.2 14 1.6 18 20 22
Elapsed Time [h]
Case 2 (using ventilation shaft)

0
0.0 02 04 06 08 1.0 1.2 14 16 18 20 22
Elapsed Time [h]

Case 3 (using ventilation shaft with CGS)

(1) Response of CO, concentration for decay process

2000 2000 2000
_ o
S N
S AL »;.\

MRV N

= i

200 0

00 02 04 06 08 10 12 14 1.6 1.8 2.0 22

Elapsed Time [h]
Case 1 (wind ventilation)

201
00 02 04 06 08 1.0 1.2 14 16 1.8 20 22

Elapsed Time [h]
Case 2 (using ventilation shaft)

0 208
00 02 04 06 08 1.0 12 14 16 1.8 20 22

Elapsed Time [h]
Case 3 (using ventilation shaft with CGS)

(2) Natural logarithm of difference between CO, concentration and outdoor air concentration for decay process
Fig.8 Response of CO, concentration for decay process (Measurement points in office room)

| == Upstream in NV duct

=== Middle in NV duct

=== Downstream in NV duct

Above ceilling

=== Qutdoor |

2400

Y
=
=3
>

Above ceilling
Downstream in NV duct
Mlddle in NV duct

Upstream in NV duct

2000

2000 Above ceilling

Downstream in NV duct
1600

2000

1600

2400

Above ceilling

Middle in NV duct

s

0 1 4
00 02 04 06 08 10 12 14 16 18 20 22
Elapsed Time [h]

Case 2 (using ventilation shaft)

Downstream in NV duct

1200 1200

)
=3
=]

Upstream in NV duct

Middle in NV duct
" Upstream in NV duct
” /Outdoor

CO, Concentration [ppm]
2
(=3
=3

800 800

_Outdoor
e

00
00 02 04 06 08 10 12 14 16 18 20 22

Elapsed Time [h]
Case 3 (using ventilation shaft with CGS)

40

i

0.0 02 04 06 0.8 10 12 1.4 16 18 20 22
Elapsed Time [h]

Case 1 (wind ventilation)

Fig.9 Response of CO, concentration for decay process (NV duct, above ceilling, outdoor)



A-33

1.68

1.76

Case 1 (wind ventilation) Case 2 (using ventilation shaft)

0,8 &
i/ A
0.88
////
1% X
Case 3 (using ventilation shaft with CGS) 0.60

2SR - R L T S S
NI FE SR SCEE (2023.3.7)

—

h]
.00

=]

1.44

1.16

Ventilation shaft

Fig.10 Horizontal distribution of local mean age of air (FL+1,100 mm)

B-03 B-04 B-05
b b 1.5 2,700

Case 1 (wind ventilation)
B-03

Fig.11 Distribution of local mean age of air (Cross-section)

TholzMl, ZThEFWOHEmERTHERE o7,
ZOJREE LT, Case2 ORNE R IXBERL 2 BE O R H]
72 EHEEUN D AR—= AN G FIZHAL Ty v
7 MWD BEENKE Do TZafREENE 2 b b,

43 %7 FRMNEREST

¥ 7 NNORERESMERAZIIRT, B,
fiE B3 Case 1, Case 2 Case 3 CEINEAVAIE R 45%4 1.02
h, 0.52 h, L.11 h KR OMEME T, KHIZIZAARIR S
JFae9 %, v 7 NAERIRE EAKIRE & 0z
Case 2 T2.6 °C, Case 3 T88°CTHYV. CGS P %
NI 2 Z & THEBKOHBKERE) 1 O 8K FF
TEDHRERINRENT, 7272 L., Case 3 TIL 9F THE
BEBRALTWDD, v 7 MNO iR E SR
HETETELHY, B ED I0F TIEE EF RN T
FRIZEIRIZ 22 D A0E CTHIE L CW 2 alRetE S & 5,

5. F&0

AP TIIAILY 7 PRAZRA VAR Y AT
LOWKMEREMGED T2, EEWITB W CTEH 21T
WIS ZE KA 2 B LT, T DR R, BUE=ED
BFE CHBEHEIAKIBREGEL T\l & &, vy
7 MRAKE DY v 7 BN~ CGS JEEE A M H #K#
SATEICHERIZE W - ERREnTZEE XD,

[&E 3R]

1) A, BT — AR AT AOHR OB SRS
BIIAHIIE, ARSI Rin UL, 815, 55722 5,
pp.375-384, 2016.4

2) FREHMEDS  FILE T PRI R W HRRR S AT LD

STFIEICET BRI (£ D 2), ZEKFH - e TRl

SETHARSUE | 5 4 % pp.77-80, 2020.9

ERRHREDS LAY NRIFE AW AR S AT LOFR

FRIEICEET AL (Z D 4), 22K - R TR

SRR SCEE |, 5B 4 5 pp.109-112, 2021.9

4) BRI D PEEFI R A R BRI R O I ilis FHC B 5
e (20 2) |, 22T - firE TR R i e e |
% 4 5, pp.9-12, 2022.9

5) ERIRE - FALE 7 PRI E AW BRI AT LD
FIRICBIT B9, RIKRKFRFRE LEF50R &L,
2021.3

3

~

[ —o— Ventilation shaft - — - Outdoor (AMeDAS) ——- Office room (FL +1100) |

T

14F
13F
12F
11F
10F
9F
8F
7F
6F
SF

41:15 3015 3015

20 25 20 25 20 25
Temperature [C] Temperature [ C] Temperature [ C]
Case 1 (14:00) Case 2 (11:00) Case 3 (19:00)

Fig.13 Distribution of vertical temperature in ventilation shaft

0
0.0 02 04 06 08 1.0 1.2 14 1.6 1.8 2.0 2.2
Elapsed Time [h]

Case 1 (wind ventilation)

7 14 14 14
E

=12 12 12
<

<10 1.0 1.0
g

£ 08 038 08 WW”VW
k|

£ 06 0.6 0.6
2

2 04 0.4 0.4
)

5 02 02 02
0

=

2

=

0
0.0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Elapsed Time [h]

Case 2 (using ventilation shaft)

0.0 02 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Elapsed Time [h]

Case 3 (using ventilation shaft with CGS)

Fig.12 Inlet wind velocity to ventilation shaft



A-34

2SR - fAE TR SR
IR I RS OCE (2023.3.7)

FERARZAWN A 74« AELOBRBRFREFFEICET MR
(20 1) BEMEEN/ N Ty FERGOERNRETMRIETEE
Natural Ventilation Design of Office Building with Manually-Operated Window

(Part 1) Effect of Window Aperture Ratio on Indoor Environment under

Hybrid Air-Conditioning Operation
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For an office building with manually-operated windows, this study analyzed the flow field outside using CFD to get the

wind coefficient of every wind direction. Then, for a office room of this building, we calculated the air exchange rate at the

dominant wind direction(NNE), and analyzed the indoor environment by changing different window aperture ratios and

air-condition. Finally, the relationship between indoor temperature or velocity and window aperture ratio are shown.
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(1) Mesh of zone

(2) Mesh around Building
Fig.2 Mesh layout

Table 1 CFD analysis condition

Ansys Fluent
2022R2

SST k- Model

Coupled
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Table 2 Inlet and outlet boundry conditions
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Table 3 CFD analysis condition

Ansys Fluent
2022R2

SST k- Model |
Coupled

1616690

Table 5 Anemostat conditions
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Fig.7 Computational domain for indoor analysis

Table 4 Internal thermal load

54 [W/person] * 30 [persons] = 1620 [W]
20 [W/m2] *Floor Area [m2] = 4000 [W]
10 [W/m2] *Floor Area [m2] = 2000 [W]

Table 6 Case and parameter
Anemostat OFF Anemostat ON
100% 50% 25% 50% 25%
NV-1-100 | NV-1-50 |NV-1-25|HV-1-50 | HV-1-25
NV-2-100 | NV-2-50 |NV-2-25|HV-2-50 | HV-2-25

Table 7 Natural ventilation conditions

794.7 | 788.6

5%
1.2
20
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part 18) Wind Tunnel Investigation for Effect of Sheltered Conditions
on Ventilaton Rate of a Room with Single-Sided Two Openings
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Osaka University

In recent years, the use of natural ventilation, which can be effective for energy conservation and infection control,
has been expanding. However, the standard Orifice equation which is used to predict the ventilation rate underestimate
in cases which the differernce in the mean wind pressure coefficient is tiny value. Considering that introducing natural
ventilation in practice, the influence of surrounding buildings cannot be ignored. It is necessary to analyze the airflow in
sheltered condition and to clarify the imfluence of surrounding buildings. This paper presents the wind tunnel test to obtain

experimental data for clarifying the airflow properties in actual situation.
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Table1 Sheltered Condition

Case Description 0[] ACp [-] PFR’ [-]
0 0.012 0.143

30 0.027 0.123

ooooo 45 0.016 0.111

ooooo 60 0.008 0.106

0.5H oowoo 90 -0.019 0.105
goood 120 20117 0.245

ooooo 135 -0.119 0.283

d=50mm 150 -0.122 0.259

180 -0.003 0.160

0 0.000 0.212

30 0.164 0.210

Oooooo 45 0.156 0212
ooooo 60 0.080 0.153

1.0H oo@ooao 90 0.020 0.141
ooooo 120 -0.086 0.224
Oooooo 135 -0.069 0.210

d=100mm 150 0.124 0.223

180 0.008 0.142

0 0.010 0.265

30 0.324 0.324

ooooao 45 0.243 0.227
ooooaono 60 0.082 0.152

L.5SH O0woao 90 0.113 0.200
Oooooo 120 0.124 0.238

135 0.004 0.131

noooao 150 0.035 0.151

d=150mm 180 -0.003 0.157

0 0.001 0.309

30 0.367 0.419

45 0.364 0316

60 0.118 0.246

N ] 90 -0.495 0.415
120 0.076 0.165

135 0.072 0.151

Unsheltered 150 0.065 0.170

180 -0.001 0.176
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BHRAOZETIEZHRE LERADENICE ZBINRICET AR
(2?0 19) RREERICK ALY ENFA 2 AOROBRIAZICRIFT EZEDKE
Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part 19) Wind Tunnel Investigation for Effect of Internal Partition on Ventilation Rate

of a Room with Single-Sided Two Openings

OfE8y Fz  CRBR) AR R CRIRKRE)
e B3k CRBOR=) AR BEZ CRBRORS)
B L (RIRK) # o R CRBRORS)
g fEK CRBRR=)

Kayuki SANO™' Tomohiro KOBAYASHI"' Toshio YAMANAKA"™
Noriaki KOBAYASHI"' Narae CHOI'' Zitao JIANG™' Kota TOYOSAWA"™
"' Osaka University

The purpose of this study is to clarify the ventilation effects caused by external wind turbulence. In this paper, focusing
on changes in the ventilation effects due to room conditions, wind tunnel test was conducted on a isolated building model
with single-sided two openings which has a partition wall in the room. The ventilation rates of the whole room and one of
the rooms separated by a partition wall were measured by changing the position of the partition wall opening and the wind

direction, and the differences in the ventilation effects are discussed.
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Angle [°] 180 3.04 2.16 -0.017
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Fig. 8 Relationship between Angle and PFR
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings

(Part 20) Trajectory Analysis of Single-sided Ventilation Using
Particle Tracking Method in LES Simulation
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! Osaka University

The main objective of this study is to investigate the airflow characteristics in single-sided ventilation. A CFD method

of large eddy simulation (LES) using particle track technique was conducted in this study, and the simulation results are

validated by experiment results. The probability density function of the residence time and indoor travel distance is used to

depict airflow characteristics of the ventilation path of single-sided ventilation.

[ZL&HIZ
SERFAREGED NS W BN O TIE, B
LRI TWD, BLUC L AA e LTH—BN%
WA T-MRIFZZNETIZHADI, TDOA D= A ANIE
WZERDERMEME K 2 JREHER S & BR M C OB HEHU S
L2RAEBGED 2L SN TND Y, LinL, EFELE
HEEDUINRTE O R B 0 CIEE OB D -
INTER ST Wy, AT, BT Y 0 5 R
Z W CTHUERAT OFRERZMGEEL, LESY 2 b —T=
ANZBU DRI O OB, ASRBEEIT
DO ST FELZRETT 5,

1. FRATIEE
1.1 FRATRIRE S OB

i/ MEAZ I 2 IR S8R A fREE U CARAT R T 1,700
mm X 6,000 mm X 1,300 mm O & L, Figd |ZRd X
972100 mm (L) X 100 mm (W) X 100 mm (H) & 200 mm (L)
X 100 mm (W) X 100 mm (H) OF4ET, FHEIZ 15 mn X
15 mm OB % 2 DH$5E7 V4 2 JRA Tt L7z,

1:1 FSS

Base Case 1:2 BSS
(Grid analysis and validation)

Base Case

Fig.1 Cases

1.2 CFD @ Fi%

45N CLES 2L % CPD i 21T o7z, £
ke BT NVERWTHITEZITV., T ORERZ VIS &
L C LES OFFREZBRAA L7z, FHREIFHFIREIZ 1/10, 000s,
FHEBAIAR D 2,0000 time step(=2.0 s) % LES ~Of4T
AR & 72 U CRERARFEL . Z D% D 10s ZAGHHE &
L7, LES OFEABEFUITIZATRD 1/4. 41 REFH|DOOEE
SUERIZ Smirnov HOTFE Y ZEH U ClERR L= ZSB)E %
5.2 72, Tablel |Z CFD it 4 & & O TRT,

1.3 BEYIEDRGEREHEI = & DFEERRALE

AT LES 12351 2 W 10 R O AT A FE R %
119, XFREZEBRE L, BRI AR5 A EGED Hk
179, Fig2 IZEJAFERCA Y » v 7 4 v AT a—7
(SFP) (2 XV IE L7 R & LES AR CE bz
WHRPEGR ORI A TR EGE (U, = 6m/s) CHEXIH L
L7zfE AT, ARG, SFP OBIERE R & LES OfiftT

FERDEEA) L —B LT LT A D,
Tablel CFD Setting

Simulation Model Reynolds-averaged Navier-Stokes Large-eddy Simulation

Turbulence model

St e Standard Smagmjnsky-Lilly model
(Cs=0.1)

Velocity pressure coupling SIMPLE PISO

Discretization scheme for convective QUICK Bounded Central Differencing

Inlet Boundary Condition u,k,¢ profile Smirnov’ s method

Outlet Boundary Condition Gauge Pressure: 0 [Pa] Gauge Pressure: 0 [Pa]

Wall Standard Wall Function Werner and Wengle Wall Function

Time step size - 0.0001s

Pre-condition calculation time steps 20,000 (=2s)

Main calculation time steps 100,000 (=10s)
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QPFR L
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AZNBAOHFE (4,,=0.0159 m’) % 3 U 7= CORAER EZ
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Table.2 AFR, PFR and ventilation eﬂimenci
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1:1 FSS 0.117 0.106 90.2%
1:1 BSS 0.112 0.092 81.9%
1:2FSS 0.129 0.119 92.5%
1:2 BSS 0.124 0.100 80.7%
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Fig.2 Streamwise velocity near the bulldlng model
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Table3 Percentage of two types of movement

Recirculate flow types

Cross flow types

1:1 FSS 61.91% 38.09%
1:1 BSS 74.58% 25.42%
1:2 FSS 73.99% 26.01%
1:2 BSS 75.59% 24.21%

Table4 Return probability
7y 7, 7,

0.34%

0 0.2 04

1:1 FSS 94.21% 5.43%
1:1 BSS 96.18% 3.61% 0.21% 0.01%
1:2 FSS 98.42% 1.57% 0% 0.02%
1:2 BSS 94.36% 5.53% 0.21% 0%
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Fig.6 (a) Inflow and outflow of one opening, (b) Total airflow rate of one opening; (c) the velocity vector
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Fig.9 Example of peak probability particle trajectory

DEIRBIR DA 7T D, (D) RLAHTRA L2V, (2)
KLFH3 L RIZZTHRAT D () 3) KLF23A L, #E]
EWNICEIRT S (, 0), Fig7 2 1-1BSS D40 3 FlSH
DRI OFERE 7T, BIRE () 13, BRICHAT S
BiF-OREN 5 i BRI R DR 0% s LTE
FEND, BRITTHA LR FITREE o S84k L.
Tabled |ZFHFHEA F LD TORT, B OERERLOZERITI 727
& RFAZREEE OZENAS, R3S FEEER L C— RN
TARICRNCRD Z EOFARBR LB 2 D, 2 HESe
L7 IBIREHC &L 0 PR & SR OBIR 2Bl T
IXELUC X DG ROTRICER £ 5 2.5,

5.3 FIFDTRHMR

B OFEHHRRER D DRI OENHERE () EEN
FEEEE () 23R L, SRR ) 1% ki 2
LITEN TR LR 2 1E L, SRR 53X T
DREF-ONEINZFEDNT, AT > TTORRL - OZNL
EINET D Z Lok, BNOBENREE () 255 L7,
mUOURNBEIRRE () 13 BRI () 2@ o
EE (W) THAMELU7-, Fig9 |l 1-1BSS /77— ADFE N
IRFH & MRS EhERERERE L OB 27~ 3, R OWHR
A, B, C IZHIET 5 3200 —7 Rd5b, B—7 BDI'E
2.78 T, BMOEI D 2. 85T, R HTHMEDOEE Tt
NZER O & & bIzsNI D, B =2 CD 'l 5.2993
T, RAIEINI DHNC AR T 5, DId, R FEER
T HREVHIEZFFORIF-OFITH D, FEV IR &80
HEJOTBENEREO VB — 7 23 i B DRSO - B

ZH6ND,

6. £&LH

AR TIXLES &R BENEZ VT, Al BN %
B DT AR NHDRIRD —ODRET NN 255 E L
T, J@%HE AFR &AM R PFR A Ebfe L, Al —BR N
PR ORI E ARG LT, A%OMEE LT, 67
%A & B O BLE ST o B SEER & CFD fiighr %
Fhiti L, BAO RO OJE ) OELFRHEZ T L
RE, RS E OBURICE L C X AR 21T O
FECd b,

[#tEE]
ARFGEDO— B ISPS B ( FEARAFSE (B) JP20H02311, #F
FeRFE  AIMREE ) DBIRRE 2T T,

[ZE3CHk]

1) F. Haghighat, J. Rao, and P. Fazio : The Influence of Turbulent
Wind on Air Change Rates - A Modeling Approach, Building
and Environment, Vol.26, No2, pp.95-109, 1991

2) F. Haghighat, H. Brohus, and J. Rao : Modelling air
infiltration due to wind fluctuations - a review, Building and
Environment, Vol.35, pp.377-385, 2000

N EBEFZ IR | IR IR T L R
BHEANZE T2 L5 RE LI BOELNIC LD AR
(2 BITHHTE (£ 14) AR BN OHE L (R L LIZRA
HHJRUE K O SCBERIE | 225G AN « ik TP e 3G
MHFEsE R o | 1-5, 2022.3

4)A.Smirnov, S.Shi, [.Celik : Random Flow Generation Technique
for Large Eddy Simulations and Particle-Dynamics Modeling,
Journal of Fluids Engineering, Vol.123, Issue 2,pp359-371,
2001.6




A-38

2SR« AR LA S S
NI FE SR SCEE (2023.3.7)

FOLMERERTI 7 H—T O TAICET 2 ERMBIR
(Z£?M6) CFDEERICHEIFTH P V. FZZRAVWEI7H—TUORROBRFEICAT SR
Performance of Air Curtain located at the Top of Large Opening
Part 6. Investigation of Reproduction Method of Air Curtain
Airflow in CFD Analysis by P.V. Method
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Large openings opened which causes increase of the heat loss due to intrusion of the outdoor airflow and

corresponding leakage of the indoor air. As a method of reducing the air conditioning load in the building, there is

a solution installing an air curtain at the entrance. Air curtains block off two spaces by blowing out the airflow with
a constant velocity.For the practical application of AC, it is necessary to perform CFD analysis in a simple manner
while ensuring accuracy. This paper reports CFD analysis using the P.V. method is performed in order to propose a

simplified analysis method for AC.
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Table1 Analysis Condition

CFD Code Cradle STREAM 2022
Analysis Zone 9,000(X) 9,000(Y) 6,000(Z) mm
Turbulence Model Standard k-& Model
Algorithm SIMPLE
Discretization Scheme for Advection Term) QUICK
Detailed Analysis 4,698,200
Number of Cells P.V. Method 761,256
Heat Load 4250 W
Installation Position of AC Indoor AC
Wall Heat Transfer Coefficient 0.16 ~ 0.269 W/m’K
Emissivity 0.85
Inflow Boundary 0.1m/s 7.84 C
Outflow Boundary Fixed flow velocity
Number of cycles 5000
Table2 AC inflow Condition
Name Outlet size | Velocity | Turbulence
. X Values in the experiment under the
Detailed Analysis . 3
condition of 1,710 m’/h blow out flow rate
PV, Mothogh 321,200 mm| 150x1,200 mm| 2.64 m's | k =2.48 m¥s?
200x1,200 mm| 200x1,200 mm| 1.98 /s | ¢ =23.1 m%s’
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Table3 AC inflow Condition

Outlet size | Velocity | Turbulence
150x1,200 mm| 50x1,200 mm | 7.92 m/s | k = 2.48 m’/s’
200%1,200 mm| 100x1,200 mm| 3.96 n/s | ¢ = 23.1 m%/s’

Name

P.V. Method|
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Performance of Air Curtain Located at the Top of Large Opening
Part 7. Indoor Environment under Heating Conditions with
Pressure Difference between Indoor and Outdoor
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To reduce air-conditioning load and to improve thermal environment in a building, installing an air curtain at the

opening can be a beneficial technique. The air flow blowing out of the device suppresses the heat exchange by

buoyancy induced convection through the opening. The impact of exhaust quantity by fan and installation position

of the air curtain on temperature distribution and invasion flow rate of outdoor air was investigated by full-scale

experiment under heating operation. Thermocouples were installed to measure vertical temperature distribution.

Outdoor air infiltration was measured using tracer-gas method. The amount of outdoor air infiltration was evaluated

based on both temperature difference and CO, concentration performance of air curtain decreased.
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WERIRUGENR D R LTz, 7003 & A EDSMHET (1),
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Evaluation of the Effect of Ventilation Volume on

Indoor Thermal Environment and Air Quality by Using CFD

Offix K & (RIRKF)
W = D ONTNES)
Keigo SASAKI™!  Tomohito MATSUO™!

Hikari SHIMADERA™!

WE B (KRBRKE)
TR B CRBROR=R)
Akira KONDO"!

*I' Osaka University

Indoor ventilation needs to be enhanced because the standard for indoor CO; concentration is not attained in 24.4%

of designated buildings according to Ministry of Health, Labour and Welfare. This study conducted CFD simulations

to evaluate the effect of ventilation volume on ITE (indoor thermal environment) and IAQ (indoor air quality) in

summer and winter. It was found that increasing ventilation volume made ITE worse and IAQ better in both seasons,

and the effect of that was larger in winter than summer. In addition, by operating air conditioners to offset increased

heat load because of the enhanced ventilation, temperature of breathing zone was excessively cooled in summer, and

ITE was not improved in winter.

[ZL&HIZ

JEASEEIC L D &, BN COy BARITIRD B
A PRI ER L QO D R EEFW OEIGTE, 2020 4
JET 244% L HESNTEY D, MEHLOMLENEI VRS
TN 5D, —fiKI, EBNOEKZ L LTz & &, SMDH
AN UENELQEITUESIND D, FIEFEA
BV UINNK AR NS 5 726, ENEZEREEIT
BT 5, 2T, HRERb & RIRRC, BN L 7=aV < AT
TN A2 AT 20, BNERED S LR AENE
%, AMFIECTITREMEZ R E LT, BREATFIRBIT
LK EOENNENRE SRS L OENEREIC G 2
HEHBE CFD v 2 bL—ya k> CGHEL, F7-#
KEBMEEDO ST ATTOBENNY % ZE TSR BRI 2
7o & TOENIBESRIEOZAATHMM L, SENBREOUGE
ATREMEDOMRETE B &5,
1. CFD €T/l

1.1 EFILHE

ABFIECIERIBZE M % R CRFRE & v o782 M3 4§
211 5 L L, (BAF M3-2211 L3589, Y)M3-211 OEFT
VK% Figd ("9, M3-211 [ZI3ZE70k & 2GR
B 4 DPTTORBEINTWD, ZZREMTICHT--> T,
M3-211 DEBD 2/3 TH D 66 NDOFEDEFEIEEL,
ENENNLD COHEHZRE LT,
Fig2 |2, ZZiii & PO X I LIJTm], AR
3, ZegE O E B UMY, deiEgoRE LD 4
FIZOWTTRT, AKFEE 07 & LT 60° OAFET R
TREHT L IICRE L, 2EGTHEROR X H L)

X, WEH LA 4 5E LT, ZIENRAEOIZIKRE H
FTEICREL, WEH LAEITKEEZ 00 & LT 45
DOAETIFAXIIREEHT I OIGRE LT,
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Ei: air conditioner

[ : outlet of total heat exchanger
[ : inlet of total heat exchanger
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Fig.1 M3-211 layout
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; i 60°

Air Conditioner

: 2450

Total H;aat Exchanger

Fig.2 Angles of inlets of Air Conditioner and Total Heat Exchanger

1.2 EEEH

AMFZED CFD FHHEIZIE OpenFOAM-4.1 Z i L7z, I
JEREMEA 2 OE L, IREZIC L5 BET 51
% Boussinesq ITEL A& A U7z, GLITET /W IIAEHE k-¢ £
TNEHM LT,

Table 1 ([ZABIIEDRFr— A 27", HFLAFTHR
JBEE S Z v T e Lizr—2A, 20%HINS Wiz —2,
PRI DINMEURT DIFINGS % ZETS O SRR 2
IMATI=r—ADE 6 7 —A%ZAT>72, SMR20R, WTR20
TIE, SMR20, WTR20 DOZEREIAE H LIREZZH L,
BRE AT T,

Table 1 Calculation cases

Season
Ventilation Summer Winter
volume
Catalog value SMR00 WTRO00
650x4 [m*/h] (base case) (base case)
20% up
SMR20 WTR20
650x1.2x4 [m/h]
20% up (offset heat load)
SMR20R WTR20R
650x1.2x4 [m/h]

SMRO0 DZEFHEIE DB A% Table2, EZDHEHE D
BER4ME% Table 3 12, WTRO0 OZEFHREOBER A%
Tabled, AZ=DBEMH DB %4 Table5 (7, ZEibk
B L OREAHZROWR X H LR EIZZNENL T Z 1 7
B LT, F£70, 25k 4 D& 2RISR 4 DT
BRI e — Lo, BEEIREIL T~ TOHEIC
OUWTHHE— L, HLOR T, Budre EOMRIE~ Tl
e Uiz,

Table 2 Boundary conditions of air conditioner group (SMR00)

Inlet Outlet
Air conditioner  Inlet volume
temperature volume
group [m/h] )
[C] [m*/h]
Air conditioner 750 20 750
Total heat ) )
650 Equation(1) Gradient 0
exchanger

Table 3 Boundary conditions of wall and objects in summer case

Wall Boundary condition
east, west,
26 C
south, north
Objects Thermal insulation

AN - R TR AT 8 S
TR RS R SRS (2023.3.7)

Table 4 Boundary conditions of air conditioner group (WTR00)

) » Inlet Outlet

Air conditioner Inlet volume
temperature volume
group [m/h] .
[C] [m*/h]

Air conditioner 750 36 750

Total heat ) )

650 Equation(1)  Gradient 0
exchanger

Table 5 Boundary conditions of wall and objects in winter case

Wall Boundary condition
east, west,
2 C
south, north
Objects Thermal insulation

PEVEHAZROWR X HH UIREE, (DIC X v iRkESS,
(D) THEA LI=E$DOEFEE Table 6 (23, R(1)iZk
JAAKIRY, [RETLVERFEY—7 D 8 A, 4AFE—
7 D2 HO2022 4 HEEHRIRZMH L, Z#hEi30 C,
55 CL L7, 31306 & LTz,

TrhE intee = NTroom + 1- U)TTHE_outlet (1)
Table 6 Variable definitions
Variable Definition Unit
T Inlet temperature of total heat exchanger K]
THE inlet Outlet temperature of total heat
TTHE_outlet (K]
exchanger
Tout . (K]
Outside temperature (]
1 Exchange efficiency

ABFFE CILIRERIEZ B L TR, BRI
BEENA R DA ERE LT, SV AN, ZEam DR A R
N, Q) T L7 E D EFE % Table7 I[Z~7,
TSR E L TRV T, ZERIEDY 20 CORFDfE
THDHc,=1.0 x 10°, p,=12 ZHH L=,

Qrue_s = VeapalTinter — Toutte| 2
Table 7 Variable definitions
Variable Definition Unit
QrHE s Sensible heat load [W]
Qac s Amount of sensible heat removal [W]

1% Inlet volume [m%s]
Ca Air specific heat [J/kg/K]
Pa Air density [kg/m?]
Tintet Inlet temperature of air conditioner K]

Toutiet Outlet temperature K]

MR COLIREEIX 400 ppm & L7=, JEEFIZL D COxHE
HIZOWTIE, EAORFEE— AHTZ 0 225 20L/h D CO,
%, JEEEOMIIE TH D z=09m M, HELEL 0 T
P U7z, BEED SO AMBRENT 2D & Lz,

2. FtEHRR

M3-211 [ IBEBRHETH D72, MR ABE LT, K

ST OFE RIS RSO S S 0.9 m OFEREZ T,
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2.1 SMR00, SMR20, WTR00, WTR20 DitE#ER

Fig.3 |Z SMR00, SMR20 D7k 33 K OSRE DR/ Af
& COREDKRNV AT 2T, RRLEEM ORGSO
K& H LD OB N CHERREE EANEN-, Fi2, #E
%5 DEBTHALROE T O COy EFENE L b LT,
ZIUBIE, M3-211 DSPEEEER CHERE T DA & 2R
ageak x L O OREEEI SN =0, AV DS R - B
LW e Tdh D, SMRO0 & SMR20 Tl eEAcHaz:
BT LSO OIREES3AT, COn REEDATI AT
EINTELT, BERBIT DK ERMMNEREREE O
b L OREUFEC G 2 DB NS W LR ER
-

T [°C]
_ I .

COz[ppm]

1000

.Il .ll 600
400

Fig.3 Temperature field at Z=0.9 m (a,b), and X =5.6 m (c,d), and
COx concentration field at Z=0.9 m (e,f)
for SMROO (a,c,e) and SMR20 (b,d,f)

Fig.4 |2 WTR00, WTR20 D7k -4 L OSRTELOIRES3Af
& COIREDKEG AT m s, A TIPSR D
OREH URENRR L VIRETHY, MUTFENICE
STENTHEIE D LIIIEND, FDT-8H, BF L ik
L CHASU RN PR DR BER BEEA LI 5 2. 5 B
REWZ EDIURENIZ, FRROBIHT, AFRTB\NT, #

REEINAIFFIR D2 E R - 2 DRI R E N 2
EWRENT, HA L L THRRITRT D COp IRE

DIRENENDIL, ZEHEOERICE TN DN ED
MLz ik dbnEEZBND,

2SS AR - ﬁEI eSSl S &
AN R TR SCE (2023.3.7)
T [°C]
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Fig.4 Temperature field at Z= 0.9 m (a,b), and X =9.3 m (c,d), and
CO; concentration field at Z= 0.9 m (e.f)
for WTROO (a,c,e) and WTR20 (b,d,f)

2.2 SMR20R, WTR20R DEFREH

HQ2)ZHWT, HEIINRF OIS ERT OGN Z ffE
T HZEFRE M UIRE A RDT, 72721, ZEikE H LIk
JEDZEAIT & WY ATHRE DA ITHEH LT,

SMRO0 TEFHAZHT L DML 1973 W Th-
2o SMR20 (231 DAMREARMTL 2471 W TH Y, F/oze
AL 4554 W Tdh o7z, B L7AMERTS 498 W
ThHT0, INK[AM O % HHET 2 T2 DI 255K
EHUREL 0.6 CIEF S HAIUIRW ERD BT,

[FIERIZ, WTRO0 725 WTR20 (20N CHIIN L7245 A
Taf DN 53 % fETE T 5 72 DI ITZERR & H LIRE %
12°C LR SEIUTRNE j@b %m‘:o

LLEDO#ER D, SMR20R, WTR20R DBEf it %
Table 8 |Z/°7,

Table 8 Boundary conditions of air conditioner group
(SMR20R, WTR20R)

. . Inlet Outlet
Air conditioner Inlet
volume ) e[ C] volume
ou| emperature
o [ i [m¥h]
. . 19.4 (SMR20R)
Air conditioner 750 750
37.2 (WTR20R)
Total heat
650%x1.2 Equation(1) Gradient 0

exchanger
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2.3 SMR20R, WTR20R MDitEHER

Fig.5 |Z SMR20R D/KFds LUSHE DIRE /3, K-
CO, JEJE 534 2779, SMR20R D WP I5E D IR 45 AT 1%
SMRO0 DRI DIFFE 7347 & 0 590.5 CRREDIK FA7R
SNz, EFECIHRKERINNEER T OBMZE RO
AR OIRE DA G- 2 5T/ N E <, 4 Blo%t
GO K 9 \C RN B AN R E STV D &
%ﬁ%ﬁﬂww_%¢¢étb SNK ARG & TRl &

BEINZT-ZEEM A RET 5 &, RIS A BRI

(%%ﬂ?‘é_ LAVRENTZ, LIz - T, EZFIZRBWT, 4
KAMZRET DRIk E H UIREA IR TS5
&, IREREE DU ORI B IRVE R Ao T,
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o

CO,[ppm]
1000

Fig.5 Temperature field at Z= 0.9 m (a), and X =5.6 m (b), and
COz concentration field (c) for SMR20R
Fig.6 |2, WTR20R D7k -4 K OSRE DI /3, K- CO,
TREE A% 79", WTR20R OFFIROIEE AL, FHC
FENHTT B L OREGSHERD R E STV D E R IB W
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DIEEE CRIEE L, EANOREREN L fbIhb
T, ZERED D OBERDINRIR E THmE iz < <
o TNAHZLIZEDbDTHD, LIzid>C, SV
OISy & RIROE G2 25 AN A TLEMEAT 5 F
EE, AFCBT HRBEREOSZ A TIT RN &
755‘?3%7‘:0 AZTHBIT DB E S HICUEET S
72DITIE, ZEFHEOIE A R E < LTHY %< RN
ﬂ?%ﬁi éﬂ%fé‘ LD ETTDFES, BN Y —
Fao b—F—ZE LEN ERIC I E > T2 A
Wil E TRV IADLFENREZ bD, b, 4 IEIODJ: )
RO JFFTH RN AR DL ZRET 572012, 42
BUSHAER O E L H & S e & 284l “ﬁéﬁé&
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PR R R SRR SCE  (2023.3.7)
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Fig.6 Temperature field at Z=0.9 m (a), and X =9.3 m (b), and
CO; concentration field (c) for WTR20R
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3) EFTBNT, ARAMEAHET RIS RO
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BEIFZ2EIC & 5 CFD #ET 2 ALV =R L KR O FRIFiE
(ZD 1) BE—RUVEHE—7 v MEEIZK 2RO LRFRO FRIREE
Prediction Method of Supply Airflow using CFD Inverse Analysis by Adjoint Variable Method
(Partl) Prediction Accuracy of Diagonal Airflow with Single and Multiple Target Areas

OBt It B i (fHEIHFRF)
Yoshihisa MOMOI*1
*1  University of Fukui

The ultimate goal of this study is to establish airflow visualization technology with combined EFD and CFD so that

airflow simulation in an air-conditioned room can be performed with high accuracy and efficiency. In this paper, the

computational accuracy of CFD inverse analysis by adjoint variable method for prediction of diagonal supply air velocity at

the outlet was investigated.

1. [FL®IZ

VAR, MIZE il S B B W CERTA NS (EFD :
Experimental Fluid Dynamics) & BUfE &/ (CFD :
Computational Fluid Dynamics) % i#iffs S+, FHAIZK A%
#5925 EFD/CFD fil& 50 AT bl Y 3 b & o
DD, AMIETIE, BEENXRO AIHLIZ EFD/CFD
AAHA 2 L, B EE K A Tl a1 T
)T LR BAREE T D, AT, BEFEENEIZ L D
CFD 3Rt 2 % IV T, AR SOIRE D HADIRH LA
TEOTRREEEZ W TR LT R A ST 5,

2. HEHE

AMFFETIL, CFD fi#hr> 7 b & L C FlowDesigner (77
RN RF Ly DRFGERT & e, KV 7 M, BERE
EHOBEPEFFNTRERD O LR O (PR, ¥ —5 v b
FEIEE & 509 12T AR ES BAMELZ /25 L 9 L BESe
% o b3 2 W ATHSEER A L QN D, AT, 20
WENTREREZ FHN T K0 A7 BRI OB B B =
WARIROK5370 2 TR 5 FHEC DWW TORETE1T 9,
Fig.1 12, BEREEEEIC X D 0ipT 2 I - BN AT
FTRIOFNEZ T, 9, R UIREEBEE L, TED
WRH LRGSR 2 -2 CL SN G % OV 55347 D CFD
NEfERT 2475 GHE1EIR), WiZ, #—5"y MERAK
E L, TS THLNZ—7 Y MESRE % BEEC
BROE LT, WA T GHRE2EIR), Ziucky, ¥
—7y MESORE BEEEICIT< & Ebiz, KH
UJRGE & RO MG 2 < Z &b, ZOFIAaEHE
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KON EE 340 & CFD IEfRAT CRed | ARE OfEEIZFs1 T
LIRS RE ¥ —7 y MEBIREICGRE L, WifR
Wi 5l Uiz, Bahcdhiz->Tid, T, FEGIC
BOWTH—7y MEKOREZ BIZEE L7 firic X
0 R UG O i LRRET 21TV, Z O%RIERIGIZE
WCH Sy NMEOIREE A BAEfE & U7 L v
MR U RGO S bR 21T - 72,
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Fig.1 Schematic diagram of CFD inverse analysis
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4. HEOMERRLEER
4.1 FERIG-B—4—4y MKk 88247 GhEMH L)
Fig4 |2, RGBT, ¥—7 v MEkOREEE B
FEE & U7 Coo Z —7 > N EIBJEEE DY ARE R %
AT, WX —5y MEEEGE S BEEIC 2 E
LTCWBZ Enbind, 72721, B2, D2 I3EERSOH
BRI THD 720 JEREE AL 0ITEVETH -T2,
Fig.5 |2, WFMTIC & > T B A7 RGO TRIE %
IEARATIRF ORRE ST & O Cond, BT T JRGERDEE
R L e LT, A2 0 B2 TR k&<, Cl. C2,
C3 TIERRNSUVER & 2 o 723, IRIFNEMRAT & [7] Uik
EESTZ, LasL, B2 & D2 ClIEMroEE K
< FlElo7z, F£7-, IURE CORMEFRBEIL, B2 23k
KTI0[FE], D23 7[A A2 & E2 34 [ECTlieb/hE< 72
57z, ZAUZL, B2, D2 IHEERKWEOD HL AT TR )
o T2 OIHMENEL 7o To b B2 B, —H T,
TVED A2 R° B2 CIFEE AT NS < Hli i iz & 7E
LTEY, [GRLL ozt BE 2 bLD,

RN - A TR SR
FIRF R R SRR SCE  (2023.3.7)

Tablel Calculation condition

CFD code FlowDesigner2022
Calculation domain 3.6m(X) x 0.3m(Y) X 3.0m(Z)
Meshes 59,904 (96(X) x 12(Y) x 52(2)
Turbulence model Standard k- &
Algorithm SIMPLEC
Diff scheme Hybrid
Vertical supply Diagonal supply
isothermal —
Heat generation
non-isothermal 362w
Uz=20m/s (nitial |1 0™/
. A Uz=1.7m/s (Initial
isothermal 3.0m/s in linverse N
Inflow condition CFD) 3.0m/s in linverse
CFD)

non-isothermal 6in=16°C in addition to the above

Outflow condition Flow rate

Wall condition Free—slip (All walls except the ceiling and floor)

12
10
08

Diagonal supply
Fig.3 Air velocity and temperature distribution in forward CFD
simulation (non-isothermal)

(Left: air velocity, Right: air temperature)
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Fig.4 Air velocity at target area in inverse CFD simulation
(isothermal, vertical airflow)
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Fig.5 Air velocity at supply opening in inverse CFD simulation
(isothermal, vertical airflow)
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Fig.6 Air velocity at target area in inverse CFD simulation
(isothermal, diagonal airflow)
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Fig.7 Air velocity at supply opening in inverse CFD simulation
(isothermal, diagonal airflow)
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Fig.8 Comparison of air velocity distribution between forward
and inverse CFD simulation (isothermal, diagonal airflow)
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Fig.9 Air temperature at target area in inverse CFD
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Fig.10 Air velocity at supply opening in inverse CFD
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Fig.11 Air velocity and temperature distribution after inverse

CFD simulation (non-isothermal, diagonal airflow)
(Left: air velocity, Right: air temperature)
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Fig.13 Air velocity at supply opening in inverse CFD
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Fig.14 Air velocity and temperature distribution after inverse
CFD simulation (non-isothermal, diagonal airflow, multi target)
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Unsteady Analysis of Cross-Ventilation Flow using Domain Decomposition Technique with LES
(Part 6) Measurement of Indoor Airflow and Ventilation Rate in a Wind
Tunnel Experiment where Wind and Buoyancy Force act
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Shohei MIYAZAWA™ Tomohiro KOBAYASHI"' Toshio YAMANAKA™ Noriaki KOBAYASHI™
Narae CHOI"' Toru MATSUBARA"' Zitao JIANG™ Chisato TAMBARA™

"' Osaka University " Obayashi Corporation

The use of LES, which can analyze unsteady airflow with high accuracy, has been expanding. However, generaly,
in cross-ventilation analysis, it is necessary to analyze both inside and outside of the building simultaneously, which
increases the computational load. In this study, the application of the Domain Decomposition Technique to LES is studied
to reduce computational load, which analyzes only indoor airflow using previously investigated outdoor airflow data. This

paper shows the wind tunnel test to obtain experimental data for CFD validation under non-isothermal condition.
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TR b EEF D, AMTITTOYBIEFS L LT
FIRREL T CRUFEBR 21T\ CFD O8RSt K O
FERGRE 7 — & Z2 s LT 2 ST %,

2. BRI E

FEERIE Fig 1 |\~ d RO FAFSE I JRGRIC T30 L7,
JEGRPNJEGE T ZR | 1,000 mm &5 & C 1LOm/s ([SREE L7273,
#Hiak 9 2 JBAEAREL OBITERED - 10 mis IZFRE L7541
THERZIT-7-, Fig2 12 1.0 m/s O 10 m/s TR A
RRIE L 72V IRE C TRBVREGERE (AR )~y 7 R,

0241R-T5) % FH\VC 1 kHz CT60s HIE L 7= EIRNT 7
1 —F 7 10— K ONELBRARE DN E SR 2 m s, BRI
S 600mm ALEDEHE CEE LT- b DET I —F 7
n—& UCEMA L, HIEDOREE, 1.0 m/s STl
1/3.73 Fe D~ E FHNT 10 m/s DA TIIA%E 1/420 D
X FANAE D BEFVEIR & 72> T e,

ARFGETHRIGE & DA Fig3 (R4 4 FgEC, 4b
~F—3 300 mm, ARJE 5 mm OSSR TH D, B OO
W= RET/L & 30mm x 30 mm OB M % 2 f&HT (Ja
e BURE ECB AL S 15 mm, 280 mm) BRI 72 HL
FETVOREREH, BKEREM. PIVRIEH) =
77V AR E AW THER LTz, >—/b RET L CIEEE
REORE, BETT IV TIHRES A « KEPWER, =
PG /3AT K O R & DO RIE 21T > 72,

BT T L CIE SRS CRm 2 5 & L7 2 544
(Case 1,2) 12Nz T, #AKBREN) & LA BAERT
2 RS TR 2 AR IC S H L7z 2 5 (Case 34)
HRE L, #4550 CEBREIT -7, Table 1 2555
A7, 2 2 G, Case3 TR EIEAIC X 2 AR
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"""""""" — L = - Y £ 10 % £ 100
| | | | | N Target "' | I ) .
2,400 3,400 1,120 900 1,200 B]\l}[ﬂdlfﬁg/zl&] 1,400 200 Velosity Ratio [ -]/ Turbulent Intonsity T ]
Dimenssions in [mm] ode 1,800 1.0 m/s 10 m/s

Fig. 1 Wind tunnel cross-section
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Table 1 Experimental Setting
elo 0
15.0 15.0 gzi 15.0 15.0
30 20 100 25.0 0.388 03 0.86 17.0 44.6 0.388
) ) 6.113 0.79 16.4 47.2 6.113
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Overall Front & Back Ceiling Overall  Cross-Section (Center of Openings) Front
(1) Sealed Model (2) Single Room Model (Temperature and Feat Flux)
Sampling |
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— 1 N E \ = "E" ;
— e T 2 - . 2
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H l|l g — - _ l g 30mm X 30mm
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Fig.3 Test Models
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Fig.4 Schemstic of ventilation rate Measurement using Tracer Gas
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Table 2 Summary of PIV Setting
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Program
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Laser Output 50 [mJ/Pulse]
. Casel, 2, 4 7500 [us]
Interval Time betweem 2 Flames
Case3 10000 [ps]
-+ 10 m/s
-O- 1.0 m/s
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Fig.5 Distribution of Wind Pressure Coefficient
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Table 3 Temperature (Indoor/Outdoor) and Heat Flux

Outdoor Indoor Heat Flux

Temperature [°C] | Temperature [°C] | from the Floor [W/m ]
17.4 45 1077.5
17.8 48.6 1072.3

150 250 300 150
[mm] [mm]

Case 3 ® Measuring Point Case 4

Fig.6 Indoor Temperature Distribtion
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—
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11.96 11.41

Ventilation Rate [L/min]

0

Fig. 7 Ventilation Rate obtained by Tracer Gas Measurement
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Unsteady Analysis of Cross-Ventilation Flow using Domain Decomposition Technique with LES
(Part 7) Basic Study of the Non-isothermal Condition with RANS
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Toru MATSUBARA"™ Tomohiro KOBAYASHI"' Toshio YAMANAKA" Noriaki KOBAYASHI™
Narae CHOI"' Shohei MIYAZAWA™ Zitao JIANG™ Chisato TAMBARA™

"' Osaka University > Obayashi Corporation

In recent years, the use of Large Eddy Simulation (LES) is expanding. However, the computational load becomes much
more enormous when LES is used. In the previous study , the Domain Decomposition Technique was applied to LES
under isothermal condition. In this paper,the wind tunnel experiment described in the previous paper was reproduced.
Additionally, as a previous step the technique is applied to RANS under nonisothermal condition and varified.
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