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Design Method of Wind and Buoyancy Induced Natural Ventilation System for
High-Rise Office Building
(Part 1) Influence of Switching Floor of Void and External Wind Velocity
on Natural Ventilation Rate
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In recent years, the number of high-rise office buildings that introduce natural ventilation (NV) is increasing.
However, general NV design method is not yet been sufficiently established. To do this, understanding of the
impact of both wind and buoyancy on natural ventilation rate needs to be acquied and it needs to be organized more
systematically. This study presents a parametric study assuming a realistic high-rise office building with wind and
buoyancy induced NV system by using flow network model. In this paper, we focus on the "switching floor" of NV
void and external wind velocity, and their impact on natural ventilation rate is to be shown.
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Fig. 1 Schematic of the Target Office Building
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Airtightness of Damaged RC Walls
Part 4 Ventilation Rate Prediction Formula for RC Walls with Cracks
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In buildings with damaged RC walls, air infiltration can worsen the indoor thermal environment. Even though the
quadratic equation for ventilation rate has a better evaluation of air leakage, the power law for ventilation rate is commonly
used. The quadratic equation has almost no effect on the pressure range compared to the power law. A prediction model for
ventilation rate based on the quadratic equation was suggested. In this paper, the prediction model was applied to damaged

RC walls and the indoor thermal environment was examined.
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Fig.1 Analytical domain and Mesh layout of Crack(D =4[mm])

Tablel CFD simulation conditions

scFLOW versioni4. 1, 2020
Air, Imcompressible Fluid
Steady-state, SIMPLE
Laminar flow

Blending Scheme

Analytical Code
Fluid Property
Algorithm

Turbulence Model
Discretization Scheme
for Advection Term (1st upwind+2nd upwind)
Convergence Criteria 1.0x10°

Inflow and Outflow Boundary|Volume flow rate

Opening Shape Slit Crack
Wall Boundary No slip No slip
Width of Crack D[mm] 1,2,3.4 1,2,3.4
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Table 2 Basic calculation conditions
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Wind Velocity Monitoring above Mid- to High-Rise Building for Natural Ventilation Control
(Part 5) Technical Data for Monitored External Wind Velocity

and Direction for 1:1:2 Shaped Building
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In order to measure external wind velocity and direction for controlling natural ventilation (NV), anemometers

are often installed at the roof top of mid- to high-rise buildings. However, for the complex flow field caused by

separation flow, the accuracy of the measurement is not well-known. The final goal of this research is to propose an

advanced method for controlling NV operation by enabiling accutate monitoring of wind velocity and direction. This

paper organizes technical data for monitoring point of wind velocity and direction above 1:1:2 shaped building by

investigating instantaneous horizontal distribution of velocity fields using Large Eddy Simulation (LES).
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As the coronavirus disease 2019 (COVID-19) pandemic continues spreading around the world, people are focusing

on how society can coexist with the virus. In offices, various methods are being tried, such as installing partitions and

wearing masks full-time. However, these methods may disturb supplying fresh air to the occupants, so we need a new way

to supply fresh air individually. In this research, we propose the booth-type displacement ventilation system and examine

its performance. This paper presents the experimental results, which investigated influence of booth shape and supply

airflow rate on temperature and contaminants concentration distribution.
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Table 1 Experimental condition
Booth partition| Supply airflow | Supply airflow
Cases height rate in each booth|rate in each outer[PC
HB [mm] QOsa-in [m*/h] | Osa-out [m°/h]
Case 1 o
1200 80 60 —
Case 1-NoPC -
Case 2 50 120 o
Case 3 1500 80 60 e}
Case 4 110 0 e}
Case 5 1800 80 60 e}
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Design Method of Natural Ventilation System with Perforated Metal Duct Ceiling
(Part3) Influence of Waste Heat Utilization in Shaft using Flow Network Calculation
with Relaxation Method

OF ) /N SMON TFNED) i R CRIRKRT)
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me 28 (HEeREh) R HRER (B EER%EH)
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Miho WAKASA™  Toshio YAMANAKA™ Tomohiro KOBAYASHI™' Yoshihisa MOMOI ™
Hiroaki TANAKA"™  Takuro FUJII” Masatoshi MORI™® Narae CHOI™
"' Osaka University ~ University of Fukui ~ Nikken Sekkei Ltd.

Installing natural ventilation system in high-rise buildings helps us to save energy consumption of heating, ventilation and
air conditioning (HVAC). In this study, we propose to provide two ventilation shafts of the building with waste heat from
cogeneration system in order to enhance the effect of buoyancy-driven ventilation. To estimate the effect, we create flow
network calculation model with relaxation method and examined the best way of the distribution rate of waste heat by using

the model.
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Fig. 1 System of natural ventilation

Fig.2 Schematic of target building
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Birdproofing net, Inflow |Opening g 1.2 — Ventilation
Friction 1 Opening, Chamber & 10.026 ~=- | Shaft
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Extension 2 Chamber & 0.51 —
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Reduction 2 Duct joint (o 10.028 Fig.4 Plan of NV ducts
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Table 2 a4 of openings

a‘Ainlet[mz] 1 . 5 3
aApaxs [mz] 0.80
aAdamger[mz] 0 . 7 1
aAexhau.vt,/ower[mz] 4 45
aAexhaust, ugyer[m2] 4 45

Table 3 Boundary condition

Outside Temperatute [°C] 18

Wind Windless
Specific heat [J/kg + °C] 1,006
Heat generation (Office)[W/floor] 10,120
Heat generation (Total Waste Heat)[W]|130,000

Airflow rate (x10°m?/h) Airflow rate (x10°m?/h)
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Impinging Jet Ventilation AR DZEWIRE FAIICEE T 5%
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Prediction of Indoor Environment for Impinging Jet Ventilation System

(Part 5) Experimental Investigation of Thermal Environment and Ventilation Effectiveness
under Heating Operation with DV and IJV

Ol BR (KIKF)
L PPN o)

ANBR FIR S CRBRORS)

B T CRBRORT)

Haruna YAMASAWA*' Tomohiro KOBAYASHI"' Toshio YAMANAKA™ Narae CHOI™

"' Osaka University

The impinging jet ventilation (IJV) system is considered to be adaptable for both cooling and heating operation,

while displacement ventilation (DV) is considered to be only limited to cooling operation. In order to accumulate the

fundamental feature of 1JV and DV under heating operation, and investigated their applicability for heating, full-scale

experiments were conducted in a climate chamber. Different ventilation systems and supply air conditions were investigated

along with indoor temperature distribution, and ventilation effectiveness. For DV, the temperature and contaminant

distribution differed significantly depending on the supply conditions, while that of IJV remained almost the same.
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Fig. 1: Plan of climate chamber and measurement point
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Table 1: Experimental conditions

Supply flow rate and temperature (7 , 7:- Toc)| Supply

Case 120 m*/h 240 m*/h 360 m*/h | velocity
41.0, 20.8°C|36.0, 15.8°C|34.3, 14.1°C| [m/s]
1JV-120 X 1.96
JV-240 X 2.36
JV-360 X 2.95
DV-120 X 0.37
DV-240 X 0.44
DV-360 X 0.55
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Capture and Containment Mechanism of Local Exhaust Hood in Commercial Kitchen
(Part 23)Formation of Tornado-like Suction Flow and Improvement of Capture Performance
for Pollutants using Four Directional Jets

OF AR KB (KIKKZ)
INAR BN R CRBROKRE:)
Daichi TERAMOTO"

Toshio YAMANAKA™

I S PN TNE D)

Tomohiro KOBAYASHI"'

"' Osaka University

In this study, capture performance of local exhaust hood using tornado-like suction flow in commercial kitchen is

evaluated. An exhaust hood and a cooking appliance which generates updraft flow and four fans which generate angular

momentum are used on experimental device. As a result of measurement for capture efficiency, it is found that capture

performance decreases when the updraft flow from the cooking appliance is prevented by the jet from the fan. On the other

hand, it is found that capture performance improves by using tornado-like suction flow under air disturbance.
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Without Jet of Fan
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Fig.15 Transformation of Tornado-like Flow without Air Conditioner Flow
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Fig.16 Transformation of Tornado-like Flow with Air Conditioner Flow

= 0%20°0 ERELTHE DL E LR TMD
TRV NESLES S Z L bR TE 72, AR Rk
TERFTE Y IC bR SN TR Y . AR THRE LicEERE
ROICHUTIIENEAE 0 NEETH D Z LAVRSnTz, £
ToBRi LB 2 RS9 % & IR O B R TO
IZE@ /NS < FLIZROBANWE =TV RIDIR%Z L
TWDHDONEN -T2, Fig 16 L0 HEELITH L TREES
ET7 7 ORE I UREHZE HDHRRERE < FTHITLE LT
WP S D Z LR TE Tz, & DITHHIEERDKIEZR
D L SR T, ISR LIS S T
TEDONLEIZR SRR ST,

BhYIC

ARFFETIE, ISR E V@R ER 7 — ROt %
FHME LT, ERRARE VIR 7 — R oMb
WZOWTHE LTz, TORE, AESREORS ZH 5 HE5
AT 7 VOMBEIC L > TIREH LY =y M3EELE
RO ERME T 5 ARt VRB S -, — T, Bl
FFFIZBWTEERKIEZ VD Z & THER 7 — RO

EMRERZUGETE DA S 0 . ERRKIROA M EE

NI EMNTET,
SBRIINEELZ SO EELEE T COMERUED FI
PEIZOWTHRET L, EERKIEOA DML L 0 HEEZ5
DIZT HHENRD D, RICEBHR K OCFD fi#fric kv, E
AR ERAE T 7 O E L Ok E oM
2. LVRE LIZESBRRMEK TE 252> T
<, LT, EREOBREZEM TOMMEZEE LI HahlE
ICOWTEE LIRRZIT> OO MERSH L L E R D,
E i

AWFZET R 2 () & DILFEMEICE D bDTHY | fx D
EZK > TO 2V BARESMICHE LR LET

SE

D) THEAVE, I, IEIR, Bk, SARE - 2B HE R
(2B 2 BT 7 — FOREFERICE S SHFJE (2 0 22) A
EELT IS 2 2 H i 4 72 B 7 — R oflifkrEhe
W] L TFiE, ZESGEHEN - AR TR PN S R U D4,
2020.09

2)Zhixiang Cao, Yi Wang, Mengjie Duan, Huaxin Zhu : Study of
vortex principle for improving the efficiency of an exhaust ventilation
system, Energy and Buildings 142, pp.39-48, 2017




22NN - A LT s
EINF IR E TR SUEE (2021, 3. 8)

ENREEMREZE T SRR EEDRFEICEAT SR
(20 3) HRRERUVT7— FRRNERYFEEMLREICRESTEE
Development of a Design of Local Exhaust Hood with High Capture Efficiency

(Part3) Effect of Passing Air Flow and Hood Type on Capture Performance
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In the conventional method of designing local exhaust hoods, the design requirements for the properties of contaminant

source and disturbances are vague, and depend on designer’s experience. Therefore, capture performance in operation

tends to vary. So this study purpose to proposing a more accurate design method for local exhaust hoods. In order to

examine the capture performance under disturbances, the effects of passing airflow and hood type on capture performance

are studied. In this report, the results of capture efficiency and distribution of velocity and contaminant concentration

under the hood were presented.
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O = _ /
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: CO, measurement : 2
. [ 5 ~ 2
- ﬂ H : :
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(=3
Contaminant source 3
. (Sphere sponge) Q] = -
Ultrasonic flowmeter -
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I\_J 1800 [mm]
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(1) Air flow direction
Fig. 1 Wind tunnel section and equipment layout for capture efficiency measurement

(2) Crossed air flow direction
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Fig. 2 Cross section of local exhaust hood

Table 1 Experimental condition for capture efficiency measurement

Canopy, Flanged, Duct,

Hood type
Tapaered (0 = 60°), Tapered (¢ = 10°)

Exhaust air flow rate [Nm’/h] 382
Contaminant source CO, + He
Distance from the hood bottom [mm] 100, 300, 500

Passing airflow velocity [m/s] 0.1,0.2,0.3,0.4, 0.5

Hood, Duct ( 77 > #EL 7 — K), Tapered Hood (0 =
60°), Tapered Hood (0 = 10°) ® 5 Btk &= 2, 77—
NFEETH S 750 mm, #27 FHNEIL 145 mm, [T
3mm TH D, FRPHEREEEIC I 0 RERR LD HUA

. BRE TN T 2 2 LT ER LTeH 2D

HEMRN A~ L 5.2 720 K 512 LT (Fig. 1 20, HE
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5 X ORE LTz (HFXE : 382 Nm'/h), {5Y4RITERD
Passive Scalar Contaminant Z&[X L, 295 & [FEELEIZ /R
% J 9 1.2 NL/min ® He & 2 NL/min @ CO, DIRE T A
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E L S 2B ST, 1GYIREEE CO, R HIE R
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FER n OFHNELUFITRT,

X (C, —C
g X
Qp % (Ce, — Cr)
n o RER []
Q : HERE (GEELE ) [Nm'/h]
Q, : HER & (524 ) [Nm/h]
C HERZ 7 RN CO, IREE (EH 4 ) [ppm]
C., : PERE 7 RPN CO, IREE (724xHH4E ) [ppm]
¢, PEMRAN CO, & (MFHE ) [ppm]
C, EIRA CO, I (52244 ) [ppm]

(3) EBRGM

FBRSA % Table 11279, HEXUEIE 382 Nm/h, 7 —
RIZIRIE 5 GefF, BRI EH L 0.1 ~ 0.5 m/s % 0.1
m/s ZI AT 5 G, VEYLRE S1E 7 — R T¥mE 2> 5 100
mm, 300 mm, 500 mm @ 3 Z&fFEDFF 75 ot CEERAZ T
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70 5 70 [ BV 5
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2 2 3
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10 [ --A-- Flanged ---%--Tapered (6 = 10°) 10 || =-A-- Flanged ---X--Tapered (6 = 10°) — 10 <\ A-__
0 0 o 0 ‘7__‘,._;*,_‘—,-,---
10 Duct _10 Duct ‘ 10 | lﬁ‘
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0 3 0. 4

Passing airflow velocity [m/s]
(1) Distance between contaminant source and
hood bottom 100 mm

Passing airflow velocity [m/s]
(2) Distance between contaminant source and
hood bottom 300 mm

Passing airflow velocity [m/s]

(3) Distance between contaminant source and
hood bottom 500 mm

Fig. 3 Relationship between passing air flow and captuer efficiency

Windward side
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-
< dlmentlonal traverser ’J L‘ : « 750 ‘ 750 «
« — «
. |
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= e Wi
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2 * Contaminant source ~ Contaminant source
Fig. 4 Equipment layout for velocity and L 300, 600 ‘ [mm] 600 [mm]
contaminant distribution Fig. 5 Velocity measurement Fig. 6 CO, measurement
2.2 WHBREBRE

Table 2 Experimental condition for velocity and
contaminant distribution

Canopy, Flanged, Duct,

Hood type
Tapaered (0 = 60°), Tapered (6 = 10°)
Exhaust air flow rate [Nm3/h] 382
Contaminant source CO, + He
Distance from the hood bottom [mm] 300
Passing airflow Velocity [m/s] 0.4
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(Part4) Study on Capture Performance under Passing Airflow Condition by CFD Analysis
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In this report, CFD analysis was performed that reproduced the wind tunnel experiment in the previous report.

The accuracy of CFD analysis was verified from the measured Capture Efficiency, airflow velocity distribution, and

concentration distribution of passive contaminant. Although it is possible to get a rough idea from the results, there

is still a big problem in its accuracy. It can be said that the future task is to identify an appropriate analysis model by

examining the turbulence model in the analysis and the pollutant generation method.
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Tablel Summary of CFD Analysis Hood Exhaust Hood Exhaust Hood Exhaust
Hood type Canopy Hood |Flanged Hood| Duct =
CFD code Ansys Fluent 19.2 .
Standard k-¢ model (SKE) L
Turbulence Model Realizable k-g model L _Ls " 750
151
Species Model Species Transport 250{ M
. . Physical characteristics:Air @ —_—— L
Contaminant Condition . RN 2 601 [mm] 601 [mm] T [mm]
. Mass Diffusivity:3.7625¢-05 [m'/s] | ;) canopyHood ii) FlangedHood i) Duct
Algorithm Steady State (SIMPLE) Fig.2 Type of Local Exhaust Hood
Discretization Scheme QUICK . _ Table2 Analysis Condition
Inlet Table2 Reference : Analysis Condition Inlet Boundary
Exhaust Analysis Turbulent
5.0515 [m/s] Y : et urbu
Boundary |Qutlet Hood Condition Velo/cny Tgrbulenlt( K‘?/e?c Dissipation Rate
Condition Wall Gauge Pressure : 0 [Pa] [m/s] nergy k[m’/s’] e[m%/s’]
Walls Standard Wall Function(SWF)(Case1~5) Casel 0.1 8.69656E-06 3.61.E-06
Enhanced Wall Treatment(EWT)(Case4) Casc2 02 3 09442E-06 4.13229E-07
Total  |C2nopyHood 3,960,687 Case3 | 03 1.9495E-06 | 1.172903E-07
Numbﬁrr of |FlangedHood 4,916,928 Cased | 04 1.48829E-06 3.58974E-08
Cells ot 4,897,118 Case5 | 05 | 2.76107E-06 | 3.35614E-08

Exhaust Hood Center Cross Section

i) Velocity distribution

T
Exhaust Hood Center Cross Section| !
I
895 |
1
|
1
: 750
Inlet !
1
l’umm !
|
_______ A e e
100 ! : 100,
100| 1 ! 11300
L300 ‘ 300 )
Sphere Contaminant(diameter : 100) [mm]

ii) Concentration distribution

Fig.3 Monitoring Point

SKE & 7 /L CII R ERERI# % | Realizable k-¢ €7 /1
(TEEE 7> b OBEE LS ELfE LA 2 L AR & o
THMORBEEZBET HET IV EBEMEEFE DT
% i B BE ) /L PR (Enhanced Wall Treatment) % £
M U7z, EBEH Y T35 YIftai o 22 M A 2 1M
© L. Passive Scalar Contaminant % 8 7€ L 7= 25, &
AT CIXEREFD AR UK~ 2 b8 %
B L. 5N RSN E L, 1R AE
GG R MmN O OmIEE L Lz, BAERITER
& F% (3.20L/min) & 722 & 5 FAERE L 5 2 72,
(0.001697653m/s) {547 AMERITZER & L, JHin%e
RAZB T DILHUREBUZIT LA TIOR3 0@y . COo, &
He D225 % HERER K & FZBRIGF OO T AT 2 D IRRESE
R TCHEADITVE LIfEE Lz, (Eq.1) BLEIZED .
BRI I1T DIH YT A DRAETTTEAZFR L TV D,

X + X
D co2 Vcoz D He VHe D:Diffusivity[m%s]
Vcoz + VHe

D= (Eq.1)

V:Volume Flow Rate[L/min]

1.2 fEWEH

FENT G0 % Table2 |27~ , AT I3RS SRR
ERFTHERIEE IR &2 8T A — 2 & U TN 24T -
Too B HRMITEB T DA RO ELITERE 12 1 E R 525
P L B ELE B CHIlE L 72 & iV T b, Cased
254 @ Fr Realizable &7 )V CHEMT 24T > 7-, F7-3F
BRis O JEOE A0 G 9IREE S A E & D e 24T
7, AT 7 — R B2 SR b [RERO
FATIC T =X — N2 %E L, (RGES A 20 5, 12
FE43A6 14 1) (Fig.3)

2. fRITHER

2.1 ERYEEEOLR

FRMTHRE R B R U7 ffifE =8 % Fig.4,Table3 |Z/”77,
Table3 |Z [ XREmR UL 2 2 b S B 72 St ORfifE=FER D
LTV D, TR IR Y I TRIE L2 3 o
DGR DO EBRFER L GhE TR LTV D, FIERT
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0

100% L Table3 Concentration of Outlet Boundary and Capture Efficienc
T "=~h
_ NS Concentration CanopyHood FlangedHood Duct
- ~ N .
g \i\ = 3 of Contaminant Hood Leeward | Capture Hood Leeward | Capture Hood Leeward | Capture
2 N N [ppm] Outlet | Efficiency Outlet | Efficiency Outlet | Efficiency
=509
2 NN Casel 1876.62 0.00 1.00 2479.21 0.00 1.00 2006.34 0.00 1.00
£ >
o
AN Case2 271873 | 5048 0.91 3353.29 0.93 1.00 2689.57 | 2847 0.95
. Case3 1564.85 | 433.30 0.31 397291 | 62.68 0.89 251829 | 162.48 0.66
00 01 02 03 04 03 06 SKE 536.24 582.46 0.08 3568.52 | 221.14 0.59 174533 | 306.13 0.34
Passing airflow velocity [m/s] Cased
e Al {CRD) ~ o Franeo (retmeny Realizable k-¢ | 85823 | 119347 | 006 | 903931 | 189.62 0.81 4032.12 | 532,01 0.40
—®&— Duct (CFD)  --0-- Duct (Experiment)
Fig.4 Relationship between passing Case5 268.92 | 609.49 0.03 2769.53 | 330.63 0.37 101452 | 384.98 0.16
airflow velocity and Capture Efficiency
Zo |— Experiment— CFD analysis To I f‘l — Experiment_— CFD analysis z 0 | /f | — iment_— CFD analysis
E 10 r g 10 / Lad g 10 > N
2 5 2 32
o 4 250 NS o 220 N 2 4 NN
== == ==
E 30 b [ —— E 30 E 30 A -
g P PaTsive CTnlamir‘\am Reterence Vecor(ma] 3 4V Pussive Contarminant 3 N Pa‘sswc (l,onuum‘nam
g eference Vector[mis £ | | | 540
A %0 30 20 10 0 10 20 30 30 50 60 70 A Y0 30 20 10 0 10 20 30 40 50 60 70 4 40 30 20 10 0 10 20 30
Distance from Center of Hood[cm] Distance from Center of Hood[cm] Distance from Center of Hood[cm]
i)Canopy Hood ii)Flanged Hood iii)Duct
Fig.5 Velocity Distribution
Table4 Concentration Distribution
i)Canopy Hood ii)Flanged Hood iii)Duct
CFD Experiment CFD Experiment CFD Experiment
R e L) e——C W I , HE = e o
v |+ U | 2] = o =0 7 =|* o |
= / N b |z L\ ER / S EEIN L2 5
Z | 7 5 |2 7V o e 2 7 N ik 7 v o
E 7 » // & =it 7 N ko) s o 4 El 4 o - \
Sl / <l 5 =1L o 2O 4 0 9| || / <l + 0-9|,J
5| =2 o TR T g|" Y s T 5| T | S0 s s
Z hau i Cener Z Distance from Cente of Exhaust Hood [er] “ n Centr of Exhaust Hood fe] et of Exhaust Hood em]
! 1 E
) N » < s |* 1N I\
=) ) v S = PR = E X I = [\ o
o o 7 \ o e o| “ I\ =
e 5 E— , 3k ; U
g g 50
Z |- Z |3 4 ;

ter of Exhaust Hood [em] Distance from Center of Exhaust Hood [cm]

JRPTHE RS E A i S D75 e & & R, T
DR BE I A i 3 A VY B ORI TR 2 & TR L
7. FEBREFEGE, BRSIREUEDN K& < 25250,
JRPFTHERIE TR SN DT RIS < 725 T
M2 HERR Sz, 3R E b FERIE 2 IEfEIZ R
T2 ZERHKRWERTH o, LavL, BRI
FlangedHood, Duct, CanopyHood DJIEIZ W FERTH Y |
TAUTEBR L RO CTH B T2, AMHTIZERV T
JER T & ORI R EECH D E 52D, £T2
Realizable k-¢ E7 /L, BEELEE EWT €7 /L DA T
1% SKE &7 /WA~ M L L, f#HTET L DK
FEHERRENZ ERH DML IRoT,

2.2 77— FTEEMAHDLLE

Cased St CTOF =& — 52T 5 RS 0 LBl
L FRATIE DGR & Fig.5 12, IREE/3A0 DOFE R % Tabled
(R, B TS =X — B 5 x, y HA
SOy JRGE > & B U7 G pRGE & 2 D723 & 7= LT
WD, BESAICOW G BERT ., P 7 —
RUTEEWT & & KT =4 — i COWRE C, Z [ ¢
DEKRIEE C,, THEUEL LT Z R~ d, JEE A % 5
% & ARE RV T, FEBRIFO AR 2 iFEl T &
TW5, L, #7— Rl Bz nW TR 7 —

ERICEEL G 2D EREIND, BESMATYH
FEERFIRR, AWl CRRR O E ZIT D 2
EDHER S, FREWI I T D R R KMl 2
BT ENETHDLEE XD, LnL, 22U
3R L CW RO EY IR B B B 1550 & R & 7p
I B 3T-. F 77 Tables | Case4d TP SKE &5 /L TD
JER PR 7 — R OiEYY), i o v 2 —
X, JEGH~7 NV ERT, (B a2 — XL,
FlangedHood D{5 LA R L0 H/h &2 &
DHERTE D, THITZ MV SIS
727 7 N K0 HER A D KI5 T D WA F5h S
m b S, MRS &0 i S5 & Tl
THET DD EBE XD, Tz, Cased TOREERIN
JEGH 0.4m/s TIIIGYIRIIPER QIR O Z EHE2 T,
RIS IE SNV VB N R ST D 2 & 3
BENT-, TR HEREE OBAEMENBAF TITA2WER
K & U CEEE T /L D88 LG Y A 51 D7 RN
EZBND, AN TIZEIC SKE £F L& T 5
Z LB OELN D AR ANE KM S . FD
ZEDPBELIEBDNB RICFHT Sz D EF 2 B
%, Fl-. B Y OFERTIIZILENETH D AR Y
B AWTER R ED T, AR UREORT S~
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Table5S Analysis result (Case4 , passing airflow velocity:0.4m/s)

09 07 05 03 01 0 -0.1-03-0.5-0.7 -0.9
Distance from Center of Hood [m]

Contamintant Contour Velocity Contour Velocity Vector
Exhaust Surface Exhaust Surface Exhaust Surface
18 18 s .
1.6 — 1.6
1.4 — 1.4
Bl 124 12
S |= — —
T(E 0 E 10 &
N ] 2
- 5 5
el os 508 o
<
Ol 06 0.6
0.4 — 0.4
0.2 — 0.2
0 T T T T T T T T 1 0 \
09 07 05 03 01 0 -0.1-0.3-0.5-0.7 -0.9 09 07 05 03 01 0 -0.1-0.3-0.5-0.7 -0.9| 09 07 05 03 01 0 -0.1-03-0.5-0.7-0.9
Distance from Center of Hood [m] Distance from Center of Hood [m] Distance from Center of Hood [m]
Exhaust Surface Exhaust Surface Exhaust Surface
~ ~, .
1.8 1.8 1.8
1.6 — 1.6
1.4 — 1.4
| 124 12
S
S|—= — —
T | E 1.0 E L0 £
o= £ ]
S| 208~ 308 5
g el = =
— 0.6 — 0.6
=
0.4 — 0.4
0.2 — 0.2
0 T T T T T T T T 1 0

09 07 05 03 0.1
Distance from Center of Hood [m]

0 -0.1 -0.3 -0.5 -0.7 -0.9 09 07 05 03 01 0 -0.1 -0.3-0.5-0.7 -0.9

Distance from Center of Hood [m]

09 07 05 03 01 0 -0.1-03-0.5-0.7-0.9

Distance from Center of Hood [m]

Exhaust Surface Exhaust Surface Exhaust Surface
18 — = 1.8 -
1.6 — 1.6 —
1.4 — 1.4 —
1.2 1.2 —
~|E 10+ E E 10
21z S S
A5 08— 5 5 08
e} = =
0.6 0.6 7
0.4 — 0.4 —
02— 02+ - -
O T T T T T T T O T T T T 1 T T T ]

09 0.7 05 03 0.1
Distance from Center of Hood [m]

0 -0.1 -03-0.5-0.7 -0.9 09 07 05 03 01 0 -0.1-03-0.5-0.7 -0.9

Distance from Center of Hood [m]

Contaminant Concentration *10°ppm]

Veloci.r% Ma%nit'ude [m/s]

0 50 100 150 200 250 300 350 400 450 500 0 01 02 03 04 05 06 07 08 09 1

Velocity Magnitude [m/s]

0 08 1.6 24 32 40 48 56 64 72 80

DB L OAR Y PNE & @il 5 50 & 5153
WPERR DR EEINE 2 53 5 ISARFENT CTIINER & i 5
DIGYIER DB A ZBF IR Tz & R &
L TR END,

BHEhYIC

A ClE CFD fif# T 2 W T B CIT > 2 ERIE D
SR T IBYSIR % RN T T B Y SR SRR DN FE RRAIE
FERICOWTHE L, FERE D . AFRTET L TIER
FEDTRZINER VGI B OHYRITATRETH D H DD,
ZORE L LTINStk chdr 525, Lo T
ASBITET NVOERIFEZEBIE L, #1787 /LD
EEITo Tz ECHERERGEEZIT T2, NT7 A KU »
I ART 4 BI T T FHECH 5.

Eifz3
AR ESEROFZE (F53F) 19K22011 OBhpkE 321072
HLDOTHD,

S Xk

1) HEE A 225 - fE TP TR DS,
% 3 WRPTHERAEE 3.3 #i. 3.4 #i, pp.23-pp.33

2)/NER IR RS - mRhERImAEERE 2 A9 % R RS SE
EORFTACET DM9E (5 3 #) SURRE N O — NP
RDSTGGHENEREIC JAE 9328, 225G - i TP
WS ER R AR S | 2021 4R 3 HBHTIE

3) gk, i AR EAEREMERE 2 AT D R AT E
DFFFTFEICE T D58 (5 2 ) WV AL DTRARDER
FIETICRT D HMERRI RIET 58, & AR L 25
Fi« R Tor AR 2Ot AR IR |, R 5 D-36
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Study on ventilation performance of four-bed ward with vertical induction air-conditioning

Part I Examination of indoor airflow, temperature and concentration distribution by CFD

Ok #F  (KBRKRE) i ek (CRBOR)
AR IR CRBROR:) B OFL (KIRKY)
Shaoyu Sheng*!  Toshio YAMANAKA*!  Tomohiro KOBAYASHI*! Narae CHOI*!

*1 Osaka University

Inductive air conditioning, which has advantages such as non-reheating and transfer power saving, attracts attention as
the image of an energy-saving air conditioning system. However, due to the spread of the Covid-19, to maintaining a healthy
and safe indoor air environment, especially in the hospital ward, improving the ventilation performance of the air
conditioning system, is becoming the top priorities for air conditioning equipment design. Therefore, from the view of the
displacement ventilation method, which is favorable in energy-saving and ventilation performance, this study will test the

displacement ventilation effects when the vertical types of inductive air conditioning was used in a four-bed ward, and the

improved method of increase the ventilation efficiency will also be examined.

1. 1IZCHIC

HERUERS I HHZST] Tl IO RHFRERSS | 25ROk
PEENIHTK, FEVRE e EORRE R DT, SRR
(THERTE L, B O SEo 2 & X K iREo A E
EWIRES LD, ABFSECIE, 25Tk 2 B 72 Bk
RO 4 IRREER E LT, 4 RIREIZET HHEEE5 |
ZEROBR, IREGREEMEREA I 5 I, BEAFRLSh O
PEREZ RO DU RIEA T 2, AW TIE, FERFEFHROL
1TAgE & LC, CED fi##TIc L A ARZEH D 4 FIR=E T
DEZNAGTH, E7IRRE RO T —7 > ORI, FERN
PERE & B LB IR TR e B B, = LT,
T 4 72— O OALE (W) L0, ki
REZ T 5 ATREMEIC W a2 T o 72,
2. MEBVEEBIZ=ERIZ DN T

FepRt G & LT MRS | 2550 Cld, 23k CraEIBRIT. -
IMEINE L 7= 28R A iR = v M(KM-200E, AAKS THRE
XEHE)ITHET 5, Figl IR & 912, ZZis b0
—IRZELZDGRT ¥ o/ N—ZAY | R A6 &
HG~Sm/s) TR E LD Z ST L ERNER LT 5,
TSRS R LT K BOHIT 6:4 (A —h—fl) TH D,
BELEZERIIT AV S L— b TR sh, RvF s
RFVEER LR R CENICR T, £, %
2= MIHEWIK LW L a2 F5 S, RO
HKETORGEBIZ LY, AAR—R L BNELEREORM E
RN ST ERIADD,

Primary air:

Rectifying fin &
60% fying

____ Punching panel
Primary air nozzle

Rectifying fin
0 Primary air nozzle

245

Induction air (7mm wide) o
outlet i 5
(oY)
T~
\m:luctionaywlvrl ¢ lst\lv ¢ iInductionair:ll()%

7
]

| 336 |
" \ =

L33_6J

Section view Outward view Inner view

Fig.1 Outline of induction inlet unit with rectifying panel

3. RN

ENOFEZRKRIMER &R < I5 Y oA 2 T35
5728, CFD T a1 -7, i LIZELitE T /L & fbTde
72 £ % Table.l |9, CFD &7 /U, #PFES 2583
FRRTERE L TN D, TUARRE AT 252 ORF T#%
BRAEHKI 2—1—2) 1TSS THES T2 b D TH D,
Fig2 | T & 912, T TmxTm, &S 2.6m OIFEIC, #it
HERS |28 = & 4 5% VURROFE ZERE SHL, E 70K,
BHENE, —7 2 OBIRAIE, Fig2 X U Fh—7 2,
Fig3 I L F0—7 ) el RIBEN 2738V 4 &
v NEERE LTz, AR SRRV N B O3B
—{KH7=0 S0OW & 60W, FENFRFEENEIL 40W ThH D,
B, —7 %, K E 300mm 5 KHFFETT, K
5 400mm |TEKHED A v = & LTUVA,

IRHEE: (FREE— K 880mYh, £AME— K 325m’h)
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Table2 (/R X 9. §H9 r—ADHM 21T o712, 5K
HOMREZ 200CIZHEDET, 250D (KRR DIRE
ZHUE (880m¥h IF 19°C, 325m¥h I 18°C) L7z,

MRS | = FOEERHRREIL, Figd O X912, mif]
(2B D5 (WaAA) a5 & HLOOMH SR L 0 FHA L,
F7o, SRESFRIORE, RESAEARRETHZ & L0, %
B Am SN 10 %557 (M OIRHOSE1E S %
5y) Uiz, SR mIIME OFiE, Lk, BERRH Y |
T LR — 2 13T — 2 L0 AT D E, Wi
R0 | SNT-ZEROMRE (i) CiexueiE BUEE, A&
Wixo) 25 (1) CTHETHIEEHH L,

C,,=0.6xC,, +0.4xC, (1

R RO IR T — 2 1%, BAUEUHET (Model6501, 77
o~ 7 AR TR VR OERRO 12 5L (F
I DHRDYGETX 6 /) OEGEHET —4 (1Hz, 60s
M) ZHIE L, / AVEREEBNTHET D2 LD TH S,

% ZVORJEGES A Figs (259, CFD OBER
& UCTER LRGSR, £2mkHogs . 4 >0

|' 7000 'l L 7000 ) 42
~ - = = —5 H—
2600 CO, generation source P600 CQ, generation source| let bound
— — ] Inlet boundary
|0 H (152W % 208.2H)
L . A \ u
Sickbed BIa:kll_.am ISickbed I Black Lamg] - \.“\-.\_
Induction — Induction | Induction = Induction |
unit NW unit NE unit NW unit NE
/ =Nl
o
_ 3 1
1 H o o~
1S] 3
g g —
Induction (outlet) |
boundary
Patient Simulator] _ Patient Simulator - (25Wx208.2H) ||
Induction Induction | Induction | Induction | \
unit SW unit SE unit SW E n unit SE ]
] [l h L]
(W)
Fig.2 Overview of ward’s CFD model (U curtain) Fig.3 Overview of ward’s CFD model (L curtain) Fig.4 CFD boundary of
. . . the induction diffuser
Table.1 Calculation Conditions used in CFD Table.2 Analysis Case
%Ficlode P gtTREiNL\’;M-W = Volume of the | Shape of | 1/1 outlet | Lower half (1/2)
urbulence Mode| andard k- mode| . 3 :
supply air [m3/h] | curtain outlet
Analysis Algorithm SIMPLER PRy L]
Method Discretization Scheme QUICK No O O
Number of Mesh 3,175,200 880 L O @)
First mesh from wall 50mm wide
Outer surface Adiabatic U O O
Wall material ALC concrete NO @]
Wall boundary No-slip
Envelope L View factor analysis; 325 L O
Radiation L -
Boundary Inner Heat Emissivity of wall=0.9 U O
surface bounda Convective heat | Wall's o, =3.06[W/m?K]
Y | transfer rate Ceiling's o, =0.967[W/mK] . 3 .
requlations, Floor's o, =4.04[W/m?2K] 880m3/h, 1/1 outlet 325m3/h, 1/2 outlet 880m?3/h, 1/1 outlet
Mesh; Pressure loss 400mm from the ceiling, 2000 N 2000 2000
. Top coefficient regulation C,=3.27 E LA T E \
Curtain n £ E
Central | Panel 1900mm height = 1600 T E1600 = 1600
Lower Free space 300mm from the floor £ \ ‘g‘ =
Flow Boundary L nlet Volume regulation £1200 £1200 £ 1200
Y [Exhaust Natural outflow g : g v 2 X
Turbulence intensity | 1% 2 800 — g 800 | g 800
Turbulence Turbulence length scale / 7mm g A 8 { g
statistics Kinetic energy & Calculated by u, 1 E a0 f——g—morti— £ a00 7%77 E 400 f—rg—
Turbulence Eddy Dissipation & Calculated by u, 1, { g : £ g .
2 0 5 o 2 0
N N - £ = £
SRR (A, TR | ETRIRE Y I2H 5 g 0 2 4 effg 0 2 4 | | 0 2 4 6
T Outlet velocity [m/s] I Outlet velocity [m/s] T Outlet velocity [m/s]
— SH- (4 = i o= g
77 T/@ﬂ:ffﬁq (n\\ L/\ L %\ U %) %/\7 )( & k L//C\ . }B:Ex - ig:gg —4—3:\\: +iﬂig; —e— Boundary Velocity

Fig.6 Boundary velocity of
case 880m*/h,1/1 outlet

= s OEGESARDOFEEDE IR AR & . AR
HEOFLOREZE L (Fige) . mHOWRH T — 2 &
LT L7z, FESRIOEE . i — 2 liE Th 5
7o, AR mFEARZREE (325mYh fa5k D7 — A%
9 27m/h, 880m*/h KD — AITH 3Tmih) AfEA L
7oo HLIEHRHEIL, ELIREL 2 1%, SRS A7 —
IVl % ) ZOnE & fEEk (Tmm) 1IZHE L, R (2) & (3)
IVEHTZHLOTH D,

Fig.5 Outlet velocity (Experiment)

k:1><(u><l)2 2)
2 s
2
=Gy kT 3)
4 RITIER L EBR
AEIOIRMTCIE, 1HIEFRAEDNL T 7 (Fig2, Fig3)

D EO—DHEIDIHTIH D, BNAT T —EE (Fig9),
J& (Fig.10, Fig.11) & /G4 EE 5341 (Fig.12) D XE i fRATRG SR
%o 2R PR TR,
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EaNliii]
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Y=6700 g
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* p SA
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Q) h—F L ORHRHE 2 BEE = 3
1 3 s HINVE 7% — m n
Fig.10 & Fig 11 \2 XV | |ENIREIZH LT, A—7 D | ( ( |
ST s = ; | 190 |
B L FIRIZ D DD BT, [ UIR SRR o — A Tl i [=1T8 =il Lel A Lo LELP | g
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RFRRZRIREE A T v | He57am & H UEUE (880m/h, Fig.7 Location of the temperature data’s pick up area
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Performance of displacement ventilation in a university Lecture hall
Effect of occupation pattern on distribution of temperature and contaminant concentration
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This paper aims at evaluating the effect of occupants’ seating pattern and interpersonal spacing on the air temperature

and contaminants concentration in the occupied zone of a lecture hall with displacement ventilation. An analysis was

carried out for 5 seating scenarios including a full room case and two different arrangements of social distancing cases.

Introduction

Displacement ventilation is considered an energy saving air
conditioning system that is recommended for classrooms for
providing clean air @2, In displacement ventilation, warm air
ascends above occupant zone carrying contaminants
depending on the convection flow produced by humans and
other warm objects ©. In this paper, the effect of different
occupants’ arrangements on the air quality and temperature in a
lecture hall is studied, addressing cases where social distancing
is in effect.

1. Analysis Conditions

For the study, medium-sized lecture hall was selected. With
a capacity of 120 students, the 14 mX12 mX5 m hall is
totally enclosed by adjacent air-conditioned rooms.

The ventilation system is composed of inlet fans, perforated
metal panel diffusers, and exhaust outlets as shown in Fig.1a.
Inlet fans are located along the front and side walls at the
ceiling height, blowing the 22 °C air through 20 cm wide ducts
as per Fig.1b. Secondly, the diffusers are 0.9 m high positioned
at the bottom of the three walls with 7.7 m and 10.7 m length at
the front wall and side walls respectively. As shown in Fig.1a,
the nine 0.6 mX 0.6 m exhaust openings are equally spaced in
the room ceiling. The system’s inflow rate is 11910 m3h in
total, divided as 4830 m*h for side fans and 2850 m*h for the
front ones.

Regarding the occupants, 120 seated students and one
standing teacher are modeled as 0.2 m x0.4 m cuboids with
heights of 1.2 m and 1.7 m respectively as shown in Fig.1c.
Students are split into two 10-rows seating zones separated by
a 1 maisle. All occupants emit 60 W heat from the whole body

surface area, and CO, from a 0.05 mX 0.05 m mouth surface.
CO, concentration of exhalation is set to 1000 ppm and the
emission rate to 0.25 m¥h.

Standard k-¢ turbulence model was used for the CFD
simulation. Heat, radiation, and diffusion calculations were

_f/\_

Fig.1 Lecture hall model attributes

Coeffecient of Heat Transfer
O bk N W A U O N o®m ©

i, e
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Fig.2 Analysis conditions, a. coefficient of heat transfer vs
emissivity. b. Low Reynolds number simulation section
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carried out. Thermal boundary conditions were set to adiabatic
for ceiling, floor and external walls. 3.06 of heat transfer
coefficient was deducted from ASHRAE Handbook © for the
duct walls, Fig.2a.

Finally, the model meshing resulted in 4,856,000 meshes.

The main mesh size was set to 40 mm with a geometric ratio of
1.15. However, the mesh layer adjacent to the walls was
increased to 100 mm wide to include the near wall down
draft based on a test with low Reynolds number simulation as
shown in Fig.2b. Table.1 and Table.2 sum up the analysis and
boundary conditions discussed in this section.
To compare the effect of occupational pattern, 5 cases were
simulated. Table.3 is an enlistment of the cases and the
changed variables. Casel (C1) is a case testing the full room
scenario with double the occupation and flow rate compared to
the other cases. The arrangements of C2 and C3 are designed
to test the dispersed occupants scenarios, i.e. social distancing,
once aligned, C3, and another in complete scattering (C2).
Finally, C4 and C5 are made to test the occupation of the front
section, C4, vs the back section, C5.

Table.1 Analysis conditions

Analysis Software Stream 20

Turbulence model Standard k- ¢ model

ZERAAN - AR LT SO
TR R R S (2021, 3.8)

unoccupied one. Zone2 (Z2) and Zone4 (Z4) are the back
section’s occupied and unoccupied areas respectively.

Table4 and Table5 show temperature and CO;
concentration contours in one longitudinal section, two
cross-sections, and two plan sections at seated and standing
occupants heights. Table.6 shows the corresponding velocity
contours. By comparing the velocity and temperature contours,
it is clear that both contours reflect thermal plumes similarly.
Thus, temperature contours are considered sufficient for
exploring thermal plumes trends.

Analyzing the 5 cases’ sections, it can be noted that C1 and
C5 show plume interaction increasing the temperature around
occupants especially in C1. In accordance, CO, concentrations
in breathing level in C1 are higher compared to the widely
spaced occupants cases, C2 and C3 where thermal plumes are
separate. C4, as well, exhibits no plume interaction as
occupants are seated nearer to the front diffuser providing cool
fresh air. Regarding C2 and C3, only minimal differences can
be noted.

Average temperature and normalized CO, concentration
data for each zone are plotted in Fig.3 and Fig.4 respectively.
To start with, the temperature plot in Z1 shows variations
between the cases, especially C4 having higher readings than
the full room case, C1. On the contrary, in Z2, all cases are

Calculations Heat, Radiation, Diffusion (CO;) similar, ignoring C4 in which this zone is empty. As for the
Mesh count, 4841,200 unoccupied zones, Z3, reveals lower temperature in C1 at all
B heights with differences reaching 1 °C at 1.7 m.
Table.2 Boundary conditions . . .
Secondly, in CO, concentration plots in Z1 and Z2, appears
Wall Boundary Duct wall Heat transfer coefficient, 3.06 W/m K - L -
) —_— a spike in 1.1 m height in all cases. However, the spike is much
Exterior Adiabatic ] . ) .
Outflow Boundary  Natural outflow milder in the dispersed occupants cases, C2 and C3, with C2
Heat generation 60 W/ person showing the least CO, concentration in Z1. In addition, it is
COz generation 0.25 m*h . person (Concentration: 1000 ppm) worth mentioning that C1 exhibits the highest levels in both
Table.3 Occupants arrangements and room zoning
Cases Casel Case2 Case3 Cased Caseb Zones
Occupants seating pattern
Number of students 120 60
Inflow Diffuser1 | 4530 m¥%h 2265 m¥h
boundary Diffuser2 | 2850 m¥h 1425 m3h
Total 11910 m¥h 5955 m¥h
2. Results

The hall plan was divided into 4 zones as shown in Table.3.
Zonel (Z1) and Zone3 (Z3) are the hall’s front section, Z1
being the occupied area containing 60 seats, and Z3 is the

zones at seated occupant level. Furthermore, Z3 has less
COsconcentration in C1 and C5. Finally, in Z4, all cases
experience the same trend in temperature and CO;
concentration revealing C4 and C5 to be slightly advantageous.
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Table.4 Temperature contours

X (longjtudinal) | Y1 (front) | Y2 (back) zi(lim) | z2(17m)

Table.5 Normalized CO2 concentration contours
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Table.6 Velocity contours for C1

X (longitudinal)

Y2 (bck) Z1(11m) Z2(1.7m)

Yy Lo

Magnitude of Velocity [m/s] |
x 0.0

Height {m}
= o w
Rk e ow
Height {m}
o
NoDow

o

220 230 240 250 220 230 240 250 22.0
a Normalized CO2 conc. Normalized CO2 conc. Cc

. 240
Normalized CO2 conc.

—O— casel

w

—-4 - case2

Height {m}
N
n

- |

— O — case3

— & cased

X caseS

25.0 220 230 240 250 220 230 240 250
d Normalized CO2 conc. e Normalized CO2 conc.

Fig.3 Zonal average temperature: a. Z1, b. Z2, ¢. Z3, d. Z4, e. Whole room average
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a Normalized CO2 conc. b Normalized CO2 conc. [

0.5 1, .
Normalized CO2 conc. d

—<O—casel

1 - case2
—- O — case3
— & cased
---¥---- case5

0.0 0.5 1.0 1.5 0.0

. X 0.5 1.0 1
Normalized CO2 conc. e Normalized CO2 conc.

Fig.4 Zonal average normalized CO2 concentration: a. Z1, b. Z2, ¢. Z3, d. Z4, e. Whole room average

To get a clearer picture of the inhaled CO, concentration in
the different cases, Table.7 sums up the average normalized
CO; concentration at 5 cm under occupant’s mouth, and 5 ¢cm
above. The concentrations in the inhaling level are found quite
high, ranging between 4 and 3 times the CO, concentration at
exhaust. Further inspection of the velocity contours suggests
the following deduction. As shown in Fig.5, the occupants
were modeled with no space separating them from their desks.
Such an arrangement hindered the up-flow from sweeping the
contaminants up. Instead, a downward swirl was produced
pushing contaminants to the breathing level fighting against
side flow and buoyancy forces.

Table.7 Average normalized COz concentration in breathing level

c1 c2 c3 c4 c5
im 409 421 381 335 385
11m 12.36 17.29 16.48 14.24 15.60
[ [
{ {
| ( |
‘ |
| |
| I |
- \ “
L y L

Fig.5 Effect of spacing between occupants and desks

3. Conclusion

This paper addressed the effect of occupation pattern on air
temperature and contaminants concentration in a displacement
ventilated lecture hall. It was deducted that position of
occupants with respect to diffusers is critical to both factors. It
was also noted that dispersed occupants patterns outperforms
closely seated occupants cases in terms of heat and air quality.
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Development of a Method to Optimize the Location and Operation of Indoor Trace Gas

Generators to Control Its Concentration by Using CFD and Source-Receptor Relationship
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In order to diffuse trace gas such as fragrance into a room with an appropriate concentration distribution, it is

necessary to control the conditions of the gas generators. This study used the Source-Receptor (SR) method to

determine the optimum source placement and intensity to satisfy the target concentration. The SR method made it

possible to optimize the source intensity of source candidates. In addition, the method successfully determined the

optimum arrangement by selecting the optimum three sources out of eight source candidates.
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Table 1 Boundary condition

Boundary Boundary condition
Inlet Velocity: 2.64 m/s
Angle to ceiling: 30 °
Temperature: 293 K
Outlet Guage pressure: 0 Pa
Walls Velocity: No slip
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Table 2 Amount of emission (ppm/s)

Source8 Source8  Source3_SR_
Source

Uniform SR Highest3
1 10.18 0.130
2 10.18 18.80 26.0
3 10.18 4.11
4 10.18 32.34 36.5
5 10.18 2.22
6 10.18 18.35 25.7
7 10.18 2.77
8 10.18 11.37
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TR T O I AL A G o O BRI AR B4 A
MAE & @1 s 53 A & Fig. 5127 Flg 550,
MAE OfED R &/ S < BEERE SISV I AR
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Unsteady Analysis of Cross-Ventilation Flow using Domain Decomposition Technique with LES
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In recent years, the use of LES, which can analyze unsteady airflow with high accuracy, has been expanding. However,

in general, in cross-ventilation analysis, it is necessary to analyze both inside and outside of the building at the same time,

which increases the computational load. In this study, the application of the Domain Decomposition Technique to LES,

which can reduce computational load by analyzing only indoor airflow using outdoor airflow data is investigated. This

paper presents the wind tunnel test to obtain experimental data for verifying the accuracy of LES analysis are reported.

FC®HIZ

JTAF Large Bddy Simulation (LES) % FV = SURARHT O
FIRSERS R S, BN - @R EF OFFEIZ BT
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—#%IZ LES T Oi@JAfRNT I BN &[RRI RT3 2
VR | FFEARSRKE WD BUR CIIEME IR~
OEAITBER TITRWGEN L, —F . BINRERE
S CIXLES 2 ate iA RIA v S ”, LES O
FIFAER LTV D, £ 2 TRIFE T, BV O
W —2 OFHAZRE L, AT S Y 23 RANS THif L
TP DT A AL & U CENO A fifriEik & 5
% [fElsy 8L % LES OFEEHEHE ClEAT 2 Tik
DORFZIT S, BECHEA DS ¥ <2 Hoang 5 ¥ 12 & 0 FEED
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(1) YZ Section

Fig. 1 Wind tunnel section

(2) XZ Section

Turblent Intensity [-]

Fig. 2 Approaching flow
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Fig. 8 Velocity distribution near the model
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Large Eddy Simulation (LES) will be widely used in cross ventilation.However, it takes an enormous amount of

time to predict the indoor airflow of a complex-shaped building by cross ventilation if high accuracy is required.
Therefore, a method is required for reducing the calculation load while maintaining the accuracy.This study presents
CFD analysis using domain decomposition technique by LES and clarifies the issues.Following the previous paper,
this paper validates CFD analysis in Sealed Model and Whole Domain by comparing them with Experiments”.
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Table 1 Calculation Condition (Whole Domain)

CFD Code Fluent 19.2

Large Eddy Simulation
(Smagorinsky-Lilly Model : C=0.12)

PISO

Turbulence Model

Algorithm

Discretization Scheme
for Advection Term

Central Differencing

Time Step 0.0005 sec. (2 kHz)
2,000 time steps (1 sec.)

10,000 time steps (5 sec.)

Pre-conditioning Term

Mian Calculation Term

Smirnov’s Method

Inlet based on Experimental Value
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Fig. 8 Cp Value obtained from LES and experiment
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Analysis of Indoor Cross-Ventilation Flow using Domain Decomposition Technique by LES
(Part 4) Improvement of Accuracy by Considering Inlet/ Outlet Velocity Distribution at Opening

O HOANG Minh Hung (KPR K5) bR R CRBRORE)
HOANG Minh Hung Tomohiro KOBAYASHI

e R (RIRKF)
Toshio YAMANAKA

In the previous paper, an unsteady CFD analysis method to analyze indoor airflow using LES was proposed, which
called Domain Decomposition Technique (DDT). Although the DDT with LES worked relatively well for the case of
the wind direction of 45 degree, some discrepancies could be seen for the wind direction parallel to the opening. This paper
presents a enhanced DDT with LES which could work well by considering wind velocity distribution at the inlet/outlet

opening surfaces as boundary conditions, and relatively good agreement with whole domain calculation is to be shown.

1. XL ®HIC

ARFGE T, Eo@EMER % CFD Z W4
LB BNV DFER D D BN DL DIRHT 217 9
FEI Sy ENE D ICAE A L, LES CHEblNc EhE 42 kg
BRI LC5, Bl CIIEAFEEEZEE LY 1
EaRIGE LT3 OMEBSENEZ W T 21T,
BGEIROFERR LT 52 TRELRGEEL T2,
FEAE LT, BHRERR T IR Gy 00 U A K & 72 8 A) Tl
WENCMEAT N TN b OO, B & AT 70 MR
M2t (90° ) THEOEK FA RO, Bl Y O
305y LGB D C— kR ARG A 2 - 2 72 e
ZORER T OIRNDO—>TH o= alfEtEn b 572,
AR CIEBH O C O JEGHR 53 A & FREL 5 2 L S AT REZR
AR BNE COBRERGMO 5 2 5% F Rt L2 fk Rz
DNTHET D,

Wind ~ Opening 3

:
122 2 124 2_7'30 50 305 6
I N T

384

]
Opcning 2
Plan

Perspective
Fig.1 Target Building and Room Model

4
7 25
232
85
— ] 257
v

\
Opening 1

2. R E

AR CRENT RIS & L2 W)} V€7 /L % Fig.d 12
AT, MREET WA D L OBEERFZE Y o @k
DD, RVBENRESEERREEST 5720
12, v a=m—EEFMON—T 4 a R E LR,
FPIRATEH Y & FERICEIR 2 B L LES 12 & 0 4%
FHRAAT o 7o AT AR & B RS 1% Fig2 IR d, £ 72,
Table 12 CFD fi#tr FiEOME 2 <3, AT R IR
1,800 mm, &S 1,800 mm, &KX 5430 mm THY | FEHT
RIGHEML 3 FEF X 6 ETH BEFNEENLEYE
MEL, ZZTIESERD | BAMrctge L, 2o
FEOABRAOZHKL TWHDRNAEE L, 77 a—F

77— Ol

TWATIREE & Uy BT S AT

BArfET 2 mmE Lz, ZOEET VI B 72

Analysis Method

Whole Domain Domain Decomposition Technique

(Method 1)
Turbulence Model Large Eddy Simulation (Smagorinsky Model, Cs = 0.1)
CFD Code Fluent 19.2
Algolithm SIMPLE

Discretization Scheme
for Advection Term

Central Differencing

Time Step

0.0005 [s]

Transition Term

2,000 time step (=1.0 [s])

Main Calculation Term

12,000 time step (=6.0 [s])

Inlet
Boundary

1/4.5 Power law
(Smirnov's method)

Based on the instantaneous
velocity calculated by the

Condition Outlet

Gauge Pressure :0 [Pa] procedure shown in Fig.6

Walls

Two Layer Model of Linear-Log Law

Total Number [90degree
of Cells (Case 3)

6,963,328 114,432

Table 1 Calculation Conditions in CFD Anaylsis

Inlet ] Inlet o
Velocity Profile iling : utlet
( i ) Ceiling (Velocity proﬁrlrc) Left Wall (Gauge pressure) o
Outlet © - _Model =
Reference Point of (Gauge pressure)  |= bl 5 s Tl
Dynamic Pressure for C, 3 - @
Model Floor ] Z
+
— ~
— < ™~
R e . &
-+ / B i
| 1000 | 384 | 4000 | | 1000 | 384 | 4000

(1) XY Cross-Section

(1) XZ Cross-Section
Fig.2 Computational Domain,Mesh Layout and Detail of Model (Whole Domain)
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Fig. 4 Points to Monitor Instantaneous Velocity
at Openig for Whole Domain Analysis

(2) Section
Fig.5 Monitoring Points of
Instantaneous Indoor Velocity

STEP 1 : Sealed Building Model Analysis to obtain STEP 2 : Calculation of Instantaneous Flow Rate of Opening STEP 3 : Indoor Flow Analysis using LES with
instantaneous value for P and P, using Local Dynamic Similarity Model (LDSM) Domain Decomposition Technique
Start " Start Start
! ‘ Calculation of Effective Opening Area of of the flow path i
¢ External flow field is analyzed by RANS calculation, | ! between Living Room and Opening 3 (a4, ) |
i where a building is simulated as a sealed model, and Lg, =0443 i
i the result is used as initial condition for LES i &5 =0.0907 i
! o=t ¢, : Abrupt ) &e Fric.tional (3 !
! U =153 Contraction Resistance  [Discharge !
® Turbulence model is switched to LES, and preliminary 1o Tl U R .A/\/_/V\/_/V\/'. !
! calculation is performed. b O = 1_ =0.808 P o ¢ Indoor calculation domain is simulated where
' | v Croral e | opening is inlet/outlet boundary.
' 1 Appoing = 0-0008 [m?] -7 |
L . . ! - | Inlet bounda
Main LES calculation for the sealed model is performed [ 1 Y

T P r,>i “Ao, ening3 =0.000646 [m?] & Series Connection E * N

i \
! ! ® Renewal of instantaneous internal presure, P, [Pa], by bisection method 1 !
! 1| (Initial Value : P, = (P, +P,))/2) 3 !
i [ ) ! OQutlet boundary-+=--
i P, | +Calculation of dimensionless internal pressure, P* [-], defned by i E urponRda
| v . b
| 10y ! P, - P ivi 2 i o
| Vp D g L ps - R “ \which means Driving force normal to the opening b
! ’ ne B g Disturbing force parallel to the opening | ! o
i P P \g :6_’ +Correction of discharge coefficient based on P *, according to g i Inlet boundary
! s 23 < =08 ]
! ’ N ) P E E < 07 |lnflow Outflow § E
H P2(1). ‘1’, w3 R £ |
1 é = 1 g W |
i Ve P, 3 i et ‘(;Z * %1067 g f Initial condition is calculated by RANS model
! S 1 & g3 | P28 foroutlow ‘ ‘ Z 1 of which boundary condition is obtained based on
i = 0> 3.17 for inflow o =min|ag B 1 RANS result of STEP 1 and STEP 2.
1 k= - o1l 0.23 for outflow 8 |
i 3 i '::g 0 0.22 for inflow 2 + Turbulence model is switched to LES
1 g1 A -40 -3.0 20 -10 0 1.0 20 30 40 =] [ both inl d let bound: diti
i e P :Instantaneous wind pressure [Pa]; @ i Dimensionless internal Pressure, P,* [-] g i hor oth mlet an O}n. et boundary corll 1tvlon,
! — Static pressure on the wall is adopted | eInstantaneous flow rate calculation for each opening = three components of instantaneous velocity are
i . - 1| given as followings;
! © P :Instantaneous tangential dynamic pressure [Pa]; Vo P Pl loci o the .
! assumed to be dynamic pressure of velocity 1oL O =sen(P - P e, =P - PN,I {1+ Velocity component normal to the opening;
! magnitude in the vicinity of a wall - P i 1 v, obtained from STEP 2
I | ! I
I © v V. Two components of velocity i ® Calculation of airflow rate balance i !+ Two velocity components parallel to the opening
i .
} parallel to the wall [m/s] i i AQ=20 =0 i i Y,y and v, obtained from STEP 1

L !
* 0 bFam msfantaneous value for 1?“"’ Py vy, and v, | TCalculation converged? No ? & Preliminary LES calculation for indoor flow is run
| in time series throughout the main calculation period. ' Yes !
i . i
i L- + Instantaneous flow rate of each opening is obtained throughout main | X . X X
! 1 calculation period of sealed building analysis, and instantaneous ? Main LES calculation for indoor airflow is run
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v
End End End

Fig.6 Calculation Procedure of LES using Domain Decomposition Technique with Local Dynamic Similarity Model (DDT-LDSM)
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Fig.9 Incoming Jet Angle Distribution by Whole Domain Calculate and DDT for Opening 1 (left) and Opening 2 (right)
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Ventilation Design Method of Buildings Located in High Density Block Area
(Part 6) Consideration of Building Model Scale's Effect Based on LES Analysis
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This paper is devoted to the study of flow distribution in dence city block. The up-to-date literature shows lack of

detailed evaluation of important factors for ventilation, wind pressure and wind velocity between buildings. Therefore,

the ventilation designs have difficulty in caluculating airflow-rate accurately. Firstly, these values based on wind tunnel

tests are presented and evaluated. Wind tunnel tests are conducted under three conditons, under different modeled building

scales. Then, the result of CFD analysis by LES were compared with the experimental value. Furthermore, the correlation

between Reynolds number and data obtained by wind tunnel tests or CFD are examined.
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Table.1 Experimental conditions

Case Dimensions(mm) Gross Building ~ Model  Surrounding
(Hr.d.s) coverage(%) Scale Blocks
Casel-1 (40, 36, 8) 1/1000
Casel-2 (80, 72, 16) 51.8 1/500 8
Casel-3 (160, 144, 32) 1/250
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Table.2 Conditions of CFD analysis
CFD Code Fluent19.2
Large Eddy Simulation
Smagorinsky-Lilly Model(Cs=0.1)
Second Order Implicit

Turbulence Model

Transient Formulation
Discretization Scheme for

i Central Differencing
advection Term

Time Step Size

0.001sec. (1,000Hz)

Time Step 5,000
Inlet Velocity: Profile(Experimental value)
Boundary Condition Outlet Gauge Pressure:0
Wall Two Layer Model of Linear-Log Law
1/1000 2,597,400
Total Number of Cells| 1/500 4,374,400
1/250 4,327,870

;{/% O/utlet

Dimensions in [mm]

Fig. 8 Caluculation area for CFD analysis and
details of mesh (Scale: 1/1000)
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Fig. 10 Distribution of wind pressure coefficient between buildings (CFD analysis value)
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CFD Analysis and economic evaluation of the impact of NOx removal

due to TiO2 photocatalyst on air quality in street canyon

O Jil e o CRBRRS)
W < ot CRERKRS)
Masaya NAKAGAWA*!  Tomohito MATSUO*!

fr B S CRBOR)
SRS B CRBRRE)

Hikari SHIMADERA*! Akira KONDO#*!

*1 (Osaka University

In urban area, roadside air pollution in street canyon still exists. In order to reduce NOx concentration in the canyon, NOx

removal using TiO, photocatalyst is sometimes proposed. In this study, the effectiveness of installation of TiO2 photocatalyst

was assessed by using CFD simulations and economic evaluation. In this study, a CFD model was used to simulate roadside

air quality in idealized street canyon. I conducted a set of air quality simulations using the CFD model with different

installation position and range of TiO, photocatalyst panel, and economic evaluation of the influence of them on air quality

in the street canyon was conducted. The results showed that the highest concentration of NOx occur on the wall surface

facing the emission source and located on the windward side. In addition, cost benefits of air purification by TiO,

photocatalyst are smaller than the installation cost in all cases.
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Table 2 Amount of NOx removal and photocatalyst area

in each calculation case

Case name Amount Photocatalyst area
of NOx removal (m?)
(9

PP All 1.10x 108 25600

PP All Half 7.67X10° 12800

PP All Quarter 5.23X10% 6400

PP East 5.73X10% 12800

PP West 5.31Xx10° 12800

PP West Quarter | 2.42X<10° 800

Table 3 Benefits of NOx removal and costs of TiO> photocatalyst

installation in each calculation case

Case name Benefits of Costs of TiO2
NOx removal photocatalyst installation
(X 10*yen) (X 10*yen)

PP All 3224 12800

PP All Half 224.1 6400

PP All Quarter 152.8 3200

PP East 167.4 6400

PP West 155.0 6400

PP West Quarter | 70.8 400
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Performance of Air Curtain Located at the Top of Large Opening
Prevention Performance of Outdoor Air Inflow
by Means of Scaled Model Test under Isothermal Condition
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Sae SENDA™ Tomohiro KOBAYASHI"' Toshio YAMANAKA™

Narae CHOI ™ Kazuo OMOTO™ Keizou MIZUNO™

"' Osaka University > KINDEN CORPORATION

Large openings of industrial or commercial buildings are often used open, which results in heat loss due to intrusion of

outdoor airflow and leakage of indoor air. To reduce air-conditioning load and improve indoor thermal environment in such

a building, installing an air curtain at the entrance can be a beneficial technique, which blocks off two spaces by blowing

out airflow at a constant velocity. The factors that can affect the performance of air curtain seem to be, e.g, differential

pressure, external wind, and temperature difference, of which interaction have not sufficiently been formulated to date.

Thus, as a fundamental study, this work starts from analyzing basic features, and this paper presents the visualization,

measurement of veloity distribution, and p-Q curves of air curtians.
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Table 1 Experimental Condition of Flow Visualizasion
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Bl ’
owing Speed (3.6.9.12[Hz])
Air Flow Rate 0,15,30,44,53 [m?h]
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Fig.2 Experimental Set-up
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Table 2 Experimental Condition of p-Q Characteristics

. 0,1.5,3.0,4.5,6.0[m/s]
Blowing Speed (0,3,6,9,12[Hz])
Air Flow Rate 0,15,21.5,30,35,44,50, 53 [m3h]
Installation Position Outdoor , Indoor , Double-sided
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Study on Membrane Ceiling Air-Conditioning System Using Ceiling Suspended PAC
(Part 6) Effects of Heat Transfer and Solar Heat Load from Window Surface on Perimeter

Environment
Ol Ea (KB K%) e g2k (CRB K 5)
INBREAE S (KRB K ) e L (RIRKF)
s (RERKRZ)
Shuji YODONO™  Toshio YAMANAKA™ Tomohiro KOBAYASHI"' Narae CHOI"' Shaoyu SHENG™

"'Osaka University

The ceiling cassette unit of packaged air conditioner (PAC) may bring a high cold-draught risk to occupants. To solve
this problem, the mixing ventilation system can be improved by stretching the non-flammable membrane under the ceiling
with PAC. In this study, when using split-type membrane ceiling air conditioning, the effects of solar heat from the window
surface and thermal transmission heat on the perimeter environment will be examined. Experiments were conducted using
various membrane arrangement conditions to confirm the behavior of the thermal plume in the perimeter environment.
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Cooling and Heating Performance of Ceiling Radiant Membrane Air Conditioning System
with PAC
(Part16) Effect of the Perimeter Zone Heat Load on Steady-State Indoor Thermal

Environment under Heating Condition
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Rakuto YASUE *1 Toshio YAMANAKA *2 Tomohiro KOBAYASHI *2 Narae CHOI *2
Tatsunori MAEDA *1 Fumiko KAMIMURA *2 Hirotake SHINGU *1

*]Takenaka Corporation *2QOsaka University

The authors propose a new air conditioning system combining PAC and membrane ceiling. In the previous study, the air
flow rate through membrane was small. Therefore, in this study, the heating performance verification experiments were
conducted in an experimental room where the membrane with low flow resistance are installed to increase the air flow rate

through membrane. We obtained the knowledge about steady-state indoor thermal environment under heating condition.
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Table 1 The Characteristics of membrane

Permability
Kind of [cm3/cm2/s] .
Materials
Membrane (Air Flow rate ateri
at 125Pa)
CasePO PAC Only - -
CaseMO | Membrane Only 452 Glass fiber
CaseMF Membrar.le and 140 Glass fiber, '
Fablic Nonwoven fabric

Table 2 Set temperature in each case

Preset Indoor | Outer Chamber | Temperature difference
Temperature | Temperature between PAC and
[°C] [°C] Outer Chamber[°C]
Casel 28 8 20
Case2 22 8 14
Case3 22 14 8

Table 3 Conditions of experiments

Condition
Airflow Rate of PAC [m3/h] 1016+1002
Angle of supply [°] 60
Total Heat Generation [W] 0
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(a) Case PO-1
Temperature[°C]
f Height P
At Standard
[mm] | MAX | MIN o
(MAX-MIN) | Deviation
‘ 3200 | 27.7 | 256] 2.1 0.65
l ‘ 3140 | 323275 48 1.42
3000 | 319 | 275 43 1.34
/ 2400 | 31.2 | 28.0 3.2 0.99
1700 | 30.8 | 28.0 2.9 0.89
I‘ 1100 | 31.3 | 27.8 35 1.04
A 100 | 30.2|27.8 2.4 0.74
15 18 21 24 27 30 0 |272]2638 0.4 0.11
Temperature[°C]
(c) Case MF (b) Case MO-1
Temperature[°C]
Height P
At Standard
[mm] | MAX | MIN o
(MAX-MIN) | Deviation
3290 [ 315 [ 26.6 5.0 157
3140 | 31.2 | 26.6 4.6 1.46
3000 | 32.1 [ 273 4.8 1.47
| o 2400 | 29.9 | 27.3 2.6 0.82
1700 | 27.4 | 26.6 0.8 0.19
1100 | 25.9 | 253 05 0.17
100 | 236235 0.1 0.03
/ 0 |233]232 0.1 0.02
% (c) Case MF-1
Temperature[°C]
Height
At Standard
[mm] | MAX | MIN o
(MAX-MIN) | Deviation
3290 | 35.6 | 26.4 9.2 2.79
3140 | 29.6 | 24.8 4.8 1.49
i 3000 | 24.4 | 235 0.9 0.30
0 2400 | 22.3 | 22.0 0.3 0.10
15 18 21 24 27 30 1700 | 21.4 | 21.2 0.2 0.07
Temperature[°C] 1100 | 21.0 | 20.8 0.2 0.06
(¢) Case MF-1 100 | 20.3]20.2 0.2 0.06
0 |206]205 0.2 0.05
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Cooling and Heating Performance of Ceiling Radiant Membrane Air Conditioning System with PAC
(Part17) Transient Status of Indoor Thermal Environment under Starting Time of Heating
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In the previous study, a cooling experiment was conducted, and the heating performance verification is necessary
for practical use. Therefore, the purpose of this study is to investigate the heating performance of this air conditioning
system in a full scale room and to develop an optimal method of using this system. In order to clarify the indoor thermal
environment under starting time of heating, the temperature and the concentration change were measured under several

conditions.
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Table 1 The Characteristics of membrane
. Permability [cm3/cm2/s] .
Kind of Memb
1na oF Vermbrane (Air flow rate at 125Pa) Materials
. Glass fiber,
CaseMF Membrane and Fablic 140 .
Nonwoven fabric
CaseMO Membrane Only 452 Glass fiber
CasePO PAC Only - -
Table 2 Set temperature in each case Table 3 Conditions of experiments
Preset Indoor Outer Chamber Temperature difference Condition
Temperature [°C] | Temperature [°C] | between PAC and OC [°C] Airflow Rate of PAC [m3/h] 1016+1002
Casel 28 8 20 Angle of supply [°] 60
Case2 22 8 14 Total Heat Generation [W] 0
Case3 22 14 8
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This study is aimed to evaluate the thermal environment and intellectual productivity of the personal air-conditioning
system built into the office desk. In this paper, we report on physical evaluation by experiments and actual measurements

using thermal mannequins and psychological evaluation based on the results of questionnaires by workers.
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FERENIC—~ L~ 1 F o LIRE =Y TR Table.1 Experimental case
HiE %#F_@/\/TCTX 7 %‘)EE% Lf::’ ELIEN élﬁﬁﬁ c Personal Air Outlet In the laboratory
fﬁ%%x_é%ﬁ L R=YFVZE D 2 RS LT, ase Temperatune[°C] Temperatune[°C]
HIEHEB L, =</~ 2% B ELO B E R IR Case-1 - 28
1, BEMERRK OVEZERIRE & L, BRERE Case 2 18 20
28°CC/8— Y FURHIIE L 0D/ < 5 — o A REiESf o i -
& Lf%ﬁﬁ{ﬁl}g%%tﬂ L7, P~ O Clothing condition is Short sleeve Y-shirt, Short sleeve T-shirt,
a7 — M e Uiz, JIEE, SNIRE Slacks, Underwear, Socks, Leather shoes.
KO —< /L~ 2% INZERRE L 72> T, 30
SYTRIDRET — & DIFLEHE L LTz, Table.2 Personal air outlet specification

2.3 §E§%ﬁ:&v‘/ — ‘jj‘)bﬂk.‘i‘, I:I(D{iﬁ Personal Air Outlet Specification
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FHE LRI 28T A — 41— & Uiz, ZEmAdE AiVolume | S0/

- e . Diamet 81

HEORREEIE L, HNRERET 2808 LI, T e R
%Kﬂi COOLBIZ 7&?1*5\73; Lfl%%"z&jé%1¢ L7, blowout speed 2.99 m/s

FTo, REBRCHEH Uiz S— Y F Uk O oAk
% Table.2 (g, SERPORANL, /3> TV Table.3 Wind speed around thermal mannequins

DR —~ L~ 136 L D) & BT
R.upper { L.upper

<1: fcﬁ%) C]: 5 c:gﬁlﬂ% L/f—:o Crown | Head Chest [Stomach arm arm R.Hand | L.Hand
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(1> A{ﬁ@ﬂ@ﬁ{ﬁﬁ}ﬁ Min 0.33 0.41 0.36 0.09 0.1 0.53 0.08 0.36

Ave 0.42 0.58 0.44 0.14 0.15 0.77 0.12 0.53
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~0.49Mls & 72 o7z, E e, Al IO L, e e L, e e
(30.77m/s &7 0 | A5 BEERe> 0.15mis (25 L THY 5
ERRERE Lo TS, ZHUE, /=Y F LIk o
23 NEDIERTTINLES D720 T %,

(2) ENIRZREL

FENRBEREEOMRERR L LT, Case-1,3 (2817 o
LHE R A ORFZNE FREZ Figd (277, Kl
BNCIREZALAVE L T D DU, ZEROIREERIE D . P
BED LB LOE L EZ BB, E1-, FL+2100mm e a w s e e e e s
DRI Case-1 LV Case-3 DI AMEVNEIE & 72> Air Temperature['C] Air Temperature['C]
TD, ZaUE, Case-3 14/ S— Y F/LIRHSEAS Fig.4 Up and down temperature by time
FL+2100mm Hi E CHE L T2 ATREMEA LR =

j’L é o 80 —4—Case-1 —-Case-2 Case-3 —&—Case-4

(3)  ANEDOBAEMELK R & SR o |

P R F KN R OV OFFEEME R A
Fig5 (T~ d, FAANCEHMIES % &, Head, Crown,
Chest, L.Hand , L.fore.arm, L.upperarm OFEEAEZ
&3, Case-1 LV Case2~4 DEHFNPKE L 7o T B,
SRR R % & | Head G, Case-1 C 39W/mr, o |
Case-2~4 T 63~67TW/m & 72> T\ %, s

IRX—= Y F VRN EIE LT D AL O ET) °
REHER LT,

2000

1500 1500

Height[mm]
Height[mm]

1000

500 500

60

50

40 A

Sensible heat loss [W/mi]

30

L. foot
R.foot |
L ankle |
R. ankle [
L. low leg [
R. low leg [
L. front thigh [

Pelvis
Back side |
Head [
Crown [
L hand |
R. Hand [

Chest
Back |
an |

R. front thigh
L. back thigh |
R. back thigh |
L. fore arm
R. fore arm [
L. upper arm [
R. upper arm [

Fig.5 Sensible heat loss amount of thermal manikin



A-22

Case2~4 O CHHT % &, Head OBHEMELEIT
Case-2 T 67W/ni, Case-3 C65W/ni, Case-4 T 63W/m
Lo TG, =Y FUIRHRFE DT L 2 BEE K
BEOEWVHA LD,

AL Mo OV By DOZEAMRLEE | TBEEE & & [k O]
DA HIT, 25 OFHIREX Case-1 T 28.2°C, Case-2
T 27.9°C, Case-3 T 28.2°C, Case-4 T 28.2°Ct7p~o7=,
Case-2~4 O - A OFAMIREL 7S Case-1 (FFEHESMF)
LV R 2o TS T, 2E OFAMREDZEN 0°C~
0.3°CiZ72~T-¢EZ D,

3. WMRIRATLOEYP~OEAGHE

Hi b 3 PEEEC, AEAR R 2,820 niD KIRAFNIEA T ¢
A e Ta—/b— AOBEET (K360 m) 1S5 A
TAEBAL, OA 717 &S % H= 600mm HEff L.
T BTy R ROV TR OEIE KRR L AT
LENL=y MR FIZESAVW LTV (Figl), 7
vy R, OA 7uaTHNERKTF v i—& L,
R R A 2B LT v A —7 a7 25 LT
W5, =Y IR BNL= Y R BSHEE O
FA7 FRAOETH 7 b CHRE L, BRZMH LT
Do

4. Y—T LI RF 2 EAVER L REIRERTE
4.1 ERAEM

T ALY KR — ) F VS A N LT S T O
PIREREE & AMERDHEIRZFTHI T 272012, FEHIETT
Slz, NMEWEHIOFHmIX, FHR & Ak —~ 1~
R &V,

4.2 EABE

I 2020 4 8 H 17~21 H OB FGEEREE T TfT-
72 #1360 m OFESENIFH4 EETORIE mZ 5 E LT,
ZFOND 1 EFTNC—~L~3 X AiE L, FE8LH
BROWEZEAT -T2, FRRIFE O~ 3% VX %
Fig.6 (27159, %JI7E 5 Tl FL+100, 600, 1100, 1700, 2100,
2600mm DZERIREEZNIE L TVD, F7o, FEHEAR S
IXENIRERRE 2 25+ & L7-,17~19 H 1% 27°C(Case-2),
20~21 H1E 25°C(Case-1) & L, ENENORFEBITHEE
B v r— M AE I LT,

4.3 H—T)LIRFUEAEHE

P2 X FERORFA % Tabled (-7, 7
v MRERE L S— YV T IURHHOFEA T A —X
— L LTHRFHA &L Lz, =Y F Uk 0 oA
FhREF— L LT 5D,

4.4 H—T)IrFUEAER

(1) ANEERA O HE

P—< =2 F VAR OKGORE % Table.5 (27”7,

ZERAAN - AR LT SO
TR R R S (2021, 3.8)

Temperature of Personal Air Outlet

(Same Line of Personal Air for MannequiV Right figure
\ “
i [
i 5
{

Duct of Perso

Duct of Personal Supply Line
(In the OA floor)

@ Globe Temperature(FL+1,100)
Temperature and humid(FL+1,100)

A Up and down the temperature

(FL+100.600.1,100. 1,70()] 2,100.2,600)

Temperature(FL+1,100

detailed diagram

Return Line
(In the OA floor)

Thermal Mannequin Desk
(Chair Height (1,200W x 1,400D X 700H)
FL+450)
°
° !
A !
—d i
nal |
100155 790 700
detailed

©  Personal Air Outlet ~ 9i28ram

° Personal Air Inlet
B Vapor Grystal System Unit
(Personal Line)

Fig.6 In the Center under the figure

Table.4 Overview of actual measurements

Case In the Room Personal Air Outlet
Temperatune[°C] ON/OFF
Case-1-A 25 OFF
Case-1-B 25 ON
Case-2-A 27 OFF
Case-2-B 27 ON

Table.5 Wind speed around thermal mannequins
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0.46 0.64 0.39 0.18 0.51

Min 0.16 0.39 0.37 0.04 0.07

0.13 0.39 0.25 0.10 0.21
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0.26 0.54 0.31 0.13 0.29
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Table.6 In the Center over the table
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The purpose of this study is to validate an HVAC system with variable airflow feel (HVAC system giving a feeling of

the air moving at different speeds) developed to improve the thermal environment throughout the target area. This study

reports the observation results obtained in an office building equipped with the HVAC system with variable airflow feel

and the results of a questionnaire conducted during the actual measurement.
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Figure.5 FL+1100 Temperature Distribution
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Table.2 Number of Respondents

CASE3(8/4) | CASEL(8/5) | CASE2 (8/6)
MEN 12 14 16
WOMEN 10 10 11
TOTAL 22 24 27
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Figure.11 Feeling of the Variable Airflow
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Assessment of the Impact of Spatial Distribution of Mean Radiant Temperature on Participants’
Thermal Comfort by Using a Radiation-Coupled CFD Model
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Daichi MOCHIZUKI*!' Tomohito MATSUO*!

mw R AT (KREKE)
T S ON TN
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*1 Osaka University

Thermal comfort in a room is evaluated with environmental factors such as air temperature, mean radiant temperature (MRT),

wind velocity and relative humidity. Conventional evaluation methods, however, usually use the spatially uniform MRT

calculated by the area-weighted mean surface temperature or view factor. In this study, indoor thermal comfort was evaluated
with the spatially distributed MRT using Computational Fluid Dynamics (CFD). The results showed that the MRT distribution
has large influence on the distribution of thermal comfort indices such as Predicted Mean vote (PMV).
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Table 1 Definition of the variables in equation (1) and (2)

‘ Variable ’ Definition ’ Unit
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Fy View Factor [-]
A; Area of surface i [m?]
r Distance between surface i and j [m]
o Stefan-Boltzmann constant [W/m?K#]
T Surface temperature K]
0 Heat transfer [W]

IBAREE T LTI, TERERE & W ColictRik
ERHLTERY, B, W, KHEEZEICAN TR
THZEMWTED., BEHEENPEEmTHY, M oRlRIZX
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ROREREZRH U, RG)IEE i 26 B S5 5
BUfiki a2 LD, (6 i (S KT D B
ERLTCWD., RTRT LD ITH i 23520 5 IERRG
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A(6) T L7eD BB 751 Th v, XE@)ILED
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£=« 3)
a+p=1 4)
Qp;i = 0T} %)
A;
Qi = Z ZDinEj (6)
- j
J
Qni = Q1i— Qg (7
N
Dy = ajF;; + Z Dyj prFix ®)
k=1
Table 2 Definition of the variable in equation (3)~(8)
Variable | Definition Unit
€ Emissivity [-]
o Absorptivity [-]
p Reflectivity [-]
Radiatve heat flux emitted from .
Qi surface i [W/nc]
Incident radiative heat flux to .
Qi surface i (W]
Net incident radiative heat flux to ,
Qi surface i (W]
D Distribution factor matrix []
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Table 3 Definition of the variable in equation (9)~(11)
Variable Definition Unit
MRT; mean radiant temperature in [C]
cell'i
Qgj Radiatve heat flux emitted [Wim?]
from surface j
Qrj Reflected radiant heat flux at [Wim?]
surface j
Rj; Reflection factor matrix [-]
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Table 4 mean wall temperature in south-case

mean temperature['C] area[m?]
ceiling 27 39.68
floor 259 60
north 264 17.4
east 26.2 29
west 26.2 29
south 334 174
panel 18.2 20
entire wall 26.1 212.48
south-case
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Fig.3 Distributions of temperature, wind velocity, and MRT in
south-case (AA’ section in Fig.1)
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Fig.5 Distributions of temperature, wind velocity and MRT in

center-case (AA’ section in Fig.1)
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Fig.6 Distributions of temperature, wind velocity and MRT in
north-case (AA’ section in Fig.1)
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