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Controlling Method of Indoor Enviroment in Sickroom with Ceiling Induction Diffusers

Effect of Position of Exhaust Openings on Indoor Thermal Environment
and Ventilation Charateristics
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In sickrooms, there is the odor problem from patients and diapers. In this study, as a means of obtaining high indoor air

quality in sickrooms, the authors propose the air-conditioning method with Ceiling Induction Diffuser (CID) on the ceiling. In

previous study, thermal environment and thermal comfort of occupants in the room with this diffusers were investigated by

experiments. However, the air flow distributions or temperature distribution were not clarified. In this study, the effect of

position of exhaust openings and thermal environment and ventilation charateristics were investigated by CFD.
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Table 1 Summary of Analysis
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A Study on Semi-Displacement Ventilation using Radial Wall Jet

(Part S) Accuracy of CFD Analysis under Non-Isothermal Condition
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The Impinging Jet Ventilation (IJV) System is an air-conditioning method to form thermal stratification within a room

as well as Displacement Ventilation (DV) System. The strength of the IJV system seems that it is less likely to generate

horizontal temperature distribution even when large heat load exists in the room because of higher momentum than

DV system. The final objective of this work is to establish an simplified prediction method of vertical temperature

distribution which can be used in the design phase. Since numerical experiments using CFD are needed in this

procedure, accuracy of CFD for IJV system is studied under non-isothermal condition in this paper, and the effects of

turbulence model and wall treatment are to be shown.
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Tablel CFD Analysis Condition (RANS Model)
CFD code Fluent 14.5
Standard k-¢ Model (SKE)
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Shear-Stress Transport k- Model (SST)

Turbulence Model
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! ! ! ! ! ! ! ! ! ! ! ! ! Velocity Magnitude : 4.716m/s
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Ventilation Efficiency of Vertical/Horizontal Ventilation for Bio-Clean Sickroom
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After the guideline regarding bioclean sickroom by Ministry of Health, Labour and Welfare was revised, and it shall

now be provided with vertical/horizontal laminar ventiation system. Nevertheless, details of these ventilation system

have not been sufficiently defined. Consequently, the performance of bioclean sickroom has not been evaluated

quantitatively. This work conducts CFD analysis for four cases of vertical/horizontal larminar ventilation system, and

evalutes their ventilation performance in terms of ventilation efficiency.
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Table 1 Basic Information of SA/RA Panel

Panched Metal Duct Panel
ID SA RA-1 RA-2
Diameter : D 3.0 mm 3.0 mm
Pitch : P 4.0 mm 5.0 mm .
Porosity : ¢ 50.9 % 32.6 % 58.5%
A\ 8 mm 10 mm 54 mm
H 13.856 mm 17.32 mm 60 mm
T 1.2 mm 3.0 mm 1.2 mm
Total number 205,920 338,988 649,704
of grids
Table 2 CFD Analysis Condition
CFD Code ANSYS Fluent 14.5
Discritization
Scheme QUICK
for Advection Term
Algorithm Steady State (SIMPLE)

Velocity : 0.1 to 1.0 m/s (every 0.1 m/s)
Inlet k, & : based on Turbulent Intensity and Length Scale
Fig.2 Mesh Layout on Cross-Section for RA-1 and RA-2 1=1.0 %, L=10mm
Boundary Condition | Outlet Gauge Pressure : 0 Pa
500 [mm] t [mm] 500 [mm] Metal Wall : Standard Wall Function
T ! Wall (Generalized Log Law)
Symmetry : Free Slip
Total Number of 205,290 (D=3.0, P=4.0 Porosity 50.9%)
Rk G:: er o 338,988 (D=3.0, P=5.0 Porosity 32.6%)
s 649,704 (Porosity 58.5%)
. . . Turbulence Model Standard k-epsilon Model (SKE
Fig.3 Calculation Domain and Mesh Layout = (KD
8 8 8
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Approching Velocity : V [m/s]
(1) : SA Panel (Porosity = 50.9 %)
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Approching Velocity : V [m/s]
(2) : RA-1 Panel (Porosity = 32.6 %)
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Approching Velocity : V [m/s]
(3) : RA-2 Panel (Porosity = 58.5 %)

Fig.4 Correlation between velocity and Pressure Loss for each case of SA/RA panel
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Table 3 CFD Analysis Condition

i
2
g
=

CFD Code ANSYS Fluent 14.5

DiscritizationScheme

for Advection Term QUICK
Algorithm Steady State (SIMPLE)
Case 1 : Vertical Laminar
(Wall Duct)
Case 2 : Vertical Laminar
2,000 CMH
(Suspended Wall Duct)
Inlet Case 3 : Vertical Laminar
Boundary Condition (Block Panel Unit)
Case 4 : Horizontal Laminar 2,210 CMH
k, € : based on Turbulent Intensity and Length Scale
1=5.0 %, L=10mm
Outlet Based on Flow Rate and Outlet Area
Wall Room Wall : Standard Wall Function (Generalized Low Law)

Case 1 : 4,239,620 (Vertical Laminar Flow: Wall Duct)

Case 2 : 4,084,259 (Vertical Laminar Flow: Suspended Wall Duct)
Case 3 : 2,835,802 (Vertical Laminar Flow : Block Panel Unit)
Case 4 : 3,797,340 (Horizontal Laminar Flow)

Total Number of Grids

Turbulence Model Standard k-epsilon Model

Modeling Method of
Punched Metal

Sourse Term for Momentum Equation
based on Pressure Loss Characteristics
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Table 4 Air Change Efficiency for Whole Room (Isothermal)

Nominal Air Average

Room Ventilation Air Change
Case 2 2 Time Change Age -~ =
Volume [m?] | Rate [m*/h] Constant[s] | Rate [-/h] of Air [s] Efficiency [-]
Case 1 383 2,000 68.9 522 12 0.307
Isothermal
Case 2 437 2,000 787 457 116 0.339
Isothermal
Case 3 446 2,000 80.2 449 137 0.293
Isothermal
Case 4 437 2210 712 50.5 159 0.224
Isothermal

Table 5 Air Change Efficiency for Vicinity of Bed (Isothermal)

. Nominal Air Average | Average Local
Case Ve IRoom 3 ';/ etntllatl;/): Time Change Age Air Change
olume [m7] | Rate [M"/h] | oo nctant [s] | Rate [/h] | of Air [s] Index [-]

Case 1 38.3 2,000 68.9 52.2 410 0.840
Isothermal

Case 2 437 2,000 78.7 457 4438 0.878
Isothermal

Case 3 446 2,000 80.2 449 45.9 0.874
Isothermal

Case 4 437 2,210 71.2 50.5 15.8 2261
Isothermal

Case 2 (Isothermal)

.

Case 4 (Isothermal)
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Age of Air [s]
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Fig.6 Air Age Distribution by iso Thermal
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Table 6 Air Change Efficiency for Whole Room (Non-Isothermal)

Nominal Air Average

Room Ventilation 4 Air Change
Case |\ 1ume [m?] | Rate [mh] Congt’;‘:t[s] lg::’fgﬁ] ofﬁge[s] Efficiency [
Case 3
Non- 44.6 2,000 80.2 449 127.5 0.315
Isothermal
Case 4
Non- 437 2,210 7.2 50.5 242.0 0.147
Isothermal

Table 7 Air Change Efficiency for Vicinity of Bed (Non-Isothermal)

o Nominal Air Average | Average Local
Case Vols;(;"[]ma] %/:{:IE;{I;/):] Time Change Age Air Change
Constant [s] | Rate [-/h] | of Air [s] Index [-]
Case 3
Non- 44.6 2000 80.2 449 60.6 0.662
Isothermal
Case 4
Non- 43.7 2210 7.2 50.5 17.8 1.997
Isothermal

Case 3 (Non-Isothermal)

g

Case 4 (Non-Isothermal)

=

20.0 20.2 204 20.6 20.8 21.0
Temprature [deg.C]

B |
0 20 40 60 80 100 120 140 160 180 200

Age of Air [s]
Fig.7 Air Age and Temprature Distribution by non-iso Thermal
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Ventilation and Air Conditioning Design of Sickroom by Low Velocity Fabric Air Diffuser on Ceiling

(Part5)Temperature and Contaminant Concentration Profiles

of Heating Condition Using the Full-scaled Mock-up Sickroom
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In this study, we propose to use the air-conditioning method of low velocity fabric air diffuser on ceiling which works
like displacement ventilation as a means of obtaining high indoor air quality in sickrooms. The previous paper showed the
results of the experiment to examine temperature and contaminant concentration profiles of cooling condition using the
full-scaled mock-up of four-beds sickroom. In this paper, we report on the abstract of experiments and effects of rolling
screen and contaminant source position on temperature and contaminant concentration profiles of heating condition.
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oo R RS R @ - hoo-oooooo- o/~ R A arrangemnt | rate(1/h) " 5 5 R
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. | . outdoor [C] exhaust air ['C]
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= Wb ‘P2 "P5 P8 Wh case3-2 bed 4 PR C 0% 15 25.04 24.68 +0.36
3 <:> | C: case3-3 bed 4 PR c* 0% 15 25.99 24.54 +1.45
g T ‘ T cased-1 bed 4 IR c* 0% 15 25.82 25.75 +0.07
< H ‘ . case4-2 bed 4 IR c* 0% 15 25.73 25.03 +0.70
lC::D | D cases | bed 4 PR | Ct | setoem |15 515 | 2530 | ous
—-@p-------- @ R e e ®- - 00 - ~x 0/_10c:
We 'P3 "P6 'P9 Wg case6 bed 4 IR C 88%-10cm 15 26.22 25.45 +0.77
] 1 ' case’ bed 4 PR Cc* 72%-10cm 15 26.03 24.38 +1.65
o L& ] pR case8 bed 4 IR c* | 72%10cm 15 26.08 25.17 +0.91
S i ! ' case9-1 bed 4 PR N* 0% 15 26.01 25.34 +0.67
N [®P10 re ! ° .
' case9-2 bed 4 PR N 0% 15 2524 25.17 +0.07
& = casel0 bed 4 PR N* 88%-10cm 15 25.40 24.86 +0.54
o casell bed 4 PR c* 0% 20 30.05 28.66 +1.39
casel2 bed 4 PR c* 88%-10cm 20 30.11 29.12 +0.99
casel3 bed 4 PR c* 88%-20cm 15 26.52 25.70 +0.82
‘ 5350 ‘ casel4 bed 4 PR c* 72%-20cm 15 25.30 25.59 —0.29
caselS bed 4 PR c* 72%-0cm 15 24.30 25.25 —0.95

Fig. 3 Measurement points [mm]
ZIZRE LT — V27 )=V OffE L &S, ERNAO
REAEZ /T A—=F L LT, 15DFKM4TFTHEREIT-
7z (Table 1), 723, FHMEDRRFI D728 case3 % 3 [a],
cased, case9 | % 2 [T DT o7z, {HYLIRIEAENEIL, IR:
AT UTMEEAE, PR: XY A =2 PRAZ RS, m—
JVA T ) — ATZEMOBEDS Ocm, 10cm. 20cm DOAFE I

RE LIz, O— VAT V=% FTATRIZER I
THEETHEL, 88% 1L FiiE &2 300mm TH—T

DT E R UEE , 72% 1% 700mm CTEE O N & [/ U
EEFRLTND, NN, OW Z R MADOIEE
L, Xy RHRRECERE Lz . £7o, BeEL LT
T w7 T TG, FEEEE OOW ITREL, K1y
RITPHICERIE LTz, RIFRH DI, S R IEmIciEeE
400mm, = 4000mm( EHRAEK ), Fo, HNy N
DRIFEBIZEL 400mm, &S 1500mm (A~ B EFR)
OYMED Y v 7 X7 FEEEL TN D, EHRRGK
OFENL, BE# " 23BN, £, |NMNEEE
L, FERELHEEL OREEDZ EERL, BRI
IBEEZENSFIFTIR O X O I RIBE 2 L,
3.1 RERIE

WE S % Fig 31 ond, 1B T ARBE & VW T L
4y 2 & OBFEHEORIE A Uiz, EBRE w11 58 Pl ~
P11) [TDWT, ZALEFVRH R B IR NS TOFRE
FHI 13 HOELIREEZRE Lz, 1—T v OFESCA
T D MR T D T2 DIFEIZEBT 5 1L ED D
LS HEI—T ONNCERT 72, £12, BERIOEN -
EHT, ENENENE I 4 S OBEEIEE (Wa ~ W),
WHEOEN - BI T, THENERE T 3 SO R EEE
(Wm,Wn), #5010 EAPERID T, BEILE L PEXIRE %
HIE LTz, 51T, XU A= OIRENAR BT 57
B, B—/L A7 J—rOFEHE (CS1,CS2,CS3) ([ZFhiE I
\Z5 p, m—/L A7 ) — LEEOR] (CLC2) ([ZEE ST

-
—

245

C*:with curtain N*:without curtain
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Table 2 Exhaust distribution ratio

Exhaust distribution ratio[%]

case 0% 88%
Exhaust I 2 4
Exhaust [R 6 12
Exhaust PL 1 2
Exhaust PR 11 20

Exhaust Perimeter | 80 62
Total 100 100
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Table 3 Exhaust distribution ratio

case Ocm | 10cm | 20cm
Exhaust IL 3 3 4
Exhaust IR 6 7 10
Exhaust PL 3 3 2
Exhaust PR 24 28 22
Exhaust Perimeter | 65 60 62
Total 100 100 100
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Table 4 Exhaust distribution ratio

Exhaust distribution ratio[%]

case PR IR
Exhaust IL 1 7
Exhaust IR 4 34
Exhaust PL 2 3
Exhaust PR 15 13
Exhaust Perimeter | 78 42
Total 100 100
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Ventilation and Air Conditioning Design of Sickroom by Low Velocity Fabric Air Diffuser on Ceiling
(Part6) Temperature and Contaminant Concentration Profiles of Heating Condition Using CFD Analysis
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Kazunobu SAGARA™' Yuki HONDA™' Shinya UEDA™ Tatsunori MAEDA™
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In sickrooms, there is the odor problem from patients and diapers. In this study, as a means of obtaining high indoor air
quality in sickrooms, the authors propose the low velocity fabric air diffuser on ceiling. In the previous paper, the results of
the experiment to examine temperature and contaminant concentration profiles in four-bed sickroom with this diffuser was
figured out. Therefore, this paper shows the rest of the results and the results of CFD analysis of indoor airflow patterns.
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Table 1 Exhaust distribution ratio[%]

Case

With curtain
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Flow rate
ratio [%]

Exhaust
distribution
ratio [%]

Flow rate
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Exhaust
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ratio [%]
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11

19

Exhaust Perimeter
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60

Total
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Table 2 Analysis method

CFD code Fluent 15.0
Turbulence model Standard k-emodel
Density Boussinesq approximation
Calculation algorithm SIMPLE
Discretization scheme QUICK
number of mesh 716928
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Fig. 6 Vertical temperature distribution
(each four air outlets, ventilation rate 4[1/h], roling screen 0%,
contaminant source position PR, temperature difference
between the inside and outside 15°C , with curtain)
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Fig. 8 Vertical temperature distribution
(each four air outlets, ventilation rate 4[1/h], roling screen 0%,
contaminant source position PR, temperature difference
between the inside and outside 15°C , without curtain)
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Table 3 Boundary conditions

Generalized log law

vl Surface temperature:Experimental value
U = 0.0463[m/s] (400m*/h)
Inlet _3 S, CEk%
k= 2 vy, &= T:Experimental value
(1=1%, C,=0.09, L=0.001m)
U= 3
Outlet Exhaust:U = 0.347[m/s](50m?/h)

Perimeter Exhaust:U = 0.0817[m/s](200[m’/h])

Body

37.0(PL,IL),38.1(PR,IR) [W/m’]

Heat generation

\
‘Black Lamp

1800 [W/m?]

Tracer gas generation rate

Mass fraction 100% (1=1%, L=0.00049m,T=26"C)
U = 0.000833[my/s](1..5 (/min)
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Fig. 7 Vertical concentration distribution

(each four air outlets, ventilation rate 4[1/h], roling screen 0%,
contaminant source position PR, temperature difference

between the inside and outside 15°C , with curtain)
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Fig. 9 Vertical concentration distribution
(each four air outlets, ventilation rate 4[1/h], roling screen 0%,
contaminant source position PR, temperature difference
between the inside and outside 15°C , without curtain)

Table 4 Supply and exhaust temperature
and Exhaust distribution ratio

Supply and exhaust temperature ['C] Exhaust distribution ratio [%]
Case3 Case9 Case3 Case9
Experiment | CFD | Experiment | CFD | Experiment | CFD | Experiment | CFD
Supply 250 [250] 252 252
Exhaust IL 249 25.7 25.4 26.2 2 7 6 6
Exhaust IR 249 254 254 26.1 8 9 11 8
Exhaust PL 247 25.8 252 262 1 6 4 6
Exhaust PR 249 257 252 26.2 21 15 19 24
Exhaust Perimeter 24.5 25.8 25.1 26.1 68 63 60 56
Total 100 100 100 100
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Fig. 10 Contaminant concentration profile
(each four air outlets, ventilation rate 4[1/h], roling screen 0%,
contaminant source position PR, temperature difference
between the inside and outside 15°C ,
(1)(3)with curtain and (2)(4)without curtain)
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Ventilation Performance of Residential Buildings with a Device Promoting Passive Ventilation
(Part 6) Effect of Monitor roof Pitch on p-Q Curve and Annual Ventilation Rate
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Manato Ochi*1 Tomohiro KOBAYASHI*1 Noriko UMEMIYA*1
*1 Osaka City University

The objective of this work is to evaluate the ventilation performance of residential buildings with a divice promoting
natural ventilation. This paper focuses on the effect of a monitor roof pitch on the p-Q characteristics and annual
ventilation rate. Therefore, the natural ventilation rate is calculated throughout the year based on the p-Q characteristics
obtained from CFD for the case of flat-roof and that from wind tunnel test for pitched-roof.
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Tablel CFD Condition

CFD code Ansys Fluent 14.5
Standard k-eModel
Reynolds Stress Model
Velocity k. : Based on Wind Tunnel Test
Gauge Pressure:0[Pa]
Standard Wall Function
1/3.5 power law

Turbulent Intensity [%]
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Condition
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Table2 CFD Condition

CFD code Ansys Fluent 14.5
Turbulence Model Standard k-eéModel
Inlet1 Velocity k,e:Based on Wind Tunnel Test
Forced supply/exhaust : Q*-1.0~1.0

Turbulent Intensity:1.0%
Turbulent Length:7.9655[mm]
Outlet Gauge Pressure:0[Pa]
Wall Standard Wall Function

Roughness degree 1/3.5 power law
Convergence condition 10°

Wind direction 0°/45°/90°
Total number of Grids 2,097,148
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Table3 Wind Pressure Coefficient for Each Wind Direction

CaseS,6

Wind Wind Pressure Coefficient
drection Register Monitor roof Monitor roof Li.ving Kitvchen
(South) (North) Window Window
N -0.041 -0.177 0.430 -0.090 -0.103
NE -0.072 -0.290 0.040 -0.163 -0.191
E -0.107 -0.253 -0.251 -0.077 -0.095
SE -0.343 0.047 -0.338 -0.103 -0.183
S -0.089 0.432 -0.306 0.003 -0.075
SW -0.165 -0.088 -0.517 -0.070 0.055
W -0.076 -0.367 -0.364 -0.108 0.055
NW -0.121 -0.431 -0.100 -0.348 0.020

Table4 Area,Resistance and Height of Opening

Area[mz] Discharge Coefficient[-] | Height above GL[m]
Monitor Roof 1.4x1.4 p-Q curve 5.9
Side Window 1.4x0.7 0.65 6.4
Living Window 0.98 0.65 1.4
Kitchen Window 0.98 0.65 1.4
Undercut 90%1.5x10-4 0.65 -
Register 150¢ 0.05%0.05%T 0.434 1.6
Register 100¢ 0.075x0.075%m 0.429 1.6
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© g'e %g’e One Side| East | 15.87 |0.1180 | 28.11 | 0.2785
S 0s Wind+Buoyancy S 0e L Caseq| OPen | North | 14.56 [0.1443 | 26.50 [0.2626
S o4 Soa 1 T West | 15.73 [0.1559 | 28.82 [0.2856
%03 £ o3 GILL L S S S B°g‘ Side s th-Nort| 18.36 | 0.1819 | 30.97 |0.3069

. 02 ‘ TRl LT Il gttt UL pen
04 South | 9.03 [0.0895 | 18.06 |0.1790
o \ Wind One Side| East 9.79 [0.0970 [ 17.31 [0.1715
1M 21 31 41 SM B 7A 8 91 101 1111211 1121 311 41 51 611 7/1 81 9/1 10/111/112/1 Case2 Open North 8.98 |0.0890 | 16.32 |0.1617
(3) Case3 (4) Case4_South-North Side Open West 9.71 [0.0962 | 17.75 [0.1759

60 60 B°g£r'1de South-Nortt| 11.40 [0.1129 | 19.21 |0.1903
5 |~ Wind+Buoyancy _s0 Case3 8.68 [0.0860 | 8.55 [0.0847
£ |_' £ South | 23.91 [0.2370 | 46.39 [0.4597
S 40 T 40 — One Side| East | 24.34 [0.2412 | 46.63 | 0.4621
& & Wind#+Buoyaney Cased OPen North | 23.09 |0.2288 | 46.73 |0.4631
H3o | 26 390[1/h 30 West | 25.24 |0.2501 | 46.57 |0.4615
< < Both Side
§ o0 | | § 2 Open [SOuth-North] 27.80 | 0.2755 | 47.93 | 0.4750
< . 'z South | 1034 | 10.25 | 2556 | 25.33

10 FFHRTT PP v ,,,r,,, i One Side| East 1391 | 13.79 | 2500 | 24.78

\Wmd 10.845[1/h] caces| OPen North | 1539 | 15.25 | 2361 | 23.40

0 0

1121 311 41 51 61 71 81 91 1011 11711211 1121 31 41 51 61 71 81 91 101 111121 Both Side et 1333 | 13.21 | 2539 | 25.16
(5) Case5_South-North Side Open (6) Case6 Open South-North 1094 | 10.85 | 2663 | 26.39
Fig.8 Air Change Rate throughout the Year (Flat roof) Caseb 830.8 | 8.233
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Table6 Comparison of Area,Height and Room Volume

Flat Roof Pitched Roof
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[m] Side Window 6.4 8
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oom Volume or3a|r 100.9 100.9
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}f }f Table7 Comparison of Ventilation and Air Change Rate
- N I L ’ | Wind+™ Wind Wind-+Buoyancy|
509 PRIl S X Q[m*hl| n[1/h] |Qm*nh]| n[1/h]
T 08 U : one Side OpenlS0uth_| 14.64 [0.1451[29.33 J0.2807
207 - Flat PN North | 14.56 |0.1443 | 26.50 |0.2626
gag;’ - Caset Both Side Open|South-Nort| 18.36 |0.1819 | 30.97 |0.3069
G " § ) South | 17.42 [0.1727 | 34.12 |0.3381
S04 Wind+Buoyan . y One Side Open|
203 ‘ Pitched North | 12.37 [0.1226 | 30.12 |0.2984
< - i -]
02 »7 o2 Both Side Open|South-North| 15.02 [0.1488 | 32.52 |0.3222
0.0979[1/h] f 0.0913[1/h]
01 el s 2 01 — One Side Open—Souh_[9.033 00895 18.06 [0.1790
0 Wind 0.0846[1/h] 0 Flat North | 8.981 [0.0890 | 16.32 [0.1617
11 211 311 41 511 61 7/1 811 91 10/111/112/1 11 21 31 41 511 61 7 81 9nronTm2n | Both Side OpenSouth-North] 11.40 0.1129 | 19.21 [0.1903
(3) Case3 (4) Case4_South-North Side Open Grre Siite G| —2ai_| 107 |0 105 || 21101 |07
Pitched| North | 7.632 [0.0756 | 18.55 |0.1838
6 60 Both Side Open|South-Nort| 9.220 [0.0914 | 20.16_|0.1998
Wind+Buoy: Flat 8.682 |0.0860 | 8.547 |0.0847
Case3 -
50 f AN ase Pitched 9.881 [0.0979 | 9.975 [0.0989
£ = || one Side Openl_South_| 2891 [0.2370[ 46.39 [0.4507
S0 1 Flat PeM ™ North | 23.09 |0.2288 | 46.73 |0.4631
5 P Both Side Open|South-Nort| 27.80 |0.2755 | 47.93 |0.4750
@ 30 ) South | 27.66 |0.2741 | 53.87 [0.5338
c . y One Side Open
5 Wind+Buoyancy Pitched North | 19.79 [0.1962 | 54.11 |0.5363
S Both Side Open|South-North] 23.88 |0.2367 | 51.31 |0.5085
< ) South | 1034 | 10.25 | 2556 | 25.33
10 ! ‘ One Side Open
§299( 1] Flat |[0° > PPN North | 1539 | 15.25 | 2361 | 23.40
o Wind : o — Both Side Open|South-Nortl 1094 | 10.85 | 2663 | 26.39
11 211 3/1 41 511 61 71 8/1 9/110/111/112/1 11 2/1 311 4/1 51 6/1 7M1 81 91 10/111/112/1 One Side Open—Souh_| 1255 [12.44 | 2046 |29.20
. Pitched North | 1568 | 15.54 | 2643 | 26.19
(5) Case5_South-North Side Open (6) Case6 Both Side Open|South-Nort] 837.4 | 8.299 | 2832 | 28.07
. . . Flat 830.8 | 8233 | - -
Fig.10 Air Change Rate throughout the Year (Pitched roof) Case6 Pitched 3606 18529

255




FL—HHREICL S -_EMBKERTETFEICET PR
(ZD 1) LES KRMBIICE D BRERTEREDKET
Ventilation Rate Measurement of Two Zones Using Tracer Gas Method
(Part 1)The Accuracy of Ventilation Rate Estimation Based on Large Eddy Simulation
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In order to measure ventilation rates, tracer gas technique is frequently used. Ventilation rates including interzonal flow

rates can be calculated by identification technique using the gas concentrations of a single gas presented by Okuyama.

However, there are various conditions that could cause accidental error or systematic error. This paper shows the accuracy

of ventilation rate using the predicted concentration data created by adding virtual randomzed error and calculated

concentration data by CFD with Large Eddy Simulation.
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Table 1 Analysis Conditions
CFD Code FLUENT14.5 inlet[1] 0.533m/s(=120m?/h) *
Algorithm SIMPLE inlet[2] 0.267m/s(=60m’/h) *
Turbulence Model Smagorinsky-Lilly Model outlet[1] 0.355m/s(=80m>/h) *
Smagorinsky Coefficient 0.16 Boundary Condition outlet[2] 0.445m/s(=100m’/h) *
Momentum Central Differencing opening[1] -
Transient Formulation Second Order Implicit opening[2]|0.178m/s(=40m*/h)[+X Direction]*
Time Step ] [[g](Annotations wall Werner-Wengle Linear Power law
Number of Time Step 5400Time Step (5400s) Initial Concentration Room[1] 200[ppm]
Casel 41,018 of Tracer Gas | Room[2] 100[ppm]
Total Number of Cells Case2 43,018 Turbulent Schmidt Number 1.0
Case3 43,018 % No Perturbation and Tracer Gas Generation Amount =0
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Natural Ventilation Performance of High Rise Office Building with Corner Voids

(Part 10) Measurement of Local Mean Age of Air Distribution in Partitioned Office Room
by Using Tracer Gas Method
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Utilization of natural energy attracts attention from a rise of energy conservation demand. Natural ventilation is one of

methods for utilizing natural energy in high-rise building. Recently one office building uses natural ventilation system

which is combination of buoyancy ventilation and wind ventilation. This paper will report the effect of Corner Void in

partitioned office room .
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Table 1 Measurement Condition

casel | case2 | case3 | case4 | case5
NV NV NV [ NV | HV
o x (@] x o

Operation Mode
Corner Void (Q:opened x:closed)

Center Void (O:opened x:closed) (@) O x X x
Start Time of CO2 Emission and Mixing 10:00 | 13:35 [ 15:09 | 17:17 | 19:38
End Time of Mixing 1022 | 13:50 | 15:220 | 17:24 | 20:00

Open Time of Natural Ventilation Openings | 10:35 | 13:57 | 15:35 | 17:29 | 20:12
Close Time of Natural Ventilation Openings | 10:58 | 14:45 | 16:07 | 18:15 | 20:45

Duration of Decay [min] 23 48 32 46 33
Number of Occupants [person] 6 2 4 5 3

Outdoor CO2 Concentration [ppm] 414 | 406 | 408 | 401 416
Outdoor Air Temperature [deg. Celsius] 17 19 20 20 19
Outdoor Air Humidity [%] 44 35 35 39 43

Natural Ventilation Openings are Closed <—— Natural Ventilation Openings are Opened

CO2Emission and Mixing Steady State Decaying

[ppm]

Time [s]

Fig.4 Measurement Procedure
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Air and Thermal Environment in the High-Rise Office Building
with the Cross Ventilation System and Operational Improvement
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Hisashi FUJITA*® Noriaki IMORI*® Hiroshi HARASHIMA™*®
*1 Ritsumeikan University *2 Nikken Sekkei Ltd. *3 Obayashi Corporation

Natural ventilation is focused on as a way of use natural energy because of energy-saving and BCP.
However, it is seriously affected with outside environment. This paper shows room environment and
perception for the workers in the high-rise office building with the cross ventilation system. Also it shows
the diagrams which designate seasons and times when natural ventilation is available, and it was utilized

for operational improvement.
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Table.2 Times to Select Natural Ventilation Mode
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Field Survey on CO, Concentration Distribution in Office Room of
High-Rise Office Buildings with Wind-Forced Cross Ventilation System in Moderate Season
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In high-rise office buildings with wind-forced ventilation system, we measured CO, concentration in office room. The
CO, concentration was compared in the office room at two different cases, natural ventilating opening is open or closed,
ti research on the effect of wind-forced ventilation. As a result, we found that wind-forced ventilation can reduce CO,
concentration and wind direction and velocity have actual impact on distribution of CO, concentration in office room.
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Design Method of Natural Ventilation Shaft in High-Rise Office Building
(Part3) Effect of Shaft Size and Intake Opening Size on Natural Ventilation Performance
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Recently the energy conservation for building has become serious problem all over the world. Using natural energy has

a profound impact on planning office building. Natural ventilation consists of “wind-induced” and “buoyancy-induced”

ventilation in terms of the driving force. Actually, the variation of different shaft size and opening size, shaft position

and openning position, has a large effect on the ventilation rate and the temperature inside each room. This report shows

the effect of the shaft type of 15 storied buildings on the natural ventilation performance whose main driven force is

temperature differences. Airflow network model and heat transfer model are used to calculate the natural ventilation rate

and the room temperature of a simplified building in the moderate season.
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Fig.1 Schematic of Studied "Shaft-Type" Office Building
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Tablel. Studied Cases and Analysis Condition

Shaft Intake Opening Weather Condition
Size . Opening . . Wind
[m=m] Location Area | Location Velocity Direction Temp.
Case 1 1x1
Case 2 2x2
3x3
gase 43& 44 1ome
45 3.0 m/s 0
Case 5 6x6 South North South dea.C
Casc 6 12x12 (at11.0m &
Case 7 0.5 m above GL)
Case 8 2.0 m?
Case 9 6%6 4.0 m?
Case 10 10.0 m?

* Shaded area indicates basic condition

MV : Flow Resistance

(Determined based on
discharge coefficient and
friction pressure loss
coefccient)

e : Wind Pressure
(Determined by wind pressure
coefficient obtained for 16

wind direction based on
wind tunnel experiment)

’
/
G
Intake

I o :Internal Pressure
I

1 (Solved by flow/thermal

: network calculation)
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Fig.3 Flow Network Model for Studed Building
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Fig.4 Thermal Network Model for Studed Building
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Air Conditioning & Ventilation Method in Room with Large Window
Part.1 Analysis on Vertical Temperature Profile
by means of Coupled Building Energy and CFD Simulation
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In the living rooms with large windows, vertical temperature distribution in wintertime is considered

as an unsatisfactory factor in thermal environment. In this study, coupled simulation between building

energy simulation (BES) and computational fluid dynamics (CFD) is applied to discuss the factors which

are responsible for the vertical temperature distribution. Energy consumption of the air conditioner in the

heating operation is also examined.
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Table 1 Material Information in CADIEE Model
Layer Material Thickness| Thermal Conductivity Layer Material Thickness | Thermal Conductivity
Roof Plain Concrete 0.3m 1. 60W/m°C Plasterboard 0.0125m 0. 22W/m°C
Quter Wall| Plain Concrete 0. 2m 1. 60W/m°C Inner Wall| Plasterboard 0. 0095m 0. 22W/m°C
Base Plain Concrete 0.3m 1. 60W/m°C Plain Concrete 0.07m 1. 60W/m°C
. . o Tile 0.01m 1.30W/m°C
Ceiling | Plain Concrete 0. 15m 1. 60W/m°C Floor Plain Conorote 0. 15m 1 60W/mC
Air
. 5900 800 500 conditioner Table 2 Calculation Condition
300 Standard k-epsilon Model
Vent = 100 Turbulence Wodel (High Reynolds Number)
= JOOO Temperature Dependency . . .
o Ventilator r 100 ofiAlilr Densilty Boussinesq Approximation
P T Q400 - - N
?\ ! 2007 | 150 Algorithm on Time Euler's Implicit Method
i\ i y Algorithm on Momentum Equation SIMPLE
=4 ke 500 %
=4 800 2400 150100 Velocity QUICK Scheme
il 00 Single Difference Upstream-weighted/Central
300 X 2700 Glass Method Scheme Veriperaiite Difference Hybrid Scheme
h 7200 100 Turbulence Energy | Central Difference Scheme

Fig.3 Detailed Model for CADIEE-Airflow
Table 3 Case Gondition in Group 1

CASE | Vent Size[mm] | Velocity[m/s] Height [mm]
1-1 100 100 0.557 1400
1-2 150 150 0.247 1400
1-3 200 200 0.139 1400
1-4 100 100 0.557 2500
1-5 150 150 0.247 2500
1-6 200 200 0.139 2500
1-7 None
LCase3-3 - Cased- Caped-1
P g
1800 o U
Cased-6 Case3-5 “Cased-#4
1100 :
1600
900 2700 2700 900
Fig. 4 Case Condition in Group2
%%—g—o
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it ez, =7 a RO A XIZE D, 0.05m
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Computational Grid Staggered Grid

Boundary Advective Term Wall Function

Condition & Tubulence Energy | (Standard Logarithmic Law)
(Solid ETTEne Fixed Convective

Surface) P Heat Transfer Coefficient

Table 4 Glass Type in Group 2

Thermal

Glass Type ol i Thickness
CASE2-1 Single Glass 0.803W/m°C 3mm
CASE2-2 Double Glass 0.578W/m°C 12mm
CASE2-3 | Low-E Double Glass| 0.082W/m°C 12mm
Cased-4 P
Cased-2
) g
1800
e 700 \ 1600
200 T I'uaseq =3
1100 | | . Cased-1
< 1600
3600 2700 900 '
Fig.5 Case Condition in Group4
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5. ITERLER
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Table 5 Summary of Groupl Result 3000 Y 57gRE T .
Average Vertical Temperature Vertical Temperature Energy Consumption /
Group1 T eratufe[°c] Difference Difference of Air 2000 77
Result P between 100mm and 1100mm[°C] |between 100mm and 1700mm[°C]| Conditioner [kWh]
-~
3600s 3600s 3600s 05~3600s 1000 ASE2-2
CASE1-1 21.41 3.65 4. 65 6.28 /ﬁ\
CASE1-2 20. 40 3.17 4.04 6.08 A/CASEZ—S
CASE1-3 20. 69 3.37 4.20 6.15 ® 5 45 1o Temgraturglc]
CASE1-4 21.33 3.98 4.76 6.32 Fig.8 Indoor Vertical Temperature
CASE1-5 21.66 3.43 4.39 6. 41 3000, Ristribution in Group2
CASE1-6 2111 3.22 4.25 6. 21 Hpight o] oy ceg 1|
CASE1-7 20. 67 4.19 4.88 6.07 W 7//
Table 6 Summary of Group2 Result 2000 s 7
) ) Energy i
Group? Areraee Vertlca.il Temperature Vertlcgl Temperature EaELoea 1000 | CASE3-3] 41/ onses—2
Result Temperature[°C] DY eI EIED DIHFECIES of Air /
between 100mm and 1100mm[°C] [between 100mm and 1700mm[°C] Condit ioner [kih] | /
360s | 3600s 36005 3600s 0s~3600s o Lx A Iempefﬁﬁf: o]
CASE2-1 14.59 | 20.26 3.15 3.64 6.07 15 18 21 24
CASE2-2 14.26 [ 20.72 4.48 4.39 6.17 Fig.9 Indoor Vertical Temperature
CASE2-3 15.69 | 20.49 3.36 3.15 5.63 Distribution in Group3
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Table 7 Summary of Group3 Result

Aver Vertical Temperature Vertical Temperature Energy Consumption (& *] . N
Group3 % vetage[DC] Difference Difference of Air KFETIZ, FA—T7 2B
PP ' cTiperature between 100mm and 1100mm[°C] [between 100mm and 1700mm[°C] | Conditioner [kWh] | 2 Z8 OFEFEA RN L FILFEDA T

36005 36005 36005 0s~3600s KETRBORERERIL, T7 Y
CASES-1 20.26 3.1 3.94 6.07 ¥ 7 OFF FEICHST 5 B T
- . . . st L= s Ty B YA ¢ e
CASE3-2 2.7 2.35 2.7 6.46 ?gwﬂﬁﬂ“@”5%5i°f
CASE3-3 20. 26 3.78 4.68 6.07 °
CASE3-4 21.07 4.14 5.04 6.17 3000
CASE3-5 21. 60 -0. 49 0. 31 6. 31 T %f ‘%/
CASE4-4
CASE3-6 20.97 4. 61 5.40 6.16 2000 CASHA-1
Table 8 Summary of Group4 Result

Average Vertical Temperature Vertical Temperature Energy Consumption /
Group4 Tem eratuEe[°C] Difference Difference of Air 1000 <]
Result P between 100mm and 1100mm[°C] [between 100mm and 1700mm[°C] | Conditioner [kWh] ;‘< - CASE4-3

3600s 3600s 3600s 0s~3600s .// | cAsE4b?
CASE4-1 21.37 4.18 4.18 6.44 0
CASE4-2 22.71 5.50 5.50 6. 67 16 19 22 25 28
CASE4-3 24.88 7.94 7.94 1.24 Fig. 11 Indoor Vertical Temperature
CASE4-4 3. 64 6.07 Distribution in Group4

20. 26 3.64

J

Fig. 10 Temperature Distribution in CASE3-3 and CASE3-6

Above 28°C

279

Above 26°C
Fig.12 Particular Temperature District

Above 24°C]



Bez - SXEEEOEAR - EXERES - BERE - BREFHIREICEYT SR
(3) BREBHRM L REMBM DA TELLHR & BIEREE
Numerical prediction on hygrothermal indoor environment and HVAC load of passive houses
having improved characteristics against hot and humid by using Wufi Plus
(3) Numerical validation of the improved thermal stability for the PCM mixed gypsum board

and cavity insulation.

O SRh (U LSt R 52) TR CRURR o fiE )
fip B HvE Ot L 2=t K7 K7 Be)
Sayaka NAKANO Hideki SHIBAIKE Hideumi WAKI

Kyoto Institute of Technology

In this paper, the measured hygrothermal performance of the sloped highly insulated roof and walls are validated. The roof
is covered by the interior gypsum board including organic PCM powders. Besides, in order to verify the effects of light
weight thermal inertia and temperature stabilization provided by the PCM material, the numerical comparison has been
carried out for two envelope assemblies covered by the PCM gypsum board and the normal gypsum board by using Wufi
Plus 2.5 multi zone hygrothermal simulation program. The interior surface temperature, the storage heat and moisture

fluxes are the more smoothly fluctuated in the PCM board than that of the normal board.
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Table.1 Thermal property of the PCM Board

Property Value

Shift temperature 23 C
Temperature gradient 8 Wh/(m?K)
Latent heat capacity 330 kd/m?= 100 Wh/m?
Specific heat capacity 1200 J/(kgK)
Thermal conductivity 0.20 W/(mK)
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Materials : - *Roof Membrane V13 (unlocked){+ColorBest)

- *Plywood (USA) (Copy)

- *Air Layer 40 mm; without additional moisture capacity

- "EPS (heat cond.: 0.04 W/mK - density: 15 kg/m3)

- *Plywood (USA)

-“ISOVER GW Integra ZSF - 032 (unlocked)

- “INTELLO

- *Air Layer 50 mm; without additional moisture capacity

H{a (B (O |

-*Gypsum Board; PCM

Figurel Component and Materials (Roof)
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Figure2 Temperature dependency of PCMBoard Enthalpy
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Figure3 Comparison measured and calculated surface temprature
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Figure.4 Comparison measured and calculated heat flux

Figure5 perspective drawing(simulation model)

g ==
Homogenous layers .
Thermal resistance: 6.91 m{ KIW i
Heattransfer coefficient( U-Value): 0.14 Wim{K
oo 01 014 oop
Thickness: 0.338 m Thickness [m]
Material/Layer P = A Thickness
Nr. (from outside to inside) Tkg/m7] WikgK] WimK] m] Color
1 |Mineral Plaster (stucco, A-value: 0.1 kg/m2h0.5) 1900 850 08 0.021
2 |Air Layer 20 mm; without additional moisture capacity 13 1000 0.13 0.02
3 |weather resistive barrier (sd=0,1m) 130 2300 23 0.001
4 |Mineral Wool (heat cond.: 0,04 W/mK) 60 850 0.04 01
5 |Plywood (USA) 470 1880 0.084 0.009
6 [Cellulose Fibre Insulation 30 1880 0.036 0.14
7 |[INTELLO 115 2500 24 0.001
8 |Air Layer 30 mm; without additional moisture capacity 13 1000 0.18 0.03
9 |Gypsum Board 850 850 02 0.013
10 |Lime Plaster (stucco, A-value: 3.0 kg/m2h0.5) 1600 850 07 0.003

Figure6 Component and Materials (Wall)
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Figure7 Measured temperature of the wall
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Table3 Heat conductance of cavity insulation layer(W/m K)

Rl Ch Y, EPEHTEED 2 RoFEzpe | InsuatonLevel Wal Roof
(Thickness) GW CF
Table2 Four Sets of the Parameter Combination for Case Studies 100% 0.1322 0.1412 0.0835
Insulation Interior Finish 90% 0.1454 0.1552 0.0920
Case1 GW PCM 80% 0.1615 0.1723 0.1025
Case2 GW Gypsum 70% 0.1817 0.1937 0.1157
Case3 CF PCM 60% 0.2076 0.2210 0.1327
Case4d CF Gypsum 50% 0.2422 0.2573 0.1557
. = MineralPlaster-Airlayer RW-INTELLO s INTELLO-CF 130%
——PCM Gypsum
_ 120%
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% ‘g § //
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Figure8 Measured absolute humidity ratio
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Figure9 Annual Heating and Cooling Loads (case1~4)
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Heat transfer coefficient (W/m’K)

Figure10 Annual heating and cooling load (heat conductance change)
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Figurel1 Heating and Cooling Loads (insulation change)
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A study on roof surface - attic ventilation of Nakamurake House with PIV visualizing technology

OFH 21 (B3 K3) il OAE (B KR
Aiko ISHIDA*' Hiroshi MIYAZAKI*'

1 . . .
* Kansai University

Nakamurake House is the National important cultural properties in Okinawa. The purpose of this study is to reveal
existence of weak air flow around roof surface. We visualized the weak air flow by using Particle Image Velocimetry
(PIV) technology in this research. In PIV observation, we fill very small particles into a flow, then make a light sheet by
irradiating green laser beams. As the result, we could quantify the air flow velocity at 0.032 [m/sec]. And we obtained air
flow image from a slit in cieling, when air temperatures in attic space was lower in comparison with the air temperature in

living space in the house.
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Study on Air Mixing Limit in Temperature-stratified Water Thermal Energy Storage Tank
with Vertical Inlet/Outlet Diffuser
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Water Thermal Energy Storage (TES) system is used to cut down heating and cooling cost in the daytime. In the temperature-
stratified water TES tank, a diffuser is used as an inlet/outlet for mixing restrain. The upper diffuser in water tank sucks water
near water surface in a storage mode of chilled water, and can entrain air from near water surface. Water could not flow through
pipe system smoothly under air-mixing condition. This study aims to show a limit condition of air mixing in inlet/outlet diffuser
of water TES tank and to provide a design procedure on the safe side.
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Table 1 CFD analysis condition

| gf#f@;‘{]&p&‘rface outl | CFD code Fluent14.5 Fluent15.07
I [Outlet. Turbulence model Laminar
I I Number of mesh case A | caseB | caseC
' ' 205,600| 415,600| 623,620
: : Discretization Scheme Second order upwind
Wl N I | 2 S Algorithm Unsteady state(Fractional Step)
Calculation time 2s
[mm] Inlet Time step size 0.0001s
11 0.0956 | 0.0478| 0.0239
Fig. 2 Two-dimensional analysis domain 2101093 00547 | 00273
(axisymmetric cylindrical coordinates) Boundar 3101230 00615 0.0307
. - y . . .

(@) MR fRRRtt condition | """ (210,136 | 0.0683 | 0,0342

CFD fiftfrF-i%:7 Table 1 1C7R°9, AR CIA/KIRIONEZ 5] 0.1503 | 0.0752] 0.0376
R 2 T L LT, 2ok b KRR VOF 7% 6] 0.1640 [ 0.0820] 0.0410
s % Tk LIRS < VOF iR 7101776 | 0.0888] 0.0444
Wz, VOF 74 & 1& CFD T ZEfiic 380 % 2 IVINDIRIAD Water surface Symmetry
HEER (LLFFEET3) IOV Tk C Table 2 CFD analysis case
LI K> THNZRDZTFED L TH B, AHTIEZE - —

. . Diffuser Flow rate Variation to
KTz ENTZIVD F iz 1. KTHENz'Lo Case . (/o] R
% . o diameter theoretical limit
FfiZz 0 L LT, ZOMoEZRDILDON, &E F 1 0751%10° —30%
'fﬁ?\: 05 L:ﬁb \:h}l/%7kﬁ (l_).ﬁj; L/TCO B 2 0859 X 103 _20%

T4 T a——DEZICDOWNT Table 2 179 3 &% 3 0.966X10° —10%
‘%i L7 %iﬂ%’h@ﬁ@bl\ﬁ L TR & T 0 A | 4| 100mm 1.073X10° | Theoretical limit
Fiic 10% 97D 30% X THIME BTz 7 KT DV TR 5 1.180%X10° +10%
WiZzfro iz, FHERHERREIE 000001 #C 2 HEIOIEE 6 1.288x10° +20%
HWEME 21T 00001 7T & Oz (17 LBl 2 /E R 7 1.395X10° +30%
Ulzo Hiz. Huniih - TORIISRIHC I 5K OME 1 1.502%X10° —30%
M5, I 15mm, R 30mmO#IFHIC 1mmRikE TRl 46 2 1.717X10° —20%
DOHERZFE L. TNTNORER CEITERAT v 7 3 1.932X10° —10%
T FEOIREZITV., #2771V e UTIRE LTz, B | 4| 200mm | 2.146Xx10° | Theoretical limit

3.2 TR CFD ATt R & B 5 2.361X10° +10%

(1) EHEIC K 2 245KUR AR ORRE 6 2576X10° +20%

FTNENDTr—RCBI B EGH S HE T, Z2XIEA 7 2.790%10° +30%
DHEICOWTHIEZITo T2e AT, KN T 1 1 3.005X10° —30%

72— —RIC TERE TREMREAL TV EDE 2 3434x10° —20%

Lo EDr—ATEMERFREOFIZOME TAEX 3 3.863% 193 —10%
DRADHETFICKZEBEBNDRONZ, Bl LTT C | 4 | 400mm 4.293X10 | Theoretical limit
7 2 —P—DEEAH 200m 0D case B DR Fig. 31717, > 4.722x10 +10%

T SAHFEA BRI R & D B/ E VB AT IZEA 6 215110 +20%
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Fig. 7 Transient behavior of water surface under different flow rate
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Personal Air-Conditioning System with Outlet can be switched Directivity or Diffusibility
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In this study, personal air-conditioning system using outlets that can supply the alternative of directed air flow or

diffusive air flow was investigated about the effectiveness in the actual building by thermal environment measurement and

subjective experiment in summer and winter. As a result, personal air-conditioning system improves personal thermal

sensations than conventional air-conditioning system.
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The purpose of this study is to simplify design method of air-conditioning using ceiling fan by airflow pattern data
of CFD simulation. There are two purposes in this paper. One is to disucuss the adequacy of analyzing about one
ceiling fan in analysis domain when ceiling fans are distributed equally in the room. The other is to clarify the velocity
distribution for the different ceiling height. This paper shows that CFD simulation is conducted and these studies are

discussed.
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Table 1 CFD Condition
CFD Code FLUENT14.5
Turbulence Model Standard k-eModel
Finite Difference Scheme QUICK
Wall Condition Generalized Log Law
Algorithm Steady State(SIMPLE)
Table 2 Condition of CF

Airflow direction

Downward flow

Rotation speed[rpm]

160

Table 3 Analysis Case

Room size | Number of CF |[Number of mesh
[m] [-] [-]
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Table 4 Flow Area[ ni ]

7=1600

Case 1
7.01
5.95
6.43
6.53
6.17
6.80

Case 2
63.41
53.22
58.45
58.19
55.83
60.81

Case 3
7.02
5.94
6.55
6.41
6.26
6.70

Upward
Downward|
Upward
Downward|

Z=1600

Z=1100

Upward

Z=600
Downward

Table 5 Flow Rate[ mi /h]

7=1100

Case |
8339
8488
9935
10047
9767
9804

Case 2
68563
70234
85522
86497
86669
86995

Case 3
8341
8469
9834
9948
10107
10172

Upward
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Downward

Upward
Downward
Upward
Downward

Z=1100

7=600

7=600

v

Target Domain
Airflow Confliction Plane
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Study on Short-Circuit Phenomenon around Outdoor Air-Conditioning Units

Part 6 Measurement of Air Flow Pattern around Outdoor Air-Conditioning Units by PIV
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On the building roof, installed penthouses, screen walls and outdoor air-conditioning units are crowded. In addition, the
layout plans of these equipments have been decided by building plannings and equipment carrying in and out. Therefore,

the design on the building roof has not been established at all. The operating efficiency of the outdoor units is affected

by ambient temperature. Therefore, the layout plans of these equipments for optimization generate energy savings

significantly. The ultimate goal of this study is saving energy plannning on the building roof.
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Table 1

Fig.5 Flow Rate of
In- and Outflow
Analysis Condition of PIV

analysis software DaVis 8.0.5

E measuring CCD camera ImagerProX(LaVision)
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Fig. 3 Test Cases
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Study on Short-Circuit Phenomenon around Outdoor Air-Conditioning Units
Part 6 Detailed Analysis of Airflow around Outdoor Air-Conditioning Units by CFD
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At the building roof, the penthouse, screen wall and outdoor air-conditioning units are installed crowdedly.
However it has been arrangement plan in only the circumstances of the building plan, equipment installation
and equipment loading. Therefore, the design of the building roof has not been made at all. The efficiency
around the outdoor air-conditioning units is affected by ambient temperature environment, arrangement
plans for increasing the efficiency of the outdoor air-conditioning units produce significant energy savings.
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CFD Analysis on Airflow in Room with Linear Slot Diffuser
Part 1. Effect of Mesh Resolution in Vicinity of Diffuser on Airflow Pattern
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Many building service designers today are becoming to use Computational Fluid Dynamics(CFD) analysis when they
take account of how indoor environment are achieved by HVAC equipment in the process of diffuser layout design.

However ther are some problems using CFD analysis for the room which has complicated shape diffusers. One is

difficulty of setting boundary conditions for CFD analysis. The other is requiring too much computational time because of

its huse number of computational grid to represnt the shape of diffuser and supply jet from it faithfully. The purpose of this

study is make a study of mesh resolution.
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Fig. 1 Detail of Analysis Room

Table | Analysis Condition for CFD

CFD Code ANSYS FLUENT 14.5
Finite difference scheme QUICK
Algorithm SIMPLEC
Turblent model Standard k-¢ model (SKE)

Turblent intensity (I)

1%

Turblent length scale (L)

21mm

Total number of cell

352980
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(Part 12)CFD Analysis on Airflow in Room with multiple Anemostat type diffuser
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Many building service designers today are becoming to use Computational Fluid Dynamics (CFD) analysis when
they take account of how indoor environment are achieved by HVAC equipment in the process of diffuser layout design.
However there are some problems using CFD analysis for the room which has complicated shape diffusers. One is
difficulty of creating complicated shape diffuser model and setting boundary conditions for CFD analysis. In previous
study,the method for creating complicated shape diffuser model was proposed, but it didn't adapt to multiple diffuser
situation. In this study,we adapt complicated shape diffuser model to CFD analysis on airflow in room with multiple

Anemostat type diffuser .

1. [XL®Ic

MR OZEFR M L 10 2 A5 5O CFD f##r Tl
PRI Ay v a EIEET DO FEAR SR L,
FHAMECKRIT D, ZOHEAROBRRE B & L
TR LODOET U > 72T D84 RN 1TH
NTHY, TOMRFICKRH L OJEIICERE LR
BE S IR S OBER S & BLE U TR &
179 BOXIERPVIERH D, OO FEEZEMHT D
IR L AR OFEM e T — 2 DN ETH Y | i
i S U IRAEIC L BEREMOERETV, BES
D13 F ORERE R A FWTCFD LT LREDET
MEEIT> T, KL TR, b 0ET ML TIE
ZREOZEMICEHE L, ZOMREIC OV TRAET 5,
2. MAFHOERT B E U5
WRELUETT FEMT 4 7 2 —F— 2 EEET 5=
DEANRFUCOWT, BT /ML TIEE M L7l %
179, 200, KRETITETFT MEFEHERT 57
D DOEEFRENTAER A B & LT- CFD 3T 21T - 72,
2.1 7RERT A T2—Y—

AEENT G L2 T R BT o 7 2 —F — O Wik
X% Figurel |Z/R"9, 7 XRERT ¢ 7 2 —F —1TNER
WCEBOPRRH Y, Az —r OfLEZ (b
HZ LT, BERLAERETRHE LK SZ — %
BERDHZENTED, KRTIEMEHFERIZ O
TRRNTZAT 9

2.2 fEMTEN

AT 22 % Figure2 (2~ 4, fEMTZERIZB B TO
SRR L EEREE Y 2L T\ 5, FHEA
MDD, T4 72— —0hLfAE 6 %512
DIZOWTIRIT 24T 5, fRHT&efF % Tablel 1279, &

312

HUSRIRE IR ER & L, SR+ iciing
AL SR 2 R LIE W BUER I & L7, mAS
R 2.3,3.72,4. 3m/s D 3§k & L ELITET= R F—,
TR F—BORRITENROBRBRICESESFH L
TEET D, Ay v al3dEERTFL L. T4 72—
P E a2 A< LTz,

2.3 FRITHER

Figure3 \Zf#AT#& H & PIVIC X 2 &5 58 2 o Jal ik
Az R, TR L OIER RO WF Iz
Th, FHRONIGN B /NEEDERE T [/ O i & R
HEICH >TSS WMBRFEAEL TVD, o, AR
BRI TT o 72— —JJ O] K2
RELBROTWD T EBDN D, FRHTHRE R & HIERS
RELET 5 &, BIRIEICZ D OEWVR LD N

Tablel Analysis Condition

#20
393,808

v IR
PP

2
u

100
3

=~

v=2.3[m/s]
k=0.05 [m?/s?]
£=0.18 [m?/s%]

ESFRERAL
E#FE77:0[Pa)
TEAEBERA SN CIFRE LAY
Free-slip (Ctf#~E)

Fa

v=23.72 [m/s]
k=0.14 [m?¥/s?]
£=0.61 [m%/s?]

v=4.3 [m/s]
k=0.18 [m?s?]
£=0.9[m%s%] |,

2=

DB m]
AL 3

ABEREM
(inlet)

MHIER
(side, bottom)

EEEIRR&MT

BEREM

0.09% -k?
0.07D

~ sde
JUERN
2100

Figure2 Analysis Area

Figurel
Dimensions of
Anemostat type diffuser



PV BIFEER

#20m

23m/s

v=

0 10

20

OX[cm 0

50

"0

37 m/s

v=

20

43m/s

v=

30xrem1 40

50

60

350

20

30 xgem1 40

50

60

HEHE O CERNRIRIE 21T > 72, JEICHWZE
HEHE DA-700 B S i 2R A EGEFE . WA-390 HEE Sk
JEGEFT, WA-590 AU R RO G D 3FETH 5, HIEIL
2014 4F 12 A 25 A~ 26 H 21T > 7=, I s % Figure5
WO, BHRROTFT 47 2a—H—Z2hLEL CTHRETS
F 47 2— W — % 6 S LRI OV T, hE T
1.2m ~ 2.7m % 0.5m ZE O E KA ED, 4 FH O JEGHE
FFCVI~ VI3 ET, 1 Wrimlzox 4 iz RFHIHEEL
Teo PEMEIZ, 1WrimZ &34 MO HRIE THHALZ 1800
DOV T NVEELUTRD Tz, FRIE RO MR %
Table3 |2, HELAVIREA Tabled 1273, AT T REH
FUT 2a— P =B R ERICOWTHIEEIT-> TV

10125

5 45 4 35 3 25 2

1.5

1

0.5 0 [m/s]

Figure 3 velocity distribution

N - - -
p N . . B PRERT ¢ 71/—%@
iR EL T RERT 4 7 2 —F—0mRH LK D . - €233 9% 20em
N 8, © -7 15
HE A2 FBRHRE TV D LWV E 5, I 7. G N
3 — > = 7 -
. BHDT 4 72— —%HT HED CFD 47 - z OO
S e - NS N e - ’
ARECIIEBRIAFETHIEBOT XEM T 4T 2— BT y
S — Prra - J= Y SE | 2 —
W —aBFTHENEMENRIC, [UHE, €7 vk X
N N . 7 4= == ad =g 77
${£%JJ@‘)§H L7 CFD ﬁ**ﬁ%fj—b AN 3@%@@@ CFD ﬁq: Figure 4 Ana|y5i5 area
W BITDET ML FIEOERRIZ OV TRRAELTZ, L f{l L
3.1 fENT R
> P PN Nexg RS I 7 b el = T Ny VS SN S S
AR TR W H T2 A — L A 1 =
SHIl == 3> S S . S . : : :
LU THIERB IO T 21T o7z, D AEVX % Figure5 L ;
(TR, MRATREEIE 1Tm X 10m X KR 3. 6m Dby 8L [, B
N N — o
RERBENEMTHY . v 7£E20cm DT FERT ¢ AN
N IR S
Ta—WP—% I5HAELTWD, 575 &
- —> —
o w B &b = - == Epe - [ (E==
3.2 BEERRERICKSENKITAE o
s 1 A e - s VI V2 V3 V4 V5 V6 V7 V8 V9 VIO VIT VI2 Vi3
RERLARE D CFD FRENTHE R A MREET 572D, HEE R . .
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Table2 velocity measurement
V1 V2 V3 V4 V5 V6 V7
\i X z i X z y X z i X z y X z Wi X z i X z
H=270| 0031 00053| 003 [0.1211| 0029 | 0056 | 0.157] 0.047| 0.008/ 0.1263 | 00361 [ 0005 | 0.148 | 0028 | 0.0065 | 0013 | 0.112 [ 00211 | 0.1409 | 0006 [ 0018
H=220| 0.0985 0.061 | 0.0409 | 0.083 0.047 | 0.0401 | 0.1004 | 0.014 0.018 | 0.0882 | 0.0404 0.055 | 0.0203 | 0.0347 0.021 0.006 | 0.0119 | 0.0636 | 0.0678 0.031 0.001
H=170]| 00775 0.031 0.096 | 0.0698 0.025 0.082 | 0.0682 | 0.0034 0.02 | 0.0442 | 0.0441 | 0.0075 | 0.0464 | 0.0419 0.029 | 0.0384 | 0.0222 0.053 | 0.062 0.048 0.078
H=120| 00763 | 0068 | 0075 [ 00748 | 004 | 0075 | 00545 | 0016 | 0024 | 0033 | 00116 | 00196 | 00407 | 0016 | 0004 | 00571 | 0.0269 [ 0034 | 0.0649 | 0.0615 | 0.083
V8 V9 V10 i Vi2 Vi3
v X z i X z v X z i X z i X z i X z
0.1176 | 0.0773 0.029 | 0.0943 | 0.0765 0.008 0.076 0.021 0.024 | 0.0339 0.163 0.008 | 0.1361 0.045 0.025 | 0.093 0.02 0.009
0.1059 0.023 0.06 | 0.0948 0.028 0.072 | 0.048 0.021 0.035 | 0.0265 0.007 | 00275 | 0.0552 | 7E 04| 0.0259 | 0.0693 | 0.0164 | 0.0227
0.0823 | 0.065 0.061 | 0067 | 00739 0.047 | 0.0727 | 0.0558 0.049 | 0.0635 | 0.0393 0.033 | 0.0492 | 0.0287 0.029 | 0.0473 | 0.0322 0.03
0.0666 | 0.0723 0.06 | 00745 | 00778 0.061 | 0.0696 | 0.067 0.036 | 0.0743 | 0.0742 0.033 [ 0.059 | 0.0545 0.024 | 0.0428 | 0.0566 | 6E 04
Table3 Turbulent intensity
Vi V2 V3 va V5 V6 Vil
X y z X vy z X vy z X y z X vy z X y z X y z
H=270mm 4.160 | 8.950 | 1.688| 0.578 1.238| 0.672| 0.283 [ 1.351 | 5.926 | 0.492 | 1.865 14.322 1.171| 3.715)|18.213| 9.629| 1.268| 4.718 0.420 15.020] 3.173
H=220mm| 0.315 0.569| 0.902 | 0.502 0.596] 0.662 | 0.502 | 1.939 | 2.217| 0.547 | 0.962 0.733 2.455 | 1.207 1.850| 8.660| 3.150 0.853 0.613 0.823 | 23.902
H=170mm| 0.549 1.641| 0.566| 0.617 1.687| 0.618| 0.774 |17.501| 3.209| 1.104 | 1.431 8.211 1.169 [ 1470 | 2.134[ 1.461 | 3.121 1.393 0.797 1.425 0.904
H=120mm| 0.432 0.843| 0.522] 0.393 1.027] 0.354| 0.715 | 2.741| 1.457] 1.032 | 3.199 1.903 0.900 | 2.270 | 6.323| 0.641 | 1.414 0.908 0.542 | 0.789 0.617
V8 V9 Vi0 Vi vi2 Vi3
X y z X y z X y z X y z X y z X y z
0.346 0.613 1.288| 0.674 | 0.786 | 7.253| 1.790[ 3.690| 3.906| 3.431 0.673 10.993 0.379 1.691| 2.101| 0.685 | 2.737 4.940
0.497 1.057| 0.617| 0.504 0.865| 0.583| 0.709 1.227| 0.757| 1173 | 3.208 1.055 0.579 1.000 | 0.559 | 1.898 1.417
0.631 0.873 1.101| 0.787 | 0.908 | 1.374] 0.620 [ 1.072 | 1.296| 1.005 | 1.867 1.890 1.015 [ 2.104 | 2.294| 1.153 | 2.253 2.145
0.473 0.683 | 0.787[ 0.492 | 0.631 0.706 | 0.472 | 0.723 1.276] 0.555 | 0.678 1.495 0.638 | 0.832 1.994[ 1.112 ] 0.771 100.197
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Capture and Containment Mechanism of Local Exhaust Hood in Commercial Kitchen
(Part3) Influence of Hood Size on Capture and Containment Efficiency
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Osaka University

In a commercial kitchen, a large ventilation rate is needed and energy consumption becomes large because a large

amount of effluence of heat and cooking substances need to be removed. To make kitchen comfort and reduce the

energy, it is important to remove them efficiently by minimum exhaust flow rate. In this paper, the change of capture and

containment efficiency was measured in different size of hood. And also, in order to know the details of the situation, wind

velocity and concentration of combustion gas and cooking effluence were measured.
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Pot for Commercial Kitchen
AZT0736

392[mm] 360[mm] 166[mm]

Table 1 Details of The Pot
Outside Diameter| Inside Diameter|Outside Height|Inside Height| Capacity [Thickness| Material -

arufifREOXy /) B— 7 — ROREI G % x5
EL, FA—HFR&ETY7 — NmfEO KRN, T7hbb7—
R JBGE DO KN 7 — REIEFRIZ RIT T2 L R
WCERVIERET S, £, MEAT=XL%2 X 5ITH]
HNCT L0, HERREICMZ, 77— FTiAE
A OPRE R QR S HIET 5,
1. ERBE
1.1 ERER VRS
FERZZR O L X K O X % Fig. 1 & O Fig. 2 1
T, ERICHWVAHEMRIIEEY tRta v e
ARG L, M3 LR mEEHEHTER
Mol=l=b, OO FH %% PIV(Partical Image
Velocimetry) IZ L D HIE L, & bMEKRIEWD S O A A
L7, #oiEil% Table 1, kST —% % Table 2,

Wall
Outside Diameter

Inside Diameter

3460

2260 1170 1170 1170 1130

y == I =

Thickness

Inside Height!
Outside Height

3880

164[mm]

Table 2 Details of The Equipment

Fig. 2 Plan

Measurement Item

Measuring Equipment

| Measurement Interval

Manufacturer

Room CO, Concentration Gas Ar'lalyzerA VIA-310 Horiba Corp. 1[s]
Sampling Unit ES-510
In-duct CO, Concentration Gas Concentration Measurement Device URA-107 Shimadzu Corp. 1[s]
In-duct SF, Concentration Real-time Gas Monitor Type 1311 INNOVA 1[s]
Indoor Temperature ¢0.32mm T Type Thermocouple — 1[s]
In-duct Temperature ¢0.32mm T Type Thermocouple — 1[s]
SF_Flow Rate Measurement Mass Flow Controller FC 7710C Advanced Energy Corp. —
Wind Velocity Ultrasonic Anemometer WA-590 KAIJO 0.1[s]
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Table 3 Details of The Gas Range

E, (SFy)

Heat Source

Gas Range for Commercial Kitchen
Input Capacity 14.5[kW]

LN OBV TN B 899(Width)x602(Depth)x807(Height)
Appliance Name RSB-096(For City Gas)

Rinnai Corp.

M anufacturer

Table 4 Conditions of The Experiment 1160
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Fig. 3 Outline of Capture Efficiency
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Fig. 6 Capture Efficiency
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Capture and Containment Mechanism of Local Exhaust Hood in Commercial Kitchen
(Part4) CFD Analysis on Influence of Disturbing Airflow on Capture Performance
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“'Osaka University

In a commercial kitchen, a large ventilation rate is needed and energy consumption can be large because a large amount
of effluence of heat and cooking effluence need to be removed. To maintain a better kitchen condition, and save the
energy consumption, it is important to remove them efficiently by minimum exhaust flow rate. Accordingly, ventilation
rate principle comprised of the face velocity and KQ is taken into consideration. In this paper, the change of face velocity,
which is caused by a different hood size and leads to a different capture efficiency, is discussed by means of CFD analysis.
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Estimation of outdoor pollutant source by using variational continuous assimilation method
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For the case where hazardous pollutants are emitted to the outdoor environment, accurate information on pollution,

especially the on pollutant source, is important for not only our safety but also the conservation of surrounding

environment. In this study, the Variational Continuous Assimilation (VCA) method which modifies the numerical

calculations by observed data was utilized to estimate the location and intensity of air pollutant source. The VCA method

captured the location of contaminant source and the intensity with an overestimation less than 10%.
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