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STUDY OF VISITATION FREQUENCY AND PURGING FLOW RATE
BASED ON AVERAGED CONTAMINANT DISTRIBUTION

Study on Evaluation of Ventilation Effectiveness of Occupied Space in Room
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Since ventilation efficiency in a room is not always uniformly distributed, an index for measuring ventilation efficiency at a concerned

point or in a concerned domain is required. To evaluate a local flow field and contaminant distribution, Visitation Frequency (VF, : the times

for contaminant to return back to the objective domain) and Purging Flow Rate (PFR, : the air flow rate for defining the domain averaged

concentration) are introduced. In this research, VF, Tp (the average time of contaminant staying in the objective domain) and PFR of occu-

pied zone and breathing region in a 2D model room are analyzed through the CFD (Computational Fluid Dynamics) based on the standard k-

& model, in which the prediction results is validated by the precise model experiment. Then, the property of VF, Tp and PFR are analyzed

with the various of boundary conditions(D inlet and outlet position, @ partitions in occupied space, 3 temperature difference, @ inlet ve-

locity . In the cases where the exhaust opening is set directly under the supply opening, PFR of occupied zone exceeds 1. It means that those

ventilation systems distribute fresh air efficiently to the occupied zone.
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Bl 6 /AT ARk (B 3k 5 ) 0O S48 EE O 4% 1 % Visitation Frequency (351
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AN LT2i5RE O LR & OBIR A RIS R H8IE & LT Visitation
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Lagrange I8N EEA & 72 578, & DI ZEEI F 7= 5 BER 8 2 5
BTG D FBHIHEIR D B2 5 T w BT 2 7 ko3 5 CEF|
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% 2 Volumel (JE{Fik

# 3 Volume2 (PRI 1K)

Casel Case2 Case3 Cased Case5 Casel Case2 Case3 Cased Case5
VF 6.88 5.93 7.95 6.53 1.95 VF 3.51 3.39 3.99 3.71 3.42
Tp 0.15 0.12 0.17 0.16 0.60 Tp 0.04 0.04 0.05 0.05 0.09
PFR 0.71 1.02 0.56 0.73 0.64 PFR 0.55 0.68 0.45 0.50 0.27
Cp 1.40 0.98 1.80 1.37 1.56 Cp 1.83 1.46 2.25 1.99 3.76
Caseb6 Case7 Case8 Case9 Casel0 Case6 Case7 Case8 Case9 Casel0
VF 3.10 243 7.68 8.70 6.69 VF 3.81 3.21 3.94 4.33 3.86
Tp 0.76 0.31 0.15 0.16 0.15 Tp 0.10 0.06 0.04 0.05 0.04
PFR 0.32 1.01 0.67 0.54 0.73 PFR 0.20 0.41 0.50 0.43 0.49
Cp 3.09 0.99 1.50 1.85 1.38 Cp 5.13 2.44 2.00 2.31 2.04
Casel 1 Casel2 Casel3 Casel4 Casel5 Casel 1 Casel2 Casel3 Casel4 Casel5
VF 7.33 7.94 6.43 8.16 8.08 VF 4.20 4.71 3.93 5.06 6.08
Tp 0.16 0.18 0.16 0.13 0.17 Tp 0.04 0.04 0.05 0.03 0.03
PFR 0.63 0.53 0.71 0.72 0.55 PFR 0.46 0.42 0.46 0.50 0.47
Cp 1.58 1.88 1.40 1.39 1.80 Cp 2.18 2.40 2.16 2.01 2.15
Casel6 VF ¥ Visitation Frequency [ - | Casel6 VF V¥ Visitation Frequency [ - ]
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PFR 0.93 ['WH:’\DE&’%%T“EYE{K] ) PFR 0.66 ['Wu”jlﬂ?ﬁ&’i%f‘%i@k]‘ )
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42 fRHT - — A FRFTIEIR 2 1SR T XD IO A, TGA RALE, @ X O i ! 0 o
e ; . - . - in]
WEEY, OIREE, ORHRE, 07 A—4 ZELSETE WBrox g 0 g ullw
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SOROREEVIE 217> T3Y . CFD fE R L, RSO 05 g
BT X DR DRF 21T - TV 5, Tk
0.0t

4-3. WP O E RFrEEIER 3 IR T L 5 IR R A EE L
Volumel (% 353 OFEIK) & MR A 485E L7- Volume2 (JE{EE AR
D 1/9 FEIR) D 2 FEgEE LT 5,

5. RITHER R OB R
5-1. P EGE AR 4ITREH T — R & LT case3 O ME~ 7
MR ZTRT, AR ORESRIGERPBILZ S, cavity BB TIIR
E7RMETR LI E O 2 WIMPBIEE SN D, BUTHEIZT D03, K
Wi > TR D &2 7% & L7z casel, 2 &2 (Y case8, 9 Tl case3 & [RIEE D
M &%, EAMBERZMEA L, REAELZRE L7 — 2%, FED
W - A AL TEIR OGS LI L, MG IR E i3 n s
W, BRI > TR A % 3% & L7 cased L O casel0 TlixAT[EI Y DK
ERPERDBIEE S AL, cavity FATETITRE Y68 & (TR E o 2K
MR SND, F-EERIC Partition 2 5% (& L 7= cases, 6, 7 Tl
Partition CUH % 1172 5 BN AN I L 72 %,

51T case3, 6, 9 DFEFE R FER 58 1 (8 2 R THEYE k- ¢ model fi#

012345678 910111213141516 ..
case
6 Cp (JRPTHEMCEIA ) /340

BTl R o2 IR 53 A D b A 77 7,

EBR(XH exp TR M UG R (k-epsilon THRR)EIZ, SEHJRGE AR
FED— A BBEEITEE, ENTIREORTORE TR B —#
LT 5, FRHIAEIOMHTRIGITIBW TR, RIFATUT O HIE i O -
BiME S B < FEAE k- & model M+ I ENTREEE & F5 O Z L AR STz,
F MDY — A DFEIITENIEZT 503, AR & FHRRE RIS 0 2k
ET—HTH5F MR LTV D,

5-2. VPEIPRHOMATAE R F 2, 3 1245 —AIZHBV T Passive Con-
taminant & R E L 72159 % xSk A (Volumel L < 1% Volume2,
3) C—HRF A S VT 5E O FIIPEROR MRS R 4 FaAT | A kP G ae ik
DI E Ry OSBRI S5 DGR E DTN flux Z AT
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7 (2) Volume2 (F-I% 1)
7 VE—Tp 53 Afi

8 (2) Volume2 (FFIK )
8 AN TR RS D —Tp 437

9 (2) Volume2 (FPH )
9 Qp *Y—Tp /3 4i

DA E AT, £ 70, M EH/ERE Tp, #fbic VF & &
ST T 7 R r—ADEE 7y s LTKERT, K 713RPMME
B O % VE LN Tp D 2 DD /8T A —Z 203 HEL Z D
FHOMBRERLEL DO TH S, X 912X PFR O M &R~ Tp i34
H#AURFR], PFR 3R D5R, SRR Cp I3 RRs—4R
PERR B CHRME( Y L 7o 2 s 3, ARHT CIEHH R & 2k S & T
57-%, casel~10 & casell~casel6 TII4 HHLR W™ L OWKH 1
MR EN R D,

5-2-1. Cp DA 6T END & 91T, Volumel (EER) Tid/E:
B2 Partition Z 3% L 72 case6 (2B WT Cp 3 3.0 iz, MR L2
STW5, case2, 7, 16 1L Cp DIENIFIE 1.0 TH Y, ERREOIEIC
W, OO —21F Cp 28 1.0 25 2.0 DEEPHNIZAA LT 5,
Volume 2 (FFIE)IZ 351N T & AR 226111 Volumel (JE{EIEK) & IRl
ThHHHM, Cp DIEIZEEMIZE L 2> TWb, Case6 ZFRE . Cp Ik
15775 2.5 OEPANIZAM LTV D,

5-2-2. VE X O Tp OB K 7()IZR &5 L 91T, Volumel (JF{EIR)
TlX, Tp DEANFIERAED 7 )v—7 (K group 1) & VF DENZIZ R
kD 77— T (K group 2)\Z BN FIRETH S, Group 1IZFEHT 2
& BRI case7 12K LT case6 D Cp DFELS i WFIRIE, *FSRFEKIC
WA LT2E R OWMAER 23 R, IS case7 (24 LT case6 @ Tp
DRENWZ LICEINT S, Caseb6 D Cp K F D 72DITiF,

Ea

EOFNIGOBIAILZE D F E TRTERN TOBRAMRS 325, Alb
H EGE (R E)DERBPAENTH L 2 N L Hivd, Group 2
WCHEBT D &, BT case2 12K LT case9 O Cp DAEL i WIFIEI,
HREOHFHMNL N, IS VE BRKE WD LIZERKT 5, Cased D
Cp ZIE TS L DITiE, WPEGE #KE)ZHNSE5 L0 Ik
H - RGA P A S L ST, PRI O A4 U W BN & {EH
TDHZEDRMETHD LHHRL DIND,
TRUZ/REND K 912, Volume 2 (FFIE)IZFH VT, Volumel (J&
(EI)I1E EHIRE CIZME S, VE ROY Tp 0434, AHBIIC B L CIlRBk
OEMTH D,
ZD X HIZCp DIEEER VF RO Tp Difig & HW TRl 5 = & i,
HREGEHRE  ENTHRPEIR OSGER & 5T 2 BRICKRER R L 78 D,
5-2-3. Tp Do 3% 2 MO T(INTREND K 51, FHHAERR Tp
L. Volumel (JEFIK) CILJEFHKIZ Partition Z 5% & L 7= case6 T
Tp=0.76 L bREVMEZRT, WIAHDMEZZ X, Partition CPH
FIT 2 DOZERNCRGA N Z 3R E L7- case7 1L Tp=0.31 TH YV, WA
A ORLE &AL S5 2 & TIHYE OMERIL 12 LT IctE S h
TW5, TOMDr—Z2TiE Tp=0.2 itk L IZIZFEEDIE & 72> T
2o [ 8 IZHEHN S MAERFR] Tp, RIS Volume WD A 71 7 28
R V% L o7 ST T RILEr—ADfE T 0y b LI ERT,
Volumel &% O Volume2 D fF 1233\ CRIGAEIRN O JEGE & Tp



IR IEBIOBRIZH D, FRRENTI< 725 & Tp BB E < 72 5 1EA
Wb, BERICEERN S D 7 — A 2 BRI IZERN TOBFCEY
JEGE) D58 S (T BRI LL B L, 2 OBRIC & 0 IGYVE ANk S
TWd, R3IKUVH TQUTREND K 512, Volume2 (F- ) TiX Tp
DAL Volumel IZH~R1/5 2005 1/10 DA —F — L 72> T b, Zhx
EREDEALS3(=1/9) & SR FEUCTREAM T 2 TR ORIIZIFHAFI L T
WA(IX 9, xFRHEEE Volumel 7°5 Volume2 I S #7254,
Volume (x4 2 7 AT R Qp FI1TM 12 12 LT 3),

5-2-4. VE D53fi - £ 2 RO 7()IZAR S5 & 512, VF T Volumel
(BRI TIL Tp DR E V) cases, 6,7 THhEL< oo TnD, ThbHbDs
— ZIERBEOFIRITD 20 MREIRNOTILD o720 &1E
ATWDZEDRFKE B Z BILD, T cases, 6, 7 DG AEI N
BIRGED/NS W EnDBH L THH(X 8), F-RKIFITIH-> TR
Ha, R > TRGAD &% & L7 case3,9,15D VE R KX, 2
OEE AT AT, W EGEICREET, RGO iR
WL o TWD, £3 RO IQITRENS & 912, Volume2 (FF
W) TR — AR D VF DX 55 1T Volumel (ZH~VNE < 7 DA
DB BHM,VF OA—Z— 38D b7\, A EIEE L7 X R85 T,
VF 15t S8k O R B VAR B O ZEACITIE & A E B E Z 1 T
RO 7, 9), BETHESROHR T AT HITHEIT W 02 WA N
\ZE D 8D 7 2 —DH T, Volumel, 2 FHIZFXAIICF UALEIZH D
EFZZBbN5,

5-2-5. PFR D434 % 2, 3 KO 10 ® PFR 3l R S5 £ 512,
Volumel (JE{E1%) Tl case2, 7,16 TPFR=1 & 72> CTH Y, Volumel |Z
TR R & S5 B OFHEE R ShTnWb, 2T

P T OBNMEAR 2 AL L RETREMCEEIIR L O B BRI L7 BB

Volumel NAFERRGITEVIREETH DL Z & 2R LT D, casel6 (T
Displacement Ventilation # DR > A 7 L CHRIENZ IR > TR O 2 5%
B L, DOl MEER & I LT —ATH DA, RO H 04L&
Dy —A(case4, 10,13) & LLEE L | casel6 DA PFR 3K X VWM & 72> T
W5, ZHIUFENEMITICZEERE LV IEWEEOZEKZ G+ 5
Displacement Ventilation B DR > AT LN RHICHERES D Z & 2R
LTWb,

EEEWDH D case6 D PFR Y 032 LIk b/NSREE 2> TWV D
23, case5 TlE PFR=0.64 & WHANNLE A2 2 5 Z &1 L 0 iE Bk
I 2 FICEE SN TR Y | BICHEEWIZH EN =22 O 2 12W
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%, Volume2 TiI 4T D4 — AT Volumel ® PFR M % Flal- 7z,

6. K

(1) JRIPTBEIB DAL - I 3 AT OIS & AT 5 FRAE & LT Visitation
Frequency, Purging Flow Rate %38 A L, & OMIK &2 Bl X 5
SRR HOR AT A BT LT,

(2) FEEAREERAE G & B k- ¢ model DEMTHER DML L VD |
k- € model 23 FE 53 IR TG BE TRV A B89 5 2 & &8 L7z,
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[1]  ¥RA flux =Bk flux (Xw -C *A HIEH flux (Y. —v¢0C/oz *A).
IR R CTHRAEL (C : VYR [kg/m’], w @ z 7 1A EGE
[m/s], A : FROERE [m’], vy @ WEPEMERREL [m?/s])
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PFR =M, C, 2.1
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C, : XEHEE P IZB 1 D RRE4 72 @ Particle 3t [{8/m’]
I TCIHERRQ2TERIND,
G =N,/V, (2.2)
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