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CFD ANALYSIS AND MODEL EXPERIMENT OF
OZONE DISTIRBUTION IN 2D TEST ROOM
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This paper reports the results of room model experiments and Computational Fluid Dynamics (CFD) analysis of Ozone distribution in

indoor air. The analyzed room model had one supply inlet and one exhaust outlet, with a cavity of dimensions 1.5m (x) x 0.3m (y) x 1.0m (z)

in which a two-dimensional flow field was developed. A clear re-circulating flow was observed in the room generated by the forced venti-

lation. In order to discuss the order of chemical reactions or wall surface deposition for ozone, the concentration distributions of ozone in the

model room were measured. Furthermore, to estimate the first-order rate constant, which represents the decomposition of ozone, CFD

analysis corresponding to the experimental conditions and with a built-in rate constant chemical reaction model was carried out. The esti-

mated value of the first-order rate constant for ozone ranges from 8.67x107 to 15.42x10** [1/s] within an ozone concentration range from 0.65

to 2.44 [ppm] under temperature conditions of 293 K.
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Room Model Vol. 1500(x)x300(y) x1000(z) mm
Air Inlet Velocity U;,,=3.0m/s and 2.0 m/s
Air Change Rate 144 /h and 96 /h
Temperature 20+ 0.5°C
Relative Humidity 30+ 5%
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Experimental Ci, [ Ozone ] .
Supply Velocity [U;,]
Case
C 1- 3.0 m/
ase (el-a) 0.65 [ppm] s
Case (el-b) 2.0 m/s
C 2- 3.0 m/
ase (e2-a) 1.77 [ppm] s
Case (e2-b) 2.0 m/s
C 3- 3.0 m/
ase (e3-a) 2,44 [ppm] s
Case (e3-b) 2.0 m/s
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PEEBIC 31T DAL E e B AR O IERE 72 TR AT e & 72 5 MR R
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UV Photometric Analyzer
Ozone Analyzer .
(SOZ-3300, Seki Electrons)
Meas. Range 0-9.999 ppm
Min. Range 0.001 ppm
Sample Flow 1.5 L/min
Average time 10 min
£ 4 GCMS Hhrdett
GC HP6890
TNE A 218 Gestel TDS (Thermal Desorption System)
JINE b T 20°C(5min)—60°C/min—280°C (2min)
CIS iR & -100°C(0.01min)—12°C/sec—300°C(3min)
S HP5 (60m X< 0.25mm X 1 u m)
A —7 AR 40°C(3min)—10°C/min—220°C(10min)
Split Ratio 100 : 1
HHER (MS) HP5973MSD
K5 FIHEB L O

Turbulence Model

Low Re Type k-& model
(MKC model, 2-Dimensional Cal.)

Mesh 220 (x) x 110(z)
Scheme Convection Term: QUICK
U;,,=3.0 m/s and 2.0 m/s
ki =3/2x (U;,x0.015)?,
Inflow Boundary 6n=C , xki,I,,, C ,=0.09,
lin=Ly (Slot Width: 0.02) x1/7
Outflow Boundary Uou= firee slip

kou= free slip, eqq= free slip

Wall Treatment

Velocity; No-slip
k|‘m” ; no slip, é‘lm, = 21/(5«/;/5)/)2

v =8.0x10°, <v>=360 m/s

*6 TR — A

Numerical Wall Deposition
Case Cin[ppm] | Up [m/s] | Kk, [1/sec] 7
_Case (al-2’) | 3.0 - .
Case (al-b’) 065 2.0 - (6)5X flux
Case (al-a) : 3.0 9.76 x10™* -
Case (al-b) 2.0 9.96 x10™ -
_Case (a2-a’) | 3.0 - \
Case (@2b) | 2.0 - (6)5X flux
Case (a2-a) : 3.0 15.42x10* -
Case (a2-b) 2.0 14.13x10* -
Case (a3-a’) 3.0 - ..
Case @3b) | ., 2.0 - (6)5X flux
Case (a3-a) : 3.0 8.62 x10™ -
Case (a3-b) 2.0 8.67 x10™ -
Supply Inlet Exhaust Outlet
L] Sourcel1[Ozone] —
o |U,=3.0and 2.0m/s Js

Js

AZ(w)

Uni-molecular Reaction ku

X(u)

50L,

Js

Surface Deposition Js

75L,
4 fENT R G2



062! 0.62 M62! 1.61 31l 2.27
0.63 1.64 2.30

—8{0.62]—#{0.60}——#{0.60}—#{0.63}-(0.63]  [—o{1.66}#{1.65}——4

M15ol——e{1.65-e1.6d |—e[2321-231}— -#{2.27}——#{2.31}-(2.37]

0.60 1.63 2.32
0.62 1.66 2.38

(1) Case (el-a) (U,=3.0m/s, C,=0.65)

(2) Case (e2-a) (U,=3.0m/s, C,,=1.77)

(3) Case (e3-a) (U,=3.0m/s, C,=2.44)

[0.62! 0.59 M 62 1.59 @. 2.23
0.60 1.60 2.29/@

—#{0.611-#{0.61}—— -o{0.58}—o{0.601-40.61] | —{1.62]—{1.62}—8{1.56}——[1.63}¢[1.64 [2.27] - —#[2.22} - —[2.28]-¢[2.3)]
0.61 1.58 2.271
0.60 1.60 2.29/®

(4) Case (e1-b) (Up=2.0mvs, C;=0.65)
5

Constant k, [1/sec] DHEE & 1T 9 L3z, HEE L7z k& T Ozone I
JESY AT DFFNT 24T o TofE R A 7”7,

8. WIEMETHR
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M8 %FRE L 72 v . Ha5UIZ% L T Deposition DR ERITFERF AT/ S U
fECHDHH DD, LLEH Ozone ¢ Deposition D/ X1 Sus304 (20
TH 5~8 %REE DR N B SN,

8 IR HHEGE 2 3.0 [m/s|IZa% E L 72 855 D 22K SVE3 X 'O DT
fEiRZ T, K oEs B ISR o) TERITEL TV D, ]
TN THNSGIE, BEEIIR » T KRIEBRIT 2 TR L TV D 728, JEER I
I o T2 22K Ai & 72 > TR Y | P I CHERHI AR 72 o T
W5,

Ozone DAL A GELGE )3 First Order Rate Constant &, [1/sec]iZ & - T
T AL SN DA, Ozone DI IR 1T HLMIZ ARIE ] [sec] D AR

(5) Case (€2-b) (Un=2.0m/s, Co=1.77)
Ozone JEFE/ A (FEBRAER)

(6) Case (e3-b) (U;=2.0nv/s, C;,=2.44)

@)
—

(1) Stream Line

Z(mm) i
Loy (Zmm) . | Win
900 | X Utk-e) 08 F X Wik-e)
800 £ O Ulexp) : 06 [ O W(exp)
X
700 | 04 F
600 | = 02 it
s00 F g oF Mmamw
N =i

400 | g 02 F %
300 g U—> -0.4 | W
200 | X : 0.6
100 H o8 E

o L MR 4 . . . . .

2108 0.6 -04 02 0 02 04 06 08 1 0 250 500 750 1000

1250 1500
X (mm

U/Uin (mm)

(2) U/Uin (X=750mm F 1 > (3) W/Uin (Z=500mm A )
(X k-e IZME Re %! k- ¢ model 12 & 2 T 5 2 1)
6 AL O R

5% E 722, BIBIK 8 IZRT 2257 & ONC K S ITR§ 5
BRfE S X 0 | First Order Rate Constant k, [1/sec]ZH#EE 5 Z & A3 ATHE
L2 %, TR BRRZEMN TSR DFE L7\ — IR EE A& E
L. FEBRER & s 5 2 & TR RRIT & 2 IR EEAR R 43 O RFAL A3 °f
HETh 5D,

Ozone DIAIREZ C,,,, [ppm]. F2HR & 22 —Hk 2 {RE L 7= Ozone
RE. TRDbLMARED:EE AC,, [ppm]. /K ilZH T 2 %X &
Ly [sec] & T HUT, RADI LT D,

ACDU)

k,=—2 )
Y Cotiny Lati)



(1) Case (al-a’) (Uy=3.0m/s, C;=0.65)

(2) Case (a2-2") (U,=3.0m/s, C,=1.77)

-
W E—7

SR LT FEBRFE R 22 & ONC X 8 127k L 72 Age of Air DFRHTHE S
£ 0. (7)z\%& A\ T First Order Rate Constant k, [1/sec] % HEE L 7= F
%3 6 FIZ/RT, First Order Rate Constant k, [1/sec]DfiEilL, EHT —
Z OIFIES 5 EN 9 ROTHFE L L TR LTV %, HEGE 3.0
[m/s]C, #EARZE500D Ozone JRE DY 0.65 [ppm] Th 5 FEER7 — A Case

(el-a) Tl k, [1/sec] DAEIE 5.48x107~1.59x107 [1/s]DFEPHDEE & V) |

FEHIT 9.76x107 [1/s] & 725 72, M HEGE 2.0 [my/s] C #7225 Ozone
JREEM 0.65 [ppm] Td 5 EHr 77— A Case (el-bITRWVTH &, [1/sec]D
EIXIFIERBEDME A & 1 . 7.60x10%~1.49x10° [1/s]DFEFH OEZ & 0 |
T 9.96x10* [1/s]& 7 o7z, HEHEZESXD Ozone JEEAY 1.77 ppm T
& D EBR/r— A Case (e2-a) TlE. k, [1/sec]DIEIL 1.16x10°~3.55x107
[/s)DFPADMEE & 0 BT 15.42x10% [1/s]& 72> 72, Case (e2-b)
TiE. &, [1/sec]DAEIE 1.03x10°~2.37x107 [1/s]|D#EPHOMEE & 0 | F
)T 14.13x10* [1/s] & 72 o 7z, HEHEZE50D Ozone IR A 2.44 ppm TdH
% KB — A Case (e3-a) Tl k, [1/sec] DRI 2.31x10%~2.03x107 [1/5]
OFPADME A & 0| T 8.62x10° [1/s]& 72> 7=, Case (e3-b) T,
k, [Usec]DEIL 7.65%x10%~1.75x107 [1/s]DOFPHDEE & 0, FHT
8.67x107 [1/s] & 72 > 7=, BEFRZES.D Ozone #ENS 1.77 ppm T 5 FR
47— Case (IR T, k,[Usec] DN ETFRELLFMMEIN TS B
OO, EIF 1107 [1sRE DA — ' — L El S 789,

HEE LT ky [1/sec] DBz IV, (3)200D Sink Term & FHA5A A T2 854
D B FE T Fi B (Case (al-a)~Case (a3-a)F L ¥ Case (al-b)~Case
(@3-b) =X 9 (2R~

BRENT 7 — A LI, MIRD Z L7 B ZEKE AR ISR LT R EE Sy
fiL o TWD, 72, K. 72 b AL F KD E DRI L D Ozone
DERERG O AL 71253 T REHTERIED FCld, R EGE 3.0 [mvs]
OEE ., BRI L DN OBREEIGD 96 %L, KISIC X D5k
EEIGH 4 %R, WIHEGE 2.0 [m/s]DHE, BRUICEDEANLS D
FREFEIG D 94 %R, SOGIZ K DREFIGD 6 B L 720 | #KUT
s U T S DO 0 R AT H 6 Y2 /N & WMl & 72 > 7243, Deposition
Flux % #070A A TERENTHE I & [RIRRIC . HEERAOBUG D/ E VY Sus304 %
KR L LTHTICB O T 4~6%FEE DR RV A HL S Nz,

(5) Case (a2-b") (Uy=2. -
7 Ozone #2347 (Deposition Flux (2 L 5EF VU )

77) (6) Case (a3-b) (Uy=2.0m/s, Cy=2.44)

7 EVERIE L Ozone DFREEIS

Numerical | #A&UREE | HEip | =720 e
Case (Cin) [ppm] | (Cau)lppm] | EE[ppm] [%]
R Ventilation : 94.7
Case (al-a") 0.62 061 | Reaction : 53
, Ventilation : 92.4
Case (al-b’) 0.60 0.60 Reaction : 7.6
- ] 0.65 Ventilation : 96.1
Case (al-a) 0.62 0.62 Reaction : 3.9
Ventilation : 94.3
Case (al-b) 0.61 0.60 Reaction : 5.7
R Ventilation : 94.7
Case (a2-2) 1.68 167 | Reaction : 53
, Ventilation : 92.4
Case (a2-b’) 1.64 1.62 Reaction : 7.6
- 77 Ventilation : 94.9
Case (a2-a) 1.68 1.65 Reaction : 5.1
Ventilation : 93.0
Case (a2-b) 1.65 L6l Reaction : 7.0
, Ventilation : 94.7
Case (a3-a’) 2.31 2.30 Reaction : 5.3
, Ventilation : 92.4
Case (a3-b") 2.25 224 Reaction : 7.6
——— 244 Ventilation : 96.4
Case (a3-a) 235 233 Reaction : 3.6
Ventilation : 94.7
Case (a3-b) 2.31 2.28 Reaction : 5.3
s
1.7 —
5 D ——
1.6 L b

L/
(X i34 B #K R (U,=3.0m/s DA 25[sec]) THEXRTTAL)
8 SVE3 (Age of Air)fRdT i H

10 {2 x=750mm {i7.{& 0 5 & J5 11 (z=0~ 1000mm){Z 33 1} 2% B F2 5k
72 5 CNZHAEMEHTIZ & 2 Ozone I FE 4341 bLige & 737, IR H Ozone i
% 1.77 [ppmlZ3%E L 72 Case 2 (235U THRERFE R & Fff g Fic e
BROENDHEDD, ZOMD - — A TIIENER 22 B EE A7 O —



0.616

|

| —1/)

~

0.618 0.620

L\

(3330 _—

(1) Case (al-a) (U,=3.0m/s, C;,=0.65)

I

(3) Case (a3-a) (U;,=3.0m/s, C,=2.44)

o

(4) Case (al-b) (U;=2.0m/s, C;,=0.65)

(5) Case (a2-b) (U;,=2.0ns, C;=1.77)

9 Ozone RENAT (kulZ X HET V)

HFHLTWBEZEZ LD, AEOFNT CTHU = Deposition Flux €7 U >
272 & ONZ First Order Rate Constant €7 U > 7 OFEE 2 95 & 3t
W2, FIZEROET MEERGTT H2HERHA ),

9. Mass Balance Model [Z & % #&&t

B U 7 B AT S & BEAEAR SRR R DO AT S o E R
R EHEZE L. Ozone WEIK F O Z A D, EREAFINE
L 72354 @ Mass Balance 2% (8)=\Z /R T,

A
E, 'Co(in) =E,- Co(aut) +vg [;] 'Co(in) (O]
Co(out) 1= Va - (%) ©)
Co(in) Ex

Z ZC.C,I% Ozone 2 FE | Ex X #a&[a14K [/sec]. vqI3 Deposition Velocity
[m/s]. A (% Sus F A4 [m*]. V% Chamber &F [m*]%& /<4, AETIE
Nazaroff ©* ' Sus % x4 & L 7= Deposition Velocity #l & & F:(v.=0.6
X109 % VY, EBRE A TEO)REZLR L9 LY Ozone
C, DIE Ty Z i Ml ATRET % & [Colow/[ Coli=0.95 & 721 | ASEBRfE B
70 & ONCEAE AR 3 & RIS 04— 2 — & 22 o 7=,

10. #%8

Atkinson 5T & o THEE SNz k, 12 29642K DM T T 3.0x10°~
3.0x10* [ISRETH Y . SEOHEEHRIIFETREDOME 25T
W5, v, Atkinson HDEERTxG L LZREICHE L T, 4RI%E
Bt e LInBERRE N & #iGZE2ERKIC TVOC fET 30 pg/m’
FLEE @ Back Ground IENTEL TWDHZ &, 737 mrd—FL
FORAREFT D OFBERL T PNERIRES L THRNZ & 25T
(ZHRHIEE 30%DTF(E FICKIT 2ETh D Z &N EL - TN
FFHERTHD EHZRIND, 72 Atkinson HIZ K> THEE ST &,
DOfE 1L Teflon B Chamber &l L T 5 sl b K& Ao fHER TH B,

AEHEE LTz k, OfEI%. Ozone DBEMIZ%d % Deposition % First
Order Rate Constant DI TR L7=LDTH D, T7bbERTHN
L7z Sus®-OF ¥ 7 s NEXIGE LIEGAOMETHY , TOFEHE

1ogg Elremn] 1009 2l
case(al-a) caze(al-b)
800 [ 800 L
L]
500 s00 L
casele]-a) case(e1-b)
e \.
a00 | 400 |
° /:ase(alfa) .
200 F 200 - /:ase(al—b)
4] L L 0 L |
05 0.55 0.6 0.65 07 0.5 0.55 0.6 0.65 0.7
Ca[ppm] Colppm]

(1) Case (el-a), (al-a), (al-a’)

(2) Case (el-b), (al-b), (al-b’)

1000 Zlrn]

800 |

600 |

400

200

1000 z [mm]
800 -
600
case(e2-b)

14 15 16 17 18
<o [ppm]

(3) Case (e2-a), (a2-a), (a2-a’)
1000 £lmm]

L]
case(az-b")
[ )
case(al-b)
0 L
16 7 1

400
200 -
14 15 1 8
<o [ppm]

(4) Case (e2-b), (a2-b), (a2-b")

1000 2[mn]

L)
case(a3-a') casela3-b')
800 800 +
[ ]
600 | 600 -
case(e3-b),
:ase(eB—a)\\. \.
400 | 400 -
200 | casela3-a) 200 L
case(a3-b)
0 ‘ ‘ L. 0 ‘ .
2 2.1 22 23 24 25 2 21 2.2 23 2.4 25
Ce [ppm] o [ppm]

(5) Case (e3-a), (a3-a), (a3-a’)

(6) Case (e3-b), (a3-b), (a3-b’)

10 x=750mm L& D Ozone & C, 5347 i (z=0~1000mm)

ZEM~OWFIIRETH 5, LA LR S, Ozone GO G725
—RIEELET V& LTEOEIENTRENTZ LT X D,



11. 55k

(1) RSB 2 VWA T TO Ozone 254 & LT, AT TOLEG
2 X DIREEAR T 72 & QNTIREE A0 ORE 24T o 72, F 7o EER & RS
“C. Deposition Flux €7 /L % 7= BAEARNT 21TV, ZN D Ozone It
BEGIAf & EMERIZIE 157 7R RGBS CRRNT FIRB 2 2 & A B L 7=,

(2) EBRAERL, 72 & QNS ZE KM ARMT it S % 2512 First Order Rate Constant
ku DHEE ZAT o Tt R, AN TIE, 57 Ozone IRJE 0.65 ppm
25 2.44 ppm OFIPHICISIT B ku OHEEEDS 13107 [1/s]FEED A — 4
— LRl S A7,

Q) HEE STz ku % FIVTHEER & RIS CHAEMET 21T - T2/ R, 4
Bl DTS T Tk, R 12 S & 4172 Ozone DFREEIGIL, &
HBEGE 3.0 [m/s]OHFA . BAKIZ L DAL OFREEIG D 96 %L,
BORIC K DBREEIGH 4 %FEEE, WHIEGE 2.0 [m/s]DHE, HKUs &
5 BN OFREEFIGDS 94 %FREL ., SUGIT & D BREFIGAS 6 %R &
Teolz,

4) S5D Ozone IREE—EDHA . HKET e b ENOMIERH
WZHBI LT Ozone PUSENBRE 7225 Z & SRR IR b ONTEH
FEATIZ £V FEFE XL, Deposition Flux €7 /L7 5 TNZ First Order Rate
Constant & V72T L OGRS Tz,

E i

AWFFE % Hete+ 5128 7- Y . Prof. C.J.Weschler, Prof. D.Sorensen 7> 5 £ 5
e T E ETEW, MRS R TSR, bRt
BRFH IR KRB N B SRR D T 572, BRENICIERE2 58
BaRTHr0ETHD,

=

Ui ¢ R H U= 3R R [= 3.0 my/s]
Uo s AR EGHE [= 3.0 mys]

U; EGERSY [I=X, Y, 2]

Ly RFER X [=0.02m)

c, : Ozone J2FE [ppm]

Coy HEREZEX(0D Ozone 2 [ppm]
Coowy + PEHIZESRI D Ozone I [ppm]
C, AL IR [ppm]

D, : Ozone D4y TR R [m?/s]
D, LB O 5y T IR S (m?s]
v, s ETREEAR R

o : &L Schmidt %%

ku : First Order Rate Constant [1/s]

ky : Second Order Rate Constant [1/ppm-s]
x

1) AROER(CTITRERN & UCTHRRREL ppm ZEH L T35,
KT EE LE V/ Vi 1L BV 3R /ng, 70 & NS Ay B p/P ICTEEZE L8
FHETH Y | KERICBWCRRRELE WD Z L lZid—E0HH
Wnd 5,

2) BN S R L 72355 . Ozone D B T i DFER A - —
JUIEA Bl U 7= first order rate constant O A — & — & LElE LT, & \T
BV ERmonTnd, AFRTRLE k, OfEIL, BERICKT S
Deposition Zh5 %~ 7 1 o JH1)> 5 first order rate constant (2254 L 7=
HLOTHY, FHF—UEBOET Y 7L LT, SN2 END Ozone
WESMOTHE NI BENSII—TEORIEEZETE B 26N
%o

3)  AWFZETHIV 2 Mass Accommodation Coefficient y (y=8.0x10°) DB I3 3L
Bk 10 2258 L TWD, Sk 10 I LAUE, Sus &4 L7- Mass
Accommodation Coefficient D EILZ D Fwifl EiFI1Z b5k <KAF L.
8.0x10°~2.0x10° BEDIEEZ AT 5, AWML CIXERTHEM LE
Chamber @ Sus F[#i72% Hand Polish TH o722 &nh, KEHOMEE
fEH L CHMT 21T > TV %, Chamber (2 L7= Sus %5 & L7z
Mass Accommodation Coefficient 72 & TNZ Deposition Velocity 0 Il & #if
RiFWMCTHETHTETH D,

4y AWFFETIX. Ozone DEIAREER |2 %9 % ¥y 1) % First Order Rate
Constant k, THRI L, ZOMEHE Lz, Lo LA oBEEORFRS

5)

DL ELFIAHIIC K A HRE Sy b & b= EHLTH D Deposition Veloc-
ity va [m/s]& LT Ozone DEEHIEE Z KB L TWDHHDHE, KK
DFHE2 )Y B First Order Rate Constant DOHEEE LV Deposition Velocity
DF—F—ZHETHERARETH Y . v=0.5X 107 FREE & i &
N5, FEMOBEITBMICEL Z L LT D,

K OFERHEEE OAFAED Ozone DY GIZ -2 5 HEITHIMET
1372 < ARKZR BITE 0%DRECEREIT) ZEBEE L, A
FERTUE 30%FREE DFIXHRENIFEL TV D Z Lo b  AREERKE i
Z D RITEVT Atkinson HDOIE & K& B D,
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