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Numerical Modeling and Prediction of Photocatalytic Decomposition Effect on the Improvement of
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Synopsis:

Photocatalysis and photocatalytic decontamination effect have been investigated in recent
decades and building materials coated with a photocatalyst have been used to improve indoor
air quality. Photocatalytic decomposition effects on building material surfaces are mainly
governed by the mass transfer phenomenon as a function of air velocity and contaminant
concentration, and it is important to optimize the position/layout of photocatalytic material in
the room to increase the decontamination efficiency of indoor contaminants. Toward this end,
a fundamental numerical simulation for the design of a real scale test chamber that conducts
detail experiment for evaluating contaminant concentration reduction performance of
photocatalytic building materials is carried out in this study and time-dependent/ non-uniform
contaminant concentration distribution formed by the convective flow from air purifier set up
in a real scale test chamber are also discussed.
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Fig.1 Ground plan of real scale test chamber

Table 1  Specification of real scale test chamber
Material SUS304
Cleanliness Class 1000
Temperature [K]
(normal test condition) 2981
1o

Humidity [%] N 50410
(normal test condition)

. . Virus, bacteria
Bacteria available (BSL2)
Gas available Acetaldehyde,

Xylene etc.

Supply airflow rate for FFU 25m’/min
Supply airflow rate for PAC with 3, .
FFU 15m’/min
Supply airflow rate for scrubber 10m’*/min

ICHE SN A A —T7T 4 L~YUL 2BSL2)% 7 Y
7L, AT r Y UEERERICH BSL2 UL T OR
BIOTANREFEHARE MR Z A TV D, N
F 7V = — DY A X 3.5m(x)x3.285m(y)
X24m(z) TH 5. RREIT A A7 U —1b— L L Hi
ETHERRI, TH—, GYEWENR A F 7 ) —L
— LD ANADBIFNZGE T HRBRESNOWE 2 /)
[RICEO D Z LNRETHH. Tt LT, A8
A&7 U — 1 Jb— LN D ZEKIEEE 2 I 5 5
& LT, HEPA 7 4 V& —#E# FFU(T7 7 7 4 )V 2 —
= b)) R5sm/min) A ERH L, SREE RS, HE
LIIEERI SRR E STV 5. £72, 2830 o HEPA
7 VB —5# FFU (15m’/min) b5 EHEKT & L
TENENKIFE L BERICHRE SN TN D, T RRY
HRBRAIR O EWEREEE L LT, AT T3~
(10m’/min) Z i 2 11 CTH 5.

BE SRV OR EM T AR SUS304 2 LTk,
TN TR REO—ERZ, Smm [EOT 7 U ViR
EERALTWS. £, ENOEEAR KI5
729, ETONFIVIEEINTLZEL THDH. ERND
IR HAEBIZ 40W D AT EDOEICIT A3 4 KTHR Y f-H1F
ThY, BERZOLEXHRE LT, ZEHO 254nm O
ST T HRRRIC 4 ST T T D



5.2 HERDFN

KIFFECNA F 7V — 2 )b— K% A= 51T
By, RBRITN—Y - BRIISKIRIRE I, 1504E
& JER, VYR 3 BEEIC A ET X .

= NER LB % O DR BRATR AT S . &t
GBS L U CR A O 2 BRI, R BRATIC
25 m*/min DFEHERUH FFU & 548 & T2 2 1000 LA
TOWEEEZH U=, 2SR X 0 IR 2
B, —F, HARBRRFZIL, A7 T3—H iR S,
BENOT A ZFEELEIS, S L0 IRBELZH
T 5.

R NEHL DTG Y EVE RS - JER OB TIE, Al
S\ THET DREIZ & DI E IR AENLIEQ 7 PN D
B E % 7 ) — 2 b— ANIZIRASHE, 7 U —L
— ANITEE LT 7 7 VAW T, 2B K RE
T5.

R, BB ZARIE LT, HIRA UG L
27— b— APICERIE. LT A L -2t
TSI X D IR R A T 5. AT
IZBWTIL, HAENS T oY )V E CEREEYE
ZRBUI L TND Z LITNZ T, ZeRIEEIEE O E)
S0, AR OFFE R E ST A AT T H L
TR, BNOEXERREZ R L SGET D AL
AT HZLNEHNTHS.

g,
"

5.3 BUERETDEE

531 ENETIL

FBNITIERL S DRI A 78 H TG B IR 5y
izt 5720, BMEMIC A A7 ) = — L%
FELL, N—AEERFARE U CEi O 22 518 <
WHEME, ZBRUGEEEEIC K D15 E IR %
FEhiid DD 2 ST, KR S ONTIEYE
TEBSGIAT AT o 1o, FRATXIRZEM OIIR % Fig. 212
IRTL T U= b— ADH A X TEARII SR & R
FITHHR L TRBY, ZZHFHOBERNE2RKIFmIC, PR
AZBEEIZ, &1 TOmE L. EENICIERIE
HEE LT 7 R RE LT

5.3.2 RIS

TET R 25SCIREEZIE L, SLtET /L E LT
RNG kRET V& HWTHT 21T > 72, T &%
Table 2 (2% & O THEPET 5. AV OIS, 22
TS FFU 2@ ST U —2 ) b—AND/R—Y
VEE% FENiT D86 O ZEFIC X 2 RS O 5
% Case 1, ZEEUIBTEIEE O AES S & 5 2805164
EPERERBRIF D Sh % Case 2 &3 5. fRHTZERITIHS
EAE TR E VIR ZERHA L TA v =28 LT
B, #925m’ ODEFETH L, A v > 2 5001% 2,224,981
Thb.

7 22— —tsukuru No.21(2013)

Supply inlet for air condiionar
(®.51mx 1.22m)

. ]—: LlwnD 4ol Cager 1)
S,

< . NS

I
UeurCse 1) -

Exfupust outet far alr conditonsr
[0EIrm = 1,23
i

- | =
b Lz by Cane 2] |
% e | ]
i f
A griti i F =t |
P = ;@bu-.v_l:uszr o ¥
T .
i , | Y
-I:_?- i -~ Chreulatsr
i
Ty N =t
nLa Ry | _&q"‘

-~
i

Fig.2 The test chamber model
Table 2 The flow field analysis conditions

Domain 3.5m (x) x 3.285m(y) X 2.4m(z)
Turbulent model RNG k-¢ model
Mesh number Unstructured grid (Tetra): 2,224,981
algorithm SIMPLE
Discretization Second order upwind for advection
scheme term

Case 1 : U;=0.34 [m/s],

0,=900 m*h

Case 2 : U,~=14.6[m/s],
bowtomsny |Gy

kin=3/2X(Uy0.1)’,

En= C,u3/4><kin3/2/ lim

C,=0.09, [,,=1/7TxL,,
Outflow boundary | U= free slip,
conditions ko= free slip, &,,= free slip
Wall boundary Velocity: wall function (Generalized
conditions log law)

(1) Section 1-1

(cross-section of x=2.9)

(2) Section 1-2

(cross-section of Y=1.6)

H R

(3) Section 1-3

(cross-section of x=0.6)

(4) Section 1-4

(cross-section of z=0.6)

Fig. 3 Section view of analysis results in Case 1
FofRNT I RN % Fig. 3 (Z/Rk9". Case 1 TOZE
WD FFU #5500 HER A 2510 4 I 280 L7z
RN ZETe 2 % Section 1-1, 1-2, PER A ETr 2
% Section 1-3, 1-4 &9 5.
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Fig.5 Age distribution (SVE3) in Case 1[-]

ZE IS E RS Case 1 D7 U — 2 b— ANZER RSy
#i(SVE3)% Fig. 5121, 225U/ Af(SVE3)IT=EN—
BRICTEYYBE NI D BRSO EE K O D4R
XV, ERIND., ZOEEITRE N LERNZE DN
(RS D F CORFBATE)DNEWIEE, 15O
N EFRT D EVHHEICESE, LLTFOXTRIND.

SVE3(X)=Cx  (X)/Cs (15)

7=17L, Cs=q¢/0 (16)

- =)
— =

SVE3(X) X 28T D HR B RIEIR(EN ARGV E
FEAERE O SRS e R — KRy R BT
THIEL U7 R

Cy ™ (X): BEN—HRITHR R g DIFYLERAEN D D56
DX O [kg/m’]

Cs : B — RIS [kg/m’]

q : VFRIROIGY =R 8 [ke/s),

0 : KR [ms)

B OBKENRBIETH D SVE3 1E, FIIHYED
HEH 2 0 U7 RGN RIBE & 2 Do Ai & 1372 0,
FENDEEORICEL, REH LERNE ZICEET
% DIZE LT PR TIR) 2 R T b DO Th .
IR & H U225 RIS DI EE LI TREANE T AU
WIEE, FORE L 22K 0NEY ST D ATREMED
INEL, ATEDNEL RBIEERPTIERESN TSR]
BEPEE T L E X HD.

Case 1 [ZR\F DZe5HnIE, Brittecm s S b 2E
T DR D SVE3=0 & L, HEX 1 SVE3=1.0 &
L7285 OBRTAL SN/ T A—=H TERINTWS.

Casel T, 7 U—1/l—AWNIZIE 0~1.6 DZeK
AR EIND Z AR ES Tz, BHR RO
BRI D T4 7280, ZOHEIZHIT 52
SURDMRRAE 1.6 L 72572

54.2 Case?2 f@HitR : TRESEEEnrS

Fig. 6 IR L2l 0, fERORRITZELIHERIEE D
R, WOADNE D P z-x “Ffi (Section 2-1),
F T T EFT ORI FTRETR 2=0.6 D x-y -
[f1i % (Section 2-2) 2 Wi 2 -9 5.

VAl O Lo RBR O FERRF 21T, FERE DZEH

Fig. 6 Section view of analysis results in Case 2

RITFIE L TR, ERENIRBREANICRE S
2 IREE OB L > TRV SN D, 225054
S R SR A (R ¢ 5.6m/min) &2 4EE L
T BOR A RATRE R4 Fig. 7 1R 7
ZEABVEETE I 8 2 WK H H(0.04m(x)%0.16m(y))
D25 14.6m/s O EGE TLERDEE S IR &5



7o, RINRRIERHICEZE LTctg, RIFmIZH->T
TN DEEF- )5 iR T & D (Section 2-1). ZEKIBHREE O
MR HARERIE OD 52883 I SO IS, SR 0.4m/s
FERE ORIk & 70 % . ZEXUERIEE ORI 1 BEHE
WHEOFRTH D Z & BIRIFERTFR 72T DAL
S 1% (Section 2-2).

ZSRIB IR ENERE D 7 U —  L— ANZER AT
(SVE3ENTHE 5% Fig. 8 \Rd. T 2 ClIZekimig it
EOWH 0723 SVE3=0 TH Y, ZEXUHHEEEOWHA N
C SVE3=1.0 & 7225 Ot 2l L7z, Z250EE
TEETEHRIF CIXE PR C 22K DI KA 1.03 DFR
DINEREND HOO, ENTIZIFEEIRE IR
VRS DTER ST 5.

|

& 00
045 \7_10.
3 +0.50
| Boss 052 & |
LR =05 ‘0_95 .55

(1)Section 2-1
Fig. 7

(2)Section 2-2
Velocity magnitude in Case 2[m/s]

-0.98

=0.97
=0.96

= 1.00
0.99

(1)Section 2-1

(2)Section 2-2
Fig. 8 Age distribution (SVE3) in Case 2 [-]
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(3) Sampling equipment

(4) Air purifier

Fig. 9 The appearance in the bio-clean room
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Table 3 The experiment condition of airborne bacteria
concentration damping test

Cleanliness CLASS 1000
Tx ture [C

empera .e [. ] 2541°C
(at the beginning)
Humidity [%] o
(at the beginning) S0£10%
Bacteria Staphylococcus epidermidis

(BSL1) [NBRC 12993]
Supply airflow rate for 5 6m¥/mi
.6m’/min

seubber (Case2) |
Supply airflow rate for 3.

. . 6.0m’/min
air purifier (Case 3)
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w
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Fig. 10 The sampling point of airborne particle and
airborne bacteria
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Fig. 11 The number of airborne particle and airborne

bacteria
Table 4 The results of reaction rate constant
Test Sampling Reaction rate constant,
condition point k;[1/min]
O 9.7x10°
Case 1 @ 8.5x107
® 8.7x107
@ 24.6x10°
Case2 | @ 210x10°
@ 21.1x10°
O o8sax10”
Case 3 @ AR (U
® 84.0x10”
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