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Numerical analysis of chemical compounds emission rate and
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This study is performed as a part of the research which examines the emission and ditfusion characteristics of volatile
organic compounds (henceforth VOCs etc.) from indoor building materials, such as paint. In this paper, emission rate
and mass transfer coefficient from the surface of building materials in a Small Test Chamber are predicted on the
basis of a low-Reynolds number k- ¢ model(Abe-Nagano model). CFD results show good correspondence with the

>i,

experimental results.
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Fig.2 Small Test Chamber measurement system
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Table. 1 Analysis case

Temperture | Temperture | Evaporting ACH
in Small Test at Liquid Liquid of out
Chamber Surface chamber |
case1 23°C 21.8°C Water 0.1/h
case2 23°C 22.7°C Decane 5/h

(LB Z % (Table.d), CFD #i4T CIIHliKk R OMA Decane N
W CIE L | RN OB L BB, RO BRI
10 &7 %, Mk & K Decane XA o PR IR
RIE L 03K D (Table. 2).
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O CFD BT A1TD. BHRAOF 1 A v o OREER 213
0.03 & L7, ¥ HEOEMOMHIIZL D FH0ERO2
EUWA D, HEEME. Av oW BR%EMEA Tabled 2
Y, Fig.3 IS A v v B,

JEALIED CFD BB o0%%1Z, inner chamber BIIGENRIN oYB4 3
7 E(Fig.2 L0 Target material) {2 & B A (B8 TAR UL,
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BOBBHT 217 5.
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Fig.5 (MIZR S 54k, inner chamber THl® fan (ZiE-3<
i3 casel & case2 HICHMHORBAWESIND, CFD
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TRALB ARSI IO | SERUBEEIT A 1T 9 . casel OBAITIL,
CFD FRHTIZ L DMK OIABUEE T 28.1 (g/m?h). Small Test
Chamber ¢ exhaust TORRIEIL 2.3(kPa)yTHh D, case2 D
£ .CFD BT L 5 Decane REGHEE 1T 42.7 (g/m°h). Small
Test Chamber ¢ exhaust T% Decane #1T 0.8x10° (kPa)
T# %, Small Test Chamber 00 exhaust DIRIE 4 B RURRE &
LB E O EESETITMA  0.9x10° (gmh - kPa).
Decane : 2.7x10° (g/m*h-kPa) & 7 %. Decane VHHIEIER
PR OO 10> 3 F5HRIE & 425 7-(Table.5)- Fig.6(1)~(2)iz#iAk
& Decane OFHRIEEESMR(Y=04m)4k =Y. MWH OB

Table. 2 Empirical Equation for Vapor pressure Pw,
Mass concentration Coat liquid surface
and Diffusion Coefficientof Da (Note 2)

Vapor Pressure Pw (Pa)“)

log1gPw = A-B/(C+T)-3 {1
Mass concentration Co (gvoc/ml)
My P
Cp= Py -1 _"w 2)

M, P-P,
Diffusion Coefficient of Da (m*/s)”

3
1/3 13

[lu) *(ZQZ'J .1 (3)

Pet, Pe2 My Mz

P«: vapor pressure (Pa), A.B.C: constant, Mi,Me,: molecular
weight, P: atmospheric pressure in Small Test Chamber(rl:za),
(R&b(:zd»ensity of air (g/m’), D: diffusion coefficient in air (ni/s)

. T temperature{ C ), P, criicality pressure
(Pa),Te1, Toz: scriticality temperature(°C), .

. 8.7x10 057183

Da P

Pea:

Table. 3 Diffusion Coefficient of Da and
Mass concentration Coat liquid surface
{derived from eqgs (1)~ (3) in Table 2)

Temperature Co Dza
(c) (gvodm®) (m°s)
Water 21.8 19.9 2.27x10°
Decane 22.7 10.0 4.75x10™

Table. 4 Conditions of CFD analysis

Turbulence Low-Re k- ¢ model

model (Abe-Nagano modei®®)

Grid points 216,600

{3D) (Half of the space is calculated.)
QUICK

Space difference (Convection term)

Outer chamber | Uin=14.4m/s (5/h), or 0.29m/s (O.1/h)2
Supply opening | Uin= ln=1/7 *Lo, kow= 3/2*(UinX0.05)",
B.C. £ in=C, “Kin"~/ lin

Outer chamber Uo=(mass flow)

E"“augt_ QPG| ko, ¢ ousfres slip

Fan Usan=2.69m/s, kan=3/2 * (Uten X 0.05)",
(enforced vaiue) | la=1/7"Lo, * @=C, *Kian - lian

Wall boundary No-slip

Fig. 3 grid design of Small Test Chamber
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supply Qpening

Y a7 (1) scalar velocity (X-Z section . Y=0.4m)

aterial

Innerchamber ...

(2) scalar velocity (X-Y section . Z=0.25m)
Fig.4 Velocity field in Small Test Chamber
(unit : m/s, air change rate:5/h)
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Chamber 2 exhaust TOHKRIEIL 2.4(kPa)TH S5, case2
DOPAITIE. Decane DHEOENEIT 46.4 (g/m°h) Small Test
Chamber 7 exhaust T 7 Decane ¥ 13 1.0x10% (kPa) T 5.,
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"X CFD M L MK oD 2.4 1REEE L A >, CFD %
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née"( TR 2T Lewis L/)BQf;f(Nme“»* {HE L., Lewis
Number % 1(kglkg) & VLBl L 72854 case1 DIVFER H—._u‘,
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53 HE
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/Da <“°‘e<5”vs‘i Decane 7 Sc=3.16 &R0 Sc=0.66 L 19 5 (R
e T L IER A3 BN Ao R & (4TI, (Re-So)
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(3) U(2) distribution in Vertical direction
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Fig. 5 Velocity distribution in inner chamber
(Comparison of experiment and CFD)
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Table. 5 Mass Transfer Rate of Water and Decane

caset (Water) case2 {(Decane)
Exp. CFD Exp. CFD
Emission rate {(g/m°h) 29.9 28.1 46.4 42.7
Exhaust concentration (measure) 2.4 kPa 2.3kPa 1.0%X10%kPa 0.8 X 107°kPa
(g/m’) (18.0) (17.5) (6.0x10™" (5.3x10™)
Exhaust concentration {perfect mix.) 2.5kPa 1.1 X10°kPa
(g/m®) (18.5) 62x10™"
Saturated vapor pressure 2.6 kPa 2.6 kPa 0.17 kPa 0.17 kPa
(temperature. g/m°) (21.8°C. 19.9) (21.8°C. 19.9) (22.7°C. 10.0) | (22.7°C. 10.0)
Mass transfer coefficient (g/m°h-kPa) 1.2x10° 0.9 x10° 2.9%10° 2.7 x10°
(g/m*h-(g/m?) (15.7) (12.0) (4.9) (4.5)

6. B

(1) CFD FRVTFILIC X DS oL F R TG A L <
BT MALETTO, MR L HEE Deane 225 ORUR(ERENHR R
AT L,

(2) CFD 24 % inner chamber PSR SyT (T IR
HErBE—HL,

(3) CFD B¥#7 I & % #il LB HUE 0.1m/s 'C“wﬁ!z'%(t&riﬂrm&
K : 28.1 (g/m*h, 21.8°C). Decane : 42.7 {gim h 22.7°C)
Ligote, :E/‘#a?{frﬂ: 3#7K 1 0.9 X107 (g/m*h-kPa).
Decane : 2.7 X 10° (g/m*h-kPa)& 72~ 7=, CFD RgbrisH
IIRBAER LR T 8L . CFD 1M iR ER 4 -

’/}fxﬁ?[ﬂ[f’ﬂﬂh—?é ZD = é: /j\T C‘*Ll_n

Notes :
1) U“W)—'PWBWYU) Large Chamber {Z5fL T, HH 7 R
CE—ATEBRT 580 Chamber % Small Test
Chamber &f’ri 2
H20 7E$ A=7.7423, B=1554.16, C=219; PP Decane
KT H0, /“HU)ﬁﬁH‘ 71(Pa) (Pc1 2.1x10" Pe2: 22x10 )
Ter,Tez: Decane & T8 H20, Z & OB R ¥ (C)
(Tcr{ Decane 3304 HO :374.2 &2-140.7): M, M2, :
Decane KU H20, ZR D5 E (M (Decane :142.3,
H20 :18.02), M.,:28.97 ).
UofRREHIE (m/s), LofVREE S (m), v KOSt R
{m°/s).
Lewis PBFITad (o Cp) te CREND. T ZTac:
SRS RWM ), f~’*<7>1t§h(o 24kcallkg (,)
Le :Lewis Number(kg/kg) o 4% 115?515'\2){1‘3\"_”(kglm he
k?/k}qz 1 kcal/lh = 1.16 W, haf# 4_\11?( /m

Mﬂffgk{a?}‘

(m’/s)

() » 2T OBYRE GHEARRU(MYs), Da ZERPITI51T 5 BT
f?#{(m 1s): ’

(6) fEwtfb s iz Al T — B (¢ )DMETRAEL L TICR

,—’»—

+a(u1*¢*)= 1 {iia(b*

ox * ox,* |[Re Scax, *

{f‘/\. ok Ii&’*’z\ |92
voc P, u= ufUo,x*= x/Lo, t= t)( LoMJo), Lofl#2
o{tm:)cf**(m/s) LA /A Re= =(Ugloy/ v, ¥
iz Sc= v Da, v:ZEKDBFEAE(MYs), DaZ

P58 R EIR l‘u(m s}, i=(1, 23)} (1, 23)
Wr 1 Fluent5.0 ( Fluent Inc.@) “ vV Tir- iz,

f#ﬁf H nuﬁ%?e,:kﬁi?b (1999)‘&’4{%1*{%'%%{1:i.-\%/mm
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(£0>14), AL T - 4 TERP R E
2V, idf U.fﬁi (1992), ftxﬁ{fﬁ Rt & £ D BLi -~
L \,«_ k- BTV, BASEYSHCHB &),

2NN
58 & 554 % pp.57-64
L2 T2 A - RS SGT 2R (1968 )
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(1) Vertical profile of k (2) Vertical profile of v,

Fig. 6 Distribution of k and v,in inner chamber {at Line Z)
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(2) case2 (Decane)
Fig. 7 Predicted Decane and Water’'s Conentaration
Distributions Of a cross section (X-Z, gim”)
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