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ABSTRACT

The main purpose of this research is to derive a dynamic equation for describing the
removal mechanisms of airborne road dust from a ventilated airspace. This proposed
dynamic equation simultaneously takes into account the removal effects of three
dimensionless parameters, turbulent coagulation (7C), turbulent diffusive deposition (D),
gravitational sedimentation (GS), and airflow pattern within a ventilated airspace. One set
of road dust collected from urban area situated in northern Taiwan. Four displacement
associated with two short-circuiting ventilation system modes were conducted in the
modeling simulation. Two airflow rates (210 and 105 cm’®s™ » ACH=1.04 and 0.52 h™")
with two road dust generation rates (0.1 and 0.05 g min™") were employed to perform the
modeling simulation of the mass concentration of airborne road dose. Results show that
there is no significant variation for particle size distributions of the road dust samples
obtained from urban area in northern Taiwan, whereas both followed a lognormal
distribution with average geometric mean diameter of 1.01 um and geometric standard
deviation of 2.59. Sensitivity analysis of model parameters reveals that airflow is the
dominant parameter in the model. Sensitivity analysis shows that TC is the dominant
parameter among TC, TD and GS as the airflow rate is 105, 210 and 315 cm’s™ (ACH=
0.52 ~ 1.04 and 1.56 h"). The results of modeling simulation also demonstrate that
cumulative mass concentrations of airborne road dust in displacement and short-circuiting
ventilation systems are 64.28~237.38 and 94.72~356.00 pg m™, respectively, under
airflow rate of 210 and 105 cm’s™! with road dust generation rate of 0.1 and 0.05 g min™',
indications cumulative mass concentration in displacement system is lower than that in
short-circuiting system. Moreover, the cumulative mass concentrations under airflow rate
of 210 em’s' are lower than that under 105 em’s”, in both displacement and
short-circuiting ventilation systems. Results also demonstrate that the removal efficiency
of displacement ventilation system is higher than that of short-circuiting one. Results
obtained from this research are expected to offer designers a control strategy for remowval

of indoor concentrations of airborne road dust from a ventilated airspace.

Keywords: Road dust, Ventilation, Turbulent coagulation, Turbulent diffusive deposition,

Gravitational sedimentation.
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F4ll BRIVEREASH
Symbol Meaning Value Unit
A4 2280 Geometric parameters
V Chamber Volume 7.29x10° cm’
S Chamber surface area 4.05%x10* cm’
H Chamber height 90 cm
w; Fractional air volume of system for compartments land 2 0.5 —
k; Fractional wall surface of system for compartments land 2 0.5 —
f Fractional height of system 0.5 —
FRIF 228 System parameters
Q Ventilation airflow rate 210(1.04) cm’ s
105(0.52) (!
B Entrainment ratio * 5.07 —
T : Temperature 19 °C
P Barometric pressure 1 atm
d, Average particle diameter (AED) 1.01 wm
v Kinematic viscosity of air at 19.3°C ° 0.150 cm’ s
Uy(r) Particle settling velocity © 0.012 cms”
D(r)te Effective diffusion coefficient ¢ 7.2x10° cm’s”!
& Average energy dissipation rate ° 2.5%108 cm’ s”
o Thickness of concentration boundary layer ’ 0.085 cm
n; Initial road dust concentration 19 ugm?

"Calculated based on the entrainment theory (ASHRAE > 1993)

B=(2/KNX/H)?>=(2/7)90/1)"?

®Adapted from Hinds (1999).

°Calculated based on Eq. (2.4).

4Adapted from Davies (1966).

°Adapted from Okuyama and Kousaka (1977).
fAdapted from Van de Vate (1972).
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—~ —=-0.05/105/n2/Predicted (ACH=0.52h"! 5t ~&— 0.1/210/n2/Predicted (ACH=1.04h-1)
7 E 3f % % )
g en 2 w4f
9 & 9 &
28§ 2f g3t
25 25
5 = 2 E 2+
£ g £3
gy 7C=2.87x10" <85 TC=1.44%10"
8 TD=0.326 St TD=0.163
G5=0.926 GS=0.463
. . . . k 0 . . :
% s 10 15 20 25 30 0 s 10 15 20 25 30

Time (min)

4.3.3 Mode A-3 RIVRAICRBMETERIREE

TRMIHIEE SR 0.05g min” ~ BRAER
105em’s™ » oy 2 n, BR)

Time (min)

8 4.3.6 Mode B-2 RIEAIZRBEIEBIRENRE

FRSHELSES 0.1g min' « BAESA
210em’s™ » n, & n, BRA)



n, —— Q——= n
Q—l::"ﬁ[ """ ¢ 0 «—Lm """

5
—#~0.05/105/n1/Predicted  @=105 em?* s —0.1/210/n1/Predicted =210 cm? 5!
| —=-0.05/105/m2/Predicted  (ACH=0.52h"") ~ ~8-0.1/210/n2/Predicted (ACH=1.04h"')
z B 3f \ 5 &
- 3 ]
< = < E3F
[+ < L
282t £58
o o 2
EE £ L2t
Qo = Qo
= 8 £ 3
<1 TC=2.87x10" <5l TC=1.44%10"
© TD=0.326 S TD=0.163
GS=0.926 GS=0.463
L L ) L n 0 L " n
00 5 10 15 20 25 30 0 5 10 15 20 25 30

Time (min) Time (min)

B 4.3.7 Mode B-3 BRIV RBHIEIREIRE 4.3.10 Mode C-2 EHTRAIC RBETEBIRERE

[TRIBRIELEER 0.05g min ~ BAER TROMMIEESR 0.1gmin” BRAER
105cm’s™ 5 ny & 1, BRS) 210em’s™ + 1y 5 0, BRS)
____1'1_7_ —t Q Q —ts 1}
o— n, Q"1
25 4.0 ; =105 cm* 57
~20.05/210/m1/Predicted Q=105 cm? s — 0.05/105/n1/Predicted O e
| =-0.05210m2/Predicted (ACH=0.52h) —=-0,05/105/n2/Predicted (ACH=0.52h"" )
5 E 20 5 B 300
3 %‘3 =
98 15+ < &
S = =
=8 E 520r
g % 1.0t g g
£3 £8
< g osf TC=1.44%107 < gLor TC=2.87x10"
“ TD=0.163 ° 7D=0.326
GS=0.463 GS=0.926
0 - : - 0.0 . . !
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)
4.3.8 Mode B-4 #BIFERIZ RIGETERIRENRE 4.3.11 Mode C-3 RI\FEA 2 TG EEROPRED G
= rts = FEY WY = e = 3T 3 =
TRMHIELEER 0.05g min” - BEER TROVKIEEER 0.05g min - BRE
210cm’s™ > n; & n, BR) 2 105em’™! 0, B n, BE)
o= n__ o
0+t 0 T
8
. - 3§l 2.5
7 | &= 0.1/105/n1/Predicted (gclgi ;';'Zhs_l) &~ 0.05/210/n1/Predicted Q=210 cmd s
o [ = 0.1/105m2/Predicted - -8 0.05/210/n2/Predicted (ACH=1.04h-1)
g E 6 :g 2.0f
Y 3
< E st £ w
S g < E15F
B S 4t S =
g =9
5 E 3t g =10}
=8 5 2%
g2t = =
< 5 TC:2.87><10“‘ Z % sk TC=1.44x10"
i TD=0.326 g 0. TD=0.163
0 , ‘ ‘ LG5=0.926 00 GS=0.463
0 5 10 15 20 25 30 "0 5 10 15 20 25 30

Time {min) Time (min)

43.9 Mode C-1 RIVBAICRBETEISIREIRE 4.3.12 Mode C-4 RIVRRIZ RGBT EETSIREIRE

ITRINKIELER 0.1g min ~ BEER 1TREMRIEEER 005z min' « BAES
105em’s™ » ny 2 n, BRY) 73 210cm’s™! > 0 B n, BRE)

—~10-



Q
o= T

—_—

8
~2—0.1/105/n1/Predicted ~ @7105 em*s”!
T -e-0.1/105m2/Predicted (ACH=0.52h"")
g B 6
o0
S Est
o o
253
NI
<g?r 7C=2.8710"
1L TD=0.326
G5=0.926
O I 1 1 N
0 5 10 15 20 25 30
Time (min)
4.3.13 Mode D-1 BIVFER 2 SRR E EBRIRERE
= A = P =
TRRIELSR 0.1gmin” - BEES
105em’s™! 0 B n, BRS)
Q- M
0 —— n
5
—&0.1/210/n1/Predicted ~ @=210 em’ 57!
. —a0.1/210/m2/Predicted  (ACH=1.04h")
3 E
5 o
9 &3¢
2§
LB
EEof
£ 8
< § 1k TC=1.44x10"
TD=0.163
GS$=0.463
0 L 1 L 1
0 5 10 15 20 25 30
Time (min)
4.3.14 Mode D-2 B IERI 2 RGEERIREIRE
= gy = sl R =
ITRMRIELER 0.lgmin” BEER
210cm’s™ » nl & n2 BRS)
Qe—t— m
Q —1— n
4 —— 0.05/105/n1/Predicted  @=105 em® s
—=— 0.05/105/n2/Predicted (ACH=0.52h"")
583 ,
on
T E
282t
®
52
2 0
— Q
<1 7C=2.87x10"
TD=0.326
GS=0.926
00 5 10 15 20 25 30
Time (min)
4.3.15 Mode D-3 {BINFEAI < KB H B IRENRE

TRMRIEEER 0.05g min'  EEE
A 105cm’s! 0, B n, BR)

o R —
0 —5TRTT

)

Airborne road dust
concentration (mg m-3)

—&— 0.05/210/n1/Predicted
~a— (.05/210/n2/Predicted

0=210 cm? 5!
(ACH=1.04I+")

TC=1.44%10"
TD=0.163
GS=0.463

43.16

[\
v

25 30

Time (min)
Mode D-4 BRI R ERIREIRE
TRIMRIEESER 0.05¢ min' « BES
7 210em®s! > n, B n, BRE)

Q

Airborne road dust
concentration (mg m-3)

| ~==0.1/105/n1/Predicted =105 em® 5!
| —=-0.1/105/n2/Predicted (ACH=0.52")

——
O =N WUV O OO =N
T

7C=2.87x10"
TD=0.326
GS=0.926

(=1

4.3.17

5 10 15
Time (min)
Mode E-1 BIFERIZ R ETEBRIIRENRE
TRMREEER 0.1g min” BEER
105em’s™ ' n B n, BRY)

20 25 30

Q

Airborne road dust
concentration (mg m-3)

e S B N ¥ B = NN o)

——0.1/210/n1/Predicted
-8-0.1/210/n2/Predicted

0=210 ecm? 5!
(ACH=1.04h-")

TC=1.44x10"
TD=0.163
GS5=0.463

~11-

15

Time (min)
Mode E-2 BI{FERAIZ R B IRENRE
(TRMKIEESER 0.1gmin' BESR
210cm’s™t s 0y B n, BRS)

S 10 20 25 30



e “' o

T Y n (4]
——0.05/105/n1/Predicted €=105 cm3 s-! —&0.1/210/n1/Predicted ©@=210 cm3 st
5 | -=0.05/105/m2/Predicted (ACH=0.52h"! 6L —=-0.1/210/m2/Predicted (ACH=1.04h-1)
LT B E 5|
2541 S
= g s E
B S o 41
o g 3F = G
= O [P
o = £ S 3r
g g 2k o=
Q S 0 L
2 0 =38 2
52 TC=2.87x10* < g TC=1.44x10"
g1t TD=0.326 ° TD=0.163
GS=0.926 G5=0.463
0 1 1 1 1 I 0 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)

4.3.19 Mode E-3 ¥R BRI EBTEIREDRE 4.3.22 Mode F-2 BT FERI2 R ERIRENRE
IRIRIEEER 0.05g min” ~ BAE IRIMRIEESER 0.1gmin” BAER
A105em’s! 0 B B 210cm’s! » g & n, BR)

o— 0 L
n; (0] o 0
35
~&-0.05/210/n1/Predicted =210 cmi® s°! 6 [ 0.05/105/n 1 /Predicted 0=105 cm? 5!

3.0 | -=-0.05/210/n2/Predicted (ACH=1.04h", 5 | == 0.05/105/n2/Predicted (ACH=0.521!)
2 ol -
E52s R \
< B - &
2 =20} 8 Z
R =83
2515
o =]
£ 3810t €827
<g TC=1.44x10" <5 TC=2.87x10"

o5t TD=0.163 1t TD=0.326
GS=0.463 G§=0.926
0.0 . . L L t 0 L . L L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)
B 4.3.20 Mode E-4 BIFERC R BETERIREIRE 4.3.23 Mode F-3 BIVFERlC mGHIERIRERE

THRMKIELER 0.05g min - BEE
A210cm’s™” 0 B, EBR)

TRRIETER 0.05g min' - BEE
A 105em’s™! 0 B 0, B

- N . M.
o , 0 2 n] Q
12 3.5
11 b= 0.1/105/n1/Predicted Q=105 em’ s —2—0.05/210/n1/Predicted @=210 cm? s
10 b= 0.1/105/m2/Predicted (ACH=0.52h"") 3.0 | 8= 0.05/210/n2/Predicted (ACH=1.04h)
§ g 9r T o5t
R 7 E“
=] E 5 e
g7 < £20}
S L 2 -
o'E 6 o g
g F 5 o215tk
2 0 gBE"
547 5%
=] o - - L 1.0F
“g 3 TC=2.87x10 Z g TC=1.44x10°
2 7D=0.326 8 o5l TD=0.163
1+ GS5=0.926 : G5=0.463
0 : : : : : 0.0 . , . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) - Time (min)
4.3.21 Mode F-1 IRIVFER < RBETESIRERE 4.3.24 Mode F-4 RAFERICRBETERSIRENRE

FROMELER 0.1g min” BEER
105cm’s™ > ny B n, BRD)

—12—

TRNRIEESR 0.05g min” ~ BES
A 210cm’s™ > ny B n, BRE)



F 219.78ug m™ EIEAEES 105 em’s” RSk
EBE 0.05 g min' B (IS R AR R EEE
MZBRIERERANEREEABRE SIS
45.51 J 68.16ug m” » H— @ AIEEE 2 IS
73.22 J 109.95ug m” » E5@EEEE 210 cm’s”
AT EEE B 0.1 g min B » A7 R GEER
BESMZBRBERBERGEREMERBBRE D
A 41.49 % 60.95ug m* » & RREIRE 5
R 87.03 K 128.42ug m™» & BAE S 210 cm’s”!
KISk EEERS 0.05 g min B A R AEIEE
RBEEAMZBE R rGEREMZEEE
S3RIES 20.75 T 30.49ug m” > HA—[E [ BRI
53R 43.53 K 64.23ug m” » SFHELLEAS AR
JERER ~ o A BN P RIER 2
PRI E (n ) A — B EEE () 1K - B4R
% XEGEER2CBECAT B/ R O E R
AIERT > ERIEFNIEE )R A — R R E
() > KIEBAE—ERRHET » e EE
CAZEANE] » /RS R B m (A Ao »
BRI A — & R E -

4.5 BEXNEFEIN

FAIEAE TC ~ TD ~ GS FBAE(QFEMH R
HEERRETT R L B TR BRI T -
TR RIES TC ~ TD ~ GS JBEE R FHEf TR
BRI - EREERE 1.0lum > FE=1E
EEE AN 1055210 K 315 om’s (225840 ffass
052+ 1.04 % 1.56 0" B » DIRE TC ~ TD K
GS EHENXBEAHT - FRIELEREE vs. TC
SEBEE vs. TD ~ JBEE vs. GS KEAE vs. TC ~
TD ~ GS T 5347 -
4.5.1 EEZF vs. TC

Il 4.5.1 &3 4.5.1 B EREER
£% 1.01 um F¥ > SEEES 105210 K& 315 em’s™ >
SRIEHE TD=0.326 & GS=0.926 ~ TD=0.163 &
GS=0.463 ~ TD=0.109 & GS=0.309 » {5 & H& @
NE TC fE - #ERA RIS HERRBEEGE
B TC [HE SOKY » BEER 105210 &
315 em’s” s ER R FIBHE BREEE SIS
0.23 ~0.24 J 0.24 > fE¥BEESIR A ES

&45.1 SEBERME TC HBRERTEE

EEEE
(cm’s™) 0 005 05 50 50
Dimensionless | 14 069 066 049 023
105 Concentration
Removal ratio (%) — 39.32 42.23 57.14 79.71
Dimensionless 1,14 0.86 0.80 0.55 0.24
210 Concentration
Removal ratio (%) — 24.36 29.56 51.86 78.83
Dimensionless
315 Concentration 14 093 086 057 024

Removal ratio (%) — 17.85 24.26 49.90 78.52

% Difference — 055 043 013 0.0

1.0
(A) d=1.01 um AED TC, 7D, GS=0
08 TD=0.326 (Ventilation-removal only)
2 G8=0.926
==
2E 061
=8 TC=0.05
(=]
=g 04r
g - TC=0.5
A% 02t TC=5.0
0 ) )  TC=50
0 0.5 1.0 1.5 2.0
Lo Dimensionless Time
“I(B) d,=1.01 um AED 7C, TD, GS=0
osl  7D=0.163 (Ventilation-removal only)
BE | Gs=0463
%g 0.6k 7C=0.05
E TC=0
38 04f =0.5
23
E%’ 02tk 7C=5.0
0 ) ) | TC=50
0 0.5 1.0 1.5 2.0
Dimensionless Time
1.0
(C) d=101 um AED TG, 7D, GS=0
08 TD=0.109 (Ventilation-removal only’
BE G5=0.309 005
b=y =0,
g oo v
e TC=0.5
SE .
28 0.4
24
Eé’ 02k TC=5.0
o ) ) | TC=50
0 0.5 1.0 1.5 2.0
Dimensionless Time
451 ERBHBFORBETER 1.01um §F -

TARE TC ET » PEFRIEN < AR ETE
BEE®) 0-105 cn’s’ + (B) 0=210
em’s™ ~ (C) 0=315 em’s”!

RIS 79.71% ~ 78.83%, 78.52% » HiE B/ »
& TC {ES 0.05 B » SBEE S 105 ~ 210 J 315
em’s” » EERRFIBEEEREE S TS 0.69 -

—13-



0.86 K 0.93 » tH¥HE M EERIEELESFIE
39.32 %~24.36 %K 17.85 %> H3EHEE 21.47 % o
P EEE R IRAEE 2 H 3 (% difference)[
TC {EH K(TC H 0.05 HEH0E| 50) 2 BUREAE
12 » 1 0.55 %;ZWiR{ER 0.43 % ~ 0.13 % ~ 0.01
% » KILABHE TC fE£ 0.05 b » FHEEEAIK
SEARSERE - BEREREER NI
T o E TC {HE 50 I » BIRCUOE SRR EER
BAEENE MR ERREETIIREE
&E 1.01 ymoE TC 5 2.87x10™ & 1.44x107 f>
BEER 105 om’s” EHUE HLEEE S 210 om’s”
% o
452 ;EEE vs. TD

FHIE 4.5.2 je 3 4.5.2 LHESED  ERENER
£ 1.01um B BEES 105210 K 315 em’s™ »
SRIEE TC=2.87 X 10 & GS=0.926 ~ TC=1.44
X 10 GS=0.463~TC=9.59 X 1077 K GS=0.309»
B A ERE TD E - A RS EHERE
BREUS S -8 TD {E5 50 K> BRER
105 ~ 210 } 315 em’s" » SERI ARG EE RAGIE
&4 HIES 0.04 ~ 0.04 J7 0.04 » FHEHEEFETEEREL
AR RIE 96.65% ~ 96.62% % 96.61% » Eo7=
BN TD {EES 0.05 B » SBEES 105~ 210
R 315 em’s’ > BRARIEHERREIEE SRS
0.76 ~ 0.91 Jz 0.96 » fHET @A ESIRAEELLES
RIES 32.98 %20.19 %R 15.10 % H = F 3% 17.88
% (82 TC Z 21.47%%/[\) - tHEHEMEHIRER
ZBEE (% difference) & TD {EHE X (TD
0.05 $EhnE| SO)EFERIVIER - H 0.54%:% M
FEIEES 0.32% ~ 0.03% ~ 0.0004% - [t BE1E
TD £ 0.05 I - ¥ @A S L ERENE
B HEREREEREZIIE IR > 8 TC
SRICAEIR - 8 TD A 50 I » ST s
ESRTEENE AR ERREETER
BEAS 1.01um » & TD £ 0.326 K 0.163 fF »
TEERS 105 om’s' EHE L ERES 210 cm’s”
& o B3R 6.5.2 154IE TD EE 5 & 50 B - fH#
HBEERIRUEZE S HESAE 0.03 %K
0.0004 % » BT EEE# TD {ER S K 50 FFEE]
FEIK - & TD ERE 0.5 2 0.05 I BEEBHE

®452 ZEBERME ID BEEANRRHE

EBREE
(cmSS") 0 005 05 5.0 50
Dimensionless 114 076 0.66 027 0.04
105 Concentration
Removal ratio (%) — 3298 42.24 7641 96.65
Dimensionless  1.14 091 0.76 0.29 0.04
210 Concentration
Removal ratio (%) — 20.19 32.67 74.86 96.62
Dimensionless | 14 995 081 029 0.04
315 Concentration
Removal ratio (%) — 15.10 28.93 74.31 96.61
% Difference — 0.54 032 0.03 0.0004
1.0
(A) 4,=1.01 pm AED  7C, TD. GS=0
TC=0.87%10" (Ventilation-removal only)
o U8 G5-0926
88
gE 06 7D=0.05
=8
23 04 TD=0.5
E4
&° 02f TD=5.0
TD=50
&
0 0.5 1.0 1.5 2.0
Dimensionless Time
10 (B) d,=1.01 um AED TIC, 7D, GS=0
TC=1.44x10" (Ventilation-removal only)
we 08 Gs-0463
22
28 06
Z8 04f
av© 0.2}
0 :
0 0.5 1.0 15 2.0

Dimensionless Time

7C, TD, GS=0

0
(©) d=1.01 um AED  wAiiaiion-removal only)

08t TC=9.59x107
’ GS=0.309

0.6

0.4r

Dimensionless road
dust concentration

021

0 0.5 1.0 1.5 2.0
Dimensionless Time

B452 SREEAEVERIELER 1.01um K
TRE TD BT - FElFRIBIC R EEE
EEEQA) 0=105 cn’s' + (B) 0=210
em’s! ~ (€) 0=315 cm’s™!

B o
4.53 JEAE vs. GS
HE 4.5.3 3k 4.5.3 LLEEAD ERENEK

H
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F453 SEBARANE G5 CRERNRBEER

=2 5]
(cm’s™) 0 005 05 5.0 50
Dimensionless 14 096 080 029 0.04
105 Concentration
Removal ratio (%) — 15.54 29.27 74.36 96.61
Dimensionless 114 1.03 085 030 0.04
210 Concentration
Removal ratio (%) — 9.35 24.78 73.75 96.60
Dimensionless 114 105 0.87 030 0.04
315 Concentration ,
Removal ratio (%) — 7-34 2331 73.54 96.60
% Difference — 0.53 0.20 0.01 0.0001
1.0
= 1C, TD, GS=0
os :A) ‘;bzl'z(?gl;::}loéED (Ventilation-removal only
"3,; : TD=0.326
25 0.6¢
L5
50
G5 04r
52
EZ 02|
0
0 0.5 1.0 1.5 2.0

Dimensionless Time

TC, TD, GS=0

0
(B) d=1.01 um AED  (vintiation-removal only)

08l TC=l.44x10"
TD=0.163

pree:

0.6

041 Yot

Dimensionless road
dust concentration

0.2F

0 0.5 1.0 1.5 2.0
Dimensionless Time

.0
= 7C, TD, GS=0
o g—(C) ?b:lgoslgil;loéED (Ventilation-removal only)
- TD=0.109
== pot
v
E)E 0.6F
&g
Z8 041
D=
EZ
A= 02
0
0 0.5 1.0 1.5 2.0
Dimensionless Time
= Al = BT 4T =3 p
453 BREHEOKHELERS 1.01um K-

EARE GSET » FElFRIgIl< mAEIEE
EEEA) 0=105 ecm’! + (B) 0=210
em®s! (C) g=315 em’s™!

£ 1.01um % SBASS 105210 F 315 em’s” »
RIEFE TC=2.87X 10" & TD=0.326 ~ TC=1.44
X 10 B TD=0.163~TC=9.59 X 107 F TD=0.109>

fEEHEERE GS fE - HMAXRIEEHERE
BEWE RS - E GS [HE 50 I EEER
105 ~ 210 % 315 em’s™ » BRI SRIRHIEE AR
&SRR 0.04 ~ 0.04 2 0.04 > FHEEEE IR
B E IR 96.61 % ~ 96.60 % K 96.60 % » H:
FEMR/N > ¥ GS {E5 0.05 FF » BEES 105 -
210 B 315 em’s” » SERK RIRHTEE ZREIERE 75 51
£50.96 ~ 1.03 J 1.05 > (¥ BEESRRZRLE
SRIE 15.54 % ~ 9.35 %Ry 7.34 % » EEEE 82
% (5 TC 7 21.47%F TD 2 17.88%/]\) » F%f58@
EEERBEZ T 2 L E(% difference)f GS {H
HER(GS H 0.05 HNE] 50) 2 BUEEEIER - B
0.53 %ZMBHEE 0.20 % ~ 0.01 % ~ 0.0001 % »
R AS50% GS (B 0.05 1 » BB UUEE
ERESNERE  HERETEEREITEmE
Wk o & GS fE5 50 B » RIS SR IR
BEER  AMAAXTERBHETHRHELS
1.01pym » & GSEEEES 105 om’s’ BEEHLE
JRER 210 cm’s” B o 3 6.5.3 1B41E GS Bl
B S k50 R tHEEREERRBE T HE
5 0.01%5 0.0001% » B REAEE 105210 &
315 cm’s" > % GS BU{ER 5 F 50 BFEAE(E -
H GSER 0.5 K 0.05 #EREBHERS » &
TD {BUAER -
4.5.4 SEEE vs. TC ~ TD ~ GS

M 4.5.4 154 EREERLE 1.01um &
SEEES 105~ 210 K 315 cm’s” » 4 RIEFE
TC=2.87X10™+TD=0.326 ~ GS=0.926 & TC=1.44
X 10"~ TD=0.163 ~ GS=0.463 J TC=9.59X 107 «
TD=0.109 ~ GS=0.309 » {4 & HFEEEE » %
RRXRIEEERRRE WS E - EBEAER
105 ~ 210 ¢ 315 em’s™ I » MR ARG EHERE
YR SR 0.9420.87 F 0.69 (K& 5B E & 315
em’s” [ AR FIREESBEERE  £T
EEEER 315 om’s’ 1 > SRR EREREGE
REE 105 om’s” BREIRAZEE - BFEEAEN
sE e

ERFERS 1.0lum B BESS 105
em’s” s TC=2.87X 10 ~ TD=0.326 £ GS=0.926 »
HE 4.5.1 ~ [& 4.54 %% 4.5.4 L5 Q
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®454 BEEQ) TC - TD [ GS {FRHERNR
FBEEREBRURLR

(cm? & ?15? Q TC D GS
105 052 063 6.67x10° 011 0.26
210 1.04 075 3.99x10° 0.07 0.18
315 1.56 0.81 2.88x107 0.05 0.14

*ACR =Air Change Rate==Q/V °

- 08

% —— 0=105cm’s’!

% %~ 0=210cm’s™!

g 0.6 ——Q=315cm’s"

3

E

S 04f

o

2

]

E 021

g

£

Q 0 Il ] 1
0 0.5 1.0 1.5 2.0

Dimensionless Time

454 ERVHETIIRHEER 1.0lum 6
' AEERET @ BEBICRBEER
Rie

TC ~ TD ¢ GS {EF#H R X RIREEE R TR
AR HAE SRR 0.63 ~ 6.67X10° ~ 0.11 ~ 0.26 o
EREELSE 1.01um i » BEES 210em’s” »
TC=1.44 X 10*~TD=0.163 }; GS=0.463> F[& 6.5.1
~ I8 6.5.8 B2 3K 6.5.4 B4 > Q~TC~ TD K
GS {ER#HRERX BIRE R MR SER L E S
RIES 0.75 ~ 3.99X 107 ~ 0.07 ~ 0.18 - EREER
2101y mbg > BEES 315em’s™! » TC=9.59 X
107-TD=0.109 K GS=0.309> (& 4.5.1 ~ [E] 4.5.4
K3k 4.5.4 HERASHT » Q ~ TC ~ TD Jx GS (¥t
BMAXRBEHEREEYRIELES S
0.81 ~ 2.88 X107 ~ 0.05 ~ 0.14 o [HHE41EEE
BRESREACEREZ2YE  EEAER
105~210 K 315 em’s™ s TC B4 RIES 2.87X 10
1.44 10" F 9.59 X 107 B fEh/ | » S50 RRETEE S
ERRREER N AR RIEEETIREER
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