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Langevin 81 h%¥%(I2&DT 70OV ILOMAERNEBEEDFEE'

BAIAT LR E - R R

TEMIEXRFEXRFRIFNER (SLRIERMEE, 050-8585 Jti&E= MK IThr 271
2 EWITEKY, 050-8585 JtiEE = TH/KITE 271

F—0—K: I7AVIN, TSVVER, EBE, S0/ UBNE, Péclet B

AENZERTHRASI7OVILAFOERELMET 510, AFDTSV EHEBRRTELS D/ \VBHEAE
KICE>THFONBEEL-. EBEDHETIE, HFORABEMELLTAEAAM AHLI-RFAREICEETSE
TISBEL-8ARRKEM )&, HFAREISKELEZROAAN DM FEE o) D=2DEEEH(T-. Chi
&Y, HRETHELFEKIC, HAAEHEICE TS FOELRREAEAOTOEFRRDLLLTERSA TS FOIE
BEE, HFOEREAORBERRDOSHOMTE QMR EELL5T=. Péclet BA 1000 FUBLEHTIZ, zvm & 200 DE
XIEEAELL, v DAHMNSROIEBER, FhOHFRAOHFOLBEMRAL TRR—ILRAEXERTNIRIIE

THEON-HEEDOBBIEELN—HERLE. Péclet FAt 1000 SYENFEHTIX, HFOEANLTS I EBDHEMNE
EIZY, zvm B zop FYKRELLDIHFORIEHEMLT=. zvrp OB FHL/OATBBEE, RAOAFRADHRFOILHE
EZELE-BR—UEBAEXLVEONERELERICROD—BERLEN, o OFHFIVBLAE-HFORERROS
fl, BBREOFEEHOBONILEBREDLHIE—BLEIoT=. D=8, E Péclet MTORFOMEL LB R L
THICK, HFORRLEEHETIFENFGATHIEEALND.
44 REML Z L TTT Y VOEEITIIR Y Hbh T E 72 (Gormley
4 1 45  and Kennedy, 1949; Tan and Hsu, 1971; Fujimoto etal., 1999 72 £). Z
46 D XD RGE, =T u Y R OMFENTEIIRRR DT D
ST ANRIE L 72 R IE= 7 1 Y L LRI, ST 47 NEHBLUTHYRE L, BEmEICEE kB T S
PM2.5 DR & B U TR ERLEL S LTV DD, K 48 CANE L7 R A BER TOT T o/ LIREE L 0N S b,
RRGEEINCE 2 DB L RE L, LEMIC BRI oE, 7 49 L s ARIHED 2 e — & OEPEREL L S T % T
Vm N AR ECOEROWHE, PRAAORERE, 2 5 v ki 0T ¥ MRZEC L AR OMEETRY AR
PHFTHEETHD. 51 7= Langevin B/ /)% 52 (Chandrasekhar, 1943) % f#< Z & C, ki1
w70 A OHMRES TG RBORB=T 0T AOED 5 g5 g g L AR R S TR . © 0TS TR
ETHT L LMBRLARS. =T 0 AROREET, BUTHL o 2 e 2 ool A1z & BIEE) TS A IR R
FEHT DNRBCAECH B0, MTOEBBRMAOKED 0 - iy b AR ORI S7CU0 S Songer
BTG A DREE MBI TE S, TORD, TG E 55 al., 2006, Buesser et al., 2009 %), BELIELEE VT ZDT 24 4
fRs, TOTTORTORMEFMT L FEBACACENTY 50 Jpem Uy BB E 5T 5 FiE%, T LD i
B MFOTT T EHPIBTE D &5 R E AR OEIIL, 57 (Langevin Dynamics Method) & #79°%. Z ® )75 CTld Monte Carlo
ARSI TR S MAGEIL 2 AV E ST Nowton D g o 3 L s 5o & FBC S < ORIT AT o THT O TR
EHHEREMS L THETE D, ZOFEE, (375 — 59 BiERFHliTABENDH Y, HRAFHE IR N EET 5.
2 X R 7 OFfifERh = & T3 5 35A (Marple and Chien, 1980)72 60 ZOHT, Tox T T 0 DR A B % LD B CREELL,
EEACERTEY, MAFORNIRERSERNELIELT 6 goeopgormstic k585 2 b OThHMRH LT
RFOEHTRADLHLNTN S, 62  Fi(Fujimoto et al., 2014) TIZ KD AT CHOZT =Y LD
LINHFOFA XD E I DL, HADTOTRRBEIR 63 yrpgppseo Bz 0 1, WFOTHIE IITRAE S, AT
CLORFRT VI DIT T T AEBET D0, WAL o g ommmssog i, HHOTRRIC & 5 R R T 5
it ZENREETH -2, 2T, 7T EBORE KRS 65 T L AL
T2 RBATBRECR L, BIENGEIET OB e e s GRS o B O
T 33 W= m R - TR e T, 2016 67 HL7z. ZOBRIL, I8Ny 7 U —(Rodebushetal., 1943) & LT
9 ANTT %R 68 =T YOV A XRINISHEZINDIED, =T )LD AN R
"1 fjmt@mmm.muroran-it.ac.jp 69 U7 TUR USRS 72 2B N COEBIEEIC K 2 HKICH
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BERET 5700, 2 < OFGmISMRTA 2 S TE 2L S ML
B — i ORI L A5 CTiR<2% 7%, Gormley and Kennedy
(1949) T ki D OIEHZ WAL, =7 v/ VOBE—ik#
FREREMITICAEE, HEADDD O z OWiE CORFO
ZfRE, BEAQMTOZAOLE L TR 0 @il =%
(Penetration), P % &\ 7z,

KL OILAFIC L TRACIHRESET L, #Amicbani
RS S 5. Tan and Hsu (1971)13F OB L EE L,
Gormley and Kennedy (1949) & [F] Ui & F CRE—In O 2%
BRI =, Z OFERE, Péclet 2u2MEWSefF(Pe < 100) T,
Gormley and Kennedy (1949)0 @182 L bR E5< 25 2 &
LTz,

NS OBR—IEE I RER AT TR, =T e Y L0
BT MOPERESTRRBESN TR0, ERETE OB AR )
B LD RADILEVR J OHAICET ST sh Tna
V. L, @R &R OMIBEO SN G, A NIRE C,
& EAR R, BT OPLHAREL D TR T LR O aS iH
DA 2RICD 1%, KT DLAER1-P)VE aTHIT 5 2 & TR
IR HAIVD . 2 2 CTARIFZEClE, LD IEIC & » Thi oS & 5
HWL, Riro@mi@EzE T 5 L RIS, b r03BEmIZis Lz
SO B W7 [ ERED 5347 70> & EHEA IS LB TR D 43 Afi &
Kb, TERDIFFERERD BMBEIHE DD TN E i LT,

1. BR—ILHAERXICKLD2BERLLBFRR
MENZRRTTT B /AN a5 E, BO%EEET 5 L
T-OWENATHI TR L 720, BR—IEBOT IR O Bq. ()T

zINb.
oC {1 a( acj GZC}
v,—=D|——|r— |+ (€))
0z r or or 072

TIC, o TMAEEOT M OBEEE XA LA D ORRE C i
RAIRETH Y, v (XM E ST M OFEN O HE TH 5. Gormley and
Kennedy (1949)1% 62C/622 OEZTMHL, z=0 ODHEALDIZEN
TC=CoT—Hk r=ROMHENEBETC=0 &\ ) BERSEMT Eq
(WZEfRE, RO Eq. Q)ZMHTANCE . Eq. Q)% 2L, GK
REWHTD.

a<0.0312 DL X

Pog (@) =1-2.56a% +1.2a+0.177a* (2a)
a 200312 oLx
Psy (@) =0.819 exp(-3.657
oK (@) o ) o

+0.0976 exp (- 22.3r)+0.032 exp (- 57 )
IR D Eq. (3)TH S, Mk T HElEQ2/R) & Péclet £(Pe = 2u,R/D)
DHTHS.

Dz
o=

- 2
u,, R

€)

22 C ug T E I b B . Tan and Hsu (1971)1% 0°C/az?

DEOFEEEF L, GK K& FUBEREET=T vy VOB
— LT A BRI IR 2. ZORER, Pe = 0 TO@IBR
1X GK & —EL, Péclet HDBMEWGf:(Pe < 100)TlX, GK F &
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D LBBRERNELSRY, FICWE T A =L adVNEWERIZE
DFBINRENZ L AR LT

2. Langevin Bl 2 EDEEAZE
2.1 HFOMBOHHK
ST DIER L7 W ifdL s COERIERL - OE®)IX, RO Langevin
&) /)7 0T & 41 5 (Chandrasekhar, 1943).

ZZT, mITRiTOEE, vITRFOBEESRY My, ¢ 3R, u
[FIRNDIEE S SL, adFhiFREEERH < X I3RAIERT 5
FUELNTHD.

Equation (4) % Bl t=¢ >0 t=t+ At T TN T D &, ki1 Ok
FEMRRD Eq. (5)T, b9 —ERNT 5 LKA DENA Eq. (6)TH
S 415 (Ermak and Buckholz, 1980).

(e + A0 = v(t) = () - u(r ()} (1-e YY) + B, Q)
r(t+A) =r(t)+c{v(@)+v(t + At) — 2u(r(t))}
_—Atr
x [18—J +u(r()At + B, ©

1+e 27

=T u(rO) R ¢ TORIT- DL vl 351 B AL OS2
MV THD. Bl & B lXT7 T U EINC K DT v & L7 L L
BEOENEXRTHTH S, AR TIX, Mersenne Twister %
(MT19937; Matsumoto and Nishimura, 1998)(Z L - TH4A X ¥ 7=
[0,11>—kEEEELEL % Box-Muller #%(Box and Muller, 1958)iZ J -
THEHEEBI I L7225 BEEARICEH L, Z0 B & By &%
BADAT v S THE L.

22 §HEITOTS LORI

A (Fujimoto et al., 2014) T % Langevin B /75522 L 0 ki
FOT T L EBOMEENRE L KRB TE L0 EMRE LN, 2
C TS BRI EEOMERSTEOBAEbIT o7z, ERE 1
nm, % 1000 kg m> OKLF- 10 J7 % MERRIZ A =R SEZE I AL
B L, R DOWJHAEE Y Maxwell-Boltzmann 2342 L7228 9 K 5
I, FEYEIEBIATIC L7z d 5 BeBlEL e -V CRE L7e. R T4E
FIRERE O 2184%(262,144 f5) & 72 5 1.754x10* s £ TORIT DEENL
LHEDOLELE Eqs. ) EONC L VEF Lz, ZOR;, XA LA
T T ORE SATRL AR O 145, 2805256 %), 2'°4%
(65,536 fi5) & L7=. FEMZRERITAMET 205, WIFnoZ A AR
Ty TORESTHELESGE T, x, 3, z DE A TORT
DRI > S DN OFINE, EONAADIENY & e L TIE
TR TE D RE E(<x(t) >x< y(t) >x< z(1) >~ 0 )T, RiFDE
LD ZFEENIRFF ORI & & BICEARAITEINL, ZOME X
JEHARER D OBERRIED 2 fF L1 TIE—F Lz
(<x2()>a< y2 () < 22 () >~ 2Dt ). ¥72, KiFDx, y, z D%
FHTOREDFEMEG IZITEETE D RESITH Y, HES
1% Maxwell-Boltzmann 2341 & 1EIE—F L7z, RiFOHEI DS
FERICEERRO 22 040 I8 L, R OBGERRE L Fraivd
CEHOME S b BRIETH D ¢, =8kTfan LIRE—F L. 22

T, kX Boltzmann E#, TIXRETHD. ZNDDKRIEIC &
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D, BERIZIAWZER R TOR OB A R TlX, 414 LA T v
TORESZRFEMIEM L0 R0 REL LEBATHLZ T 1
INDT 5 L EBOMENE L BB TE 2 Z L0 HER T

7.

2.3 Langevin Bi kI L 2AED:EBEDEHH

CIZTH LD B L A= T u Yy Lo EOEIBROFHF kL
7R, Figure 1 )lZ/R9 K 912, ZRITEAEREDR O FIZAKIE
B S 7= 1% R DI %% 2 % . Gormley and Kennedy (LA GK)
<> Tan and Hsu (L% TH) 13HKI1- O ik % #6456 L Clig s
RKOTEY, AFRTHEERICEORBELEH L. NEAD
TT7 a Y LORIULTERICHEE L2 B T, Hagen-Poiseuille it
Th2EETDH. MNENOTIUTHEFRTH DD T, #lihmo
Ly DB IMFAET D

R DAL 2 SR D OALIENZ BV r(l) = (x(), ¥(0), 2(6) THE
TE, WE RO S OB ()= () + 0 LRERD. =

D R TOESF M OEERMSE Eq. (1) THZ b 5.

Uy (1)) :%[Rz ) @

ZIT, QRTET Y ADOKRERETHY,
B L (O) DTN DIKE L 725,

M OEEROFHE TIE, Figure 1 @TICRBETRLEZZT 1
VOV N AR BRI 2 AT S, E ONBEICEZE T 5 £ TR
DIRFE v(t) ENALTE W) DEALE Z A Egs. (5) & (6)I2 X 0 3R
5. 2T, Bi—EBTREXOAN TORASMEFER S 572
B, WROIFIETRA O ANFHLE 2 R E L.

R BNEE r, AME rHdr OBRTEE DD AT D HERIT, BRIEH
DOy & RGN O & O TREN, MERN OO E K
3 Eq. (D BIROXTEESNSD.

Z OMERS0 Egs.

(a) Cartesian coordinate system

virtual L Hagen-Poiseuille flow
extension p | cylindrical tube |
i . distance from L
i i ’ﬁ center line, (¢)
-R ': OSItiOn, Hy : | z
)',."' P / velocity, v(f) f :
aerosol inlet " :
(b) high Péclet number ) o
r Zytp — ?pD |
M fr=R
Particle trajectory
0 z
(c) low Péclet number
| ZDDr Zpp |
fab 1
r=R
6] trajectory (a)
trajectory (b) ZM1D
0 z

aerosol inlet
Fig. 1 Schematic illustration of (a) Cartesian coordinate system.
Imaginable trajectories of particles at low and high Péclet number
conditions are plotted in (b) and (c), respectively
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f(r/R)=%{%—[%j3} ®

ZD Eq. 8)% r/IR=0710 /R ETHENT 5 L, REOMEN
F/RRD Eq. YD X HickREN 5.
r 2 r 4
F(V/R)=2[Ej _[E] )

ZORTERERNAIL IR=0DEXIZ0, /R=1DEXIT1 LD

DT, [0, 1]O—HRELIELE Z AV 5 & Eq. QO)O#BEEic kY 7

A LI PR MG HND . RIZ, KL OEREERIZBIT D x HH

&y FROARLEE, b9 20—k EEEZE AW TRET

& 5. KT OB I E O OEE L, T2 7 MMIRE

L 7= Maxwell-Boltzmann 4347 (2 L7228 9 =R TTHI 72k EAGEE)

HEOFE LT,

Péclet 3@V GA LARWIGEITIME S 2ROl & 2 h
21 Figures 1 (b) & (IR T. 2 Z Tl 2 HE NBE~TE 5T
2 F COTBR AL 3> D O#T EERE 2 & 8 LS o
FREE » T/ 9T. Péclet B3 EVWEE L Figure 1 (OITRT K 5 ITHL
TOT T U EBOREN NS, ZOMEITREIC L 5B
BRI 3 D87 [ O EERL 5y DS EC, BRIFID T T v )
DFEHIZNENEBZ NS, ZOX I RIRPTIE, B2
D DR 2 fli O CTREMNC 2892 & RIS NS, L L, Péclet
ARG A, RIS X DB IICEIR 3 2 807 1 O3 A 5y 23
INEL, BT OT T T U EENC LR 5 ST A R Oy O -
WDREL 2B, ZOWA, Figure 1 (IR & 912, B I13EM
fE 78 d. =7y AR L Wy 7y CEBNC XY,
trajectory (@)D X DWW T AHLIBETIRE TBEILI-DL, *
B Mlo TIRAE T HEHAS, trajectory (b)D L 9 IZAFRFZA D
TR A RS, HEADRLY TRABH LRVGALEX
LD, £ITT, z<0 OFHICHNEZ FARRIER L, —fo
A O D ORANBEEZ S 2 72, R BEERIZ RS 3 5 £ TILE
B L K7 M B B B 2 2uro(iR K% B IE HE; maximum
traveling distance), Bz 23EE | 2B ZE L 72 sl 0D A 138> & O il 5[]
PR % zpp(PE A5 FERE; deposition distance) & L, B DA 0> B HLH
L=z Pymp(e) & L, %FEDOIXERITL SN iR
DA% RDI=.

MED z <0 ~OEIBRIRIER DNl RCILAE TR O AR5
ZDWBEPFRD 20T, KFOANY A6 O ZFF S RVEt
BHiTol2. ZOBE, KT O AR CTOREE AR & b 10 P
EDOZAFEEE 52720 K912, HE AN TOARNE & P
HEAEEET, HEHREZITok.

LD {EIC LA 7 a Yy V@i EOHEOFIEL, UITFOXD
ICFE DD,

1. EWRU7=053C i & HOROAFHLE & WIEES 7 o &
LZPREL, 2RO EFEET 5. KT OB KB (2w, &
WERIC0 LT 5.

2. Equation (7) T S 412 WiidV35 O H T Ok DR FE & 7 & OIF
MZE L% Eqs. (5) & (6)& AWV CEET 5. i ofhi i oh &
0, BEMRRKBBEREL ) K& ol L&, KB
IR T 5. KiFOAY O LD EFF SRV
TUE z()<0 1272 5 7oA ITRRER L TR W o ASHTLE & I
IR
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3. MEFLE E R D O BB R-Dy2 UL R otz b &
(V37 @O+ (@) 2R-D, [2 YL F- A NBEIC TR Lz L HIE L,

KL Ol 1) OO BHRE AR T O UE A BB zop) & L, RO AT
74\, R AN NEEICTZE LW R WA, R
Bl A LRAT yTHD, AT VT 2ITRD.

4. RITEENRE SR EERICERE L ZHE, dHEEKTL,
FH)TRUWBEIIAT v 7 1ICEY, RO TF(=i+)DFE
ZBEAT .

2.4 LD EIZ& YRDF-EBEDFHEL S DEE

23 BT L7 HIETIE, =7 v Y L Ok Pym(a)lt, &
Wb SN T R EERE ovrp DS adk D RE WKL OH & 23T
BN OHTHLNS. Thbb, RITEEA T & @Rk
B HIEITHIT LTV 23, BT 283 5 - N &k L,
AIROMITEE T EDMEEHFLZ LITTER V. Lo T, LDk
IR o> THROLNCERREE ERNICERZT H72OI21E, O
NIEPLPIZLTELMERDHD. £2TC, TARN—REL
THI 72 10 nm, %% 1,000kgm3, HEYERR=25mm, =7
VLR O=1L/min, #RATEE N=10°, ¥ A4 LAT v T DRKE S
At=2"7(=1638470) & L7 eATRIR A 10EATVY, RiED S OfMRFH&
1To7-.

Figures 2 (a)—(0)IZ1E, ENENHAIOFRATEH N=10°E TD
HETELNZa=0.001, 0.01, 0.1 TO@BEEBIHR Pyrp DZE(LE K
TR L, 10 [\ ORITEE N=10° OFE TH L - @ilR oY
M Py g0 (V= 10°[EIDFITITHI S F 5) & AR TRd. S BIC,
Monte Carlo {12 & 2 R E DHEEIZI N T, NEIOKITTHDS
NIHESE p ORFENS X, 5<3pl-p)/N EHEE IR TEY
(Buslenko et al., 1966), Z DRANHGF LI AHEDE % Pyrp = Sump
ELTHHIZHIWER T 7y b L7z, N=10° [EOFITTH LN
7-3@iA =813, Monte Carlo YEIZ R THEE S 7= AfED S OHIFAIC
HDHZENDNY, 2075 10 [B H OFRATEEL N=10° DFH THHE
KEOfERDZF O,

3. MBREEE

31 B4 LRTYTDKRE S DRE

2.2 fiClE, Langevin B F RN KD, kiF0 7 7 7 L iEH)
OMENELL B TETWD Z L EENDTEN, TOFHETIX
IR TRNZEMZA0E L C, RO ZEOHEILIT o TR0,
ARHFGETAT » AR OFHE TIL, BN S A DA T v 7O
fE DOWRE DI TR f- L BEF OB REZHEL TWVWDLDT, FA LR
T v T ORE SBARBEYNCKE WA IR O 22 EH #E)I
TN WATREMER B D, 22T, WYRI A LAT v TORE
EEFAMEL D0, A4 LAT v T ORKE S ERAFEFIRERE D
225G 1/4 5T OEL &, BB OELE T2, JLU Péclet
BO#EHE HN—T& D X1, RiF%E% 1, 10, 100 nm, &
£ 2.5, 50, 10mm, wu, % 0.0531, 0.2122, 0.849ms’' DL
L, 3X3X3 D27 &M CTHEEB I o7z, ZDORFD Péclet 2D
FOPHIT 5.04x10" 205 2.46x107 T 5. HELE R ITRi1DFHH
BATRREL TR 1 nm OHETHH 95 nm) & v +or k&<, IEHL
FREA TR DOEEN R CX DEHTH .

a=0.001, 0.01, 0.1, 1{ZFBF HiHIEZE Pyrp(a)DZA{t% Figures
3 @—(dIRT. BElE S A AART v T OKE S E R OFHR
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295

D & MER R CHRRITUAL LT- R ITT X A DAT v 7 DAYRY-]
T, Ty FOGEE Pélet HAERL TS, HEE D =M Pe<
100 TORER, A E OMMAIE 100 < Pe < 1000 TORER, AkE
D=F1E 1000 < Pe TOFRERT, BUWERIE GK TR 7= i@l
BThD A LAT vy THP/NEL 25 EBBEEMET L, GKR
OBRIZWHLE L TS AR H 5. IRE T A—Fadd | O
& (Figure 3 (), FHHREIT 2729 X TD Péclet D FAFIZIBNT
R ILEREICIE T LTV 523, Figures 3 (@) (IRt L 5 i
DS VAT, AEREOEARBLOWATERIND Péclet

1000 & 0 /N E WG Tl GK AR L 0 & < R 2R R R 5
(a) @=0.001
100 T T T IIIIIII T LI
0.99 — -
= PyrptOurp
= 0.98
S k- -
SA
e 0.97
=
L
0.96
095 1 11 IIII 1 1 IIIIIII
‘22 468 2 468 2 468
10 10 10 10
Number of trial, N [-]
(b) @=0.01
092 T LI T T IIIIIII T LI
091 i~ -
o Pyrp v
= 0.90 5
= Prirpa=10°
[ S A" it s i
S 089 =
9
0.88
0.87
10° 10° 10* 10°
Number of trial, N [-]
(¢) a=0.1
0.62
—_ 0.60 Pyrp Sy
S 08 fm e e e e e mm WY T
A
=}
<
0.56 — \ -
0.54 -
, 2 468 2 468 2 4 68
10 10 10 10
Number of trial, N [-]
Fig.2 Changes in the penetration by the number of trials. The

penetrations at =0.001, 0.01 and 0.1 are plotted in (a), (b) and
(c), respectively.  Dashed line indicates the penetration
obtained by 10° trials. The range of uncertainty is plotted by

thin lines
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297
298
299
300

(a) =0.001

1.00 I | | | .
099
S
S 098
& 0.97 - A Pe<100 GK _
‘ 5 100<Pe<1000
—6— 1000<Pe
0.96 | | | |
(b) a=0.01
0.96 | | | |
0.94
s
=)
€
A
0.90
0.88
() a=0.1
0.64
0.62
S 060
g
a8
0.58
0.56 | | | |
) a=1
0.05 T T T T
nos - W
. 2 6
Z 003
=
=
A
0.02
001 | | | |
107 10° 10° 10 10° 10”

DAUR [-]
Fig.3 Change in penetration by reducing the size of time step. The
penetrations at =0.001, 0.01 and 0.1 are plotted in (a), (b) and
(c), respectively.  Dashed line indicates the penetration

predicted by GK equation

=, Z ORI, Tan and Hsu (1971)23MEH# 75 K 9 12ROl
FIOIEHEBEEL CND EBEZ LD, I 2T Péclet #1
B4 REV Pe>1000 COMMICHEHT DL, DAIRP<10° 036
100 T LD {EIC L > TR ONZEWBENR L £ AAT v TORE X
DI L TURIE—TE & 722 T 5. Pe>1000 D41 Cl Figure

301
302
303
304
305
306

(a) «=0.001
oMz ]
1 2
10 10 10 10 10
1.005 = T T T T
1.000
= 0995
S
S
2 09%
A
0.985
0.980
w0* 10’ 10° 100 10t
DAUR [-]
(b) = 0.01
cpAtlz [-]
1010 10' 10 10
1.00 = T T T T
0.99
= 098
3
S
a
e 097
S
0.96
0.95 | | | | |
10 107 10° 107 10t
DAIR [-]
(¢) a=0.1
cpAtlz [-]
10° 10" 10° 10' 10
091 T T T T
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Fig.4 Change in penetration by reducing the size of time step. The

penetrations at ¢=0.001, 0.01 and 0.1 are plotted in (a), (b) and
(c), respectively.  Dashed line indicates the penetration

obtained by Tan and Hsu (1971)
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Fig. 6 Distribution of penetration along dimensionless parameter « at

Péclet number of 100, 10, and 1 are plotted in (a), (b) and (c),

respectively
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Fig. 7 Distribution of deposition flux at (a) Pe=100 and (b) Pe=1
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Nomenclature

B, =Random vector of velocity change [m/s]
B, =Random vector of displacement [m]
C =number concentration of aerosol particles [m™1]
Cp =thermal mean speed of aerosol particles [m?s]
D =diffusion coefficient of aerosol particles [m?s]
F =cumulative probability function [-]
f = probability function [m™]
i =number of trial [-]
J =deposition flux of particle [m?s']
k = Boltzmann constant K"
m = mass of particle [kg]
N = number of trials [-]
n = number concentration of particles [m?]
P =aerosol penetration [-]
)4 =probability [-]
Pe =Péclet number [-]
0 =volumetric flow rate [m?s]
R =tube radius [m]
r = position vector of particle [m]
T = temperature [K]
t = time [s]
u =velocity of aerosol stream [ms!]
v = velocity vector of particle [ms™]
X = random force [N]
X =particle position along x axis [m]
y =particle position along y axis [m]
z = particle position along y axis, distance from inlet [m]
a =dimensionless deposition parameter [-]
At = time step [s]
o = uncertainty of penetration by LD method [-]
T = relaxation time of particle [s]
<Subscripts>
0 = at inlet position
av = average
DD = deposition distance
GK = Gormley and Kennedy
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MTD = maximum traveling distance

TH = Tan and Hsu
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In order to evaluate aerosol penetrations through a fully developed laminar flow in a cylindrical tube, the trajectories of aerosol
particles were calculated by a Langevin dynamics equation that can represent the Brownian motion of aerosol particles. In our calculations,
two criteria of penetration distance were employed: the maximum distance that a particle travels in the axial direction before it is deposited
on inner wall of the tube, zyrp; and the axial distance from the inlet of tube to the point of deposition, zpp. The distributions of these two
penetration distances enable us to evaluate respectively the classical penetration, defined as the ratio of total particle flux over a cross section
of tube to the total particle flux at tube inlet, and the distribution of deposition flux to the tube wall. At high Péclet numbers of Pe > 1000,
there is almost no difference between zyrp and zpp. The resulting penetrations calculated from the distribution of zyrp agree well with the
conventional analytical solution of convective-diffusion of aerosols in which the diffusion of aerosol particles in the direction of flow is
neglected. At low Péclet numbers of Pe < 1000, the isotropic nature of Brownian motion of aerosol particles becomes obvious: the ratio of
particles of which zpp is smaller than zyrp significantly increases. The distribution of zyrp successfully reproduces the results of aerosol
penetration obtained by the numerical solutions of the convective-diffusion equation of aerosols without neglecting the diffusion in the
direction of flow, but the deposition flux obtained by the distribution of zpp does not agree with the gradient of particle penetration, which is
a numerical solution of convective-diffusion equation of aerosol particles. Consequently, it was concluded that the method of calculating the

trajectories of particles directly was advantageous to evaluate the particle behavior at low Péclet numbers.



