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Comparison of three simulation methods
of indoor particle dispersion

By Yong Caiging® , Zhao Bin, Yong Xudong and Liu Shuangke

Abstract Numerically simulates the indoor particle dispersion in a three-dimensional ventilated room by
the Lagrangian model, the drift flux model and the passive transport scalar treatment method. Compares the
simulation results with the previously published experiment data. The results show that the simulation results
by the Lagrangian model agree well with the experiment data except in the area near the ceiling and air inlet,
and that those by the drift flux model agree well with the experiment data near the ceiling and are slightly
smaller than the experiment data at the other locations, and that those by the passive transport scalar
treatment method agree well with the experiment data in the area below 0.3 m and have larger difference
with the experimental data near the ceiling.

Keywords particle, dispersion, Lagrangian model, drift flux model, passive transport scalar

% University of Science and Technology Beijing, Beijing, China

5l

T

7 .

A%l AR TR — i 5 BRI S TR

BEEENRBREANRENE TN EER
Ta Rz — DR 22 P BUREY AR B 0 A P v
BN ER =R ERPEM AR EZ, HH
PifFy 22 (CFD) BAUUBURL A& i 0 3 A 75 35 £
A W R RIS B B VL . MRk RN R
SR SAH R SR AR B <T{E 75 s A% B H i
2S5 SARFE VR LA SR AR £ N-S Jr 2, T Hs 3
RIANT SRS A » T SR AR R S T AR 2
BRI S .

TR Ak B MR pr Y , Murakami, Shimada, Holmberg,
Zhao,Chen 4¢ A\ #% Fi 1B B 38 BB 2 N B0k
FIY B 3 47 i BF 5%, Zhao, Beghein, Zhang,

ow BEE L1979 4F 10 B A& WM gt
100083 JLH B REMAE TR 6454
(0) 13126518685
E-mail: caiqingy@m]165. com
WA H 3 . 2006—09—05
— WA :2007-01-15
ZIRBI :2007-02-21

PDF SCH# 4] "pdfFactory Pro™ X RAEG)E www. Fineprint.cn



http://www.fineprint.cn

- 8+ LEWNY

BEhZE ] HV&AC 2007 4E45 37 565 4 W

Chen 25 A B FIRIA% B H AR 2 B0k 49 9 Rl
FridwrsE

ToA% B R R o 28 A UKL 3 B 41
R SEREH . AR — BT E S EERE
Fo BB MIRURIAL A B H AT R OB, 1R g sh iz
AR EALBE = AT EEUEAT T HUATST M BEAR B
A TEAT IR B 3CRL6 B =4EB X/ NVE
1 HERIRE
1.1 X SRR

FY 25 SR B R A VR 1 L SCRTRL 5
B IR T BOBLEIE s 5 3 BRI A
PSR S AR AURLIE Sl A 23 A Y TSR RIS o
Chen F 15 i RNG K-e fi AR E R L B0E £ 4 41
FENZE MBI RAERE Y, B LI SCR B RNG
Ke ARSI E A2 ST 7350, R
Chen 1 Xu $2 H} B Z J5 F2 3 U A FEAT R
LAk =452 2 O i S BB 1 . AR 3T
AR EEER AT BRNER M HEL
.

A TR F G EREA VAT R RS

TEX]— A TVHEE , B SCHR L6 A B SEBR A 1 g —
AT AP RS RO R, BT LA 5 35— i 8
FH. AR RIS E R RA AR, SRR
TET FRFSEE PO 3 T A RNG Ke Ji SUAS B A (1) B T R 4K

VTR .
1.2 hrfgR H s
1.2.1 TRz sh b #5440

TR B P AR B R e SR A BRSO A 3h R T
AN BURLAE VT 2 BB 1A - TR R T
UWANSE SNPING Y- e AN SO ¢
FEF1 . Saffman 32T+ 3%, X T 40/ 9 BOkL,
Zhao SEN K4 RIS, BURLI 32 1 I 384 7 T )
BB TR 1L 8 0 5 BT 3% B A B 0 A B AR
/s BT LAZBWE AT T Saffman $2 T A AR gL
Ko ABERMEAT . AR IHIR IR FRITRE,
Pt ARAGK 3 A0 A 332 30 7 6) DL 22 . SBURLIT 32 119
BT H S R R AeRe. HE TR
e N

du, _ 18y, 8Co, —pa)
dr ppdch(u )+ O tF

K, JBRLBIEE  m/s5 7 RIS TH], 8500 S
SEIREE  Pa « s50, PR, kg/m’; d, O

BURLE B2 m; Co N TBUBIE RS0 NS
HE.m/s; g N HERIERE, m/s* ;0. HSK
5% B, kg/m® ;s Fs R A2 8| ) Saffman 32 F
J15N,

UL PR T TR HIOF FEATL B AR B E AT AR 4L
TFEBEALPLE AR, TR T8 D5 72 FP A B AR 2
¥ u,=u,tu, s K EE 6 83 RNG
K-e TR 8 RANS 5K, Jish il F u.
FHBEHLIEE LA (DRW) HE/7540, DRW HLEI R
VI 3h o B IR T8 ST AR R 2 T 4 A B B B
AL AR E)

wl = § a7 = £, @)
L NN IEE D R RN R w2y w2
SFHE ; K Nim it slife .

PPk P AN e A R O G N e
BT, SR BRI 2 2R BE B , — B L2
R B 2 BE T b 25 TR BB BLIE L PR ORE H BORAS BE TR
LS B R BOR T IR BE T R BL I 102

IR PR Cas RO 5 FURLZ 18] B4 F o2& B e
FaA RN UKL R BB A /0, BT DAOA A S8R0 ) 3
RMERA T LA Z AT, M35 sUs T iR R
B BURL 30 (7] ] 30 3% SR FE 45 A B ] 264 B /Y
A=
1.2.2 BRI R BRI B 1

N T 18 B BRI 4 A - 7 B R A
HATG . Rk BE (11T PR B 0 A% UKL IR 1
(PSI-C), B

ME dr,;

Cj - 1:‘/ (3)

K G R AU N BRI T3 R
B s M 0 AR R O TR, A 48 40 B3
B TR —HE 5 doe, FBORLAES j A HITHESE
SRYUIE E B BT s m SHBIEEGV; SRS 5 T
AR

Zhang % A AHi# B H DRW ¥ f PSI-C
PR E BRIk B RS AT T A,
PRER BB SR H 2 9 R m AT LA B 58 2 i ORI TR
FEHS . A0 A g LR 78 s (3) BRI
TH BN BRI B e . i ZTHE LR . R Y
B ER I BUR BB SO 20 T 16 000 B, TR ik 2

PDF SCH# 4] "pdfFactory Pro™ X RAEG)E www. Fineprint.cn



http://www.fineprint.cn

IRz HV&AC 2007 458 37 B4 4 14

EEmT - 9 -

ANFIBEE BRI B 3 UL 9 36 B P [R] R
FR s/ NTAE AL . PR L AR ST BE AR LR 9 0
HHC 16 000,

1.3 Wi AR

1.3.1 BoRORE T R

B R UL B R R AT

VLol +v)CI =V (BEVC)+S @
K v BB TTRR 2 BE  m/s5 C Sy B0RL ) 52
BEWRIE kg/m’; e o 53T 3 B A i B 36 18 Z A
Pa » s;0 9 BURLETHTTLY HOR X BLEX 1. 035
RLUFEI .

AR ERREE MARBIV « (ov.0) #
feGRIT R YRS iz Rt TR, XEM
R RS TR UKL 32 3128 SO E LA A B
HEI TR A S B ES . BURDRAL
K IR PRI
1.3.2 BRKM

FURL ) B T 7T 8 20 0 25 1 2 5 i 80 UL

(10. 9253 + 4. 3)3

2 PR AR JBE A R 31 2 e I o T R R Y R
R DA M RORL R BE TR AL I TR RE 2008 . BURLAE 5
FLRETH ORISR AEAR L B TURUE R 20 Hh AR 23

azlln

2 St HT7.669 X101 (r)?

(10, 92877 + 7+

AR,
R BE VU v,
e = 4 (5
HAR DT S v, :
Vg = ”—I (6)
1— exp(— v%)
%%*ﬁﬂfﬂﬁg Udd
Udd — vI (D
exp(Z%)— 1
HE~DF w” NEEFE; v, HPRKES)
DURRHEE ;s I @1 F 3 TE
1 =1[3.645% (a—b)+39] (8
Hr
V310, 925

bzlln

R®~AOH  Sc W Se=v/D, H o
s SHE B BB, D S RURLRY A B4 BB T =
dyu” /(20
R BE AL B R i phy T A TR
Jw.aa = va,aaCr,aa0pdA (1D
At Jwa WBRAETEUY dA B BETAL B IR
o kg/s; vo,a HRHRLE T dA 19 B HIAL I U
BUERE m/s, G ~ (DR ; Coon HEE TR
oy dA (¥R T Ab RIURLIF SRR B
1.4 ROk ghis fb AL SR
K RURL 25 FE B 3 3 i b B AL B S0 A 5
AR MR I 5 LA TSR B D R -
Ve lpuO) =V EIVO+S A2

BUBL TR AR R IRISR 1. 3.2
2 HEER

A 3CEF X SCERL6 1 Chen 48 AR SE S0 AT BF
FEBRINE T AL 2% B 8 (PDA) AR 4
IRERIILIE 1o DN 2 3 S FOBURLHE BE 1) 5% 36 B3

)’ -1 (2rt—10. 9283
2" ST 17, 689 10T Gy Yot ( ) 1o

J3 X 10. 92877
= F PDA R G470 & 1, BT LA SRS b 3R 6
ok PDA RGEHES , F i BURL R TE Bl 7E 8~13
pm. 22 [8] PR 0RE HE AT 43 A, AR 3R 10 pom B0RL 1 K¢
P BT BB A D IAR )25 B B3R , Uk AL
RN 1 400 kg/m®,

e . hss
[ l;, : ESS

o ol | VR

5 AR ,

] || T Lo
o) oy (/& RS % i
et 77 " 0om 0.4m "~ \W0.6m)” .

T T E y:gr P

v &= PR I
X | ey — - %r—v = 5

g g [0S BT

B1 ERINEFMPDANRELTEE

BRI/ NERIR SF R 0.8 mX0. 4 mX0. 4 m(K
XS XED 2R A OFE OB R S H R 0. 04 mX
0.04 m, RS2 B A O AL B S50 it B R
JE At o7 B O R R v B AR B LA 1 A 11 R B
RIS RA—FEKE. FF% A DL

PDF SCH# 4] "pdfFactory Pro™ X RAEG)E www. Fineprint.cn



http://www.fineprint.cn

- 10 » EERY

BEhZE ] HV&AC 2007 4E45 37 565 4 W

2SS BN 0. 225 m/s Hl 0. 45 m/s(ArHIxT RS,
WHCKH 10 k™' A0 20 h™)) B B TAE RIS HT .
3 ERMSH

&l 2 B~ T F RNG K-e IR FE e
RSB BRI Y A O S E R 0. 225 m/s I
Bl 2=0. 2,0, 4,0. 6 m =AM BH =
] R SR BRI . WE R IE S 5
i AR B WA IS R 5 LI AR W) & SRR

0.1 0.1 0.1
0.3t 0.3 0.3
Soz | S0z So.2
0.1 0.1 0.1
4
YT oot o2 %T o ot o2 %T o o1 o2
XT7 A / (n/s) XT7 A / (n/s) 2T IS / (/)
ax=0.2 m b x=0.4 m c x=0.6 m
—RNG IR oSMIERME - -- - F R

B2 #HbomE x=0.2,0.4,0.6 mzE
x 75 1606 FE A I 5 SRR (B M 7 b
B 3 B~ T HHos B H R 38 358 B T
KO V4 38 b R AL AR AR B =
DEE 2=0.2,0. 4,0, 6 m =M 8 B E 4
— R B 55 S I 5 (I o S T A A
BERPEHED RXT L. AWE 3 T IE & Fihoig B
ARSI SR 5 LR EE Y S 15580, RRE
0.1

0.3
0.2

y/m

0.1

0.4 0.4 0.4
0.3 0.3 0.3
£ =l
S 0.2 0.2 = 0.2
0.1 0.1 0.1
0 0 0.5 1.0 0 0.5 1.0

TR REWE TR REWE TR REWE

x=0.2 m x=0.4 m x=0.6 m
h v=0.15 m/s
— FuREATIRTR » SE A
--- LiEMEIERE T HEMERT

B3 HHHPOELE x=0.2,0.4,0.6 m{LE
Mt RN — B R ERENES LR ER X

SR A FIRAEARAL R0 25 2R 5 5L T 454 22
K. XAIBER R Thitk B A AR Y A &
B R A 18 2] B T T 2 BE T b L 1 A R ABAR
RE RIBHAEE SR L SE B Bl /D s 53 A TR D AR F50RL
YRR, FORLE B B m L& &2, R T EAH
W B BE T ORI B K, S BURER K. B
MR AR HE 0.3 m Ll FIMERIG R 55
BB & AR BT, T X 0. 3 m DLF MRl 45 51
SRR AR/ . K URL X4 VB 333 H A
AEFRET, XF 0. 3 m PATF AR IS R 5 S I BUR Y
ARBE BREA B R BISE RS R B 2
FBER XA T IRA BB T A%
B, FEERCAAREUIRE BB E L, FH L 10 pm 55
PANRE Y ER Bz br B HE T AL 3 .

B 4857 T v=0.225 m/s BIRZGH O E T
UL MR B A TSR R B BB R — TR R
WeE ., MR LIE B s B SRS R

a P BT TR 2R

———T——
|

x/m
o KRR M VEREBIE fvh AL T R DL S

B4 v =0.225m/s Btiig
HLFNEBR—RERESHERLER

PDF SCH# 4] "pdfFactory Pro™ X RAEG)E www. Fineprint.cn


http://www.fineprint.cn

IRz HV&AC 2007 458 37 B4 4 14

TRVY - 11 -

BRI BT AR BETE S0 A O CBURLIED I 9 (.

BK, i THORLI UTREFE T, B0RL A YR BE AT« J7 1)

SRR 5 H T TR AR AL A TR 8 B bL HLA B T TR

T PE K, T LA AT Sl A AL o B LU R AEAR

WA RORLR B /D o X TR TR A AR DL 8 SRR BB

BH, TORBURL 24 7F 8 312 i br 2 A B S 3

AR BURLIR B 37 7E S 3T R ABM AL B AL A 0B TR B2 IR

ZARK, JLTFET A DB M B, X FEE W

R 7 RBRARRT TSR .

4 H

4.1 JHALHS B H BB SR ER T RAEARFIA

H AR A » 5 LI BR Y A BB

4.2 R BRI B0 4 R TSR T R AEAR T

5 S BRI £ AR B, Hofth 7 AR [

SLIBAERE /.

4.3 RRBUR LY shE fAn B AL TR AR A R A

0.3 m PUF AL 5B EARY) & 5847 . 7SR iR

RACHR I 5 SE 308 22 8K

&% 30k

[1] Murakami S, Kato S, Nagano S, et al. Diffusion
characteristics of airborne particles with gravitational
settling in a convection-dominant indoor flow field[ G]
// ASHRAE Trans, 1992, 98(1): 82—97

[2] Shimada M, Okuyama K, Okazaki S, etal
Numerical simulation and experiment on the transport
of fine particles in a ventilated room[]J]. Aerosol
Science and Technology, 1996, 25(3): 242—255

[3] Holmberg S, Li Y. Modelling of the indoor
environment—particle dispersion and deposition[ ] ].
Indoor Air, 1998, 8(2).:113-122

[4] Holmberg S, Chen Q. Air flow and particle control

with different ventilation systems in a classroom[ ] ].
Indoor Air, 2003, 13(2): 200—204

[5] Zhao B, Wu J. Numerical study of particle deposition
in two different ventilated rooms[J]. Indoor and
Build Environment, 2005, 14(4) . 469—479

[6] ChenFZ, Yu SCM, Lai A C K. Modeling particle
distribution and deposition in indoor environments
with a new drift-flux model [ J]. Atmospheric
Environment, 2006,40(2), 357—367

[7] Zhao B, Zhang Y, Li X, et al. Comparison of indoor
aerosol particle concentration and deposition in
different ventilated rooms by numerical method[ ] ].
Building and Environment, 2004, 39(1):1-8

[8] Beghein C, Jiang Y, Chen Q. Using large eddy
simulation to study particle motions in a room[] ],
Indoor Air, 2005,15(4); 281—290

[9] Zhang Z, Chen Q. Experimental measurements and
numerical simulation of fine particle transport and
distribution in ventilated rooms [ ]]. Atmospheric
Environment, 2006, 40(18). 3396—3 408

[10] Chen Q. Comparison of different K-¢ models for
indoor airflow computations [ J ]. Numerical Heat
Transfer, 1995, 28(Part B) : 353—369

[11] Chen Q, Xu W. A zero-equation turbulence model
for indoor air flow simulation [ J]. Energy and
Buildings, 1998, 28(2). 137-144

[12] Hinds W C. Aerosol technology:
behavior, and measurement of airborne particles[ M ].
New York: Wiley,1982

[13] Lai A C K, Nazaroff W W. Modeling indoor particle
deposition from turbulent flow onto smooth surfaces
[J7]. Journal of Aerosol Science, 2000, 31(4). 463—
476

properties,

M A 2 e Sl S S S e e Sl S S S S e e S S S e S S S Sl S S S S e e s s S e S e e e

(EBH 76

AAE H B, R T = WBSTETE. =R
GEHE SRR T ARG T L ALR RBE ) R, S5 B AR
R TR A S AT R e ) TR » W (o] RURACSRE » [
ERHLE IR P A REFE -

T AEZY R IR A R OO KL AL DL AE 7
G50 B SRR AR B U T OB R TR
o AR BB . 7 A TR BB AT S B R AR
SR 77 A IR IR T R A\ Ty 3 o o e [ A o
ROBHE T = B AR A B 1T, AR A
BF BAL 23R

S Z 3

(1] o = g 3R o 5% B = <O W B 5 . GB/T
19232—2003 RWMLEENHLS]. . hEREDL
ARA: 2003

2] XFRE BFERARENEMEEA0T] B,
1996,26(3):39—43

(3] #LBEZALAERSRMHA WA, TERE LS
Rk XML . T E 2687563 P, 2005—03—23

(4] #LBEZATAERESRMOARAHE. R XL
MR U 28, 1 H, 2689112 P, 2005— 03—
30

PDF SCH# 4] "pdfFactory Pro™ X RAEG)E www. Fineprint.cn



http://www.fineprint.cn

	组合 1.pdf
	b4
	b4-1
	b4-2
	B4-3


