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Diffusion State of Smoke in the Smoking Room Based on CFD Simulation

SHU Fan'*, WANG Yu’, PAN Xiaowei’, WU Junzhang’, TAO Hong’, ZENG Jinsong'*"
(1. Plant Micro/Nano Fiber Research Center, South China University of Technology, Guangzhou 510640, China;
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510640, China; 3. China Tobacco Guangdong Industrial Co. , Ltd. , Guangzhou 510385, China)

Abstract; This thesis takes smoking room as research object. Based on the combination of CFD simula-
tion and the stepping motor experiment, this paper carries out numerical simulation of the smoke diffu-
sion in the smoking room. The model is verified by PIV experiment, and the relative error is less than
25%. In the end,the indoor smoke velocity and CO mass fraction distribution under different ventilation
modes, different smoke source quantities, and different fresh air velocity were obtained. Results showed
that the upper side exhaustion is a manner of purifying the indoor smoking effectively. The indoor smoke
concentration in different heights is mainly decided by exhaust manners and pollution source location.
To increase the smoke source quantity will enhance the indoor air convection, and accelerate the airflow
speed with relatively high indoor smoke concentration. The smokers will suffer much more damage from
the second hand smoking. To accelerate the speed of new ventilation system is an effective method to
decrease the indoor smoking concentration.
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Fig. 1 Experimental facility for cigarette smoke collection®’

W1 PR WARHLAL S LR LR 2t
HL R HLEERIAS A B 6T R T S i LA S 4
e JANE | £ A A o LAY AT 12 3, 4 S A
MRS, XA B 8 AT Al e AR il T
BT, BT QIR U8 R A TR MY b S8

B SRR I TR LR 100 mL AR, B I
T e W R S T R A S8 U, 100 mL
T ST bl R 2 BT P ) R S A B A O SRR
EL RIS WS U o S D O eE Ke P = i il i
FAh T S B T AT R A TR A
AR B0CR 91, 34% , ki A SO R Y B R
HM0.145 g,

PR T R AR AU AR 1 JH SHE SO LAY - 3k
TR BT, RIS ARY) I EE A IR
Ak SRR RULEURVRA e co ik
U ECR 3. 62% , FI AR SAR T2 po = nRT, FL

g = %, TEFRAL SRR R o p AR T —

FE RIS, A 45 4 53 19 0 i 5 4% 2 A Y R
IR ARBBLIE L, SR J5 A4 SAH  CO Y EE /R
F AR BT EAS H CO PR A 0 BT & 34K
K 3.12%,, dEATE 1 I TR AS A AR
SN 2.49%107° m*/s,

B¢

chfﬁm

2 PIV J5U 4]
Fig. 2 The principle diagram of PIV

W 2 fi7s, PIV B JE BE =32 502 1) 06 & 5t
a, FENR AT AE I B WO T, AE TR T
SR T 1) RO CCD AHHBL, Al CCD AHALHA
P R, 38 r i 5 R R 22 ] ) — o R R
TS Bl BB | B[R], A5 A AR R A A S
Bl =K, Hi, PIV &G E K 800 m], Ik vfF
ZEBT[E] 4 ms, P 1 064 nm 532 nm; CCD AHALSY
HEFR 2 048%2 048,

2 HERH

2.1 MAEMREESMER 5

W 3 fros, 385 proe 145 HE 7 AR = )
Eéﬁﬁ?ﬂ,%ﬂéﬁi[&iijﬂ 2 mx2 mx2.5 m WK
T WA = b A 4 A (o IR Al AR PR AR
A4 4~ 1.2 S EEAFE R BET 0.75 m,3 .4 5 )i
FIHE 2§ BE 6 0.55 m, M0 A8 A0 8 1 E R
1.5 mo fER I 4 DA BEA 4 A K, Ti



52 4]

EPHRAE HE T CFD BLBLA IR A IR 2 v B BRI 89

TR — B XU T, 22 = 1 3% HE XU =
2 L HERT, AT R S KT T X 1T SR HE X
5 S 0 = 326 HE XU 2R b % O HE B, TR0 XL
1R RUET e XU S HERCET (R CFD
AL A 25 11— AR | I K] 4R FH A\ SR 2%
WIA% 274 2 000 J7

R

P 3 MR ) = AR

Fig. 3 Three-dimensional model of smoking room

2. 2 EHIARELREE
AR AR 2 AR A AR Realizable 1 k-&
T PR P R A .

9 9 3 [ 9 u,
—(pk) + ku,) =—| — S+
at (k) Bxi(p t:) axj_axj(“ ¥ a'k) }
G, +6G, —pe =Y, (1)
3 3 a[a, u,
. + = —] = _t +
ot (p2) axi<p8ul) O, _axj('“ * 0'5) }
2
e
pEC, —pC, ——— + C,, C,,G, (2)

k+ Ve k
s x, x OLE R u, TR p IR
JE 5k i SR8 s 90> TR s u, i RS R A
o, WEE o, = 1,6, i T F B RS R 1Y
Tt BIEE ; G, N H TR0 5 | B 1) 3h BE 77 2E ; Y,
g R R4 it it JDk 6 BN AR HICR 5200 5 & Ay 0
REFEHICR s o, N i i 3h REFE HIOR B IR 8o, =
1. 25 E RIS 0 - FAT T H ) )5 m W3 E o3 &5 C
= max|:0. 43,BJ B = sﬁ,s =./25.S, .S, AR

B+5 & A

AR KEE; €, .C, .C,, YA
RS R TR HE DVRUE e, R
WALL 32 SR R i) BE T 25 1F | [R] I e 0T %
[E5] B TAT - DA v B T R R Ak LT B X, R
2H 533z i A5 B AL AR W 28 N IR 8 5 3
B, ASUCBAUAE T REZH Y il ek 3 A2 3t
T 4 WA= AR, AR B B R e 2

Ban 1 s,
14 ARAEEMMBREGRBESH

Tab.1 Four groups of boundary conditions and related

parameters in smoking room simulations
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Fig. 4 Longitudinal cross-section velocity field distribution of the smoking room in air source location
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Fig. 5 Longitudinal axis speed field distribution

in smoke source location

3.2 COREN#EHTH

P 6 SR SR T A A7 "5 P A AR 2 0 1) A8 T 11
CO JIt o805 A, vl LA 33 M0 HE i) 2 HE X
JrECF, WA = CO T 4r BN 13 MR -
Ft,CO R BB AE 4.5%x10° ~4.5%107° Z
[i] , PRI Ay IR 1T A A 8 8T XU A 0 R R 7

COF B

(a) XL

(b) SER4H1

TR B MR BRAR T MR = Y CO T 04K,
Mm% b HER 6 HERT R W E 1Y CO it 4y
BON B R AR KR B, CO i B B AE 0 ~
4.5x107° Z[a], A A 4 A>23 I8 0 RS 350 6 XL 11 2% 5k
ot (RBTA, T R A A1 ) B 3 30 %5 9 B R <)
Bl O AR R A SE I 3 X R
L HEATXT LY, 2 B0 Y 0 AU 48 T, TR AR 5 I
HIHR LT84

P17 2R SR IT 7 ST 114 W R 2 A 1 % T £
CO JF 80 A, S50 4l 1 Fnxd R4 %t L, £
HH fluent 315575 H 6 BRZH 1 = N F-14) CO i 44
4. 88107 SEHG AL 1 Y= N1 CO & 4k
9 1.26x 1077, 0] LU H 5% ) HE 19 335 HE XUy 5K
T, W = AR CO BT A3 B0, W TR
PRSI 8 T RICRAS i i 1 HE 19 328 HE XU =X,
AR AR AR SR = A I R L D, 2
N EEAE EmIF R R IR OO I VAN vk 7/ A T o
A% - HE A IR 0 2 A 1 32 HE XU 38 8h 1 A
SRS A ] A CR R . o Se g 3 Al
Xf BRZH X EE  (d ) fluent T84S HSLE04H 3 9= A
SEH] CO B4 ECh 1.94x107° ) % 3024 57 K 3k i
PEFHIF, ZN CO Jit it o EOm T R, PRy Bl B BT

() SEIEH2
B 6 AR B BRI = A R A CO B A

Fig. 6 Longitudinal cross-section CO mass fraction distribution of the smoking room in air source location
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Fig. 7 Longitudinal cross-section CO mass fraction distribution of the smoking room in air source location
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Fig. 8 Horizontal axis CO mass fraction distribution in smoke source location
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Tab. 2 Comparison of simulation results and experimental

results of smoke velocity at four smoke source points

in the smoking room of control group
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