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Abstract

A compuiational fsid dynamaics (CFD) method wis
wpsed o omwvestigate  the  velocity  amd  lemperatene
distribution in o natiral nehber sheet smoking cooperniive
(RESC). The measured velooity and Emperabure date ot
variows loeations were used @ boundary conditions and
1 validobe the CFD mcdel. Simalation wos performed
using turbulent free convecian fows where the Bayleizh
numher wag foand to be berween 53838 x 10" and
333003 x 10", A total of 600,999 mesh valumes were
applicd o the entire RESC. This was ohixined when no
@ror on GAMBIT wos present. 11 was found that ihe
resulis from e CFD somulstion @i experiment ane in
g agreemend. The oir comlzins smoke partiches Nows
nnbumbly from vendiloting lids o fibefmoking room w the
raol, Expermeental and 5I.11..1‘|IIII'I nesulls show that the
thick eloud of @nokes has o lonp residence time in the
ronf area, The smoke pamicles follow the girflow ficlds
where same of them leave the junction of the roaf and the
others defsit onto the walls, The smoke particlss that
leave fhe junction of the rool then rvel b the workplace
arcas which then make the workers ol mcomborahle
and irritmble, Moreover, simoe smoke particles contain
huzardeus chemical compmmids, proper ventilation of the
amoke inside the conperntive is necessary.

Keywords: Compulational  Med dynemaick,  Flow
simulation, Aecrosol  concentration. Free  convedtion,
Rubher smpokmg-cooperabive

1, Iviraduction

Thatland 1= the largest notural rubber .:-dl.m:u' i the
oo bd [ 1], One of the main prodicis i the rbbed smoked
@ (BSS) rbber. Coremtly, production of RSS s
shifted from large lactories b small-scle commumity-
based rubber sheet smoking cooperatives (RSS5C), Thene
are toally aboud 500 BSSC mdergomy  business in
Th:li.':u" In general, there are two medels of RESC
meofels 19904 andd 19%5, Thess oo models differ in the
sime of smoking roems and, hence, the capacity ol the

8
ruhber shesst production. For medel 1995, the size of the
rhber sheel aaking moom is 5.0 m (width) = 4.0 m
| hazight ) = b. m {depth) dowhlmg of that foe maodbe] 15500
I the BSS production, mbber-wood is bumed 1o supply
vt el sk 4o the nubber shee@)(2).

Buming of wonds resubts in o karge poriion of fine
smoke aerosnl particles. This i pedentially harmful 1o
.ﬂrkm i the Bactories a5 pan of the particles 15 allmyed
o flow imo the workplace area in the BRSSC (Fig. )
Improvement of the wmrflny is then necessary b redhoce
the risk 10 workers” health by expesing o these smoke
particles. Moo particle concentrotion dasta  hbave been
ehlmined, however. Monsover, no studies of arlow mswle
the workplace area have been congducted 5o Far. In thas
paper, @ locity nnd temperanire dismributions inside of the
RS5C us well as smake particle trjeciories hayve bem
imvestigated 1o determine the proper vendilaton of tese
particles from the workjplaos anea

2 Theorfl

The mumencal salutiom of fluid flow, and other
related provesses con begim with the Lows governing these
processcs expressed in mathematical foros, pencrally in
temis of differentinl equations [3]. From fud dyismics,
for the: stemdy-state ingompressible flow, the contipity
cintion can be writlen as:

Ve fpk = A {1

The differental equation tor the coseration ol
aeamsenbi in & given direction tkes the following form:
Volpawl=V (aVuk-Vp [2h

where: gr s the viscosity [kpimsl]. o is the denoting
the .y 2-direct oo welocity fms], o g is the: pressure
[Fn).

The energy cquation can be written as:

ar

i3
.l!'.'ln_F -.l""‘i'li" T !

where:
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Frgure 1. Ddogram of measurement positions at BS5C
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Here¥ * 1 s the Laplacian term and £ is the thermal
conductivity,

The sanglest "complete medels”™ of urbulence ane
two=cguation models i which the soletion of  beo
separate ranspon equations allows the mrbulent velocity
aml length scales o be independently detemmaned, I this
wirk, the standand 8- & misdel has been wsed [4) becans:
ihiis model i= one of the mest widely used mirbulent
madel, Bohesiness, cecomomy, and mesonable acouracy
far a wide range of herbulend fows explam s pug'.ari.lf
in industrial flow and hest ransfer simulations. It s
semi=empincal model, amd the denvation of the medel
ecpuntioms relies cn phenomesalogicnl considembions and

The standard k- & menfiel 15 0 sem-empirical meel
bzl on mexdel trnsport eguativns for the terhulence
Kinetic energy (4] and ifs dissipation mie (£ ). The model
trumspent equation for & B derived from the expet
equabion, while the medel oot eguabion for £ was
abtaned using physcal reasoning and b bears lidle
resemblincs 1o its mathematically exact counterpart, In
tlee dervabion ol the k£ model, the assemplion s that
e Fow is fully urbulent, and the effiects of molecular
visgosity ane. pegligible, The standard &£ model is
bt efiore valid enly for fully turbulent Mows,

The twhulence kinetic energy, & amd s mie of

dissipation, £, ore obtained from the follewing transpon

ukions;
[ 8 | Wy | : 5 4
= I_..‘Ihl.l'\- i [ i l'ﬂ J:lifr. '|'Irl:|' i II.". + 'SJ_ {9
f i (] i
anil
i! i II = e a
?IIU’“II T | & ::‘JT I!h ‘—ur.:l' ‘ .
I Pt I:[I_I
i 'k.:':.'ﬂl £ p— '-l

I tlsese equations, & represents (e penermtion of
turbailenee  Kinetic energy diee do the mean velocity
pradients, O, 5 the generstion of fwbulence  kivetic
clwergy due to hiosaney, ¥y represents the: contribution of
the fluctuzimg chilutaton in compressible turhulence o
the overall dissipation rate, . o, o0l ¢, are constams,

o, and o ane the mrbubent Prandil numbers for &, and
& respectively, 5 and 5 are wer-delingd soarce 1emns.
The mrbulent for eddy) viscosity, g, , 5 computed by
comdining & ond £ as follows;

n
iy -llil::l.llnl:-.l'r. (Th
where - 5.2 constand, The medel constunts ¢, ¢, ¢ .

o, a7, have the Fallowing debfault values [4):

Eip = L4 Uy =10 Oy = B, gy =10 o= L2 (i)

1. Methadslogy

The welagity and temperatune distribations, and
smgoke panticle frajectorics are chinined numerical ly wsing
u commarcinl FLUENT CFD package version 52 rum on
u P2 GHz, The prid generation progmm, GAMEBIT,
oussl b oconsnsst e gnd sydtem pnor fo the
calculation by FLUENT. The result of meshing proces
iof the domain RS5C geomery is shown in Table 1, A
bkl af G0 9% mesh valumes wene applosd o the entine
RESC, Proger grid schems: was obtainsd when oo o
cn GAMBIT wos present. Velociy and temperstng
measured af boundanies are med 24 boundry conditions,
while messured dota at various positions inside RSSC are
e Lo valilate the simelabien reswelts.

To consuler whether the flow = muxed or nutural
(free) convection, calculation of ratio bemwesn Grasshofl
mumber and Reynolds members should be performed
According e the real measuremend, vilues of vebocity
mar the walls are always zero, and abowt 1000 mfs o
ubanst 100 cm firom thee ventical wabls, ond avernge valoe of
085 m's for free sream flows, 5o the Peid fows o ke
mideled and solved behove 45 nowral convection and
mixed convection (when Gr§e” > L0 the flow i mixed
CO ST Simee the Runyleigh i besr
[ B g~ L4 (v) Bies. between 53838 2 107 w

332003 1 10" (for AT between 1.2 o TAC), the fow
i furhzlend, This paper presents salubion of turhelend bree
comvection fow modsling.

I the current simalation, sppropriote meshing details
are shewn in Table 1, Measuremeni posibions and the 300
dingram of the RS5C are shown v Figs. 1 and 2,
respectively. The smoke flow waturally from senbilating
Lz it anywhere imsicle the coopemtiver  worker
residentinl ansa, worker reem, working place, junction of
the rood, siv large openings aroand the oy (1] -
106G, latex meceivine platform, and walls. The smake
flow dnirflow comtain smoke paniclesh i the Dow under
mvestigation. Values of bousdary comiitions ane shown

im Tahbe 2
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Table 1. Result of volume meshmge prooess

| Elements Tt Hhrd
| Type T
Size 0.0 {mup
Mesh volumes peneraied il G
K= QmaESdm) ]
¥ = -f 10.4.32 [mmi) i b
Zultindd (m) * o
{ e
[
we B, 8z
H:IEI. : A Chamban Rl:ujr .
[ T, L, AT
. wz * -'F”
103 . Fler
] i
S

=

Figure 2. Schematic diagrom of the R55C indicating

loeation Of measwremenls.

Table T Boundary condirions of simalation

Inlet Boumdarics . .
Vemperature
L ocations Yelocity (m's) (LY
| Bl (EE] 521,49
H2 1.02 3I1.7
| Cutlet Boundaries
Cianp e pressure Paj 0
111 Temperature (K): 3047
(L Tempernbure (K Rl
103 Tempermtre (k1 N2
(a0 Temperature (K): 307.1
1% Temgembre (ki S
10 Temperbure (K] g2
Saolid Bounsdories
W1 Temperuiure (K] 3MLE
W2 Tempermture (K I[7.3
w3 Tengperamre (K 3071
WA Tempuermture (K): 3154
WE Temperature (K 3053
WH Temperatire (K e
Roof | Teupenture (K- 313
Floo Temperuture (K 305.7

4. Resubts und Discussion
Besults from simulation are shawn i Figs. 3 o 3
The veloeity and temperanere comowrs & the plons cul

aeresg the center of the ventilating Bd Bl ore shown in
Figs 3 and 4, respectively, Besults show that hat abr from
the ventilabing lid Hows 1o the rond of the cooperative due
Lo baienynnd force causing the air near the roof area hotter
than the kvaer portion. Maximmum vabues of temporatime
el welocity i this ansa ane dRAC and 1403 m's,
regpectively. The lowest velocity of airflow comaining
smeake partiches i located in the middle of the RESC,
imficated by dark blue color, We can see that the flow
comes from D04 o W08 near e boundary a1 the right
hand side of Fig. 3. From Fig. 4 we can seqsample of the
temperntre’s streambines, femperatire disiribations in
the area. The liavest yaliees of Empembure distrihstion at
the plane acress the center of vertilating lid BI i around
large cpewing of 104 (bottom lefi hoand side of Fig 4,
located between the rool and ceiling of 4 chambers of the
ruhbeer spnoke reomnd, and 104 (located berween roof and
BOR3Y, anad NORS (righa hemidl side of Fig 4, located betwemn
B ol gl Bl

The trajectary of particles releas@l from surface of
the ventilating lid 15 shown in Fig. 6. The particles wene
released parmal o boundares and will be @ flected o
particles collide with the walls, There are 18 sampled
particles released, % particles rom B1 and 9 panicles
from B2 The particle diameter 5 uniform of 10
micramerer. Initially, every particle veloeity 5 1025 m's,
tesnperature 45 3218 K and mass flow e is 1541
10" kg It can be seen that some of the pamicles seem o
b conpested rear the ool aren belone vented ol of he
coaperstive. Ahout 6 perticles are escaped and 12
Briicles are incomplete {particles still inside of the RSSC
for o miven specific pumber of step of simulation): 2
uml.l ot [escaped) win 1001, 1 via MO2, and 3 wia 1035
The smoke particles follew the airflow fields where same
of them leave the junction of the reof and same of them
ibzpoait onio the walls,

Comparison of velocity and tempernture between
simielabion a.. cxpermmenl are shown m Tobles 3 ond 4
respectively. Ermor of selosity hetween measurement and
sunulation ab lecatvan P s high becuse sometimes there
are many workers and peoples came o deliver therr
@:ober Latex at the 103 neor point P, In genenl, resulis
show o woixd zgreement betwomn the measeremeont. and
simnulation walues indicating a proper simlabion scheme
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Figure 3. Comtowr of velocity magnitude a1 the plane cut
across the center of B
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Figure 4, Contour of lemperature magritude at the pline

cul across the center ol Bl
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Figure 5, T@jectonies of smoke particles with dinmeter =

1 micron released from Bl and B2 {averapge raveling
dlistamee of about 2000 m)
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Tuble 3. Companson between measuremend and
sinnilation rels of velesity,

Burameters | Velosituims) | Ermar
Mca Sim (#l

p 0.14 i 4286
G . 2 0,00
Bl .03 .03 {1.(H)
B2 a2 L0z .00
(8] 1174 it 16546
12 .44 1.5 2.04
I 132 027 1579
I8 .35 B35 0,00
105 m35 .46 1429
L8] (1H32 1 0H {1,(H)

Tuble 4, € oanpanson betwe e measenement and

) sinmislation results of emgertire

- Temperaturne FK: ! E’T'r
e Sim | {a)
P 05,9 W0 | 0
G 307,00 3074 .26

Bl 1219 3217 | ope
B2 3217 1215 {136
Ga} I04.7 3073 0.85
1€13 045 W65 | 056
133 JOE. 30 30502 (H
104 T 1 105 6 0149
105 4.6 wrs | 0se
({35 JE.2 3,12 | 067

A Conchmion

Hat air {smoke, aersol particles from the sources)
flows mainly Tfrom ventilating lids 10 the workplacs arca
The Discrete Phase Model of FLUENT was applisd o
shiw dhe trijectories of the parficles. Location af ihe
fastest welocity messurement amd simelatien & oot fhe
venblating Ll Location of ke highest lemperaton
measuremeed and simalation is o the vemilaving lid.

Airflow field of the RSSC has been investiguicd
Besulis between CFD simulabion and meessuremment e in
good apreemend. Turbelent free convection madel was
applicd o represent the aidlow comoming smoke
particles flows msde of the RESC. Moreover, pariicles
irgjectories of every porticls suspended in a gas (nir)
sturting froan ventilabing s as o sowrce of particles
concentration to anywhere insice of {he BSSC (especially
ta the workplaces concemrotion) was well-predicted
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