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q0IP MW DR LTINWA XY NN MWIPAY 130T 7NT DR bwoh 070 AR L,pponna

'N277 19IN2 2WNY N0 W2 PN MY 02001
dD, 2 dm,, 2 Sm

(2.35)

dz _gudzerpwd dt _gudiszpwd N,

(&) 2P0 00 W 2pwng 11975 0w

DY DAV T MR 2 %N 0O NN DR YT WO ppRnT MDD DR 2wnh 0702

D70 DY TN POPYRA 200 YW Opwan NN 0T

o M (2.36)

I’I’lwd + ms
7077 72V 2XP2 RIT AR PN W2tRT TNIRY PRYNa 2000 YW opwnt 112000 0w

POPRIT MINAR 70T VAW AOAWE 112 M0 .W21HA PURRRT DAY 1T

g 1-¢ dm,, _ 6(1-¢) Sm
dz  u,p,V dt udpdsz; N,

part

(2.37)
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P P20 MDY

DM MDY ,PXINT NIDOXA 7N P Hw MDTOX ,0°MDI NPWITR NI

:N27T 1DIR2 NRWVIAA T M2N .P°P0N2 200 11RO

1 (-9
pd pwd ps (2 38)
pd: pwdps

f(ps_pwd)—’_pwd

W2NA 1191 VIR (¢,) DR P21 NIRD SW 1IN OR°H W

NIRD W 70N MW DRNWA TINH WOND 1001 (4,) DPPON NIRD DWW NI O
RakirMpbly

o(pu.9,) _

8 - Sm’ ¢d f(Sm’pd’ud) (239)
zZ

D72 ATRD2 07 TR N 119°T

T3 ITRD DI 2V DRNWAD 7217 DA TRDA DA TR DW N0 T DRNWN

TR 1DIRD NN 2°A7 VTR 11277 DR WITAT 0 TR

Y = Mg _ My (2_40)

127 19IN2 AWAN WMDY LOHRTR 1A ATIND PNRY 71302

Y, = M aa : (2.41)

SPNIRD DA TR PV 1M N T Y, XD
2¥ ANN1 NYPURR MUPTIRP 12N NOTAT XD DM VTR W TN NRNWN

7S

—I\, pu XW) 0 (Dp¢r ox, j+i( ox, j+Sm (2.42)
g8 g ra g a g g g a

5737 DW 2RV NIRNWAT 1127 DX axn 2.1 7930
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RMWH e | 2ET | on
ARTWNI
o(p,u,4,) 2.5 | Pootiy
e efel g 1
aZ ¢g ’Sm
Apu, o
(pgug ¢g):_a_P+ li 7"¢g,ug Ug +Fg+
oz oz |ror or u, . F
£12
g o (¢ ou ] 2.7 P
+ +— =
it 0z es 0z
a 2
(p#m:_pdg¢d+Fd_Smud 2’8 ¢d 3
zD’ 1 zD)  du ¢
Fd:_Fg:Ndpg|:cd 4p5pgur ur +cvm pud dZ 217 Dp,Nd 4
0 u 10 oT
g[%pgug LHg+?gJ:|:;5(¢gkgra_;J+Qg_ I,.0,
i 2.10 w, 5
~W, +S, (Hgd +”?dj
0
SbiPa,e T ]=0,=S,H, 212 | 1, 6
C, = f (4D, 1t,) 2.20 7
2.24-
h=f (1, Dyt Py kg€, ) 297 h 8
We=-Wg=—Fgug =Fgug 2.21 9
6
0, =0, = NaDih(T, ~T) =2 h(7, -1,) 22| 1|10
B p D -D )
1 1 - L
(Tg_Ts) 2 :(Tg_Td) ;T - 2.28 D, 11
hzD, hzD,” 27D,Dk,
hy=f (DD, 1, p, ) 231 h | 12
N __Di_Do Zﬂ.‘c"Dvp p_psal >
"~ ""bp, W, gn __RT, Pl 2.33 i 13
haDM, ‘T,
64
N _—7d_
s 2.18 14
Sm=N, r, 2.30 15
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ab, 2 Sm

dZ :udﬂ.Djpwd N_d 234 16
do,___ 2 Sm , 1
dz eu,nD!p,, N, .38 7
ds_ 6(1=¢) Sm
& upaD N, 2.37 g 18
1 1-
L&, ) 238 | p | 19
pd pwd ps
0
APALD 55 4, = 1S, p1ou) 2.39 20
g, +¢, =1 2.16 21
0 0 oX, 0 oX,
§(¢gpg”ng)=E(Dgpg¢g’” ” ]Jrg(Dgpg(/fg o ]+Sm 2.42 X, 22
R, =M£; M, =Y,M,,+(1-Y,)M,
g
X M
Y — W da .
w XWMda +(1—XW)MH20 > 2.41 23
P
A

g &

27117 797 OR .20Y1 23 -1 MIRNWA 23 0910 2.1 737202 nAaRmg MIRNWAT N2vA
DR NI 17NI9Y 1071 SVAIRID WM ART DOIRNAT 1237 ORIN QY 7Y M0
3.3 97902 17721 21237 ORIN . W2N1A 320710 7Y

D wmp k, Y DoLu,,c ,£,  DIX2T MDD Wen My DR F
4 v g vp

P water vapor

Bird (1960)
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o 3.1
N27YA PONDY WMDY NPAIT DIRNWNAT NIIAY I DTN IR PRI 7 P2
NI NWIT SUAIRID WANA TR0 ITY 2V 27PN P92 AW MRNWNI
7T 2107 N1YA PNDY MDD 2R DOANINYRT AT AR 1AX1 NN 2N IR

.1.4 P92 w3 MmN T2ina 1100207 ooy

" B 3.2

NPPYA NI NPHRORINDOT MRNWA] DTAT IRDT 2V INWT MRNWR PN
my“wnn Patankar (1980) >w SIMPLE algorithm -7 5y ooani [(PDE)
XD Hw mwn mxNwn L[(ODE) m»oan neoRUEIDT MIRNwn] MK
-1 1IND) NOYIPOCT 7AW TIRY 7DD DOWIDT NYW 1IND1 LHwnb Dopphnn
(T

732 ,077770 2°37Y N22APY MIRNWAT DR INDY 001,101 MIRT T8 7702
T 1IN0 NN CLIWRT NINST 192 N1 MO N0 MnR ,a000nn
DRNWRA DR NND7 W0y 9017 378 DR NN NI DY AT DIRD DW Nvhnd
MRXNwA N9 .[(2.2) -1 (2.7) MRNWA AR7] 70R7 MW DRNWAY YINT MW
NPV DY NW AW 1R

o(pu’
ety 9) gag 9. SwnY ,0°R1% K2 0910°2 1Y VAN AW DRNWR -
iz

TV DROXNAY WD AT TV PRIAY TAY MW MRNWA P TN -
Nakh

QW 9HW DIva Dhng OTW DR N9 N1 LPan LIXDTIA WY a7na

772 .(Versteeg & Malalasekera (1998) 1X9) nmin®p nMinadl 2NNM0K

T2 DR RIZAY IRON NRDY 7077 TR IRNWA DX DOWRD DY W1 7077 322

an oK Patankar (1980) °7° %9 7387 01W AW . p = p(p,T) 2817 DRNWAN

77V DR 2°01D NV P Y0 L, Wn1 DY 7172 1000 HY ooann SIMPLE -i

YAT2 0°N0M C2LIWR T AT NND PRAN IAT IRD2 NPT 2°¥n0
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NN PYT D IR T AP0 MYARM YRY MTWA 092790 MOIONT NADMWY
NIV MA*I03 7IMAI 1971 NIRDT 12 T°X2 MAWANT NIWORA MIIRD-1T 777
nx1 SIMPLE algorithm ¥ 07197 9207 SUmIRIDT W2»na w1 77w 1ano

3.2.3 poa

7P 11 bw RteapesT 3.2.1

WM 20 YW PIPLIPOOTA INn NNoT YnN 09107 21917 Nuwa
"Hy¥2 090 QMDI7 P2 191 POIR WA W ATV LNPVINDIT W MRNYN
auIwn "oown 2ono1" 7 92 Hw v ¥ (3.1 AR ARI) nnvav gTx
YI7° 7OV PIND TNXD 7023w MW DX LWAR YW IR0 X Oy 7990
(3.2 1R 78) staggered grid Hw wmwa 10 van Lstaggered grid owa
DY NWO ONAX2 TMUI0AYY MDY PR MWD ,0M9P0 20T awne X
M1 NITYYR NIPNING 100 23 2UNnXn YW 0O0p TR wRd L(O)-2 oamond
TP 1751 M2 2T 2PNV 00T RWY DI 1R, (L)) Hwnb
NWAWAT NOIWR DWI NRYR MR 29972 (@npnpn 2P Hw ) CupoTa
MNN¥T 5w QPOPTIRT .17P2T M1 M2I1232 MAPIAN 7PNNYY NN 770 2W°n°
107 MR MY 1 (L)) SWn? ,mIup MYITA PTG N1NIRG 1100 19K
QNPIMOR NIV NP NNOY NPT DY NN HY von N2 (= ) -2
. Patankar (1980) -2 x1¢1% 1n°1 SIMPLE -1

(finite volume) Y970 N9

v
MXPVIPOITN

v21N0n 1977

N MVHD 0P 7127772 "0 191" NATAT 3.1 N
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I-1,J+1 iJ+1, N | L)+l ;i+1,J+1
: ) : ~
I-1,j+1 : n | Lj+l [+1,j+1
______________________ :_._._._.= ’J_._._._j_._._._._._._ :J >- dr
I-1,] i i
i L Ll +1,J—
O—=—C O—
w w : P e E
T I ________ =>_ ...... : ........... — . .-
' s | Lj . I+1,j
! e :
r T U
I-1,J-1 LJ-1 - S LJ-1 i+1,J-1
_____________________________________________________________________ _)
DTN NI — WIMNN HY IV PN z

w2n YW nwe nnoo 3.2 R

(PDE) nota TRD2 7112257 NIRMWR NXupesT 3.2.2
MRNWH SW PRPVIPOITT NV 7T 7°Y02 AN 7P 1191 YW XPDIPDT INRY

ANR2T A7MXT DX 1"173? XTUAP0T IR VIS AW DRNWA Wi

a; U, =2 A, +(p,_u —p,J)A,.J +b,, (3.1)
-4, ,(¥IM 7on M2YR) NPIND-PA PXPRILIRA NYOWA DX AXTH b, WK
M9N2 3P 1M a,, ) @, DWTPET DR T Pab 28017 DLy mowh onrnn

1INDY OMD0 DWIDT NI TPRPLIPOT MAY TANTY LTRIVIPOOTT NNI02
upwind ,central N»°302 wnnNwa> 1071 convection-diffusion Hw Monn N1ya

.(Versteeg & Malalasekera (1998) 1x7) hybrid WX
TOPI-IY0T N0 NPV NINDY MIRNNT PRPLIPDNT MO0 1D0n MNP
(hybrid) na%wn 7°502 N2 °Noa Pman TR L(convection-diffusion)

2w I A% avooh nawnn ,Spalding (1972) 7 DY 7aXI 20207
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-Upwind Differencing Scheme -1 (CDS) -Central Differencing Scheme?w
Peclet ) upd 1900 WAwA 11T R AWK 77002 WS 10w ps L(UDS)

:(west) M2wni 7OWwA RAITY .2WOM XN Now DY awnn vhps 190n .(Number

pe B (P19), (3.2)

ew
D w 1—‘w/ 5'XWP

.Pe>2 wXd UDS 11m°30219°R) Pe <2 WX 7wy’ CDS 72°00 2 winw

279 7IRTPN PRPVIP0OT NRY L, @ DN OV IR DRNWA NOTAN-1T A7 MY

ApPp = Gy Py +Ap P+ AsP5 + APy (3.3)
7 9y W A, 0TPRn

a,=a, +a, +ag+a, +AF (3.4)
3.1 79202 3T PN WP W ARNWAI DATPAT IRY IR

YO ALWA 2°°120 NPVIPDITA RN PW 27PN 3.1 7920 MY InhIw 0D

diffusive) D - pamon m>hmm Fo-ion nmh  (convective  flux)

SUIPD T PN 191 Pw M133 777 (conductance

aTpPn M2
ay, max {FW,[D‘4 + I;w ,0} (3.5)
ag maX|:_Fe’(De_£J’O:| (36)
2
ag max{FS,(DS +%),O} (3.7)
a ma{_Fn{Dn _FnM (3.8)
2
AF F-F,+F,-F (3.9)

hybrid differencing nv>wa n°vIpo>7 ARNWH 2w 2°ATPRT 2won 3.1 Ahaw
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X277 12X 2w LF  qown

F  +F
FW = (IOM¢)w S A i 5 LI
(3.10)
1 PP, PP PrasPistPiasPiay
-5 u; ; + Uiy
2 2 2
F. . +F
Fve — (pu¢)e — z+l,J2 i,J —
3.11)
_ 1 pl+1,J¢1+1,J + pI,J¢I,J pI,J¢I,J + pl—l,J¢1—1,J
== Uiyt U; ;
2 2 2
9 5Y nawnn ,D ,n°2m1997 12 m
T
D, =—"%L for dr = const (3.12)
r
T
D, =L fordr = const (3.13)
dr
r +I',  +T +I
D =—rt LI T L for dz = const (3.14)
’ 4dz
T +I +I +I
D, =122 I’Z:{ 'L L for dz = const (3.15)
4

(ODE) 2°7pm7 NIRD2 MR NIRMR n»emuapesy 3.2.3
1N (ODE) M%7 NYHRORIND™T MXNWA -DoR%R700 NIRD S0 MW MIRNWN
Skl

d

do _
A (3.16)

TIR2T 1IN 0D N1 APOR MIRNWAT OV IRNY T

d_(/): ga(zo +Az)—go(zo)
dz Az

—forward difference approximation (3.17)

.(ODE) 2107 MAnX 7872 MRNWA NONDY Jwnw 31 7°8P0Ip0°T N0
M3 ,PWRD 7707 X177 ,7199°0 0 2W MI0OR NIRAW DW 2113122 ,772900:7 P1°T 0D 10X
1PW NNOW TOAT? TN LTAT NTRDA N2 MIRIWK NON9Y awnww hybrid nnvo02

JIWRA 27072 NI
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SIMPLE -7 an>38 3.2.4
SWOMRP NI awvah L0wD 30 annueRaw v1on 1 XY SIMPLE own
7axXI7 7 Wi N w .Semi-Implicit Method for Pressure-Linked Equations
172 nrya POneb nwnwn Spalding (1972) -1 Patankar (1980) >w mmava
OO0 T 0¥ YNANN MRNWNAT NI PIND PRI TIT MINRA MW MRNWN
-1 97017 2wenn anna (procedure  prediction-correction) 11PN W W

SIMPLE-77 n>wa 117097 790 IR >nao0 19982 »¥n 3.3 X .staggered grid

VI DY JAnona L pt yhva aTw DR WMt v 2wenn 7Yan DR 9mna o7
:VINT W NRNMWA DR 2200
ai,Ju:,J =2 a,l,, + (p;—l,J - p;,J )Ai,J + bi,.} (318)

*

LpT WIMIR T p YRRR T DY OONMR TV 172 W90 VTN p YRS PN

p=p-p (3.19)
0 TR0 P2 WIS I AT TPOND ) DR DT 1R T 199K
u =u—u' (3.20)

:22p1 (3.16) nxnwn® (3.17) -1 (3.18) mxnwn Hw naxna

a;, (ui,J _“;,J) =Xa, (unb —Uyy, ) + |:(p1—1,1 — Py ) - (pI,J — Py ):| 4., (3.21)
SV 3T RN 2WIR 1n°] DORY NONIT N QPNNART 2°27Y 2V IRNWAY M°on
S mh b eRakhiphislalRabeivhi

a u, =2.a,u, +(pHJ —p,"J)Ai,J (3.22)

Patankar .0 Ya,u, -7 12°Xw &7 SIMPLE -7 anmmbR 5w 1100 nmi

DY P MyRwn ayswn 2TV NINea MY B anian bw o anravn posn (1980)

1R 19N w1 (3.20) ARNwR 797 X .00 2%

r_ ' o
u, =d;, (p[—l,J pl,J)
d _ Ai,J
i
a

(3.23)

i,J
:92p1 (3.18) axnwna (3.21) aRNwn MR PPN NAxna

U, = ”ZJ +d,, (p;—l,J - p;,]) (3.24)
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START

.. * * *
Initial guess: p ,u ,@

STEP1: Solve discretised momentum equations
* _ ( * * )
a gy =2, +\Pr = iy )iy by,

u
v
STEP2: Solve pressure correction equations
Set ' ' ' '
5 5 a1 Py =8y Proy ~ Gy Pray +0p,
P =p,.Uu =u
"
» =9
P

A 4

STEP3: Correct pressure and velocities
* '
Py =Prs TPy

¥ i '
U =i, +d;, (pl—l,J - pI,J)

P, @

A 4

STEP4: Solve all other discretised transport equations
@ 0,5 =240, +b,
Compute physical properties
pg H Cpgag’ ¢g’/'lg 7'etc'

Convergence?

NYWA NN ANMARY 70T 2N 3.3 N
SIMPLE -n1
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(pressure correction equation) "yn® 13pon" nxnwn 3.2.5
D T ARNYR L"Ya? 190" nRMwn nndl SIMPLE -7 anvatR bw caw 25wa

:MD X7 XMW 0°02 Y
(pgud),.., ~(ppud),, = Sm (3.25)
1221 (3.23) nRnwn? (3.22) ARNWA N2XT NRD

pi+1,]¢i+l,JAi+l,J*(u:+l,J + di+1,J (p;,J - p;+l,J )) - (326)
P04, (ui,J +d,, (p;,u - p;J )) = Sm

DR TN W
|:(p¢dA)i+l,J +(p¢dA)iJ]p;"] B

* * (3.27)
~(ppdA), ., i, +(p#dA),, 01, +| (09" 4)  ~(pgu4) |+ sm

(pressure correction equation) "y1? 1P°N" DRNWN N22pH 22K NTO INRD

IR AT DX
aI,Jp;,J = al—l,Jp;—l,J - a1+1,1p;+1,1 + bI,,J (328)

.SIMPLE -7 nv>w2a 117N 72770 DX 2N1n°o0 19182 20871 3.3 1K

®257 °8In 3.3

9123 ORIN Q7 RN ITW OV PONDA DY 2OYOWwAT 2PWRT 2009 PO
NI van YW (initial conditions) 19nn °Xim (boundary conditions)
.7272 9123 °RIN 0P% WATI IR 712 M90 KD VXA TR0 NTIT IR0 1von
101 "0»010 2onP1" NYWA NPV P92 P00 13T ORIN V2% U7DN 1207
Versteeg & Malalasekera (1998) -2 X1¥n?

D772 ,0°11 QRN 19011 WM 27NP OXIA02 91237 RIN DR VoY nin Yy

3.4 91°K2 3% D00 DORNA MDA D1 RIN DR NNTRT MNONT 2wl
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I
L 10)
; direction
(0,NJ+1) Wall (NI+1,NJ+1)
SN NSNS AN AN AN
Inlet Outlet
b
Computational domain
z (1) direction
e —————————————————————————————— | . . -
(0,0) Axes of symmetry (NI+1,0)
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a7 N0 DY 0102 WO yaea DX 20wty L"ynR PR nRNwn 137092

0 -2 WY 31T WA RN WD YR
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DODIRTINT DD MR 22272 W ,NIMON AR 2R AR WANRIN RN

0
WD YI? 07T DY NN .20%AY A7wh 000 ’(a_: oj 0 -5 oW 27 P02
zZ
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(wall) 32172 9323 °83n 3.3.3

AT MR 199 19170 OF ApRaa 1R 19170 17 00T PRW A0 ATava o
0 -5 W, am0ar o2 172

71277 MW PW MINTAIN 0D WA LI9TA T1T7 (7PT1907) MmN 2vn PR POn

Kl 0°°pn 0O PW PTIDYTI IRNWNHA 1237 RN 707 °R .0 -5 w9172

“or

wall
5123 OXIN .NOTA TRDA 2T N2V DRNWA PIIND7 2IRNT? 29137 221 7123 ORIN
INNTY LV 9DIN 219N 1R

(T,

W

, =const ) YR 1917 NMVIDAY

(T

W

2 =T(2)) PR W 7°XP192 72301 1917 DYDY

(‘Z—Z = const ) Y12 DI VW

(i = OJ VARMTIR 7123 °RIN
or

MINWI NPYAT PW 2TIRY 17231 2T TIP2 MW WD M1 NIWORT 9

w2 2207w °9D

WA 15913 LR SR 3.3.4
93 AV, WA 19N D123 RIN QWD PIWADOPR 1T YA YW YT 111N

. i =0,MXNwna
or

1"nem M2y 3.4
WY 5IMI 11ND 992 10 .N1LIPD T NIRNWA DW 27 T90M NIND 9912 17 NON91
OO DOMTAT I NROXXD AR N9 HW o Maken nva oy Imnanae
:ONPR MITTVANIY 0207771 PINDT MY Yy 2vown:
71 ,1ND7 P17 77 T NN A0 NAT AW 933 000 000 R
TP NPEDOR0IN PWn? MY MYIDah NN YW Imwea AW T oy
729000 AnTa Shybrid 770202 Ww WY1 DMON AT2Y2A .N1010Na

v nmon [Ohkawa (1995) -1 ,Crowe (1982) 1x1] 72°%° noann
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I N7 PIT DR OWH NI DY .NNNDT DWW P1TT N0 T T 0000
WM 2007 YW DO DWAN DR YR

TN MY DR P07 MARY Q0N YEAR .under-relaxation -7 0770 .2
YN NN NPXROINT DR NI0IAT ARAY PPN NPIOVA I R
QWO VAT PPN M2V 3ANTY YT I

pnew — p* +appv (3.29)
P20 P N0 0T 1 - @, TWRD

,N1T07R) MITART MNONT W TS AR IR0 DX 2R 1001 1T 1IN

('1731 mhiemblalo)

Q" =a¢(o+(l—a(p)¢)(”"” oWy aan - (3.30)
YD MO NYwa wyl Anon 93v ,(1-9 0 A v1) @ o7pna nvhap
MIDIFNT MRS IR ,PNST MOIANA 9Y 730 AYOWS 11077 DTPnY 3 PO

Rykdaly NP1 UMON 1307‘) 25T 7T YW 09107 Imiabh DV vOwH R IR\ Rinibh
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NN ORI — 4 P

NI NPEDIAD IWRIA AT 27N DTN YHR0°ea D7 AP nnb nan By
NIRXING MW NOINNT X200 MIRXIN .53m PVC “pophn Hw w12 2°50n 712y
Silva & Correa (1998) nR7) »7an-71 0™0ann 257 MY NI
now3a 72an31 N MIa naona L(Baeyens et al. (1995) -1 Levy & Borde (1999)
Digital -1 17%vm Windows 98 m2va02 x> omp% nin'hy FORTRAN 90

.Unix

Bt PR e 4.1

,0I1 12yn? Baeyens et al. W 7oXK?7IP7 %Y NODIANT NN X100 NIRYIN
00NN DTN IRNWT ANV 2°2pn2 .Rocha (1988) Hw n1™oo1 mIRXIND NI
Levy & Borde -1 Silva & Correa (1998) nX1 ,212> 79570 1R M2y 12w
.(1999)

sShporp onnn 4.1.1
n"o 5.25 U Hva 2IR CumINID wa»na wean Rocha (1988) Hw o000

M2v7 "oy ,2622 kg/m® Mmoo ,380pm vXmn 2712 9 PR o 4 7N

APD0R WIR? WA 40°C A0t 0.0468| kg, /KE iy | NN
nuomM MY ,110°C T1019ML Y2 On IR 07 9y Ionon ,4.74x107 kg/s Hw
3.947 x10”kg/s 7p'001,0.0469| K2, crpor /Ky |

M LPepona NP21apl 232 2Nl a2 Silva & Correa (1998) -2
Man R £=0.15° 1135 voma 197 .oopPhnn bW onpia Nawy nenhnnd
Naw W W1 BY TAN0A2 X0 TN PIRN/WIl DY 172 vapl poponn
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W20 TIRD MITIPI 19012 aX TPRANT 9102 23 17T
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NOTAR-TIS NOTAR-1TT NPEDIA0T NIRIIN P2 ARMWT 1PN 4.1.2
DOV D0 MNED 4.4 -1 4.3 4.2 4.1 0PR2 MM R0 NIRYIN
NYIAN A ARNWA WORY 7D ANWYI W TMXA 2ONN1 NI L N
DMUNIDT YW "MTAn-TA"- ATTAN M50 MRYRA NITAN-TA DPERINON
A1DN WON TAN-1T N YT NPIAM M0°12 AT AT DR D1UORDI

N2 AIRDT DWW 7017 09 O 9HPWw (TAT NTMLIDNRYY 1ID) 30T NN NYXIAN

hlakalty
R
27z.[ puprdr
(2 OR (4 1)
277J.purdr
0
20 DY HHPIW 729717 TN 1A DW NYRYANT 707970 21w
R
27[_[ puc, Trdr
ave — OR— (4'2)
272'I puc ,rdr
0

T°2702 MP2IPAT MNVIDNYI 2N, ¢, ,TNT PW YPIA0T QN0 212002 1WW NN

sYp o

R0 217 21200 PVC pophn w122 Sw "10°12 Ywn?) snynwn XY SuniRiD w1

(¢

J J
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ABSTRACT

Pneumatic drying, a process widely used in the chemical industry,
comprises simultaneous conveying and heat and mass transfer between
the particles and the hot gas. The application of this unit operation in
industrial facilities requires reliable mathematical models to predict the
processes taking place in the dryer. One-dimensional, two-fluid
mathematical models are most often used for predicting average values of
different properties of the phases in a cross section of a dryer.

In the present study, a two-dimensional, two-fluid model has been
developed for simulating the flow of particulate materials through a
pneumatic dryer. Two-dimensional flow field interpretations provide
information about properties of the continuous and dispersed phases at
every point of the flow field. Our model was solved for steady-state
conditions. Both axial and radial profiles could be obtained for the flow
variables.

Our model is based on a two-stage drying process. In the first drying
stage, heat transfer controls evaporation from the saturated outer surface
of the particle to the surrounding gas. In the second stage, the particles
are assumed to have a wet core and a dry outer crust. It is assumed that
the evaporation of the liquid from a particle is governed by diffusion
through the particle crust and by convection into the gas medium. As
evaporation proceeds, the wet core shrinks as the particle dries.

The numerical procedure includes discretization of the calculation
domain into torus-shaped final volumes, and solving conservation
equations by implementation of a SIMPLE (Semi-Implicit Method for
Pressure-Linked Equations) algorithm. The numerical procedure controls

coupling of phases by IPSA (Interphase Slip Algorithm).



Our developed model was applied to simulate drying of wet PVC
particles in a large-scale pneumatic dryer and of wet sand in a laboratory-
scale pneumatic dryer. The numerical solutions were compared with the
results of other numerical solutions and experimental data. There was
good fit between the results obtained with the current model,
experimental data of Rocha (1988) and Baeyens et al. (1995) and that of
one-dimensional model of Levy & Borde (1999).

The last stage of this work comprised numerical investigation of the
influence of different parameters on the drying process. Preheating of the
particulate materials accelerates the drying process, but increasing the
particle size leads to deceleration of the process. Through regulation of
the humidity of the drying gas, the intensity of the drying process and the
quality of the dried materials can be controlled.

The present investigation significantly extends our ability to simulate and
predict processes in pneumatic dryers. Further investigations in this
direction can lead to the development of a design tool for estimating the
geometry and different operation parameters of industrial pneumatic

dryers.
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