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A Numerical Study On Various Energy and Environmental Systems

3 BE, F 990 G AP 9 ¥ o &3, 3 B’

D.S. Jang, W.Y. Song, HR. Na, B.S. Park, E]J. Lee, B.S. Kim

This paper describes computational efforts on the various energy and environmental
problems using Patankar’'s SIMPLE method. The specific problems included in this study are :
pollutant and flammable material dispersions in open and confined areas, aerator-induced flow
in a lake for DO(dissolved oxygen) concentration, primary clarifier for water and waste water
treatment, hood ventilation in workplace, cyclone and LNG combustors and Dow chiorination
reactor.

A control-volume based finite-difference method is employed together with the power-law
scheme. The pressure-velocity coupling is resolved by the use of the revised version of
SIMPLE, says SIMPLER and SIMPLEC. The Reynolds stresses are closed using the standard
or the RNG k-t models. Turbulent reaction is modeled using two fast chemistry methods
such as eddy breakup and conserved scalar models. Further, a nonequilibrium model is
developed for the application of the chlorination process in the Dow reactor. Other important
empirical models and physical insights appeared in this study are presented and discussed in a
brief note. The computational method developed in this study is considered, in general, as a
viable tool for the design and determination of the optimal condition of various engineering

system of interest.

1. A&

A2 AFEY A5 FAY AFL 2 Avle 23 EHF L ko) 23E FAE 8
sl o] +8A 2dn AFH 2ald og A% A FARTY B =re AF
2O Jhdte] 948 oulx - §7 Bokel Az® HAe] T AU LEHIE ANFOZA
ZAFAA Po] o] Rok) FEHRIY FLF EF2 AHEE 4 U Holuz Folrh o]
= E3] o] RoldlA AMAATE & $Fo) winEy JFE T APFE Ty o ug
2o Az AzET

.

g X

1. 23usta 872389 (305-764, HAAl F4T FF 220 Tel: 042-823-8361)
2. 2guistn @743 WEre] (305-764, HAA] FAT FF 220, Tel: 042-821-6677)

- 160 -



WA AAZ GF 7] BAZAM 1Y e 7Y LEEFY @)
9 BHA vhs- S8 Algrolth olxl 43 HW
oA 2GEAY PUAFS EAFE, TE T F2 HEd W
TR A E@ud AL daA 7tdA d8U LNG ¢ LPG 59 &4 As S Jg
Witk ol EAlE TAIVFAR AHEET e LPGS LNGS AHgetd sz g Ay
LPG 9 33 S54¢ 2 2 IAFYy 22 F4 w55 #H3= FolA 9n)7) Ak
A HA BAE #HEdAY odEA A4 2Fd FRF QA FELFADO)FEY &S
A3 FEALE £ 53] DO 2% 43 gHd 4% EF SUME A Frzx A
2do] dAE TAHE BAE OREAT 0L 2 FAAE EARAM dev $4A4FA
g9 30%FTE AAZe FAFARAAM FEEAA wWE FEFLIFEASS, suspended
solids)9l BAFES At o Afde AR 78ty ¥4, 420 181 SS
9] IV U= £E7F T8 JAR mdoh
AN AAs BE daRd HE AFAIZe] bl 2 2 d48Fd giE 153E =271
HolZ22 A4az29 /F

F 2579 'fast chemis

|t

AE FAHMHoR FEdgen, olojr LNGEARZY AALEAE
CERE 2d o8 sAEAEEY. 1 982 SR 9424
a2 AAS AFE T2 NEHIE Dow chlorination 3H8HWHe-29 A4-E AASA o
o] %ol FFuHEE WF o stehirge] 54Xz A7t vlwdlER dRe Ehkge] =R
223" 'nonequilibrium’ 2@l o] Al&-5]ojo} Fhrl

el AFE A A - FF A2 diF] B =Rdie AFFAGEAQ] FARAE
23] kgt Ealel A 2 $AzA HAA g8402 QAT 4 AW 53] AFH £F
3} 257 @ 7HE 339 GRS EAG nEedAR g e S AEAE A% FHH
°l EAE Aldlnes WRES] A7t 4868ke] PCE T3 £4A EA Al 7te3dith oY
HolA B =EdA AAF FAEAL PHE APGPFAME T3 0885 AE BERH =
F2M teAL nygun & £ o

3

2. A4 582 29

B Ao AlEE 74 AR AL g AFG ANE AL oo I olde} e FFE
Hoz veol Ao,
—‘-ﬁﬁﬂ + v (oup) = v (I,ve) + S, (L

A (1S AAA A 712F KRR Wi o3 FAFHoz HAYQA oA AE fxE
2= 9lom o olitslubg Alel &+ line-by-line TDMAS} WtE A4t 23] 78 4= Ut /%
glo] o)atzlE 98 power-law scheme & Alg3ov] 253 WA A £x o QAR
e SIMPLE? (semi-Implicit Method Pressure-Linked Equation)®) 7R2&¥&e¢] SIMPLEC® v

~ 161 -



SIMPLERE 2zt AM&-3ict. 38 Reynolds AgE e wdg s EF k -eRdely ¥y
o WA RNG k -e“'Rdg Agaige. dEueRde F2 slahwigo] GFEYY 94
w2 7bY Shel ‘fast chemistry’ Rd& AMH-3le s FAH 02 ‘conserved scalar method’™
¢} ‘eddy breakup™ 2d& Abg-sect

3. 3484
B HgAM s A - B3 EA 228 8719 A& 4S5 el

31 2¥4Ed Q71

Fig. l(a)dl= LEEZ tIIZAFTN #dEs Fde Udelhdle TAEEZN FHT/ETG &
=7t B3 £x7F € B-FE L9EH 8 &84S Hstuat gelt. Fig. 1b)elle &
BEZo] NHs%t CHXLLR 7ol &xol 8 FAAFTE dehdion SHEd gatekaye
2984 V4R, &5, BT A FAHY 2FEAY 2457 & A% (B lm/s)ell
£ F489 R ZA(stability criteria) SolE A9 A4S A Fe Ao g

3.2 LPG 9333 o4

Fig. 2(a)oll= 2H I Z LPGIF fEE Ao Fass 43S 284387 98 4%
olth. Fig. 2(byoll A= AlZre)l W& LPGE F4e:EE Jehdis Ao =2 A AlZtd) o Frjuc
FAE LPGZt v o 2 A7euA atEs A4S 3 Je F32 3t 53] LPGY =2 o
"ol RuEE 25~95 % F9Go] At wat F23] Wil Aeg vgun®
33 7|z 2T HERS 2 DO ¥:d4F
Fig 3@l 234 FRAFTLA Txﬂv% EA &5 @ £30A FEREE ygotsly] 9
EAEE Jeldt, 3444 ALSEE ZE A4 A8 I &5 9 ZieEAdYy A
32 35798 AHEE 2 fﬂ?oﬂ»ﬂ *}%EMZJ DOFE RdZE AE719 B3HAde) ¢
AAhel AT FFA AT Aol AR FE 1Ede AA A% vBsP. Fig. 3(b)e
Ao 213 DO FE 9 & Aol 9 D09 s vuE Jed Adsse 4829

WEH 3 gael F WAL & & AT,

e OIN' =)

34 AAFAX

AR AZ 9 FFL SS9 EEHQA F o] o]FAAEE short-circuiting(flow recirculation)©)
ujA gojot P}, o] BAHE Y Az FTHY, baffled] I L A, overflow rateT o)
EREde] 2x, AR 2 UERE T34 ¥4 F2F ¥Heold Fig 4@ £ AF6NA ALg-
& JMvich Letg]l oy A A AR T4 Ty Fig 4b)e EF k-¢&, RNG k-2

-162 -



AHgE SR SN Astek BH Gehd AP A/SANY Y Aot WD 42 JehiQ ol
gt FARF Mo AHZA AP Az 7]3}-3.]’3:‘ 35]*0]-’ £ALL g1 SS9 A 2l CQE. B
To) B 2YHA A7 TZo) sty

A

Aol Z & ?";.’i:i%:— Fig. 5(a)el Yebd uisl Zo] A MIRFod 43 42 WY {5o)

Fo2 {oUH 2y dFE gl YHPEe =R 3 A‘ 3hrt whAbE o] WHo] 4
Feo) JHd 520 ¥4, A wrEdgt ozig ’*}"]% AZE A8 Y AFAIL] BE
108 o]ge g HAn, Lvﬂ%"] 2] Ze 3% ‘_Zx‘_7l°ﬂ 15352 2838 = e F
Ho] At} Fig. 5()dle oleh L Ho|EE 42 U9 f5S FAHMH o AHF Aoz
A B34 Jehd Hre2ad 4RI} ¢E°§@.°1]*1 AolZFE Ule) 38 W& 22559 Anr}
JhAH e 2 JEbgt olgd RolEE Q4Ev day aZtd HRF 3T’ Z, Turbulence,
Residence Time, TemperatureS & % —7—'?-‘%—’?-&0] G HIE AZoly oz AR A&
7hsAle] =& AoE FEuy Ut}

36 871¢ =

Fig. 6(a)dl= 204 e Ad 878 F=5 Yehile Ao32A F5o 44 2 424
2 F2 4ddA AdHoZ AYIY, dIe M2 AFHe B2 HHd 9o Folnch
Fig. 6(b)e & 7oA £33 A doln Edo Yeld o AP HaHE Yt

3.7 LNG 942

CHo} FAEQY LNGE tEFHQ AR NAGE2A4 AUE = /P34 89 o} 2
A a8z #H7E 42 AglelA hydrogen radical®t 9% FF2 9% 2xAs52 A4 YA
AFEE R Atk a3EZ old Wid AANE AN oF T2 e T/ B o
FAME AFHoZ Bo| AL4HT U F F79 'fast chemistry’ ZRE AP el 242 u)
z3g

3.8 kg2

Fig. 7(a)= Dow Chemical Co.(LA division)$] chlorination WH§-2¢] 4T =2A CHiCl#
CH.CLE 98E 33 ChLE: A3AR 319 CHLhLE AAsle T4t aeiu 'hair spray’ 9
289 CHLL/t 225 #3 Fo BHHE EHAA 9093 713l AL FAHJY. old] §hg-Zd
e ZRAHA 72 Mol @A 1A T WA 93 CHLL yAE Fola CHsClel
A sdnatsie At £EEAT a3v £E%F el CHLRY £&& =971 H3Me
A5AQ Clhel 4ol F7t=ojor gk ol wHES7te] we FHPEF okge A=
NEAHQ SAHEAQ Clhrts Wi e Az Eolu FIHEAII addnt. ol AP

~163 -



Bl ZRIY Mde] AgFojof 31 B AFoiNE vHHY dHuke 2ol s
7} olgolAGH,

o
gk
X
o
"gnﬂ
R
E

Patankar®] SIMPLE ¥33&& 023 AFEHZIR Y /Mdel 93 i - &4
" 87HA A=l W AE F1E Jerdidch ZF BA4 did 288 23 Y AA
FaHN AXE JdeblU. olgt F2 ZATE EUZ 486 PCoF et AAlapgel A4
T 3 o] - FHFo BEA AN FA) R JlE A sMEHE B

oo
$o 2 o

kil

M

5.

ﬂz‘i

al

(1] Heppenheimer, T.A., (1980) ”“Aviation Aerodynamic Duo,” High Technology p.62.
(2] Patankar, S.V., (1980) "Numerical Heat Transfer and Fluid Flows,” Hemisphere,
Washington D.C.
{31 Van Doormaal, J.P. and G.D. Raithby, (1984) "Numerical Heat Transfer,” Vol.7, p.147.
{4] Choudhury, D. and S.E. Kim, (1993) "TN44, ASME Fluids Engineer Conference”.
(5] Bilger, RW., (1976) “Prog. Energy Combustion Sci.,” Vol.1, p.87.
[6] Magnussen, BF. and H. Hjertager, (1976) "16th Int'l Symp. on Combustion,” The
Combustion Institute, p.719.
(71 v, olex, FFE, M9, (19%) "BE-F#8 H:E 2984 &8 97 2 1z
FA A 3HehE, 2%, AR, ARG AT I A4 83,
(8] ALd, HAFYH, oleF, FEE, o2F, ¥WHE, (19%. 9) "LPG f%Fd Fitd g
1% AF 2 FAHAHAH A7) 45U 3 2 FFU B,
o1 Aod, AEw, AAFY, 4%, (1994 12) "$£F Fr|xd w2 AN sAU3 9=
2 53 FHo B dF) FFFALETA AFE BIA.
(10] o}4d, AFY Fee, A4, WAFG, J&dF, (1994 1) "G4 53 A+
A7iE,” 5 gL G7 AEFHA B1A.
{11} Syred, N. Claypole, T.C. and S.A. MacGregor, (1987) “Cyclone Combustor, Ch5" in

a)

Principle of Combustion Engineering for Boiler.

[12] Lewis, M.H. and L.D. Smoot, (1981) "Combustion & Flame,” No. 42, p.183.

(131 Archarya, S., D.S. Jang, DH. West and L.A. Hebert, (April 9, 1991) "A Moment
Closure Method for Modeling a Mulitistep Chlorination Reaction,” AIChE 1991
Spring National Meeting.

- 164 -



}..”_"‘:4 /— Free surfsce BC

~ G 1 tspunapa tE
Tuo £ | SN NN\ N N
. i - TS SNNNNNTTD
T aYN —
2 DISINSSSS
! TssssSS=S==—
1 e i e e e
Inlet stream «f 23 ;:’:____._.__.-—
USUy,, / | <k E ;// —_—
v=0 { 3 - =
=0 Oufiows C | - ?g
] .
| .
¥
= t
Y= deom ' (2) NH,
Yv-p.z [}
'
!
Tup t CRIQ § Tesrpmrutons XS
Y UVQ : mp -~ - - - -
- f=1 - i SRS
' Szzzzzz:z z ¢
] o =2 Tz ¢
! z: ERE R
' It Dol
i =z T
Ground B C. | el ol
Toonen L
Ry /1// // s ///
/////éon.:ndsx./xfacé/ / /////
}ve——-——n: 200rn -l &) CHL,Cl
Fig 1(a) Schematic of pollutant dispersion Fig 1(b) Velocity vector plots for the case
in an open atmosphere of NH3 and CH:Cl
1 :
ULPG —
T PG inflow -
outflow — 20m

b 200m —y

Fig 2(a) Schematic of LPG dispersion in a confined box
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Fig 2(b) LPG concentration contour after 5 hours (Urpe=0.05m/s, Tre=13T)
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Fig 3(a) Schematic of single aerator in a lake

Free Surface B.C. v=0,

RN ]

ot
Outflow B.C | |

Inlet
Condition

777 LSS

no slip condition uv =0

A

Fig 4(a) Schematic and boundary condition
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Fig 3(b) Comparision of DO prediction
and experimental data

3 r
Stamou et
25 al. (1989)
= = Standard k-¢
= = - = RNG
2
L Measuremen:
s
>
1
0.5
0 2 . "
o 1 2 3 4 5 ]
Velocity {cnvs)

Fig 4(b) Comparision of axial velocity prediction
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Fig 7(b) Comparision of temperature profile
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Fig 8(a) Schematic of Dow chlorination reactor

Fig 8(b) Typical stream line plot showing a strong corner recirculation
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