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Development of a Combined Process
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[ Title

Development of a Combined Process for Drying Plants

[l Objectrves and Significance

Drying of solids is one of the oldest and most common unit operations
found in diverse processes such as those used in the chemical, ceramic, food,
pharmaceutical, paper and pulp, mineral, and environmental waste treatment
industries. Especially, waste management is very important subject for the
environmental issue in many industrialized countries, because its generated
volume is the largest in all generated waste. In sludge-waste management
field, role of drying is becoming more needful as increase of difficulty for
sludge disposal and need for sludge drying is expected in the future.

In spite of several dryers have long been employed for drying of waste
sludge, their design is mainly depended on the maker's experience and
knowhow. Most of the past studies still remain in the domain of academic
interest, presenting few solutions to the practical problems of the real plant.

This study conducted to improve the combined efficiency of drying
and/or environmental for two types of drying system including direct
thermal rotary dryer and indirect paddle dryer. This study explored
experimentally the role of gas flow direction and speed, gas temperature, and
initial moisture content of materials on drying rates for different drying
materials for two types of dryer. We also carried out a numerical analysis

on the basis of the drying particle trajectory model and the finite difference



method, and compared with experimental results. In the meantime, we
developed high performance hybrid dust/gas control system using
electrostatic corona effect for drying system. Moreover we constructed a
pilot explosion protection system for drying process and carried out the

performance test of the system successfully.

_vi_
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Fractional rate (%)

—@— Conventional type : 17.3% M.C ( Co-current )
—— Short Impeller type : 9.9% M.C ( Co-current )
Revised short Impeller : 5.4% M.C ( Co-current )

—— Revised short impeller : 3.4% M.C ( Counter-current )
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Fractional rate (%)

70

—@— Conventional type : 32.7% M.C ( Co-current )

—w— Short Impeller type : 19.2% M.C ( Co-current )
—@— Revised short impeller : 8.3% M.C ( Co-current )
—— Revised short impeller : 4.7% M.C ( Counter-current )
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Moisture Contents (%)
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Moisture content (%)
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Overall collection efficiency (%)
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Filteration velocity(nvymin)
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Inlet velocity (nVs)
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Number concentratiion(#/cc)
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Collection efficiency (%)
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acetone 2110 1728 864/ 18.10 50.00 59.05
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toluene 1264 603 431| 5229 28.52 65.90
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X 35-1 % FJAZE g AHE 1A= A7) Al dHolg
o . CaSO0s
A oy 3o}
7 7] & gf;fi]"ff) g}j;liff) A2 297 - 2H;0
= = +2bsha
) /5 $- A7y A
k=] 2= \ 2 3
oL 600 C 600 C 500 C 500 C
SR 250kg/hr 200kg/hr 100kg/hr 100kg/hr
' A¥d= 1997.3.~4. | 19975.~10. | 1997. 5. 15 | 1997. 3. 21
e ETEE
EEDN ey 80% 80% 95% 40%
AEA 2" ;;v
by 10~30% 10~30% 15% 12%
=z
A¥da | 1999.11.~12 | 2000.2~3 1999.10. 2000. 5. 8
s A iy 80% 80% 95% 42%
AzA2d T aze
T =)
Sy 4~6% 8~10% 5%0] 3} 7%
=T
353 874 49
o83 X8 374 2"y AFPoME 25 9 F3d w2 JF, 4FAA
A D gEstE AAEEY 2ES S, dA Alade F3 A o
gz 71X EAS godstn Zed wet df ng A HHo THE A
Jors T3t weld, Iy dAx ZHE A 2He FuRo 1Fgg WA
N THL dstdE nEL AR AoFEE AXFY ARX/EwE TAHE
ADEsE NS FPstgon, 3, AT AN Fafrt R AFFHE AAS
] YatalE v AlA 79 HAF S 93 AH A4 FXE HA s 5
3 Az ZFA 2SS GR35 AA dA A5AES AAEE oldgt 34
NYEAHE ¥ 3520 L3It
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362 WY Az o]& 2 50kg/hrF Paddle AZ7] A7)

3621 A 7=

7 = A7 71EA
1. MATERIALS st 2] SLUDGE
2. FEED RATE 50 kg/hr(water content : 80%)
3. PRODUCT RATE 14 kg/hr(water content : 30%)
4. EVAPORATION RATE 36 kg/hr
5. INLET OIL TEMP. 160 C
6. OUTLET OIL TEMP. 150 C
7. DRIED MATERIAL TEMP. 70~80 C

3622 €% % ZA AR A4
O € =FQ)

Qt = FEZL g (ql) + EE4(q2) + €&EH(@3)

= 36 [kg/hr] x 595[kcal/kg] = 21,420[kcal/hr]
2) g2 = {P x CPSOL x (TP - Tf)} + {Pw x CPLIQ x (TP - Tf)}
{10[kg/hr] x 0.25[kcal/kg™C] x (80C- 20TC)} +
{4[kg/hr] x 1llkcal/kgC] x (80°C-20T)} = 390[kcal/hr]
3) g3 = (ql + g2) x 0.15 = (21420 + 390) x 0.15 = 3,272[kcal/hr]
“ Qt =ql +q2 + g3 = 25,082[kcal/hr]

I
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150C &

\
80°C \

20T AF 74

AT2 - ATI1

130 - 80
LMTD

1]

= 102C
2.303log(AT2 /AT1) 2.30310g (130/80)

(AT1 :160C - 80T = 87T , AT2: 150TC - 20C = 1307C)
@ FHZLEHEAF(UD

AFHRE AFPAA =& olor & AAZ A A

E ol &g E¥XA

(100~300) & sty &hgkx] 100 7]Er
@ HAEAAAImY

Qt = Ud x A x AT oA

Qt 25082
A = = = 2.459[m?% = 2.5[m?] oA
Ud x AT 100 x 102
SLHATE HS

1] 25%1.2 (safety factor) = 3[mio 2 &t}

® ¢€ui OIL 3% & HEATER CAPACITY

Q =m x Cp x AT A

25,082[kcal/hr] = m x 0562 x (160-150)] A
m =

4,463[kg/hr] = 5670[L/hr] = 95[L/min]
HEATER CAPACITY : 25082/860 = 29 X 1.2 = 35KWH
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® Ax719 FEZ°] Lim)

AL A 3[m’]el A

7 0140m¢) HE DAF ] 00245m” ol HENAEL 144mm= 33,
ot}

L

AAALRA L A5dH + HEZ WH + AANE

A WA [0.0245m% (3 A o] FHEHA)X
M] + AEZ=HA [ X0.055(=89 FA)

=
w4 [ 2 x 015 + 2(RbE) x2%5F74 x L]

2
i‘a
r}l
)
w
BK\D
T
&
i

L(ZZ°)/0.144mX 2(Z
X L xX2(&FH4] + AA
= 0340271 + 0.345575L + 47124 L = L1S7L
Az7] FE4) L = 3[m’)/1.157[m] = 2.59m
wetA, AzZolE 26mE )

2) & A% ¢ 26m/0.144m = 18 7}

@ A%+ 6lhr]

2 2] Z[kg/hr] 50
1) M (gAage) = = = 0.0562 [m*hr]
A g o) d = kg/m’] 890

= 2] Z[m>/hr]

2) A8 o|FEE =

A8} AAse wd A m]

A2 %

11

(Az719d3 - ASadH) x 075(F8)

0.0562[m>/hr]
= = 3.38[m/hr]
(0.09189 - 0.06972)[m? x 0.75
Az719] Zollm] 2.5
AFA 7k B[hr] = = = 0.77hr = 46min.

Ag o]F % Elm/hr] 3.38
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Temperature (C ©)

—o— HXD| 23 g 2%
—w— 22X HIZE S5 2%
—8— JH2I0 JtA 2%

—O— HiOIDtA 8%

Time ( Min.)

-

6-9 FAE dx A2 AR 29zt 54 Gl 7H& 200)

A H7E FFH 0 T0kg/hr, 271858 0 80%, ATHTE 1 34.7%)
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Temperature ( C°)
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a9 36-14 9 A Z2AA dFxd AZE AAAE

& (mm) 2 (g) RHEE(%)
4.0 0l & 43.34 5.24
3.75~4.0 60.67 7.32
3.0 ~3.75 236.47 28.57
2.0 ~ 3.0 202.95 24.52

2 0l3at 284.34 34.35

a8 36-15 3¢ HIIE (82% > 12%) AxA] A&

<
AR H-E
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22743 A/FRA Y VOCEEAS

#® 36-1
$EAA AW 55 |54 59 55| AALS
SR} ZZy (ppb) (ppb) (%)
#1 #2 #1 #2 #1,2 B
1 2-Methyl-1-propene 194 184 N.D. 38 89.95
2 | 1,3-Butadiene 184 156 64 132 42.35
3 | Acetone 36 38 16 15 58.11
4 | Tert-butylalcohol ND 6 ND 6 0.00
5 Methylene chloride 3 N.D. 3 57.14
6 | Carbon disulfide 6 6 N.D. N.D. 100.00
7 Isobutyraldehyde 12 12 N.D. N.D. 100.00
8 | Cyclopentene 3 N.D. 4 33.33
9 | 2-Butanone 3 7 N.D. N.D. 100.00
10 | Hexane N.D. 3 N.D. 3 0.00
11 | Isovaleraldehyde 20 20 N.D. N.D. 100.00
12 | n-Butanol 38 152 N.D. 7 67.92
13 | Benzene 5 5 5 4 10.00
14 | Dimethyl disulfide 10 9 N.D. ND. 100.00
15 | Toluene 413 376 286 292 26.74
16 | N,N-Dimethy! acetamide 168 136 82 76 48.03
17 | Ethyl benzene 21 24 11 16 40.00
18 | m,p-Xylene 50 54 27 38 37.50
19 | Styrene 6 5 7 5 -9.09
20 | o-Xylene 20 22 11 15 38.10
21 | Nonane 8 8 3 3 62.50
22 | Phenol 566 414 290 260 43.88
23 | o-Ethyl toluene 3 3 2 2 33.33
24 | 1,2,3-Trimethyl benzene 3 2 2 2 20.00
25 | 1,3,5-Trimethyl benzene 6 5 1 3 63.64
26 | p~Ethyl toluene 2 2 1 N.D. 75.00
27 | p~Ethyl toluene 2 2 1 N.D. 75.00
(N.D. = Not Detected)

- 77 -




_?__
of gou, FYNHE AL HA/EL 5o kde] g B U9 ol
o

g x Alade] HzeAY A5 e4g F4EAY

3.7.2 Pilot A%l 44 & 25

B ATy A E Ad ZAF AlojY Pilot Al=®RE ¥ 37-10 A9 2
ol FAHEH, £XF Lol dFHE AFHIFA WFo FHAAMLG 2EFAE
<& A o (thermocouple), 183 %7] &
Axste] Alagle] &% g Bl BRI Ao o A7 E AL, o] wep A
ool dol AAE W, AgdE e 4AAAI AFHEE FASIAHE. ¥ 37-2

AzRAA gAY HEA AAW Sdwol= AT Auwpe 4
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:‘1
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<
p_B
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%
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rr

a8l AA A= A o]k (control panel)& ¥ 3.7-49F o] Azt dF
A A, A F AjF Rz RS BAFE A
Ao} S/W+ National Instrument A}l 2= Ao

ol
R
lo
R
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W
-
o
rlr
Am
&

o
o
e
dy
N
~
N
oft
>,
l>
L

¢l LabVIEW(Laboratory Virtual Instrument Engineering Workbench)& A}-&-3F<
Zdd M J2EFHE(Virtual Instrument)olth,. 7HY J2EFHE(Virtual
Instrument : V)& A &4, Ao Av|e 7|5 ¢ 483 5U3A Z218S
24E & Jden, FALHE AHEAVT g4 #FEE ¢ xRS AAG-

GUI(Graphical User Interface)©]t}.
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CONTROL UNIT
(A/D ,D/A Converter)

P/C

Signaling LIREMOTE ALARMS

Pressure and Thermal

Detectors {;%_ i

\__ Ultra Violet
Detectors |

\__High-Rate-Discharge /™™ g P

Containers

L Process Interlock

2™ 37-1 AxAW Foekd n&x @ A Alad" AR
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=

N=N+1 N : number of cycles.
I
INPUT : T T : duration time
INPUT : DT DT : cycle time
|
INPUT : HTEMP HTEMP : temperature upper limit

[

INPUT : RPRESS

|

K=T/DT

RPRESS : absolute value of
pressure range

YES

FIRE EXTINGUISHER ON

INTERLOCK V/V : OFF

1

FAN : OFF

=
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agn, ¥ 22 43 ES YEle FEE(low chart)E 29 3.7-69)
Dbl o, LabVIEW 2o 52w 28 37-70] YeERiTh
HFHom FAE T2 HAFAMe A93HE 28 37-89 Ko

B ou Aol AgEE ZAE

]

N
rir
=
Iy
>
H

c
ust
=
L
M
-0,
>
o
A2
s
rlo
i)
2
A

1) DETECTION LIMITS @ AF&x7F Aladle] ZIEES 915 dolHE geste

FiEo g Zggde] Agres I gts FARE \AY ¢ g T2 Y
o},

- The maximum duration of flame(sec) : Z33x] A} Aelo] 2AE3517] 23

FHd g A&A7HS AA s dialog box.

2

s

- Temperature upper limit('C) @ AZF4 Ui o A= ety e
dialog box.
~ Pressure range +, - (kgf/em®) @ 7124 o] s8¢ zle ¥yg= A

3+ dialog box.

- Elapsed time per one cycle(sec) @ B& Ho]He| g8z ¥4 agx
AEZo] o]FojX= 2 ad o 157 (one cycle)E Aoz AAF =

dialog box.

o,
ol
Mo
2l

- Operation Time(sec) : A2~ ¥ /3 Al7+E EA 8= Indicator.
2) SYSTEM DETECTOR : DAQ(Data Acquisition) JI=2 55 S5 go]g 2
=4, 83l 222 ()DETECTION LIMITSo|A 93 zZ4zle] #HEE

Zhe B E 9te] Bl 2EHEE T2 59

im

- 2 A flame detector(UV tron) : 3t (flame) 2] &, 9} X< A 7S UE}

We 2=

— Temperature detector(degree C) : H1F A WYBe 2% As&c 2 U
W 18z,

~ Pressure detector(kgf/cm®) : 714 W] 34 gtale) W9 =45
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3) PROCESS INDICATOR : DAQ(Data Acquisition) 7}= 24 B 283 AlAH
AEE 1S BHoFE RRow A AEF] o]FA4 4

9] = & GUI(Graphical User Interface)® 743 = At

A7), Azd WRAA FHdo] FAHAL A4E F
Ame oo Wrhsd g8 ZelArt Foe AzAYS A wnHor Az
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2-1. ¥k AR 79 712l &

WA Al A7) (spray dryer)s A4E F3 wWEEE 9)7)7ts & 3
A7t 2 fFUIeHdERA S AR ostR FolV] H%

of vl FEo] &ojstn B I 7t At st
A7b &)yl Wie FHLAL ToA da THAZAZ ®o] o] &
A2 HA7Y WRAAE 4ZE4 £33 E BFEAA dH3E AP 1L
o] A7 29 A F SRS FEAFACEA 3 FHY EFE YHAIA

A,

1
ke
;O
kv

A AAZXNE IZAH SEEHE EFEY FAAIE EA F8]FH
(reagent preparation system), 4&& EF3 T 129 7tA9 Hbg A7) = wbA A
MA 7] (spray drying sorber), Z&lx AAR 1 %

2] 2
filter or electrostatic precipitator)® TFA®C. I¥ 1& A

Az RED BAERAS Ul Aot Stage 19 #F A= £5 7] (atomizer) &
ol g8 FAE BRAA 2zl AYATIEH, o dHL BT AF Fnz

29 7t=9 FEeY FEEHUEAM A AE FF/FAE e ZE o] WY A
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4) AZ" JA9 W= (disposal of dried product)



SEREEER

s} shukgo

STAGE 1
ATOMIZATION
STAGE 2
SPRAY-AIR
CONTACT
STAGE 3
EVAPOBRATION
A7 AL

AIR OUTLET
PARTICLE OUTLET

Slurry

Air

g 7h2e]

9

49 7],

o %
ojmf wiztxe] 2%

Apeg,

) =]
A

&2 €29

2

o &
= §=]

2~
=

_F_H

14

- o
L

3 Hgo} RolxA ¥

1

=]
=

9 2

SER

Azrol XA "k A~

A e A o] Fojxmz

139e] 2% ol ol&] X HjE

ol ¥ AAAA HE=E grtacte] A

N

=
&5

N

cal

Ko

Aol =

ki3

< oy

ks

6_‘]—
=Y el dne BFA

8}

Ak

~

__OF

_—OF
o

=
¢z

&

o) Al

=
=
g

&z =99

.
-

Rgzzst s

A7 71 ol M

]

<

e

et

el
=

o
=

sl A47hze) AA

2

(atomization) &}

4
ot
el

o

o
o

il¥

o
ol

wheel

L

1

g, 3d4, 44y, 57
HHEFV

=
2 AA A~

(rotary atomizer)®} &% 7](pressure nozzle)7} o}l&Hrt},

o

ol weh ™

=
5

Ael

(=]

+r

l
ES

=
aT

T0
0

ol
i}

oy
4

.‘.._w‘_

(=]
T

3|

ol o



W, BF A £FEee woly ng FUSn 0AF A4 A4 A9
DAY} BAE o4 WIRR/E ARAVNE S, o9 44Y AHe 2L
Foz gaFEz dANY $5 2 $4E Foln AREIYL FRNAFE
237} sl

A A7 ALEEE §4Ale Ca(OH)z, CaO, CaCOs, Na:COs, NaHCO;,

KOH %°lH, o] ZFeolA

5 W dEgE A F8 O AAA FFA
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NaHCOs; 7.1 37.5-39.7 o o D
CaCOs 0.0014 35 x o) W, D
Ca(OH)q 0.185 6.8 x o S, W,D

1 : R.C. Weast, M.]. Astle, "CRC Handbook of Chemistry and Physics”, 66th ed.,
p. B-220, CRC Press Inc., 1985

2 ! Data from the Commercial Marketing Report, 1989

3 : S=Spray Drying Sorber, W=Wet Scrubber, D=Drying Sorber
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(a) Drying rate w. r. t. droplet moisture contents
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(b) Variation of droplet state w. r. t.. time
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—3*31314 TEFE ARt dA wETlcAe APEAL 2
2o wirte F AR 527 27 1000, 500ppmel i, 4438 &8st 4
10%, 20% EEE}E] 74 gl CHEH Stoichiometric Ratio(SR)7} 1: 1, 1.25, 1.5, 1.75

-_.J

e N

ol HAsh WA AU AL el s 1z ﬂl%*lﬁ% aste] F
He Wit %E 2R olF A4S0 TR
SOE AAs7] A& Ca(OH:S ZF#HFHE SR=1%1 23 i) 74\’&?3‘ AL, °]°1’\1 d
4% F=9 =olN £33 Ca(OH):e AFF ¥ #A doHE ol &35t9 &
Hele FFRFE FH2 ALSAT o] AAEREH HFHoz SRY Wil o
e =38 TFFE 2AAAUY. 2™ 14E oldd A4 FAHF L YA &4 %ot
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2. wdNtH HA
- Residence time of droplet 3 ¥

3. Slurry 53/2% #A A4t
-10%, 20% Ca(OH)z shurry

NN
b T

f
i Jo
oX, ml

a3 14 £89 TFRA ALY

A A3 e8] FFHF2 16-180 ml/mine] B E
el AdE 8] 210 ml/min &3] FAR AF AY =
< TAsRT.
o

188 AAE AA ALR 7t F3FE 49 352

pIY

< ot ¥ 29 2t

)
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!
Aot SO B 1:01 01:01.3 01:015 01:01.8
1.96 m¥min | 500 ppm 30.6 38.25 459 53.55
(12 sec) 1000 ppm 61.2 765 91.8 107.1
2.35 m°/min 500 ppm 36.72 459 55.08 64.26
(10 sec) 1000 ppm 73.44 91.8 110.16 12852
294 m*min | 500 ppm 459 57.38 639 80.33
(8 sec) 1000 ppm 91.8 114.75 137.7 160.65

(1) 10% slury AH&8tE #2

B
PP SO BE 1:01 01:01.3 01:01.5 01:01.8
196 m*min | 500 ppm 14.42 18.03 21.63 25.24
(12 sec) 1000 ppm | 2884 36.05 43.26 50.47
935 m®/min | 500 ppm RE 21.64 2597 30.29
(10 sec) 1000 ppm 3461 43.26 51.92 60.57
294 m*/min | 500 ppm 21.63 27.04 3245 37.85
(8 sec) 1000 ppm 43.26 54.08 64.89 75.71

(2) 20% slurry AH&3te AL

HAA wguge] AgTtA HAFALE 1022 T27) 98 $UAe TS
235m3/min2E @7@%}3, FYHEE SOY ¥EE 500ppmlE TAI F owkez

2 z2B3 AgAstgr ool 10% < ae &
Z

E7AMe SO, vx¥EHE

1.25, 15, 17571‘ HEE HsAZ o =& F71%42 40 Ipm
29 155 3P 7oA SO
o, 33 16& 7 FHRNA W2 FHY LEun

off
k1
E
S
=2
g a
il
2
X

_24_



Desulfurization Yield

Flue gas dusulfurization yield
100

80 b e - . S e

60 e

40 N P
20 N - g S VU

O .
0 0.5 1 1.5 2

Stoichiometric Ratio

a9 156 F#Ho] mE g7t AARE

250.0
200.0
150.0 "O_
- 1:1
O”ﬂ --1:1.25
~1:1.5
100.0 | =~1:1.75
50.0
0.0
1 2 3 4 5 6

Z£3H probe

29 16 98 A ge2 Ue fXE X243

=4
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£ Atstao
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271 %o 37}

a3, AR A7)t Fem i

&

A8 v Y37t o

718k

NAstel FEAUAL

3L
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3 ;4o

= #ZFIR.

A BA} ol

ol 2= ARe BF A7} e

ol
o

zols
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*

|

e w2 7

il

ol ¥

Yerie ofgl Al
PR 29 173 2ol Yehdt
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73(SMD)stel #AZ
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79
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3
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:TL

S
=

ol g

£ AFHE ol &
Mean diameter in air-assist atomizer (Master, 1985)

H)

T
1—

where V. = relative velocity between air and liquid
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pa = density of Injection air

a,B = constants that are functions of the nozzle design

A, B = functions of both nozzle design & liquid property

= Q. =150mlmin
100 ® Q_ =120mlmin
30 a Q=90 mimin
v Q=60 mimin . -
Bo T ® Q.. =30 mimin o
E 70
=2 -
§ 60
§ 50 @ -
@ 40 R -
§ 30 ] E.? v -
= 20 o
10 @gj%’!
00 1IO * 210 " BJO 4?4 5‘0 6.0 - 70 8404‘ 910 10‘0
Calculated Value (um)
I 17, AA-71A FEE A HEAAF ] A8 B
FZE 9} £ 714 Fe W UE sed HIEYH
o] W= F 39 AHElHo
S02
Mass Slurry Injectionairpressure (kgf/cm?2)
SR | flowrate
flowrate .
A (ml/min)| 05 | 10| 15| 20| 25 30 { 40
(g/min)
1 261 (25 .111541122| 94|79 | 71 | 65
2.387 2 52.2 |28 .7\17.1(138 | 10.0{9.28 | 80 7.2
3 783 |3 4.3[196(135(12 .1/101| 85 | 75
E 3 09d Brzde Be &9 37 949 ug
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120
10
100 }- A
PR -
& 90 A i W
= 80 - A e
e} L
o 70k - RN ™
> 4 &
< 60 | e
s S0}
B 30} ' .
2 20 m  Inlet gas temperature: 300°C
4 nlet gas temperature: 200°C
10}
0 i H i 1 " 1 2 i 2 [l
05 1.0 1.5 20 25 3.0
Stoichiomatric Ratio (SR)

29 18 Fulel gE H4rts AARE] W3
3-5. A7t E AAZE AR 4 ¢ 47

ol T SO FEE FA8V Astd SO; HAW|(GASTEC 5M, 5L)

A& glol= #AXZ diffusion dryer, €&7], 9% B S9 W o]

= S04 =& FFAE 1S9 sampling tubedl EHFEE
ofFo] FR &S WAIFAY. olEIT ZHU|E o] &3t Wy Mo

el 809 EE FHstn o|2RH AAVtA AAELES FIA

(1) 2] (Stoichiometric Ratio)®] 43

Y72 =71 200°Ce 300°C 1 A 9o tis) 2 & 194 3714 ®IFAA
7t g7 EFoAMY SO, BEE & g
300°C 1 A%l ois) 25 237t 2

S8l BEF FAS Foj=E W 1 o|AdME Zaste
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-,:5_]__
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2ee) B8 BEE TR} S wY gasts 33 dehdd oY
Ang uwow 8 24 % BANE 245 e AdsE o] H¥om
Boln, o] ARE JEY ATANESIE AN ARl

L
H‘!
L
o
o0l

(2) FPrhze
0% 1819 591 A8 Ao GHUE FUbAd BEok SR A4
Eay

astgeh o= Wz Vo AT WAtaste £E Folst

o AA &gl

AR A R FEFZA i FA8E FTAA LA EAEA =H, 2
= &5 b8l 2ad AT SOte] HFAZIC] ] dEoR Mt
T3 a2 Vtae Adder & F3E JHAA Hol W7 W AA AFAITEe
F9EA HEEZ AALE LFE FAHL ZRE FA 29 29 203 19 21
2 200°C3 300°Cel #A7kz=ol dla) wbg7lod A8 6748 FAHFAA 22 7]
A 2z WIE vEd &4014. Z stdy dFFo] EAsE 99 AF

ZdA AdE 93] &

=7}
7AA ), o) Ade CH
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—
i,
2 o br

ol 1% 2EIA UL 9

%% ru %e

3 ol % o]
ok 1AV SR A2 WA 129 7AY AL A EFEH
oF7re] 2 & Arzol LAstA ®Huh 29 21, 2712571 300°CA A= o9k &
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WA A7 W diF B FEakeg sidde A7 2EE VALY
= AF o] dH ¢ uAge Edo] EFEH7] HEA o
° Bt 1Y 24 o]y sl 7]%1]9] &% 2524, FEZT dFRFA Fi5F

(o]

= @< 3 spray drier modele] ¥£3%38
HA o % HZA ALsla o] & o] &3}
04 °“’—‘3§034 F/EE e wE Foad 2 2] #HelE ity Z|AFE

X mass & momentum source
trajectory

by evaporation & drag

heat source species source by
by latent heat & DROPLETS evaporation &
chemical reaction heat absorption / adsorption

size & mass, temp. &
temperature moisture content

by evaporation by chemical
TEMPERATURE

FIELDS

CONCENTRATION
FIELDS

INTERACTIONS BETWEEN FIELDS & DROPLETS
28 U SEEY AR FEAE

PSI-Cell Model& ©] &3t FX&4 Tz

=~

=y

Fito] dojuts dA o] EFEHE FF5HY Af ST g3 A% RHE 17
i oA Aol o&] A %75‘91 #H Ao

coupling 211 PSI-Cell 23 B A

t}.

rﬁx—] ol A o]

=11

o

FHA &2 AHlA £, 2%



9 %5 #<4 Eulerian approach—a— 23] sAistz, of AFAE o] &3t Lagrangian
" . 7)o} spray drier model2 HEAIAH HH
o] FEE Ao 71"“’“°i«] A ZAE JuUX] AGFE T3

9 & Geptel Amsl o stae
e H4taY FF/ERY B i}i%-"—"é% AN ol& Al F1AFE A4
3o ol % Z 2 A
-

& AAWSAT. o)y At

ASSl

o] ®rgFE AHe Zy] F FREF Fo AHI A FE8(mole
fraction)o] @} AR H] Aed FFFdGqdrE 943 THAAE 9 F¥XEA
of ma F4Fo] AARHA, FHIYGd e A EEY EXHFH vl sty
E&ol A4 9T

E AFNME Z1AY 53N AT 27 X8 Z2e dedF AsS 3
A7l 3 FDM wale] d/% 3l4432=<9 CFD Research CorporationAt
CFD-ACES o]&3lHon, dxe Fdo W Agrtay A7 #ALS 437
el SRRl Ut ow wabste] AAtaigh. Ao
GeERRd S ol&aHon zpzte] el °7'<]°ﬂ’\1 wrAWEEe) SO, & HT
< 371 A3 4 Aol Roel dd AAA MY {FHE ol &3 AAdSAT

AAY AFES UEIE P$AAS otz Y. dxe] Reynolds7l #FH&
Stokes 9 F(0<Res<02)ol = Stokes lawE wE3H, ReynoldsT7F Z718t4
3H A A(500-1000<Reg<2x10 ° )o) A & A 57 9A3A D).

Droplet motion

dm: 3Cpp IE‘—EZ l(ﬂ"_@)

dt 4d,p,

where at very low Req: Cp=24/Rey
for high Re, : Cp =0.44

@8, 1At 2FE A (solid-liquid droplet)®] B4 H7tLR o Fdel AY
AR S5 AHd I s 2R &9 ojEoN AETdE 4A
FEE T, FaFeE 7 283 A2FLoE FEAT Z FRoRY Ho
t QARSI AL EEDo o8 Aok
B3tutg zddy
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A A7) WHol A Fol st A7t AAFAAL 25 2ol 2 (two-film
theory) 2.2 450 of&a e GAZ Jsgdch

1) wiZ7b2=(bulk gas)oll X&8F o dEdo] BEUA F99 7tA2T(gas filmE F
st BH-UA mHoz deg

3) Auks E& FAF feliElo] Eabg

4) o] HbSHol M o] 27e] 3leldbgo] dojup HrgAAEFEo] HAF
ATl AAEES 2T oY EFAG X o AAFHH st 9

3t A3 (gas film resistance)® A &3 AL nHF EXALEZEZ YEU

At} ojuf o] 2E 2] Fato] W E Aute] A2 y|AoAe EFAGo|L} 1A

o] g Aol Bs} ofF FtolM FAlZ = glrh.(Damle,1985)

ol#| st Zt2Ad, A, TAYY EEAY AYE dAITLE 7T € gAY
& FAAN BEFHoR 3Este] EAADES FidH oS 24, (Partridge
1987, Yuan, 1990)
2 {Ds { ‘{ CH /Y, \\
i (C‘ | "p)T H))
n,_ .. .= -
combined | ) pd—ﬁR(
+
K, Hkg D,A
where ncomp - mass transfer rate of SOz based on the combination
resistance(g moles/sec)
D © diffusion coefficient of SO, in the liquid phase (cm”/sec)
Dsy 1 diffusion coefficient for SOz in the bulk liquid phase
H : Henry’s Las constant for SOq
k © mass transfer coefficient for SO: (cm/sec)
) . thickness of liquid phase (cm)
RL . fraction of the initial amount of sorbent available

AL AAEE

FUHE Wizt 2" g7 42 FIY(volume fraction)Z XA =™
Bl 7k 2ol FUSHA BEH dniil A Wk AAgre AAGTE AAELE
2 dH o] uhgo Z7oM WEHE AA7IAY Jo2HH
Airgn), ol v Halzlole} -4 Wzl B P 1y
of SR o R Hghs FatA "o

o =
o

%

|o

{0

(@)

®,

1o
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mSpmyDryingAbsorbeﬂ

Velociy fields with temperature change

(a) inlet gas velocity U=0.5 m/sec

Velociy fields with temperatune change

(b) inlet gas velocity U=1.0 m/sec

Velociy fields with temperature change

2= 2 v W3
T5E =00

005 Kg/sec)
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2D Spray DryingAbsorber

veloaiy fields with temperaturechange

Variationof 502 Concentration
(a) inlet gas velocity U=0.5 m/sec

Variationof 802 Concentration

(b) inlet gas velocity U=1.0 m/sec
Velociy fields with temperature change

Variation of 02 Concentration

29 26 WUks F4ne we 25 2R 2 yERe) ¥
(FFAd PEar] - 00um, S2E BFF = 00005 Kg/sec)
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SO, concentration

Droplet mean diameter =300 um Droplet mean diameter =700 um
- S U=05 —f&— U=05
- —— U=10 e U=10
T TR —o U=20 e UR20
RS
N
O v
T ™~ and of cylinder o ond of cylinder
s e s .
g S : - O soshk oL 7;
= \7 . & 1 s -
- < e 2E05 |- -
_\:\— \:\T \:4 ok P i
l\; = — § = 3 ;,?L. -
ofs = #_- = % o‘.5 T T*Pm
Axial distance (m) Axidl distance (m)
(a) mean diameter = 300um (b) mean diameter = 700pm 1%

27 "7t FdEEd WE 93 SO v =

100
i
< -
>~ ool
S’ -
> -
%) B
c -
QD sof-
O [
b= i
5] B
o 70
S B
= i
£ i
O s0p
- —&—— D,=300 um. x=0.6 ™~
ON - — 58— D,=700 um, x=0.6 ~
) - —<—— D=300 um, x=0.9 \\\
50~ — & — D,=700um, x=0.9 fb
A ] AT RS N
0 05 1 15

gas inlet velocity (m/sec)

O 28 uirts FlSEe] WE AAEVTE AARE
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(d) slurry flow rate = 0.001 kg/sec
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4-4. Wi7tx RY 2= ¥
w7k~ §¢ 25E Az = HAHo JIFE w7 wid SO.9 HA ¢
M2 A 7T d#E o] gtk B AFE 4 7HA Y FY 2% 24E& AHEshY
SO2 AA Z&3 A4 Z¢ Aztye #AS FHEJT. F£X YL 2HA AR
e A4 Zr) vhAA Ay 3 2o i) wEdA FYEHfey 1 A%
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Swirl Inlet / droplettrajectory
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3D Spray Drying Absorber : Variation of SO2 concentration
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3DSpray Drying Absorber : Variation of SO2 concentration
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