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ABSTRACT : A mathematical model has been developed for simulating the spray dryer absorber (SDA) used in
semi-dry flue gas desulfurization process. Fundamental equations include the component mass and heat balances in
both gas and droplet phases and the equation of motion for a single droplet. The model developed described the
pilot-plant data much better than the existing SPRAYMOD-M model. The effect of the process variables, whose
values were chosen within the operation limits of the actual pilot plants, on % SO; removal or conversion of the
sorbent were calculated, and discussed in terms of SO, absorption rate, the residence time of flue gas, the velocity
and drying time of droplets. Finally, the % SO, temoval was calculated with two independent process variables and
the results were shown on three-dimensional or two-dimensional diagrams with the lines of constant % $O, removal,

so that they can be easily applied to preliminary design of the SDA.
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Parameter Range
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TI (C) Inlet gas temperature 150 120 - 180
WI (%) % water vapor in inlet gas 6 *¥
S1 (ppm) Inlet SO, concentration 2000 1000 - 3000
AT (C) Approach temperature 16 8 -20
SR Stoichiometric ratio 1 06 - 20
RT {s) Residence time 17 **
DDI {ym) Inlet droplet diameter 80 70 - 90
™ (T) Inlet droplet temperature 35 fixed
DPI (um) Inlet sorbent particle diameter 3.5 3-4
XC (%) Critical moisture comtent 20.2 fixed
XE (%) Equilibrium moisture content 6 fixed
VS (gpm)* Inlet slurry volemetric flow rate 0.221 0.12 - 0.32
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Table 2. Summary of pilot plant data sets[4]
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Parameter 1 ' 2 3 4
TI {TC) 145 150 148 172
WI (%) 5.0 43 5.5 5.6
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DDI (gm) 82 80 79 77
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VFRSI(gpm) 0.243 0.227 0.218 0.192

a8z AL, = A AL AXT HAHME
Aes AAL Fulzk Aol ¥ Mohiz), wz £
Bo) Qo)A Bz go} v fEAAYS B
olok §& ¢ 4 Utk

olg {3l SDAIRAM AR K& 71H /F
% go| & A, ¥ SRUAME olg A}
Ael vehiA) e, §2 SRECA o 5% W
o] FgEart vdeEidd ole 7IAl f&o 3 A

A7) A28 A1x



86 T E 294

A& nei® 45 4520 Fo} BF) o BE A
e 713 4 318 vl Zoh BH SDAJIA B
& AZRIIPoING BT TARA oW o 5%
Wele st vehdcth BN RS el
28 25 nedA fod T 3¢ 294 A

o vy FHe VEAD. §W BE FRY A

B 42 Aeo)g 59 2 F¥%E vAAe X
Qo EAx e dEdMe] JBEL 7Y 2 A
So] ot 10% & 40 ¥ FUHE JMALE
AL At 2t 2PN Jehd & Aol
WEEe 8559 o&d AUt

,ol¥ & g2

o] glmolojx Rl FHAo] fEo] B

42. 7t ®A W47t SDAY S A% @ald nlAE
93

tgoz B g piot plante] EYSe 7E
ZH(Table D€ HAsT o] FEE vlFoz ¥4
4 e ¥ge P 2 WA ITY S YE
3Qch $0:9] Fr&xd e AE 717 A
g A¥EY, Ay 2 Rel SO¢ 44 €3
AG > F549 &3 > J)HG BEAALY £o2
g8 ¢ F ARt

Table 3. Comparison of models of SPRAYMOD-M and SDA-J
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SPRAYMOD-M

SDA-I

1. Droplet behavior

2. Evaluation of desulfuriation

rare

3. Terms included in energy

equtions

3, Property evalvation

4, Numerical scheme

5. Desulfurization rate

Net included.

During constant drying rate

period only.

Latent heat and heat transfer
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drops and gas.

Temperature effect : simply
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Euler

Language : BASIC

Rate equations for each step
including that with combined

resistance

Included.

During both constant and
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Included more rigorously.

LSODE
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olol AHP R XY SPRAYMOD-ME 2} ©hjjs
& =9} combined resistanced] o HEE H|ZEFHo
W gg Aoy F219 4L fEIHE BF
oA BE zZ gAY 4% ZA Fo FEIHem
2 vz 2 A7t Fousy o vlmAl shE
2l SE Ao dR Fg VA o wEY £

CLEAN TECHNOLOGY Vol 2 No 1

o|& Klingspore] BAHQ AF(3)2} A3t A
oltt, E HIARR F¥NSsY A2 Jled F44
9l g3 v xNFY o] 7R F=EHAA B
Bt FTS5ES] ¥e] dAHA YIE A e
2 =yt §3) SRe go] & o, 0.9 &7]
FE B€ 9, 282 HILE7 & W &9



Spray Dryer Absorber v G2 3F 3o =d sy 87

sl EAY gFe) 2oy, $A&E7 YA

A2 olgdr)
100
A
A a
80
-~ o
£
- f e
$ et s
3 LI
:: s
] 7
R B
(=3
£
&
- 20 saaaa pilot plant data
S _ - — - SPRAYMOD-—M
7] — SDA-J
o NN RSN
0.0 05 1.0, 1.5 2.0
Stoichiometric Ratio
(a)
100
-
a
. 8o}
X
- P S
2 -7
o 60 s
S .
= ‘ s
w P
[ '
el
£
&
- 20 aaaaa gilot plant dato
o ’ - - == SPRAYMOD-M
0 W, — SDA-J
o i — PP R R S 'Y
0.0 15 20

05 10 ]
Stoichiometric Raotio

{¢)

HA7 dEe WA 52 ¥ T F 4F A 3
AE ool thre} 27 ek

S0, Removal Efficiency (%)}

S0, Remova! Efficiency (%)

100
a
a
aok I
PP L
a7
60 | &
Ve
Ve
xS
Vs
s
40t ’
7
aaass pilot pignt data
0 - . SPRAYMOD~M
— SDA-Y
0 —t ) P
0.0 05 . . 10 15 2.0
Stoichiometric Ratio
{b)
100
A
80
ry a &
o
AA b
60 g7
,I
Ve
40 ‘
s
7
- 7
| aaaaa pilot plant data
2 ——- 'gPRAYMOD—M
— SDA-J
0 bl 1 i e i i A i A i F—
0.0 15 290

05 | 1.0 .
Stoichiometric Ratio

(a)

Fig. 1. Comparison of SDA-J predicted efficeincies to pilot plant data and SPRAYMOD-M predictions.
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Fig. 3. Gas humidity vs, dimensionless length.
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da : droplet diameter assuming a spherical droplet
{cm]

dp : diameter of the elementary sorbent particle

[cm]

g : gravitational acceleration constant [cm/s’]

H : enthalpy [erg/g]

HN : Henry's law constant

h; : heat transfer coefficient [erg/t:m2 + K]

i : ratio of mass of SO, wransferred to mass of
component formed or consumed

k : mass transfer coefficient {cmy/s)

m : mass of a component [g)

9 3 SO, BFEE T FUIEE UK F&
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Fig. 13. Variations of % SO, removal efficiency with inlet slurry volumetric flow rate and stoichiometric

ratio.

AE71=

A : surface area [cm’)

C : molar concentration [molfcm’]
Cp : drag coefficient

Cp : specific heat [erg/g - K]

D : diffusivity [cm’/s]
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m : rate of mass transfer [g/s]

N : number of droplets passing through
the element per unit time {no.js)

Ny : number of elementary sorbent particles in the
slutry droplet

Re : mole fraction of sorbent remaning in the

sorbent particle
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t : time {s]

c

: velocity [cm/s]
VY . volume [cm3]
x : mole fraction
Xc : critical moisture content of the droplet
[g water/g dry droplet]
Xe : equilibrium moisture content of the droplet

[g watet/g dry droplet}

Xu : ultimate moisture content of the droplet

[g water/g dry droplet]
Y : humidity

aeo)x g2

§ : thickness of the liquid film [cm]
p . density {g/cm’]

237

* . dimensionless variable

FAx
c : Ca(OH),
d : droplet
g : gas or gas phase

i : initial

: liquid or liquid phase
s : SO
w : H:0

oo ; at infinite distance from interface
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