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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, removal was calculated with two independent process variables and
the results were shown on three-dimensional or two-dimensional diagrams with the lines of constant % SO, removal,

so that they can be easily applied to preliminary design of the SDA.
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Table 1. Baseline conditions and input parameter range
* : gal/fmin
* * . dependent variables
Baseline
Parameter value Range
TI (C) Inlet gas temperature 150 120 - 180
WI (%) % water vapor in inlet gas 6 ik
SI (ppm) Inlet SO, concentration 2000 1000 - 3000
AT (C) Approach temperature 16 8 -20
SR Stoichiometric ratio 1 06 - 2.0
RT (s) Residence time 17 **
DDI (um) Inlet droplet diameter 80 70 - 90
TW (C) Inlet droplet temperature 35 fixed
DPT (um) Inlet sorbent particle diameter 35 3-4
XC (%) Critical moisture content 29.2 fixed
XE (%) Equilibrium moisture content 6 fixed
VS (gpm)* Inlet slurry volumetric flow rate 0.221 0.12 - 0.32
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Parameter 1 2 3 4
TI (C) 145 150 148 172
WI (%) 5.0 43 55 5.6
SI (ppm) 913 1103 1075 1012
AT () 11.1 8.9~10.0 11.1 19.4
SR 0.6 ~2.0

RT (s) 152 16.6 19.5 17.5
DDI (um) 82 80 79 77
™ () 37.8 37.8 37.8 37.8
DPI (um) 325 3.25 3.25 3.25
XC (%) 29.2 292 29.2 29.2

XE (%) 6 6 6 6
VFRSI(gpm) 0.243 0.227 0.218 0.192
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Table 3. Comparison of models of SPRAYMOD-M and SDA-J

Items

SPRAYMOD-M

SDA-]

1. Droplet behavior

2. Evaluation of desulfuriation

rare

3. Terms included in energy

equtions

3. Property evaluation

4. Numerical scheme

5. Desulfurization rate

Not included.

During constant drying rate

period only.

Latent heat and heat transfer

only.

Ignoring mixture property for

drops and gas.

Temperature effect : simply
included.

Euler

Language : BASIC

Rate equations for each step
including that with combined

resistance

Included.

During both constant and

falling drying rate period.

Including sensible heat

Considering mixture properties

Included more rigorously.

LSODE
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Fig. 1. Comparison of SDA-J predicted efficeincies to pilot plant data and SPRAYMOD-M predictions.
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dy : droplet diameter assuming a spherical droplet
[cm]

d, : 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/cm2 - K]

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

k : mass transfer coefficient [cmy/s]

m : mass of a component [g]

Sol 9% SO, WEEE F& FhHE ©g Fo
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Fig. 13. Variations of % SO, removal efficiency with inlet slurry volumetric flow rate and stoichiometric

ratio.

AlBI|E

A : surface area [cmz]

C : molar concentration [mol/cm3]
Cp : drag coefficient

¢p : specific heat [erg/g - K]

D . diffusivity [cmzls]

CLEAN TECHNOLOGY Vol 2 No 1

m : rate of mass transfer [g/s]
N : number of droplets passing through
the element per unit time [no./s]
N, : number of elementary sorbent particles in the
slurry droplet
Ry : mole fraction of sorbent remaning in the

sorbent particle
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t : time [s]

U : velocity [cm/s]

V : volume [cms]

x : mole fraction

Xc : critical moisture content of the droplet
{g water/g dry droplet]

Xe : equilibrium moisture content of the droplet
[g water/g dry droplet]

Xu : ultimate moisture content of the droplet
[g water/g dry droplet]

Y : humidity

agelx &

8 : thickness of the liquid film [cm]
o  density [g/cmS]

232

> . dimensionless variable

#a7
¢ : Ca(OH)»
d : droplet
g : gas or gas phase

: initial

—

1 : liquid or liquid phase
s : SOz
w o Hzo

oo : at infinite distance from interface
g ko]
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