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Abstract : Various efforts have been explored to save the cost in many industrial fields. In order
to recover the residual thermal energy from the flue gas, an extreme high efficiency heat exchanger
is planning to install at a power plant. The gas temperature will be reduced to 40° C from
115° C. Thus gas buoyancy decreases, and dispersion of nitrogen oxides is expected to deteriorate
as increasing relative humidity. In this study, the conversion of nitrogen monoxide to nitrogen
dioxide and dispersion regime are investigated through computational modeling. Nitrogen dioxide
which indicates 0.1 ppm at 85 m from the ground could be propagated to 620 m at 115° C of
the flue gas, whilst when cooled down to 40° C, it expands up to 750 m. The ground level
influence area showed more expansion of dispersion, approximately to 930 m.
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o  the density of mixture

Y; © the local mass fraction of each species

Ji © mass flux of fluid

R; © the net rate of production of species 7 by
chemical reaction

S; ¢ the rate of creation by addition from the
dispersed phase.
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D : the diffusion coefficient for the species i, j
and mixture

X and Y the mole and mass fraction,

respectively

T : is the absolute temperature

M : the molecular weight

P.s © the absolute pressure

o * characteristic length

Qp : the diffusion collision integral
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Table 1. Diffusivity of NOy with gas

component
P— Qn D;i(10°° m%/s)

NO,—N, 1.085 1.458
- NOO, 1103 1443
 NO~H,0 1.610 1551
~ NONO 1135 1423
~ NO-N, 1.00s 1739
 NO—O, 1020 L1736

NO—H,0 1.423 1.898
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Fig. 1. Geographic model of the test power station: (a) local
map; (b) mesh modeling.
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Fig. 2. Meteorology condition: (a) wind rose; (b) air temperature (T g = 273 K) and
wind speed gradient with height.
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Table 2. Boundary conditions of calculation

Boundary Types Values

UDF—wind speed profile & air temp. gradient
Left side Vel. inlet Species: H,0—0.926%, NO—0 ppm
NO,—0 ppm, O,—21%

Z velocity : 20.5 m/s
Initial temp.: 115 C & 40 C

Stack inlet Vel. inlet Species: HO—5.79 %, NO—60 ppm,
NO,—0.1 ppm, O,—15.6 %
Ground &Wall  Wall Standard wall functions & no slp
‘Right side Ouflow Zero diffusion flux for all variables
“Other sides  Symmetry  Zero normal velocity & no normal gradient

Table 3. Parametric variation at the inlet and outlet of stack center

TOUt/OC
Tiw/C  Param Vi/m's! Veo/ms'  Pu/kPa Pow/kPa RHi/% RHouw/%
eter
value 40 36 20.5 23.6 101.46 101.33 80 98
ok (al) o (01)
%Lms ;— %0.15 -
14 :_ (C) Flue gas t:::]::
e - — —115'C g ;

with reaction

Concentration/ppm
o
T

without reaction

Helghtkm

TR I NI 2
0.1 0.2 0.3 04

2 | L ! L ) |
Height in the stack center’km Rl N
istance/km

Fig. 3. NO; (al, bl, ¢) and NO (a2, b2) concentration profiles in windless
day with flue gas temperature: (@) 40 C; (b) 115 C.
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Fig. 4. NO, dispersion from top and front view with flue gas temperature and

wind speed: (a) 40 C, 3 m/s;
115 C, 1 m/s.

(b) 115 C, 3 m/s; (©) 40 C, 1 m/s; (d)
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Fig. 5. NO, concentration profiles based on altitude and wind speed with flue gas

temperature: (a) 40 C; (b) 115 C.
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NO; (0.1 ppm) plume height with ambient RH
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Fig. 7. NO, plume height indicating 0.1 ppm with ambient RH (10 %, 40 % and 80 %).
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Fig. 8. HNO; mist concentration profiles in windless condition with flue gas temperature: (a) 40
C; (b) 115 C (The detailed figures (a2, b2) are the concentration distribution in stack

centre—line).
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