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Chemical Engineering 633

Combustion

Processes

NO,
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Figure 5.6 Production of NO associated with the Fenimore prompt mechanism.

| SOURCE: Reprinted from Ref. [25] by permission of The Combustion Institute.

NO Contributions

Fraction of Total NO Formation

Total NO, Equilibrium
Flame @ P(atm) (ppm) Thermal Superequilibrium HC-N; N O
Premixed, laminar, 1 0.1 9@ Sms 0.04 022 073 0.01
CHgy-air [22] 1 1.0 111 0.50 0.35 0.10 0.05
1 10.0 315 0.54 0.15 021 0.10
Premixed, laminar, 1.05 1 29 @ S5mm 0.53 0.30 017 -
CHa-air [23] 1.16 1 20 0.30 0.20 0.50
1.27 1 20 0.05 0.05 0.90
132 1 23 0.02 0.03 095
Well-stirred reactor, 0.7 1 12 @ 3ms =0 0.65 0.05 0.30
CHg-air [23, 24] 0.8 | 20 - 0.85 0.10 005
1.0 1 70 0.30 0.70 -
12 1 110 0.10 090
14 1 55 -

1.00




Lean Premixed

&~ Nitrous oxide

Pathway contribution (%)
»N
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T

Prompt
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Fuel carbon-to-hydrogen ratio
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i i t al. [36] show the

re 15.2 The results from the modeling study of Rutar e )
:;%?ribuiions of various NO-formation pathways to the total NO formed for lean premixed
combustion for ® = 0.61, 1 atm, and 1790 K. A sequence of perfectly stirred reactors was
modeled to simulate the experiments used for comparison.
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Equilibrium NOx (methane)
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NOx Levels

02

Process Range, ppm at 3% O, 00T
X - 3500 ‘
High-temperature direct 3000 7
High preheat 500-2,000 200 1
Low preheat 200-800 20007
High-temperature indirect 200-600 gl
Low temperature 30-100 1001
Boilers 25-100 =]
o
Table 15.6  The NO, emission regulations for industrial sources (California SCAQMD) [70]
Process Limit Rule No.
Gas-fired industrial boilers 30 ppm (3% O,) 1146, 1146.1
Refining heaters 0.03 Ib/MMBtu 1109 °
Glass-melting furnaces 4 Ib/ton of glass 1117
Gas turbines (no SCR) 12 ppm (15% O,) 1134
Gas turbines (SCR) 9 ppm (15% O,) 1134
Others Best available current technology

NO (ppmv)
Limits ~12-30 ppm

Equilibrium ~ 3000 ppm
(Raw Emm. ~25-2000 ppm)




NOx Control Strategies

Combustion Post-combustion
modifications controls

| L 1 | 1

Low Staged | | Temperature | | Low NO,| | Oxy/gas || ‘ nosn‘?l:;:;’e.c clective
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Figure 15.13 The NO control technologies for gasfired industrial combustion equipment.
I SOURCE: Adapted from Ref. [71] with permission of the Gas Research Institute.
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