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ABSTRACT

The present work investigated the NOy reduction effect that can be obtained by periodically changing the
local equivalence ratio by repeatedly controlling the fuel flow. When there was no pressure pulsation of the
fuel, the NOy emission was 30.3 ppm (O, vol.11%), and the NOy emission was reduced from 4% to 30%
according to the pulsation variables. Since it is difficult to directly measure the instantaneous mass and
volumetric flow rate during a periodic change on a 10*-millisecond scale in an industrial-scale experiment,
the measured pressure was used to calculate the mass and volumetric flow rate. The fuel and air supply
pressure was fixed at 700 mmH,O, and when flow pulsation occurred in the fuel pipe, the pressure was
changed within the range of 150 to 694 mmH,0. As a result of calculation through the one-dimensional
model, it had a local equivalence ratio range of 0.108 to 0.776. In the chemical equilibrium domain of
methane, the relationship between the local equivalence ratio change and combustion products according to
the operating characteristics of the fuel-flow pulsation valve was discussed.
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Table 1. LNG average composition

Composition Mole Fraction [%]
CH4 (Methane) 93.1073
N, (Nitrogen) 0.1319
C,Hg (Ethane) 5.0022
C;Hs (Propane) 1.2660
1-C4H,o (I-Butane) 0.2112
N-C4H;o (N-Butane) 0.2587
1-CsH,, (I-Pentane) 0.0178
N-CsHj, (N-Pentane) 0.0049
CO; (Carbon dioxide) 0.0000
Total 100
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Fig. 1. Schematic diagram of gas supply lines in the experiment.
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Fig. 2. Schematic diagram of pulsation system and
pressure measurement points.

0° 45° 90° 135°% 180° 225% 270° 315° 0°
- . I B . ' ’
Topen Telose Topen Telose

Pressure

Flowrate /£.......

Fig. 3. Conceptual diagram of pressure and flow
rate change according to valve opening and
closing.
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Fig. b. Flame observation in the experiment.
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Table 2. Combustion capacity and pulsation variables
in the experiment

Conditions Range

Thermal capacity 200,000 kcal/h (~240 kWy,)

Frequency 1-4 Hz (@ 50% duty ratio)

Duty ratio 10, 30, 50, 70, 90% (@ 1 Hz)
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Fig. 6. One—-dimensional gas supply line modeling within GT-SUITE software.
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Fig. 7. Pulsation profiles at 1 Hz frequency and 50% duty ratio condition in the experiment.

Table 3. Pressure fluctuations in fuel and air supply
lines. The unit is mmH,0

Pulsation . .
Conditions Air Fuel(max.) | Fuel(min.)
None 150 150 150
1 Hz/10% 150 326 104
1 Hz/30% 150 586 136
1 Hz/50% 142 630 143
1 Hz/70% 136 680 143
1 Hz/90% 122 694 170
2 Hz/50% 151 577 136
3 Hz/50% 149 490 128
4 Hz/50% 148 400 146
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Table 4. Mass and volumetric flow rates derived from one—dimensional piping model

Pulsation . .
. Air Fuel (max.) Fuel (min.)
Condition
[kg/s] [m>/h] [kg/s] [m*/h] 0 [kg/s] [m®/h] 0

None 0.071593 | 216.500 | 0.003126 | 17.010 0.747 | 0.003126 | 17.010 0.747
1 Hz10% | 0.071593 | 216.500 | 0.003248 | 17.759 0.776 | 0.002603 | 13.938 0.622
1 Hz/30% | 0.071593 | 216.500 | 0.003165 | 17.253 0.756 | 0.002224 6.716 0.531
1 Hz/50% | 0.072067 | 218.088 | 0.003146 | 17.141 0.747 | 0.001561 4.616 0.371
1 Hz/70% | 0.072429 | 219.308 | 0.003146 | 17.141 0.743 0.000838 2.467 0.198
1 Hz/90% | 0.073264 | 222.133 | 0.003074 | 16.702 0.718 | 0.000463 1.362 0.108
2 Hz/50% | 0.071544 | 216330 | 0.003165 | 17.253 0.757 | 0.002305 7.645 0.551
3Hz/50% | 0.071666 | 216.739 | 0.003185 | 17.379 0.761 0.002435 | 10.374 0.581
4 Hz/50% | 0.071703 | 216.862 | 0.003138 | 17.091 0.749 | 0.002533 | 12.447 0.604

* . . .
Local equivalence ratio (mass basis)

Table 5. The amount of NOx emission and O, concentration at the stack and average temperature in the
furnace according to pulsation variables in the experiment

Pulsation 0, [%] NOy [ppm] NOjy reduction rate Ave. furnace
conditions at stack @O, vol.11% [%] temperature [°C]
None 1.85 30.30 - 1243.1

1 Hz/10% 2.07 29.11 439 1237.4 (4 5.7)

1 Hz/30% 2.16 24.95 . 177 1232.3 (4 10.8)

1 Hz/50% 2.69 22.88 4245 1223.1 (4 20.0)

1 Hz/70% 3.26 22.38 426.1 1218.6 (4 24.6)

1 Hz/90% 3.39 23.74 217 1217.7 (4 25.4)

2 Hz/50% 3.28 21.84 4279 1224.4 (2 15.6)

3 Hz/50% 2.67 21.22 430.0 1230.1 (2 13.0)

4 Hz/50% 2.18 22.26 4265 1235.8 (4 7.3)
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Fig. 8. NO, emission and O, concentration at a stack according to different control variables.
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