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ABSTRACT

Effect of swirl settings on NOx for three firing rates were investigated. It was
found that the variation of NOx concentrations with respect to the change in swirl
numbers was significant. But, the variation of NOx Concentration with respect to
firing rates was found to be consistent with the increase in firing rates. The flame
stability was accessed by the visual observation of the flame with relation to the

burner quarl.

EXECUTIVE SUMMARY

Combustion tests were conducted to determine the range of secondary air swirl
required to maintain a stable combustion flame. Results obtained during the flame
stability testing shows no significant effect of swirl settings on Nox, SO, and COy
for three combustion tests(834,330 Btwhr, 669,488 Btu/hr, 508, 215 Btuw/hr). At
each of the two higher firing rates, combustion was relatively complete regardless
of swirl settings, therefore, burner settings may be adjusted to provide a visually
stable flame without concern for higher carbon in ash as a function of burner
settings. The parameters affecting flame stability are mainly coal particle size,
volatile matter, ash content and excess air. tests conducted at three different
locations (Top, Middle, Bottom) revealed that the gaseous concentrations such as

Nox, SO2 and CO7 were a function of residence time for each of the firing rates.

INTRODUCTION
During this reporting period (July 1 - September 30), research activities were

focused on :

1. Flame stability




2. Effect of swirl settings on combustion parameters (such as NOx, SO and CO»)
Work performed during this reporting period is given below with a brief discussion

on flame stability.

Flame Stability

A flame is observed to be stable when it is fully contained within the burner quarl.
Flame stability is assessed by the visual observation of the flame in relation to the
burner quarl as a function of secondary air swirl and operating conditions. An
important aspect of maintaining a stable flame is creating an internal recirculating
zone within the flame which allows for greater mixing of the combustion air and
fuel. This phenomené can be implemented by creating a swirl. Swirl is defined as
the ratio of radial momentum to axial momentum imparted to the secondary air
stream. In order to allow the proper mixing of combustion air and fuel, an internal
recirculation zone is set up to cause alternate paths of radial and tangential flow.
Once the swirl is applied to the combustion air, the heating rate of coal particles
are increased causing an increase in the release of volatiles and char combustion.
The swirl setting when increased from a lower number to a higher number, the
flame becomes more compact and intense upto a certain number which is
considered to be optimum. Any further increase in the swirl number beyond the
optimum level may cause the flame to be extracted into the burner region,
exposing the burner components to the high intensity of heat, causing damage to
the parts and possible combustion in the pipe. Secondary air allows the oxygen
supply to the volatile flame, but also reduces the combustion product temperature
by dilution.

When the char combustion is being fast, it offsets the cooling effect of the

secondary air mixing. Therefore, it maintains the high recirculation and flame

temperatures required for fast coal pyrolysis[l]. Heat losses by radiation is




considered to be an important factor effecting the flame stability followed by the
external recirculation of combustion products. Nitrogen oxide emissions could be
effected by increasing the swirl in order to provide flame stability and higher
carbon conversions. Excessive bumer swirl can cause increased NOx formation,
also the position of flame front plays an important factor in NOx formation[2].

Due to high flame temperatures and increased coal/air mixing, associated with
increased swirl, create an ideal situation under which NOx may form. In order to
keep the NOx levels lower the swirl setting is set to a lower swirl number than the

optimum swirl setting.

RESULTS AND DISSCUSION

Initially, tests were conducted to determine the range of secondary air swirl
required to maintain a stable combustion flame. Results obtained during the flame
stability testing are given in Table 1 Appendix A.

The relative variation of NOx, SO and CO) with respect to swirl settings for
three combustion tests (834,330 Btuwhr, 669,488 Btu/hr, 508, 215 Btu/hr) with
respect to swirl settings are given in Figure 1, Figure 2 and Figure 3 respectively.
As seen in the Figure 1 and Figure 2 the swirl settings has no significant effect, in
parts per million, for NOx and SO7. In addition, test 2 (669,488 Btu/hr ) and test
3(508, 215 Btu/hr) in Figure 3 shows no significant change in percentage of CO2
with respect to the change in swirl number. Except in test 1, Figure 3, the swirl

number 0.4 shows inconsistent value for CO3.

Figure 4 shows the effect of swirl settings on percent of carbon in ash for the three
different tests. as seen in this figure, the percent of carbon content in ash at the

lowest firing rate is nearly twice the carbom content of the higher firing rates.




The data for NOx, SO and CO3 at three locations (Top, Middle and Bottom) for
test 1, test 2 and test 3 are given in table 2, Appendix B. The effect of firing rates
on NOx, SO7 and CO; at three different locations are shown in Figure 5, Figure 6
and Figure 7 respectively. As seen in these figures, as the firing rates increases the
gaseous concentrations in parts per million increases.  Additionally, the

concentrations in parts per million increases from location bottom to location top.

CONCLUSIONS

1. Partial evaluation of flame stability analysis have been presented. At each
of the two highest firing rates combustion was relatively complete
regardless of swirl settings.

2. Effects of firing rates on gaseous concentration at three different locations

(Top, Middle, Bottom) were evaluated. It was found that the increase in

gaseous concentration is proportional to the residence time.
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Table 1 Flame Stability Test Data

Swirl Test1 Test2 Test3
Number
CO2 0.55 16.5 16.8 14.9
% 0.4 17.9 17.6 16.3
0.2 16.4 17.6 156.1
Swirl Test1 Test2 Test3
Number
NOx 0.55 480 471 242
(ppm) 0.4 452 424 243
0.2 442 424 256
Swirl Test1 Test2 Test3
Number
S0O2 0.55 2895 2807 2403
(ppm) 0.4 3191 2806 2665
0.2 2943 2853 2498
Swirl Test1 Test2 Test3
Number
Cin Ash 0.55 2.83 2.2 3.36
% 04 1.68 1.62 3.92
0.2 1.94 1.35 3.88




Swirl number
Figure 1 Effect of Swirl Setting on NOx at Three Firing Rates
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Appendix B




TABLE 2 GASEOUS CONCENTRATIONS OBTAINED AT
THREE LOCATIONS IN THE COMBUSTION CHAMBER

Firing Rate NOx(Top) |[NOx(Middle) |NOx(Bottom)
(Btu/hr) (ppm) (ppm) (ppm)
834,330 481 468 451
669,488 379 333 317
508215 210 178 213
Firing Rate CO2 (Top) |CO2 (Middle) |CO2 (Bottom)
(Btu/hr) % % %
834,330 16.9 15.9 15.9
669,488 15.1 15.1 14.5
508215 15 15 14.4
Firing Rate S02 (Top) [SO2 (Middle) [SO2 (Bottom)
(Btu/hr) (ppm) (ppm) (ppm)
834,330 3103 2818 2842
669,488 2863 2723 2479
508215 2864 2855 2488




vi

I9qEY)) UOKISNQUIO.) Y} JO SUONRIOT 93IY [, J8 PIINSeajAl XON U0 918y Sunj Jo 100134 ¢ 2ndig

(4y/m3g) e3es Bupiy
512806

0EE'ves 88+'699

(wdd) xoN




13

Tdquieyy) uonsnquioy) dYj JO SUONILI0TT 1Y, 18 PAINSEIJN 7OS U0 ey Sumir Jo 109157 9 9InS1,]

(ymg) syey Buyary
88¥'699

G12809

(wdd)zos

(wonog) 20 —o—
(aIpPPIN) zOS —m—
(doy) 20S —&—

i



91

Iaqurey)) uonsnquIo)) ay} JO SUONBIOT JAIY ], I8 PAInsed]yl 7O Uo ayey Suii, Jo 109]34 £ 2in31]

(4y/mig) syey Bupy

G1¢805 88¢'699 0£E'peS
el

145

% TOD

9l

(wonog) 20O —%—
(aIipPIN) 20O —— | o
(do]) 200 —e— | _ . 691

L




