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Structure and working characteristics of pulsating burner nozzle
for soil steam sterilizer
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(1.School of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing, Jiangsu 210037, China;
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University, Nanjing, Jiangsu 210037, China)

Abstract: To address the issue of soil pests and diseases in facility horticulture caused by continuous cropping obstacles
and other factors, a soil steam sterilizer powered by a pulse combustor as a heat source was developed in this study. Based
on the minimum steam requirement of 100 kg/h for the soil steam sterilizer, the minimum power of the pulse combustor
was determined to be 28.2 kW. The pulse combustor mainly consists of a combustion chamber and a nozzle and used
straight nozzles of 200, 400, 800, 1 000 mm, as well as an 800 mm bent nozzle. They could be combined via flanges into
different lengths of straight nozzles(600, 800, 1 000, 1 400, 1 600, 1 800, 2 200, 2 600, 2 800, 3 000 mm) and bent nozzles
(800 and 1 600 mm). The impact of different nozzle structures on the startup performance and operational stability of the
pulse combustor was studied. The results showed that nozzles ranging from 800 to 2 600 mm could be activated. Working
frequency and pressure amplitude had a linear relationship and higher frequency correlates with higher pressure amplitude.
For straight nozzles of the same length, the fuel consumption rate, frequency and pressure amplitude were higher than those
of bent nozzles. Under throttle conditions 2, 3, 4, the standard deviation of the pressure amplitude for the bent nozzle

YRS HER: 2023-01-16 {&E HHEA: 2024-04-10

EEWB: VLIMEIRRYLILE RS S5H A RT3 H (NJ2020-19)

EERINY: SKEIL(1998—), 2o, VLARVLIAA, LA, FENFROE S SHRMIZE, zhangaigi@njfu.edu.cn; =@EEVEH, Vb
=, W, #9%, FENFRAYIIEE S SHEARDS, lyxu@njfu.edu.cn



%5 50 5 2

SR LRI AL K SR bE S BAE Sh A4 S AR 93

combustor was smaller, suggesting its better stability. The straight nozzle pulse combustor with a nozzle length of around
1 800 mm had the best performance. Therefore, selecting the bent nozzle pulse combustor with a nozzle length of 1 800
mm as the heat source for the steam generation unit of the soil steam sterilizer could ensure the operational characteristics
of the pulse combustor while also promoting miniaturization of the steam generation unit.

Keywords: pulsating burner; soil steam steriliser; nozzle structure; operational stability performance; starting characteristics
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Fig.1 Bent nozzle for pulsating burner with a length of 1 600 mm
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Fig.4 Pressure waveform in the combustion chamber of straight nozzles pulsating burner
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Fig.5 Pressure waveform in the combustion chamber of bent nozzles pulsating burner
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Table 1 Pulsating burner operating characteristics parameters

WAL BUERKEmm TIRE BRI FER kg h ) JE¥fHKPa TR IR/KPa Ji%IHz

HmE 800 1 1.40 1.87 12.9540.91 90.0
2 1.58 1.89 13.9741.09 97.7

3 1.93 1.98 14.5141.96 98.7

4 2.01 1.99 14.6141.37 102.8

1000 1 1.32 1.33 12.81:4.02 80.1
2 1.83 1.56 13.02:4.09 85.9

3 1.93 1.60 13.414.07 86.9

4 2.06 1.78 14.00:4.58 87.9

1400 1 1.14 0.79 11.9440.63 70.3
2 1.66 0.89 12.6340.86 72.2

3 1.84 0.96 13.10:4.00 73.9

4 2.37 1.01 13.9140.93 74.1

1600 1 1.23 0.78 11.4840.59 63.5
2 1.66 0.89 12.2940.82 69.3

3 2.10 0.99 12.34:41.01 71.3

4 2.19 1.24 13.04:41.00 72.3

1800 1 1.10 0.70 11.3040.64 60.4
2 131 0.81 12.1740.62 62.3

3 1.85 0.90 12.9940.93 63.4

4 2.36 0.94 13.6640.87 64.3
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Table 2 Fitting equations and goodness of fit of fuel consumption
rate to throttle opening for pulsating burner

WEEARE B /mm PEH R R?
EWE 800 y=0.218x+1.185 0.95
1000 y=0.232x+1.205 0.86
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1800 y=0.432x+0.575 0.97
2200 y=0.233x+0.925 0.93
2600 y=0.204x+0.815 0.97
L 800 y=0.216x+1.070 0.98
1600 y=0.332x+0.965 0.87
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Table 3 Slope of the fit of operating frequency and pressure

amplitude to throttle opening
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BB 800 3.94 0.552
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