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Development of Fuel-Saving Nozzle for
Agricultural Application
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Summary

Spray and combustion characteristics produced by conventional and
electrostatic pressure—swirl nozzles for an oil burner have been studied, using
kerosine as a test liquid. The charge injection mechanism is used to design
the electrostatic nozzle, where specific charge density, breakup length, spray
angle and mean diameter are measured and analyzed. Three nozzles with
orifice diameters of 0.256, 0.308 and 0.333 mm at injection pressures of 0.7,
0.9, 1.1 and 1.3 MPa are used in the study. In case of the electrostatic nozzle,
voltages ranging from 5 to 12 kV are applied. The local furnace temperature,
net flue gas temperature, and gas emissions such as CO, NOx, SO: and
combustion efficiency were also investigated in a furnace and a heater
respectively. Comparison between the conventional and electrostatic nozzles
was analyzed.

The electrostatic nozzle has a shorter breakup length, produced a wider
spray angle and smaller mean diameters (SMD) than the conventional nozzle.
Percentage of drop size reduction ranges between 6.9 ~ 83 % at injection
pressures of 0.7 and 0.9 MPa by using nozzle with orifice diameter of 0.256
mm. The blower affects the atomization process by increasing the drop size.
The local furnace temperature increased with an increase in injection pressure
but decreased with an increase in axial distance. The flame length increased
with an increase in injection pressure and nozzle orifice diameter. Error
analysis ranges between 9 ~ 13 %, 8 ~ 126 % and 2 ~ 12.8 % for nozzles
with orifice diameters of 0.256, 0.308 and 0.333 mm respectively. The flame
width increased with an increase in axial distance and then decreased
depending on the nozzle orifice diameter. The error analysis from the
measured flame width data were in the ranges of 1.6 to 15 %, 4 to 15 % and
7 to 14.2 % for nozzles with orifice diameters of 0.256, 0.308 and 0.333 mm
respectively.

At injection pressure of 0.7 MPa, the CO increased with an increase in



nozzle orifice diameter but at an injection pressure of 1.3 MPa, the CO is
decreased with an increase in nozzle orifice diameter. NOx increased with an
increase in injection pressure especially at injection pressure of 1.3 MPa. The
increase in nozzle orifice diameter caused an increase in NOx. The error
analysis obtained from the recorded data was in the ranges of 5 to 10 %, 4
to 13 % and 7 to 15 % for the CO, CO:; and NOx respectively.

The local furnace temperature decreased with an increase in air velocity
and axial distance. At injection pressure of 0.7 MPa and air velocity of 10.24
m/s, combustion could not be initiated for the electrostatic nozzle, as the
equivalence ratio (I < 0.2) was too lean for combustion process to take place
under this condition.

The conventional nozzle produced the highest recorded temperature under
the same experimental condition. Maximum furnace temperature increased
with an increase in injection pressure and decreased with an increase in air
velocity.

The net flue gas temperature increased with an increase in injection
pressure for both nozzles and decreased with an increase in air velocity.
There was only a slightly difference between the conventional and the
electrostatic nozzles at low injection pressures (0.7 and 0.9MPa) and there
was a significant difference at higher injection pressures.

With air velocity of 2.75 m/s, the conventional nozzle increased and then
decreased with an increase in injection pressure while the electrostatic nozzle
continued to increase. NOx increased with an increase in injection pressure
and the electrostatic nozzle produced less NOx concentration level, irrespective
of change in air velocity.

SOz concentration level increased and decreased with an increase in
injection pressure for both nozzles.

The recorded 2%O2concentration was in the range of 13.9 17.8% for injection
pressure of 0.7 MPa; 12-179% for 09 MPa; 10.1-174 for 1.1 MPa and
9.8-17.2% for 1.3 MPa.



The combustion efficiency increased with an increase in injection pressure
but decreased with an increase in air velocity. No significant difference
between the conventional and electrostatic nozzle for combustion efficiency at
injection pressure of 0.7 MPa with air velocity of 2.75 m/s. Also at 1.3 MPa
with variation of air velocity, there was no significant difference between the
conventional and electrostatic nozzle.

The maximum local furnace temperatures for the conventional nozzles are
higher than that of the electrostatic type at injection pressures up to 1.1 MPa
but changes at 1.3 MPa. The net flue gas temperature increased with an
increase In injection pressure irrespective of nozzle diameter. Net flue gas
temperature was lower for the electrostatic nozzle at injection pressure of 0.7
MPa but higher than that of the conventional nozzle after injection pressure
of 0.9 MPa for nozzle diameters of 0.256 and 0.308 mm. In the case of 0.333
mm the net flue gas temperature was lower for the conventional nozzle.

CO concentration decreased with an increase in injection pressure. There
was a significant difference in CO reduction at injection pressures of 0.7 and
0.9 MPa for using electrostatic nozzle for nozzle diameter of 0.256 mm. No
significant change in CO concentration after injection pressure of 0.9 MPa for
0.308 mm. CO concentration level decreased and then increased after injection
pressures of 0.9 and 1.1 MPa for the electrostatic and conventional nozzle
respectively by using 0.333 mm.

NOx concentration level increased with an increase in injection pressure for
nozzles with orifice diameter of 0.256 and 0.308 mm but decreased with an
increase in injection pressure in the case of nozzle diameter of 0.333 mm.
NOx concentration was reduced by using the electrostatic nozzle. There was
a significant reduction at injection pressures of 0.7 and 0.9 MPa for nozzle
diameter of 0.256 mm. The difference in NOx reduction decreases as injection
pressure increase. The voltage had no effect on NOx when using nozzle
diameter of 0.333 mm.

SO, concentration mostly depends on the sulphur content in the fuel and it



is an inherent characteristics. Voltage effect on the SO is still yet to be
studied.

Combustion efficiency decreased with an increase in injection pressure. The
voltage was effective at injection pressure of 0.7 MPa for nozzle diameter of
0.256 mm and higher that the conventional nozzle for 0.308 mm. The applied
voltage was not enough to effect combustion efficiency for nozzle diameter of
0.333 mm.

The net flue gas increased with an increase in injection pressure and the
electrostatic nozzle had the lowest temperature at injection pressures of 0.7
and 09 MPa. With the electrostatic nozzle, the CO concentration level was
reduced at injection pressures of 0.7 and 09 MPa (143 and 44 %
respectively). At higher injection pressures, voltage becomes ineffective.

NOx concentration level was highly reduced with the electrostatic nozzle
especially at injection pressure of 0.7 MPa. The percentage reduction at
injection pressure of 0.7 MPa is 27.7 2. SOsconcentration results from the
inherent characteristics (i.e. sulphur content in the fuel).

Combustion efficiency above 90% can be achieved by using the electrostatic
nozzle at injection pressures of 0.7 and 0.9 MPa and efficiency was increased
by 5.3 and 3.8 % respectively.

The electrostatic nozzle was helpful to achieve good atomization and
pollutant reduction by using nozzle with orifice diameter of 0.256 mm and at
injection pressures less than 0.9 MPa. SMD was reduced by 69 ~ 83 % and
3.2 ~ 74 % fuel was saved. Also CO and NOx concentrations were reduced
by 52 ~ 585 % and 49.7 ~ 66.6 % for the furnace experiment. In the case
of the heater experiment, it was 44 ~ 143 % and 0.7 ~ 27.7 % for the CO
and NOx respectively.
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Table 1 : Property of the tested fuel (kerosene) at 295K

Property Value
Surface tension [kg s ] 2.6x107"
Dynamic viscosity [kg m 's™'] 1.04x10°°
Density [kg m ] 790
Electrical conductivity [m]™* 1.69x10
Relative permittivity 2.2




Table 2. Burner specification

Kerosine/Light Oil

Power Source [V]

AC 220V/50Hz, 60Hz

Motor [W] 110
Oi1l Pump Gear pump
Ignition Trans[kV] 85 kV/18 mA
Pump Pressure [MPal] 15
Flow rate [mL/min] 50 ~ 140
Dosage [M]/hl] 1256 ~ 293.1
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Fig. 1. Schematic diagram of experimental setup
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Fig. 2 Schematic diagram of a steel rectangular ceramic-lined tunnel furnace
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Fig. 3 Front, end and pictorial views of oil burner




Table 3. Liquid flow rate

Injection . . .
Nozzle diameter Nozzle diameter Nozzle diameter
pressure
0.256 mm 0.308 mm 0.333 mm
[MPa]
Conventional|Electrostatic|Conventional |Electrostatic|Conventional | Electrostatic
ml/min ml/min ml/min ml/min ml/min ml/min
0.7 54 50 74 70 100 100
0.9 60 58 84 32 114 114
1.1 66 66 96 92 126 126
1.3 70 70 100 99 137 137




Filter Adaptor Insulator

Electrode

Fuel line T

Details of internal arrangement

Fig. 4 A diagram of the old-geometry of the charged injection simplex

nozzle, Version III and details of internal arrangement
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Fig. 5. A diagram of the modified charge injection simplex nozzle, Version III

and details of internal arrangement
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Fig. 7. A typical photograph indicating the measurements procedure for a

breakup length and a spray angle.
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Fig. 8a. Variations of injection pressure on breakup length for conventional

and electrostatic nozzles for orifice diameter of 0.256 mm.
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Fig. 8c. Variations of injection pressure on breakup length for conventional

and electrostatic nozzles for orifice diameters of 0.333 mm.
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Fig. 9a. Variations of injection pressure on spray angle for conventional and

electrostatic nozzles for orifice diameter of 0.256 mm.
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Fig. 9c. Variations of injection pressure on spray angle for conventional and

electrostatic nozzles for orifice diameter of 0.333 mm.
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Fig. 10a. Variation of injection pressure on mean diameter for conventional

and electrostatic nozzles for orifice diameter of 0.256 mm.
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Fig. 10c. Variation of injection pressure on mean diameter for conventional

and electrostatic nozzles for orifice diameter of 0.333 mm.
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Nozzle diameter = (.256mm
Injection pressure
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Local furnace temp. [°C]
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Fig. 1la. Effect of injection pressure and axial distance on local furnace

temperature for nozzle orifice diameter of 0.256 mm.
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Fig. 11b. Effect of injection pressure and axial distance on local furnace

temperature for nozzle orifice diameter of 0.308 mm.
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Fig. 1lc. Effect of injection pressure and axial distance on local furnace

temperature for nozzle orifice diameter of 0.333 mm.
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Fig. 12. Effect of injection pressure on flame length for the three nozzles.



2

Injection pressure = (.7 MPa
9| Nozzle orifice dia.
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Fig. 13a. Effect of axial distance on flame width for three different nozzles at

injection pressure of 0.7 MPa
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Fig. 13b. Effect of axial distance on flame width for three different nozzles at

injection pressure of 0.9 MPa
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Fig. 13c. Effect of axial distance on flame width for three different nozzles at

injection pressure of 1.1 MPa
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Fig. 13d. Effect of axial distance on flame width for three different nozzles at

injection pressure of 1.3 MPa
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Fig. 14a. Effect of injection pressure on CO for three different nozzles
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Fig. 14b. Effect of injection pressure on CO: for three different nozzles
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Fig. 14c. Effect of injection pressure on NOx for three different nozzles



Table 4. Local furnace temperature for both conventional and -electrostatic

nozzle at 0.7MPa

2.75m/s | Electro. | 5.94m/s | Electro. | 8.0m/s | Electro. | 9.5m/s |Electro.| 10.24m/s |Electro.
142 | 1175.3 |823.65|1018.5|635.65| 932 5295 | 8174 | 449.2 670
242 |1019.1 |824.25| 759.7 | 5875 | 701 | 484.75 | 651.3 | 4445 | 561.3
392 | 6854 | 770.7 | 567.7 |522.45| 550.8 | 452.6 | 520.8 | 427.1 | 481.8
542 | 523.3 | 696.4 | 503.6 | 501.4 | 493.2 | 441.2 | 417.7 |420.85| 448.3
692 | 475.1 |630.35] 483.1 |521.25| 469 463.2 | 4573 | 437.8 | 434.1
842 | 441.3 |507.85| 453.1 |492.25| 449.8 | 4469 | 4304 | 424.2| 411.1




Table 5. Local furnace temperature for both conventional and -electrostatic

nozzle at 0.9MPa

2.75m/s

Electro.

5.94m/s

Electro.

8.0m/s

Electro.

9.5m/s

Electro.

10.24m/s

Electro.

142

1188

873.6

1099.8

800.9

1016.1

689.65

915.6

624.3

7477

549

242

1169.8

878.85

855

690.55

796.3

538.7

733.6

532.45

614.9

517.45

392

754.1

790.2

624.1

592.75

609.6

515.5

572.5

490.55

512.2

474.45

542

564.4

689.75

543.8

501.85

533

491

510.6

471.55

470.1

4547

692

487

636.6

523.2

5979.65

511.1

518.05

489.8

493.5

456.8

474.4

842

457.7

523.65

499.8

549.9

4745

499.95

459

479.3

429.8

455.3




Table 6. Local furnace temperature for both conventional and -electrostatic
nozzle at 1.1MPa

2.75m/s |Electro.|5.94m/s | Electro. |8.0m/s |Electro. |9.5m/s |Electro.|10.24m/s |Electro.

142 | 1218 |857.85|1155.1 | 760.8 |1062.7| 733.2 | 973.7 |661.35| 868.7 |591.65

242 11271.1 | 871.75| 949.9 |659.35 | 866.5| 605.8 | 817 [560.75| 713.1 | 536.3

392 | 8654 | 786.6 | 680.6 | 569.95 |651.5| 539 |621.3|506.75| 576.4 |485.95

542 | 628 | 681.1 | 583.8 | 534.15 | 560.5 | 510.25 | 539.4 | 487.05| 518.8 | 465.6

692 | 524.1 |633.15| 553.8 | 557.15| 534 | 5369 |511.4|509.05| 495.8 | 480.4

842 | 4757 |522.75| 505.6 | 5274 |502.9 |521.35 | 473.1 | 493 | 465.1 |460.95




Table 7. Local furnace temperature for both conventional and -electrostatic
nozzle at 1.3MPa

2.75m/s | Electro. | 5.94m/s [Electro.| 8.0m/s |Electro.|9.5m/s|Electro.|10.24m/s | Electro.
142 | 1241.6 | 9339 | 11726 | 812.4 [1134.6| 6789 [10489| 6389 | 9324 | 612.7
2421 1309.4 | 910.1 [1009.8 | 721.6 | 9404 | 622.7 | 894.1 | 588.8 | 760.9 | 562.2
392 | 9405 | 823.8 | 721.7 | 6595 | 702.7 | 567.7 | 669.3 | 535.1 | 609.4 | 521.2
542 | 6758 | 7419 | 606.4 | 5976 | 603 | 530.6 |570.4| 501.4 | 5435 | 490.5
692 | 550.8 | 705.5 | 573.8 | 574.3 | 569.2 | 532.5 | 546.2 | 507.1 | 519.3 490
842 | 4915 | 592.7 | 525 | 555.9 | 519.2 | 525.8 | 503.9| 502.3 | 490 481.2
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on COz concentration with 260, < 5%
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Table 8. Combustion analyzes for conventional and electrostatic nozzles

for orifice diameter of 0.333 mm

Conventional| 5kV 10kV 15kV
02[%] 4.5 4.3 4.3 41
CO2[%] 12.2 12.3 12.3 12.4
COlppml] 36 37 26 19
NOx[ppm] 30 35 36 37
SOz[ppm] 3 1 0 1
Flue gas temp.
113 133 127 136
[deg.]
Efficiency[%] 96.3 95.4 95.7 95.5
Fuel flow rate
4.87 4.74 4.72 4.8
[kg/h]
Scale 2 0 0 0
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Table 9. Combustion analyzes for conventional and electrostatic nozzles

for orifice diameter of 0.256 mm

Conventional Electrostatic [14kV]

02[%] 4.6 4.4

COz[%] 12 12.2
CO[ppm] 12.1 6

NOx[ppm] 49(48%) 48(46%)

SO2[ppm] 1 1

Flue gas temp. [deg.] 110.8 123

Efficiency[%] 96.4 96.4
Fuel flow rate [kg/hl] 2.57 2.4
Scale 2 0

* — Corrected concentration: for 2602 concentration = 5%
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Table 10. Summary of experimental results
= 0.256 mm (0.85kg/h)

Suitable nozzle :

orifice diameter

Test Injection pressure = Injection pressure =
rig 0.7MPa 0.9MPa
# Conv. |* Electro.|% Diff.| # Conv. |* Electro.|% Diff.
Fuel
tion 54 50 60 58
consump 74 39
. (2.57kg/h) | (2.57kg/h) (2.57kg/h) | (2.57kg/h)
[ml/min]
Breakup
5.48 3.34 39 41 2.91 29
Spray length{mm]
characteristics | SPray 60.8 624 | +26 | 613 629 | +26
anglelq]
SMDI[mm)] 18 16.5 8.3 159 14.8 6.9
Combustion
characteristics
COlppm] 679.2 282 585 357.6 1716 52
NOx[ppml] 53.6 19.6 66.6 64.4 324 49.7
Furnace
Efficiency[%] 885 91.1 +2.9 85.2 84.3 -1.06
Smoke scale 2 1 2 1
COlppm] 2.8 24 14.3 4.6 44 4.35
NOx[ppml] 51.2 37 27.7 57.6 58 +0.69
Heater
Efficiency[%] 89.5 94.2 +5.25 88.7 92.1 +3.83
Smoke scale 1 0 1 0
N. B. # - Conventional nozzle

* — Electrostatic nozzle

%02 concentration < 5%
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