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Experimental Investigation on Liquid Fuel Droplet
Combustion in Electro-Magnetic Environments at the

Regime of Far Infrared Ray

Kiyoto Usui

Abstract

Recently, the exhaustion of fossil fuels and glalvarming caused by
CO2 emission bring us a lot of serious problemse Tevelopment of
energy saving technology is very important to redG©?2 emission and to
prevent air pollution. Thus, the present study baen carried out to
examine how the fuel spray combustion is influend®d resonance
frequency of electro-magnetic wave to chemical gseof combustion.
This electro-magnetic wave belongs to the regimefaofinfrared ray.
Particularly, the study has been conducted to fasushe combustion of
single fuel droplets which is the most importantnponent of splay
combustion.

Electro-magnetic wave employed in the study is t20bof wave
number and more than 0.90 of spectral emissivityis Twave number
corresponds to the absorption region of methanecmutds. The chemical

species including methane molecule produced byntaedecomposition
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during the combustion process have an ability tosodb such
electro-magnetic wave. These rays may lead to raocelerate the spin
and vibration modes of methane molecule and itsti@aprecursor, that is,
chemical species,
and then to enhance the collision energy and frecjubetween molecules
of fuel and oxygen. Consequently the flame tempeeagives rise to
increase due to the acceleration of combustiorticeatate.

The experiments have been carried out to verify tieenbustion
promotion by means of the utilization of electrognatic wave. The
experimental methods are as follows that firsue firoplet combustion in

quiescent air, and second is fuel droplet combuostiainiform flow of air.

The main results obtained for the study are asvi@lthat
(1)The reduction percentage of combustion lifetimie fuel droplets
burning in electro-magnetic field may be about 4%6for n-heptane
droplets, 3.53% for kerosene droplets, 1.76 % fethanol droplets, 0.8%
for bunker oil A droplets and 0.79 % for benzenepdts.

(2) The flame temperature rise of fuel dropletsning in electro-magnetic
field may be approximately 100 for n-heptane droplets, 80 for

kerosene droplets.

(3)The increase on surface temperature of elecagaetic radiant

materials leads to increase the reduction of cotmdyudifetime and the



flame temperature of n-heptane droplets and thakees are about 5.62%

for combustion lifetime and 180 for flame temperature rise when the

surface temperature of electro-magnetic radianenatis 65C.

(4)Reduction percentage of combustion lifetime ofheptane is
approximately 4 % at any air velocity. This meatisat the
electro-magnetic effect to combustion did not béluenced by the

electro-magnetic wave.

(5)From these results it may be predicted that lebtro-magnetic wave
may be very effective to accelerate the burning @ftspray combustion
accompanying with resonance frequency to metharecue produced by

thermal decomposition during combustion process.



1. Introduction

1-1. Background

Recently, the exhaustion of fossil fuels and glolvarming caused by
CO, emission bring us a lot of serious problems. Tleeetbpment of
energy saving technology is very important to redG&; emission and to
prevent air pollution. ICPP(Intergovernmental PaoelClimate Change)
predicts the average temperature will rise by ad@utbetween 2071 and
2100.According to the Kyoto Protocol resolved in 199&pan must cut
down its annual emission of greenhouse gases bypy2012 from 1990
levels.Therefore, it is investigated many research lalooied.

For reduction of CO2 emission the three kinds afhteque may be
suggested, that is

(1)Development of high efficiency combustion tecjus

(2)Development and promotion of nuclear power

(3)Reclamation possibility

In these methods we are focused on thg)high efficiency combustion
technique by introducing the new combustion conckeased on the
electro-magnetic wave method.

Figure 1 shows carbon cycle system on the globemRnhis figure, the
half of greenhouse effect gases emitted from trssifduel combustion
may be accumulated in air. Therefdbes high efficiency combustion as the
one of the reduction methods of CO2 emission haveocestablished,

immediately, by accompanying with striking origityaimethod.



Under these circumstances, we have developed tihe coenbustion
concept by utilization of electro-magnetic waveeTdas phase reaction of
liquid fuel combustion includes a number of eleragyptreactions. So, we
have focused on the effect of electro-magnetic waweintermediate
products, especially methane and its reaction psecugenerated by
thermal decomposition in combustion process of bwarbon fuels.
Methane and its reaction precursor are able to rabsignificant
electro-magnetic energy around wave number of 1200c

This present investigation has been carried oetxaomine how the fuel
spray combustion is influenced by electro-magnefwe at the regime of
far infrared ray. Particularly, the study has beenducted to focus on the
combustion of single fuel droplets which is the magportant component

of splay combustion.

1-2. Wave characteristics of electro-magnetic radiant material

Figure 2 shows the Wave Characteristics of electagnetic radiant
material developed for the study. This radiant maltedls compounded
several kinds of ore that is can discharge therelenagnetic wave. In this
figure, the vertical red line shows the wave numifethe absorption band
of methane molecule and the horizontal red linewshdhe spectral
emissivity of 0.9.

This material can discharge the electro-magnetiovewavith wave



numbers in the range of 800 to 2000tand more than 0.90 of spectral
emissivity, which belongs to the regime of infrarag. This wave number
corresponds to the absorption band of methane mielgégure 3). This
wave number is also very safety for human body #&l instruments.

Because the intensity of radioactivity is aboutd0.0Sv/h.

1-3. Combustion promotion method by means of electro-magnetic wave

Figure 4 shows the combustion promotion method bgams of
electro-magnetic wave. These rays may lead to raocelerate the spin
and vibration modes of methane molecule and itstie@a precursor, and
then to enhance the collision energy and frequéxetyween molecules of
fuel and oxygen accompanying with the resonancequégecy.
Consequently the flame temperature gives rise twease due to the

acceleration of combustion reaction rate’



2. Experimental apparatus and procedure

2-1. Experimental condition

The experimental condition is shown in table 1. Bxperiments have
been carried out in room temperature and atmosppegssure. The initial
droplet diameter used for the study is approxingateB0 mm. The fuels
used for the study are n-heptane, kerosene, mdihimmene and bunker

oil A.

2-2. Experiment (1):Fuel droplet combustion in quiescent air

2-2-1. Test assembly

Figure 5 shows the experimental set-up of testmalsiseemployed in the
study and it consists of a combustion chamber (siZ&0mmx 180mmx
180mm), a D.C power supply, an ignition coil, a cugy switch, a voltage
regulators, a thermometer, an 8-mm video cameraadngdh-speed digital
camera. The silica fibre (size is 0.4mm in diameted 60 mm in length)
for suspending fuel droplet is located in the ceptasition of combustion
chamber and ignition is done by fine needle eleesobeneath the liquid

fuel droplet.



2-2-2. Details of fuel droplet and electro-magnetic radiant material

Figure 6 shows the arrangement of fuel droplet aledtro-magnetic
radiant material. The configuration of electro-meign radiant material is
a cylindrical shape of 80 mm in diameter and 100 mrength. The fuel
droplet is located in the central position of cglen. As the strength of
radiant energy from energy sheet can be contréechanging the surface
temperature of radiant material, the surface teatpez of radiant material
is adopted in the range from 26 to 65 °C by the voltage regulators

connected with the electric heater attached theidabf radiant material.

2-2-3. Experimental procedure

The experimental procedure is shown as follows,
(1) In the experiment on the temperature change ofeteetro-magnetic
radiant material, the temperature of radiant makas controlled by

electric heater to a given temperature.

(2)Fuel droplet is suspended on the silica fibreéHgymicro-syringe.

(3)Ignition is done by fine needle electrodes. Aftee ignition, fine needle

electrodes are quickly shifted to downward from filreplet.

(For kerosene and bunker oil A, it is very difficad ignite by spark



electrodes only. Ignition is done by small pilarfie)

(4) The combustion is observed by taking the directt@in@phs with
8-mm digital video camera or high-speed digital egan
(The combustion lifetime is examined by observatioith 8-mm
digital video camera through the observation winddWwe average
flame temperature is measured by taking the dphotographs with

high-speed digital camera equipped with two-colmometer. )

2-3. Experiment (2):Fuel droplet combustion in uniform flow of air

2-3-1. Test assembly

Figure 7 shows the experimental set-up of testmalslyeemployed in the
study and it consists of a Wind tunnel (80 mm andeter and 1200 mm in
length), a Fan, an Anemometer, a D.C power sugplyijgnition coil, a
mercury switch, a voltage regulators, a thermomeaer 8-mm video
camera and a high-speed digital camera. The sfllma@ (0.4mm in
diameter and 60 mm in length) for suspending fuepkbt is located in the
center of combustion chamber and ignition is done fine needle

electrodes beneath the liquid fuel droplet.



2-3-.2 Details of fuel droplet and electro-magnetic radiant materials

In figure 8 is shown the layout between the eleatiagnetic radiant
material and liquid fuel droplet. The radiant matkis cylindrical shape of
90 mm in diameter and 100 mm in length. The fueptlt is located in the
central position of radiant material and air vettpas controlled by voltage

regulators attached the fan.

2-3-3. Experimental procedure

The experiment procedure is shown as follows,

(1) Air velocity is controlled by voltage regulasoattached the fan.

(2)Fuel droplet is suspended on the silica fibreélgymicro-syringe

(3)Ignition is done by fine needle electrodes. Aftee ignition, fine needle

electrodes is quickly shifted to downward from fdedplet.

(4) The combustion lifetime is examined by takihg direct photographs
with 8-mm digital video camera through the obsaorabf the glass

window.



3. Experimental results and discussion

3-1.Experiment (1):Fuel droplet combustion in quiescent air
3-1-1. Combustion lifetime of liquid fuel droplets

Figures 9, 10, 11, 12, and 13 show the typicalidistion of combustion
lifetime of five kinds of fuel droplets, that is,-heptane, kerosene,
methanol, bunker oil A and benzene, respectivehe dombustion lifetime
is determined by 50 more droplet combustion tests.

In Table 2 is shown the combustion lifetime anductbn percentage on
fuel droplets burning in the electro-magnetic fi@d not. The reduction

rateR of combustion lifetime is defined as follows:

SRR LIS
WO

Tw is combustion life time of presence of radiant enal, Two is

combustion lifetime of absence of radiant materabm these figures,

one can recognize that the reduction percentagerabustion lifetime on

fuel droplets of n-heptane, kerosene, methanolkéuail A and benzene

are 4.25%, 3.53%, 1.96%, 0.80% and 0.69% respéctivEhe

discrepancies of the combustion lifetime of theseld depend on the



amount of methane of the chemical species genardbyp thermal

decomposition of combustion process.
3-1-2. Flame temperature of liquid fuel droplets

Figures 14, 15, 16 and 17 show the time-variatiatios of flame
temperature rise of four kinds of fuel dropletattls, n-heptane, kerosene
bunker oil A and benzene burning in electro-magndigld or not,
respectively. From these figures it can be seet) tha n-heptane and
kerosene droplets, their flame temperatures of gmes of radiant
materials during combustion are always higher ttiat it absence of
radiant material. The flame temperature rise of fbhel droplets of
n-heptane and kerosene is approximately from 3®M@&C and 30 to 6T,
respectively. For the fuel droplets of bunker ojithere is almost no flame
temperature rise during combustion.

In Table 3 is shown the ratio of flame temperatuse on the fuel
droplets of n-heptane, kerosene and bunker oil Anibg in
electro-magnetic field or not. These data are thobtained from
two-color pyrometer analysis by the high-speed tdigcamera at 200
frames per second. The ratio of flame temperatigee (@) is defined as

follows:
T (2)

fo

Tsy is the flame temperature of presence of radiartenad andTy, is the



flame temperature of absence of radiant materiglséen from Table 3, the
ratio of flame temperature rise of n-heptane ditgpke larger than those on
the fuel droplets of kerosene and bunker oil Aesponding to the results
of Figures 14, 15, 16 and 17.

For these experimental results, it would be sunuedrithat there is
significant effect on the burning rate of n-heptamel kerosene droplets
by the utilization of electro-magnetic wave, but nbserved in bunker oil
A. This phenomenon may cause by the amount of methaf the
chemical specises and its precursor generated ésyngl decomposition

during combustion process of hydrocarbon fuel datspl

10



3-1-3. The effect of radiant energy from electro-magnetic wave on the

combustion properties of liquid fuel droplets

From the viewpoint of practical use of electro-matimwave, it is very
significant to examine the effect of radiant enerdgyom the
electro-magnetic wave on the burning propertiegjaid fuel droplets.

Figure 18 shows the typical distribution of combwst lifetime of
n-heptane fuel droplets as a parameter of surfaogdrature of radiant
material and Fig. 19 also shows the reduction pgage of combustion
lifetime of n-heptane droplets against the surfemaperature of radiant
material. Table 4 also shows the combustion lifetimnd reduction
percentage of n-heptane droplet based on Figs.d818n The reduction
percentag® of combustion lifetime is obtained from Eq. (1).

From table 4 and Figs.18 and 19, it is found thatreduction percentage
of combustion lifetime on various surface tempematf radiant material at
25C, 45C and 6%C are 4.25%, 4.62%, and 5.62%, respectively and these
reduction of combustion lifetime increases with r@asing surface
temperature of radiant material .

Figure 20 shows the time-variation ratio of flaneanperature rise of
n-heptane droplets and Table 5 shows the ratitaofd temperature rise of
n-heptane droplet burning in electro-magnetic fieldnot. The ratio of
flame temperature rise is obtained from Eq.(2).ah®ve-mentioned, the

surface temperature of radiant material can be gdwifrom 2% to 65C

11



by voltage regulators connected with electric healéhese data are
obtained from two-color pyrometer analysis by thighkspeed digital
camera at 200 frames per second. From Table 5 ign@®; it is found that
the ratio of flame temperature rise increases wiitreasing surface
temperature of radiant material. The increase efflime temperature of
n-heptane droplets is about 1G0at 65C of surface temperature of radiant
material .

The expression of Stefan-Boltzmann law of radiatisnshown as

follows:

q=¢ o T* (3)

g is radiant energy £ is spectral emissivity of radiant materiadis

Stefan-Boltzmann constant number( 5.6890 “w/cn? « K] ) and T is

temperature of radiant material. From this expoagselectro- magnetic
energy is proportional to the forth power of thenperature of radiant
material. Consequently, this fact may result frdm increase of radiant

energy due to the increase of the surface temperafuadiant mataerial.

12



3-1-4.The effect of electro-magnetic energy on total flame height and
width of fuel droplets combustion

Figure 21 shows the flame heigHt and flame widthW of n-heptane
droplets burning in electro-magnetic field or nBtom this figure, it is
recognized that the flame height and width of ntaee droplets burning in
electro-magnetic environments are larger than thatithout
electro-magnetic environments. This is due to themption of

vaporization from the fuel droplets caused by taené temperature rise.

13



3-2. Experiment (2):Fuel droplet combustion in uniform flow of air

Figure 22 shows the direct photograph of combustion bemawaf
n-heptane droplets at various air velocities. Fris figure, the flame
becomes to be long as flow velocity increas€éable 6 shows the
combustion lifetime and reduction percentage ofeptane droplet as a
parameter of air velocity.

The reductiorR of combustion lifetime is obtained from Eq. (1).

From this table, it is found that the reductiongeettage of combustion
lifetime on various air velocities atOm/s, 0.15m?s25m/s, 0,35m/s and
0.45m/s are 4.25%, 4,04%, 3,90%, 3,96%and 4.31%perively. Figure
23 shows the combustion lifetime of n-heptane dtspas a parameter of
air velocity. The combustion time becomes to betsined accompanying
with increasing of air flow velocity. Reduction pentage of combustion
lifetime of n-heptane is approximately 4 % at umfoflow of air velocity.
It is confirmed that air flow did not influence theffect of the

electro-magnetic wave.

14



4. Conclusion

Experiments have been conducted to examine thecteffef
electro-magnetic wave on the burning rate of fuepéet combustion. The

main results obtained for the study are as follows:

(1)The reduction percentage of combustion lifetimie fuel droplets
burning in electro-magnetic field may be about 4%6for n-heptane
droplets, 3.53% for kerosene droplets, 1.76 % fethanol droplets, 0.8%
for bunker oil A droplets and 0.79 % for benzenepdsts.

(2) The flame temperature rise of fuel dropletsning in electro-magnetic
field may be approximately 100 for n-heptane droplets, &0 for

kerosene droplets.

(3)The increase on surface temperature of elecagaetic radiant
materials leads to increase the reduction percerddgombustion lifetime
and the flame temperature of n-heptane dropletstze®sk values are about
5.62% for combustion lifetime and 180 for flame temperature rise

when the surface temperature of electro-magnediana material is 685.

(4)Reduction percentage of combustion lifetime ofheptane is
approximately 4 % at any air velocity. This meatisat the

electro-magnetic effect to combustion did not béluenced by the

15



electro-magnetic wave.

(5)From these results it may be predicted that lebtro-magnetic wave
may be very effective to accelerate the burning ftspray combustion
accompanying with resonance frequency to metharnecue produced by

thermal decomposition during combustion process.

16
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Table.1. Experimental condition

Test fuels

n-Heptane

Kerosene
Methanol

Bunker oil A

Benzene

Ambient temperature

Room temperature

Ambient pressure

Atmospheric pressure

Initial droplet diameter

1.80mm

23
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Table 2. Combustion lifetime and reduction percgataf n-heptane, kerosene, methanol,

benzene and bunker oil A droplets.

n-Heptane Kerosene Methanol Bunker oil A Benzene
E:Porr;sbeunsgg) gflifzgir;ﬁt m;V:erizl 2.54 2.73 3.06 3.09 2.18
8&?5%‘3205} :rlgfjtg\? m;xcr)ial)s 2.65 2.83 3.12 3.12 2.80
Reduction percentage of 4.25 3.53 1.96 0.8 0.69

combustion lifetime Rt %

28
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Data frequencies of combustion lifetime
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Data frequencies of combustion lifetime
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Table 3. Ratio of flame temperature rise of n-hept&erosene,

benzencdroplets.

bunker oil A and

n-Heptane

Kerosene

Bunker oil A

Benzene

Ratio of flame temperature rise

1.033

1.023

1.008

0.998
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Table 4. Combustion lifetime and its reduction petege of n-heptane

Surface tempe_ratoure of radia o5 35 45 55 65
material C
Combustion lifetime - Tw s 2,54 2,53 2,52 251 2.49
(Presence of radiant material
Combustion lifetime Two
(Absence of radiant material) 2.65 2.65 2.65 2.65 2.65
Reduction percentage of 4.25 4.48 4.62 5.02 5.62

combustion lifetime Rt %
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Data frequencies of combustion lifetime
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Fig.19. Reduction percentage of n-heptane dropletibg in electro-magnetic field.
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Table 5. Ratio of temperature rise of n-heptan@létdurning in erector-magnetic field or

not, respectively and energy sheet surface temperat changed from 25 to 65C

Ratio of flame temperature rise

Absence of radiant material 1
Presence of radiant material(G% 1.033
Presence of radiant material (€% 1.038
Presence of radiant material (6% 1.042

Presence of radiant material (6% 1.069
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Fig.20. Time-variation ratio of flame temperatuiserof n-heptane droplets.
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Fig. 21. The flame height H and flame width W dh@ptane droplets.
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Fig.22 Combustion behavior of single fuel dropktsarious air velocitiesn-heptang
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Table 6. Reduction percentage of combustion lifetohsingle fuel droplets of n-heptane

at various air velocities

Uniform air velocity cm/s

0 0.15 0.25 0.35 0.45

fp‘)r?sbé'nséif of radiont Ml 2.54 2.49 2.37 2.23 2.16
%25%‘5205} :rlgfjtg\? m;tvf\;cr)iau)5 2.65 2.59 2.46 2.39 2.26
Reduction of combustion 4.95 4.04 3.90 306 431

lifetime Rt %
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Fig.23 Combustion lifetime of single fuel dropletsn-heptane at various air velocities
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