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Electrorheology Leads to Efficient Combustion
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Improving engine efficiency and rediscing pollutant emissions are extremely impontant. Here, we repon oar
fuel injection technology based on the new physics principle that proper application af elestrorheology can
reduce the viscosity of petroleum fucls. A small device Is thus introduced just before the fuel injection for ithe

engine, producing a strong electnc fleld 1o reduce the fuel viscosity, resulting in mach smaller fuel droplets in
mnmmmm:;nummm:mmﬂhdmﬁmmmmwmm
combustion. Both labormory tests and road tests coafirm our theory and idicate that such a device improves
fuel mileage significantly. The technology is expected 1o have broad applications. applicable w current internal

combustion engines and Mure engines as well.

L. Intreduciion

Tt is mone and mofe Urgent and IMPOTLENT oW W inywove
cagine clficiency and reduce pollutant emission. While some
progress in this ores has been made since foel imjection
technology was developed, internal combustion engines are still
o leng way from being clean and efficient.

Because combustion sans at the inferface between fuel and
air and most harmiful emissions are coming from incomplete
buming, reducing the size of feel droplets would incresse the
pial surface arca b start buming. leading o a cleancr and more
efficlent engine. This concept has been widely accepled
because the discunsions about the future engine for efficiont and
clean combustion are focused on ultra-dilute mixtures st
extremely high pressure 1o produce much fner mist of fuel for
combintion."" Along this dircction, for example, the Delphi
Company plans to develop a mew fuel injector thal ases a ligh
pressure of 100 bar w0 reduce the size of gasoline droplets to
2% um in dinmeter. Although 100 bar iy ot caineme pressire
yet. this injacior, known as the Delphi Mudiee 100/ GDi muli-
hole fuel injector,” would require substantial changes of the fuel
lines in vehiches, because cumemi gnsoline vehicles can only
siastain & fuel pressune bess than 3 bar,

Unforunately, the new combustion iechnology with exireme
pressure is still under development and not applicable e current
engines because they cannot susiain such high pressare.

Another possible tochnology s clectrmsiatic alomization,
which makes all fuel droplets negatively charged *~” The droplet
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stz will be small il the charge density on the droplets is high,
and no agglomerstion would occur becawse the negatively
charged droplets repel cach other. Up to dae, electrostatic
siomization technology has not been emploved on any fuel
systemn, nol b0 say any vehicles. The main reason i that
electrostatic stomization wechology requires special fuel injec-
tors, which are todally different from any existing fuel injectors
on vehicles. It requires o high voliage direcily applicd 1o the
nozzle and the embiter cathode emitiing negative charges fo pass
the Ml 10 the anade. To employ such a fuel injector on vehicles
is not gasy, There ame also concerms that such sprays may
consumse high elecirie power.

Here, we present our technology for efficient combustion
based on the new physics principle thal proper application of
elecirorbeology can reduce the viscosty of petroleum fusls. A
small device is this istroduced. producing a srong cloctric ficld
10 reduce the viscosity of petroleum fucls just before the fuel
atomaration This viscosity reduction beads o misch smaller Fued
dioplets and cleaner ond more efficient combustion. Chr device
could be ensily applied on current engings o improve their
elficicacy. Both laboraiory and rosd rests conditm our theory
and indicate that such a device improves luel mileage signifi-
canily. The wchnology is expected to have broad applications,
o current inbermal combustion cagines and futune cngines o
well,

2, Theory and Experimenis

2.1. Reducing Viscosity of Refinery Fuels. The principle of
our device ks skeiched in Figure |, The fuel flows through two
metallic meshes before i reaches the fuel injecior. A voltsge is

sed gn the two meshes 10 prodice an electnic feld of snound
L0 KVimm between the iwo meshes, The device cofsumes very
kow electric power, kower than 0L W, In our setp, the field
direction is oppauie the Pow dinection, which may help to provids
megative charges 10 the fuel droplets. However, the main fusdthon
of our device is bo reduce the vincosity ol the fuel s il passes the
elecirle Held "
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Figure L. In the device, the fiael fous through mwo menllc medhe
before it renches the el imjector. A vollage b applisd on the few
mreskes i produce an electric feld of aboit | BV nem berween the
Pau iR
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reduce the viscosity of liquid suspensions ! ¥ According 10 the
Krieper— Dougherty mmh.'“'ﬂ:::ﬂ!l:ﬂu wisconity of & Hguid
saspension 1 ks related 1o the viscosity of base lguid s by

p=agll = g, )" in

where @ b the valame fraction of suspended paricles, &, s the
maziimmim valume fracton o peck panicles mndomly, end (] B
the imrnisk viscosity, relased i the paricle shape. For example,
[%] = 1.5 for spherical particled

Liskng the mismatch in the disleciric consanl or pagnetic
permeabality betwesn the saspendsd particles and the base liquid.
we can apply an eleciric or magnetic field o sggregale the small
partiches imo ones, Mormally, we agpregate naisscabe oF sib-
micTometer imlo micrmeter panticles. While this change
in thealogy does mol ahier &, # makes @, increased 55 8 result of
the incremse of polydispendly and sversge particle sire.' ¥ Henee,
the effacive viscosity § i reduced from eq 1. The experiment with
crude ol has found that this reduction conm be quite significam.!!

Here, we eviend the abave physacs principle o rellaery fiaels. In
fact, refinery fuels, such s diesel fuel und gasoline, are made of
many different molecubes. They can be regarded as liquid suspen-
sions | we take the large molecules as saspended paricles, and
the hase Hguid i made of small molecules. Uinder a strong elecinic
field., the induced depolar interaction maked (e large molecules
apgregase into wmall clusters. Similarly, this change reduces ibe
elfective visouity of nefinery fusla

The above theory was venfied by our expertinent, As showi ir
Figare 2, after applicathon of an eleciric field of § kN mm For abous
2 . the visconity of the diesel oil i reduced by abol 9% 1w
down from 4.6 w0 408 cP. Afterward, the diciel viscomity ia
imcreailng. However. i takes quae o while for ihe visconity b feiam
1 1l origingl value, This provides the opportanity 1o improve el
TS RO,

11 Finer Misi im Foel Atsmizaifon. Redocing the fuel
wiscosity improves the fel astomiration. As shown in Figure 3. the
imjected foel has & pressure higher tham that s ibe combuastion
chamber. The drophets are this splii. becoming smaller and umaller
after iy are emitted from ihe noxske. I the deoplsis are alkvaed
1o resch the equilibrimm. thetr radias s given by

a=2wWAP i2)

whene v i the surface tension of the fuel and AP = P, — P, s the
pressure difference between the inside pressure / and the outside
pressse P, af the foel. However, in reality, ibe loel droplets can
mever meach oquilibvium Becsse the wiscody acty againat any
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Figure 1 Diesel viscouity is redaced by 9% sfter apphication of an
eleciric fiehd of 1 KVimm for 2w nom 4.6 0 4,08 of. Alerwand, de
Wiscoaiy 1 Fising 1o retum B0 the origmal value

deformation of the droplets. The followng fact (Hustrmes this jssue
Diesel foel and gosoline hiave alimost the same seioce iensson, absoul
10 dynefons, When AP = 2 bar, a is sbost 0.1 gm For both foels
fronm g X However, i Tuel siomizatson, neither gasoling nor diese]
fuel could have deoplets as ssmiall as (L8 jom. In addition, under (he
same pressure, the average sive of digse] fuel dioplets is much
bigger than the average sice of gascline dmplets, because diesel
fuel has mach higher viscosity than gasoline. Therefore, reducing
ihe viscosily of the fugl greatly improves the fue] o eaton.

Char spray experimen fanther confinms the sbove theory, We used
an Accel high impedance fuel injector so simulate fued inpection at
engine chambers. When the devics was on, the fuel ook sbout 3 5
i pass the electric field The spray lasied for 4 ma. The droplets.
were collected by a plate. covered with o thick layer of onidired

Once the dropless were collected, 1he plaies were
scanned by & high-resolution scanner and the droplet sire distribn-
tions wene then analyred. This method wis widely used in the Mudy
of droplet sire devinbution of fogs and cloods, Becawe the axidized
mrapresiam layer is soft and thick, there was po spreading of the
drophets on the plases. In sddition, our plales. were plaes &1 &
distance wificiently sway from the injecior o make sere Do
overlapping of droplets cocumed. The plates were sguare, aboot
10 x 10 cen. which was large enough io collect all of the droplets
i oo sprmy, Skown in Figure 4 i a typical neconding of collected
droplets, which shows no overlapping and spreadiing of the drophets.
While this method is much dovwer than the opical sablering
meihod, which only makes sampling from & small portion of the
diroplets, this method collected and recorded all drapheis during the
inpEetion.

The statistical rescits for diese] fuel dre in Fgare 3o whils the
resuilts for gasoline with 20% ethanol are in Figure Sb. All of them
are averaped over 50 (ests. The repeatability was quise good, with
am error less than 5%, In both experimenis with diese] foel and
gasoling, the curnent was less than [0 @A Le.. the eleciric pirer
comsarrplion is below 01 W,

For diesel foel, the fuel pressure was |3.79 bar (200 Bufin®)
and the ebeciric field wos aboud 1.0 EVimm in the experiment. As
seen in Figure $a, the electnic field increased the nusmber ol droplens
with & dismeter of less than 40 am dramatically, Especislly, when
the device was oe, the number of droplets of diameter below 3 jem
was Inereased from 5.3 to 1539, The effect on diesel foel is very
sigmalcEnl

In the experiment with gasoling (with 206 ethanod), the fuel
pressure was 7.9% bar (100 IbJin.?) and the eloctric fiekd was 1.2
kW imm The effect on gasaline is also significand. Especially, when
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Figure ). Emittex) drophets from & Fuel injecsor spin o become: smalfler and smaller
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Figure 4. Typical plate with coliected aprayed droplen

the device wan an, the number of deoplels with & diameter srowsnd
10 s wes incressed from 176 10 2M0.7%, an Increase of 18%
{Figure ).

3. Test Results

Because the spray experiment suggests (hat diesel engincs
would significandly benefil from our device, we conducted
extonsive lests with our device on diesel engines. The first engine
test was condocted by Comaglia Iveco, a diescl engine
manufactarcr in lialy (Figure 6a), The teas measured the fuel
consumption rale and the power cutpul &l & constant rpm. The
results im Table 1 are averaged over measuremenis for 1 week,
wilh an error has of 2%, At 1000 rpm, the oniginal beake-specitic
fuel consumption (BSFC) was 2201 g kW' ™', with oor
device, it was reduced 1o NE.T g KW' b, Becanse dicsel
fuel has a beating value of 0,119 531 kW h g=', the cagine
efficiency was increased from 380 o $0.1% (4 5.5% improve-
ment with our device), It is interesting 10 note that when the
applied elecinc field direction was paraflel w the fus] fhow
direciion, the device still improved the BSFC by 4.7%., which
is 8% lower than that in the cose when the electhic fleld
disection was opposite the fuel Aow direction. This could be
due to some elecirons atlaching to the fuel droplets, which
funber reduced the droplet sioe, when the clectric fickd dinoction
is opposite the fuel Mow direction,

The ernission tzsts alsn show that oar device reduces the O,
ermissions on ithe dicsel engine. For example, ai 1900 rpm. MO,
emissions were down from 570 w0 550 ppm. The emor of the
test device is 1%
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Figurr &, (5) Sire distribation of diese] fuel folloang siomstaten with
or writwsat i appdied eleciric Geld 1b) Siee deanbution of pesolisne
fwith M¥E ethamol) fallowdng sesnirstion with or withos anelecie
tichl

The resiills of the Comaglia Iveco test were not had but below
the expectation from our spray cxperimenty. Thenefore, we
revised our device afierward. In the Cormaglia Dvecn tests, the
applicd electric ficld was close © 1.3 kVimm. At 1900 rpm.
the diesel Muel fowed through the electric field in abouot 1 s
If the diesel fuel coubd stay inside the electric feld slighily
longer, the improvement can be enhanced.

Our recent tests have boen performed on & Mercedes-Bene
300D, dicsel sedan (Figure 6b), The device on the Mervedes-
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l"ilu.r: 6. (al Installaison of the devics on the Cormaglia veco dissel
eregane. {B) Installstion of oor devioe on Mercedes- Bene 30000 a dicae]
wedan
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"HARC & the besle-apacific fuel cosssmpion Im cadculation of
ingine effickency, the Beasng valuwe of diesr] Mgl (& OLLI9 33 BW &
g f The alectric eld directson s oppoaie the Pesl flow deecton

Benz 3000 has two mesh glectrodes separated by 1 em. The
diesel fuel akes 5 & o pass through the elecine field betwson
the two clectrodes. The fickd is about 1 kY mm

The tvpleal laboraiory test result of ihe Mercedes-Beni with
i dhysmometer i shown s Figune 7, Al a Aued fucl consamp-
o rade choss to 500 g, the dynamomeler measured the engine
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putpul, When ithe device was wmed off, the average power
outpril was 03677 hip i imcressed io 04428 |'T| aler the device
wai umed om, This indicates thal the power oulpul was
improved by about X047 st the same fuc! consumption mibe
In oiher words, if the eagine on the mad & ender the same
condition as our laboratory test with the dynamomeler, the Fuel
mileage will be increased by M14%. The labormtory lest wd
repeated For 3 b and hod an ermor within 5%

A comtiruous road tests of the Mecedes-Benx 300 for 6
maonths showed thatl our deviee increascd the (el malcage
significantly, On the highway, the device increased the fuel
mileage from 32 nuiles per gallon (mpg) o I mpg. In city
driving. the improvement of fuel mileage was not 25 pood as
thal on the highway bul was averasged ai [2=13%

4. DMscussion

A companson between the Comaglia Iveco iests and ihe
recenl st with the Mercedes-Bene indicases that there are
optimal values for two paramelers, the applicd elecine feld
strength and the lime daration for the dicsel Toel 10 pass thaough
the electric field. The device with the Mercodes-Benr has | kY
min fedd stremgth and 5 & tme durstion, which ane beiter than
that of 1.3 kVimm and | &, med for the Comagla [vecd 1eils
There inay il be sanme oom b iMQROVE oar device by
aifjostmg these (Wi PErameicTs

There are 8 couple of other aliematives 1o ipcreass Toel
efficiency, such as adding additives 10 the Tued 10 reduce the
wisgosity, Uinfortunaicly, these fsel sdditives are quile expeisive
The extremely high luel pressuse method, sy memtasned belbone,
% sl umder developenent und not applicable o curtent cRgMes

Because our wechnology, developed on the new physics
principle, consumes very small power and improves fuel
eificiency significantly, we exped it will have wide opplicatiom
an all types ol idemmal cOmbaMIen CNEINeR, PIesem ones angd
fuiure ones. By adjusting the values Tor the electnc Reld and
time duration, we coubd make this echnalogy wark elfectively
for other fuels, such as beodeesel, koroacne, and !_f'-!'-l:"llrlf
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