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Abstract: Dr. Tao's viscosity theory is a university theory can be applied to a lot of liquid suspensions with the discrepancy
in permittivity or permeability between the suspended contents and the base liquid. Diesel is a mixture and can be considered
as one of these liquid suspensions. We ever got pretty good test results with diesel by the electric field treatment.. But, as we
know, the "2007 Highway Rule" is taking effect for a while, that is, the allowable sulfur content for ULSD (15 ppm) is much
lower than the previous U.S. on-highway standard for low sulfur diesel (LSD, 500 ppm). With Dr. Tao's theory, if the effect is
only from nanoscale sulfur aggregate, once the sulfur was taken off, the effect will be decreased or even disappear. But our
laboratory test shows that ULSD has 28.7% flow rate increased after we successfully chosen an optimal field strength and an
optimal treatment time, which is even higher than high sulfur diesel. This makes Dr. Tao's Viscosity Theory can be widely
used and proofed it is a nanoscale structure changing reduced the viscosity which can reduce pollution and improve engine
efficacy, too.
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1. Introduction

1.1. Diesel Is a Very Important Fossil Fuel consumed). Diesel has some benefits compared to gasoline.
First, diesel engines have more torque. This means that they
can perform better under stress. Such as, they are pulling a
heavy payload. This is why freight trucks, heavy industrial
trucks and construction vehicles; Second, diesel-powered
engines are more efficient because diesel fuel has a higher
energy density than gasoline; Third, When it comes to
service and maintenance, though simple upkeep is cheaper
for gasoline engines, diesel engines are often cheaper to
maintain in the long run. This is because they respond so
much better to stress, causing them to wear out much more
slowly than gasoline engines. In general, diesel engines can
go about three times as far as gasoline engines before
needing serious maintenance.

Diesel, in general, is any liquid fuel used in diesel engines.
The most common is a specific fractional distillate of
petroleum fuel oil, but alternatives that are not derived from
petroleum, such as biodiesel, biomass to liquid or gas to
liquid diesel, are increasingly being developed and adopted.
ULSD is the low sulfur diesel fuel portion of EPA's Heavy-
Duty Highway Diesel rule (the "2007 Highway Rule"),
which was finalized in January 2001, is now taking effect for
a while (2007). The allowable sulfur content for ULSD is 15
ppm, which is much lower than the previous U.S. on-
highway standard for LSD (500 ppm). Diesel is a very
important fossil fuel about 20% of the whole petroleum
consumed in U.S. in 2009 (total petroleum consumption was
18.7 million barrels per day and 35% of all the energy we
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1.2. How does Diesel Engine Work

The diesel engine gets its name from its inventor, German
scientist Rudolf Diesel. The easiest way to understand how a
diesel engine works is by understanding the phrase "suck,
squeeze, bang, and blow". This refers to a cycle of 4 strokes
known as the OTTO cycle. That it intakes air and compresses

it, and then injects the fuel directly into the combustion
chamber (direct injection). The diesel droplets combine with
air, vaporize, then the heat of the compressed air that lights
the fuel droplets. A Huge amount of heat is released, the
pressure will push the piston to do work. Then exhaust
stroke, the engine is ready for next cycle. (Figure 1)
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Figure 1. Four-stroke Engine Cycles of An Internal Combustion Engine.

In case, the engine will do work only the process of efficiency. So let's take a close look at The Diesel
combustion and the initial process of combustion has more =~ Combustion Process. Conventional diesel combustion is
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differently from spark-ignited gasoline engines. In gasoline
engines, the combustion chamber is filled with a
homogeneous air-fuel mixture first, then compressed and
ignited by a spark. The flame started from the spark plug then
radiates away and across the combustion chamber, until the
air-fuel mixture is completely burned. But the case of
conventional diesel engines is a big difference, the
combustion chamber is filled only with air and possibly EGR
gases during the compression stroke. With high compression
ratios (which are around 18:1 much higher than gasoline
engines, which are somewhere around 9:1), the air is highly
compressed and heats up rapidly as the piston approaches
TDC (top dead center). The diesel injection system then
begins injecting fuel into the superheated air and ignited by
the heat of air after a number of steps.

The problem is that the air-fuel mixture is very rich in
some areas and very lean in others, and some droplets are
bigger, others are smaller. The fuel droplets are ignited by
absorbing heat from the air. It is important to note that the
diesel fuel does not ignite the moment that injection begins.
During the ignition delay period, the fuel is absorbing heat as
it is mixing with the turbulent air. It is desirable to have as
short a delay period as possible, long delay periods mean that
when the fuel does start to burn, it does so extremely fast,
leading to rapid pressure rise and knock. This can also lead to
an increase in NOX emissions.

The delay period depends on a number of factors some of
them depends on the diesel fuel itself. A major factor which
we can control is a number of small size droplets and density.

Small size droplets are easy to vaporize and ignite quickly,
they will release heat to warm up the combustion chamber.
Then, combustion chamber temperatures will rise to the point
that it doesn't take long for the larger droplets, which is the
larger amount of fuel also start burning and a rapid pressure
rise takes place in the cylinder.

A short delay period allows for a smoother pressure rise
during premix burning and minimizes combustion noise and
emissions.

So reducing the size of fuel droplets would increase the
total surface area to start burning, decrease the incomplete
burning and shorter the burning time, leading to a cleaner and
more efficient engine. This concept has been widely accepted
because the discussions about the future engine for efficient
and clean combustion are focused on ultra-dilute mixtures at
extremely high pressure to produce a much finer mist of fuel
for combustion. [6-10] Following this idea, the high pressure
of 100 bar fuel injector can reduce the size of gasoline
droplets to 25um in diameter. And increase the pressure
would require substantial changes in the fuel lines in
vehicles.

Here, we present Dr. Tao's technology for efficient
combustion based on the new physics principle that proper
application of electro-rheology can reduce the viscosity of
petroleum fuels. [11, 12, 33] Another way to think of it is
when air molecules are packed so close together, fuel has a
better chance of reacting with as many oxygen molecules as
possible.

2. Dr. Tao’s Viscosity Theory

Crude oil is a mixture of many different molecules.
Gasoline, kerosene, and diesel, the liquid made of small
hydrocarbon molecules, have very low viscosity. If we treat
the rest large molecules, paraffin particles, and asphalt
particles etc. as suspended particles in such low viscosity
base liquid made of gasoline, kerosene, and diesel, crude oil
is a liquid suspension. These suspended particles are typical
of the nanoscale. The theory about liquid suspensions thus
provides the physics basis for our new method to reduce the
viscosity of crude oil.

Einstein first studied a dilute liquid suspension of
noninteracting uniform spheres in a base liquid of viscosity 77,

and found the effective viscosity /7 as follows [13-15],

n=ny(1+2.59) (1)

Where the small parameter /7, is the volume fraction of
the suspended particles.

Following Einstein's work, Krieger—Dougherty introduced
the intrinsic viscosity [/7] for particles of different shapes
and generalized it for all volume fractions [16],

njn, =(1-g@,) "% @)

Where ¢, is the maximum value fraction allowed for
packing the suspended particles. When ¢ is unchanged, the
most widely used method to reduce viscosity 7} is to reduce
7y, such as raising the temperature. On the other hand, Eq.
(2) suggests that there is another method: if we change the
rheology of the suspension to increase the value of ¢, and
lower intrinsic viscosity [/7], we will reduce the viscosity 7.

The physics is clear: the effective viscosity depends on how
much freedom the suspended particles have in the
suspension. A high @, and low [/7] mean high freedom for
the suspended particles, which leads to lower dissipation of
energy and lower viscosity [17].

The following three mechanisms contribute to the
viscosity reduction [17-18]:

(1) Aggregate the nanoscale particles into short chains
with their shapes streamlined along the flow direction; (2)
Increase the polydispersity to increase @, ; (3) Increase the
average size of suspended particles.

Our technology is illustrated in Figure 2. The crude oil
flows from left to right along a pipe. Initially, the nanoscale
particles are randomly distributed and the viscosity is high.
When the oil passes a strong local electric field, the suspended
particles are polarized by the electric field. The induced dipolar
interaction forces the nanoscale particles to aggregate into
micrometer-size short chains. They have high polydispersity
and large size. In addition, the most important are that they are
of streamline shape with low [77] along the flow direction as
the electric field is parallel to the flow direction.

It is also important to note that after formation of short-
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chains along the field direction, similar to the flow of
nematic liquid crystal with its molecular alignment parallel to
the flow direction which breaks the rotational symmetry,
making the viscosity of crude oil anisotropic. Along the field
direction, the viscosity is significantly reduced, while the
viscosity along the directions perpendicular to the field is
actually increased [19].

This fact is very important and very useful as it does not
only improve the flow along the field direction but
suppresses the turbulence inside the pipeline.
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Figure 2. As the crude oil flow passes a strong local electric field, the
suspended particles aggregate along the field direction, and the viscosity
along the flow direction is reduced.

3. Application of Dr. Tao's Viscosity
Theory to Reducing Viscosity

It is clear from the above background that aggregating the
nanoscale particles into short chains with their shapes
streamlined along the flow direction will reduce the effective
viscosity while @ remains the same. At the same time, it is
important to note that after formation of short-chains along
the field direction, its molecular alignment parallel to the
flow direction which breaks the rotational symmetry, making
the viscosity of crude oil anisotropic. Along the field
direction, the viscosity is significantly reduced, while the
viscosity along the directions perpendicular to the field is
actually increased. For most suspensions, this aggregation
can be realized with either electric or magnetic fields. We
assume that the particles have an electric dielectric constant

€, different from the dielectric constant of the base liquid

€. In an electric field, the particles are thus polarized along
the field direction. The dipole moment is estimated by,
p=Ed’s;(¢,-¢€,)/(g,+2&;) where f is the local electric
field, which should be close to the external field in dilute
cases. The dipolar interaction between the two induces
electric dipoles is U = p? (1-3cos? 9)/(£fr3) , Where 1 is the
distance between these two dipoles and & is the angle

between the joining line and the electric field. If this

interaction is stronger than the thermal Brownian motion,
that is @& :pzn/(akaT) 21 , these two dipoles will
together field direction.

aggregate to align in the

a=p’n / (€/kpT) 21, where n is the particle number density,

kp is the Boltzmann constant and 7 is the absolute
temperature. We derive the following critical field

E, =[ksT[(ne )] (£, +2¢ ) [1a’ (e, =€) (3)

If the applied electric field is weaker than E,, the thermal
Brownian motion prevents particles from aggregating
together. So the applied electric field must be not lower than
E,.

The required pulse duration time is,
r=n"")v= (€, +2£f)2/[€fn5/3a5(fp -£,)°E*] (4)

If the duration of the electric field is too shorter than 7,
the particles do not have enough time to aggregate together.
(4]

Once the e field is turned off, the hysteresis time is,
£=(3a’ 1) [(KyT) . [4]

Here, we present Dr. Tao's technology for efficient
combustion based on the new physics principle that proper
application of electro-rheology can reduce the viscosity of
petroleum fuels which has been verified by the nuclear
method and can be simulated, too. [1, 20-29, 32] Another
way to think of it is when air molecules are packed so close
together, fuel has a better chance of reacting with as many
oxygen molecules as possible.

Reducing the fuel viscosity improves the fuel atomization.
The influence of fuel’s viscosity on the atomization can be
illustrated by the equation 1. The average droplet size can be
estimated as

D =1*/paOh, (5)

Where D is the droplet’s diameter and 1, p, and ¢ are the
fuel’s viscosity, density, and surface tension, the universal
critical value Oh, close to 0.1 for the Ohnesorge number,
respectively. As the viscosity 1 is reduced, the average
droplet size is reduced dramatically. The result from Spray
experiment indicates that electric field is very effective on
improve performance on diesel automation. This result also
suggests that diesel engines would benefit from our device by
improving fuel efficiency and reducing emission pollution.
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Figure 3. The droplet size from the diesel sprays with field treatment of 1500
V/mm for 20 s and without Electric field.
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4. The ULSD Experiments

We made a device (Figure 2 and Figure 4) for the
laboratory test. Inside the container, there are three metallic
meshes, serving as three electrodes. A high voltage can be
applied on the middle mesh and both the upper and lower are
grounded, so three meshes produced an electric field in the
flow direction. At the bottom of the container, there is a
50mm long capillary with wide open edge in order to
measure the flow rate and reduce the surface extension.

During the test, the device is placed vertically. We fill the
container with ultra low surfer diesel sample to cover the
upper electrode mesh and measure the flow rate with digital
balance controlled by Lab View. Then we will apply electric
field treatment to the ultra low surfer diesel sample to reduce
the viscosity. We refill the container with the exact same
volume diesel and apply an electric field for a selected time
interval. Then we measure the flow rate of the treated diesel
sample.

Figure 4. Three-mesh capacitor electric field treatment instrument.

5. Results

With this method, we found that the required electric field
is much stronger compared with high sulfur diesel (bunker
diesel) and low sulfur diesel. Table 1. [3, 4, 11, 12]

Table 1. Electric field treatment for different diesel samples which has
different sulfur level.

E T (second) Increase Duration
HSD 500v/mm 2 30% 2 hours
LSD 1000V/mm 2 30% 60 minutes
ULSD 2500V/mm 10 20% 10 minutes

For theULSD, we have to apply much high electric field.
As shown in Figure 5, when we apply an electric field of
2500v/mm for 10s, the flow rate increased about 20%,
indicating that the viscosity of treated diesel is reduced more
than 20%. However, this viscosity reduction does not last

very long. In about 10 minutes, the flow rate of treated diesel
and untreated diesel become almost the same, indicating that
the viscosity returns to the original value. For diesel with
high sulfur and low sulfur level diesel, the viscosity
reductions can last for more than hours.
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Figure 5. At E=2500V/mm for 10 seconds, the ULSD sample viscosity is
reduced by 20%, and it is only last hundred of seconds.

6. Conclusion

This phenomenon is easy to understand. In ULSD, the
electric field forces the large molecules to aggregate. Because
the large molecules are much smaller than nanoscale sulfur
particles of high sulfur diesel and low sulfur diesel, the
required electric field is much stronger. Also because the
large molecules are much lighter than the sulfur particles,
they are much easier to be kicked out from aggregated chains
by the thermal vibrations. This kind of nanoscale molecules
aggregation is verified by Small Angle Neutron Scattering
experiment at NIST. [5] And with mew technology, we can
make the electric field even stronger. [30, 31]

So with Dr. Tao's viscosity reduce method, we can reduce
the droplets size and increased fuel efficiency, minimized
emissions and improved startup and acceleration, run
smoother and stronger over its service life. In the situation of
emission control standards continue to tighten, this and other
ideas will be implemented as engine manufacturers work to
extend the life of the internal combustion engine.
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