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Executive Summary

Over one quarter of all energy consumed in the US is used to support the Transportation sector,
and as shown in the chart below, nearly all of that transport energy is derived from petroleum

Why doedransportation rely nearlgxclusively on petroleum, when other sectorg peimarily
on other sources of energy®?major part of the answer lies in thened ignitionneeds of the
internal combustion engineshichrequire a highly refined and volatile fuel to provide timely
detanation of the fuel/air mixture.

Electrical imports* 0.1

Nuclear 8.0 istributed
electricity 12.3

Hydro 2.8 3.0

i 0.3 Electricity
LA generation . Electrical system
Biomass/ 1.0 404 " energy losses Rejected
other** 3.7 s e
2.0, - / 36 57.8
53 08 — 213
Natural gas Residential/
197 GE E3TAESE TS TS A EAEaTAPALSE 0.5 74 Commercial [N
i 3 '3 ,3££ A < Y|
0.7 N
Net imports al.no. 1.2
e 0.1 4.4 N1
A
0.8 qas1 Tl
Coal = o v s K”'S' Useful [
22.7 15 Industrial — energy[|
0.3 \ 18.1 H‘I—I‘I‘V'? 1 343 [
- Bal. no. 0.3 -
mports
0.0
1.2 Export —
6.4
0.02 53

U.S. petroleum

’ 22
and NGPL 15.0 22533 Pre
77 Transpor-
25.7 4 tation
Imports /’//’I 26.6

23.8

-

Bal. no. 1.3

December 2001
Source: Production and end-use data from Energy Information Administration, Annual Energy Review 2000 Lawrence Livermore
“Net fossil-fuel electrical imports National Laboratory
“*Biomass/other includes wood and waste, geothermal, solar, and wind.

Figure 1: Energy Usage in the United States

However, he detonation of refined fuelks not a necessary condititmproduce usefyprime-
moverwork. That work can be extracted frdmeatalone and that heat can be generated from
semtsolid biofuels if the work is performed by an external combustion (EC) engine.

EC engines have been in use for centuries, and still produce 80% of electrical capacity in the
US?, but EC engines have beeisfavored for transportation applications because of startup
delay, constant OtendingO and perceived lower fuel economy. The patented BRASH engine
technology resolves each of these concerns and presents the first clear alternative to internal
combustionn overfifty years.

! OPetroleum Basic StatisticEfiergylnformation AdministrationSept. 2008. U.S. Department of Energy. 14 Oct.
2008http://www.eia.doe.gov/basics/quickoil.html
2 http://www.eia.doe.gov/cneaf/electricity/epm/tablel 1.html
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The BRASHENgine isprojectedio produce higher fuel efficiency, greater power and lower
emissions than a comparable internal combugt©pengine. It should be particularly well
suited to larger vehicles suchlasses

The BRASH Engine is a Binary Recovery, Asteam Hybrid Engine. The combination of air

and water in an external combustion engine provides immediately available power and should
producemuchgreater fuel economy than a conventional steah® engine. More

significantly, the BRASH engine can provide more power with lower emissions, from a wider
range of fuels, than an internal combustion engine

A simplified schematic of the BRASH engine is shown below.

Expander

Accelerator (A) regulates flow  of air, water and
fuel to heater, based on load and wheel speed.

Water and fuel metered to maintain heater
temperature within optimal performance band

Output demand determines Air -Water fraction

Figure 2: Simplified Model of Air Steam Hybrid Engine

Any fuel that can be metered (liquid, solid or gas) can be, @s&tlhe heafrom combustion is
used in direct proportion to work done. Fuel is consumed in direct proportion to demand.

Fuel economywith this air/steam system is much higher than steam alone because air requires
less heat to move a piston. And the systemOs suberimal management will yield practical
fuel economy 34 times that of an internal combustion engine of comparable torque.
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Context for BRASH: Societal Challenges and Needs

Economic growth in the developed world has been highly dependent on petdidtillates for

nearly a century For most of that century, the price of oil has remained stable3@p@r

barrel, in 2008 dollars), and relatively low. Since the oil embargo of the 1970s, and later,

political instability in large oil producing regisnthe price of oil has fluctuated significantly.

Over the last forty years, each sharp increase in oil prices has been followed by a steep decline in
economic activity.

L

. Norred

Fad (200 lerx) |
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Figure 3: Historic Crude Oil Prices, Source: Energy Information Administration

The long term trend in oil prices reflects the growing concern that oil quantities are finite, while
worldwide demand continues to gréwM. King Hubberffirst posited in 1956 that U.S oil
production was approaching a maximum rate, and past that point, when demand exceeded
supply, prices would rise rapidly, to unprecedented lev&ince Hubbert, this model has been
extended to worldwide oil reserves ahé popular notion of OPeak Gil.O

The chart below shows projections of world oil production beyond 2010. Most models show a
decline in supply over the next twenty to thirty years.

This decline in production would coincide with far greater fuela®inas China, India and
other parts of the developing world are beginning to embrace the autofhobile.

3 http://www.iea.org/Textbase/Papers/2004/High_Oil_Prices.pdf

42t EgP Magazine Geologists positive about future of oil and gas, June 10, 2009

® A Hubbert, Marion KinglJune 1956)‘Nuclear Energy and the Fossil Fuels 'Drilling and Production Practice™
(PDF). Spring Meeting of the Southern District. Division of Productianerican Petroleum Institut&an Antonio
Texas Shell Development Compangp.22ER7. http://www.hubbertpeak.com/hubbert/1956/1956. [RHtrieved
200804-18.

® Brandt, Adam R(May 2007)."Testing Hubbert{PDF).Energy Policy(Elsevie) 35 (5): 30748088.
doi:10.1016/j.enpol.2006.11.004

""Medium-Term Oil Market Report"lEA. 200707. http://omrpublic.iea.org/

8 Plunkett ResearchAutomobile Industry Introduction” (2008)
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Figure 4: Projections of World Oil Production.

This decline in production would coincide with far greater fuel demand, asGhdia and
other parts of the developing world are beginning to embrace the autorobile.

The other trend of note related to petroleum usage is the rise of atmosphgaindiiie
growing risk of climate change.
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Figure 5: Measured Atmospheric CQ

° Plunkett ResearchAutomobile Indugry Introduction” (2008)

9 |ntergovernmental Panel on Climate Cha(@@01)."Atmospheric Chemistry and Greenhouse Gad@kithate
Change 2001: The Scientific Basizambridge, UK: Cambridge WWrersity PresslSBN 052101456.
http://www.grida.no/publications/other/ipcc_tar/?src=/CLIMATE/IPCC_TAR/WG1/127.htm
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Global Warming Projections
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Figure 6: Global Warming Projections

The economic modeling, and the environmental modeling, point to one conclstorleum
distillates maybe the current source faearly all of our transportation fuel suigd butits
primacy cannot be sustained. Whether from a perspecthreited supply and growing
demandor the perspective @ growingenvironmental impagtefined petroleum doesnOt
provide solutions, only difficult, and growing, problems.

Three populamitiatives petroleum alternatives, improved fuel economy, and aligenatectric
vehicle power, cannot solve worldOs thirst for petroleum distillates:

* Petroleum alternatives, like biodiesel or ethanol put fuel in competition for land
with our food supply?

* Noble efforts to increase vehicle fuel economy domestically ¢anffset the
surging worldwide demand for more vehicles (see chart betdw).

* Domestic migration to Electric Vehicles is constrained by gross vehicle weight
and rang¥, and Electric Hybrids are still priced at a premium over their non
hybrid versions?

The goal of lower national fuel consumption is built on the false premise that the transportation
sector requires highly refined fuel. Transportation only requires highly refined fuels if the
motive power is derived from timed detonation of a fuel/air nécta the cylinder head.

In other words, the problem ot so much theetroleumitself, but rathetthe virtually universal
dependence omternal combustion engines that require petroleum fuels.

1 PCC (200705-04). "Summary for PolicymakergPDF).Climate Change 2007: The Physical Science Basis.
Contribution of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change http://www.ipcc.ch/pdf/assessmemdport/ar4/wqgl/ardvg1-spm.pdf Retrieved 20097-03.

2 hitp:/lwww.nytimes.com/2007/12/18/business/18food.html

13 http:/lwww.eia.gov/oiaf/forecaisig.html

1 http:/lwww.nytimes.com/cwire/2010/05/07/07 climatewivél -lithium-air-batteryrescueelectriccar37498.html

15 http://lwww.consumeraffairs.com/news04/2006/03/cr_hybrids.html

Bevilacqua Knight Inc, Pagé® of 45 November 2010
Protected under US Patent #7,743,872



DOT CONTRACT NO. DTRT57 -10-C-10050

If motive powerwere to comeénstead from external corabtion, afar wider array of gas, liquid

and solid biomass/rewable fuels could be usebhe goal could shift fromrtiles per gallonO to
Oeffective production cost per 100 miles drivenO for a new class of fuels measured by the pound,
and favored by the ta of production and C{absorption during growth.

=) Projections In sum, the goal is to reduce

theamplitude andglope of

- /\//_/\/_,//“‘”ﬁ/ the red (OLiquidsO) line at
e left, and increase theame
N .

parametersf the green

History

Natural Gas renewables line significantly.

|
\ Coal
20 1 . .
W By migrating to external

combusion vehicles, more of
the green line can be used in
the transportation sector.

10 Nuclear

)

|

1

: Nonhydro renewables
i

| : WO Rl ' v L s
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Figure 7: US Energy Consumption by Fuel (1982035) SourceEIA

The driving force behind the world economy is energy. It is axiomatic that lower fuel production
costsand consumption equatsghereconomic productivity. The solution for the transportation
sector is to migrate toward less refined,-setfewing fuelsand that can only come through the
technical migration toward external combustiBRASH technology provides that path.
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Technology Background

With few exceptions,lamechanical work is derived from heaind all that heat is generated by
combustion. Thearliest effective engines were steam engines, first put to practical use at the
time of US independence. Steam engines remained the dominant source for motive power for
the next century, until its slow but steady displacement by internal combustioe®irgthe
automobile.

Henry Ford was first inspired to develop steam traction engines as a better solution than plow
horses?®

"| felt perfectly certain that horses, considering all the bother of attending
them and the expense of feeding, did not daeir keep. The obvious

thing to do was to design and build a steam engine that would be light
enough to run an ordinary wagon or to pull a plow. I thought it more
important first to develop the tractor. To lift farm drudgery off flesh and
blood and lay ibn steel and motors has been my most constant ambition."

Ironically, by the 1920s, steam traction engines were completely displaced by internal
combustion tractors, largely the product of the same Henry Ford, and his Fordson brand of
tractor’

The intenal combustion engine was smaller, lighter and cheaper to produceEand considered
safer. Gasoline and Diesel powered tractors were more expensive to operate, but the most
compelling argument for switching was safety in the hands of a lower skilled opérato
operator no longer had to constantly watch gauges and adjust temperatures and pressures.

Similar differences existed in the broader automotive market, and the advent of the electric
starter effectively ended consumer interest in external corohisteam cars.

Still, near the end of the steam car era, Stanley, Doble, White and others offered technically
competitive options. The Doble Model E (shown below) weighed over 5500 pounds, but
achieved in the 1930s the same fuel economy of a compdfakingine in a contemporary

SUV: 16 mpg.

The Doble was powered by a four cylinder engine of 190 cubic inches displaceabent the
size of an Accord engine, but the Doble weigb7% more than the Accord.

As for emissionspneDoble Model E currently owned by Jay Leno) recently passed California
emissions testingith no modifications®

6 My Life and Work, Henry Ford, 1922
" Antique Tractor Bible, Spencer Yost, 1998
18 http://www.jaylenosgarage.com/tite-garage/stearnars/1925doble seriese-steamcar/

Bevilacqua Knight Inc, Pagél of 45 November 2010
Protected under US Patent #7,743,872



DOT CONTRACT NO. DTRT57 -10-C-10050

Figure 8: Doble Model E

Doble and Brooks also built passenger buses similar in capacity and weight to contemporary
buses. The Brds shown below was powered by a 400 cu in V8 steam engine and carried 29
passengers at 60 mph while turning at 2000 rpm.

Figure 9: Brooks Steam Motors Bus

As a cruel twist of fate, the public unveiling of the Brooks Steam bus was announced in October
1929: two weeks before the stock market crash and the onset of the Great Degression.
The company did not survive.

9 http://en.wikipedia.org/wiki/Brooks_Steam_Motors
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The suitability of steam power for masansit use can be seen from comparisioa very
powerful contemporary Ford-8 Diesel enging¢from the ExursionSUV) to the Besler Mwin
Steam engine, circa 1938:

Ford Turbo Diesel Besler Steam
Configuration V-8 V-2
Displacement (cu.in.): 445 80
Horsepower: 175 150
Torque (ftlbs): 420 1200
Engine wt, w/ transmission (Ibs):930 180

The Besler is roughly one quarter the size and weight of #8&'\MrbaDiesel, but has
equivalent horsepoweand three times the available tordtlee primary determinant of
performance) The Detroit Diesel Series 60 stylinder engine commonly used in mass transit
vehicles produces marginally more torque (148904) than the Besler, from twice the
horsepower, and with much more fuel.

Steamengines make greater use of the energy contained in the fuel, by separating the heating
phase of the Carnot cycle from tegpansion phase, and metering fuel burn to more closely
match demand. A steam engine presentaman torque at low speed, and greater horsepower
and torque than comparable internal combustion engines.

Another external combustion technology gaining resurgent interest is compressed air power.
Recent reports of ca@boration between MDI of Fraeand Tata Motors of India suggest a new
approach toward External Combustion (EC) EngffieSata Motors, a major producer of
vehicles on the Indian subcontinent, intends to produce the MDI Air Glae imear futurewith
anticipated fuel economy of 1@6pg. The latest iteration of the MDI Air Car, shown below, has
a projected range of 848 miles from eight gallons of fuel, or 106 mpg, fpaasénger vehicle
weighing 1870 pounds.

The MDI City Car relies on a six cylinder 75 HP
engine/expander to hieve this performance and in
the Oprocess [produce] emissions of only 0.141 Ibs
of CO, per mile. That is E less than [half] the
cleanest vehicle available today. (Toyota Prius 07
Emissions: 0.34 Ibs of Cer mile.)O

Figure 10: MDI Air Car

2 http://green.autoblog.com/2007/03/2hlew-agreemenbetweertatamotors-andmdi-bring-the-air-car-cl/
2 http://lwww.mdi.lu/english/oneflowair.php
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The schematic for the MDI power plant is shown in the following diagram. The stored air is
heated to combustion temperatures and allowed to expand mechanically. This is the practical
definition of anexternal combustion engine, where cousdbion provides heat, but the working
fluid or propellant is not generated by the combustion process itself.

COMPRESSED AIR ENGINE (CAE)

Fa. AIR TANK

K| ExHAUST

EXPANSION

Figure 11: MDI Air Engine Schematic

Separating the heating step from the
expansion step does not in itself yield higher
fuel economy, or lower emissions. But the
regulation of fel flow to maintain optimum
propellant temperature immediately prior to
expansion provides both maximum fuel
economy and lowest possible emissions. In
contrast, an IC engine ignites fuel at 100
and immediately conducts that heat away
through its watejacket to drop cylinder
temperatures to 26B0C°F. EC engines
preserve that heat for useful work.

Both Air and Steam engines provide an alternative to the conventional irdgenmialistion
engine. Both operate from a variety of fuels, and offer the potential of lower emissions and
higher fuel economy. Steam is ttm®re robust of the two (the Bler Steam twin is much more
energetic than the MDI six cylinder), but the compressedngine offers an operational
simplicity and a lower weight because no boiler or condenser is requimégttunately, it can
never provide the power and acceleration of steam.

The best of both worlds would be a blending of air and steam into a singine that offers all
of the benefits, but without the weight and heat management issues of a boiler, and with
significantly more power than an air engine alone.

Bevilacqua Knight Inc,
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The Air-Steam Hybrid Solution:

Does Steam behave like an ideal gas?

e ?— %

Air and Water are completely different in their
physical properties, except when they operate
as working fluids at high temperatures and
pressures.

At steam operating pressures and temperatures,
their behavior largely follows Ideal Gas
behavior, and e#&cis miscible in the other at all
proportions.

The red arrow indicates the rough path for
expansion of the hot, high pressure propellant,
and shows near ideal gas behavior for steam at
these elevated temperatures and pressures.

Figure 12 Does Steam Behave Like an Ideal Gas?

Getting to steam operating temperatures and pressures requires significantly more heat be
applied to water than air at STP (standard temperature and pressure). Air requires only 6.42
kcal/mole to reach these operating temperatures, while water (steam) requires 523.6 kcal/mole
(due to the 512 kcal heat of vaporization).

1000

519.3 523.6
< >

4.3 kcal/mole

100

Kcal/mole
10
— 4 3.3 kcal/mole
.
Temp - K
Figure 13: Heat Required to Raise Air and Water Temperature to 100K
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In this development, we use a baseline flow of air to entrain water into the heater section.

High Pressure Air

Mixing
Heater
Water Injector— . Nozzle

Figure 14: Schematic of InjectorNozzle used to mix Air and Water
Fuel is consumeth direct proportion to the water fraction to maintain the heater at a near

constant temperature. The heat required to maintain Ohot airO temperatures is a small fraction of
the heat required to maintaiteam temperatures, as shown above.

Condense
Compressor

Heater

Expan der

Accelerator (A) regulates flow  of air, water and
fuel to heater, based on load and wheel speed.

Water and fuel metered to maintain heater
temperature within optimal performance band

Output demand determines Air -Water fraction

Figure 15: Air Steam Hybrid Schematic
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The compressed air fraction provides a safe and consistent flow pressure into the hot section.
The water, once heated to working steam temperature provides a more robust working fluid.

The hot mixed propellant is injected into the expanaving a piston and converting heat to
motion. The expanded propellant thereby drops to condensing temperatures, allowing the water
portion to drop to a sump for pumped return to the injector. The expanded air fraction is then
recompressed for return tioe injector.

The use of an air fraction allows for immediate injection of wagkropriate amousbf water

in to the hot section: no boiler, no steam under pressure, no fuel wasted (heating steam without
immediate purpose). The use of a water faac{and proportional fuel flow) allows for variable
power from a constant temperature system. The binargtéam) propellant allows for a
closedloop, condensing recovery system, extending range and economy.

The sum of the process:

* key start begins a modest fuel burn thanediatelyprovides initial hot air flow through
the engine,

* depressing the accelerator increases the water fraction and fuel flow (in direct
proportion).

* The vehicle moves forward under (air/steam/fuel) powelirect proportion to wheel
turn.

* The hot mix expands and the expanded mix condenses the water fraction.

* A small parasitic load recompresses the small air fraction to reinjection pressures.

* Foot off the accelerator returns the flow to hot air oslyeeping residual moisture from
the cylinders and preventing hydraulic lock (during next cold start).

The engine can operate on any fuel whose flow can be regulateds(@@amiiquid, gas).
Combustion occurs at high temperature at one atmosphareicdocleaner burning than internal
combustion.

Any discussion of fuel efficiency relative to current internal combustion engine technology must
first reemphasize thewlti-fuel capability of external combustion engines. In a OmarketO so
dominated byne fuel, OcustomersO have accepted the term Omiles per gallonO as the basis for
comparison. But in an open market, with many different fuels, with widely different heat content
(BTU/Ib), the only common and appropriate denominator is Omiles per dolt€ {o Ofuel
economyO).

To the extent that any external combustion solution gains market acceptance and the market
responds with new and different fuel blends, the law of supply and demand dictates that fuel
prices for all will drop. Until then, theemainder of this efficiency discussion will assume all
engines require the sarpetroleumbased fuel
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Figure 16: Fuel Efficiency by Engine Type
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The long accepted estimate of fuel efficiency for
the internacombustionengineis about25%, with
the remaining 75% of the heat content disgigan
equal parts through the hot exhaust, the radiator,
andmechanical losss in the engine.

Much has been done to try and raise that
efficiency, but what remains is one power stroke in
four and a high temperature detonation whose heat
content is quikly and intentionally dissipated
through conduction.

In sharp contrast, a steam engine is designed to
preserve as much heat as possible from combustion
and then mete out that heat through the expansion
of the working fluid. Instead of a 25% heat loss
through conduction through a radiator, conductive
loss is limited to 10% in efficient steam engines.
The greatest loss is through the vaporization of
water to steam (at 30%) yielding useful work at
35%, or 40% higher than internal combustion.

Steam veldles often report significantly lower
practical fuel economies as the whole boiler is
heated for a relatively short trip. (Another reason
to avoid using a boiler.)

Hot air engines involve no change of stéterefore
avoidng the loss associated with vaporization. That
can mean fuel efficiencies approaching 65% except
as noted with the MDI engine, a lower power to
weight capability.

The combination of air and steam into a single
engine type is expected to yield economies
between 35% and 65%, varying with wheel load.

A 50% net efficiency would double fuel economy
over a comparably sized IC engine, but as shown
with Doble and Beslen@mples, the EC engine can
be much smaller, yielding even greater economies.
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As much as this study is focused on large, motive power applications, it showdtedehat an
equally important opportunity for this technology is in stationary power applicaongar in
configuration to Combined Heat and Power units referred to generally asGhti?fe Rapid
start up, high torque, quiet operation, and rrwlél compatibility make it well suited &n
integrated heat and electrical power installation

Its ability to produce a full range of power options (mechanical, pneumatic, heat and, through
attached accessories: electrical and hydraulic) in a smalljlaradanportable configuration
alsomake it particularly well suited to temporary or tactical power requiremaiiteugh

beyond the scope of the DOT goals for vehicular use, this stationary power application potential
may be strategically important inarket acceptance and adoption by expanding the range of
applications and thereby providing economies of scale in all aspects of development, production,
and commercialization activities for all applications.
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BRASH Test Plan:

This Phase | efforfollowed the Technical Objectives outlinedaar proposal
HE&-'$-&.(/01"-"$%"*+((

1. Modify the Smart sizedtest vehicle shown below, installing a20 HP equivalent
heater, a 650 cc displacement, 2 HP (hominal) Quasiturbine steam engine, pressurized
air and water tanks, and electronic flow regulation of air, water and fuel via {aptsul
LabVIEW software andolenoid valves.

2. Perform test runs to validate the system operation and determine key baseline

performance parameters, such as:

a. minimum air fractionto maintain engine operatipmpper limits foroperating
temperaturegnaximum allowabldlow ratesfor water (without reducing
effective propellant flow at temperature)

b. upper limits of vehicle speed, while varying gross vehicle weight amceo
incline

3. Following baseline performance assessment, further objectives included

a. an analysis oEomponent placement for ease of maintenance and replagement

b. an estimation ofomparable volumes and weightsato equivalentC powertrain
in order to erify retrofitability.

c. an estimation of effectivieiel economywhile using propane fueln closed track
mileage runs.

4. Over the course of multiple test runs, a cumulative assessment of component
performance and reliability would lead to a gressfication of BRASH engine integrity
and rangeAnd that in turn, could lead to efite vehicledemonstratiogto federal
agendees, potential industrpartnersand investors.

Figure 17: Smart? Car sized test vehicle
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1.

The BRASH Engine model has only been demonstrated at a bench level with
rudimentary understanding of its operating principles. A key objective in this vehicle
build is to increase théaérmodynamic modeling a@liis technology, including an alysis

of mass flow (air, water, fuel) and resulting power.

Early test datavould lead to analysis &pecificonvehicle capacities (for air, water, and
fuel) and flow rates for samm orderto estimate operating rangecoverystrategies and
rates(recompression and condensation), and the parasitic (eadsalternators, pumps)

to sustairusefuloperationfor many hours.

Over time, the vehicle testing under various test conditions (e.g., varying gross vehicle
weight, wheel load, engine temperatyseopellant mix) will lead to a body of data to
support more completeadeling of water fraction vs. torque vs. temperaturhis data

is essential to real world estimation of fuel economy as this technology scales to larger
practical vehicle applicatian

With the modeling from #3 in place for steady state opergbi@ctical track runsvith
frequent starts and stops can further shape the model for real world use.

The analysis from steps #lwill provide sufficient basis for estimating the mass\l

heat, component capacity, recovery factors and fuel economy for scaling this 2 HP test

data to larger vehicles, in two decade steps: first to a 20 HP pickup truck, and then further

modeling and custom builgh of a 200 HP powerplantvith a DOFidentified industrial
partner.
This analytical plan is consistent with the overall SBIR program plan, as the 2HP effort is

confined to Phase I, the 20 HP build and test plan would be accomplished in Phase Il, and

the design and build of the 200 HP powerplant would be accomplishedse Phaith
an established industry partner.

The work efforttoward completion of these tasks has proceeded on two tMekbkanical
Modificationsto the April test vehicland Electronic Control and Measurement.
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Thetest vehicle is a modified electric car about the size of a Smart Earlier modifications
included removal of the electric drive train, exposing a large working space behind the cab.

This rear spacever the rear left wheebntins a 2HP Quasiturbineteam enginé? selected
for its compact design and suitable power range for this 700 pound vehidelacement over
the left wheel permits direct drive to that wheel via electric clutch and chain drive.

Figure 18 Quasiturbine rotary expander installed and interior view

In the center of center of this rear space, a heavily modified propane space heater rated at
30,00080,000 BTU/hr (equivalent to 131 boiler horsepower (bhp))as installed. Heaters of
this type aregenerallydesigned to efficiently distribute heat irdnadjoiningspace. This heater
was heavily modified with high temperature insulation and outer shells to retain useful heat to
the twenty foot stainless stemlil passing through its core.

Figure 19: Heater installed (early configuration), insulation to retain heat, inner coll

2 http://quasiturbine.promci.qc.ca/
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The photograph at left shows the back of the vehicle
with fenders and trim removed, showing the
expander and heater (with recesfinements

Also visible under the heater is the pressurized
water tank (painted grey). The open space to left of
the heateis reserved for drive components. The
space to the right of the heater is reserved for
recovery and recompression of the expanded
propellant. (Recompression is outside of the current
scope to simplify the testing and analysBee
discussion sectiorof more information.)

The other system components: air cylindand
electronic controllers are mounted forward of the
rear firewall, in the cab or under the front hood.

Separato

Expander

The main system components are shown above.
The Separator, Compressor and linkage to
Mechanical Output are not included in theport
for simplicity.

Figure 21: System Components
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No realistic progress toward a vehicle demonstrator with known and regulated fuel use can
proceed without electronic regulation. In this build we are using the [IEA\program and

system components from National Instruments to create a Oglass cockpitO of vehicle controls and
performance measureméit.

Throttle

\ _r| waertiow The simplified schematic at left shows the
Heizer:pwx I planned integration of electronics in this
~<|  Arfow development.
Heated Mix
> | DataAcquisition ) ) .

Pressure | Fuelfiow LabView compatiltle components will
— replace all mechanical flow and

pandedMix [

Temp 1 P~ Heaterremp measurement components.

Expanded P =
(nRT)/V

Figure 22: Electronics Schematic for Air Steam Hybrid

For the vehicle driver, the dashboard collectioganigehasbeenreplaced with a laptop screen
similar to this:

(=X
e
Air Flow Water Flow
Throttle
4 5 6
1 2 3 g i 8 9
04 \ \10
Heater Temp Data Interpolation
100- 10 Heated T (degC) E
ECs Fuel Flow U Heated P (psi) .
80 40 50 gp Expanded T {degC) l
i 30_."“. ‘I"".‘7o $ 25 Expanded P (psi) .
604} - . 2 .
ol 200 80 T
;] : : < -25
40 107 90
: % o -5
30]
] 0
20| 100 i,
104 -10- ' g g g '
o 0 10 20 30 40 5 60 70 8 90 100
Time

Figure 23: Front Screen Display for Air Steam Hybrid

% More information ahttp://www.ni.com/labview/
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Certain features on this front screen will reflect user input (On/Off, Throtttg)e others reflect
the dependent variables in the process (Heater Temp, IBuelNir and Water Flow). Shown on
the bottom screen will beinningtime-seriesdata on speed, wheel load, temperature, specific
fuel consumption and the other variables important to the analytical process.

The front screen display is generated framgpamming and cortls on the back screen display.

File Edit View Project Operate Tools Window Help ‘
[l ©[m][@](25] ko B o2 [ 230t Dialoa Font |~ |[3=~][7ax] [#5-1[4] !
ON/OFF Cal|brat|.on/
= Conversion
Calibration/ - DAQ Factors Water Flow
Conversion B2 Assistant
__ Throttle Factors 2
DAQ = s Air Flow
Assistant DAQ | = oo
Assistant
0 Heater Temp 3
Assistant B> = Fuel Flow
5 21 DAQ B>
. 1
Heated Temp Assistant
DAQ =D 4
Assistant
DAQ | Heated Pressure 6 _
Assistant = o X
5 write to spreadsheet
__Expanded Temp &
pAQ |EDEE_tT Data Interpolation
Assistant B Expanded Pressure
8 P= (MRT)NV|
stop
0]

Figure 24: Back Screen display for Air Steam Hybrid

LabVIEW software and controllers were chosen because of National InstrumentsO status as the
industry leader in rapid control prototyping aneMehicle dataogging solutions?

BKi purchased the LabM¥EW componentrgthrough the University of Connecticut, Mechatica
Engineering Department, as parté€onnOengoing support of the project.

By the end of the contract term in October 2010, the air and water regulation components were
complete and operationalytithe fuel regulation and engine speed componentsveeyet

fully operational. In order to gerate the most meaningful data under these circumstahees

test vehicle was configured for extended operation to determine specific fuel, water and air
consumption rates. The combination of these rates prothédaasis fomitial estimates of

power and efficiency.

2 http://www.ni.com/rcp/ andhttp://www.ni.com/data_logger/imehicle_data_logger.htm
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Mechanical Modifications:
1) Removal of original electrical drive components, reinforcement of frame.

2) Installation of Quasiturbin2HP engine, modified heater, pressurized water tank, all
pneumatic, water and fuel lines.

3) Baseline validation testing using manual controls
4) Installation of electronically regulated flow controllers
Electronic Modifications:
1) Acquisition of compter, electronic regulators and control software.
2) LabVIEW systems programming
3) System checkout
Testing and Analysis
1) Static Safety Testing
2) Baseline vehicle drivetrain testing

2) Vehicle static testing (Runs #3 & #5)

@=??2&#A(TR"B=$#"?"3"*CD7&.*H
1) Safe operation of vehicle during static and motive applications

2) Qualitative demonstration of BRASH engine capability to move test vehicle on flat
and inclinedoad surface

3) Quantitative determination of air, water and fuelstonption during timedtatic test.

4) Quantitative determination of air, water and fuel consumption while varying water and
fuel fractions.
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Two experiments were performed in late November, the first to establish minimum fuel and
propellant flow rates for sustainederation at low speed (aiich mode), and the second to
establish reasonable upper limits of faall propellant flovat higher engine speeds (steaam
mode). Variation in the air/steam mix is the underlying thedgperation for the BRASH

engine: the air fraction provides a baseline flow for initial start up and low speed operation, but
the addition of wadr (as steam) to the propellaesults in a significant boost in range and

power. These two tests have vieed this underlying theory.

(0, 738%'$73%

The two test runs summarized in this report are #3, on November 22, 2010, and #5 on November
26, 2010.Both tests were performed at the Depot D campus of University of Connecticut in
Storrs, CT. The testingas performed outside in seasonal conditions5@%, with light winds!

Each run was a dynamic test with no load on the
two cylinderQuasiturbinesngine. The propane
cylinder was suspended from a scale for the
duration of the test.As shown at left, propane fuel
consumption was monitored continuously by digital
scale with a display accuracy of 0.01kg.

Each test run lasted for the duration of brgh
pressure air cylinderAir cylinder start (full) and
end (empty) were determined at start and finish of
each run, using the same scafel accuracy

Water levels weraitially determined

volumetrically, but the resulisere too inconsistent.
Displaced volume of liquid water proved a poor
measure of the quantity heated to steam and carried
forward for productive work. For this reason, water

: . S is an estimated quantity based upon fuel quantity
Figure 25: Vehicle Test Setup burned, less heat absorbed by the air fraction.
(Further inegration of the LabView controller
software in the next phase will obviate this work
around.)

Each of he complete test reimay be viewed atww.brashengines.comPhotos fromeachrun
appearon the following pge Tables1 and 2 on subsequent pagasimarizehe productive
mass flow for air, water and propane fuel to produce Virork the engine for the test duration
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Figure 26: Vehicle cab with
controller laptop

Figure 27: Exhaust Plumes from
Expander

Bevilacqua Knight Inc,

The cab interior shows the high pressure air
cylinder below the steering wheel and the laptop
computer (regulating propellant flow) in passenger
seat space.

The LabView controllers reside in the protective
case under the laptop.

During eachtest, hot propellant was allowed to
expand and vent to ambient, in order to simplify the
thermodynamic model and analysis. (Note the
plumes of water vapor from each exhaust hose and
the small puddles of water under each hose.)

Development plans includecovering the

expanded propellant, separating into water and air
phases, and then recompressing the air fraction for
re-use.This will both improve efficiency and
eliminate the visible vapor plume.
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Another estimation used in this study is the
efficiency of heat transfer for the propellant
through the twenty foot coil of stdess steeinside
the insulated heater.

The photo at lefshows an earlpaironlyCtest run
with the current heater. The hose failure and
melting of the steel wire mesh inside (note formed
ball in the mesh) indicates 13B0temperatures
exiting the hot section.

to overheating

Effective heat transfer (as tiptiotoshows)doesnotequalefficient heat transfer, but tladility

to deliver 130K air from a wellinsulated burner suggest highly efficient transfeof heat.

The analysis of results assunaeglue of 90% efficiency(See Appendix B for a discussion of
heat tansfer efficiency.)
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On November 22, 2010, Run #3 tested the lower operating limits of the test setup. Low limit in
this context meant sufficient pressure to maintain expander rotation, but low steam and fuel burn.
The test commenced with a full air cylinder weighing 6.61 Kg. At the end of the test, the empty
cylinder weighed 4.60 Kg. Over the seven minated 15 secondsf testing, 0.06 Kg of

propane was consumed.

The mass of air and fuel were determined fltwefore afterrun test weightsAs stated earlier,
determining the quantity of steam produced from the pressusiaggitank wagproblematic

because of the quantity of stored water, the resistance to water flow under dynamic pressures and
potential for soméraction of the water (in liquid state) to be entrained in the propellant mix.

To solve for this unknown, the energy required to raise the known quantity of air from ambient
to 1000K (3.3kcal/mol or 0.467 BTU/g\as subtracted from the energy contehthe propane
consumed (44 BTU/g) and then the efficiemdéythe heat transfer process vesrated by 10%

to yield a net quantity of 1438 BTUs to elevate ambient temperature water t& 5088m. The
result is an estimated 12.5 grams of water consumg#tkiseven minute test.

# #HH # #
# 112332341# # 56#7.8#)9((:#;<%=#/'0#>0(??<0(#@4#9?'=#A+*(0#B(+:#90(? 240(H@ # #
P Lo ! ! Lol ! ! ! !
Lo I ;+8HCH 4 # [%+DE#? !
P ",9.9%(%* #| 1| -/-10- | 12310-! FC#A*# | Il| 124/561  7894/11  >.8(0## $GG'H'(%H !
! IJKLM#E | It *"*1,5<] x]5< [AN44#QGR I'| =>7?<1 =>?@AB |->M¢ # !
! # o ! I ! I ! ! I !
! I'o# ! &"&$ %" & 3N4d # P6@ $H("% 6N# )&C!| !
! # o ! I I # ! ! I !
! A+%(0% | || D.EFGE.-43!H.EG4III("C  4N413f # 1S6@  $(K™M! SNA +%(| !
! # o ! I I # ! ! I !
Il >0.9+%¢ | ! $+"8&kt $+"+& ANAE # 30 )&% QN4 PAUH !
V| # b ! # #| !l I I I !
! KL( # N $#I)*J** $#J)'J$+!‘ AVAE # LB2G-4M TN3E ! I !
I ! ! ! ! P ! ! ! !
I N8-4MU! ! $! !124/56!H.EG4!O.M43!GP82!.OM8/O43!Q4.-!:OEG4<!R/8A!E§?!7!-8!$*** !
P Lo *"0606&1=>? @5!R8/ISB/TI$$+!1=>?@5!9.-4/< ! ! !
I ol U43!H.EG4!BMY/AE4.M43!Q4.-! .- |54 FHAEBB!%%!=>P@5 !
I ! # V4-4/AB243!06!3BRR4/42F4'R/8A!7/8P.24!.23!SBN124/5¢ ! !
I ! )! S/OB-/./6!4M-BA.-43!4RRBFB42F6!8R!Q4.-!-/.2MR4/T!28-14RR4F-BH¢ !
Il Il ! ! Il ! ! ! !
Table 1: Analysis of Mass Flow data at Low Speed
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Theforegoingtable summarizes these data, and shows a high reliance on the air fraction for the
work performed by the two horsepower engine. The air cylinder used in this test has a measured
free volume of 45 cubic feet (1274 liters at STP), which meanaisedtflow rates of 6.2 cubic
feetper minute (cfm) or 175 litenger minute. In contrast, the 12.5 grams of water, passed

through as steam, produced an estimated equivalent gas volume of 15.5 liters at STP.

Note the modest levels of water vapor at Mfhy
the greatenir fraction relative to water flowin this
tes®?

In thisbaselineexperimentthesingle cylinder
provides60 psi airflow and 60 psstaticOheadO
pressure on the water column. The air flow from

the cylinder idhiased toward the generally less
restrictive flow path for air. The water column

under the same pressure presents a higher viscosity
medium, passing through a greater number of
valves and restrictions.

At the point of injection, the air fractidifows more
freely into the hot sectionin order tobias the mix
toward greatewater fractionland greater power)
the headgressuren thewater column must be
increased over the 60 psr dne pressure.

Figure 29: Low Speed Test Results in
Little Water Vapor

Run #4 (not documented hemjaluated head pressures from 110 psi to 70 psi, and determined
that modest differential pressures retarded the flow from the air fraction and boosted flow of the
water fraction. Still higher differential pessures effectively stopped air flow altogether

reverting the engine operation to Osteam.Onfor Run #5 an additional cylinder was used to
apply a 70 psi static head pressure on the water column: a 10 psi differential over the 60 psi air
line presste.
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On November 26, 2010, Run #5 tested the higher differential water prassaraeans to
increase the effective water fraction in the propellant ritxe test commenced with a full air
cylinder weighing 64 Kg. At the end of the test, the empty cylinder weigh@@ Kg. Run #5
was interrupted after 2:43 minutes to refill the water tank, and then testing resumed for an
additional 9:07 minutes. Over the whole (€27 Kg of propane was consumed.

Using thesame analytical basis as Test #3, the Test #5mi#itates a substantial increase in
work capacity (as measured by fuel consumed and steam generated) over the #3 baseline.

# HH# #
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Table 2: Test #5 Results with Increased Water and Fuel

Theincrease irpressure on theatercolumn by 10 psireduced air flowby 9% but increased
the steam fraction considerably and thereby increased the effective boiler horsepower nearly
threefold to 23.7 bhpgssuming 90% heat transfer
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These data are summarizedhe table below:
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L | ".9.96(%* #[1] <%#58 <UW#HSR F(*#'BY%A! <%#56 <UH5R F(*#"BY%{! |
! # il ! T T ! o)
! ro# | 6N IN  BRU#  3N4L  INQ: Ul |
! # 1 # # it # # n
| A% |1 SN 1PN S33U#  4N41  4N4AG  RQQU |!
! # 1 # # it # # n
| >0.9+%¢ |1 QN 36N 3T@W  4N4€  AN3T  6R4U! |
| s ! # #1 I I I
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Table 3: Comparison of Mass Flows, Runs #3 and #5

This difference in steam fraction and power is more clearly seen in the photographs below (and
on the source video atww.brashengines.com

Figure 30: Three images from Run #5

As with Run #3, start up from Time Zero was immediate: burner on, air flow begins and water
flow under pressure commences immediately. Another impressive feature of the mix air/steam
propellant system is the ability to start, stop and rapidly accelesaghiown in the full Run #5
video.

Run #5 serves as validation that this patented technology has unique performance benefits over
air, or steam, or internal combustion alone.
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A comparison of the two test runs verifies some key points:

1.

The sam@ower planttan produce variable power and fuel economy based upon power
demand and air/steam mix.

Althoughimpreciseat this point in testing, fuel consumptiappearslirectly

proportional to engine speed. The engine/expander will spool up, spool down, stop and
restart in a manner consistent with fuel and propellant fldve. Run #5 video at
www.brashengines.conerifies thisconclusion

The use of a definestaticair pressure Ohe@dver the water columat, a pressure higher
than the defined air lindynamicpressuregprovidesa safe and predictable bias toward
flow from the water fraction.

Although the current test configation offers sufficient performance fibnis initial
demonstratiorphasethe following observations are in order:

a) the heater path is too longeating latent response issues;
b) the air/water injector is not optimized for proper mix or floapacity;
c) the incomplete integration of Lab&W compromises the quality of datnd

d) the absence of a measured variable load on the expaodpromises any
analysis of power and fuel economy.

The design migration to a vehicle installation was premature. The fpsb@ad move

back to dabbench studyto refine the regulation of components, complete the recovery
and recompression portions of the system, and use electromechanical loads to estimate
power and useful work for specific quantities of fuel, water and ai

The Quagurbine engine technology is promising but too immature for larger scale
modeling. Later phases ohe project should rely on more conventional meytinder
pistontype expander.
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Masstransitauthoritieshave relied on large diesel enginesch aghe Detroit Diesel Series 50
and Series 60 engindsr over thirty years. Reports on fuel economy vary from a high of 6.0
miles per gallon (Diesefpr longer range commuter services in Califofhia a lowof 2.28

miles per gallon (Diesel) for city buses with frequent stops in New York®€ity.

In both cited studies, the migration to compressed natural gas (CN@shiéied in lower fuel
economie®n a DieseGallon Equivalen{DGE) basis.

The table beloveummarizes this study and the next proposed phase, the performance of the
current fleet of mass transit buses, and the likely outcome if the Besler engine (described earlier)
were employed with the Air Steam Hybrid technology.

o SXY,I>?vzZI | ! N1[>I7XS,111 | | D?UUIN>N11b| If| =1]iulLrvi] ! |
++Cl 1)*C!
| 1 .APE& 1 1 | 1| =42F@  ,&#*! |!| =1=GM NzZD®|!| 4RR" 4RR" |!
|| =8BE4/IX7 K"& B wt Kvo| 1 TR I +
|| D82RB5G/.-B82 | DG//42+ DG//42+ | 1| 1?2DI'$l  2D'# | 1| LDW*# 1 |1 I I !
1| 125824 bG.MB! bG.MB!| || &IFBE  &IFEE| !| VVI"&1 I | || =AMEY4/ =AMEY/ | !
L X7 # # tl wt | 1| ) TR I R S8 S+ |
1| >8/cG4 I I ! I I Ul %+t 0 | 1] SEL SRl |
I \G4E 7/8P! 718 | 1| 7/8P LB! | !| VB4MZ VB4M4 !| LB! LB! |!
| 5@AB2 K"# #)! tl ot KMo | 1] ot I IR +
| =>?2@a/ #$"8& I L B T 1 I R X7 S T I I el | |
' dd1@a/ *g) G I I Y $' | 1| g TR I T TR - I
| APSIIE*APQ! | )$&™  $$#'& | 1| &WK % || &M #) | 1| K'&%  +"$K |!
l| dd1@$*IAB *) 1 SO I y'$! | 1| 1@NT S6NP| !| 1INRQ 1PN64 | !
l| elP4/idd1 ) A B I B Y yEr oL oy Yy || $e $'e |1
| e@$**IAB *(1 # | %R (! | "] RQN6 1R6NH #| 1QNR6 64NQQ| !
Lo ! ! ! ! ! ! # #o# # #

Table 4: A Comparison of Fuel Economieg

TheBesler engine ishown in two columnsThe left column reflects the higher efficiency
anticipated with the Air/Steam Hybrid mix, described earlier as at or near 50%. The right
column reflects the historical efficiency realized with Steam engine technology. The bold
numbers near the bottomthe column show that even at historical efficiencies, the Besler
engine would offer equal or better Gasoline Gallon Equivalent (GGE)/100 mile ratings of the

25 Demonstration of Caterpillar-CO DuatFuel Engines in MCI 102DL3 Commuter Buséational Renewable
Energy Laboratornttp://www.nrel.gov/@cs/fy000sti/26758.pdpage 7

%6 New York City Transit (NYCT) Hybrid (125 Order) and CNG Transit Buses Final Evaluation ReRulBarnitt
National Renewable Energy LaboratttyChandleBattelle Technical ReporNREL/TP-540-40125 Novembey
2006 http://www.nrel.gov/vehiclesandfuels/fleettest/pdfs/40125.pade vii
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current diesel technology, but migrating toward less refined and (therefore) less expensive fuels
would significantly reduce the operating cost ($/mile).

There are, of course, two orders of magnitude
difference between the results of Runs #3 and #5
and the daily demands of city and comerbuses,
butthe mere existence of the Besler tmmddhe
Brooks A8 400 HP enginsuggestan opportunity
for fuel economyand fuel variety.

Figure 31: MCI Model 102 City Bus

Proposeddrther support for the next phase of developmeihtadvance the Air Steam Hybrid
technology byan important order of magnitude. This wouydtbvide the data confidence to scale
to larger vehicle operation and garner the interest of one or more engine or vehicle OEMs.
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The next phase of development will incorporate a
modern 6 cylinder steam engine design with a
displacement of 53 cubic inches and capable of
sustained 125 HP operation. The expander will be
supplied by Steam Engine Powarc.
(http://www.steamenginepower.cym }

Figure 32 Six Cylinder Expander

This expander will drive an alternator/generator in the
manner shown at right to measure effective work output
in Watts, as well as provide sufficient power to satisfy
the system parasitic |da of battery recharge, exhaust

air recompression, and all other pump and valve
operations.

Figure 33: Power Generation Load

Static Pressure for the water column will still be
supplied via compressed air cylinder, but the
dynamic air flow will be supplied by an dess air
compresor of the size and type showithis 24

VDC compressor will recompress the recovered air
exiting the expandeto 40-60 psi pressure and
support flows of3-4 cubic feet per minute (cfm).

Figure 34: Small 24 VDC Compressor

These three components are off the shelf enhancements to the system, but custom engineering of
a new nore powerful and more responsive heater, completion of the electronic integration, and
design and fabrication of the recovery/recompression components are necessary tasks that must
be included to make the next generation assembly teatk potential This work will largely

be accomplished by Mechanical and Electrical Engineering studehtstativersity of

Connecticut, under the supervision of faculty and Brash Engines personnel.
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Whenthis build iscomplete, all operations witle under LabYEW control.All expander
operations will be measured for power and work. Once the bench version is in control, a
modified version will be installed in a small pickup truck (e.g., ChevrolHd)Jor further
verification of system performance and robustness

During this phase a new and promising technology will be investigated: a new and faster class of
solenoid valves from National Instrument$hesesolenoid valveswith anunprecedented
msecresponse timehave the potential of allowing air/steantrodit in existing engine blocks.

The solenoid valves could replace the spark plugs in conventional internal combustion engines
and provide the equivalent timed injection of hot propellant mix as the timed firing of a spark

plug in the presence of a fuel mix.

If possible, hesefast solenoids, and the black box programming to control tbeahd allow

very easy portability to largemethicles, and easier retrofiRotentially,a V-6 enginecould
operated cylinders for expansioandthe remaining tw cylinders could be used as direct drive
compressors with different, but equivalent solenoid vateedrolling the compression process.
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Development Plan and Next Steps:

This current effort is a key firgiroof of concept for this Air Steam Hybridchnology, but our

goals extend well beyond this two seat, two horsepower demonstrator. The lessons learned in
electronic integration will allow rapid migration to larger platforms, using the same basic
controls, but scaling the expander, heater anérattasslow components to vehiclappropriate
size. That project, identified as 020 HP VehicleO and otheermaaterivative projects are

listed below:

BRASH Project Proposed | Funds Project Description
Funding ReqOd,
Source $K
20 HP Vehicle DOT/USPS 300 SUV-sized proof of concept for reliable
highway performance, mail/delivery vehicl
size
200 HP Vehicle DOT/DOD 600 Proof of concept mass transit bnegrofit,

scaled to City bus capacity and suitable fo
replacement of over the road diesel enging

Stationary Power DARPA 300 Man-lift Modular Remote Power Supply:

Unit: Micro-CHP Mechanical, Electrical, Hydraulic,

Equivalent Pneumatic outpiit Ruggedized for tactical
use.

Alternative DOE EPA 400 Processed mix of hydrolyzed wood pulp,

Processed Solid DOA processed solid waste and other combusti

Fuel solids in an extrudable mass with alcohol

solute/vehicl&l demonstrate utility in
vehicles as a high energy content, clean
burning, fuel for external combustion

engines.
Binary Solid/Gas EPA / Waste 400 Demonstrate effective pyrolysis of process
Fuel Management/ solid fuels in a binary fuel burner.

BFI Conventional fuel (gasoline, natural gas)
provides primary heat source for pyrolysis
temperatures.

Proof of Concept Vehicle OEM 1200 | Development of direct replacement BRAS
OEM Power Plant | (e.g., Ford, GM engine alternative to existing OEM interna
Caterpillar) combustion engine.

Black Box Vehicle OEM 1600 Development of commercial BRASH syste
integration of (e.g., Ford, GM alternative to existing OEM internal

controller software | Caterpillar) combustion engine.

Table 5: Project Funding Summary
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The issuance of U.S. Patent, #7,743,8V& months ago has two important consequences for

this project. First, it serves to validate the underlying technology: the combination of air and
steam in an external combustion engine is better than steam or air alone. Second, it provides a
basis for fulland open discussions with government agencies and large commercial interests in
the transportation and power sectors.

Our efforts at promotion have been delayed, pending successful demonstration of the Smart
car vehicle to allow the first detailed reabrld performance data to be distributed.

Coupling that performance data with the option of migration away from refined petroleum

should spark significant interest. If we can move to a high lignin processed wood pulp that costs
$0.45 per gasoline §an equivalent(an arbitrary value for example only@nd consumes more

CO, while growing than igonsumedn processing as a fuel, and produced from combuystion
thenwe succeed as a project aslaglobal gamechangingtechnologyfor many uses

Improvements in fuel economy are important, but of greater importance is the migpdtan

process biomadsiels
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Potential Applications and Societal Value

The whole premise behind the BRASH Air Steam Hybrid is that external combustion offers a
more benign and environmentally appropriate way to power large vehicles and other portable
equipment than refined petroleypowered internal combustion:

* Combustion kat can be derived from any fuel source including processed solids from
fast growing renewables such as Poplar trees, waste corn stalks or switch grass.

* That combustion heat is applied at a rate consistent with the work to be done, and not to
support iding and other unproductive fuel use.

Using a mix of air and steam as working fluids in the engine allows:

Immediate startup from an GairlyO start

Managed system pressure through use of a defined head air pressure
Managed fuel burn as the -@iteam faction is adjusted to match wheel load, and
Adjusted wheel load reduces fuel burn

Integration of modern control circuitry with external combustion also brings a level of
performance, operational simplicity and safety heretofore unavailable.
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Phase I Conclusions

The last steam train in scheduled service in the US departed on October 14,0863 ear
earlier, Robert Noyce received the first patent for an integrated dtcRiit for that brief one
year overlap, the most powerful motive power technolegy never harnessed the black box
controk that grew out of Noycs@vention, so the diespbwered internal combustion engine,
championed by Henry Fordion out

Now, nearly fifty years later, the modern internal combustion engine cannot opécatetbf

without the benefit of black box electronit®ut that technology still presents intractable
challenges of supply, safety and environmental impact. The Air Steam Hybrid technology may
offer an alternative, and a glimpse bét potential is prented her@and viewable in Run #5 on
thewww.brashengines.comebsite.

While demonstration in a test vehicle provides a strong visual message that BRASH technology
works, the commercial success of this technology will depend upon reliable, repeatable
measurement of power and economy. For that data, the Phase 2 effoquiié gereturn to
laboratory bench testing and effective demonstration of recovery of the water and air fractions.

The results of this Phase | project collectively demonstrate the technical feasibility and
commercial potential of the BRASH ateam hybd engine technology. The initial DOT SBIR
funding has been highly effective in facilitating this important proof of concept and laying the
groundwork for further technology refinement and application.

As described earlier, the next steps are clear anebapp combin@chievable and rapithajor
advances with low developmental risk. SBIR Phase 2 support is needed for those advances, due
to the stillearly stage of development that restricts access to private capital.

The immense potential value of thish@ology has been ent@ad and verified in Phase 1; there
is now a clear and lowisk path ahead to larger scale testing, further component and controls
refinement, specific applications prototyping, and@vexmercial deployments.

2" The Most Powerful Idea in the World, William Rosen, Random House, 2010, p 311
8U.S. Patent 2,981,87
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Appendix
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Much of the analysifor Runs #3 and #& based on an assumed efficiency of 90% for
heat transfer from the combustion of propane to heating of the water/air mix in the coil. As a test
for thereasonableness of that assumption, the same data has been modeled at a much lower 50%
factor below:
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The two known quantities in each run is the weight of air moving through the system and
weight of propane heating that air. The variable is the quantity of water heated to steam
temperatures and above. In Run #3, at 90% efficiency, that mass of wedatealto 12.5
grams; at 50% it drops to 3.3 grams. In Run #5 at 90% efficiency, that mass of water calculates
to 86 grams; at 50% it drops to 44 grams.

As the omparson table below shows, thancertaintyin the efficiency of heat transfer is
manifest only in the mass of watezated to steam to do useful work.
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Regardless of the specific efficiency, Run#3 reflects andirpropellant mix, while Run #5

was clearly the more powerful and steeom propellant.If 50% efficiency is a more realistic

figure than 90%, the only consequence is more water passing through the heater, expander and
recovery tank. The only consequence for overall system efficiency is the slight but added work
required to move the additional water, by pump, to the top of the watenico
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