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INTRODUCTORY REMARKS

: | R. D. Quillian, Jr. .

Messrs. LePera and Ecklund, long known for
their modesty and generosity, have allowed me the
privilege of introducing this subject. So, by way of
Introduction. | think that | should tell you the rea-
son it is on the agenda. Many of you saw {at the
end of August and the beginning of September)
some taports by the news media (primarily the
iechnical magazines} on the development of a fire-
safe fuel by the Army. Some of thase reports were
a bit mora complimantary about the (FSF) accom-
plishments than we expected them to be. In fact,
we felt there may have been a few exaggerations
about the accomplishments. Be that as it may, it
did generate national publicity, and we found our-
selves having to answer quite a few questions by
phone.

There were some mistakas in the publications
by the media, one of which-was that there willbe a
conference heid October 11-13 to discuss this fire-
safe fuel accomplishment. We don’t know how
this interpretation appeared, but we had no inten-
tion at the outset of having this item on the
agenda. But, since it is a conference and some of
the atiendees said that they would bring the
subject up whether it was on the agenda or not,
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we felt obliged to show it on the agenda.

To report to you on this fire-safe fusl, we have
divided the report into five pieces. Tha first raport
will be given by Mr. LePera, who will explain the
Army program and the reason for tha news re-

‘lease.

The second report will be given by Dr. Fodor,
who is an erganic synthesist and will repart to you
on the emulsion composition and on the way the
fire-safe fuel is prepared.

- The third report will be given by Dr. Weather-
tard, who Is the leader of tha team at Southwest
Research Institute that developed the fire-safe fuel
somposition.

The tourth report will consist of comments by
Mr. Gene Ecklund on DOE's thoughts regarding
fuels of this kind relating to energy objectives.

-« . Fhe fifth report, if time permits, will be a re-

port on the broader implications of fire-safe fuels
as a hybrid fuel, | will give that report it there is
time., '

Regardiess, we will 1ry to complets these
short presentations so that by 2:30, there can be
an open discussion. So with that, et me introduce
the first speaker who is Mr. Mario LeFera.



FIRE~SAFE DIESEL FUEL EMULSIONS
M., E. LePERA, U.S. ARMY, MERADCOM

The S Armyv has produced a new hybrid diesel Fuel called fire-safe fuel which
i self extinguishing if ignited by incendiary projectiles or by accident,
Although this fire-safe fuel is being developed for primary use in armorad
ground equipment ¢rerating in hostile enemy enviromments, its potential for
reducing fires from highway accidente and from of f-highway diesel operaiions
such z2s in underground mines is very obvious.

Thieg 1s not sn overnight discovery but the résult of a ten yesr RED effcri.
The Army hes been seeking a fuel which would be fire sufe, stable and exhibit
good performance in engines. United States conbat forees would benefii fromn
such a fuel through Jives saved while also improving the survivability of
ceiabat equipment., A variety of methods have bten tried in the past. Cner the
vears these included fuel bricks, pgels, fuel=in-waler cmulsions, ineriin;
systems, halocarbon additives, and various kinds of waier-in-fuel emulsions.
The new hybrid fuel ic prabticaliy'giear.and.ponsists of up to ten percexnt
water, six pervent of an emuisifier additive, and the remainder diesel furfl,
Its appearance is much like thet of conventional diesel fuel. Prelindinzry
lzboratory and engine dynanometer per{ormance wests have been successful end
ihe fuel is now entering into & phase of advanced developnent.

The beneficial cffeets of sdded water on the combusiion cyelr have been reparted
for years in the open literature, dut the method of dispersing the water and

ihe stability of the mirx have always been monumentel problems. This new hybrid
hes proved steble for more than several months and cxperiments are conti;uing

io learn the extent of its shelf life under a variety of temperature ecyeling
modes. ' ' B :

Performance tests to date show the hybrid fuel can deliver approximately the
saime power as 100% diesel fuel. The fuel performs well in stzndard diesel
engines without modification, and 1lesis show a resuliant reduction in diesel
extavst smoke, Tn addition, the fnel is self extinguishing at fuel tempera-
tures below 170°F. ' :

The self-extinguishing aspect of fire-sale fuel is explained in this maumer.
Most diesel fuels typically have flash points in the 125° to 150°F. range.

ASTM DY75 apd VV-F-B00B specify a 122°F. minimum for 2-D/DF-2 products.

When heated to mbove its flash point, the diesel fuel creates a {ire-threail
problen for armored vehicles operating in battlefield combat envirompents
gimiiar to that when gasoline-fuecled vehicles are being used. The heating of
diese]l fuel results from the commonly-used diesel fuel delivery recirculaticn
systens (1.e., the fuel is used 1o lubricate the injector pumps/pintles/plungers
and funetions 28 & heat transfer fiuid}. Fuel tank return line Lempersiufes
have been recordsd as high as 170°F. depending upon the level of fuel in the
tank, outsige ambient and mode of operation.. For this reeson, all our ballistie
evaluations Have been done with the fuel/mixtures heated to 1709F. before test-
ing. -These ballietic tests, to date, which Involve use of 20mm High-Energy-
Incendiary-Tracer (HEIT) and 3.5 inch Shape- Charge' projectiles have demonsira-
ied that at fucl temperatures of 170°F., the fire-safe fucl is self-extinguish-
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The additive, which funotions as an emulsifier/dispersant, is the key Ingredient.
This additive ig = mixture of several chemicals, however, ii can be produced
frem coszl and agricultural sources which enhance the hybrid fuels potlential to
conserve pelrcleum energy. : s

The potential ‘o conmserve petroleum energy hes not been acourately delermined;
however, there is & good probability that its conservaticn capubilities could

be Turiher improved by reworking the formulation for the specific purmose of
copservation. Ii i= for thig reeson that theArmy chose to publicize ihis
developmenl so that organizations might begin work on the fuel for civilian
application. ; : . :

During this year, the optimization of the candidate [ire-safe fuel will be fine-
lized with atiention being directed to the water quality reguirement and fuel
composition effects. Concurrcently, full-scale laboratory dynamometer tests
usipg military two-cvecle and possibly four-=cycle air-cooled turpo crzriped
dicsel engines will be campleted for assessing long ierm durability elffeets and
performance objectives. Since this effori involves the development of a ioizl
system, a probotype field mixing unit io prepare fire-safe fuel in ihe foruerd
area is being fabricated. This protolype unit will he evalusted 1o assess 1ts
capabilities in blending, mixing, and delivering a fire-safe fuel posscssing
those optimized characierisiics defined in Jaboratory Tire-safe fuel blends.

For preszentation at DOE's "Conlerenc
of Transportation Synfuels.®



R.D. Quillian, Jr. IComment):

You mavy not be aware of the very narrow
technical envelope that we were working in to try
to come up with this kind of fuel composition. Ide-
ally, we wanted a fuel that would not burn unless
metered into an engine. The objective was compli-
tated somewhat by the requirement that these
fuels must also burn satisfactorily as a heating fuel
in camp stoves that the troops must use under
combat conditions. So, we must provide a fual

that burns under ambient conditions with wick-
type burning devices and yst must resist ignition
from the severe combat fire that the vehicles are
exposed to. So, there was really not much techni-
¢al room to maneuver. The prime technical accom-
plishment was to get a fuel fit that would run okay
in an engine, run okay in camp stoves, heat areas
for the trocps, and yet resist combat fire. | wanted
to make that point to follow up the movie so you
could appreciated what the accomplishment under
Mr. LePera’s program really has been.



FORMULATION TECHNOLOGY

G. E. Fodor
Southwest Research institute

. and
NARRATIVE: HEIT BALLISTIC TESTS

W. D. Weatherford, Jr.
Southwest Research Instituts .
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FORMULATION TECHNQLOGY

G.E. Fodor

Past

The first aquecus diesel fuel emulsions pre-
pared at our laboratory were stabilized by Atlas
Chemical Company’s Span-80 and Tween-80,
used at a 9:1 volume ratio. These macroemulisions
were stable for ¢iose to @ month at ambient tem-
peratures. Their properties and performance char-
acteristics were described by Messers. Owens and

Wright at the Coast Guard meeting in April of

1977. We found, howevar, that this surfactant
mixture introduces high thermatly-induced depos-
iting tendencies. It became our primary objective
to make more stable emuisions with depositing
tendencies that are no worse than those for the
neat diesel fuel,

Selection

We contacted a good number of surfactant
manufacturers, described our goals to them, and
asked them to send us their best candidates for our
application. We receivad well over a hundred can-
didate systems. During the initial phase of our
screening program, we were looking for emulsify-
ing agents that give a microemulsion in a military
referee grade diesel fuel,

The screening process lead us to the oleyi di-
ethanolamide family of emulsifying agents. One
mole of oleic acid is reacted with two moles of di-
ethanolamine. The product consists of three major
ingredients: the oleyl diethanolamide, the excess
unreacted diethanolamine, and the soap that
arises from reaction between the unreacted oleic
acid and the diethanolamine. As you know, oleic
acid is a nonpetroleum product, obtained by the
hydrolysts of animal fats and oils and from all oil, a
byproduct of the wood pulp industry. Diethanola-
mine, the ather starting material in the synihesis,
need not be a petroleum-derived material. It is
made by the ammonolysis of ethylene oxide. Ethy-
lene oxide is made by oxidizing ethyiene. While
ethylene is thought of as a petrochemical, it may
also be made by dehydrating sthanol, an agricuttu-
ral product. The emulsifier, having a heat of com-
bustion of approximately 75 percent of that of the

N —
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neat diesel fuel, is, therefore, capable of extending
petroleum praducts in an engine while helping to
provide for fire safety in the fuel. Several compa-
nies market this kind of mixture for the cosmetics
industry, but--1t0 our surprise—we found that
some of the products work better than others. The
difference appears to he in the purity of the start-
ing materials and/or the product. Qur primary
sources for the emulsifying agent are Scher Chem-
icals, Inc. of New Jersey and Clintwood Chemicals
of illinois.

Maodifications of Emulsifying Agents

The commercial-grade emulsifying agents
workad well in the presence af deionized water.
However, if 5an Antonio tap water, with a total
dissolved solids content of about 300 ppm, was
used, the commercial emulsifiers produced a white
sediment in the emulsion. The sama result was ob-
tained if a high molecular weight hydrocarbon an-
timist agent was incomorated into the emulsion.
Both of these shortcomings were defeated by in-
creasing the soap content of the commercial prod-
ucts by reacting some of the excess diethanola-
mine with up to 7 percent of oleic acid. WWhen this
modified emulsifying agent is dissolved in the die-
sel fuel, and water is stirred into it, a stable microe-
mulsion results. Span and Tween produced an
opague aqueous macroemulsion with dieset fual.
In contrast, the new surfactant produced micro-
emulsion at the same 10-percent wafer concentra-
tion ratios.

Candidates

We now have two alternate fire-safe diesel
fuel candidates. One of the candidates contains
10-percent water and 5 to 8-percent emulsifier in
the diesel fuel; the other contains one-half water
and ons-half surfactant, but it additionally con-
tains 0.2 wt percent polymaric antimist agent.
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Blending

Blending of the several components is ac-
complished by simple mechanical mixing, with no
need for energy-intensive homogenization. '

Problem Areas

The praoblem areas #re the influence of
fuel-component effects, as the emulgiiier's com-

position may need adjustment ta accommodate all
grades of diesel fuels; and optimization of the sur-
factant package tor best performance in terms of
the emulsion stability, engine pawer output,
engine exhaust emission quality, and price.
Dr. Weatherford will now narrate & movie demon-
strating the fire-safety characteristics of this emul-
sified hybrid diesel fuel.



NARRATIVE: HEIT BALLISTIC TESTS
W. D. Weatherford, Jr.

The following color motion picture illustrates
Xo-mm HEIT ballistic tests conducted at SwRI by
the U.5. Army Fuels and Lubricants Research Lab-
araiory with neat diesel fuel and two fire-safe fuel
candidates, all at 170°F, which is 256°F hoiier than
the flash point of the base fuef.

In the case of the base fuel, the 20 gallons of
. fuel produce a huge transient fireball which

approaches the movie camera located about 50 f1
from target. The ensuing ground fire completely
. fills the target enciosure {which is.approximately

18 ft wide, 10 ft tall, and 10 ft deepl, and it devel-

ops infense vortex activity.

When the fire-safe fuel candidate containing
10-percent water, as a microemulsion, is heated to
the same test, a detectably smaller transient fire-
ball is formed, and the resulting ground fire salf-
extinguishes in 2 few seconds.

in the case of the fire-safe fuel candidate con-
taining only B-percent water, but also containing
0.2-percent polymeric antimist agent, the transient
fireball is even smaller, and the Initially smalier -
ground fire self-extinguishes even fastar.
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DOE PARTICIPATION

E’. Eugene Eckiund

Thank you. | will make comments with regard
to two portions of this. First, it is an acadamic situ-
ation, but it relates to the press releases and Mur-
phy's law in action. The second portion would re-
lgte to our particular DOE interest.

There were several things that came together
about the same point in time. As a resuit of the
work that has gone an by Southwest Research In-
stitute for the Army on this fire-safe fuel, the peo-
ple at SwR| came up with some ideas on what is
now termed hybrid fuels. Roy will speak an that in
a few minutes. - : .

We recently awarded SwR| a contract on the
hybrid fuels 1o take advamage of the work that
they had done with the Army and to carry them in
some advanced directions. About the same time,
the Army and SwRI got together on a publicity re-
lease. In actuality, when that came about, Roy
Quillian contacted me and suggested the possibil-
ity of a joint release with the Army. We made some
preliminary arrangements with the Army and Swhl
far the release. The Army sent a proposed press
release to DOE, but it got lost in the system, and
our people couldn’t find it. In the meantime, the
Army write-up was reieased. Notice of our con-
tract award was made about the same time, and
an enterprising writer apparently did his job very
well. He aiso found that this conference was gaing
to be held. He put aill three of these things together

and started checking them ail out. | don't know -

how many people he talked with, but he did talk to
me, Roy Quillian, Mario L&Pera, and several other
people. We all told him about the same thing. Here
is where Murphy's law comes in. Without check-
ing it out, ! put two and two together and this is
what | come up with. {I hope | am not doing the
gentleman an injusticel. Apparently, in addition to
being a writer for Business Wesk, he was also a
stringer for .an energy digest. He cams to us and
wae sat him straight, particularly in raference to this
conference which wsas a key point. We tald him
that thera was no refationship batween this confer-
ance and that particular fual. it was Don Gray who
tipped me off to the thing. He called up and

wanted to know what was going on. This ensergy
digest had already hit the street with the story. So,
| suspect that as a result of that, the wiriter could
not very well change his story in Business Week.
S0 at any rate, that is how this misinformation got

. through the system. .

In DOE, dieset fuels sre of great concern to
us. If we look down the line on things we need in
alternative fuels, there are some short-term ap-
proaches as far as-gasoline is concerned. Alcohol,
for example, is a suitable fuel. 1t bothers us a great
deal that we don't have very many options as far
as diesel applications are concernad. In recogniz-
ing that our whole transportation system of goods
in both rail and trucks moves on diesel fuel, we get
concerned about diesel alternatives. This emulsi-

. fied diese! fuel is therefore an attractive possibility.

Woe are interestad in this emulsified fuel to tha
extent that it may save pstroleum energy, and it
may ba economically competitive, but there is a
long way 10 g6 1o establish its potential. With re-
gard to this fuel, we are really riding piggyback on
the Army, and the Army is continuing with some
fuel test work. Southwaest Research Institute will
certainly pick up those Army aspects that might be
applicable to the civil sector. 5S¢, in essence, our
contract with SwR1 will supplement the work of
MERADCOM.

What we are trying to do under the SwRI
contract is to prepare fuels that can now be made
and to prepare them with the technology that now
exists. If you will recall the presentation that Ralph
Fleming made yesterday, you will remember that
this hybrid fuel is listed under the category we call
advanced fuels. f we meet some of the aptimistic
projections that the people hera at SwRI feel may
be practical, then we can consider such fuels as
part of our “‘new hydrocarbons'' catagory. Under
the right circumstances, we could move hybrids
into a higher priority situation, but at this stage the
hybrids are part of what we call gur mere spacu-
lative advanced fueis. ’

With that brief background, | will turn it back
io Roy, and he can pick it up from here.
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HYBRID FUEL SYSTEMS

R. D. Quitiian, Jr.

| have two or three viewgraphs selected st
random that may give you an idea of the broader
implications that we visualize in hybrid fuels. At
the sams time, it can perhaps give you an indica-
tion of the scope that we have pianned in this new
DOE contract that Gene Ecklund just mentionad to
you.

When we talk about hybrid fuel systems, we
are talking in essence about a witch hunt—for
shelf-itemn materials that are available today ar, at
least. for materials that we can recognize will be
producible tomorrow — materials that do not need
much additional process research. Such materials
are charcoal, blacks, water, alcohol, cellulose,
starches, and various other materiais that sither in-
fluence the combustion progess or which will
otherwise buret. We feel that these materials can
be put together through the benefit of chemical
additives. In most cases, some kind of broker-
chemical is going to be required for a composition
that will mix with petroleurn fuels and thus make
the hybrid fuels that Gens was talking to you
about. It could result in a petroleum and carbon
slurey, or it could result in the fire-safe fus! that you
just saw, or in other compositions. The fire-safe
now has a headstart toward becoming an cperatio-
nal fuel, as no process development work is re-
quired.

We feel that our hybrld proiect, wh:le a bit
Edisonian, could lead to ungonventional advanced
fuels that have no petroleum composition in them

- at all. We feel that this project is one of the firet
that seeks to define new fuels for highway trans-
portation in three basic categories—two of which
are still not too well recognized. These categories
“are the patroleum fuel categery, a hybrid category
{which means the mixture of nonpetroleumn com-
ponents with petroleum), and a nonpstroleum cat-
egory. We feel the second and- third categories

_have really gone unaxplared. There are many pos-

sible finished fuel compositions that have yet 1o be
brought 1o the forefront, put together with petro-
leum compounds, and evaluated. What we seek
from this research are fuels that are not only en-
ergy efficient, but which may have several other

Ilucrativé features. | might add that there is not

much of a technology base in this country for the
development of hybrid fuels. There simply are not
many people in the nation who are working on the
formulation and composition of .nonpetroleum
components with patraleum components and
have the chemistry background it takes to make
these components compatible.

At any rate, these are some of the possibilities
we feel that might come about from this kind of
hybrid fuel research and development—and nat

' necessarily from our project for DOE. Instead,  am

speaking 10 you on behaif of hybrid fuels as a class
and what they may develop to be at some time in
the futurs. This relates somewhat to Dick Pefley’s
statement that fuels of the future should not be
thought of as a step backward or as a fuel that is
worse than the ones we have now. Herg, in hy-

" brids, is an opportunity now to find fuels that per-

farm in excess of today's fuels.

Our immediate program for DOE will investi-
gate the Army'’s fire-safe fuel compaosition for its
possible conservation of petroleun fuel supplies.
As you recall, anly 84 percent of this fire-safe fuel
is petroleum. In our experience {and we will be
able to discuss this in just 8 moment), we have
saen implications that you cen actually conserve
some petroleum, but we don’t know how much.
But we certainly want to discuss that with you.

We recently observed from work in aur engine
laboratory that smoke is reduced whan using the
tuel. This cbservation simply correlates with the
work of a number of other investigaters of macro,
as weli as micro, water-in-fusl emulsions. We have
also observed an improvement in diesel engine ef-
ficiency. We are referring here to the actual ther-
mal efficiency of the engine as a function of fuél
heating value. We have detected improvements in
thermal {or work cycle) efficiency ranging from
near zero to as much as five percent. This corre-
lates fairly well with the work of most other investi-
gators, 30 we arg not making any unusual cla1ms in
that regard.

We know, of course, that the water doesn't
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burn, and we know that it is pot penalizing the
work cycle. It may therefore serva during critical
shortages to derate diesel engine power. We don't
really know how much fuel might be savad by da-
rating, but this is a possibility that has not besn in-
vestigated in any detail. We can visualize that a
200- ¢r 300-horsepower diesel tractor engine might
be derated to, say, 260 horsepower by using this

-taéchnique. We are not proposing that such a de-

rating technique would conserve patrolaum, but it
does represent an approach.

| have additional slides and could tatk about
this more, but | think there are some people who
want ta initiete some discussion on the subject.
So, | wilt stop at this time and open the floor for
discussion. '
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OPEN DISCUSSION

Question:

T

Does the water affect the ¢idud point and the
pour point of the fuel? T

Response (Fodor):
It doesn’t seem to affect tha pour point. How-
ever, the cloud point is usually obscured by the

haziness of the microemulsion.

Question:

Have you conductad filtershility measure-.

ments below the freezing point of watar?

Response {Fodor):

At the tima we made the test, the fuel had a
pour point of -23°C. So, in order to test this ef-
fact, we usad a JP-5. Dr. Mannheimer, whe is in
tha audiance, conducted the filterability tests. He
was able to go to -18°C before the filter plugged.
The fuel passed through the filter satisfactorily
and, even though the water was prasumably
frozen, the filter did not show any effect until ap-
proximately -18°C. That test was made with a
Span/Tween emuilsifier. The pariicles we are
~ waorking with now are even smaller. This work wilt
continue in the coming year, and we wili redo
some of the filtration wark in the 5- to 15-microme-
ter range. '

Question:

From an unknown regarding stability and
phase separation of the smulsion, and aiso about
tha possibility of corrosion and rust caused by the
mixing water. -

Respaonse (Fodor): .

in answaer to the first about stability, at roam
remparature no fuel separation has been obhserved.
In temperature cycling, we have conductsd two
different experiments. Ona sxperiment involved
3°.B5°C temperature cycling. We conducted six
test cycles with no fuel separation. If heated 10

77°C, microemulsion becomas a rmacrosmulsion.
It tooks about like the fust sampla wa have had on
display hets. It bécomes white in color and is likely
ta separata. If allowed to cool to room tempera-
tute, it becomes @ homogeneous system again. |
seem to recall that the base diesel fuel had a pour
point of -23°C._ If the microemulsion is rapidly
cooled to the same temperature and held there tor
an hour or two, it will freeze. When allowing it to
retum to room temperature, it again becomes a
microemuision with no evidence of separation. Hf,
however, the cooling is done slowly, fuel separa-
tion-has been observed to occur. '

Question (Quitlian}:

Do you feel that this composition would ac-
commodate normal climatic and vehicular temper-
ature extremes without.separation? . '

Response {Fodor):

1 expect so, but | don't know what wouid hap-
pen in the Arctic. in San Antonio, it most certainly
would work. With regard to corrosion, we have
completed only two tube-type tesis. One is the
standard copper strip corrosion test which the fuel
passes with flying colors. The other one is the
Navy cotrosion test which. also indicates a pass.
The emulsion is, nevertheless, corrosive in the
presence-of copper, even thought not indicated by
the tube 1ests. We are checking corrosivity with
alioys from aluminum 1o bronze to brass as well as
with copper and steel. .

Quaestion:

Are there any hard data that you can make
available 1o ug to show the results of your engine
testing with these fuels with respact to the variety
of emissions that we are concerned with, and
specifically particulates? '

Response (Quillian):
Yes, we would expect 10 be able to report

some limited data 1o you, and we have fairly good
single-cylinder angine experiance with this fuel.
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The results we have observed so far in terms of
perfarmance correlates quite well with the work of

other investigators, By other investigators, [ am.

tatking about most of those who have reported at
varipus conferences such as the one recently
spansarad by DOT at Cambridge, Massachusetts.

| believe Mr. Walters of DOT is hete in the
audience somewhere {yes, there he isj, and he is,
in my judgement, an expert on the performance of
the various emulsified fuel compositions in.diesel
engines. Perhaps he will comment later.

We've weighed our results against most of
the work that was reported at the DOT confer-
ence. We have zlso loosely canvassed the litera-
ture {including some GMRL reports), and we find
nothing adverse with cur data, S0, when we do
pubfish our work, it will not be startling. | can tell
you now that our results appear to be pretty much
on dead center with the literature. The thermal
efficiencies that we have seen in the fiterature are
not unusual. We have also observed reports of re-
duced BSFC which can be translated into thermat
or work cycle efficiency improvement. We have
seen this varnable in our own experiments range
from 0- 0 about 5-percent improvement at the
most. We have seen very few occasions, -if any,
where we have had a penaity in work cycle &ffi-
ciency when using up to 10-percent water concen-
tration. Invariably, there is a reduction in smoke
which is one of the good results. Most investiga-
tors have also reported a smoke reduction using
various smoke-opacity measuring systems. To
convert the smoke measurements into something
like percent values, | would say that a 25- 1o 50-
percent reduction in smoke is observed twithout
rack adjustment to increase power}. | am taking
some liberties in reparting this data, and it may
stand corrected latar.

We have found either & decrsase or an in-
crease in NQ,. If you do get a decrease in NO, {and
unfortunately wa have not seen as much decreass
as we would like 1o seel, it is usually with higher
water concentrations. . ‘

The occasions when there have been in-
craasas in NO, can almost invariably be traced to

. the use of additives that include nitrogen in their
makeup. Such additives give the eguivalent of
fuel-bound nitrogen, which we all know is a big
contributor to NO,.
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Your several other questions relate to injec-
tion pump wear and ernissions. | can only report to
you that we have completed a 250-hour endurance
run on a single-cylinder version of the military’s
AVDS-1790, 12-cylinder tank engina. We are just
delighted to have completed an endurance run of
that length because it was that run that gave Mr.
LePera the confidence that it was okay to issue a
news release in behaif of the Army.

Insofar as our experience goes with injection
pump parformance during that test, we were ob-
servant only to the extent that the engine dealivered
power. It did produce satisfactory power without

. depreciation, and we were delighted with the over-

all performance of the engine.- We .took only cur-
sory emission measurements, so | cannot com-
ment on particulates or other emissions proparties.

Comment:

Roy, | would like to make a suggestion. Ong
of the things that drew us to this conference was
the prass release on the fire-safe fuel. We are very
much surprised to learn of the apparent im-
provement in fugl consumption. Of courss, this is
the aspect that really caught our attention because
we have some experience with specific fuel con-
sumption from water inducted into the intake man-
ifold and also with fuel emulsions. | would like to
make the suggestion that in evaluating the effec-
tiveness of these emulsified fuels, that you can-
sider running what we call “time swings” so that
you can get a trade-off between NO, emissions
and fuel consumption. We have done that in con-
nection with our emulsified tests, and, invariably,
we have found that the emulsified fuel gave us
poor performance.

The only case whare water in the combustion
systam actually helpad us in respect o both effi-
ciency and emissiona was when we had separate
injection of the water.

Response (Cuillan}:

You are referring to the wark of your com-
pany by Valdmanis and Wolfhurst. You ran your
emulsions at concentrations of 20-, 33-1/3-, and
up to 60-percent inducted water, and | believe you
used an in-line homaogenizer for the emulsion. 1
alsc recall that your emulsifier was furnished by



Eubanks. -Is that right? That's right! Okay! You re-
ported at that time a 0- to 2-percent gain in BSFC
using 20-percent water, a O- to S-percent gain
using 30-percent water, and these were with emul-
ston dropsizes that were not recorded. 1 don't
know much more than that, but our experience
seemed 1o have correlated quite well with the re-
ports by your laboratory. We cannot, of course, go
inta too much depth on this comparison of results,
We are hopeful, however, that meetings like this
eonference might help stimulate the engine manu-
facturing industries to go ahsad and take better
looks at hybrid fuels such as these and publish as
Cummins has done, The result will ba a bettar con-
sensus in the literature bacause we, as one labo-
ratory, can conduct extensive research and stili
offer an opinion from only one lahoratory. We fesl
like it is going to take mors than this to get a better
handieonit.

Since this meeting started, I've now learned
that we have further reduced our data from the
singte-cylinder AVDS-1790 engine run and can

now report more confidence in data that | just gave

you. We are confident, now, that our engine gave
between 2- and 3-percent improvement in thermal
efficiency. We were unable to make that conclu-
sion from the traditional oscilloscope instrumenta-
tion and the other data-acquisition squipment we
used in the engine test cell. Wa came by this figure
by using the total quantity of fuel consumed
. throughout the 280 hours and the cumulative
horsepower recarded for a back-ta-back compari-
son with diesel fuel. This treatment of data, while
rather elemantary, is nonethelass a very accurate
measure of thermal-efficiency improvement; in-
cluding the entire test period of 250 hours resultsin
cumulative data that should be accurate, We know
how much total fuel was used, and we know much
horsepower was produced on a cumulative basis,
So, unless | stand corrected by Ed Owens wheo
was the engineer in charge of that project, | believe
that should adequately summarize our experiance
with thermal efficiency. '
Now, | want to nive John Deere a chance.

Question:

You answered most of the questions | had.
But | just want to check one point. Do your perfor-
mance figures refer to one gallon of diesel fuel
varsus ane gallon of the mix?

He&ponse {Quillian}:

No, sir. We should have ciesred that up to
begin with. We are talking about the heating vaiue
of the neat diesel fuel as comparad to tha heating
value of the hybrid fue! including the mix as well.
To state it another way, if you put this fual in your
diesel truck, you will get less miles per gallon...
{tape was distorted}.. .gallons of water won’t burn,
it has got 10 percent water in it. But you don't lose
10 percent of your mileage, you only lose about 6
percent, you see. That is how you_ get the work
cycle, improvement. We are including the emulsi-
fier factor because that is part of the heating velue.

Question:

Your Institute publication on the fuel, which is
being distributed at the registration desk, ststes
that economy may be improved 10 percent. Can
you explain this figure?

Response {Quillian}:

Did you notice the word “may”? Tha state-
ment in our paper did not reter specificslly to this
formulation, but the broader application of this
particular technology does show promise of doing
that. We have not yet attempied to reformulate to
the best petroleum fuel economy, but | suspsct
that the 10-percent figure might be a fairly conser-
vative estimate 10 make. My compliments go out
to our own public relations people who wrote that
article. They have a way |you people have public
relations people too) of taking your words and
making them read even better than you intended.

" Question:
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Regarding toxicity of the emulsifier {exact
question unknown).

Response (Quillian}:

it has not been tested. 1 will give this question
tp either George or Dub, but we don’t expect any
problem. Let me say that if you are worried about
that, you had better be concerned about what
brand of shampoo you use too, because this is one
of the active ingredients of hair shampoe.



O.ues“cion:

..10 percent water, you have a fuel there.
The vapor is kept from coming out. You seem to
surround the liquid fuel with the water so it can't
burn. Is this the mechanism, or what i is. the mech-
anism that you think you have?

Response (Quillian}: ©
You have just defined one of the problems
with: the national effort 10 develop altemate fuels.
We need more basic research of that kind, and we
are unable to suggest to you at this time what the
chemical kinetics of combustion inhibition are. We
can only specuiate. Dr. Weathesford appears
- ready to do some speculation now,

Answer {Weatherford}: -

We became interested in this subject when
the Army was ldoking at the use of 8§ liquid:vol %
of bromochloromethane dissoived in diesel fuel as
a way of rendering it nonflammable. As most of
you know, there is a controversy as to the mech-
anism of even how the halogens waork in-prevent-
ing ignition or combustion. All of our data stiongly

indicated that the hatogen worked by a physical -

mechanism either by heat-sink cffects or by vapor
blanketing. When the bromochloromethane pro-
gram was coming to an end, we belisved at that
- time it was a physical effect, and we figured that
water might be as good or better than halogens.
S0, we tried the water. [t gave us somewhat better
suppression which suggests that it is a physical
heat-sink and/or vapor-blarketing effect. But
basic research is needed to answer this question
adequately.

Question:
| want to get back to the fue! consumption

again! Have you tried to look at the fuel consump-
tion of the total systermn including the smulsifiar?

This includes the energy required ic make the -

emuisifier. | took the Business Week article and
made some calculations from it. If you are putting
in diesel fuel at, say, 40 cents per gallon and save 5
. percent of it because of improved thermal effi-
ciency, that is about 2 cents per gallon. Now,

according to the article, new diesel fuel will cost
about 21 cents per gallon more. That means that
about 34 cents of it is tuel and about 27 cents is
aemulsifier. -So, we are paying almost twice as
much as we did before. Now, if in making the
ernulsifier at 27 cents, say 10 percent of that cost is
an energy cost, then we are using 2.7 cents just to
make the' emulsifier; and we have a net loss of
Btu’s rather than a net gain. :

Response (Quillian):

That is 2 very goed peint, John, and some-
thlng lhat we have not qwen enough thought to.
Let me say agaln that the object of this program is
to devalop a fire- safe fuel composition for use in
combat vehicles. Y0u can afford some energy and
cost intensiveness in doing this because our coun-
try does not get inte combat very often. We are
not advocating this composition as one that is
either energetically economic or monetarily dollar
écbnomic.' If you take the cost of these emulsifiers
and add the low Gost of water and the cost of the
base stock of the fuel, you end up with the fuel
composition in the 70 or so Gent per gallon range
as compared with 50 cénts per gallon diesel fuel.

Ingofar as petroleum energy is concerned, |
don’t want 1o appear extravagant. But if you can
obtain.this product from nanpetroleum . snergy
sources wsing nonpetroleum energy to make it,
then parhaps we can indulge ourselves on a cost
basis for some period of time with the satisfaction
that it is not consuming petroleum energy. That is
about the best way | can squeeze out of that
gquestion.

Commaent {Ecklund, DQE):

" The comments made on both sides are vary
pertinent, John. As you ¢an appreciate from the
Army point of view, their goal was somathing dif-
farent from what ours may be. if you remember
my introductory remarks, | alluded to this situa-
tion. We, in DOE, are extremely sensitive to the
net energy situation and in no way would we move
ahead with an energy loss. But Roy has a point
here due to the fact that ane can at least consider
the pessibility of of using other forms of energy in
place of petrofeum. At this stage of the game, |
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think that we still don’t know really what this pro-
ject has in store for us other than the fact that we
can piggyback on the work done for the Army.

Question:

Pertaining tc SWRI plans to publish on the

work. ..

Response {Quilllan):

| rathar imagine that our future publications
will be in hits and pieces at various technical socie-
ties because of the wide scope. There is the equiv-
alent of a chemical product development activity
here in our work on the emuisifiers. There is the
base fuel formulation effects which is a subject of
its own. Then the influence of the finished fuel
properties on engine performance is still another
arsa, so we will probably make some future publi-
cations, with Mr. LeFPera’s permission, through the
various technical societies such as SAE, ASME,
and especially through The Combustion Institute
where we have already published some of our prior
work on emulsified fuels.

Question:

| assume the reaction products betwean the

oleic acid and the diethanolamine is a basic
aqueous solution. Or is it acidic?

Comment (Quiliian):

We are going to cut the gquestion period off at
this time. 1 simply want 1o say on behalf of the
team that has been working on the fire-safe fuel
composition for quite some fime that we appre-
ciate the freedom that has been given us by
MERADCOM under the managsmant of Mr.
LePera, who was your first speakar, We also ap-
praciate the fraedom to talk about it as we have
dona this afternoon, Mario, and | wonder if you
have any summary remarks that you woutld care to
make. After those remarks, we will have a coffee
break. .

Response (LePeral:

| just have one comment to make. From what
you have seen, | don't know whether the impres-
sigh is that this fuel is going to be in the field to-
morrow. Qur current projections call for this total
system to be put into the field by 1984 or 1986, at
the latest. We have lots of work to do yet in {erms
of coming up with the total system that will actu-
ally deliver the fire-safe fuel to the troops in the
field,



