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way by one means or another.

DISCUSSION OF VAN HANTESVELDT AND HOLADAY FAPERS AT FRENCH LICK;
: JUNE 11, 1948

Prepared by Harold J. Gibson, BEthyl Corporation

.

Several of the preceding gentlemen have mentioned the probable need for
stretching future petroleum supplies in order to elliow for a greatly in-
creased vehicle population in the future, and I will not dwell on that sub-
ject except to say that ths possibilities in this situwation are of presat
concern te &1l who are interested in the welfare of the oill and automotive
industries. Any method or device which can contribute constructively to the
solution of this problem deserves the best opportunity for commercial suc-
cess which can be provided by the coopgration of all segments of the two
industries. ' '

There is no reason to believe that the mechanical problems associated
with the Thompson Vita-leter or the dual-fuel carburetor are insuriountable.
lr. Van Hartesveldt's paper indicates that his organization has recognized
the problems involved in insuring that the antidetonant liquid reaches the
right place at the right time, and is taking steps to correct the serious
deficiencies which are evident in some applications of the early models of
the injector. While expericnce with dual-fuel carburetors is wvery limited,
it would sezm that smooth and reproducible chengeover would be the most dif-

ficult item to handle, and our experience has indicated that it can be
solved satisfactorily.

Future use of injected ligquids in passenger cars is prediceted on the
use of regular or premium gradc gesolines ns the base stocks, which mnkes the
problem more complicated than when straight run stocks arc used. Tusts con-
ducted irn o car having a compression ratio of 10 to 1 and a requirement of 47
indicete a wide variction in the effcetiveness of injectod liquids when repre-
sentative commercial gasolines are
meterials. Injection of a mixture
et a rate eguivalent to 17% of the

used instead of unleaded straight run

of 85% methanol, 13% wnter, and 3 ml TEL,
gasoline {low ratc, with straight run
reference fuels resulted in a gain of 16 octane units, i.e., 2 change
requirement from 37 to 8l. 1In this same car, two regular grade fuels
84 on the road were up~graded to 87, but two promium grade fuels
oniy from 92 to 97 at the some liquid flow rote.

in
rating
were roised
This difference in response
represents o variation of roughly 2 to 1 in performance ability and might well
bc intolernble at this requirement level. Tests in other cars of n large
number of representative premium and regular grade commercial fuels indicnate
thot in the range of rocd ratings of 75~95, 20% injecticn of the above mixture
will result in gnins of 6 to 18 octane units in cars in which the liquid shows
gnins of 16 to 20 units with referencs fuels. The differences in performence
are undoubtedly due to distribution of the liquid, variations in the blending
velue of the nlcohol in the different bnse stocks, the presence of varying
quantities of TEL in the gssoline, the lead rcsponse of the bese gesoline-
nlcohol mixture, and varintion in the spesd of maximum knock. These factors '
would need serious consideration in the applicetion of the Vita-Meter prin-
ciple to high compression ratio cnrs.

[ At ats

s

Any development of this type must eventuslly prove that it can pay its

If it offers conveniencs, additional freedon
from user attention, or driving cass, its dollar~-and-cents wvalue in passenger
car service need not be too carefully serutinized. It is true, however, thoat
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commercial vehicle operators will look at it entirely from the standpoint of
effect on costs. It is desirable, thercfore, to examine the cconomics of the
dunl-fuel systems to see if they nre likely to be sufficiently attractive to
the user to oubweigh their inherent disadvantages.

The first question to be snswered is: How much sntidetonant or high
octane fuel will be used if these systems are applicd? As n partial answer
to this question we have studied the fuel consumption charncteristics of a
number of passenger cers and trucks under # wide variety of operating condi-
tions., The date are summarized in Figure 1 which shows percentage of total
fusl consumed ot menifold vecua of spproximstely 6 in. Eg or less. This
changcover point was chosen becruse test work indicnted it to be about opti-
mum when part and full throttle octane number requirements and overall con-
sumption of high octane material rre balenced ngeinst each other. Going to
higher vocua results in excessively high consumption while lower values may
result in excessive part throttle octane rcqulrﬂment. The bars ot the top of
the chart show maximum ond minimum consumption in lz - 2 ton trrctor-trailer
units in elsven difforent inter-city operations in the mid and far-west.
Gross loads varied from 13,000 to 37,000 pounds. The highest consumption
shown is 93%. This occurred in o tractor hauling & trailer which had suffi-
cisnt frontel area to limit the top speed to 43-45 miles per hour. In this
typs of service, wind loading is likely to govern top speced on substantially
level ronds, while gross load will control it oz the steuper grades. The
lowest consumption in the 11 different operations, part of wh1ch used stoke-
body trailers, wos 607%.

The dats for the 1%'ton stake truck, with a 10,000 pound gross load,
indicate that city and inter-city service result in about equal ratios of
consumption of high and low octane fusls in this type of ftruck. The passen-~
ger car data show an extremely wide range in reolstive consumption at full and
part throttle. In mountainous terrain Car A ussd as much as 7005 of the fuel
at 6 in. Hg vacuum or less, whilc¢ the sane cor used as little os 157 under
other conditions. Cor C in city-country driving with a 50 mph top speed uscd
only 5%. ‘ e '

The deta on Car B are also of interest. This car, of the same year and
model as Car A, was driven over o 27-mile closed course in Dotroit. Varia-
tion in consumption among the five drivers, who drove in their normel fashion,
was from 15 to 40%. Two other drivers used this same vehicle in daily comnu-
toation service between Ferndale end Birminghem, Michigan with the results
shoxm. It is a little difficult to decide what the rclative consumption of
high and low octane matericls would be in this moke and model of car. Data
for Cars D end E were obtained with a maximum speed of 50 miles per hour. |

With these {igures in mind, it is desircble to consider the two types ¢
of dunl-fuel systems individually. The foregoing geasoline consumption figures
can be converted to injected liquid consumption by assuming en overall consump-
tion of injected liquid egqual to 20% of the full throttle g&031lnh consunption.
(sufficient data are available to indicate thet this gives n reliable estimate.)
Figure 2 shows the economics of usc of injected liquids ns sntidetonents only.
It makes no nttempt to cvaluste savings in opsrating costs due to savings in .
naintenance since, so far as we know, there are no documented studies on this f

s e LR Rt

subjecte.
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£

This figure shows the increascd cost of fuel to the uscer as a function
of cost of the liquid ond rate of use. 7Two arcas of cost orc shown, one
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applying to commercial vchicles, and the other to passenger cars. e have
arbitrarily set upper limits of 60 cents and one doller psr grllon for ?he
cost of injected liquid for trucks and cnrs respectively, and lower limits
of 18 and 25 cents which represent the approximste cost of gasoline to the
two users. Injected liquids in truck service cen cost s much as 10.8 cents
per gallon of gnsoline consumed, depending on rste of use and cost per
gallon. Similarly in passenger cars the renge is up to 14 cembs. It is
questionable whether the possidle advantages of the system can conmpensate
for the added cost of cperation in many of these applicetisns.

£ is well to consider the possibilities of injected liquids in a systenm
which will usc thom as high octane fuel blending agsnts, i.¢. as both fuel
snd antidctonasnt. This system spproaches thet suggested by Mr. Holaday in
thet both are true dunl-fuel systems.  In one, ¢ blending agent of high
cetene number would be ndded to the charge by the equivalent of the present
power jet, while in the other s« complete changeover takes places Figure 3
shows incressed cost of the total fuel used as a {unction of the differcntial
in cost of the high octanc material ovoer that of the lower grade fuel, end the
rate of use. '

ure 2 indicates that there is a consideranble advon-

el ing the motorist something in nddition to detonation
contrsl in return his moncy. For pnssenger car usc 14% consumption of
injected liquid s ~n antidetonant at $1.00 per gnllon would cost 14 cents
extrs per gallon of gnsoline coensumed, wherens the same consumplion as fuel
and antidetonant would cost 11 cents extra per gnllon.

Comparison with Fig
tagze to be grined by gi
for 1

LR

«
o

f4e <4 {

This some figurc shows the savings to be rade with n dunl-fuel systen
of the type incorporating complete changeover. The avsrage user drives
10,000 miles per year ond buys nrbout 700 gelicns of gnsoline for which, nt
25 cents per grllon, he will spend 3175.00. If he buys premium gasoline he
must presently odd $14.00 or nbout 8 per cent. If he uses the dusl-fuel
system, and his evernge consumption of high octane fuel is 267, premium per-
formence costs 0.5 cent per gnllon. Thus he can sove 75% of 314.00 or 310.50
at the currcnt price dif'ferential.

At this point one must consider the commercisl as well 25 the engincer-
ing aspects; for to offer the 2il nnd auvtomotive industries any help in the
solution of thelir supply problems, either method of detonetinn control must
be purchnsed and used by millions of motorists or & substential percentsge of
the truck and bus fleet osperators. The psychology of n seving of ecven $10 a 4
year can form the basis of a good salas argument but to offset that saving :
there is consumer inconvenience, which may even bescomz o nuisance, of two £
fuel systems which must be meintained and furthsrmore must be kept in satis- -
fretory balsnce so foar as supply is concerned. As in all phases of automotive -
develepment, the cxtremes of users' acceptance are importent. Conzider o
resident of Southsrn California who in his daily driving uses 15-257% of the
high octane material nnd then goes %o the mountains and uses 70%. How do you
design for sweh vorisbility? I tank sizes ere proporticned on the basis of
25% consumption, say 15 gallons and 5 gallons, cnd conswmption becomes 707, then
cruising ronge is thot vhich can be obtained on the cequivalent of about 7 gal-
lons total. !

This discussion is not meont to imply theot thesc developments are not of
significance. Rether, it is hoped thet it will scrve to emphasize the import-
ance of considering all the factors involved in acceptance of a2ny such system.

T

Harold J. Gibson
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FIGURE |

RELATIVE FUEL CONSUMPTION
FULL THROTTLE AND PART THROTTLE

l-é-* TON TRAQTORS, INTER- CITY
(11 DIFFERENT OPERATIONS)

i~ TON STAKE TRUCK
INTER-CITY [
CITY DELIVERY DR

CAR A
MOUNTAIN
CITY & COUNTRY @&
DESERT
ALL CITY

CAR B CITY FIXED COURSE

{5 DRIVERS) [

|
- X
CITY-GOUNTRY COMMUTING| ;
DRIVER | DR
DRIVER 2 EEENr ey
CAR G
DESERT
CALL CITY

CITY & COUNTRY B

CAR D 10,000 MILES
CITY & COUNTRY EESHER

CAR E 10,000 MILES
CITY & COUNTRY Mo

o 20 40 60 80 100
' PERGCENT FUEL CONSUMED, o
MANIFOLD VAGUUMS 6 IN. HG OR LESS

This figure shows the range in relative full and part throttle fuel consumption
obtained in vehicles under a variety of operating conditions.
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FIGURE 2

COST OF INJECTED LIQUID
AS ANTI-DETONANT ONLY

OVER-ALL CONSUMPTION RATE§7\

(0))

18%
/

AREA OF COST

YT 040“060 080 100

- COST OF INJECTED [LIQUHL)
DOLLARS PER GALLON

Boundaries of areas of cost are based on estimated cost of
gasoline and an injected liquid to the two types of users,
and the consumption rates shown in Figure 1.For example,
maximum consumption for a passenger car is shown to be
70% . Applying the factor of 0.2 results in injected liquid
consumption equal to 14% of total gasoline consumption.
At $1.00 per gallon for injected liquid, this results in
increased fuel cost of 14 cents per gallon.
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FIGURE 3

- CGOST OF HIGH OCTANE FUEL
DUAL FUEL SYSTEM CARS

DIFFERENTIAL - CENTS PER GAL
HIGH - LOW OCTANE FUELS
\75 i

40 20

12
’/ // /_——*‘
o | /
e AREA OF COST
= BLENDING AGENT
R 8 1°
= 3 AREA OF COST -7
23 HIGH OCTANE FUEL _
ot g
':-0. 6 ///
2¢ -
O wl -
o 4 d -
LL! —
) -~
< -
L -
Y -
z i".: ____ ——-——-2
Qi == 30 40 50 60 70 80

CONSUMPTION HIGH OCTANE MATERIAL, % TOTAL FUEL

Boundaries of areas are based on Figure | and differential in cost between high and low octane
materials. For example, with low octane fuel at 25 cents a gallon & 75-cent differential is
equivalent to a total cost of $1.00 per gallon for high octane blending agent. At 14% con-

sumption, this increases total fuel cost by 11 cents per gallon.
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