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REPORTS OF INVESTIGATIONS
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IEPARTMENT OF COMMERCE--BUREAU OF MINES | Q&Q\‘D Viveg,

. CARBON MONOXIDE FROM AUTOMOBIIES
USING ETHYL GASOLINE 1

By W. P. Yant? and L. B. Berger3

PURPOSE OF INVESTIGATION

, lfublic interest in atmospheric pollution by au;tomobile exhaust gas and in
e ventilation of vehicular tunnels makes it desirable to ascertain whether the

. e of modern automobile fuels is tending to change the amount and composition of
1 oroducts of combustion, The Bureaw of Mines, in cooperation with the Ethyl

G‘asc%ir}e Corporation?, has completed a series of tests to determine whether any
“enificant gifference exists in the carbon moroxide content of the exhaust gas
fotuced by an internal-combustion engine when its fuel is changed from straight

Eafolin‘e to the same gasoline containing Ethyl fluid whose active ingredient is
teirsethyl lead, - - : : S A S

. In the tests data was sought relative to the composition and amount of the
i;g:o&_lced by ordinary comparatively low-compression motors as well as by higher-
hu;~7}‘:5}110n notors in which distinct detonation occurred with stralght g?s?line,
t=tr'a,;t}cr operated without detonation when using the same gasoline containing

v 71 lead. : S , o

DESCRIPTION OF TEST EQUIPMENT
having aTgeleggine used was a four-cylinder Lycoming, model DXU, of the L-head type,
fests; the /2-inch bore ang 5-inch stroke. A Schebler carburetor was used on all
Justmén{ dum;edle-valve arrangement was altered somewhat to p_vreverhxt changes.in ad-

v ometerr "¢ tests. The engine was direct-connected to a Sprague el?ctnc‘
tion wity thequipped with o tachometer. ‘A revolution counter was used. in conjunc-
¢ latter to obtain the average number of revolutions per minute.

1 .
Thihzug?ll 0? Mines will welcome reprinting of this article, but r?quc.asts tha}t;
.mctorowlng footnote acknowledgment be.used: "Printed by pe'rmlssmn of the
T rﬁsin’ U,‘ S: Bureau of Mines. (Not subject to copyright.) ) o
3 borat e € cnemist, health laboratory section, Pittsburgh ‘Experlexent Station.
or an i;y assistant, health laboratory section, Pittsburgh Ex?enment Statmné
of By, \lrestiga’tion of Ethyl gasoline, 'see "Experimental -Studies on the Effec
of MinJ Gasoline and its Combustion Products," a report of the U. S. Bureau
°S %o the General Motors Research Corporation and Ethyl Gasoline
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For the first series of tests the standard eagine head was olaned down
three thirty-seconds of an inch to increase compression and promote detonation,
With this head in place a gauge attached to one of the priming cocks showed a
pressure of approximately 95 pounds per sQuare inch when the engine was turned
over at 600 revolutions per minute, at nommal operating temperature and with the
throttle fully opened.

The gasoline used for these tests was all taken from the same refinery run |
to insure similar commosition and characteristics. One portion was used as re- :
ceived from the refinery; to a second portion, Ethyl fluid in the proportion of H
2 1/4 c.c. of tetraethyl lead per gallon was added (this represented the antikmock
value of standard Ethyl gasoline as marketed); to a third portion was added Ethyl
fluid in the proportion of 3 c. c. of tetraethyl lead per gallon.

The gasoline was fed to the carburetor from two large glass flasks mounted
on a platform balance so arranged that the amount consumed in each test was !
determined by difference in weight. One of the flasks contained straight gasoline .
- and the other Bthyl gasoline, either of which could be supvlied to the carburetor

- through an arrangement of valves., . . :

- Samples of the exhaust gas were taken through a copper tube inserted in :
the wall of the exhaust pipe at a point about 2 1/2 feet from the engine; the enter-
ing end of the tube bent forward toward the flow of exh~ust gas, to give a positive,
pressure equivalent to 2 or 3 inches of water in the sumpling tube.

" METHOD OF CONTUCTING TESIS

: In conducting the tests the engine was first warmed up to the operating

. temperature (usually 150°F.). Then, while running on straight gasoline, the
carburetor was adjusted to give the desired air-fuel mizture, which was controlled
by detemining the carbon dioxide content. of.the exhaust gas.  All tests and
preliminary carburetor adjustments were made with the engine running at a speed of
1,000 revolutiorns per minute. Two pounds of each type of gasoline was used on each
test, and during the time required to consume that weight of gasoline an average
sample of the exhaust gas was taken for complete analysis.

. Tests, run in the manner described, were made first on straight gasoline,
_then on gasoline containing the 3 c. c. of tetraethyl lead per gallon, then on the
standard Bthyl gasoline, and again on straight gasoline as a check on the car-
buretor adjustment durihg the series of tests. ‘The change from one type of gaso-
line to another was made without stopping the engine or in any other way altering
the conditions of operation. Sufficient time elapsed after a change of gasoline
supply to allow the gasoline line and carburetor to become clear of fuel from the

preceding test. . S

£ IW LS e’ LT e W e we

Suéh a seriés of tests was made with the engine operating at full load, at
& rich.carburetor adjustment (6.5 per cent COp; air-fuel ratio approximately 9.5 to
- 1), a medium adjustment (9.5 per cent CO2; air-fuel ratio approximately 11.7 to 1),
~and a fairly lean adjustment (12.5 pr cent COp; air-fuel ratio aporoximately 13.1 to
1). "A similar series of .tests was made at three-quarter load.
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The gas samples collected for complete analysis" were' analyzed on the
mreury type of Orsat gas-analysis apparatus. The carbon monoxide was determined
ty absorption in-cuprous chloride, two pipettes of this solution being used in

series, and the .solution wa.s renewed at frequent intervals to assure Complete
absorption.

No attempt was made in this work to measure or differentiate between de-
grees of detonation. It was noted merely whether detonation 'was audible or not
r2ile the eng'lne was operating on the straight gasoline..

. BESU'LTS OF FIRST S“RI'F‘S OF T'ES'I'S

Table 1 gives details of the results obtained with the engine operating
mder the aforementioned conditions. It will be noted that upon changing from
one type of gasoline to. another during any particular test, the maximum variation
in carbon monoxide content of the exhaust gas did not exceed 0,2 (which is the
possible error of the analytical method used); neither did the content aof any other
constituent of the. exhaust gas show, significant variatién according to the type of
fuel used, In‘some insta,nces there was a small difference in the gasolme consumed
per unit of time as well as in the brake ‘horsepower developed. However, the amount
of carbon ‘monoxide .per’ homepower héur, as given in the last column of: the table,
beats out the same statement as given for. variations in cemposition of exhaust gas--

namely, that with few exceptions the rela.tlvely sma.ll differences found were in-
dependent of the ty-oe of fuel . o .
: . CHANGES IN METHOD OF E\TGINE OP'“‘RATION
: . FOR SECOND SERIES OF TESTS'
.0

At the completion ‘of thig first series of t’ests the engine ‘head was planed
down an additional sixteenth of an inch.- in all five thirty-seconds of an inch,
¥as removed: from the standard head., With a gauge attached to this head, as pre-
viously described, a pressure of 105 to 110 pounds per square inch was indicated.
An electric heater was attached to the secondary air inlet of the carburetor, and
the air admitted was heated to approximately 195°F. The engine was operated on
succeeding tests with a cooling water temperature of 1700F, as compared to 150°F,
on the previous tests. These temperatare alterations in the test conditions for
the second series 6f'tests were made with a view to increasing detonation.
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R. I. 2908
. RESULTS OF SECOND SZKIZS OF TESTS

Table 2 gives details of the results obtained when operating the engine
undar the conditions de scribed. They are in accordance with those obtained in
‘he first series of tests. No significant variation in the composition of the

rhaust gas nor in the amount of carbon monoxide per horsepow er hour was found
won changing from st raight 6asollne to Eth,/l gasoline.

Tests wvere made at full load onlv, as audlble deton.itlon d1d not ocour
at three -quarters load V'ith any carburetor adjustment. !

| THIRD SIRIES OF TESTS = o

. H . ' ]
.
) .

Tile ascending‘ grades. a,utomoblle drlvers generally retard the spark to
decrease the detonation caused by the use of straight gasoline; as this.practice
is unnccessary when E thyl gasoline. is used, a third series of tests vwas conducted
#ith 3 view to simulating these conditions. 1In other words, tests were made at
Iull load, using straight gasollne with the spark retarded to a degree. which
f‘:ased audible detonation to cease’ then, as in prev1ous tests, the fuel was

chanzed to Ethyl gasolire and the spark advanced, to the point where max imum power
was developed. With the exception of tqe cnanﬂes in spark timing, tnese tests
7ere conducied in the same manner as thogse, préviously described. The engine head
used was that which gave the’ hlghest compressmn pressure (105 to 110 pounds gauge
pressure ner square inch), the intake air was not 'oreheated and the cooling

vater temerature was ma,:.ntalned at 1500F Table 3 gives the results of these
tests.

Table 3 shows that, as in the previous tests, no significant change
occcurred in the C‘)m'oos:l,t ion of the exhaust gas upon cha_nginn' the fuel from
straight gasoline to Bthyl gasoline. However, the amount of carbon monoxigde. .
produced ner horsenower ‘hour was avproximately 5 to 7 per cent less when opera-
ting on Ethyl gasohne than vhen using stra1ght gasoline.
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R. I. 2908
. SUMMARY OF INVESTIGATION

When the enginc was operatcd at a fixed adjustment and under the condi-
tions described in this revort, no sigrificant change was found in the carbon
monoxide content, nor in the content of any other constituent of the exhaust gas,
upon changing the fuel sunply of the engine from straight gasoline to gasoline
containing tetrlethyl lead (Ethyl gasoline). - This was truz:of both the tests
in which a detonation was evident and those in which no detonation was auditle.
Also, no significant difference in the amount of carbon mOﬂoxlde ver Lorsenower
hour was noted. . . : ¢

However, if the spark was fetarded toballeviate detonation during opera-
tion on straight gasoline tae améunt of carbon monoxide per horsepower llour was
approximately 5 to 7 per cent less for ethyl gasollne than for straight gascline.

As to the effect of Ethyl gasoline on health and Safetj the amounts of

carbon monoxide produced by the engine; under any comparable oneratlng conditlon,
were the same for Bthyl gasoline and straivht gasoline.

EEEEERE.
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