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THE GASSFNGCINE HOTP T'UBE AS AN [GNITION-
TIMING DETVICE,

HY WM, T, MAGWUDEN. COLUMIE, 05,

e Memalivr of fe Booiclr)

TuEe series of tests of n gas engine, the data and results of which
it is here desired to record, was made as part of the vegular post-
graduate laboratory work in gas enginery, given by the writor
at the Ohio State University at Columbus, Olio, during the
eollege vear 1895-9, 1I"l.' My, I', 7. Hale, M.E., elass of ™98, and
Mr, Hovaes Juwdd, DLI, class of "97, as part of their elected
work for their ]ruﬁivrc;r:u'lu:ttc '.]{‘E_;rem-i. My, Hale lind 111'(\_\'5(1119]}'
assisted in making over fifty tests of gas engines under cighty
horse-power in sizo ; while My Judd bad been for more than a
year an assistant in the mechanical-engineering Inboratory.
Both young men were unusually painstaking and carefnl observ.
ers, and it is thervefore thought that the data and results are
trustworthy. Most of the indicator diagrams herve presented
worn taken 11}' the writer. The results have been worked np
t chiefly by Mr. Hale, and have heen checked by the writer and
one of his students.

The engine tested was vated at 9 indicated Lorvsepower and
at 7 brake horse power when using natural gas and ranning
abt 280 revolutions per minute. If may be elassified ns o«

4-cyele, seavenging, horizontal gas engine having asingle evlinder
of finch dinmeter and 12-neh stroke.  The Iny shaft was driven
- by spiral gears from the crank shaft at one-half the Intter's
number of revolutions per minute. Cams on the lay shiaft
L eansed the inlet and exhaost vnlves to apen ones in overy fwio
revolutions of the aranlk shaft.  The COVETLOr WS the naunl
.t'j'}”: of hit-ce-miss ineviia pendulam governor, ackiated by g
_t:um on the lay shaft and propelled by a spring; and hittine or

* Procented b 1l Cineinnadd, Chio, meeting (May, 10007 of the American Soeiers

of Mechunicnl Engineers, nud forming poet of Valuowe XXT of the Prauaeet
(i1




UHE THE GASENGINE HOT TURE A8 AX IGNTTION-TIMING DEVICI

missing, a5 the work and the spead of the engine demandad, o

fappel on tho cuil of the ST inlit=-valyve :4|;i|1|i|1-, \l.']u-ru'h_'; iH

wiks tulmitted to the mixing chamber, whenee the mixtore of gos

nwd air, or the air alone, I:IILH‘-i'-.l throueh the inlet valve into this

fenition chambear, and so into the combustion chamber, o1
1'ill'r]'ir|_~_r|- BlHtde, of the angEie evlinder

\bout 25 tests of this engine hud been made during the pre
ceding eollegs yenr, so that it is thought that the newness of
the engine hald been worked off, and that botl vilves sl
journals hwd Locome .'I.ll._jlth"E in their E---:L]'ill;‘_*ﬁ.

The method of 1'.‘h[-|||;_'f wns the nsunl mothod |-J||;|]r1_'~'1-ll 1
this laboratory for testing gas engines, A full deseription of the
gas-enrine teshing plant may be found in Vol VIT, page 122, of
the Proceedings of the Society for the Promotion of Enginesring

Edueation, in a paper presonted to that society Ly tho writer at
its Columbus meeting, in 1899, o * The Hydrocwrbon-engine
Testing Plant of the Ohio State University.” For the purposes
of this paper, however, it should be stated that the power gus

for o teat i eollected in o sasometer of 225 embio feal eapacity,
which is groduated into enbic feet, nnd so that roadings LY T
|":l:-_~;:.|:|'l'.-r‘:ll::'ll_--r] to one-tenth of a cubie f|,|,l_ I'rom flie OISO -
eter, the power gas is foread by eity water pressure to the
engine through an ordivery o pas meler, whose readings
nre nsad solely for the purposs of checking The pressure of
the pPower rns i4 mensurod h‘ﬁ i witer manometer connocted to
the gasometer, and s resilated 1|_II. the observer who is
stationed al the water-inlet valve. By this means almost any
desived pressure may be obtained. The power-gas pipe leading to
the I'-]l,'.{il'-'- is1l! inchesin lii:LrIJI'tu-I', while the n_:i:u'.':-'. gas coek was
tinel,  The airinlet of the onEine wis tapped for 13-inch e,
into whieli was conneeted u 14-inch close nipple, a 11-ineh Ly 2-
ineh 1'1"~]III'I'J', 1 2-inel eloge ||i,}:-i|l|r'1 anel then a 2-inch malleable-

iron pipe union, so that the air of the room enterad the cugine

througl these fittings in the reverse order to that here'given. In

order to regulate or throttle the air supply, circular orifices
made with sharp edges in thin planished iron wern inserted
between the two halves of the 24nal e o,

The pas for the Bungen burner of the hot tube was tnken
from the main wod Lu'—::m;r'---l by separate 3-lieht tin metor, ani
had no relation to the power gas except that it cnma from the
sie slroet main,
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The sxhuust gases passed by o 21-inel; pipe throngh the usual
exliust pol, ol so by o 2d-iuch pipe o the atmospliare,

The jacket wader entered the e vlinder jucket below the com-
bustion chamber, and passed onf above at the frond end of the
cylinder.  Its temperatures were mensured liy chemical the-
mometers whose bulbs were immearsed i eylinder oil in thin-
walled Drass thermometer Ll]i]"—:l]IHEW bed in |u]u* fittings thirougl
whiclh the jacket waber was passing.  The enging was 8o piped
that the jacket water could be weighed either bofore or after it
huud passed theough the evlinder of the engine.

No attempt wis mude in this series of tests {o measure the
quantity of nir consumed, althougl ample fweilities were ol
hand, as u previous series of 25 tests had been made on this
point, and tests made with the engine revelving air at from
L inches of pressure to 19 inches of suction. Neither were the
exhanst gases analyzed. The gas used was oridinary Columbus
coal gas,  Its composition is accepted s reported below by the
aualysis of o sample made by Mr. Frunk Haas, C.1, E M. . of
the department of met .L]]mn", of the university, and llmlw tlie
divection of Prof, N. W, Lord, .M.
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Tts ealorific value, ag determined from this analysis, is 584
British thermal units per enbic foot of the gras at 32 degrees
I'nhr., and ot standard barometric pressura (29.92 inghes of
merveuryn  Its ealorific value, as determined by these chomists
in the Maliler omb ealorimeter of the Lir=|r.utl|wnt of metal-
lurgy, is 564 British thermal units per cubic fool of pas under
the same conditions.

The indicated horse-power was obtained by means of a new
Crosby gas-engine indicator nnd an “ Tdeal " reducing motion,
which rec (‘]"-f‘-.]}'- wotion from a stout iron arm 11-*1[]h seeured
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964 THE GAS-ENGINE HOT TUBE AS AN IGNITION-TIMING DEVICE.

to the piston of the engine. The straight indicator cock was
screwed directly into the top wall of the combustion chamber.
The brake horse-power was obtained by a rope brake resting on
a pair of double-beam platform scales, and whose rope encircled
a water-cooled brake pulley. The revolutions of the lay shaft
and the admissions of gas per minute were obtained by electric
counters, either or both of which could be thrown into or out
of action by the observer at the gasometer, and also at a place
nearer to the engine.

In the accompanying illustrations, Figs. 275 and 276 represent
longitudinal and cross-sectional elevations of the mixing and igni-
tion chambers. Referring to the figures, the gas enters the
engine through a £-inch stop cock, whose pointer handle 1 ro-
tates over a dial P graduated from zero to 10. When the hand
is at zero the cock is closed, and when at 10 it is wide open.
When the load is increased and the speed is decreased, the
inertia pendulum governor strikes the tappet on the right-hand
end of the gas-inlet valve U, causing it to open to an extent
that can be regulated by the thimble V. The gas thus enters
the space ¢/, and passing through the holes as shown, mixes
with atmospheric air, which has come in by way of the 13}-inch
air pipe into the air chamber 4, whence it, too, passes through
numerous small holes so as to cause an intimate commmghng
of the gas and air in the mixing chamber /.

Once in each two revolutions, a cam on the lay shaft actuates
the lever ¢, and, through the “inlet-valve lever set screw” S,
causes the valve 7" to rise and so permit the mixture of gas and
air, or of air alone, to enter the ignition space B. Here the
fresh gases mix with the burnt gases of the preceding stroke,
and fill the ignition chamber B, the inlet €, and the combustion
chamber and cylinder volume, during the suction stroke of the
piston. The passageway D to the hot tube, being, as it were, a
dead end, remains filled with the burnt gases of the preceding
stroke.

The ignition chamber B is formed in a casting &, bolted to
the end of the engine cylinder, so as to have direct communica-
tion with it through the rectangular inlet . On the outside of
the ignition-chamber casting /V is bolted the casting O, in which
is fastened by set screw L the hot-tube tee %, which is connected
to the passageway I) by a hole 1 inch in diameter. Into the
tee Z'is screwed the hot tube proper .1, having a solid end, and
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also the lower hot tube 7, made of i-inch gas pipe, nal hinving
Dll the end a }-inch by d-inch reducer, and the * lower hot-toln
pet cock” /. This pet cock / originally contained a hole Y incl
i
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LOMGITUDINAL SECTIONAL ELEVATION
OF MIXING CGHAMBER

=i

W.T. Magruder

Fia, 275:

lidiameter, but was replaced in certain of the experiments by
0l ordinary !-inch pet cock. The upper hot tube .\ was sur-
funded Ly an asbestos-lined east-iron chimney A, through




