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T. The Position rlr_.r" the Tnletevolee Dover Sel Serew S,

This set serew S caused the inlet valve to open at the begin-
ning of the suction stroke. The spiral spring surrounding the
spindle of the valve cnused the valve to seab itsell 08 so0on as
the motion of the set serew would permit. By lowering the set
screw, it is evident that the valve was opened later and elosed
enrlier, and the resnlt on the engine was a decrease in speed.
By raising the screw, thereby preventing the valve from spring-
seating, the ignition was made much later and the speed of the
engine decreased from 266 revolutions per minute to 200 revolu-
tions per minute. Oun these cards, the word “normal” rvefers to
the diagram which was taken ander normal conditions, either
just before or after making the special dingram, and was taken
to make the comparison more marked. Figs. 301 and 302, Cards
Nos. T and 10 of Run 146, show the effect of turning down the
inlet-valve lever set screw, while Tig, 503, Card No. 6 of the same
run, shows the effect of turning it up on the time of ignition
and the areas of the eards. When turned up one turn, the inlet
valve was never allowed to tightly close.

8. Whether the Freliaust Talve Leaked or Not,

Figs, 804, 805, and 305, Dards Nos. 1, 2, and 4 of Run 150, show
that the ignition was later when the handle was horizontal than
when it was vertical, and that the effoct of causing the exhanst
valve to remain open even a slight amount during the entive
atroke was to reduce the average mean effactive pressure from
72.68 pounds, when the handle was vertical, to 62.175 pounds,
when the handle was horizontal. The conclusion therefore is
that any leaks about the inlet or putlet valves cause the igni-
tion to take place later.

9, The Temperatire af the Jueket-reater Oullet,

Figs. 807 to 312, the cards of lun 149, would seem to indieate
fhat nb constant speed the higher the temperature of the jackel-
water outlet the earlier is the ignition; buf that with constant
and excessive load, so that the governor hib every time and did
not miss an ignition, the spead of the engine inerensed Ifrmu
about 180 revolutions per minnte to 240 revolutions per unuu’fe
as the temperature of the jncket-water outlet incressed from Gl
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Jogroes Fahlr, to 200 degrees Fahr, the inlet temperaturs being
(0 degrecs. With this highest outlet temperature, the amount
of water cirenlating was so small and the valves were so nearly

fosed thrat any HH:_f]ll chanee in the waler pressure, so ns bo
eroduce o corresponding change in the quantity of water eir-
']”ri“;_f_ caused a marked decrease in .-i]mml_

1, Fhe Temperature of the Wil and Tgnition Chambers.

: Figs. 813, 314, 315, and 316, Cards Nos, 2, 3, 4, and 5 of Run
09 #0040, llustrate how the time of ienition gets earlior as the
hnprine  gots hotter, the speed and jacket-water temperntures
maining constant

11. i -\'I.'--'f".'r III."I {1 .l'r':jl'n':.".ltrl- il Clonsfeid JToebed=1ader et
;‘r}'a.ul.l-f':'m".'-'.-'-'.

Tig. 317, Card No. 30 of Run 148, shows that the time of
imition is earlier with the slower speeds, and that above 275

evolitions per minubs with this engine, no ehange in time of

guition could be diseoversd. This latler result was probahly
dne to o small change of erauk ecirele are at the dead centre
ot Lelng easily caleulated when messurad by its diametral
projcction.

1%, :"llu'l.'- _TII'Hlllrlf'f'I”lll'_r'r -:flf.'lu' FHat ':|'":l.'|"l.-',

It is self-evident that the hatter the hiot fube, the more quickly
fill the gases be heated up and beeome inflamed, and therefore
e earlier will be the ignition, sl vice versn.  Pig 318, Cand
0. — of Bun 13944, illustrates the effect of n change in the g i o
gmperniure of the hot tube by a sevies of diagrams of consecu- rla g
gve ignitions, showing that the cooler the hot tube the later was
e ignition, It should also be uoted that each ipnition curve

purts from s different point on the compression line, and that
e ex pansion lines and terminal pressures were higher the later
fis the ignition.

13, TVTe ther the Pavoions Stitodeet Jrered fwenn Magsedd e Nol.,

ol and 320, Cards Nos. 1 and 10 of Ran 129 @ Fig 821,

‘rﬂ Now T of Run 1815 Tig. 323 Cavld No, 2 of Run 14 ;?J"i_l_rr'-.

o andl 524, Cards Nos. Gand 7 of Run 155, illuslrate the fact that,
ith o four-eyele engine with o hit-or-miss rovernor, and taking
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air every other revolution, the time of ignition is earlier after
an ignition las been missed and the burnt gases have been
seavenged by fresh air. These cards alse show why it is that
the gas consumption per indieated horse-power per hour is so
much greater with frictional or light loads thau with leavy loads.

It is shown in Fig. 325, Card No. 13 of Run 133, that, when
using an air-inlet orifice ns small as 1 ineh in diameter, the
dpigram obtained after missing, even with the earlier ignition
incident thereto, really produces more power on account of its
larger supply of air than the succeeding charges with later
ignition and a single supply of air.

14, The Pressure of the Gas.

Figs. 326 to 330, Cards Nos. 1, 2, 3, 4, and 5 of Run 1278, show
that, with a constant quantity of air coming through a 1}-inch
air-inlet diaphragm, the time of ignition was eatlier with 3-inch
gas pressure than with either more or less gas pressure—that
is, that the mixture so produced was more inflammable ; but
that the card with 8-ineli gas pressure gave the greatest mean
cffective pressure,

15. Phe Position of the Gas-cock Handle,

Figs. 331, 332, and 333, Cards Nos. 2, 3, and 8 of Run No. 145,
show that, by changing the pas-cock hatidle from the wide-open
position marked “10" to the positions marked * T, 6" dnd
5," respectively, the lgnition was made earlier ; that the nreas

of the diagrams, and therefore the mean effective pressures,

deereased correspondingly; and that from a speed of 264 revolu-
tions per minute with the gas cock at 10, the speed of the

engine decreased to about 240 if the gas cock was ehanged to 7.

The conelusion therefore is that with less gas, for the given
amount of air, the earlier is the ignition, within certain limits.

Possibly, if later ignition could be seeured by shortening
- the hot tube, for example—the engine would give more power
per cubic foot of gas used,

W.T.Magredss

16, T{f{’ Hizp {_Jf the Atr-inlaf fjf'rr.;Jfrr'r{:;::r. v \‘“‘H
-
Figs. 334 t0-837, Cards Nos. 9, 10, 12, and 34 of Run 148,
show the effect of changing the air-inlat diaphragm from 14-inch ==
dinmeter to 1d-inch, to 13-inch, and finally to 1-inch, as com- VT Magruiler

pared with cards obtained when there was no diaphragm in tlhe
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Zinch union in the air-inlet pipe, and the gus cock being wide
open in all cases. The conclusion therefore is that with the gas
cock wide open, to throtile the air supply caused the ignition to
be later.

17, The Pressure, or Suction, with which the Air was Delivered
to the Engine,

In certain of the 25 preliminary tests previously referred to,
in order to vary the ratio of air to gas a8 much as possible, the
air was either forced by a pressure-blower, or else sucked by
the engine, first through an air meter, and then through o 0
inch galvanized iron pipe, to the 2ineh airinlet union at the
engine. A valve af the inlet to the meter enabled the desived
suction or pressure to be obtained. The results then obtained
confirm the results recorded in cases Nos. 14, 15, and 18, above,
namaoly, that, within limits, tha graater the aip prassure the ear-
lier is the ignition, and also that the greater the air suetion the
later is the ignition ; in other words, that if the mixture be g
lean one, the ignition is eurlier; whereas if the mixtura be a
rich one, the ignition is later. In either case, the mean effoctive
pressures of the dingrams and thercfora the indicated Lorse-
powers are less, and the cousfmption of gas per indicated
horse-power per hour will be greater, than if the rictio is such as
to give the proper mixture to insure proper timing of the ignition
and the best combustion of the gas. By a “lean mixture” is
here weant one in which the volumes of gas and air nsed are as
one to eight; aud by a “rich mixture,” one in which the ratio
is 8 one to four,

Lest the impression should be created that the irregulur
cards here presented are the wsunl thing with this engine,
Figs. 338 and 339, Curds Nes. 2.and 5 of Run 160, are added
as fair samples of a very regular set of cards, and the follow-
ing are the average results of the 30-minute run, No. 160 :

Revolutlons per minate: oo i o oo, 2744
Explogio.s per minate, . ..., ..., ... ST U - £ 11

Ratio explosions to double strokes, .., ... .. T | Pt

Mean affective pressure......... ... . . T LT T |
Indieated horse-power,oo oo oL . .83

Bradto Borse-power, .oeeees oo iie i .40
Mechanienl efficieney, ... ... . ... ... vevevr 1Bl
Corrected gas per indicated borse-power Liour,, ..., [9.577 ew. It
Correelid gas per broke horse-power. .o e 206,129 ca, T,
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That these resalts are uot wnusial, reforence is also made fita
Fig. 7 and 8, Cnrds Nos. 4 and ¢ of Ty 140, previously given,
inwhich the diagrams wors repeated or truced 15 times withont
» and giving .50 indicated horse-
power, 508 beake ||m'5c1-1:n'n'1-1'_. a mechanieal ofticiency of 76,80
and a corrected pas sonsumplion of 20044 cubie fe

removitg the indieaiop peneil

el per indicatel
horse-power per hour, or 26.76 eubie feef pirr birake Lorse-power
per honr,

In English text-hooks on the gos cngine it s stated that the
use of the hot tube as an miting deviee is to he preferrad to
electiie ignition chiefly on neconnt of the skill voguired iy
keeping up the hatteries and keeping the platinam points in
working condition, That electpie iguttion has its

individun]
peculiarities ql |

roubles goes withont saying: and, when tle
propoviion of nie o gits 08 not right, that lute, but uot early, irni-
tion is just a4 Possible with eleclric methods a5 with hot-tnbe
methods, Tt is well, howaver, to il ers b just what tha in-
ternal ailments ave which ape likely to affect the open Lot-tula
method of fwvition, and henes (i study of the sulject. T
should be said, however, that it does not follow that all Lioi-
wechanisms nre subject to all of the
troublea lieve fsolaied and deseribad : or that nny one enging
is likely to he aflicted witl wll of these troublos at any time
in its life. There are g faw extornal ailments, s

the Lot tule Lot |-|t|:l|g||, wlich was menfinned albove in ease

Nin 12: uot havine the proper supplies of pas and air to tlie -
sen burner of tha Loy tube, the ashea

tube dgnition medliods aod

o as nob having

stos lning of (hao chitmney
nob being of the pjelit size, the hot tabe itself burning out or
becoming flled with soot or tarry matter, op Betng eraclod by
drafts of aiv if of poreelain, and the like, which it is not the
parpose of this paper to diseuss.

It is thonght thata fuller knowledge of the

Proasible extarnal
and internal orpanic {raubles of the gas engine will remove it

further from {he reaj.of uneertainty fo a position wherve i
may be move fully depended npon for economical PR ]
eontinuous servies,

DIBCITSSION,
Professe. Fiory.—1 would like to ask the uanme of flie e
ritor desceribed in the e,
rofessor Magewedor —The mukor prefors that 1 should not stato,

f’.«'rgﬁ.*sa‘-u'..-":'mr.u'la,.-.--."..t' the place where this engine is used, it
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is greatly to be desired to have eleetric sparking, on account of
the faet that the Lot tubes are very liable to burn out, especially
it would be one's luck to have them bunrn eut when thers is no
attendoant there,  Several fimes this has |'|_1L|51_I|_'];|I_1I,1 111 our ]1]"111!r
and some one Lias come in the nick of time to avert trouble.  But
the electric spark would be very mueh better in every respeet.
1t seems to ma that this special penerator could be greatly im-
proved by a very slight change in the cam arrangement, wheraly
the ignitions could be obtained at a suflicient point in the stroke
to start the machine, and also to provide for ignifion a little
earlier as the machine comes to full speed. A number of the
cards that are shown in the paper have been more or less dupli-
cated by a number T have here from another wmachine, whicli
show very materially the benefits of a slow explosion, that is,
late burning rather than by an initial explosion followed by an
attempt at adiabatic expansion. The test made was not suf-
ficiently long to warrant the assertion as to the economy, but
from a number of cards taken, the planimeters showed soms
wonderfully near approaches to the ideal eard.

In most generators of the size mentioned in the paper, makers
provida for both hob-tube and electric ignition. From the cards
ona sees that the ignition with hot tube is, as a rule, ot iustant
of greatest compression and invariably at the beginuing of the
stroke, With the eloctric ignition this is very materially changed,
Lu Curd No. 1 (Fig. 340) of this disenssion is shown the eycle of
operstions of 4 gas engine of 71 horse-power nominal, recently
tested by mae, showing the early explosion of a charge with the
hot tube. It is not a selected card, but the average of o number
of similar ones ab full lond. Card Ne. 2 (Fig. 841), is from the
same, with all conditions the samae, except the hot tube was
replaced by electric ignition Ly turming the torehilisht out nnd
switching in the curvent.  With the electric-firing card it is
noticeable that ignition is very tardy; in fact, it is o cnse of
“stern chage."”

This appears as a defeet in the electric-ignition apparatus
which the manufacturers have overlooked, or, at least, failed to
remedy,  Its cause arises from the fact that the electric igmition
is produced by n spark from eleetrodes which are brought
together by the recoil of a helieal spring actuating o linmmer,
which is released from a cam conneeted to shaft operated
[rom the crank shaft.  The cam is ordinarily set to release the
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spring just before the end of compression.  The eard above was
taken with the cam set to do this when tlie wheel was run Ly
hand at starting.  When full speed is veachied it is avident that
the periodicity of the spring is too slow for the speed of piston,
and the result is that with a position of cam whieh will start the
engine there is too greal a delay at full speed.  Many attempts
were made to start the motor with the cam set for enowrh back
to give ignilion spark at the be;_r;iunin;__: of the straka, Lut the
result was that o first explosion was obtained followed by one
before the end of compression and reversing the motor and
stopping the generator, Of conrse, with a starter of compressed
air, the enm could be set g0 as to Lfi‘ﬁ'- an ignition ot o desired
point at full spead, but witl H'II.LI] powers there is usually no
starters UIII."‘]{]| red necessar ¥, T thigs Casa, liowaver . 1= ”'I-"!f-'l”-'l-
tion would be a great improvement.  Tn many respects the elee-
tric ignition 1= to De desived,

A j.‘ur,f'”.l'l,,,-'} o Sehwelle—T have n [Bw words Ly BILY (11 Hio
Lot tube, and that is that the hot tube dapends on the amount of
compression and on the reliability of the mixture which reaches
the lhot tubes.  The hot tube must be so located that the
mixture of gus and air which veaches it will be a gool mixture
every time—that is, one not contaminated with burnt ras and iy,
of which a certain amount always remains in the eylinder,

My experience will a hot tabe lins ligen wostly with an engine,
where it was impossible to locate the hot tube to secure such a
mixture fo it. To lengthen, shorten, or to Leat to o white hent
would not help matfers. The engine would not give over 75 per
eent, of the power with a Lot tube that 1t would develop with an
electric igniting device.

I afterwards was eonsulted on the design of an engine, in whicl
I suggested placing the hot tube directly over the top of the
mixture valve (more often called the air valve), which would be
over the chamber marked 2 in My, Magruder's paper, which an-
tirely does away with the passage [l Tt gave a new and elean
mixture to the ot tube each and every time. With such o mix-
fure the tube need be leated but little over black hot, and I
have known of tubes of common black iron pipae to last for siy
months, which 15 a3 long ns composition tobes will last on somo
ehpines where the tube is not so well located,

Tlaeyy aoain, s bo the aloctrie deviee spoken of by Me. Emory,
L have designed different devices for ¢ hanging the time of ienition
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for starting and running the engine, just by simply turning an
cecontrie or flipper up or down to give an early or late ignition,
as we eall it—an early ignition for the regular running, a late
ignition for starting the engine. The late ignition gives a card
like No. 2, shown by Mr. Emory., An early ignition would give
a card not nearly so round at the ignition point, and give possi-
bly a much higher initial pressure than Mr. Emory's No. 1 card,

My, E. W, HRoberts.—1 should like to make a few remarks

on the subject of electric ignition. I have seen a great many
clectrieally ignited engines in which the ignition was not at
the time at which it should be according to the design or ae-
cording to the timing device, That is what has been the greatest
stumbling block to the gas-engine designer, and is known as back
firing or premature ignition. 1t is due to a great many canses,
the principal one of which is projections in the eylinder, within
the compression space, and one of the prineipal causes of this
trouble is the loeation of the igniter points, so that they become
highly heated and act in the same way as ignition tubes, That
is a point which does not seem fo have been grasped by a great
many gas-engine designers, and I have seen many gas engines in
which the electric current could be turned off and the gas engine
keep on running. Premature ignition is also caused by using a
poor quality of oil, fram which carbon is deposited either in
flakes or in small cones. These become very highly heated and
also act as ignition devieces. The misunderstanding of these
matters has been the cause of a great deal of objection to electric
igmition.
» DProfessor Magrudsr.—1 would like to ask Mr. Emory if he has
noticed any difference in the mean effective pressure and the in-
dieated horse-power, if the upper card was slightly rounded and
the ignition was slightly luter?

Professor Emory.—The tests of the engine have not yef been
worked up, so I cannot speak positively about that. One thing
was especially noticeable in those two cards : with the first card,
with the hot tube, the speed was more fluctunting ; there was
apparently less gas used. With Card No. 2 (Fig. 341) the engine
immedintely began a labored effort, took more eas, and the explo-
sions were not so vielent, 1In every way there seemed to be a
greater consumption of gas for less work done. In fact, the
regalar speed could not be obtained, The spesd was nob
sufficient to work the governor. I think when giving Card

n

THE GA:

No. 2 (1
wera i
renching
340} it
in ever
formane
to be
dynamo.
The engi
conditio

make it an
great dith.
hardly the
pressor to
manufactn
well, if we
fifth or a

_-"”-J". I?’.n"-
tion. I n
Manufactn
elaimed 1
gob a large



SITION-TIMING DEVIDE FHE GAS-ENGINE 1ot

TUBE A8 ax IGRITION-TIMING DEVICE, U994

by siwply turning an
early or lnte ignition,
rular running, o late
ignition gives a card
Iy igmition would give
imi;ut, and give possi-
. Bmory’s No. 1 card.
make a few remarks
ve seen a greal many 8
ignition was not af
to the desien or ne-
has been the greatest
; and is known as back
a greal many causes,:
m the cylinder, “W'.i.thii.'gi‘-
rineipal canses of this
i, 80 that they becoma
dgnition tubes.  Th
en grasped by a grei

namany ges engines i

No. 2 (Fig. 341) no more thay possibly 1 iy
wersa missed—about 22 {0 30 explosions heing requirad before
reaching the desirad speed.  When giving Card No. 1 (Fig,
a4ty 1t wanlld miss, on the load that we had, at lenst 1
in every G orl in 8 The late ignition gave a smoother per-
formance, becauss the speed was more regular, and especially

was used direct-connected by belt to «
dynamo. Ttis not a very satisfactory type of electric couneetion.
The engine mentioned Tias been put on the m

arket to meet all
conditions, but eould lin retmedied in a very simple way, and so

22 to 30 explosions
]

to be desired as it

" No.1, HOT TUBE
Fro, 340,

S

————

-. - - re -
g e S

T e L e

Alagruder M. 2. ELECTRIC
Fro: 341,

make it an engine that can be started with less diffienlty. The
great difficulty in stavting the engine is its chisf fault. We
hardly thought it was large enough fo put in a pump and eor-
Pressor to start. Wa thonght we conld start it by hand, and tha
manufneturers elaim that we ean, whicl is all true and al] very
well, if we are satisfied with g0 late an explosion ns almost one- '
fifth or a quarter. - !
Mr. Boberts.—1 think T ean answer Professor Magruder's ques-
tion. T recently had a talk with My Burger, of the Woolley
Mannfneturing Company, at Anderson, Indiann, in whiel Lo
claimed that Le could do that; that from a round-top card Lo
BOL a larger avea thau from one in whicl it was pointed.
LY




TOOO PHE GASENGINE HOT TUHE A8 AN IGNITION=TIMING DEVICE.

My, Willis,—Can I ask the two gentlemen who have preceded,
if thay can give me information about the time of explosion in
those engines, like the Hornsby-Akroyd, which have neither hot-
tube nor electric ignition? Is that regulated by the distance
tlirough which the hot gases have to pass ? Possibly Mr. Bmory
might anawer the guestion.

Professor Emovy.—T eonld not give any information on that
which would be of any value at all.

Professor Magruwder—What I partienlarly veferved to in my
|.|ue5t.i01| FOU il see i Fig. 307, page 951, We have there two
dingrams, one showing a sharp, instantancous ignibon and the
other with a rounded top, I was desirous of knowing if others
had had the same experience. Answering My, Willis, I would
say that the Hornsby-Akroyd is an oil engine. The oil is in-
jected into a large pot placed outside of the eylinder, and where
it is gasified and igpited; and is quite diffevent from a gas
engine using a fuel already gasified.

My, Willis.—Those engines worl with gas just as they do
with the oil. They will make them to work on gas withont the
oil.

M. James A, Chavter,—The paper treats very intellizently
on the internal action of the engine, as well as the varions causes
which would have to do with the time of ignition when the lot
tube iz used. A timing valve in conmection with a hot tube

wonld, to n eertain degree, make the point of irenition move !'H.rh'.]l—

t.in_-, bt the valves themselves are F-ll]llieh:.[. to wear, corrasion,
and warping from heat, and have been found to be very unsat-
isfactory in practice, so much so that the Pairbinnks-Morsa
engine hins been fitted with a mechanieally operated eleetrie
igniter.

The igniter is operated from an ineline cam on the lurge gear,
and by suitable mechanical conneetions motion is conveyed to
a spring eateh which is attached to an oseillating electrode.
The eonstruction of the igniter is simple, and thersfore not
likely to get out of order, and as it is sbrongly built it 15 not soon
affected i_l}' wear,  Platinnm points are i]l‘ﬁ‘-'idl%ll o1 the movable
as well ag the insulated electrode, therefore eorrosion does not
quickly affact the sparking pointe, aud these igniters lave been
nged on our engines, kept in constant service for a period of
ninety days and nights without attention or adjusting,.

I't will be elearly geen that as the igniter is mechanically oper-
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ated, the time of sepurating the points is the same at all times
nnder all eonditions ; therefors; the charge in the eylinder is
always ignited ab a pre-detormined time.  The variation in {he
charge or the Lieat of the engine woulil only slightly effect the
perpendiculanr explosion line. The point of jgnition always re-
mauining the same with an over-charged mixture (one having ton
mieh gas, for instance), the line would divert from o struiel|
perpendieniar on aneeount of the slow burning of the charge, but
the indicator eard would clearly show the point of ignition hay
ing been kept practically constant, the same as when the mixture
was an ideal one. The same might be said of the lieat of the
cylinder caused Ly the changing of the flow of water throngh
the jackets

The above deseribed igniter receives its corrent from g ari-
mary battery of either the Edison-La Lande type, ora banlk of
standird carbon batteries used in connection with the spark
eoil for intensifyving the spark.  The above hatteries are good
for an ordinary ran of six to twelve months withou rechargins,
and Ee sabisfuetion which this eniter is giving to Loth the pur-
chaser and the manufactuver is universal

J‘“J'-'I-.r:-'-----'-." .].l‘rr';ﬂ'i.“r'- o HI"11|1'I.']'I:I;: T .I":I'-.IJ‘r-hnI-:l' .]'_I.[IIH'l'I"-'. [ wonld
state that on most gas engines using slectric irnition there is a
starting eam whereby the ipnition is made purposely late until
the requisite momentum hos been obtnined, and then the eam is
advanced so as to give an earlier and more effective iguition, so
that compressed air for starting is not necessary—this 15 well
shown in Fig. 8304, If Lot fubes are made of nickel-gtoel, the
chances of their burning out are reduced to a minimuom.

The troubles due to electric iznition do not form part of the
subject matter of this paper, and further disenssion of them
should be postponed.

® Author's closure, under the Boles,




