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BLACK STONE 

4 H.P. OIL ENGINE 

·DJ MENSIONS 

Ctjl i nder Diameter­

StJ"'Oke 

Clearance Volume 

P1ston Displacement 

RaTio of Compression 

77·6 cu.ins 

~14.CU.Lns. 

3·75 

Theo retica I Compression Pressu1·e 91·61 bsjsq. in 

Actual Con1pression :­

(1) Rrr Valve Open 

<zJ Rr r Valve Closed 

.. 

so I bsfsq. in 

4-51 bslsq..i n 

EFfective Brake Wheel Diol1l.eter-l5f i.ns. 

Srn~le C!jl•.nder­

Otto, 

f 

Hor1zontal Stationar~ 

4 -Cycle. 



FUELS. 

,, 
PRIME WHITE CANADIAN CORL OIL. 

COSt r 7~ per gal 

·spectfic Gravit¥ 8 0 ~ ~o 

· . {Higher -1q.1oo B.TU./Lb. 
Ca lorLfl c Poure 1c. • 

Lower - IS,boo B.TU/Lb. 
J 

WOOD ALCOHOL (METHYL) 

Cosl qo <t per gal. 

Specific Gravit~ SI·~ /o 

. {t!ighe-r-q .400 B.T U/Lb. 
Ca lorift c Power · ' 

Lower- 8,700 B.T.U./Lb. 

METHYLATED SPIRITS (ETHYL) 
• 

Cost # 1·10 per- gal. 

Specific Gravity 81·71o . 

. {Higher - 10,500 B.T. U./Lb. 
Calorific Pourer , 

Lower - q ,Goo B.T.U./Lb. 



During thevla.st few years tr~ possibilities of 

alconol as- a fuel for internal combustion motors havabeen 

brought before the manufa.cturers and ownex·s of motors on 

many occasions. Gasoline, the fuel in con1mon use at the 

px·e sent time, while now a. fairly cheap and eff ic ie!!t fue~, 

rr~ay ani prob~bly will in the near future advance conside1:ably 

in price. 
-I 

The~ rapid inc zeaae in its c onsumpt io r:. lately and 

the fact that1 being a. by-product of coal oil_,/ its output i~ 

more or less limited, leads us to believe t tat ve1.·y soo_n the 

market value will r~se1 and in co'nsequence ·Ne shall be obliged 

to look for some other source of power which can be applied 

in its stead to la.rge and small internal combustion engines. 

Among the other· fuels on the marke~ \·1flcohol 

looks a.s pron1ising as any. Its cost of production plus a 

rea,sona.ble profit should not exceed t rat of coa.l oil or 

ga~oline and the supply ia practically unlimitei - it can be 

produced. in ~lny rtuantit.y to meet tr.t.e demand since. raw 

material is plentiful. Then again t be cost of product ion. 

is quite liable to 1ecl.'ease ae its use becomes mox·e general. 

Gasoline as a fuel for autornobiles, motor boats, 

etc. ~a.s several objectionable featuJ:·es among which are 

the odo r of the exraust an·i the liability to exploe ion. 



Vqeor Pre~sure ot Saturatt.on inMillrmefJ•es o~ Mercur~. 
Ten1perature 

OF Pure Pure 
Ethyl Methl.Jf Wa.ter Gasoline . Rico Ho I Rlcohol 

50· aLl· 51f· q. 133. 

bta• Ll '+· qJJ· ll· Jlq. 

gb. 78· I5Cf · 3~- ~51. 

104-. 134· 2sq. ss. 3GO· 

'za.· 220· 4oq. q~. Lfq 3· 

lll-O · 350· b~t4· I l-1 q. bi.J-9· 
;. 
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:Both these .abjectK»>s woul :1 be p~trt ia.lly a\ler-eatne by tr.e use 

of alcohol,- the exhaust ha.a only a mild odor an ~1 tbe 

possibility of explosion is much lessened. 

Comparing t r...e average he at a of o ombust ioTJ · of 

alcot·-ol 1 gasoline a.nd coa.l oil, the two la.tter being 

pre_ctice.lly tbe same • we find a considex·able differ·e nee. 

Alco:ho 1 ( Cz. H5 0 R) that is the xrl.etr:y1 fo:t'm , has a heat 

of combustion of lo,ooo B.T.u. per lb. or 51 500 Calo~ies 

per kilogram. For ga.soline or coal oil, thia value is 

found to be about 19,000 :s.T.n. per lb. or 10 1 500 Calories 

pe.r kilogram. Thus we see that the mox·e conrrnonly used 
e ~-, 

fuel.~ have about double the calorific power of al-cohol. 

This does not look very promising in the light of high 

powe:r· for small fuel consumption. When, however, we c'on-

sidei' the power which can be developed in a give~ size of 

cylinder, the matter ia ple,cei on a more equal footing with 

a sli;g:bt advantage in favour of alcohol. 

Supposing our piston displacement to be 10 litres, 

we fill it with air under etarHiard conditions and then bur·n 

in it the maximum quantity of the two kinds of f1..2l 1 alcoJJol 

and gasoline. For complete combustion, 1 Kgrn. Alcohol 

requ.ir·e-. 6. 616 cu. metres of air, l Kgm Gasoline requires 

12.82 ou.metres of air. By tre ten litres of air, then, 

there wuld be burned 10 
6.61-6 

and 10 
~2.8Z, 

-- 1 •52 gms • alcohol. 

-- • 7?9 gms. gasoline . 



. -2-

Or the heat generated would be. 

For Alcohol 1.62 X 
55QQ = 8.Z6. calories. 
lCJOO 

Foi· Gasoline .799 X 
10 15QO 
1,ooo = 8.18 caloi' ies. 

F.enoe a larger quantity of heat woul-d be liberated when 

alcohol was used, and we would therefore expect, provided 

t·hat we could use the alcohol with the arune efficiency 

as gasoline 1 that it would give a slightly higher powei· in 

the seme engine • Consequently vvhe re h~gh power in a minimwn 
po w·t r m,ft'o r -

space is essential, as in the case of motors for PQ;~x boats, 

automobiles, motor cycles and aeria~l work, alcohol ought 

to be sui table from this point of view. 

Then the:re is the question of vaporiza.tion. Can 

alcohol be carbureted in as efficient a manner as gasoline 

or coal oil, an'.i if so, ca.n it. be done by the oa.rburetors at 

present in use without any radical alter·e.tion 1 except that 

provided for in tb.e way of needle or air valves? Examinatior; 

of the vapor p:resr:1uree of the fuels under consider·ation a .. s 

shown in the g,ppend.ed table gives us some ligbt on what 

may be expected in this regard. Gasoline is quite a variable 

quantity and hence the figures shown for it may only be taken 

a.s approximately correct. This table shows that ga.aoline 

is much more e.:asily vaporized than either kind of alcohol, and 
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also tl1at there is a considerable difference between Methyl 

or Wood Alcohol (C2. H5 0 H) and tl:.e Etbyl .Alcohol or Spii·it 

of Wim (C P 3 0 H). It might be surmised that :Methyl 

Alcohol would give better l'esults on an ordinar·y vaporizer, 

and1 as we shall see later on
1 
this was found to be the case. 

The main object of the teat was to find out 

the conditions necessary for the use of alcobol and to make 

a. comparison between the operation with this fuel and that 

obtained. when the fuel for which the engine waa built wa.s 

used. It was desired primarily to find out whether 

alcohol could be ~_:.sed on the engine as delivered by the 

makers and if not what alterations would be necessary. 

Trials were run on both fuels at v~_:rious loads, 

no load, i load, t load, ! load ani full load. At each 

load ~'-~ least three trials were run, using different 

settings of the valves, the object being both to find out 

tl1e best valve setting and to get an idea of the loss in 

efficiency and inore aae in cost of operatio r; due to the 

use of other settings than tl1e best. 
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FUELS. 

Prime White Canadian Oil was used during these 

teste 1 coating 17~ per Im.pexial Gallon. Tests were made to 

determine its calorific value, using a Jun.Ker Calorizneter 

under which a measured quantity was bumt. The amount 

of cooling water used, ita rise in temperature and the 

amount of condensed water were recorded. From these 

observations the higher and lower calor·ifio values could 

be calculated. The two t~sts made gave average results as 

fo llowa :-
-- ~r--: -

Higbe r .. Ca lo:r· ifi o Value 19,700 B,T.u. ~per pound. 

Lower Calorific Value 18 1 600 B.T.u. per pound. 

A,in the eng~ine, the water of condensation goes off as a 
' 

vapor, the latter of these two values was used in all 

calculations. The specific gravity was al•e £ound by 

accurately weighing 200 cubic centimeters of the oil and gave 

a. a a. :rasul t • 80 2 • 

Two varieties of alcohol were tested, Wood 

Alcohol or Dena.tured Spirit and Methylated Spirit. The 

Wood Alcoho~ which in its pure state h~.s the chemical 

formula C
1 

H5 0 F, ia a Methy~ e4lcohol and gave results in 

t:he calorimeter tests a. a follows:-

Fig}'1..e r Calorific Value 

Lower Calorific Value 

9 1400 ::s. T. U. per pound. 

8 1 7oo· B.T.u. per pound. 

Two teats were made, about 50 gms. being bumt under the 
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calorimeter in each case and the 1·esulta were found to agree 

quite oloaely, being less than 100 B.T.u. different in the 

two detei'minatiorJ.s. The specific gravity was found to be 

.812, which would indicate that the percentage by weight of 

pure alcohol in the mixtux·e is 93.9, assuming trat the other 

ingred.ie nt is water. This alcohol was purchased as the 

standanl oommer·cie.l a:r·tiole, and cost 90~ per Imperial 

Gallon. 

The Methylated Spirits had a specific gravity 

of 81.. . 7, indicating 92.07% of pure ale ohol with the assumption;. , 

e.s before, that water makes up the balance of tr.e mixture. 

Methylated Spirit consists of Ethyl alcobol with a small 

percentage - usually about 10%, of Wood or Methyl Alcohol 

added. Ethyl alcohol haa the cbemical foimula. C H3 0 H 

and is more frequently known as Spirit of Wine. The sample 

with which we have to deal gave in the calox·imeter teats 

these figures:-

Higr.Ie r Calorif io Value 

Lower Calo:r·ifio Value 

10,500 B.T.u. per pound. 

9,900 B.T.u. per pound. 

Two tests were made as in the other oa.ses, the results checking 
-

very closely. The price per gallon. wa.s $1.10. 

It will be noted that the purchase p:rioe~of both 

varieties of alcohol are extremely high, being far above the 

cost of product ion plus a reasonable profit. This is due to 
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APPARATUS USED. 

The engine on whicl1 these teats we :re made was 

a Blackstone Oil Engine constructed to run on ordira.ry coal 

oil and also supposed to be capable of operating efficiently 

on alcohol or gasoline. 
f·" 

It is a single cylindered 1 horizontal, £·our­

cycle engine of the Otto type of act ion, rated at four 

horse power and r·unni)lg at about 260 R.P.M •. Its, cylinder 

d.ia.n1eter is 5 inches; stroke 10.875 inches. T·his gives 

a mean piston velocity of 450 feet per minute. The 

piston displaoen1ent figures out at 214 cubic inches, the 

clearance volume is 77.5 cubic irichea, giving us a total 

x-at io of comp:ression of z. 75. Supposing tha.t the cylinder 
I 

volume is filled with air at a.tmospheric pr·essure at tbe 

begirn:ing of compre~s.:.on, and it is con1preesed adiabatically 

usir~ cC = 1.38, our theor·etioa.l pressure at the end of 
...; 

compr·ession would be 91.6 lbs. per sq. inch. The actual 

pressure obtained in the e r.gine as measured on the indic9.tion 

car~ls is approximately 50 pounds per sq. in. This :te~iuction 

is due to several ca.uses,- suet ion through the valves 

reduces the initia.l pressu1·e; the compression is not 

adiabatic,as he~.t wi·ll_be radiated to tt.e cylinder walls 

during tbe latte.r part of the compression, and also a 

sligbt leak9~ge pr·oba.b ly exists. 
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The brake wh rel has an effective dia.m.et er~­

megsured from centre to centre of the rope 1 of lf. i ins. 

T~...e cylinder :has a watei· j a.cket, with inlet 'telow e.nd 

outlet above, for cooling purposes and in t~~ practical 

ope xat ioll of tbe e r.gine, this jacket would be connected 

with a cyl~ndrical tank standing vertically, so that 

"gravity" act ion due to the difference in weight of the 

cool and heated water would produoe and keep up a circula.tion. 

Du.ring these tests, however, the wat ex· was rr1erely rtln through 

the jacket to weighing tanks where the quantity supplied 

could be re'[Jorted. 

The engine being of the four-cycle type with 

one explosion for every two revolutions of tle fly wheel, 

t.h~_ valves a:r·e of necessity of such a type aa to produce 

any required motion once in two :revolutions. This is 

effecte5. by opemting the valves in· a manner quite generally 

used in the va.rious fonns of internal comb~C3tion engines. 

Cams of the proper form are placed on a. shaft at right 

angles to the driving shaft of the engine, the two srafts 

being_ connected by a screw gea.r with speed ra.tio of 2 to l. 

This cam shaft ha.a on it four oanlS for the ope rat ion of 

the same number of valves, the latte 1· being returned to 

closed position by springs. It also carries a governor 

whose action will be note~ later. 
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a heavy G.overnment tax, and prevents alcohol from being 

placed on a fair basis of dollars and cents when compared 

with oil and gasoline fuels, which are not si~ila.rly 

handioe.pped. .Den~atured Aacohol may be purchased for about .. 
one-third of ·the above price, in tne United States where tlle 

Gove:rnme nt tax .-does· not ex(s.L. · 
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The various valves are:- the exhaust valve; 

the gaa valve vmich admits the fuel-charged air to the 

vaporizer; the air valve which supplies. an excess of air 

to the cylinder necessary for a proper explosive mixture; 

the ignition va·lve by whio:b the time of firir1g· the charge 

is regulated. The exhaust val.ve is placed on the lower 

side of the cylinder, t be air valve on top 1 while tie 

ignition valve controls communication between the cylinder 

' and the vaporizer in which the hot "ignition tube" is placed. 

The engine is governed by the "hit and miss" 

method, that is it does not vary the mixture t·o suit the load 

as is the oaae in some gasoline engines, but cuts out an 

explosion when the speed becomes too grea.t. It effects this 

by not allowing the gas va~ves, which brir.;g~ in the explosive 

port ion of the charge, to open. 

This governor is t:r.e centrifugal type 1 being 

enclosed in a cylind.z·ioal shell oarl:ied on the valve 

operating shaft. When in action the governor 1·eleases a 

ratcr.et on the cam whicb. operates the valve, 8tJeRig.g .. Jre 

r.wutiilaf'lt4.9g allowing the latter to swirg ao that the projection 

which would ca.use the lift of the roller under nonnal 

conditions is swung t·owards the axis of rots.tion, and con-

sequ.ently no motion is transmitted to the valve. 

It will be noted t h~t by this method of govern i11g 

all other valves are in ope rat ion d.urir.g a miss as well as 
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during an explosion cycle. In othei words what rappens 

during the Ir.Liss cycle is that a charge of pure a 1 r is 

drawJn in from the auxiliary air valve, compressed, expanded 

and driven out the exhaust. Hence we get a cooling and 

sca.veng ing act ion which has a not ice able effect on t !l...e next 

explosion as will be seen from the indicator cards. 
and 

Thi.~ oil engine has a vaporizer !\igniter in a 

separate casting bolt ei to the cylind.e r head. This vapoz·izer 

corrJinunicates with the cylinder by meana of the ignition 

va~ve a.s noted above, the latter being capable at tb.e proper 

time of closing e:U. communication between them. A high tem­

perature is maintained ir: the vaporizer· by the heat given 

to it by tr~ explosive mixtum. To start the engine on coal 
tt 

o ill\ is neceasary to heat the va-porize:r considerably, pro-

vision being made for so doing by the removal of a slide 

in tbe out~er casing. The flame of a lamp is allowed to 

circulate betV\een this casing and the vaporizer prope:r until 

the latter at:tains the neoeasary tenrpe:rature. 

The next point to be cons i1ered is t!te method 

of supplying the fuel to the vaporizer. The fuel supply is 

obtained from the r·eceptacle containing it(during the test 

a g laas gra.duate calibrated in cent irr.eters wa.s used)- by 

a pump worked by a cam on tbe valve operating shaft which 

forces the oil up a small pipe to a fuel chambe:r. This 

fuel chamber has a partition a.crosa ita centre, one pocket 
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be ing c onheot ed to the supply f xom the ·pump and the other 

by an overflow pipe to the fuel vessel. 

The pump supplies an exce a~ over· what is used 

by the engine 1 the surplus being retur·ned by the overflow 

pipe, hence we have one pocket of the charnber always filled 

to the partition top. A small duct lea,ds from this pocket 

to the fuel nozzle - t~ne J.attex· as supplied by t !16 make:r·s 

having a diamet e:r of .06 inches. This nozzle is a i tua ted 

in the suet ion pipe, which leads to the vapox·izer. The 

top of the nozzle is ab out .25 inches above the leve.J. 

of the fuel in the supply chambez·, consequently the 

suction due to the piston receding must ovez·come this 

difference in J;evel in order to obtain a supply of fuel. 

Between th.e suction pipe and the vap-o.rizer is located 

the g::~.s valve, whic1; when open allows a change to be 

sucked in past the fuel nozzle. 

As provided by the male rs, the :re is no regulation 

fot the fuel nozzle in the way of a needle valve or simila.r 

c ont ri vance to partially close it. Fowever when usirtg coal 

oil, sufficient regulation may be obtained by ma.nipula .. tirJg 

tbe gas valve mechanism. A bell crank lever, one end. being 

a "knocker" acting on tne valve spindle, the other carrying 

a roller which bears on the operatir.g cam, moves the valve. 

The knocker ia in the form of a set screw which may be 

rotated
1

henoe causing any desired lift of tle gas valve. 



At the beginning of the trials the set sore N was marked 

in a certair. posit ion when its head was a d.ist ance of 
..-\,.. 

1.082" from the back of the supporting ~m1. This was 

used as zero position and other positions were referr·ed 

to this one in accordance with the number of tur·ns the 

head was rotated. + tums indicate a movement 

whicr~ 1JI.OUld cause a la.:rger valve lift, an::l hence a 

stronger explosive mixtu~ 1 - turns indicatir.g the 

opposite e:t'fe et. The pitch of the thread on the knocker 

is 16 pe~ inch, so that each turn corresponds to a change 

in valve lift of l/16". 

It was found when alcohol W8.a used on the 

er€ine that the above regulation using the gas valve was 

insufficient,- that even usir,g the me..ximum opening 

obtainable by this means, enough fuel to drive the engine 

could. not be obtained, d:ue to the small size of the fuel 

no?.zle. The hole in the latter was therefore enlarged to 

l/8", ani a needle valve giving any size of opening f:tom 

0 to l/8" was put on. This ge.ve the needed cont:rol of 

tre fuel supply, independent of the gas valve. The 

needle valve was used for the alcohol tests only, the -o~'' Ota m. 
ho33Je pr-oY1cle.cl byrhe.. tnQketc-s eft-he eng•.ne betn~ use~ dut4•1tp ctfl 

Following the course of the exploa1.ve charge °Coal 01 I 
1-esre. 

wren obtained from the fuel nozzle, it traverses a short 

pipe, pa.sses the ga.s valve into the vapo x·ize r where the 

small particles of licpid 1 whict.~. have been swept along by 
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the suet ion, ·iue to trJ.S recession of the piston, st:r·ike 

the hot surfaces of metal and are transformed into the 

gaseous state neoesaaz·y for ar: explosive mixture. It 

then paasee tbe ignitiorl valve into the cylinder, there 

meeting and mixing with a quantity of additional warm air, 

whic ;n has been drawn in t hl:ough the a. ir. valve • This air come e 

in through the frame of the engine to a chamber at the 

ora.nk end of the cylinder where its temperature is raised 

before it is used. T:b.e supply pipe has a butterfly valve 

capable of being l:otated goo, the object of this being to 

provide a means of cuttiLg off the auxiliary air supply 

when starting the engine. When closed)all the charge ia 

drawn in past the fuel nozzle and gas valve, thereby 

increasing the crance of obtaining a rich enough mixture 

to put the engine into commission. 

The ignition is of the hot tube va .. riety. It 

consists of a sma.ll chamber in the vapo.x:·izer J cont air1ing a 

piece of l/8" wrought iron plate rolled up into a loose 

cylinder, which retains the heat imparted to it by one 

explosion until a fresh charge comes in contact with it. 

No lemp or outside source of heat is requixed e..fter 

the engine is once started. Thia fonn of ignition :Was 

found to be satisfactory when coal oil waa used, but 

during the alcohol tests, another method was necessary 

as will be expla.ined later. 
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The engine was equipped with a water cooled 

brake wheel, having an effective braking diameter of 

15 5/d". The b:ralre was of the usual type, of rope,with an 

iron stand mounted on scales capable of recording a weight 

of two h~ndred pounds, The direction of motion of the 

brake wheel is such as to increase the weight on the scale a 

when runnir.g under load. The pull due to the rotation 

is measured by the scale :reading when running minus t:h.e 

initial VEight of the stand, etc. 

Other apparatus used consisted of a Crosby Gas 

Er~ine Indicator, Counters for obtaining 'the :revolutions 

and Ignitions, the latter being attached to the.ga~a valve; 

weighing tanks for cooling water, and a. glass graduate 

for tl1..e measurement of the fuel sup·ply calibrated ih 

cubic centimeters. 
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METHOD OF CONDUCTIN'G 'JESTS. 

The readingswere in general taken every two 

m/ind:tes during the tests and consisted of the following:-

(l) Fuel used. 

(2) Explosions. 

(3) F.evo lut iona. 

(4) Indicator Cards. 

(5) Coolir~ Water weight and temperatures. 

(6) Gereral observations on the action 6f the 

The indioRtor cards obtained vere of two types, 

the kind taken in the usual manner and those obtained 
. ~~~~ . 

by r.ot~ting the Indicator ki Ml uniformly by hani instead 

of giving it a motion by reducing gear proportion to the 

piston displa-canent. Horizontal distances on thisfo:rm 

of card possess- no particular significance, but tne 

vertical heights of the linea give us a record of the 

maximum pressure~ obtained and an idea of the r·egularity 

or otherwise of the explosions. They show wnether the 

.Governor is acting properly) qnd whether the mixture 

used ia giving good results. 

The indicator was attached as olosely to the 

cylinder as possible, being screwed into a right angled 

elbow, the length of orifice from indicator.:. cock to 

inside of cylinier would 'be about 6" with one right angled 
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turn. A spring giving a lift of one imh for two hundre~i 

pounds per squaxe inch w~s u!3ed during all trials. 

A minimum time of ten minutes per trial w~s used, 

it being considered. that the fuel measurements could be 

taken aa accurately as the brake· load for this time. Fuel 
CUb»c 

could be recorded to within 2;\centimeters, and this gave 

a possible error of about 1% on a ten minute run, which 

was probably fully as accurate as the other detenninationa. 
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RF!SULT~q_~ TES~S. 

The operation of tbe engine was very satisfactory 

when "P.r·ime Wh.ite" Canadian oil was used aa fuel. There 

was little difficulty in starting;a lamp using coal oil 

as fuel, built on the same principJe. as the ordinary g~aolinc 

lantp with air pump and vaporizer t.ube, was used to he:ai the 

vaporizer on the engine. This took an average time of 

five to ten minutes, and the.n by a couple of revolutions 

of the fly wheel with the exhaust eamon mlf-compreseion 

and. the butterfly valve on t'he air pipe closed1 the engine 

could be started. Some difficu~ty 'Nas found with the valve e -

those controlling tile gas supply ani the ignition having a 
....... ~ --

decid.e1 tendency to become clogged attar the engine waa run 

for a few hours. Th~se valves seem to require cleaning quite 

fre1uently when coa1 oil is used a a fuel, whe rea. a during tne 
alcohol teat no trouble from thi~ source was expez·ienoed. 

The coal oil tests lasted twenty minutes, all tbe coniit ions 

of operation being kept as constant a.s possible during that 

time • It was found that at ?65 R. P .1'.[. the highest power 

which the engina could .ievelop, was 3.49 H.P. as seen by 

the results of Test L. Maximum loai was taken as being 
-e.r 

reachei when the misses were one in ten. A amallApe :r:centage 

of misses than this gave a considerable drop in speed. In 

ord~r to obtain even thia H.P. • it waa necessary to use a 

very :rich mixture. During all the coal oil tests the ·Ob~.,OIQtn. 
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fuel nozzle was used and t:he :regulation in the strength 

of mixture obtained by rotating tie "knocker" for the ga.a 

valve. The air valve was kept open except at starting. 

Three trials were run at each load with different valve 

settings. 

Specimen cards of this series are shown in plates 

A ani B. 

Taken as a. whole, the series shows that aa might 

be expected, the engine is ~sl.ightly more economical at 

higher loads, the differe nee in economy 'between i and 

full load being about 25%, which me~y be considered as fairly 

good. The ~erage fuel consuropt;ion at all loads :With 

best valve setting for each figures out at 1.00 pound per .,. 

horse power hour. 

For each loai, there seems to be a valve setting, 
J,J' .. ~ 

which wilJi give the highest efficiency, and this ~st 

setting. is different foz· diffez·ent loada. For instance 

trials F.G.R. are at quarter load. F gives be~ resulta 

1.18 lbs. pe:r B.H.P. with gas valve at -1/6 from normal • 
. t~ . 

At half load (trials B,C.D.E) the best results were obtaine;d 

with gas valve at -1/6, .97 lbs per :S.H.P. At three-quarter 

log.d (trials I •. r.K.), J with valve at+2/6 gives .918 

per B.H.P. hour. At full load (trials L.M.) there is an 

'J 
apparent increase in fuel constmption. The explanation is 
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tbat 9. ~t ronger m:ixture had of necessity to be used in 

order to develop the full povver 1 and. this strong m:ixt'!J.re 

proved to be not as economical as a weaker ore. The 

explosions were quite loud and sharp during trials K, L 

M, ani there is an increase of about ten ·pounds in the 

Mean Effective Pressure over the average during the other 

trials. -As shown on Plate A, a maximum p1:essure of 270 lbs. 

is recorded for these trials as compared with 20Q lbs. for 

the others. It will be noted, however that these maximum 

pressures as re eo rded are probably much higher than actually 

exist on account of the inertia of the mov ir.g parts of 

the indicator. However, the results are interesting from 

a comparative point of view. The wavy appearance of 

the expansion line near its beginning as seen in many of 

the indicator cards is also probably due to the ,indicator 

spring. Using a spring of iifferent size, had no apparent 

effect in reducing this irregula.r_ity; it still had a 

vibration due to synchronism with the explosion wave. 

Due to an ir:r-egularity of the explosions which 

cannot be eliminated and a consequent variation of the 

ca:rds cibtaine d in the same trial, the calculated I, 11, P 

ia a quantity which is only al>proximate with wid.e margins. 

Henoe any further deduction bases on it are not nearly as 

relia.ble as those figured from the B.H.P. values. The coat /tt 
j 

about 2r/ per :s.H.P. hour}will compare quite favourably with 
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many gaao line engines. 

ConsiderR.ble dif~iculty was experienced in getting 

this engine to operate sa.tiafactorily on alcohol. It was 

first tried without any alteration of the fuel supply or form 
W~h. 

of ignition, the obj eot being to determine whether I\ the 

struoture and. adjustments provided the ergine oould be made 

to xun properly. 

The firat point brought out waa that the er.gire 

as it $tood could not be started on alcoho.L, though the 

lamp,was used to heat the vaporizer. Having first been 

heate1 up and started on other fuel, alcohol was substituted. 

The ggs and air valve settings were varied, an1 the effect 
-·---·;;&.:..:."---·- ....,~ 

noted. It waa found that if a eo-m idei·able load was put on.JI 

the engires before chs.ilging the fuel, it would run on alcohol 

but not at all vell ~ explosions obtained being very weak 

and. uncertain; all ~dm iasiona did not explode and the 

e rgine slowed down on each occasion to leas th;m half speed. 

The rest results, and the se very poor, \i\6 :re obtained wren 

the gas valve was set at + 2 turns ani the butterfly valve 

in the air pipe half or entirely closed. 

Plate C sho-vvs the effect of the different 

adjustments. As soon as the oil fuel was replaced by 

ale ohol without any val1re c!ange, the explosions \veakened 

quite considerably- probably due to the engine not·getting 
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a sufficiently strong mixture (see Card a) The ga.a valve 

was then moved to + 2 and the butt c:.t·:f'ly valve in air 

pipe set in mid position, hence increasing both the gas 
-

valve openj..ng and the suction in the fuel pipej (b) shows 

the results of this change , - a. higher mean effe et ive pre ~sure 

with better ignition. The explosions are strong, but there 
Not 

is a wide variation in the oards~"/\Every fuel a.dmiasion .~ 

~ exploded.(c) ]N9.S taken with a still stronger mixture. 

Tbe effect of opening and closing tne butterfly 

va.lve in a i:r pipe are shown on card (d) indioat ing that a 

stronger mixture was needed. Card (e) shows the variation 

in the explosions obtained. 

These result~,though in themselves not of much 

value,ga.ve an ide'a in \'Vhat direction we might look for an 

improvement. The main troubles seemed to be 

(l) Insufficient fuel supply. 

(2) Faulty ignition or Vaporization. 

To endeavour to remedy the fimt of these, a needle valve 

and l~rge 1/8" nozzle waa substituted for· tre small nozzle 

without regulation, which came with t'he engine. The zero 

position of the needle valve during the following tests 

was taken as the average setting for coal oil, the valve 

being then open lt turns, and in the tabulated. results+ 
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ang~es indicate additional opening from the zero position 

and - ~.ngles a lesser opening. 

The addition of this valve to the equipment of tne 

engine d~d not produce the desired results. The engine 

could. not be started on alcohol, neither would it run at 

full speed. The card.a obtained showed the same irregularity 

as beforeJ slow burning in many cases instead of an explosion. 

The use of the lamp under the vaporizer did not seem to 

afford any improvement in the vapor·ization or ignition. 

The problem now narrowed itself down to a question of which 

of these two things was a.t fault, a.s it was now known that 

plenty of fuel was being supplied. Alconol being more 

e~sily vaporized than coal oil, the conclusion a:r·rived at 

was that the charge did not ignite properly from the hot 

tube. 

Acting on tbis deduction, an attempt was made to 

equip the engine with a satisfactory electric sparker. 

The type used consisted of a sps.rk coil with t:t'embler, 

a prima:ry circuit with a timer. and batteries in series 

an,i tne secondary connected to a spark plug of the usual 

type. The contact timer was formed of two copper springs 

placed one on the frame of the engine and the other on the 

lever which actuated the timing valve for the hot tube 

ignition. These vere arranged so that they came together 

at the proper instant, and produced a series of sparks at 



the plug in the secon·iary circuit. A rubber insulator on 

one of tba contacts insured that there was no spark 

pro.fuced as the lever made its return motion at the 

opposite end of the stroke of the e r.gine. 

The sp~rk plug was at first placed in the end 

o:B. the vaporizll3r, remote from the cylinder, i:t occupying the 

exevct point previously occupied by the hot tube igniter. 

Under these conditions then, the engine was 

\'i~Imed up on other fuel and tried ~.gain on alcohol. For a 

~hort time it seemed that the experiment was going to be a 

success, good cards being obta.ine·i and a high speed being 

maintained. But w~n running a fevv minutes, it began to 

slow down as before, and ignitiom age.in became irregular. 

A:ijuatme nt s of the va.rious valvea had little effect. 

The cards show ignition· to be taking pla.ce q_uite late, 

sometmes after one-eighth or one-quarter of the stroke 

ha)_ be~n completed. Advenoing the spark did not remedy 

this. At inter·vals the engine would speed up, but the 

ino :rea sed rate of revolution did not last • 

It seemed possible that the spar.k plug might 

not be in a favourable position, being in the back of the 

vaporizer, and out of the current of g~s. Tne entering 

mixture comes through a valve in the side of the vaporize;, 

about five inches from the point at which the spark was 

placed, and flowe1 forward and away from the spark. 
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Consequently it was thought that the spark lost its effe et 

by being burie·i in burnt out gas. This theory wa.s 

strengthened by the fact th~t explosions were obtained after 

several misses when the scaveigir:g act ion would na.turally 

h9.Ve swept away the blanket surroun1ing the spark. 

On this hypothesis, the position of the spark 

plug was charged, the ignition or timing valve between 

cylinder and vaporizer being :removed, anJ. the s·park plug 

substituted. He re it is in the dire ~t current of the gases 

enterirJg the cylinder. This proved to be tbe last change 

which it wa!=> nece i-3aary to make in order to use ale oho l. 

the only thing now require:i being the proper adjustment 

of ignition. 
" 

It was found tbat for a satisfactory indicator 

card 1 ignition at each fuel admis8ion, and. other ind.icFltio.ne 

of ef'Jficient operation, tbe air valve should be kept 

almost or wholly closed, that the g;1.s valve should be 

:t·egula.ted to give a large~ lift ( + 2 turns being the 

setting used in all alcohol trials) and tm.t the needle 

valve should be opened. just a little more tban for coal 

oil, the ~verage setting being about + 45°. 

Keeping the air valve closed reduces the com­

pression pre*re from fifty to barely forty-five pounds. It 

.lo_w, r . 1 . " i " 1 also produces a ~t~llfcompress~on ~ne on a m ss eye e, 

when the gas valve does not o·pen ani the ch~.rge must of 
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ne c e "~ it y leak in past the 1 o os e -f ~ -- ~ i nz butt e rf ly va 1 ve 

in the air pipe. This line shows up clearly on many of the 

cardJJ in Plate D. In the coal oil tests the butt·3I'fly valve 

was always open, hence for these trials the compre,~sion was 

over five poun-ia high·er, and therefore the possible 

efficiency slightly higher. 

Teats were made on Wood Alcohol at t, ~ and ! 

load. It was found to be impossible to carry n1ore than 

3.2 B.P. with alcohol as co111pa.rel with 3.5 for coal oil. 

The reascm for this was that with alcohol when tl1e misses 

be cam~ lef;s tbal! a bout one ir. five, the engine would miss 

fire on 9. fuel admission and slow down. The mean effective 

preesures obtained \~re higher than for coal oil, averaging 

about ?0 lbs. per square inch, whe:x:·~2.s the ail gives an 

average about 15 lbs. less. 

The ther.mal efficiency based on the I.B.P. 

give average values for alcohol of about 19~~, aa compared 

with pract ic.9.lly the same values for· coal o 11. The maxim"Jm 

efficiency given by the fo:nnula 

E -: 

B being 3. 75 and ~ being taken as 1. 2>8 

gives a result of .396. 

Consequently our efficiency ratio is about 50%. The actual 

work obtained is much lesa than that indicated, in other 

words, the apparent mecnanioal efficiency ia low, but its 
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value is no doubt dec :reased by tbe lowering of the value 

of .the B.'H.P. by weak explosions whiah sometimes occur, but 

a:re not al;-vaya recorded on the indicator cards .V During 
In 1-he .. abula."'ted tc-esvl"ts t"he Ther"ntQ/ l:ffrc.l'en.c.res showtt a•4 e based on... 

the alcohol tests, there were also at times, though not~ 
t'he. I. J-4, P. _ 

·frequently, fuel adm~ssions not follO'JIJed by an explosion. 

These were registered on the oounter attached to the gas 

valve ani give an apparent I.R.P. higher tha.i~ that 

actually developed. It was noted a.leo that the governor 

sometimes had a partial action, that is it caused the valve 

to open slightly, ani in thia case a weak explosion took 

place. No explosions were noted during a miss cyele using 

edtber kin:i of fuel. Consequently, if: the cylinder does 

retain fuel in liquid for.m and act as an auxiliary 

vaporizer during miss cycles as has sometimes been claimed, 

the action di.d not ta.ke place in~ sufficient ·iegree to pro­

duce a mixture .which would ignite. 

The curves appended show the best fuel consumpt ions 

obtained with both a~cohol and. coail oil. These iniicate that 

the engine uses over double the ~.reight of alcohol that it 

does of coal oil for tha: same :s.B.P. Tbe thermal values 

are in the ratio of 8, 700 to 18,600 or 1 to 2 .• 14. Hence 
ove;~all 

for equalAthe~al efficiencies, 1e would have fuel oon-

su.mpt ions in the same ratio • At t lo 9.d this is nearly the 

case, the relative values with best valVJ.e setting in each 
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case being .92 to 2.06 or 1 to 2.24. At half load this 

ratio is 1: 2.53 and at ! load 1: 3.05. The alcohol cuiVe 

rises very rapidly at small loadsJ the increase in the beat 

consumption recorded from three-fourths to one-fourthload 

being about 75% whereas the coal oil curve is quite flat and 

shovvs an inorea~e of only about 25%. The explanation of 

this probably lies in th~ fact that the vaporizer is kept 

hotter at heavy loads, and that therefore we get more complete 

vaporization of the· alcohol, and less waste due to unvaporized 

fuel being car-riei out the exhaust. At all loads the vaporizer 

works equally well with coal oil. The 251, increase there ia 
I 

due to the drop in the mechanical efficiency at light load. 

The oil consumption per I.R.P. - hour remains approximately 

constant for all loads. 

Curves showing the results obtained with different 

needle valves setting for the alcohol valves were plotted. 

These indicate in a general way that the best fuel ~on­

aumption is obtained When a rather weak mixture is used. The 

heavier the load the stz·ot1ger the best mixture. The curve 

t:Gx t load ·ioes not seem to have attaine-i ita lowest point, 

a.s it is still slopir~ down at - 45° needle valv·e setting. 

It was found, howe~er, that a weaker mixture caused miss-

f' ires and consequent slow do·vvns. 

The increase in full consumption d.ue to an 

incorrect setting witn alcohol is very considerable, and will 
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easily amount to 25Jf without any apparent diffe1·ence in the 

indioat or cards or action of the engine_. The only means of 

detect ion would be a brake teat • 

This is true to a lesser extent with coa.l 0 il, 

the loss there being only ab out 15% before the engine 

beg ins to give in die at ions of an in eo rrect fuel supply. 

A few tests ware made using methylated Spirits as 

fue 1. The se testa ytere not as satiafact o:ry as t:h.e Wood 

Alcohol tests on account of mis~-fires. This wa8 especially 

apparent during trial A. It could not be expected that this 

fuel would operate as well as Wood Alebhol, Methylated 

spirits being chiefly an Ethyl alcohol witb therefore a 

loYler vapour pz·e~sure, fillld leas tendency to vaporize easily. 

It ~.~'As found impossible to get a satisfactory test of the 

methylated spirits at the lover loads on account of the se 

miss-fires, and only one could be obtained at half load. 

Various times of ignition and V9.lva settings were tried 

without result. The conclu~ion arrived at was that except 

at high loads~(and even then its act ion is doubtful -)the 

engine WJuld Z?-Ot run properly on methylated spirits. 

Thta fonn of alcohol costa 20ri more per gallon 

than Wood Alcohol, the trials made show the fuel consumption 

to be no less than when using the other· va.riety, consequently 

it looks much less piomising as a fuel than the Denatured 

Spi r·it. 
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There is, little to be said in regard to the 

comparative cost of oil and alcohol fuel, the curves show 

~ the deficiencies of a~cohol in this respect very clearly. 

The ratio of expense of operation is about 13:1. As 

previously noted, however, this condition of affairs is not 

due so much to relative amounts used aa to the high cost 

of the alcohol. Ir.1 countries where .no Government tax exists 

on alcohol, its price is about two-thirds lov.er, costing 

about thirty instead of ninety cents per gallon. Coal 

oil is ve~y cheap by camp~.1·ison. 

Other points noted were that it took less heating 

by means of trelrunp to start the e r.gine on alcohol than on 

coal oil, and if things were just right, a start could be 

made on the spirit without any prelimin~ry heating; the 

explosive shocks were less violent with alcohol, although 

the mean effea.tive pressures were higher, combustion taking plaoe 

~ore as a burning action than as an explosive wave. 
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The 8/ackstone Oil Engine 

ond eguiprnent used duringthe 
trials with coal oiL as fuel. 
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Vt:ews of the.. 8/acKstone Oi.L Engine 

shouring the equ1pmenT used du.rLng 

the alcohol tests. 
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BLACKS TONE 0/L E NG/NE 
' 

RESULTS OF TESTS USING WOOD ALCOH[j]J & MEUIHYL'ATED SP/ R/TS AS FUEL. Mfi\JLL UNIVERSITY /9011 . 

.. -·----- iiii• ---· -------- - ·-·- - -· ·-

TRIAL MARK A 8 c 0 £ F G H I J J.< L M N 0 p Q. 

-
· - --·----··-· 

DURATION OF TEST 10 /0 10 10 10 10 !0 10 /0 /0 /0 '/0 /0 10 10 10 10 M•.ns. 

TOTAL. REVS. PER HOUR /(:, 3 4-0 lb3()0 1sqoo 16300 /63;!..0 14570 1552.0 15630 15550 /3f{OO 15510 lfo030 15510 IS?.JO 15340 IS3So IS 11.10 

TOTAL FUEL P£R HOUR 3·2.~ 3·5 3·lo4 3·77 J'·b4 5·1\3 Lf·2.8 4·5q LJ. .q 5 5·54 S·q3 5-.70 b ·OS 5·51 5·68 6·2.6 Lf·b ~ L:..bs. 
-

TOTAL IGN ITIONS,P£R HOUR 4010 3q4o .3&30 40Lf0 38 z.o b490 Lf q 2.0 lff3Jf0 lfqroo bbGO 6000 0/.90 6 z.. 70 6/5 0 btOO l>0/0 5060 

- --- - ( . - -- ---

KINO OF FUEL USED W.A. W.A W.R. W.A W.fi. W.R W.A W.A w.R W.R W.A W.R. V\1. A M.S M.S M.S. M.s. 
·- ·- ·----- -

Ufo 0 F RATED POWER. - Z-~·5 z. 2.·4 2..3·5 ZZ·Lf 2.2·9 /f0·3 42.·9 4-3·3 4- 3·0 sq-s 67·0 bq.o 67·0 b6·0 bb·Z- bb·2.. 4/-9 tll 
MEAN R.P.M. 2. 7 2.·4 2. 7~· 265·8 i?.1Z· 2. 73 . 2. 1f 3·/ zsq.J 2.1o I ·I 2. sq ·6 2.30· Z..58 .q · iUo 7·b ZSS·B 2.~~-b 2.56· 2.So·lf lS~·f. 

IGNITIONS PER M I NUT£ b 1·8 b5·7 60·5 67·3 63·7 108· 8 2.·0 80·7 g 2.·6 Ill. lOO· I 0.3 I 0 Lf ·S IOZ.·5 IO!·B 100·1 s4~3 . 

MEAN EFFECTIVE PRESSURE. b8·Z bq· 7Z·2 64·3 64·3 bi·Z 10·5 7 2. ·I 65·8 b0·5 bQ·'a ' 73·7 7 2. ·I 71<5 76·8 78·3 bq·3 Lbs/o" 

INDICATED H·P· Z..·SO K.·45 ~-32 Z.·33 2.· Z.l 3-56 3·12 3·14 z.q3 3·62- 3·76 Lf-oq Lf·Ob 3-qs 4-:15' . 4- ·2., 2.J 3 ·15 ". 

EFFE:CTI Vi:: BRAKE LORD ~6·5" Z·bS 28·5 2..65 .C6·5 53·5 53·5 53·5 53·5 93·5 83·5 94 ·5 · B3 ·S 83·5 83·5 S3:·S S3·5 . Lbs. <·.· .. 
" 

BRAKE H·P· ·8'11 ·8<15 .q4 .gqs .gqg l·bl 1·11 /·73 I· 7 2 2.·39 Z·b9 z:76 2.·b9 l.,. 7 2., 2.,.65 2..·65 l·b/ I 

; ' 
.. 

FUEL PER /·H·P· HOUR I ·2'8 /-43 1·58 l·b 2.. l·bS' I ·lft.f 1·31 1·4b l·bq /·53 1·58 ,.jq 
! 

1·50 1·3q 1·3] l·4q 
\ 

. I·Lf 7 Lbs: 

FUEL PER B:H·P· HOUR 3·60 3·BO 3·'137 4·2..2. 4·05 3·18 2·50 2.·foS 2.·SB 2·32. 2·2/ z 'ob 2·2 7 2·0~ l..·l ·ft 2;36 2..·76 . Lbs. 
: : 

I < 

·000934 
. 

FUEL PER IGNITION ·ooo1q1 ·ooogq ·00101 ·OOO<Bb ·000q53 ·OOO?qz. ·ooo~nz. -oooq5 :ootoo ·Oooqq ·OO(Jqz.s ·oaoq1z, ·ooo sqq ·oooq3S ·00105 ·oooq 14 Lbs: 
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