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Tylical 4-C!1nds. r\4irnr. Encnre

PREN,iIVJiI\,AXT.Y

l'='r,fHIS englne is of the type nolv generally known as the Seni-Djesel Enginc. In elTect, it is
I

l_ r Two-C1cle Verncr) Erg,ne Jcs,sned to brLfn Fleavy Oi1s. The princide on which slrch

engines $'ork is now so rvell l<nown rhat a d€tailed d€scription of it is hardiy necessary.

Conden,eo i , ,,w rvo,Cs i

A charge of pure air is drawn into tht crank case ancl thence is forced into the cyliDder. Practic:rlly

the whole of the chnrge is then compresse.l into a cornbustion chamber, part of which is formed in

rhe cylinder breech and is water-iacketted ; the other pari is a small non-jacketted dome which,

during work, remains at a " black hot " temperatffe. tust before compression is completed, a

ch:rge of fLrel oi1 is iniected in the form of a spray into ihe combustion ch:rmbel and is ignited by

contact with the su.face o{ the " black hot " dome in conjLrnction with the temperature of

compression. The admission of the air charge to the r:ylinder and ihe expulsior of the prodlrcts

of cornbustion are ellected by ports in the cylinder ta1l, vhich are covered and u'rcovered by the

piston.

The prcsent Gardner Heavy Oil Engine is the result of many yea|s'original research, supplemented

by the ihirty years'experience which the nak€rs h:ve had ii the buildins of, and the .xpe.im.ntLng

with, an €normous variety of types end sizes of OiL Engines.
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PRELTMINARY (continded)

This research has been att€nded by complete and unqualified success, which has beer amply

confirmed by the experience of the many sers.

Among the many desirable properties possessed by the Engine, the folloiting mav be mentioned :

Il runs with the smoothless of a sleam engine.

Starts from cold within three or four minutes from the word of command

Will stand up.indefinitely to the maximum load for which the engine is sold.

After having once been heated interdally by a short run urrder load the engine will run

Iighr for suffciently long periods, ready to take up ful1 load at any moment.

Runi-equally well at all intermediate loads,

In thi Marine type, ofthred or more cylinders, the reversals ofthe engine for manceuvring

are performed with absolute certainty and precision, as quickly and as easily as in rhe

steam engine.

The engine burns effciently a variety of the heavier arld cheaper grades of fuel oil,

and with very lbw consumption per BHP per hour.

The consumption of lubritating oil is remarkably low, not exceeding that of n1, of the

fuel oil (actually it is much less than this).

It will be seen in lhe s€quel tirat the T engine is a very perfecr machine, in that it responds to so

many desirable conditionsand demands, In appearance it is costly to build, yet the perf€ct adminis-

tration of the works, together with very special methods of prodtctioa, enable the engine to be pur

upon lhe market at an exhemely low price.
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GEI\ERAL DESCRlPTION

In gene|al, the following description applies eqLrally to Stationary and M:rrirre Engin€s : where

necessary) a distinction is made bctween the tlvo types.

EDgine Bed and Crank Cases.-The engine bed c ries thc main bearings al1d the general super-

srructure of the engine. In it are fornred the iower part of rhe crank cases, ore for' e:ich crank, from

which the surplus lubricating oil is drained by r sp€cial device while the engine is runniry, the outlct

of which drain debouches above th€ floor level. The upper crank cases are bolted on to the engine

bed and each is prcvided with two large inspection doo$. Situated in the dooLs :rre rhe air vrLves

and inlet silencers for the supply of the air necessaly fc,r combustion.

Note.-In the T4, the smellest ofthe series, the tLpper crank case and the cylintler are in one crsting.

The air jornts near the main bearings are mad€ by massi/e, sprillg-loaded, sealing *ashers of
large diameler positively driven from the cra* rvebs,

A completi system of " Jigs " renders possible solne ralh€r remarkable feats of inrerchangeability

of bed., crrnk crse., .rnd cylinders.

Main Bearings.-These are hotrsed in the engi[e bed,;rnd:re lined with upper and lorver bearing

shells of special anti-fricrion bronze. The crps and shells rre rerdily drsrn;ntled for inspection

withour disturbing any of th€ structure cf the €ngin€. The lLrbrication is effected by a copious

circtrlation of oil under pressLLre, just as is in the usual high. class of 4-cycle engines. See also uruler

'Lub,cattun.
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eranli Shelt.-This is, of course, cut from th,: solid ste.1 forgnrg. The general dimensions are

made to th€ latesr issue of Lloyd's ru1es. Balance weighLs are fixed to each crank, sLlticient {or the

balance of the cmdr and the proper proportion of the nuss of the connecting rod. The cliameter of

the crank shaft is finished and sized by the modeln process of grinding.

')

{5ro)

Cylinders.-The cylinders, as well5s all other castings, rrc nade in our own fou:rdry from a blend

of iron establishecl by years of experience. Ampie means of access are provlded for examination of
'lc vrter-:r. ke . o, r'.r po.'..

The cylnrder bores are finished a d sized on Planet grinding rrlrchin€s.

Cylinder tsreech. This is a carefLLily designed, water-cooled structure in which is formed the

lower part of the combrstion chamber and the warer-cooled drct thlough which passes the sprayer

of the fuel injection.

Dome.-The ciome is a light casting clxmped on top of the cylinder breech and forms the rrpper

pa.t of dre conb$tion chamber. It is uraintrined at a " black hot " temper.arure by the internal

combustion, which temperature added to that of compression suffrces to ignite the incoming sprry of

the fu€l charse. Ouidg to the low worliing tenrper.attre, the life of the dome is indetuitely long.
i
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. cENxML DlscRlprroN (contrnded)

Pigtoos.-The pistons are cast ftom lhe same metal as the rylinders, Considerations of heat-

conduction aad hbrication cause them to be of massive design. They are finished and sized on the
grinding machine. The finished diameters of the pisrons diminish in steps from the front to the back,

to allow for varying diametral expansion when at work. The varying diam€ters, being accurately

pre-determined by long €xperience, completely eiiminate all " easing by hand," consequendy the
life of both piston and cylinder bore is immeasurably prolonged. 

.i ,

The gudgeon pins are of hardened stee1, nnished rnd sized by grinding. They are so fited in the
piston as to avoid distortion of the latter,

ConnectingRoils.-The rods are made from steel fbrgings, The big end bearing.is a bron-ze shell

io two parts,lined with white metal. The small end is lined with a phosphor-bronze bush. The rod

is bored throughout its length to carry a cenrral duct for leading lubriiaring oil to the gldgeon pin.

The lubrication for both ends of the rod is derived from a centrifugal oiler which is sewed by

charges of oil measured by the Grrdner Multi-Point Lubricator. Spe also un ilcr " Lubiration."

Flrybeels.-These are machined all over. The mass and energy lre of proportion sufficiently
g€nerous to smooth out the p€aks of the torque diagrams and so reduce to a minimum the stresses on

th€ clutch and propeller shaft. In Stationary Engines and Electric Generating S€ts the €nergy of
the wheel sufnc€s to give any desired coef6cient of cyclic variation.

Vertical Counter Shalt.-This is driven through helical gears by the crank shaft and se es to diive

the cam shaft and the pnmp for the main lubricalion s,stem. lt also carries the gov€rnor and the

reversing gear oI the engine.

lllGtradon of Cylinder Bree'h, Dotu, Burd.r, .nl Spiys, showing
rhr* ditreEnt perfions ofrhe spriy-forn eferRd to d la8€ '4,
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GE$EML DEscRrPTtoN (confrnued)

Cam Shalt.-This is ddven throsgh h€lical gears by the vertical shaft. The gear on the vertical

shaft is provided with a sliding motion along the shaft for reversing the engine and for varying the

time of ignition if required. The fuel iniection cams are of steel, hatdened and ground to shape'

Govemor.-A c€ffrif gal governor is mounted on the vertical shaft and is entirely enclos;d. It is

of great power and responds to the fine regulation called for in the driving of Electic Generators.

The whole of the working pads of the gbvenlot o.J enclosed and are lubricated from the main

circulation system, described on page ra.

. Variability ol Speeil,-For Electuic G€neration and Industdal Purposes the sPeed can be vari€d

within certain limits by the usual external means, while the engine is running.

For Marine Engines, in addition to th€ gov€$or, there is provided a hand-coatrol whe&by the

speed may be irstandy varied to an''thing between maxmum and " iust ticking round."

Auxiliary Cratlk Cas€.--Tfus sttucture, situated at tle forward end of the engine, cardes the Air

Com-ir"""or, the Circulation Pump, and, in the case of Marine Engin€s, the Bilge Pump, all three

of which are operated by the one crank. The lubricati.n of a1l the parts in this crank case is derived

from the circulation pressure sist€m.

Conpresspd Air Starting.-All engines, whether Marine or Strtionary, reversibl€ or non-r€versibl€,

ar€ started by Compressed Air. The machinery necessary for its generation, storag€ and distribution

is supplied wjrh each engine, end inciudes:

Arn Corapnr.sson built in with the engine and driven direct by th€ main crantshaft: it is water-

jacketted and cooled by derivation from the main cooling system of the engine, and is provided with

safety valve and unloading valve.

ArR RrsERvorRs, one or more, according to the size of the engile, each reservoir being supplied

with stop valve, pressure gauge, safety valve, and scavenging valve.

AIR STARTTNG Vlrvrs one to €ach €ylinder, timed and operated automatically by the cam shaft.

Each valv€ is connected to the main distribfition air pipe 6xed on the engine,
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GENERAL DlscRrPrroN (conlinaed)

I

Circulation atrd Eilge Purllps (rhe latter for

Marine Engines only). These are of the plunger

type and are builtin the auxiliary crank case. They

are driven by a crank on the main crankshalt ; the

motion work is lubricated by oil derived from the

circrlation system. Air chambers are 6xed on

both delivery and suction sides. The rams are of

gun-metal, and the pump bor€ has a gun-m€ial

liner. The air chambers and the special valves

us€d eliminate dvery vestige of " water hammer."

I

l

,, ,,,,.1.: I
' .1

Iieversing anil Starting Mechanisnr for Iilarine EDgjnes.-This is sornewhat analagorls in its efiect
ro that of a steam engine. The complete operation of reversine r's performed by four trrrns of a

handwheel, dLrring which the foliowing operations tal<elplace autornatically,

The angular position of the cam shaft is changed from
'',h€.rd ro rrtern,'or vice venr. Tl-c firsr r',r. o" so oi
the handwheel puts out of action the fuel i,rjecrion punps and
the engine begins to stop. Towards the end of the third
turn, the fuel pumps are blought into rction agarir simul-
taneously with the compressed air starting valves, which
latter give a pLrff of compressed air to the cylinders, causing

th€ engine to start in the other directior,. At tlie end of the

fou(h and last turn the air valves are prt out of action anJ

the engine now runs under full conditions in the desired

dir€ction.

The above operation, from beginnilg to end, takes oily
thtee or four seconds.

All engines, vrhether Marine or Stationary, are starteC by
comptessed air, but it is only in engines of three or more

cylinders that starting wiil take place from any posirion of

I

I
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clNERAt DxscRrPTroN (cont u€d)

of rhe cranks. For engines of two cylinders the flywheel has to be " barred round)" consequently,

in practice, the rcversing mechanism on the engine is not applied ; in its stead, the propeller drive
is ;ff€ct€d throuqh a Gardner Transmlssion Reversing Gear.

Vai'iable lenition.-The reversing mechanism is used also to vary the time of fuel injection, and
therefore, of ignition where {rc1 oils of vaiying qualities ale used.

Stationary Etrgircs, flot being reqdred to rev€rse, are 6tt€d with a modification of the reversing
mechanism for varyiqg the time of fuel inj€ctiorr as above, but all engines are furnished with air
compressors and compressed air starting gear.

Lubdcation.-This is effected by two separate and distinct systems :

r. A Circularion Pressure System.

2. A Mufti-point Lubricator which delivels acculately neasured charges of oil, under pressure,
Lo varioLrs poj'rL..rbour rhe engine

I1lls1ralion shosins Ltbrication Pite Sr6l€m

r. TriE CrRcuLArroN PREssuFE SYSTEM lubricates ihe crank shaft bearings and all othel important
parts exrernal to the crank case and cylinder. The lLrbrication ram-pump, sittated on the case of
vcr| i. rl counr"r.hrl, de r.:
oioe, which disrribLrces it to eich elernent to be lubriiated, in such manner that a continuous flow of
iii pa.'c. rhro"grr €a.h nuin be,rring or other e1€m€nt, flom whence it passes back to the sump
undernearh the pump,

The pulsations of the pump are damped by an air chamber fixed on the suction side of the pump
and an anri-pulsator valvJon the deiivery side. This valve serves also to cont(ol at will the pr€ssure

in the system.



DESCRIPTToN (aortinred)

GADry€n

ste€l ba11s, crrried in units separate

duplicate, one covering the other.

ttrrclncS

il : '-- .

2, A GaRDNTR PATEiir MuLTr-PorNI LusRrcAToR

delivels accurately-measured charges of oi] to each

cylinder for oilingthe piston-, a:rd ro eachcrank casefor

feeding th€ centrifogal oiler, which lubricates the

crank pin and the gudgeon pin (see under " Cannect-

n1g Rod "); the sLuplus oil collects in thebottomof

tire crankcase, from whence it is expelled periodically

and fiirered for use again,

This Patent Lubricator is fully descdbed in rhe

accornp;urying LubLicator Booklet.

The pump valves are of

TIle deliv€ry valves are in

Fuel Injectiol Purnls.*Each cylinder is served by a separ-ate

pump which accurateiy meas res the ch^rge of iuel colrespond-

jng to the load on the eneine rrd forces it, undet higit pressure,

to the fuel injection sprayer. The amount of charge delivered

depends upoo the position of a hard steel wedge intdposed

between the pump ram and the rocking lever, which positjon is

controlled by the governor. The lvedges are " ilexibly "
connected to the drop links from the governor, in such manner

that the latt€r has always perfect freedom of action, nctwith-

standing th:t each wedge in succession G mouentarilj

irnmovable while operating its pump.

and dctachable from the pumps.

tv
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Fuel Iniection Sprayer.-The Gardrer Patent Rotable Sprayer forms an exceedingty important

feature of the engine, in that it solves the well-known difficulty of running under varying conditions

as regards load, kind of fuel, etc. Its funclion is to direct rhe geometric axis of the spray-forin on ro

dif{erent parts of the srrface of the Hot Dome, which is effected at will, either while the engine is

rtrnning or at rest, and with the same facility as turning the lever of a cock. The ftsult is that the

engine, after having once b€€n heated internally by a short run under load, will run light for

sufficientiy long periods ready to take up full load af any moment,

It is not, however, to be understood thst the sprayer is to be continually adjusted as the load

varies. In practice three positions suffice : no loacl and full load and an intermediate position for

maneuwing or for mixed loads. (llirlttated. on paEe g\-

ciick-Stading BlrIne!.-T hese are srnail burners perman€ndy attached to the engine, used for the

preliminary heating of the Domes on the Combustion Chambers. In principle, the burn€r consists

of a small spray of petroleum or gasoleum, acloss which blows a crrrr€nt of air derived from the

compressed air system. The burners are lighted just the same as, and as instantaneouly as, rn

ordinary gas bumer, consequ€ndy the tirrre necessary for starting is simply that of heating the domes,

which lakes about thre€ minutes. In effect, thc engine can be started from cold, ready for full load,

in three minutes from the word " go." The burners are then instantabeously extinguished, no hand

lamps are used. llllustrated otnder Cylinder Breech.")

Exhaust System.-The exhaust gasses pass from the eogine cylinder into a large water-iacketted

manifold pipe built in'seciions, one to each cylinder, with special provision for the difretence of

expansion between the inner shell and the relatively cold outer sh€ll. The gases then pass through

an expansion chamber (comnonly called a silencer) apart from the engine.

FoR SrarroNARy ENGTNES, the exlaust chamber is of cast iron of the usual type and is inclucied in

the price of the engine.

r4
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Re-r V.ew ol LnFine, ino,vins e{hrtrt n,nrlolll, pumt, inJ .ei..e
IIe ol ur'on u'i io1

FoR MARTNT ENGINTS the exhaLrst chamber takes a variety of forms to suit each installalion. It js

generally built of galvanised sheet steel, sometimes water-iacketted, sometimes provided wjth water
injectr'on, and sometimes made in the fortr of: shrp's funnel. Iinder these crrcurnstrnces the exhaust
chamber is treared as being part of the instaliation .rnd so js nor jncluded Ln rhe plce of the engine.

Water trnjecl,iotr is NOT used on these eng.nc'.

Clutch ald Thust Bearing.-For Marine Engines. This is a unit used for all reversibl€ €nginesj
that is to say, for all engines of three or more cylinclers. It consists of a ci tch and a thrust bearing
carried on one frame, bolted .o ihe engine b€d. Tiie clutch case is boit€d directiy on rhe flylvheel.

For engines of less tllan three cyltnders the a5ove is repiaced by a Gardner Transmission Reversing
Gear combined with thrust bearing.

I;

;l

\it

i
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Pi!e-Work.-A11 the pipe work on the engine is of polished copper or brass with brazecl joints.

Each engine is complete as regards its pipe-rvork and 6ttings, The pip€-work external to the €ngine

proper is considered as fororing part of th€ instailation and so is not included in the price ofthe erigine.

Ext€?nal pipe-work means, fot example, the compressed air pipe-work b€tween the engine and air

reservoirs, the pipe-work betweeri the engine and the flel tanks, and so on.

Lloyd's or Boald ol thadeRegulations.-A1l engines are blilt according to the latest ru1€s ofthese

surveys, whether they are to be surweyed or not. In cas€ of complete survey the makers undertake

all work in connection therewith, including t€sts of materials and inspections.

Sense ot Rotetiol-This is best described by saying that the sense of normal, or ahead, totation

adopted by the nakers is such that the top part of the flywheel moves always from the injection

(or admission) side of the engine towards the exhaust side as shown in the figure below and also on

pages (3*B), (39), and (4o).

Po* ald Starboald Engines.-All engines are built in two types, port and starboard (1eft or right

hand), so that when €ngines are installed in pairs the motion work and manceul'ring gear are sittated

in the ofle all€y b€tw€en the engines. This disposition is shown diagrammatically in the figure below,

As a consequence of the two preceding paragraphs it will be evident that the s€nse of rotation

desired for dynamo or other drives determines rhe choice between port and starboard engines.

Diag.anhatjc Arransemenr ol Tsin Marine E,sin6, shoFing S€ns€s of Rotation

r6
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pR opEl,r,rr{c MAcrIrNERy AND INsrALtATroN._

This is designed and manufactured in our o'rn work\, in r dep.Lrrmrnr set .rside for the purpose,

directed by Marine Engineers of loag expelience, whose services are wiiiirgly plac€d at the disposal

CYCLIC VARLATION OF SPEED.

. .This refers to the variations of speed which take place d ring one complete cycle of the engne,
' that is, during one complere revolution ofthe Gardnef T Type Ergine. Followingthe general practice

- in England and the Coniinent, the variation is measrred as follows :

If N denotes the ma:<itrum speed at any moment clLrling one revolution,

and n denotes the minimr.rm speed at anv moment during one rcvolutioo,

and C denotes the co-eficient of cyclic variation,

Nn

ExarDple. N- ,", ,"'". o"r*;';1",..n :98 revs. per minute.

._"rm:+
All engines ar€ '' flywheeled " to suit the co-eficient demanded.

SPARE PARTS

Spare parts for engines of current types are kep! in stock, r€ady for immediate deiivery, and, as a

rr.rle, the same applies to engines of an eaLlier dete. Spar€s for old types of engines are not, as a rule,

kept in stock but arc made at very short notice. \)0e n,ake it a principl€ never to " let down " a user

of an obsolete Gardner Engine for want of spare parts, no matter how old the engine may be. It is
quite a common occurrenc€ for rrs to supply spares for engines that lve sold thirty and morc years ago.

\7
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Th€ H.avy Oil Ensnre, in is earlier daysr was connonly spoken of:s a Crlde Oil En gine, which ofte n l.d to ihe eironeous

id€a thlt the engin€ btrrned crude oil in its natr l slat, jusl .s it leav.s rhe aarth lr the n6t place, .atlral oil is of a verv

conFle* naftre .ontainins other'rhnrss ol ereater valle than hervy llel oils and whichwill .epay their sep..ation ; and' in th.
second pl,.e, it contai.s tmpuities vhich.end€r it usnt to burn in ar oil engine withour prelious trdtment/ when .bviouslv, n

''s\r 'o b" ."r1" I C' d. O'1.

Il orier ,o nake the besl and most econoni. nse of all it3 .onstituenrs, xnd, at the sane line, to rid it of its jnplriiies, the

n uial oil i/srbj€ctd to distillation, the principle oI which-Drocess is bere bliedy sk.tched,

Tne oil is hatcd in I r.iort tq a ceriain lemp€mtue srriici.nr ro volatilne tbo lighrer constituenB. The vapou is then led

to a .onde.s€r wh€re it is coolod to a liqlid lom and drarvn olf. When tneoi nl the reiort h6 paried with all lhe upolr rvhi.h
it.a,siveatrhis tenlerature 1h€lauerisincleasedbylcetuinanrolnt3ddsocivesofiavapouiofaseondorderoltreaviness,
and this, in trflr, is.ondensed..d d;awn otr. Andso the process goes 6n, in sieps ol increased iemperatuie of lhe retort, {ntil
norhins is lelt in rhe retort brt pitch, col{€, ash, and orhei sedinent.

Snch js the proce$ of d*;illarion, slo ol atl i8 toclrnic:l reline,nents. Bearing in nnrd the innnitely conpl.* sr.!.ture
olnatlralcils,jtwilLnowbeevidentthat,byiftreasinstherumbe.oIrteF6intheriseoftenpeFtureoflhereto,rbediniller
can draw ofia sreat variery of liqrids, besinnins with the lighlcst ol ill rhe petiols, passing through the ranse of l.np oiG, and

$ on to Nhat re alled the d€allr Oils, which are lsed s tuel, or eG€, bv lulther reatnetrt, are converted to lnt'.icarinq oils.

The lreceding nay be iaken as a rolgh definitior ol lhe tern Heavy Oils for lse in OilEdgires. The sFeci6c gravity varies

lrom about o 8J to o 9t, while the calo.inc vahe vades lron abolt r8,ooo to rg,too Eritish Thernd Unns. Th€ lightr clases

ol henvy oils are know, technically 3s Gd Oils, The he.rier classes are denoninalod €nler 6y rheir orisin or by tade nanes

r'do-red v'n"Merrhin:o Dt re..

Orying to rhe enonnolr vadeiy of flelotls current !p.n the narket, it G not pcsible ld anyensine buildd to nake a seneral
sr€epns sraieneni as to what fn.ls his €ngnr will or will not bu.n erficiendy: he mlst ol necessity lidit his :sse ions b rhe

luels that he or his c$rofteis luvc ,.tually !sed. The ac.unuhtion of such experienc€ is a long and aduous prccess, b!r,
happilr th€ Distille$ and Mer.lEnts have simplified the process very nate.ially by prtting upon $e nartet fu.l oils si.cially
prepared tu. Hei!!: Oil Elsnrcs. It genenuysufices now ior the user to bry the fuel oil which;s cuirent in his pr of the world,

'J_ h. l'na o. enerne he : 
'ur 

_n ;.

Viscosity.-Sanelin€s it happens that the fuei available is too viscous at normal temperatures to

flow sufficiently freely through the injection pumps and sprayers, In this case, the engine has to be

started on a more mobile f!el, such as gas oi1, and ru11 Llnder load for a short tim€ until the engin€ is

"warmed up," when the engine is changed over to the viscous fuel. This, of cours€, applies to all

Heary Oil Engines, Diesel and Semi-Diesel- The Gardner Engines are provided with proper means

of instantly changing ov€r from one grade of fuel 1(] the other in case a viscous fuel be met with. As a

general rui€, however, the modern fuels are sufficiently mobll€ at ordinary air temperatures.

LIQIJID FUELS h-OR. HEAVY OIL ENGINES

r8
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LTQTJID ru€Ls roR t{EAvy oMNcrNEs (conlnu€d)

Specific Gravity.

o85
o86
o.87

o88
o89
o90
o9r
o92
o9?
o94
o95

Ihe Purchase oI Fuel Oil.-The cheapcr and rnorc convenient way of buying fuel oil is by butk.
This necessitates the consrrmer providing storage ranks into which the fu€l is delivered direct by the

Oil Merchants from theif delivery tanks. This is the general practice for Marine Engines and is
becoming general for Land Engines. It may also be bought by the barrei, bur obviously this is dearer

by reason of the handling and filliag of the barrels and is also less conveni€nt.

The prlce is generally quored by the ron when boughr in bulk, and by the galon when bought
by barrel. The relation b€tween rons and gallons depends of course on the specific gravi.y of the
fuel. The following table may prove useful :

Consulrlpfiot! of l"uel Oil.-This is usually alld conv€ni€ntly specified as a fradion of a pint per

BHP per hour. For the €ngines mentioned in tLis catalogue,.it varies f(om o.j2o pint to o.48o pinr

per BHP p€! hour fo! a standard fuel of specific gravity of o 86 and calorific vallg of rg,joo Brirish

Thermal Units.

callo!$ per Ton.

268 5

257 5

2r4 t
25r'7
248 9

24) 5

24a 9

48'j
45'8

Pints per Ton

2IOB

2o84

2060

2ot6

r99t
r97(l
rg48

192'1

r906
r886

r9
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For a medium size of engine this gives the convenient 6gure of o joo pint, that is, half a p-int per
BHP per hour at fdl load. From this, and the price per ton or per gallon, it is a simple calculation
to determine rhe cost of fuel per hour burneri by the engine whefl running at fu11 load. For examp]e,
the present price of the above standard fuel is about 6d. per gallon of B pints, that is id. per pint,
which, at J pint per BHP p€r hour, costs id.:o 375d. pet BHP per hour.

The rnakers will gladly quote guaranteed details of consumption on receipt of enquiry.

LUBRICATII{G OIL CONSUMPTION

llIS is a point of extreme importance and merits the closest attention of the purchaser when
I selecting an engine. It is well known that the cost of lubricating oil forms quite a considerable

part of the running costs of the engine ; any material reduction in fi€ consumption of lubricating oil
i:. rhe"elorF. r .t.org poirr in favour ol I'e enpine.

Lorr consumption depends very largely upon pedect combustion in the engine, as well as upon
first-ciass workmanship and perfection of rhe methods used for lubrication. These form the basis
of the extremely low consumption of llbricating oil in the Gardner T Type Engines, which is of the
order of one-fortieth part ofthat of the Fuel Oil (actually it is much less rhan this).

It ought io be said that every engine rndergoes proper tests for oil consumption, and thar the low
consumptions observed on t€st are amply confirn€d by the logs of engines in actual service.

TESTING
FfHE resr bay is equipped wnh a[ the app]iances necessary for testing the engines from all points
I of view. ,The fundamerrJ resr {or power developed is made by Hydrauiic Dynamometers, .he

power which is recorded being rhar transmitted by the coupling on the crank shaft, A11 engines are
tested for power, fuel consumption, consumpiion of lubricating oi1, heat units carried away by
cooling water, etc., etc. Tests are made at fu1l 1oad, overload, light and intermediate ioads,

The porvers qnoted in th€ list aie those measured by the Llydraulic Dynamom€ter, commonly
called the Brake Horse Powers.

Customers or their repr€sentativ€s are cordially invit€d to alt€nd the tests. A11 faciliti€s are
afforded to enable them to make indep€nd€nt tests. Electric G€n€rator Sets are test€d as such and
the figures r€corded are based on th€ measurgd el€ctric output of the ser,
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ALTlTUDE A]R TEMPERATURE

HESE have been prepared for the purpose of enabling prospective users to arrive at the

approximate si?e of an engine required to develop a given power:-rnder any conditions of.rltitude
and air temperature. The resulting particdars may be taken as fully on tlt safe side,

The lollowing example shows how to u<e rhesc diagrrms.

Given that an €ngine is to work at 3oooft. above sea level with an air temperature of 9o"F.

From the diagram w€ read the followine reduction coeficients :-

For Altitude : 88 per cent, or o BB

For Temperature : 98 per cent. or o 98
Combined coefrcient:o 88xo 98 -o'86 or 86 per cent.

Thus an engine listed at roo BHP, that is, at sea tevet, and with an air temperature oJ 6ooF.,

will give 86 BHP at 3ooo ft. and 9o"F,

2\
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6T8 Ma.i.e Ensine, zro BHP

Mainly l{lstoric.-The original Gardnet Marine Engine came into being with the advent of the

MotorSoat, nany years ago. Its design was preceded by a caretul study of the condirions under

which Internal Comb$tion Engines had to work.rhen used for boar propulsion, Considerations

of econony and safety Jed rs to avoid rhe use of pe(ol, even for starring, and to adopr as fuel the

heavy Rlssian Peftoleums. This type of engine was, frorl the first, so successful thar it remained

our standard type of marnre engine for many years until the coming of what is norry termed the

Heavy Oil Enqine. Drring thar period w€ in.xnJled nany thousands of the Gardner M Type Marine

Oil Engnre varying fronl ro BHP to 2So BHp. Their design rvas of course r-evised from time ro time,

as exp€rience dictated. It ;s significant to add that lve are srill making rhis type of engine.

With the Cevelopment of Magneto Ignition ro irs pr€sent state of perfection, and the lesseniug

pr:judice rg nst the prcsence aboard of petrol, a demand arose for small power marine engines up ro

40 BHP, to srart on petlol and to run on petrol€ rrt (par.rffin), wtuch gave rise to rh€ cardner CR

Marin€ Engine described ir another. catalogrre.

Later, drere came rhe dev.lopment of the Heavy Oil Engine of two and fo11l cycle types, which

burn low gmdes of fuel chcaper than petro'eum (prratrn) and nuch less of it. lVe chose the

Two-cycle Engine by reason of its great sr'mpliciry, of the ease with which it can be reversed and of
the consequent flexibility when mancuvring, a choice which experience has more than j stified.

It will be gathered from ihe preced;ng that we have amassed an enormous amount of experience

of Mariue Prac.ice, which we wiliingly place ar the disposal of our friends,
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Installaiioll.-We have a deparim€nt exchnively devoted to the construction of propelling gear

and to the design of installation work. On r€ceipt of the n€cessary data, accompauied by plan and

s€ction of the hull, showing the space availabie for the propeiling n:achinery, we will, if desired,
prepare a complete installation drarving. As these drawjngs involve considerable trouble, we tlust
to ou| friends to send the fullest possible derails cf th€ir requirements so as ro avoid rhe cosr of
amended drawings.

Sma[ giar'Id-by Setg,-We have established x s€rie6 of small paralfin engines coupled direcr to
dynamos or air cornpressors, or both, as aryiliaries to the propelling engines, for direct iigbting or
battery cherging and for charging rhe comp.€ssed air r€servoirs for the fir'st start after installation,
also as a stand-by in case ofa loss ofail pressure by inadv€rtence. Orle ofthes€ sets is here illustrated.

li
.i_

I

1)

1

io

1.

In the absence ofone of these stand-by sets, the Air reservoirs are usually cha|ged lfor tJre initi;rl
start after installation) by means of a bottl. of highly compressed air which is rcadily obtainable in
most districts. Failing this, a hand ptmp is used, b'.rt this method of initial charging is both long

As a compromise between this and rhe use of one of ihe above auxiliary sets, we have designed a

simple combination of a petrol engine and air compressor known as the OVC Compressor Set, which
is described on page 34.

2i
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STATIOI{AIiY L]NGIL\J]S

Electric Ge.nemtor Sefs. The Gardner T Type Sr.rrronrry Engine rs extcnsively rLsed for direcr
coupling to electric generators. The engines :re " flywhdeled " to suit the coeflicient of cyclic
variation of speed demanded and the governing is ; t thit c:n be desir€d.

As a general ru1e, the engine and gener:,tor are mounted on a stiffbedplate as shov.rn in rh€ accorF
panying illllstration. We hold in our pattern srores a goodly nu4lber of foundry p:rtrerns of bedplates
which, in most cases, can be modified to suit eacL generator as it comes along.

These generatine sets are also much 'rs€d as ruxiliaries to the prop€lling machiner.y of large
vessels Ge€ rndrl " Auxiliaries)."

The Test Bay is equipp€d with all necessary appliances for the proper i€sts of Electric
Cene,.,;..g Sc,".

One of these generating sets of r5o BHP is in constanr daily use jn our own Power House, running
at or about,full load. The main object of rhis set is ro give us aurhentic records of durabiliry.

Industlial Engines.-By this is meant rhe chss of engine from which rhe power is taken by a belt
drive. The engine is the same as that used for elecuic generator sets, but the driving pulley is carried
on an extension of the clani<shaft supporied by an ourer bearing. The engine is " flywhe€led " to
give any d€s;red coefEcient of cyclic variarion of speed.

'1',,r .
, ..rir!'r . !fr.- i..:: Ii

:l .,, 
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srArrDnArY E.rclr,Es (coar,4lrcd)

i,loJrtle:ici: Sct!.-These engin{rs ere also
accompanying illLntration shorvs a typical set

for direct coupli,rg to Air Cot pr€ssors.
Reavell Arr Colnpressor coupled to a T

'ihe
Tlpe

tT4 Sl.tiod.ry tlgine, .18 tsII!- cotrrled !o :tr A'r Co:np.essor.

Gardner Heavy Oil Engiue, one of many sels :rt we hrve supplied to .r Dep:rrtrr€ilt oI H.]vi.
Government. The phologfiph shows a 4T4 engine of 48 BHP. Tlis sct, i11 partic ar, ,,vas sub-
ject€d to an officia1 t€st which inchlcled two separare non-stop runs of roo )rorrls each at fui11oad.
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SA!ryga
EncrNr-5

/h,
(

The compre.sor consis6 of an OV Oardner Etrsine of rl BHP at 7?o r,p.m., into vhich is buiit a snall single-sraee air
conprdsso., which is dircctly opcrated by the cnsinc crankhaft, The OVEngineis fullydcsdrbed in our V Type Engine Catalosle,

The enFire and conrpressor cylindos are waEFjicletted and corpl.d pitn i copper circulation pipe,lo nins one cncuhtion

The cotritlessol h8 only ohe vJvc, 1h€ d.liver!' valve, whict h removrble fo! examination wnholt having lo brer& any pipe

icirlls. ahc air i ct is cfiected by ports h the cylinder rvall, rhich are contrclled by rhe movins pjsron.

The codp.e$o. is go6d for p.ossures trp to 36lbs. persqu:rz nrcb. Thz b6t idea ofrhe epacity can be exhibned by sal'ing
drat the cornpre$or willcharge n rec.iver of 4 cubic feet, ton o lbs, to 2tb lbs. tersquire in.h, in 2? ninltes.

FoelforEnqind.-Hlvinslegrldlorheiicttlurlhecompress..ensinenru{besta ed on pstrol, and that the whole oper.rion
oi dre initial charcingol (he receivef is soshorr, itls noi dee0ed nccess.ry to clrnnse over frod p.t.ol lo par.inn; consequendy

rhe clgines are supplied only for p€tr.l

.fHE pn'n:D obr€ct ol tlris comhnred c tin€ r d conpr.$or G the hnial Chalsing oI rhe an .eceivers of cardner He,vyt Oit r,g,n", ifi.r nlsrllli6. of rhe mi,n .rg,nc, o. in crs.s wherc the prerntre in tbe receiver has been lGr through
inidweri€n.c or orher rcnson.
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A \rORD ABOUT 'THE PRICE

|T'HE Gardn€r Engine seerns to have got th. reputation of being one of high pric€. ls appe.rrance
I may be responsib)e for such impr€ss;on, because of its high finish, its immaculate workmanship, ''

and the exceptional completen€ss of all organs which experience has shown to be desirable, if not
absolutely essenrial.

Notwithstanding these attributes, it will be found, on examination, that the prices compare most
favourably with all other engines of this type, especially so when due regard is paid to all the things
which are included or embodied with the engine, as enumer:.ted and described in the r€xt page or

WHAT TIIE UAR,INE DNGINE INCI,UDDSI

r. Reversiag Ucc.halris (see page rr) for reversing the engine by compr€ssed air and for varying
th€ time of injection, This is standard for ali T Type Marine engines down to the smallest size, but,
as explained on pages rr and ra, engines of two cylinders, the aT7, aT8, and 2T9, having only two
cranks, wiil not start or r€veJse from every angular position of the cranks, thercfore, when starting,
the flywhd€l may have to be barled round into a starting position, For this reason, the reversing
mechanism, although supplied with these engines, is rot generally used for reversing and
man€uvring. This is effected by a Gardner Reversible Transmission Gear.

2, Air Compressor lot Startilc aDil Man@ulTing, water cooled, blilt in with the engine and drive
fiom the main craol<shaft, connected by copper pipe work to the main wat€r circulation system
of the engine,

3, Compl€ssed Air Starting Valver, one to each cylinder, automatically op€rated by the camshaft,
complete with all copper pipe-work, aii ready to connect to the complessed air reservoirs.

4. Compre6sed Air Beservoirs for starting, manceuvring, .and for feeding the quick-starting tamps,
complete with all fittings ready to connect to the air distribution pipe on the engine. The

. fittings include for each r€s€rvoir a pressffe gauge, stop valve, safetyvalve, and drain or scavenging
valv€.

j. Qoick ShxtiDg BurDexs (see page r4) with all mounrings, all connected by copper pipe-work to
the main distribution fuel and air pipes on the engines, with srrull fuel tank and fittings for feeding
the burn€rs,

6. Ci&ulatiotr Purrrp (see page rr) built in with the engine and driven from the main crankshafr,
connected by copper pipe-work to the wat€r circulation system of the engine,

Z. Bilge Pump (see page rr) built in with the engine and driven from the main crankshaft.

8. Sectional E:haust Manilolil (see pages r4and 15) water jacketted, connected by copper pipe-
work to the water circulation slstem of the engine.

9, Covellor (see page ro).

ro, Lublicotiotr,*Two separate systems of lubrication as described oo pages r2 and r3.

rr. Clutch and Thrust Beedns (see page rt).

?5
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12. TraqsmissiorReversiqg Gear.-Aiternxtive to rr (see page r5).
13. Pipe-1flork.-As menticjned here rnd there in the preceding, all the copper pipe-work and ittings

which belohg to the engine proper are included in the standard price of the engine. The pipe-
work and fittings exterlral to the engine proper are not so included because they vary with each

i,rsr;rllrrior Jnd therelorc ar{ trken rs foiming p.rrr of the insr.rllation.

Details trot tucluded in the St.8ndad Price oi the Madne Engine.
14, Fqel Tanks and Exhaust SilAncels.-These vary so much in sh4pe and size that they cannot be

included in any standard price list. Th€y are th€refore raken as forming part of rhe installarion- and will be quoted for separately or with the installation.

WTTET TTTO STATIONAR,Y ENGINE INCI,UDES:

r. Ah CoDrlllessor lor Stading, water cooled, built in with the engine and driven from the main
crankshaft, connected by copper pipe-work to the main water circulation system of the engine,

2. Coltplessed Air Staxthg Valve,s, o'ne to each cytinder, automatically operated by the camshaft,

{pmplete with all copper pipe-work, all ready to connect to ihe compressed air teservorrs.

,. Compr'essed AirReservoirs for sta ing, and for feeding the quick-starting lamps complete with ail
fittings *ady to connect to the air distriburion pipe on the engrne. The fiftirgs include for each
reservoir a pressure gauge, stop valve, laf€ty vatve, and drain or scavenging valve.

4. Quick Starting Bumors (see page 14) with all mountings, all connected by copper pipe-work to the
main distibution fuel and air pip;s on the engines, with small fuel tank and firtings for feeding

5. Circltlatiotr Pump (see page rr), buiit in with the engine and driven from the rnar'n crankshafr,
connected by copper pipe-work to the water circulation system of the engine.

6. Sectioml Exhaust MaDilold (see pages 14 and rj). warer iacketted, connected by copper pipe-
work to the water circulation systeh of the errgine.

7, Gov€mor (see page ro).

8. Lubrication.-Two sepafite systems of lubrication, as described on pag€s 12 and 13.

9. Timing Geax, for varying the rime of fuel injection ; a very useful adjunct where the quality of
the fuel-oil is varied.

ro, Flywleel of sufficienf energy to give any desired coemcient of cyclic variation within reason.

rr. Exhaust Expansio[ Chamter, commonlv called a siiencer.

-.c
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TABLE OF DETAILS

PO\vE RS, S PEET ,S, &( \TEIGFITS (in clts.)

3T4 a6 450 3 8 4t 39 61 49 40

414 48 450 4 1 8 ri2 84 "12 63 49

3T5 54 400 8: 9l ')0 5g 104 92 22 61

2r, 60 340 2 10,' 12 9',7 162 149 103 8?

2T8 t0 320 2 11j 110 19? 182 122 704

3T6 22 3?0 3 9l 10+ a5 ?B 139 128 84 ?4

't2 400 4 8l 9"! 80 )0 118 t0a i1

31? 90 340 3 10i 72 121 111 199 1B6 122 110

4T6 96 3t0 4 10] 108 94 156 10?

2T9 100 290 2 131 15 156 136 264 244 164 \44

105 820 3 lll L2t, 185 1P"l 22lI 140 725

4T? 72[) 340 4 101 t2 a4t t52 240 149 142

4T8 140 32i 4 111 12!r 164 148 286 26? 16? 151

3T9 150 290 3 15 189 112 32-0 300 198 180

4T9 900 290 4 13j 15 22C 20a 354 216

6r8 210 320 6 t1l 12'l MAlr . 229 391 365 *' ] ,t'
6T9 300 290 6 18i t5 311 srs | +sa 341

NorE:AlthoughtheaboveweightshavebeencaiefullvcompiledLomourShilpingNotes,rhevshotrldbettrkenas
beins apprc{imare onlY
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DIMENSIONS OF
(i, 4,

ENGINES AND
Cylinda Engines only)

T

c D E G fi K L N a s
3r4 Ne4 iei 2i aza 5 l6 tel 9: z5i 251 32

N94 42i r6; 2Z 251" 27i 3?'lr5 N95 25a 29 ts'i 2't' 22 s3 3t
4.r5 N!5 25: 3i rsol re1 2e s3 3l
t_r6 N'5 25; sl: zoZ 22i zzi 9J 35 35
4-t6 N95 25; 33 srl zzi ea 35 37 35
3-|-7 N,o 6 zea 32:. 5ti 2ez 22i ?2i 2
4T7 Ne6 29e 36 r5; s:" sri 22i 2
3TE N98 r9 4A'; 43i
!-ra N9a 2 4az
6Ta N-. 8 :.: 59 ia5; a ,3: 2 401 43! 4ai 5(]
5T9 Noa ..tr 42 toi 6sl z9 53

N9a 331 ir ta6 29: 43i 43i 50'
5T9 Ne9 4? lo 50 4ai 5ti s4!

CLUTCHES
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E!6rxE rs rx. oFiesrE rdD-
5rE
?FH'',)}'

n, FtrsoM A ! E^iE B c D E G H ,l K L NO
2.r7 No5 36 7az 39t 5; 2A' zzi az^ re- i3si 4l
2\a Ne6 65 s! 9 *1"

'sol
t9 54 a' zii 23i rz l+ol

279 l{9 7 4e' roa a5i !rga 65:" to ?o 23" ?3t ?a t2 a3i 48'
@

DIMENSIONS OF T ENG]NES WITH TRANSMISSION REVERSE GEARS
(:-Cylindet Engincs only)
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3T4 474 JID 475 3f6 4T6 2T7 278 3T8 478 678 279 tTg 4/9 6ftt
A roo 88, t52" llSb t46i 't8A' /46', 2oo' 3to'
F t17' Besl B5t EAi t75 BA, t?3' 203' t73' 204' 260 /60' 1d
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EXTRACT FROM C.ATALOGUE OF

VT ENGINES

In cases rvhere smallcr uniis than tirosc shown in this catalogrc are reqr;red s'e offer orrr VT
. Series of single and doLrble cylinder engines, *,hich are bLrilt in tvrelve sizes florn 6 to 48 BHP. See

^ "et/rJle VT C rr' logue
li

These engines use the saoe frlel ;rnd operate Lrpon the sanre principle as rhose herern described,

:nd vary only slightly in desigfl. They fo|rn the sLrbject of a separate catrlogrc, ('hich will be sent

Irce or.rppl,c.rion.

(.,r!-

Double V'r Eneinc an,] R..ers. G€a.: lrotn 13 ro 48 BHp
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WHtsRE GARDNER PRODUCTIONS

ARE MADE

r,id.

F!-HE B.:rton Hril Elrqinc \[orls, wrth their Recreation Grounds, cover about 25 acres. Though
I the fi,m ,s rn old one, drring from 1868, its home is of the most rnodern description, constantly

and continLrously kept abreast lvith thc elcrmous developments which have taken place in engileerjng
pr:ctice drring rec€nt years. In it ale lodged rhe

Machine Shops, Physical and Chemical Laboratories,Iron Foundlies,
Br:lss Fourdry,
Forge,

Pattern Shop,

Patlern Sror€s,

Fitting and Erecting Shops, Power House,

Conponent Sto;es, Research B:ry,

Test Bay, Insp€ciion Bay,

Shipping arrd Packing Bay, etc., etc., etc.

one of the features of the works is the hrge Component Slor€s, where are kept in stock, trnder a

" maximr and ;ninimLLm " systern, all fte components lvhich are required for the €rection of
engines. The primary obiect o{ this stores is to facilitate the administtation of the $'orks, btlt it will
be conceded that it facilitiles equally the expedition of spare parts and the delivery of engines.

Closely r€latc(l to the Conponent Stores is the Inspection Bay, where ev€ry compo ent is passed

by an arrny of irrspectors. This inspcction applies to every op€mtion and every component; in
othe. vords, a bitch of cornponents is noi ailowed io go for any one operation until the prcceding

operation has been inspected and passecl.
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wrrERE GARDNER pRoDucrroNs ARE M.aDE (.ontrnu€d)

The power throughout the works is distributed electrically from Generator Sets driven exclusively

by Gardner Oil and Gas Ehgin€s, which, apart from their primary t'unction of pow€. generators,

furnish v:aluable records as regards reliability, durabilitli, wear and tear, consumption of fuel, and cost

of maintenance. And, above allt their consistently satisfactory behaviour, year in year out, stands as

mosr eloquent testimotry of their high commercial value.

MATERIALS USED IN GARDNER PRODUCTIONS

{ITTLE or nothing has been s:id on this subject in the genenl desoiption herein, for the reason
L)
- thir rhe variety of materials now available is so great that a specification for each component

would b€ wearisome to read. Suf6ce it to say thrt, for the most part, the s€lection of materials ;t

entirely governed by the function that each component has to Perform. For example, components

made of steel, where hardness is of primary consideration, are made of steel which will harden' the

compon€nts being afterwards finished and sized by grinding. On the oth€r hand, th€ bolts in the

big end of the connecting rod, for exanrple, the failure of which would wreck th€ engine, have to

withstand rapid variations of stress, and so are made of very-speiial steel. Again, the iron used for

cylinders and piston castings has to combioe greaL hardness wiih stre'ngth, while thai of the engine

beds, flywhee1s, etc., is goverhed m,inly by con.irler:rtion of "rrength.

The va.ious ploperties of all the important materials are verified by daily tests made in our

Physical rnd Chemic.rl Labor.rtories.

-:,
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OTHER TYPES OF GARDNER ENGINES

The following is a list of other types o{ Gardner Engines :

TYPE

VT
HF

CR

F

H

M

DESCRIPT}ON

Heavy Oil, Single and Double Cylinder

' Heary Oil, Horizontal, Cold Start

Petrol-Paraffin, Vertical, Multi-.ylinder

Gas, paraf6n, and peto!, Horizontal

., Gas, Paraffin, and Petrol, Vertical, Single Cylinder

Gas, Paraf6n, and Petrol, Vertical, Multi-cylinder

We shall be pleased to send a catalogue desdibing any of the abov€ types in which you may be

interested post free on requ€st.

SERViCE

We have, at the addresses given oi page 2, Branch Ol ces, in charge of pracrical engineers, Irom which

users of Gardncr Engines can rely upon obtainilg assistance and advice regardiog their engines.

These Bralches will deal promprly and etrecr;vely with all requests made ro th€rn.

6t to 48 BHP

13 to B? BHP

9 10 48 BHP

3 to 14 BHP

rl to r2,l BHP

16 to 94 BHP

ro to r8o BHP

Town and Producer Gas, Hori?ontal

Tb Ckirt, tuat Ltd., HdiDn M,&), Mtu.lnrkr

t.
il


