
NOTES. 
ALTERKATlVE FCRLS I'OR DIES E L  ChUJhhS.  

Ia ~ont~inuation of tbc scrjes of trials nilh alicrl~afi\e oils ill 
1)icsel engines, referred to in l'apcrs So. 5, a scrics c4 tri:~ls has I ~ c c ~ l  
completed, using Special Blincra1 \'acuum KO. 2 I,tlbrica t ing Oil. 
'rhc physical properties as tcstcd at thc latmratory 11 crc as follon S :- - 

S.G. a t  60' P. - - -884. 
Flash paint - - 378" F. 
Viscosity at 60' 1'. - 876 secs. 
Calorif c value - 19,948 B.T.Us. 

Preliminary ignition tests n ere carried out  in ihc special apparatus 
used for such purposes and ihc resul-1s shoucd that no difficulty would 
be encountered in burning the oil under thc conditic)i~s obtaining in 
the engine. Thc arrangcmerrts for the trials w c ~ c  the same as thosc 
in the earlier expcrimenls, which pcrrnitted running on either of t u o  
oils as rcquired ; pre-hcating vc as nnnccessary. 

The engine was Grst run on shale oil a t  thrcc quarter load for 
half an hour and the11 changed ovcr to lubricating oil; no cElange 
was noted in thc running of thc engine. Tllc di:lpr,~ms shomcd ljttlc 
direrence exccpt that the igrlition was slightly delngtd. The exhaust 
became bluish grcy in colour but was not very marked. 

After +urming for one hour, the engine was stopped for 1; hours. 
It then re-started readily on lubricating oil. P1-101% iuc.1 conwimption 
trials were run aL one half and a t  one quarter load. ,4 littlo diffic~~lt~y 
was experienced in obtaining steady running at the lowcst power 
although a t  loads above onc cjuartcr thc cnginc \\as as steady as with 
shalc oil. A short run was rnadc a t  full power satisfactorily. 

On the following d,xy ihc cnginc started readily from cold and 
carried out a six hours' test. During the course of this Icst, the 
exhaust became npprcciably clearer and towards thc end of the ruri 
the colour was hardly visible. A variation in the blast pressure from 
900 to 960 lbs. had nu noticeable effect. 
h all the engine ran for 10 liours on tllis fuel. 

r ,  
A summary of the results follows, in conlparison ni ih  shttle and 

lexas. It will be noted that the rcs~llts approach closely i o  those 
obtained from Tcxas, which had a calc)rific vahre of 19,200 li.T.Us. - - -- - -- --p- 
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The co~~sumptions pi\-ell do not take into acc.o~lnt the poRrr 
required for the injection air conipl.cesor. ~ ~ h i c h  is separntely dri\en. 
On thk  accuunt about 1 0  pcr cent. \~ould require to be added to the 
fuel rates per B H.P. at  full power and rather morc a t  thc lomcr 
pov-ers. 

Snl),ieyuc.r~t cxarninatictn of irtti~rnal parts shon c cl t l~em tc, Ile 
clean except a soft carbon dep~sif on the piston crown and inlet ancl 
pxl la~~st  valve heads, cl c. S o  hard de~~usits .;t ere noted. 

The action of ~ a l l u  oil 0x1 metals nhicli \rns noted ci~ring the earlier 
stries of trials has been investigated. If'eighcti rods of five material>, 
viz., zinc, soldcr. copper, ?in\ a1 brass and stcel wcre half submerged in 
the oil for a total period of 800 hours. dming 200 of xhich the oil 
was maintained ~nolten a t  a temperaturc of about 100" F. ; otherwise 
tllc oil nas liepi a t  atmospheric temprrainre. -4fter the tcst the 
specimens Mere examined. rneastlrcd alvl ~~eighcti .  Fnch specinien 
had a dull lead coloured slain a t  and just helon thc " watm linc." 
Thcre was no sign of pitting or roughening or otl-1c.r local actioit. 
Micrometer rneasurcruents, hoxi-e~er, sho~sod that the diameter of 
thc submerged parts were from 1 to  2 thonsandths l e ~ s  than the 
original. Each rod also had lost weight nc.ticeably. the percentage 
losses being :- 

Zinc - - l . 3  per cent. 
Solder - - 3.5 ., 
Copper - - 4.1 .. 
Na.val b r a s  - - 6 . 1  ., 
Steel - - 3 > I  

These figures are not strictly comparaii\-r. since the arcas of the 
specimens in contact with the oil werc not precisely determiiicd. T l ~ e  
experiments showcd. however. that warm palm oil had a small nniforn~ 
solvcrtt action on all the samples tested. 

I n  another tcst a amall piece of thin sheet copper (hard rolled) 
was susper~deil by a glass hook and comp1,letely immrrsed in molten 
palm oil kept a t  an approximately consi;u~t t c ~ ~ n p e r a t ~ ~ r t  at  50" C'. 
At the end of five da5-s the speciruen itas found to  haxc lost %eight 
a t  the rate of 2 mgms, per sq. dcm. per day, or .29 p i i n s  per sq. ft. 
per 

The oil ~ : t s  alloned to solidify orer thc week ertd and during that 
period the rate of loss of weight was found to  be 1 mgm. per sq. dcm., 
or , l 5  grains per sq. ft .  per day. The oil was thcn kept molten for 
a further five days during xshich the copper lost weiglii :tt the rate 
of 2 2 mgms. per sq. dcm., or .33 grain per sq. ft. prr day. It thus 
appearsthat copper is dissolved approxirnatc.1y twice as fast in warm 
palrn oil as in soliditied oil a t  the orctinar? temperatnre. and that .there 
is an  appreciable attack in both cases. 

The possiblc choking effect on oil X\ ays, rcfcrred to  in earlier notes, 
ha8 also been investigttted. One part of the semi-solid matter removed 
from the engine after using palm oil was mixed with 10 pal ts  of vacuunl 
No. 2 lubricating oil. 

011 heatirig to 73" F., this palm oil appeared to dissohe or be held 
in  subpension, the mixture resembling dirty lubricating oil. This 
mixture was fhcn heated t o  120" F. and thoroughly s l imd,  after 
qarclubeing allowecl to  cool to 60' F. The palm oil was still h d d  by 
the lubricating oil and no unusual deposit settlcd out. The test 
was repcated with one pert of palm to  trhree parts of lubricating oil 
with generallj- simifar rrslllts. It is therefore concluded that tl~t. 



leakage of pal111 oil into the crank-case would have no special 
tieleterious effects as regards choking of the oil ducts, a t  least 110 xilore 
tiiall o b t ~ i n s  with some uther classes of fuels; although the nature of 
the oil in t,he syste~n would in time he clla~igetl as regards its viscosity 
and flash-point, this also being cvInlnon with other fuels irr general 
use. 

JIIC HELL E3C:IKE UEVELOI'JI E:AT\, 

The advent of the >fiche11 bearing lifted accepted ideas of lubrica- 
tion and bearings out of the rut which they had occul~iecl, and better 
accluaintance nith tlir applied principles \$as sufficient to 5110\v that 
the Jlichell bearing did not ttrgin and end hi ~narirle thrust blocks. 
BIany promising ~uecharicial applicationh have failed oniiig to friction 
and the overloading of lubricatiilg films, and the Niche11 principle 
is reviving hopes in the ultimate success of many such projects. 

The swash plate or slanting disc on a rotating shaft has Lecome 
familiar through its extensive use in hydraulic variable gearb, and 
by its use JLr. JIichell has been able to dispense %ith a crankshaft 
and connecting rods in a prime mover. The pistons drive directly 
on the slopuig surface of the s~riash plate (or " slant," as it is preferably 
called), and the bearings between the plate and the pistons are in 
the form of the familiar rocking pads faced mith white metal. A 
Niche11 bearing is also used for the thrust of the engine shaft. The 
Air S h i s t r y  receiitly commissioned Rolls-Royce, Ltd., to build an 
r-iperimental aero-engine on these lines, and the results have been 
\ ery successful, while crankless 400 h.p. 18-cylinder aero-engines 
are being developed in America. 

A Michell crankless 35 b.h.p. 8-cylinder motor-car engine is fully 
ciescribed in the current technical press. The nominal power is 
del-eloped a t  1,250 revolutiorls prr minute, but owing to the ease 
with which such an engine can be balanced, 3,000 revolutiorls per 
ininute earl be easily attained ~ i t h o u t  noticeable vibration, 60 11.h.p. 
being developed a t  this speed. The makers expect that  5,000 revolu- 
tiolls per ruinutr will be possible %hen certain alterations in the valve 
gear and carburettor--details which a t  present limit the r a n g e  
have been effected. The eight aluminium cylinders are arranged a t  
equal distances around the engine shaft with their bores parallel to 
the latter. Four cylinders are arranged on each side of the " slant," 
and opposite cylinders are connected by a steel U-shaped yoke that 
bridges the rim of the " slant " and forms a base for the hernispherically 
backed Sficliell bearing pada. The cylinders are each of 3.312 inches 
in diameter and the stroke is 3.51  inches so that the total capacity 
i:, about 4 litres. The compression ratio is five to one and the " slant," 
1% hich is 10 inches in diameter, is 2& inches thick and inclined at  
an angle of 22g degrees ~ i t h  the engine shaft axis. 

Some comparative tests have been made xi th  this crankless 
engine, and R well-known orthodos six-cylinder motor-car engine 
~ r i t h  a total capacity about 18 per cent. greater. The most striking 
fact brought out by these tests is that  while between 1,600 and 
2,000 r.p.m. there is very little difference in the brake horse-powers 
of the two e~igines, a t  higher speeds the crankless engine maintained 
its power niuch better than the other engine. 

Although the crankless engine described aliobe $+as designed 
X ithout much regard to the saving of weight, i t  is lighter by P5 per 
rcxnt. than orthodox engines of similar power. 



The prirloiple iu also applied to steam engines in Auhtralia, th tw 
hcing of the nniflow type, to ahich the dchigl particularly lends 
itself. Units of this type, des~gncd for 730 H.P. a t  1,600 revolutions 
per minute, are projected for driving centrifugal pumps, and i t  lias 
been estimated that the consumption of steam in ulllts of thib size 
Inay not cxcecd 8; Ibs. per B.H.P. per hour. 

HEAVY OJI, E N G I K E  CONFERESCE J N  C,CR&MKT. 

A cordere~lce was held recently in Berlin under the auspices cvf 
the Verein Deutschcr Ingenieure at  11 hich a nurnbcr of papers dealing 
with the development of and recent investigations and rescarcl-l in 
connection wit11 tht, Diesel nlgine were r e d  a ~ ~ c l  cliscussed. The 
papers were presented in great detail, and they provide an interesting 
c.ontribi~tiol~ to the ,~vailablc technical data on t h i s  cl as^ of prime 
mover. 

Sonw of thrx partii.ul:~rI~- iilteresling iienln art. pivrrl I)ricHy ill the 
follovring notes :- 

Professcrr Sngel in a rery long p'tper re~iewed the prcscnt positioli 
of the Dicsel ci~giric, and outlined its development in the last 10 years, 
his prp3ent pa1)c.r being ;i supplernent to a generally similar paper 
read by hirn i n  1911. He grouped the development under four main 
headings in ~ h i c h  it was considerecI progress p as ruost co~~spicuously 
, 4 1 1 0 ~ l l .  

I-Ie first, referred t70 the constructional details of tIle Diesel enginc, 
a,nd a11 importalit feature in his opinion ( ~ h i c h  he agrccd 1% as, hou&c.r, 
a logical accornpa~limeilt~ of tho increase in power and particula~lv 
the ~ I ~ p l i ~ a t i o n  CO marine 1%-ork on a large scale), \\as the ;p1>reciatio;l 
of the izecessitv for a construction which gave great lono;itndi~itrl 
rigidity. Xnch necesary to  prevent the se\rc%e r:ic%irlg strains called 
into play by the heavy engine forccs, these strains beii~g a fruitf~il 
scmrce of mechnllical troubles due to defects in alignitlent that n ~ a y  
be set up. The chief mctllod of ~ccuring t11is stiffrrc~xs was the 
ctcpart~lre from a coi~struction whieli teildect to cousider eacli cylirlc1c.r 
line ;ts a. separate item and the adop-bion of :I conlinuor~s bedplate 
nild engine framing; or, \+here sucli was not adopted, ,in t-laboration 
of stays, tie-rods, ch.,  which maintained an intimate conncctior~ of 
:rU parts of the engine and seeureti a rigid wbole. Ti l  particular irl 
the high-speed dcsigns, such as in the submarine practice, the bed- 
plate was made very deep, tllc top facing being carried uell above 
the cent,re line of thc main bearings. As a consequence of these 
developments, the importance of which is still, h0we.i er. liable to be 
overlooked, mechaneid ciifficulties arising from the scvere racking 
strains have bren allnost eliminated. Such derelopment has, of 
courso, gone hard-ill-haid mjth the usc of improved material8 and 
design of individual details. Thc extensive use of cast steel, which 
is a ftlitture of German high-spced practice, is cspeciallj- to be noted. 

The clmign and construction of cylinder covers for high speed ancl 
power engines \\as also particularly referred fo, this constructiorlal 
detail of a 1)icsel cnginc being still looked upon as most difficult to  
tlt~sign satisfactorily, in iew of its generally complicaied nature and 
its exposure to  heavy loading and heat stresses. The laiter stresses 
cart generally [)c. considered the inore importaat, and it can be 
appreciated that  if thc construction be stiffe~lccl. to  provide greater 
resistarlce .to the loading stresses, the change \\ill in general be 



accompanied by ,trl inorease i r ~  the 11e;it stresses. .\r >L corlacquenctx, 
it1 motleri~ practice, the co\ er iu eitller 1)rotected by a \+ atw-coolcd 
C ~ I L I ~ L I S ~ ~ ~ S ~  plate which relieves the structural portion of tlie Iie~,~t 
stresses and reduces it to a pure strcrl@li nlember. or  it^ cos~structiorl 
provides for subdivision liorizontaIl>. 111 the lattcr case the cooling 
water. is given n ctcfirlitely dircc~tiorial flow a t  liigll vt-locity through 
the lower space :uld tliiis to rccit~ce the hc;~t strehces in tlic lou c~ 
wall forn~irlg the boundary of the  co~ilbubtiotl spac>cL. T l ~ c  cover iu 
r;olne cases i.3 also ill t a o  parts, the ltiller ifeirig free to clpallcl relath ely 
to the outrr portiori Thc Litter is the nleu~ber c n r r ~ i r ~ g  the stud or 
bolt hoIes, a11d in l1iC ordint~rj \+;LY Ls not subjecdtetf to tlie heat n1iic.h 
i, transmitted to tht* cc~itr;ll portit111 11) \ ktue of its corltact with the 
c,ornbusiion space 

Variuus 0thc.r eiigiile cteiailn of lesser ~lupor.t;~rlcc: 15cr.e rcferrtd 
to briefly, but these tlo slot call for particular merltion. 

'rlic sceo~ld point was tlic incrclasing rise of tile tno-stroke c ~ c l c  
erl~ployulg p ~ r t - s ( ~ ~ v e ~ ~ g i ~ l g ;  tht, larger capacity per cyli~~der,  the 
t~bsence of certain \~al\-e gear, and a possible reduction ill the cost of 
tuanrlfacture atzd upkeep, bt>irlg pvirlts (of practical and comuerciu] 
value. I t  \$ifs, therefore, not ~mrc:~son;tble to suggest that the double- 
:t?ting i n  o-strokc engine -in \+ hich one luny include the opposed 
piston coriutruction-vas the oh\ ious practical line of development. 

A tietailed description of t l ~ c  large G-cylinder tno-strol<c double- 
acting cligine eluploying valve-sc.:irellging was given, this being the 
( b u t  public notification of tlicse particulars. It was c'onstrl~ded at 
tlic Nurrlberg works of the A1.S.N. Co., and a a s  originall3 i~ltelided 
to he fittcd as a high-po~vcrcd cruising ellgirlc in a Gcr~llnli c:rpiinl 
\hip. The cylirlder dlanieters were S40 u.ru. (33; inches), and the 
strolce 1050 1n.m. (41$ inclles), the engine being designed to  de\elop 
12,000 R.H.P. a t  160 r.p.rti. I t  was stated that after ccr-taiu prc- 
limillary trials a continuous serics of tests were ~natlc bctu-eci~ thcx 4111 
Ja~iuary arid the. 3131 April, 1917, during ~ ~ ~ l i i c l i  irsts tlic ellgirle ran U\ cr 
two million revolutiorw a t  pon7crs rangir~g betweerl 10,800 and 12,Om 
I3.H.P. with very sntkfactory results. Later ill the year, October, 
1917, one cylinder of this crigiric n-as norbed np to  3,750 T.H.P. at  the 
rcduced speed of 145 r.p.m., correspcrndirlg to n mean indicated pressure 
of 144 lbs. per sq. inch. The rueclinnic~tl efficiency of illis single 
tX) tinder unit (scavenge, etc., ptnups bring separ,ztely drivc.rl and riot 
iricluded) was of the order of 90 pcr cent. T t  R;= not possible f r o ~ n  
qeneral desigl considcratio~ls, irlcludirlg capacity of auxiliaries. to run 
the ~ l i o l e  engine up to such a tligh po\\er, bnt i t  was stated that for 
:i short period 17,130 13.H P. nus obtained, ulriuh rep>re~sc~ltcd all 
01-erload of 43 per cent. b:ised on the dcsign figurc of ].',(H)O. 

Exhaustive data w;w obtained from this engine. ;~11d in spite of 
the high power yieldcd, the heat s t~wscs  in such vital detailv :IS thc 
ql inder  covers, Li~leru, pktorx, pistun rods, etc., as dcdnctul by 
p>sromeiric arid thern~oruetric nitarls, ~ e r c  riot excc~ssi\ e. Tliis -ab 
due. to thc elaborate cooli~ig nrmngcnlents, arlci tlic utilisatiol~ 
particular of high speetl directional f l o ~  of the cooling mater. l'he 
lirlcrs I\ crc enstiroucled in ribbecl sliields n hich impellcul t l ~ c  n at er to 
folio\+ a spiral path on their o~ttcr surf:~ccls, nhibt  tlie cylisltler co, crs 
had the tlividect eorlstructiorl refrrrecl to pre\ iously. 

The fuc.1 consunlptior~ a t  ~lo~ilijlnl fit11 power was give11 as .44 Ihs 
 er B.1I.P. hour, which is a little high, fnlt r n ~ ~ s t  be considered 
hntisfactory for such an engine. 



This e n g i ~ ~ a  wad never fitted ill a ship and \$.\a;, broken up after the 
end of the war. The data obtained, however, ~ n u s t  certainly be of 
i~i~niellse s.aluc in the e.r ent of any future dc\elopment necessitating 
5 ery large units. 

'1%~ results of a great deal of experimental u ork ucre pn1)lisheci 
to support the corltentions that for effective scavenging in t~\o-stroke 
engines, thc ccxtlwst ports- 

(I) should be on the same side as the scavenging ports ; 
(2) should be situated above them; and 
(3) should not extend quite as far  round the circumference 

of the liner as the scaveilging ports. 

'I'ltii i5 a departure from the ~ ~ o r m a l  and possibly collatructionally 
simpler arra~lgctuent nhere thesr series cif ports arc on opposile sides 
of the cylinder. Whatever elsr is proved hp these tests, it is clear 
tlittt a linal co~icl~~sion as to the best disposition of tl~cse ports remailah 
to  be estahlisfled. It was, however. certainly dP~tic)nstratcd that port- 
scave~iqing is superior to  lalve-scavenging. atid the comparatively 
high co~isumption of tlic large Jf..-\.iV. engine may he partly acconnled 
for by the latter fcature. Tn the port-scavenging arrangement i t  wa.. 
deduccd that  1 - 5  times thc cylinder volu~ne is a sufficient amount 
of sea\ enging air for all practical purposes, ~+-hr~.eas %+it11 valve- 
scax-enging, 1 . 3  to 1. S times apyears necessary. 

The third point was the increasing use of so-callcd "solid" 
injection of fuel ns contrasted with the blast-air injection method. 
This can be colisidercd an unix ersal develoynierit and is notably ;a 
feature of the Vickrrs and Uoxford eilgincs in tl.lis country. 

The fourth point Tvns the adaptation of the Diesel engine to 
satisfactorily uye low-grade fucls gener.tzlly cl;~ssed as " boi1c.r " oily. 
and including in such category, heavy tar-oils. In  the use of snrh 
fnels special injection arrangements are often nccessary, incl~~lding in 
auille casc.8, pilot injection of a lighter fuel to initiate the combustion. 
Hed,ing of thc oil brfore dclivcry to the engine is dso  essential to ensure 
the complete combustion of a normally slow -bunling fuel in the short 
tinLe a5 ailable. 

il novel deVelopme1lt in connection ~ i t h  the utilisatioii of heat 
in thc exhaust gases refers to the pre-heating of starting air to protect 
the cylinders from the effects of cliilling due to tlie expn~lsion of 
the air and to  ccvnomiue startiug and mancen~ring air. 'Ihe air is 
taken through specially arranged jackets in tho non-nater cooled 
clbow curu~ectioiis betuecxn the cylinder heads and the exhaust mani- 
fold. I n  certain extended trials on a mariric engine i t  \\as stated 
that, following a normal running period, i.e., when conditions as inay 
be expeded on service were obtained, thc starting air on leasing the 
jacket %as a t  500' F., if an iniermedialc rnanwurre mere carried out. 
Even if the cngine were maintained stationary for half-an-hour, starting 
air could be supplied to the enginc at 275" E. in this manner. It was 
also s t a t ~ d  that the average consumption of starting air per cycle wtis 
about half that  of a similar operation on cold air. 

In the matters dealt with by other contributors, it is notcd in 
pat-ticular that Dr. Rielitn stated he 11tld attained a mean uidicatcd 
p r a ~ u r e  of over 170 lbx. per sq. inch, using an air excess of only 29 per 
cent. The experiments were carricd out on a nominally 70 B.H.P. 
unit (400 n1.m. by 600 r u m .  by I60 r.p.rn.). The data given, honerer, 
lacks particular infor~nation as to the length of the tcsts, but, considered 



in relation tu ,z number of other figurm given. it appears that super- 
clianging (i.e., increasing the -eight of cycle air by adding air during 
the compression or working stroke, or by pre-compressing the cyclc 
air) is an effective means of increasing the rating, even a l ~ e n  the 
additional external uork required in supplyirig the exceea air ib taken 
i r~to account. Incidentally, it nas stated that exhaust gas turhhes 
Inay he employed for driving the lrlowerh and t I~us  effectix-ely utiljsc 
from fi to 8 per cent. of the energjr other\risc lost in tlrc exllaust pipe. 

'Utc ntattem discussed il~cll~dctf a discourqe 011 lwat transmission, 
arltl alho one by Dr. Geiger, on mcasurclnent alrd :~nalysis of ribrations 
anrl torsional oscillatiolis in I)iesel engiilc nud. For this latter 
inv~rtigaticui, Dr. Geiger has inventcd n torsioglaph nhicll cl1~tblc.s 
tl~ese oscillations to be continuously recorded. 

Standardisation and mass-l)rroductiorl -ere a l ~ o  cliscubbecl. 
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