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Investizator's Introduction

Prof ¥ WAL T Schoidt's Yook on internal. combustion engines moets
thd kcute deand for & treatise embodying the pertifent ‘physical- -cherlcal
uevelopments on this subject, The| adthor's backgro}nd Hs an engi'neer
xakes. him a particu.larly competent middle-maﬁm hetween the research scientist
priwny intsrested'in the kinetics and th odynbmics of  cdmbustion,
and the piracitical motor ‘desigmer, Since m 'Book of this kind has been &
Ibng-feltl need in'the enginesring world it 18 small wonder tﬁat the numerous
investigators who have visited. Professor Schmldt at the Dn-laboratory in’
Garmisch have,shown thé keenest ‘interost in having. copies available in
their honglands. Thue, two of the three cupies originally ‘in Profeasor
Schmidt’s ponaesaion have. been evacuated., while mbseqv.ent teams have
wisély left the 1aht :remainug copy in situ, From! !thig copy the présent
photouthogmphte rap cduction héa been made, The vhereaboutu of addi~
tional copiea are not i known. 't this invesngator. Thers are, however,
the la:gg stock orlgimlly in store-at the Springer
Verlag has beanjlon in the cmu'ae,of nilitary events:

secong.edition of 1944 and a' typmittan eupplement insercad betwedn pages

319 &nd SZQ Professoy] Schmidt hqs plana for'a third edition featuring a

more ‘extensiye. treatment of recen(‘,lz g&inpd knowledge lncludiig 'ﬂ;hd sub,ject

of- gae mrbinoa and Jet engines, :However, 1t vas felt to:be inqxpedient

to’ delay the reproducticn in favor .of. this woro -anbitious program which

on.}d involve extensive typenening and lother at prosent difficult compli-
ons,

The first edition sppeared ii° 1939, The present book compria:s the

Sypopeig of the book:  In-its present form, the book is. essontially

a discucsion of Otto and .Diegol enginos. - Part A ‘troate genoral engino._

problemn an@ part. B.the special problemn of aircraft onglnas. Xach part

subdivided, . A(I) concernp ssnenually ‘the thnrmodynmica of
1dealized: ongino cycles. A(1)2 concerns tho ‘actual cycle proausus. The
effect of enging conditione on.intake nnd compreanon. the ‘problems of -

) caxburecion and- ignition in.Otto engires’ are discussed (pp. 29-41). Then
fouovs a dincourae on' the combustion in (Itto enginss (pp. 41-54), - The
propegation of the. combustion wave is distinguished from  the partial self-
ignition of the charge in ‘dmocking combustion. The factors _governing -the

"rate’ of propagation. of the combustion wave{mixture properties,- tnr‘aulence
‘and .confinsment~)and the connections between rate of propagation and moter.
,parfoma.nce are illustrated briefly but adequately. the Jnock-producing
_gelf-ignition 6f part of the chargeis explained by the self-accelorating
reaction induced by ‘adiabatic compression and wall conditions and is

‘‘clearly: diutinguisﬁad from detonation--a .combined pressure and- combustion
vave exceediru sound' velocity! which cannot establish iteelf in the combuntion
space offhm ‘motor because of the small . dimsnslons and the sKort time
‘ave.ilab!e. :After a .brief ,paragraph on fuel rating the individual phases
of the Dioeel cycle are discussed {pp. 54~86). This tonprises a detailed
~conaideration of the distritution of droplets and vapor in various phaeen
of .the £uel 8Pray, effect of oszillatiom in:ths fuel.line on: the fuel .-
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uuchn'rgg.‘_a.nd‘the'ignn'ion'lug. This lag ie composed of " the, thormal:
Processes of evaporat ion and mixture formation at the spray 'bo\mgiar;,

and the self-acca-lerat.ing reaction between fuel and oxygen- in the mixing
zone, . The latter is the same process which in an Ofto_englne leads to
knocking; hénce a rough correlation of octane an cetene numberg becomas
poseidle’ (p, 77). 'K gemi~empirical tfeatment for dalculating ths.
duration.of the self-nccelerating reaction-is also indicated (p. 72);

this subject ie agein -referfed to in.the appendix (p. 292). On the -
subBequent pages (78<86) various Diesel: engine modificatione aimed at
improved mixing and ‘ignition performance are deecribed; then followe a
discussionof the actual, as compared to the idsal, work cycle (pp 86-95)
and the purging and: intake process. (pp. 96-103).  In section A(I)3.
(ppglIOS_-lgw & study of the asfsential factors for efficient motor operation
18 ‘hade;-this includes theoretical considerations and experizental data .
on the' effect of such variables as nixtpre ratio, compression snd '-iggnion.

Ssetion  A(I1), pp, /126-161, fs ertirely ‘dsvoted to the subject of
motor supercharging, Many additional considerations arise out of the
various supercharger designs and the ;'nteraction- of motors and-chargers,
lipart from.modifications of the .work diagrem there are effects on.the
combustion Process, -Thess.consist not so much of changes of the rate of
flame.propagation as in a reduction of the ignition lag, t.e,, an inereased
aiock tendency for Otto engines. ; The .supérchargs 1inits which'are thus
sot. can be raiged by various meane.

The separate treatment of’eireraft motors in part B (pp. 161-232)
roflects the complexities arising from operation in changing altitudes.
Section B(I) concerns not-superchargad aircraft motors. Equations for
the change of ‘power with- altitude are discussed.. The efcht/of altitude
on combustion is'more pronounced. in. Diessl then in Otto engifes. “Super- .
charge systems driven-dirsctly by.the: motor are tredted in section B(II),
and exhaust-driven turbo superchaizers in section B(II1). These.discussions
deal with the complex ‘relations between motor and charger performance, and
4o construction principles. of exhaust tnrbines, . Section B(IV) discusses
fhe suitability of differentimotor systems for different types of{ aircraft,
-and some important: relations {between engine poweryand flight perfbruance
(pp.-232-265), -

.. Appendix I contains four examplos of pumerical calculatione:! the
work cyele of an idoal Diesel motor; Chermodynbmlo evaluation of a test-
beneh experiment okt & one-cylinder 4 cycle motor; calculation of power and
fusl consumption of a motor with motor-drivesn .charger at various altitudos;

thermodynamic calewlation of tho thanges of state in the oxhaus$ gne,

<y APpendix.Il, 1 (pp. 266-273)-1s a treatise on._the thermodyhdmic ‘
functions; in II, 2 (pp. 373-286) the caleulation of dismociatiofi-equilibria
and flane teuperafires iz shown, A very different Subject, namoly, the -
reaction kinetics of the ignition pi'o’cess. i¢ enlarged wpon dn pendix I_Ir.
3 (pp. 286—292):-}11_1. 18 supplementary to preceding discussions in seotion
A1) 3 (p, 72): “Adsuming; for simplicity, a bimoleculayr resction betweon
oxygen and fuel gas, an eq\ntlon\ for the ignition lag is obtained {p. 393)
which can be solyed after evaluating an- integral exprecsion relating:the
change -of Tedction rate with temperature, - Although' the -99&@&!‘0}1 6f a
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b}iolecu}a:-;' reaction is not valid 1t {e quiteiplausiblé that the irue-
function of the ignition 1az ip of sifilar‘form,. Appendix II, 4 .
(Pp. 293-294) deale .again with a therﬁodynhmlc_‘subjec@'. the maxioum.
vork of fuel combustion; ‘this s followed by tables of thermodynamic
functions.and: of, the symbols used in the text.

. The supplement’ (pp. 310-319 and insert betwsen.pages 319 and 320)
deals with results of r’esqax;chna botween 1940 and 1945, .This has been
particularly . research on JAgnition. Special, test apparatus. have beon. .
bullt t6 wlmulate the adiabatic compression of fuel-air mixtures in Otto
ongines, and the fusl {njection in Diesel engines.” They permit ‘the .
meAguretient of the.ignition legs-oither of & swddenlycompressed gassous
mixture or of a.fuel. epray--at chosen valuss of the temparatures and
prossures. -The data with mixtures and sprays ere-largely parallel, -inac-
zwh as Ehoy change with. the variebles in the.same manner, though the *
abgolute:valuos: of the ‘ignition lags aré, of-course, quite different., This
would indicate thut'mdgr?-?ﬁo test conditions tho ignition.lage of \the
sprays are detormined.by tho chemical process rather” than by -evaporation,
The ‘valuds of the lags ';i-o desoribed over a fairly-large range of tempera~
ture and/pressure by an-empiriedl 0quAtion. (p. 314) which is somewnat
analogoug. the earlier tentative equations derived from theoretical "
considerations (pp. 72 and¥292) and contains three constants a!, b': and
n!, of which the first is /a-gemeral proportionality factor and the' second”
and-third are- exponential ifactors detornining the temperature -and pressure,
dapendenca,.iespacuvely.‘ These three constants characterize the fuel<.
alr mixture-and ond should think that a new,snd supsrior method of ‘fhel.
rating can 'now ‘be devised j-oughly‘alongﬂt 6 following liness The fusl is
fully characterized by teé‘*n‘ in rapif compression apparatus using dnly a
faw cubic Gentimeter of sample. ‘Engine tests are. requirad- only to -the
extent necessary to'detemi_ng ‘the thermal, ete., stresseés on the fuel-air
mixture, -and generally,.test en

; gines . can bo:dispenced with, -Thig Adea has,
mob yet been followed. through, howsver, :Instead, the author'is preoccupied
with strengthening the premises of. this; mothod by enlarging the .experimental
material; discussing the Limitations of Yhe empirical 'ignition lag equation;
and eliminating cases of -enomalous behdvior of fuels,- This is indeed the
immediate -requirément, Unavoidably the: text .of the supplement ‘becomes
highly specialized:reading matter, and -as it constitutes ‘not-a full report
but.a summary of the pertinent DVi-work 1is digest demends additional .
study of .the original-reporte. It 4s, however, clear that the subject is
8till in s preliminary stege and requires further experimental and- theoret-
1cal explorationy Zmphasis should. be 1aid already at this stage on ths.
‘point that! etudies of this ‘kind promise larger dividends,than indicated.
‘Bven though the problem of fuel.rating for reciprocating engines may,
ultizatsly cease to de important, the general prodlem of -the behavior of
“fuels under various stresses is bound to retain practical importance.

'There are, after all, performance limits on gas turdings as well. - Igni~

tion prodlems, arise at oritidal altitudes,

_ . The ‘suppletiont aleo‘contalne a brief tronthont of the thermodynamice
of gas turbdines (pp. 319-g to m). -Two types of operation--combuation at
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agproximately constant volune and at.approximately constant predsgre-

are considéred, . The work: cyclel dre “drawn and’ the powar equatione
-déveldped. . Pre-comuression. combustidh- 4n stages, heat exchingd between
exhaust and 1uta!ne, eng:lne aggregatea are briefly dinc\uaqd. On pp. 319-.
m'to r, the cooling of turbine blades ‘(pp. 215-217) is discusadd on the
basls of measuremente sad calculations,

Additionsl supplements.to individual pages of the book are found
oL gp. 320-325, A literature and mbjaut index u added.” Finally, five
graphz -of. cnnpletely calcuinted: thermodynamie: functions of combustion
gasep of motor fusl are. given,

G, von Elbe
FIAT; Industrial Branch



