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Chapter 3
ENGINE TYPES

TESEL ongines may be classified roughly into the following
ealegores

(1) Two-stroke or four-stroke working eycle.

(2) High, medium, or low - working spoed.

(1) Kingle or double-acting.

(4) Vertieal. horizontal, vee, opposesd piston, ete.

(6) Duty - generating, marine, locomative. road vehiclo, ete.
() Supercharged or anssiperchanged.

Connidering these in more detail ;

(1) Two-stroke or Four-stroke Working Cycle
(W&nuhﬂnm&.ﬁaﬂqwbﬁ“b,dm.
peneral. At one time it was usual to assume all engines to be
fiur wtrokes ** unlews otherwise stated,” but to-day it is necessary
to bo quite clear on the point, ax there are as many of one type
as the other.  The fundamental difference between the two types
is that in the case of the two-stroke, a separate pump is required
to recharge the cylinder with air, whilst in the four-stroke engine
the working cylinder itself performia that duty. This funda-
mental difference leads to & host of consequent problems, most
of which are concorned with the twin subjects of higher rate of
heat flow and the shorter time available for exhaust and nir
induction in the two-stroke. Owing 0 the fact that a firing
impulse is roceived twice as frequently in & two-stroke, and that
valves can bo done away with, this type of engine is used univer-
wally for the higher powers, say above 3,000 B.H.P. per e,
Hetween 10060 and 3,000 BH.P., the supercharged four stroke
sl the two stroke are in equal competition, the two-stroke being
possibly the favourite.  Helow 1,600 B 1.1, the four-stroke holds
the fickl at present, chiefly owing to lower fuel and lubricating -
oil consumption. hut the new highly rated valve axhausted two-
strokes are mpidly grining favour. 1t will be noted that in all
eanen of high-duty two-strokes, np to 1000 B H.P. at any rale,
exhaugt valves have been foud (o he cssential, amnd it ean no
']
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pump power. A great deal will depend on scavenging efficiency .
The okl-fashioned ** crankcase compression ' engine rarely ex-
coedod & B.M_E 1. of 60 1b_jsq. in., whilst engines built under the
Kadenacy patonts havo excoeded 120 Ib./aq. in. on test. A plot
of twostroke BM.E P, is also shown in Fig. 4-1, but it should
he noted that these are on the one-hour rating.

Piston Speeds
An the piston speod, N, == 2LN, tho horse-power expression
may bo rewritten :

c-1€ -4
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200 COMPRESSION-IGNITION-ENGINE COMBUSTION [Cuar 19

period in the thinl stage or gradual, or controlled, combustion.  The
fourth stage, or afterburning, in hurning of the fuel after injection
terminates. ‘This stage ennnot be controlled and is very unde-
nirable as ita efficiency in compartively low.

Figure 10-1 illustrates the process by a pressure-time dingram
the fuel in injected at point 1, but ignition does not start until
point 2. Angloe a representa the delay period sl called sgnifion
lag For a certain engine the delay period dependa upon many
factom, as will he shown later.  From point 2 to point 3, corre-
sponding to a crank angle b, the flame spreads from the initial
nucleus to the main huxdy of the fuel charge.  Similar 1o the
conditions of spark-ignition engines, the flame velocity amd

:
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Fio. 10.1 - Combmstion diagram of a high-speed cil engine.
the pressure rine depend upon Lurbulence ; this serond phase of the
procem in very important for & amooth operation of an engine.
During the third stage, crank angle ¢, from point 3 to 1, the fucl
burns as it leaves the fuel nossle and the pressure may cither
increase, remain constant, or decrease, depending upon the rate
at which it is delivered to the combustion chamber.  The nngle
¢ in » function of the load which the engine in earrying. The
fourth stage, afterburning, in not apparent on the indientor din-
gram. On a diagram taken from an engine, the dividing poinis
2, 3, and 4 are pot pronounced, and the four stages merge ono
into anothar gradually.

10-3. Delay Period.—Thin period itsell in made up of (wo
parta: & heating peridd when the cold fuel droplets nre heated,
vaporised, and brought up to the'= ignition lemperninre nd a
period of true ignition detay that o s when the first prticles
actually ignite.  However, in engines it is difficult to distinguish
between these two periods, s the delny period is mensured from
the heginning of the injection Lo the moment of ignition.

Aee 103

vl prosenia & greR _ '
i m;a::r:‘ on of an engine. A whorter delay perwxl gives
w

° »
" ml.o‘h" “‘l".'“m. n h“ﬁ' ‘h“‘v "l." “"..- mAN

T
b

(T L B Flect of b

ey gl
: (n) lrmwut::'n;;: :::: ':i:'rlmm,

((t; ‘um.::::ﬂm.nl !.lw fued,

++ ﬁm:mu B i”r::-ninle.

((;: :‘::::: :::b:lly of the fuel, ita cetane number.

EEAEEEE .

wol 11—tV J

el | L L 1
|?c 0B ek angle degrees AlC

[ LA da
Flleet of injection timing and jncket lmp"‘ﬂ:v' on m -
¢ 1B mjecion wintin 20 and "wan T’ 2 or“".‘.. sohd
‘:": e‘r::-n jacket trmpernture 150 and WOF, reny \ .
borr on-hiw . o 5
A fure. - Figure 10-2 shows the O)'|urn.| rﬂﬂ': .
st e n the delay angle of an experimenta engine.

: “ .. M 4 1 P 3 . '." .
!“ 'N:nn'. rmulit'mn L] nml’lmnd hy Muo“n roenpIne, l’m
W T

Rl R A M, SAE Jowrnal, vol M, Jawe, nu
. . - .




352 SUPERCHARGING [Cuar 19

Cooper- Besnemer compressdon-ignition il engine equippesd with
a Buchi-Fihot wrboblower.  In this engine the mep when sper-
charged was limited not by available air but by the fucl-pump
delivery.

Finally, Fig. 10-8 presents data about the increase of hmep in
Lwo wmlww'um-iam!km airernft oil engines nxn function of the
supercharging preseure. v Curve € gives the rame dnia in respect
to & large oil engine running at 300 rpm with an unchanged valve
overlap of 30°*
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Fin. 198 Flleei of supercharging pressurs o mean eflective prewure.

Mechanical Eficiency.— The increane of friction kuees with a
supercharger driven by the engine itaell in consilernbly smalier
than the power gainesd through mipercharging Ax a result the
mechanical efficiency, referred o the maximum fond, inerenses
with supercharging. Figure 199 shown the mechanienl effi-
ciencies of & T-in. X 1in. wix-cylinder compression-ignition
Cummina engine at different speeths and mean effective prossares
when operaling, mapereharged with & Joots blower? The
mechanical efficiency of the xame engine with natural aspirstion
at 1000 rpm when developing a bhmep of B4 pei was fonmd 0 e
73 per cent. The influence of wuperchurging upon the mechnnienl

efficiency of two airernft engines is hronght out by Fig. 19-10

s Mareey, V. L, Mech Eng, vol 61, p 440, 1001

o Dienel Power, vol 1R, p R77, Ovtoher, 1910

» Kwooesw, 1L, Probbense and Pl e of Mechnmien! Superehargng
of Diesel Enginen, Dicsel Power, vol 19, p 856, Ovtobwr, 191

Roee 1Y RESULTS

Fuel Economy —Owing 1o lelter combustion heeanse of
increased turbwlenee. hetter mixing of the fuel aned wir, aml of an
inereascrd mechanieal efficiency, the specifie fuel consumplion in
most CANCR, though nol in all, s toweredd by rpercharging.
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Engine speed, Tp™
i 199, Mechanical vMiclencies ol & Cwmans wapercharged ol engine.

Figure 10-11 gives an interealing cOMpArison of the perform-
ance of & three-cylinder 9!4-in. X 100 -in.  Aleo oil engine at
1000 rpm: curve €, umpevrhlmd; enrve d mupercharged with

|9~ am-cooEo suw AMOwA ENGRE
i‘ 4.’-&“-(00!0”-\-0“ ENGNE

e

Fra 1910 Ffiect of supercharging on mechanical eficlency o comprresion-
ignition mireraft engines

a Roota blower, power increase about 75 per cont, fuel consump-
tion 5 per cont lower; euive ¢ supercharged by & Buchi turbo-
Mower, power inerense about 87 per cent, fuel consumption
13 per cont lower than in the unsnpercharged engine.
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354 SUPERCHARGING Cuar 19

Curves a and b show also how the performance of this engine
was improved by putling in turbulence-creating pistona.

Figure 10-6, on the other hand, shown that the fuel ronsump-
tion of that particular gasoline engine was improved very little
and only st the maximum supercharged horsepower.

Fuel Knock —In eompression-ignition oil engines, increasing
the inlet pressure decreasen the ignition Ing and consrquently
the rate of pressure rise in the cylinder, which resulix in an
increasing smoothnes of operation.! Om the other hand, in a
gasoline engine, if the engine in operated with a compression ratio
that causes incipient detonation when supercharging and if a

PSR I g p——
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Fro. 19-11  Perlor development of Aloo 9L§.in. X 107§ in. engine

fuel with the same antiknock charactleristics is used, in order to
prevent objectionable detonation, the compreasion ratio must he
lowered a0 that the compression pressure of the sipercharged
engine will remnin about the same as hefore smipercharging. This
will slightly lower the thermal efficiency, but the power output
will be increased, as a greater amount of fuel will be hurned.  An
engine operating with natural aspiration with a compression
ratio 7:1, when supercharged should have & compression ratio
about 6: 1.

19-4. Limitations.—The permissible amount of supercharging
dependa upon the ability of the engine to withstand the inerewsed
pressure and heat atresses

Pressures.—The increase of the mean effeclive  pressare
naturally increases the mean hearing presaires mned mechanieal

CNACA tech Notea 500, 1006, p R

e

fuc 19:4) LIMITATIONS 358
friction losses. On the other hamd, (&W’-ﬂlﬂ
temperatures will go up oo Thus & six-cvlinder 13-in. X 15-in.
hmeFalmhdmn.nuwm
continnously 670 bhp, or & himep of 80 pa, -.nh & maximum pres-
aure of ahout 680 pui.  When equippesl with n_l!udu turlune-
driven blower, the engine ean develop & maximum bhmep of
162 ped Al & continuous bmep of 126 pwi, ur & power increase of
55 per cont; the maximum presaure goes up to about 850 pei, the
wpecihie fuel conmmplion goes down from 0.40 I /hp-hr to 0375

h/hp-hr, or an improvement of 6 per conl
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Supercharging prevsure, piig

Fra. 1912 — Effoct of supereharging presare on various charactietistic pressures.

Figure 19-12 gives the relation between mmhmnu pres-
sures, COMPIEARION Pressires, maximum combustion pressures,
and obtained mean indicated pressures for sea-level operation.
The enrven represent computed vahies hut are correctesd on the
hasis of eorreaponding test data and give an idea of the limit of
rpercharging. ! )

Temperatures —The ahove-mentione Faterprise emn has an
exhanst temperature of 720 F unsupercharged and 960 F super-
eho.zed. The Cammins engine mentioned before has exhaust
temperateres as shown on Fig. 19-13; Fig. 19-14 dn'l the u'm
peratures for the Aleo three-cylinder #'g-in. X 10! -in_ engine
at different loads ' Finally Fig. 19-15 gives & very eoum!dr pie-
ture of the performence of & wix-evlinder 12! g-in. X 13- Alen
engine, which supercharged is rmied 1N bhp nt 740 rpm. The
exhanst tempernfure goes up from T2 F, at 80 psi mep, o
LN F, at 120 psa mep

' Dienel Powsr, vol 19, p R84, October, 1841
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CHAPTER 27

RUNNING GEAR

37-1. Trunk Pistons. - The functions of & trunk piston are:

L. To transmit the gas pressure (o the erankshaft.

2 To take the side presures due to angularity of the con-
necting rod.

3. To meal the inside of the eylinder from the erankease.

4 To dimipate heat alworbed by the piston top during som-
bustion and early part of expansion ke,

Design (Mjects —In designing » piston o meet these require-
mentx the lollowing objects must he sought -

1. Birength of the piston, particularly of ita head.

2. Sufficient projected side aren, and rigidit y of the barrel.

3. Minimum work of friction.

4. Bealing of the working space against escape of gases.

5. Preventing the entraxce of lubrieating oil into the com-
bustion space.

6. Gouul dissipation of the heat to the eylinder walla,

7. Minimum weight.

The de<ign ohjects are listedd not in the order of their impor-
tance but to conform with the order of funstions as listedd nlwive,
Good hent dimsipation in one of the most important design
requirementa.

Materials used to make trunk pistona are in the order of their
importance: cast iron, cast aluminum, forged aluminum, cast
steel, and forged steel.

Cant iron in an excellent malerial; ita main dranwback is that
it given a alightly heavier pision than aluminum .. However,
with a proper design the difference is only about 10 16 20 per cont.
Cant-iron pistons produce leses evlinder-liner wenr than aluminum
onen,' eapecinlly if they are tin-plated

' Awtomative Ind , Jan. 16, 7. p R Z Ver dewt Ing . vl RY, p 6N,
%37
408
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Ree. 27-i) TRUNK PISTONS 41

Caxt aluminam alloy gives better hent disdipation and hghter
weight but costn considerably more than enst iron.  The strength
i alont the same ax that of east iron. )

Forgesl-ahiminum pistons are st ronger and sl lighter. They
are usedd for nireraft engines ard heavy-duty high-xpeed com-
pression-ignition oil engiaen.

Alloy enst steel pistons are used in some sutomotive engines
and require liners of great surface hanlness.  The same v Lrue
of forged-steel pistons used in some alrernft engines.

Piston lHead —The thickness £, of the hend or crown can be
computed, considering i a fint round plate of uniform thickness
fixedd at the edges, from the formula

b= 0430 p'8 (27-1)

where D i the exlinder bore, in,
p i the maximum pressure during combwtion, psi,
S i the allownbile s« reves in hemding, =
A stress of B500 pwi can be allowed when wsing a ool close-
grnined ensd iron or an alyminum
alloy  with an ultimaie tensile
srength of 20000 pei. I the
materinl wned has an ultimate
rirength of Il).ll.ll psi, much ax
nickel cest irn, memisteel, or
special aluminum alloy, normal-
izsedl, then & can he taken an
ROOO pri.  For forged-stoel heads

S ean be rained to 12,000 i b
The piston head has often four  Fro 270 Tounk piston of & wns
or wix radinl silw a, Fig. 27-1, of & SO

thickness £, one-thind 1o one-half the thicknesn 1, of the head, hut
It in wafer not 1o consider these rilw when compuling {,.

Tww 271 —Tuwnnnas or Pirox Hean

Piston

St Fouratroke | Two-stroke

Type of engine
i'mm-i-n“&mmlmmn sl won ‘n D8 abo a0 wp
Compressann-ignition ol engines Ahwsinum 8 230 0 1600 170 0 200
Rpnrkignition gas ngines Ot wrom Dz o nive 2000 220
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