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“an Internal Combusition Ingine Lieaborabtory for Hobert Ccollegs,

Cne of the early stops bouwameds the accomplishuecnt of bhig
wes Go £ind oub what has been done end uhat is being done

aleong thosze linos in the lea 311:‘ wmivergltlcs of The Ued.ig

Letiers uare mﬂi ;ten to several of them, vequesbing lnformas

%‘

Slone.  In olwost 70 per cent of

€

the 1,0, engine lasboratory had becen dropwed in oxdsr to Ltozch
wors theorstlcel subjects, and that vhe engloe laboratory
squiprent were rerely used,

L, .3 -

Howewery; 1t is the aubhor's belied that the I,0, ongineg |

provides g convenient plicce of eguipment in which .L;-)Ol" emt

applications of meny basic physical end angineeric g'prmci@las

may be found, and therefors a course in I.G, ong

%3

- should

o accompanisd by c,dﬂa'oa e 1&1)01‘&.1;01’“ O"{’J@I’Lﬁud“ﬁi‘.ﬁiﬁi’l.

»

In vicy of the above, cumhsasis wos laid on the desisn

of the axpcfimants, and only & Liow chonges and ai.li‘&icns o
Bhe 6% Shing Leboratory teres surccsasted
he oxisting oratory were sugsesied,
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THE IMPORTANGE OF PRACTICAL TRATNING

AND LABORATORIES

In the early days, when enginesring first made 1ts
appearance és a'profeSSion, and during.the-first period of
itsedevclopment, an engiqeer’was supposed and éxpected to
knOW~the practical side and the teéhnical know~hows of his

profession, in addition to being well acquainted with its

‘theoreticel side as well., There could be no excuse for a

mechanical engineer who would not know houw to handle, operate,
adjust, end even repair any machine that existed at that time,

He actually was considered forbe a machaﬁic, who wWas wéll

trained in theory, tdo./

As a result of the rapid developuent of science and

technology, it is not possible anyvmore to give to a young

 engineer a thorough theoretical background and also train

him as a SKilled m¢¢hanic,,during the four or flve years of

Collsege or University education, Because of this, nmore

importance is placed on theory then on practical treining

during this education period, end the young engineer is exw

- pected o learn thevpractiqal side of his pfbféSSidn in the

first years of his employment in industry.

/ﬁﬁt it is a known fact that  theoretical sducation and

~ vhat industry actdally demsmds are two different things,

Although today, mechanical engineers are not required to be
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able to compebe with skilled mechanics, however, they are

expected to have some pracbical experience,

The various laboratory courses which a student is reqﬁire
to teke dnfing'his.education, might De considaréd to form _
the cradle of his practical experience, It is in the labora-
tory that an engineering,studenf has the first opportunity
to get acquainted and become familiar with various measuring
instrumenﬁs, their calibration and use, actual measurement
techniques,; application and/or verification of theoretical
principles, operation and te=*;nw of equipment, iaccuracy and
limitations of methods and procasses,'cbo, Iﬁ,_therefore,
follows that in order to enable a young engineer to begin-
his acﬁﬁal ﬁraining in'induétry with the lLeast Dossiblé degres

of dﬁfflculty end dlsappc&ntment, 1t is essentlal to aquip

hlm wlth a good laboranory4 exnervencco

No simple statement can or should be made of the object
ol mecnanical engineering laborauory.. It is certainly not
2 course in machlne“y testing, nor is it a series of demon g~
trations to varify classroom theory, The object of & single
exXperiment may be narrow or snecm?la (o calibrate an ingw
urument, bo measure the propertlies of a fluid; or ﬁo obtain
the performance curves for an enging), but, as it was mene
tioned before, the real purpose of the course is %o provide
occasions and equipment for the beginning of actual practice

of the profession of mechanical engineering,
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WIGIHNE LABORATORY

The internal cqmbustion.engine has become such an importaﬁ?
servent in averyday life that eﬁery méchanical:éngineer mmish
have sound knanedga about it; It is the kind of oq41pmant
that aenerates NOre pouer- than a1l athers combinad.” This is
the present statup of uhe internal -combustlon enginc, Perhaps
the gaa turbine or atomic power plants will canse_sudéen shifta
but Vb“S&tllltY and mass proauct ion give great GGOHOMLG advant-
age to the plston engine, and the gas turb;ne 13 a combustion
enﬂlne, anywaye Technlcal ‘adventages of thﬁ ;nternaw cOmbuSulOI
englne inel ude aCONOMYy ran*d accalaration and daceleratlon, w
ulde speed ranga, re adily available fua s groat 1159.1,\3;@: of sizes,
‘lightneas apd ccmnantness, ease of control, rellablllty, long

 1ife, and high torques

| The‘camnarativély’hiéh"éfficiénéy and ;eliabilitg bf tho
'madern.hlgh spaed mntennal QQMbUQt&Oﬂ enrlns is malnly due to'
 the anplzcatlon of test and research informatlan and resultsb
It can be,staﬁed,tnau Lhe‘only sngSfactory-mstbpd_qf developw,
“ing present-day engines‘is aloﬁg ﬁhe’same 11&6#.‘ in the early
days of the internal comﬁustionrangina, the designer worked
in on atwosphere of doubt and uncertainty, bub with time o
gradually ga&here& information and design data, as a resulg
of constantly testing, ’aagusmg, snd mél{ing changes in the
existing designs. The applxcaﬁlon of thae uBSt dmt& engbled
him %o improve radicelly his prouucts, o 1ormulate ‘theories

in order Uo eyvlain the obuerve& phﬁnomena, gnd,to nreamcn,
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- as far as possible, the aeffect of certain chénges;iﬁ the do=
‘signs, Very often, alsé,:ﬁhgge Searching'for en axplénétien
of’anAobsarved efféct,,h& ended with andther and ﬁuch o e
mporbant resulb. In this cdﬁhéctiﬁn‘thé seme péséibilihy:

- oxists even today,

The teSulng 01 Lnternal comhusblon engxnes naunally falls

 into one of three categories, as follovs:

 1.= Routine and accep%ance tasts
Lo Tests of new types o dasigns to study the efiects
of certa&n d631gn changes

3e= ﬁnalyt&cal or reoearch uesté.

‘The fonmer typa of test is thab ganerally carr¢9d3
out 8t facﬁovles, un order to ascerualn Hhether an

engine‘g,ves about the espected.out§ut, and'toftest

Lts Tolicbility. érhis‘is s simple tost,

The second class of test is a [ors uhﬁ?cugh one,
and anDlveS the use of addltlonal aqparatus and
nmthods~1n generul. it lncludes teatlnw of the exparié
menbal designs of enginas vhich are 1ntanﬁed for the j

| 7mar;et at a futura Lima,v The modern nend&ney sowards é
higher and,n;ghﬁr'efficienoy and‘qatput frqm.a given 3
siZé of'énﬁiﬁs} ané the existeﬁce~§r'compétition
among, firms, makes nacassury for the. manquﬂtar&Ito im;

provc and redasxgn his products constantly. it is
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elea¢ that th;s type of Ltest is a very xmpcruunu
one, because the whole future of the 1n»ernal coz
*bustlonvangine depenﬁs on 1%, aa far as commercial

products are concerned,

. The thﬁrd~type of fest comes into the domain
of scientlfis resear dho It is undertakan‘in order
to find out the reasons for complea phenomena kmown
to occur, to test the valldzpy of explanatory
tneorxes, vhlch may eventually have great 1nf1ucnce
upon desmgn, and %o analyse the behaviour of exist=-
: lng and new types of engines with the purpose of

,indicating the ways in ﬁhidh they can be improved.

The only criterlon by-ublch the pe”fofmance ong
paéglbilitlas of an ent*rely ney desxgn of engln@
czn be accurately daﬁezm;ned iz that of veaeareh
'-rcuulua.f Thus, a newy englne W1ll,ba seb up anv&
‘iest»bed,‘and its,speed, torqué,'fuei,gnd’oii comie
sﬁmptions, brake end indic&téd power, volumetric &ﬁ&i
‘thermel éfficiencies,- end heat balance, ste., calw
5 éulated' From Lha re«ulta, 2 compaﬂluoa #ill bhe
made witih those of calstzng, or ideal, suandaré enQ
g;nes, and a def&n~te qpin>on uill ba formed as to
its poss&bllmtles. Yery frequen*ly algo, the DO~
{ce”s of the investigation will indicabe the dlfcctnon

in uhidh benerieial chenges can be madc.
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 The 1ntemal combustion evzgme is a complex tnachma
¥hich nragen*cs Ho the atuaonts a m.ée variedy of problems.
Exxpex*z.mansal analysis of these prob}.ems is of interest not
.‘onlj' o those ‘whq' intend to speciali&é in the fieid; of inbore
nol combustion engines, but elso to mechaiz‘ﬁca}. engineering |
atudents in gsn‘erai, because the 'in‘aernai combustion engizie
provides & Qonveniénis ‘pie-cer of akquipment in uhlah imporbant
‘applications of meny basie physical wid enginsering principles

may be found.

~ One of the primary purposes of tho internal combustion
enmino latiowa’coz»y ixmsﬁ, s.s'th'e title implies, be the experie
mental invastigabion 03: the various problems involved in

‘tpe ;mtezﬂa.l ccmbus’cs.on engine, and their Mluenca on ils

performance. However nb.e labox*atory, or e.&nerimental, anproat,

%o Lnteﬂnalncombustz.on E}nglneer‘tng does not ocm.n a.nd and with
‘engine tesbting, On the conirary, it must begin with the basic
experimental studies in themcdynamics ', flui& mechanics, o¢¢m-

bustion, end heat transfer. It must include a knowledge of

}.ubr:.cat:.on, pronezmies of ilun.css, puxmas and CoOMPIresSsors, insw |

trumentetion, ond control, These are -good reasons why the
' _subject is te:ag}lt in the senior yeayr, Mosbt of the courses
"“te&:eil in provious years conbain material uhich is of value
':m understmdmg the c.e*oalls of operaaio"x oi’ mvemal com»

' bustlou eng:s.nes,

i

ﬁ
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HOW THE EXPERTMENTS WERE SELECTED

" AlD DESIGNED

Hany experiments may be run on - 1nternal combustxon englneu;

v-These may be either dlvectly ralated with the operatlon of

the englne ltself, or they'may be suxiliary experiments vhich

help the student get acquainted with the operation, adgustment,}‘

or maintensnce of various parts and components of an engine.

' 'Arcther group of experiments might include methods of
msasurement of pressure, tamoerature, opeed, torque, powar,
rate of flow of flulds, fuel-alr ratlo, etcsy all of which
‘aonsbitute the necessary tools for the determlnatlon of the

effects of various variables on the performeance of an engine.'

Still amother group might consist of methbds'for,adjﬁst—
ing andf/or determining spark advance, velve Giming, compres-

sion retio, engine dead centers,; etc,

The pfoblem of selecting what is worthy of illustration,
and designlnv an exporiment to illustrate it, is not as

asy as it might appear at first vlance.

Simplicity and Complebencss:

The experiment should be so designed that it uill clearly
Lndlcate the effect of a certaxn varlable on the operation of
the englne.yvlt.should‘ba 51mple, to enable the student to

- feel the dependence of the performance of the engine on thab
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specific Vériablé}'while running the ezperiﬁent; and not
: smmply by trying B0 1nte:prat in his report a numbe
data taken some time ago, very often ueeks agos when the

sxperimenty Was ‘actually made,

On the other hand, it should be complete, and it should

nob overlook the 1nterdependenoe of certain variables, and
their mutual efxects on the overall performanoe of tha

engine,

'

Length of experimentt

Time available in a leboratory period is slso of im-

' portance in desmgning an exper iment,

The experiment should be planned in suth a way that a

normal laboratory session will be sufficient for 1ts comples

tion, Ib is not a good practice to continue performing an

ezperiment for a considerable 1quth'of time after the end -

of the.lébcratory session devoted o iﬁ; or to'cut it in
half, and complete it in the next laboratory period, In tbe
_flrst case the studants loose ;nterest in the experiment
itself, and they simply try tq completa it wlnhout'acaually
uﬁderstanding what they aré'doing. In the second case the
conbinuity of the exporiment 1s ldst, since it is'nqt

, possibia to duplicats laboraﬁgry'conditions exactly as thej

were'during‘thﬂkfirst half of the.experimeh.te
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Houever, despite the fabt that its_educatiqnal value is -
'affected.inboth oasés, ocCasibnally an»experimentvwill'have‘
‘either to be extended beybﬁd thé normal laboratory period, or -

to be completed in the mext laboratory session.

 EQUIPMENTS

kAvailability of equipment and_apparaiﬁs'is not very
important in the present situation; since these will'be selected
‘and thelr purchase deéidéd on the basis of what is needed
for the e'nerlmenbs. in §ther words,bthevfact thab some'of
‘the necessary equipnent might~not'be-existing in the labora=

tory at present, introduces no problems,

Howevern in designing the‘sxpefimenté, en effort has been
made to keep the number of special ocquipment (requiﬁed only
for one experimsnt 6: tvwo) léw, in order to nake the realizaow~
tion of the laboratory possible with a reasonsble amount of

HONS Y4

LIMITED TI1Es

Ouznw to Lhe 1im1tad number of laboratovy sessions avail=
able during one semeater (the- course on 1nternal combustion
- engines : lS norm“lly taught *n onse semestGW), some of the eypcrxn
‘ments had to be shortened and oomo¢ned into one unit canable

of being completed in one laoo;atory meetlng,
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: Lool for handllng a,partlcular probWem frequently encountered

" CHARACTER OF THE EXPERIMENTS:

.Euide the instructor or thé~s%udenﬁ as to'whatfto do aﬁd‘how'

: 11nas only, but nnt very seldom, going deeper into denails,

EDUCATIONAL VALUE:

The most Important factor in selecting the various

. experiments, over and above all other criterie, was the

educational value of each one, that is, its capability in

aiding the student wnderstand a particular phase of the

operation of the engine, or the rdié of & certain variable .

on the performance Qf the engine, compared to the time

required for 1lts completion,

As far as the auxiliéry experiments are concerned, the
gselection of each one of them involved the evaluation of

several points, the most important of which were the

follqﬁing:

Lo~ lmnortance of the equipment or method involved as a

in 1nternal combustlon englne experlmenus.

24~ Vhothor the student had eny chance bo become familiar
with the bperation of the:equipment or the gpplication of

the method in courses'takén in previous yéars;

_ ?gs»experimenﬁs présénted in this ﬁorkjaregintended to

‘fo do i%, usually glvxng hlm.the ‘method of approach in general
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too. In this way, a certain degree of_flexibiliby is
allowed, to satisfy special interests and needs of the indi~-

viduals,

It is the suthor's belief that an expériment becomeé
‘more instructive if.tée students are given the geheralfoutline
~ only, and they are allowed, and expected o work thelr own
. detailed methods of atbtack. This approach to léboratory work
maktes the students feol more important becsuse more respon-
sibility is placed on them, and this in turn stimilates thelr
~ initlabive. They begin to trust thelr abilities and quali-
fications as enginéers_and-try to expend ‘their éreative |

thinking,.

The o0ld method of glving to studﬁnﬁsblong and éeﬁailed
exper iment sheets is not consmde”ed to be a good approach,
any more, bscasuse in this case the stuaents* initiative is
'nOt‘féquired to play any role btowards the'sélutibn of various
 problems, since the solutions are'already'inftheif hands,
Then, the only tﬁing the students have o do is to follow
- step by step the ~nbtPVthon» given in the experlmﬁnt shest,
-4record the data called for, and tben feed chese data 1nto the
fonmulas ngen,>?inally comlng out ulth.a resuTt, uhidh most

of the txmes means very little %o tham@

It'is.obvious that:Suéh an approaﬁh to laboratory work

is far from being interesting and of»any'benefit'io~thefstudent
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On the contrary, in the msthod.usedﬂin'thé present |
wbrk, the studantsAare encouraged to consider the sx?eriments

not mersly‘as means to collect some empirical data, bub

rather as tools intended essentially to help them cultivate

and develop initiative and self-relience, as well as the

spirit and techniques of rational experimental investigation.
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- BENGINE INSPECTIONS

i"INTRODUCTION:

Time is usually not available for Obtalning the general
'data on an engxne during the samo perlod when a test is run,
It is important no collect the general 1nformatlon required
V‘by the test, and if this 1nformatlon is available prior te

the Lest, 1t is easier o 1nterpret the engine performance,

"Hence, this expérimant covers a general survey of labora—y
: tory aqulpment and the assemblinn of prelxminary data on the

B eng;nes to be tested latar,vv
 INSTRUCTIONS: |

(1) Make a list of ﬁhe'engines set up in the laboratory,

glving name, type, rating, speed range, etc,

"(2) Meke & separate list of special equipment and instru-

ment s available'for the testing of in?érnal—combus-
tion engines, (Becdrd’the déta.onvfbrms éimilar to
" the. ones providcd at ﬁhe end) ‘ |
'.(3) For the spark ignition englne make an actual measure-
nent of clearance if possible, by remov1ng the
cylinder head and filling the,combustlon-chambgr
~ recess with oll from a’gra&aate (with piston on top

dead center).

(h) Hesure the linear opening of eaoh valve on one cylinder«
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(5)
(6)

- REPORT:

(1)
(2)

(3)

of the engl ine, at inte“vals of 15 degrees of crank

smgle, over the: entirg cyclo,

Locate dead centers by the angulaf method,

Datermine:
(é) breaker-point. gap
(b)‘spark-plug gaps
(c) spark timing,

Presént the lists and forms in orderly tabular form.
Plot & curve of linear yalve 1lift (on ordinates)

against crank angle for both valves,

Indicate dead centers and Spark’timing on the'samé -

 diagram,

(L)

Calculate theoretlcal otto end dlesel—cycle efflclen-;:

 cies by the . follou1ng equations:

| o oq L k-l
"Eotto 1-x
" E.. =1 -l Sk" e
“diesel rk~1 k(s~l)

wnere: k

ﬁ

Speciflc heat ratlo (=1 .k)
= compression ratlo ‘
s = ratio of volume of fusl cutoff to

Vmaximum total volume of eylinder,
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(5) Define or explain the following ehgine terms:

(a) camshaft

(b) crankshaft
(¢) push rod

(d) wrist pin

{e) injection'valve
{£) connedting rod

(g) distributor
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GENERAL DATA OF SPARK IGIIVIOL

.-
2o=
3e-
le-
B
6o~
(s

[
L]

()u"

21 o™
22&2,

230"
2o~

e
55
=
9]
-t
=y
b
»0

Engine make and model
Type of service

ngine general type
Lumber of cylinders

Bore X stroke

Lfotal piston Displacement
Glcarance volume |
Compregssion ratio

Compression pressure

- Cooling system

Carburetor make and model
Ignition typev

Firing order

Spark-plug location
Spark-~plug gaﬁ

Control of spark advsnce
Lubrication system type
Kind of fﬁel

Heaving value of fuel
Grade of lubricating oil
Dynamometer make and type
Dynamomeﬁef o¥wn lengcth
Room btemperature |

Barometric pressure
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A

GEHERAL DATA OF DIESEL BHGIHZE:

1o-
2:"'
30"

Ss"

°

70"‘

o™

R
10 =
11,

124~

Engine malke and model
Type of service

General type of engine
Speed

Fumber of cylinders

Bore X stroke

Total piston displacement
Compression volume
Compression ratio
Compression pressure
Type of cylinders

Piston type and length
Humber of rings and kind
Cooling system

Typo of fuel injection
Fuel injection pressure
Hake and model of fuel pump
Injection valve location
Injectlon timing
Lubrication system

Grade of oil used

Fuel used

Heabing value of fuel

Method of starting
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25,~ Dynomometer make and type
26~ Torque arm length
27 .= Room temperature

28.~ Barometric pressure
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TUiE~UP AND ADJUSTIENTS

OF AN INVERUAL COMBUSTION MiGLVE

INTRODUCTION

luech specialized egquipnment has been developed for the
service testing of engines, but most of the 1mportant |
checking may be done with simple equlpmenu, including a
few electric Neter and pressure gages with suitablé wiring

and connectors,

Engine tests may bé devided iﬁto three classes, feor
checking: |

‘1.~ The general mechanical condition

2+~ The elactrical system and its parts

3o~ The fuel system,

Measurements of compression pressure and of the vacuum
in the intake mainfold give gsome idea of the conditlon of
piston rings, cyiinders end valves, Electrical tests are
concerned mainly with current and volbage readings on the
lou=-tension side, mnd vbltage’and Sparkégap Ltests on the
high-tonsion side, Aside Crom a low charge batlery or poor

connechions, ignition defects are wmost likely to be found

XN

1y o poor condenser or a faulty coil will be found.

n the spark plugs or the bresker points, although occasional=-
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Performance of the fuel sybem is usually checked by

means of

the exzhavst-gas snalyser, g¢iving approzximate read-

ings of fuel-air ratio,

When tests of cach cylinder are made in multicylinder

enginos,

as in measuring compression pressure or testing

spark plugs, the uniformity ol the readings is of more

importance than their absoluts valu

EQUIPMENT ¢
The checking and tuning-up of an internsl combustion

engine can be done with ordinary tools and instruments, butb

special

s

testers, if available, are of course more convenient,

INSTRUCYIONG s

The

the more

Ay~

follouing list covers the simpler adjustments and

Ch ck_nv the genoral mechanical conditlon of the

Lo= Stars ongine and 2llow it bo warm up, <then
coanect vacuur gage Yo intake ranifold, Note
pege reading and fluctuatlon at idling speed.
Also observe change in gage reeding when throttle

is suddenly closed (released) after high speéd

operation,
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2.~ Remove spark plugs and test compression in sach
cylinder with compression gage equipped with checl
valve, Recheck each c¢cylinder after squirﬁing in
a little oil,
3o~ Clean and test spark plugs., Then adjust spark
gaps of plugs and replace ther,
Bew Electrical'checking, primary circulb,
1.~ Check the specific gravity of the battery sclution.
2s~ Comnnect voltmeber across battery, and chéck opens
circuit voltage.
3¢~ Connect voltmeter to generator lead and ground,
and check generator voltags ﬁith engine running
at about 75% maximum rated speed, Check voltage

vhen engine is turned by starter,

lie~ Remove distributor cap, and inspect all connections,fA

Inspect bresker polnts, and measure maximum
bresker-point gap., Checlz condenser,
pp—mexmammmmnM3of:
a) primary volbtage at coil
b) primary current abt coil, engine running
and not rumning,
Ce~ DElectricel cheéking, secondayry circulit
l.~ lieasure high~tension voltage at coil and at each
~ spark plug. |
2.~ Measure high-tension current at coil and at sach

spark plug.

T M AN T T T P TR R TN
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REPORT ¢

Use

should include a discussion of the results of each measurement

and suggestions for improvement of the condition of the engine,

22 E A

Cerburator adjustment and gas analysis
le~ HWith vacuum gage connected to intake manifold
change idling adjustmont on carburaior to obbtain
least fluctuation of pressure,
.

2o~ Take readings with exhausb-gas analyzer, using

sampling tube inserted in end of ezhaust pipe,

v

These readings should be baken ab idling specd;

G

médium speed, and during accelerabion,

given date sheet for recording readings, The report

HWOTES and PRECAUTIONS:

lg"'

Compression pressure should be nearly the same on all
cylinders if valves and piston rings are in uniform
condition. To distinguish betuween faulty ring =action
snd faulty valve action squirt a little oil into

the cylindér to help secl the rings. 1If there is

no change in pressure, the rings are sealing satls~
factorily, ‘

If all Snérk plugs do not btest about the same alter
cleaning, check dlotributO“ cap and high-tension
leads. Unif ormlty at all plugs is of more importance

than actual vealues of instrument readings,
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settinge or

follow the engine manuvfacturer!

a
~

any other

recomuendations,

ez

e
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DATA SHEET

Ingine make:s

lM

29"'

3o

Lo

56""

6@"‘

74""

ne type:
ne Lo. ¢
of test:
Intakc~man¢ fold vacuum in Hg,

2) Turned by starter
b\bwmw1d A

¢) Fluctuation when idling

[S> DtV }

Coa@z@ssion pressures, lb gage
a) Dry

b) With oil

Spark-plug gaps, in

Specific gravity of batbery

[

Primary voltage of babiery
a) bEngine not running

b) Turned by starter

Generabor voltage,

engine running at 75% rated spoed

Bregker-point gap, max; ine

Primary voltago at coil
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9.~ Primary current bto coils ;
a) Ingine running

b) Ingine not running i
i

10,~ High tension voltage
, ' ] Cd
11,~ High tension currentb ; i

fot

2&"'

Alr-Tfuel ratio
a) Idling
b) Accelerating

¢) At 75% rated speed.

g2 ok s LU L1y

ER

Y DT AR SV ST
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The stationary internal combustion engine is usually
a constan® speed machine operating under governor control

Iingines that actually operate at varying speeds may be. kevt

S

running at a constant speed by manual control,

thatever the tyve of englgu, a test covering the full
range ol torque loadg, at & nwuber of constant specds, will
serve Go identify its general characiteristics, Such resulis

as braks mep, eznaust temperabture, and bsfo curves will

provide an evaluation of the engine performmanoce,

on 1t will be sssumsd thal the

1.)-

In the following discus
engine to be tested is a four-cycle, single- or multi-cylinder;

gpark ignition or compression ignitlon intern ul combustion

engine operating on liquid fuel

APPARATUS 3

suiteble dynamomzter

o

The engine should be provided with
end also with a cylinder pressuro pick=-up, Other apperabus
required for the test is as followus:

a) Calibrated {lochometer

b) thermometer for air-inlet Lemperature

¢) thormometer Lor inlet and outlet temperature of ithe
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cooling wabter,
d) thermomster for temperature ol fuel
o) thermometer for exhaust—gag teﬁperature measuremeny
£) Instruments for measuring rete of flow of fuel and'
of cooling wuater
g) plenimeter

"h) oscilloscope

DETERMINATIONS S

A steady state should be assured for cach run, Proliw

ninary observations establishing the at¥ainment orf steady state

mist be a part of the recorded vest data, and each run nusi
contvinue at least 15 minubtes, with repetitive readings bthat
check c¢losely, At least 10 minutes are required between tests

for the new condition to be established,

The ﬁﬁmber of test runs neccssary to determine a curve
depends on the nature of the curve and thg quality of the runs,
but it U¢1l be found sufficient for a student laboratory bo
test at full, three-~fourths, one-halfl, and one~fourth maxirmn

torque and no load,

During a given test the conditions must not deviate from

the average for the test by amounts greater than the follouing

Torque 3 & 3%
Speed x 3%

Coolant outlet 3 5 Op

+

e |
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Coclan® temperature riset £ 5 OF

While the test is in progress, an input oubtpubt curve
{welght of fuel per hour versus breke horsepower) should be
plotted, If the tests are accurate the points will plot

on a smooth line, slightly concave upuard,

RESULTS AND REPORT:

The results to be reported in this best are indicated

in the data sheeb,

Curves should be plotted with braks horsepouwer on the
abscissas, showing the variations of fuel consumption ,bsfec,
nechenical efficioncy, brake thermal efficiency, indicated

thermal efficiency, and rpm if the engine has a governor.

In asddition to tabuler and graphical presentation of
results the report should summarize the findings and should

evaluate both the accuracy of the tesis and the results

obtained,

SPECIAL INSTRUCTIONS AND PRECAUTIONS:

1.~ Bofore starting the engine see that the dynamometer
_is enchored or held in such a way that it will not

cause damage if the engine backlires,

kI
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29"‘

W
&
1

Check the lubricabing oil and the fuel supply,

Turn on cooling water before (or immediztely alter)
the engine has veen started, Alsc check for proper
Jubricgtion,

Ba sure bto allow sufficient time for the establishe.

ment of a steady state before beginning a set of readw

ings.

e
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DATA SHEET:

Ingine data:

1,=
Com
3em
Lom
o~
bom
Tom
8.~
9em
105~

Hake of'éngine

Engine type and classification

Rating, hpe

Rated 5peéd, TP,

Fumber of cylinders

Bars

Stroke

Type of carburetor, or fuel Injection,
Type of ilgnition

Higher heating value of fuel used,

nzpermental datas

1,
24
30
T
5o

o™

7(;"“
99"‘

106"

i

11,
120“‘

Duration ol run, ninutes

Air inlet temperature.

Gooling water inleﬁ temperéture
Cooling water outlet temperature

Dynamometer arm length, ft,

Force applied to dynamometer arm, net lb.

Torgue, lb~ILi,

Ingine rpmnm

Prake horsepouwer,; hp
Inicated horsepouer; hp.
Ppiction horsepowsr, hp

dgchanical efficlency
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13, Quantity of fuel used for fuel consumpbion
measurement .
1llio= Brake gspecific fuel conswmption, lb/bhp=hour

1 .w\Brake thermal efficiency _
16,~ Indicated specific fuel consumption, lb/bhp—houf(l

17 o= Indicated thermal effigi@noy

10,~ Rate of heat loss to cooling waber.

=

HoTE:
| All the above items 1 to 18 will be filled separately
for each run ab: |

a) full-load

b) three quarbters maxirmm torque

¢) one helf maximum torque

d) one quarter maximum torque

e) no load

and abi
2) rated speed
b) three quarters rabted spsed

¢c) one half rabed speed

e s end
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EHGINE FRICYIONW

IHTRODUCTION:

Friction iz a serious 1oss in the I,C, engine,'buguit
ig difficult to measure, The term "engine friction' huu,
in fact, a rathervindefinite mneaning, unless the method of
measuring the friction horsepover is épéleled.\ The sliding
friction of lubricabed surfaces is not easily separated from

the pumping losses of fluid friction,

if frictionﬁﬁest measurements are to be ”ign'ficant, it
1s dmportant that the opeﬂat1n¢ condit Ana of the engine be
as near as possible to the conditions existing vhon the engine
is delivering power, Therefore, 1t may be desirable té
obtain the friction data while other tests are being Tun,
egpecially since the fgiction tests themselves are very shorto
‘In analyzihg the perfcrmaﬁce of & given engine, it is desirable

that friction tests be made by at least tuwo of the thres

methods given below, if possible,

1,~ loboring: |
Moboring, orvériving the engine by a dynamometer
with the fuel suéply and'ignitidﬁ'cut off, is the
usual method uaed for the measurement of enpglne
frictiong The friction test should be made 1mmad1ﬂte»

1y after the brakenhorsepower test, before the engine:

-e o, "
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has cooled and with the throttle in the some posie
tion as for the corresponding brake-horsepouer test.
Compression is not relieved, and all accessories
such as generator and pumps shouldvbe in operation,
Then, the friction horsepousr is equal Lo the horsew-

power developed by the dynamometer

The friction horsepower debermined by this test
at a number of speseds, for a given throtile setting,

is plotted ageinst speed,

2e~ Cylinder Cuvoub:

The cylinder cubout method may be used only
with multicylinder engines, preferably with six
or more cylinders, and it 1s mosv satisfaétory with
a dynamometer that has a high flywheel inertia, By
shorting out each spavk plug in turn, the pouer de-
livered by each cylinder is maasufed; The load
must be reduced by dynamometer adjustmont to maine
tain the original speed, Tho loss in power ab the
shaft resulting from the shorting out of one cylinder
then represents the entire indicated horsanov“r of

) - he

hat cylinder, The remaining cylinders are, in

o

n nor sepowsr of the C¢y-

6]
)
[ e
@
[
i
At3
o
13
<
e
[-—;’0
=)
3
g
-y
!
| aaid
o]
o
i-.h
Q

linder under test, whether it is delivering poier
or not, Hence, the total indlcated horsepover may

be measured by this method, and the differcnce betuecn

4




ROBERT COLLESE GRADUATE SCHOOL paGE 30
BEBEK  ISTANBUL

[ b ot S 2C WIRR PV S .

L BRI AR E B P R B AN TN RO LTS K

AR PENR

this total and the full dynamomster horgepower at

the same speed (all cylinders operating) is the

fr

<t

ction horsepouer of the engine at the particular

- operating conditions,

Hultleylinder diesel engines may also be tested
in this mamner by making the governor inoperative and

stopping the injection to each cylinder in tumm,

o 3.= Bxtravolation to Zero Load:

M inpubt-output curve al constant speed, exnbtra~ ;

olated %o zero load, can be used for determinabion
P .

of approximate friction horsepouver, This curve
should represent tests at the sawme speed, with sevew

rgl light-load points, showing tolbal fuel in pounds

=

per hour on bthe ordinates and brolie horsepower on the H
the extonded curve
inates reprecents the votal no—

load lossecs, consisting ol cooling losses, oxhaust

LD

losses, and friction, To obtain a good degree of 5

accuracy, it is nccessary to devermine both cooling

losses ond exhaush losses as a function of load,

plotting and extraﬁolatfng in g similsr manner, and 3
-

subtrocting to obtain the friction, The pouey ab- .
sorbed by auxiliariocs willl, by this method, bs in-

cluded in the friction losses.
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0f the test methods already described, it will usually
b3 : R

be most convenlent to use the dynanometer-motoring method

and the ceylindsr-cutoul method,

.~ S3tart the cngine and allow 1% to warm upe.
2o~ Then gradually increase the load until the engine
15 wide=open throtile and maxinam (rated)

speed, Allow tho engine bo reach a steady stabo.

) If the motoring metiiod is being used:

.

3.~ Turn off the fuel supply and the ignition Lo all
cylindsrs, aﬁ& inmmediately run. the dynanomster as
a motor to drive the cngine,

o~ Adjust the spéed to the previous value and measure

the horsepower delivered by the dynamometver to the

0]

nrine, This is equal to the engine friction horse-

&

power wnder the above mentloned throttle and speed

"I the cylinder cuboub method is being used:

o3}

3.~ First measure. the brekc horsepower ol tha enging

o~ Fhen turn off the fuel supply or the dignition to one
of the cylinders and adjust the spced to the pro-
vious value,
2 » S PR, R i,
S,= tiggsurc the new brele horsepouer of the enginc, Lhe

ted horsepowsy of

n
o
o]
Q
;.,l-
5
o)
}-0
el
£

farence renresens

dif

e
i
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that cylinder,
6.~ In the same way measure the indicated horsepouer
of all individual cylinders, cutting off the fuel
supnly or the ipgnition to that cylinder oﬁly at a
tine,
7.~ Be sure that the engine speecd is adjusted td the
originel value (by verying the load) aftewm cutting
| the cylinders, The differcnce between
the sum of the individual indicated horsepowers and
the measured breskhorsepousr of the engine with all
cylinders Tiring, is the friction horsepower of the

cngine undor the above mentioned throttle and speed

PROCZDURE:

e

th

1,~ With either one of the two methods malke a series o

SMEIRPLT S L MR e

3]

Prichion mescsurements at full throttle and decresasing speeds, =~

2.~ Reveat the some series of Triction measurements &t

throttle settings that 'allow the engine to develop, atb each

speed, threo-fourths of the power that 1t developed with

w i

fvll-throttle opening at thal same speed.

- islte gimilaor tests ab one-holl and one-fourth loads,

3e
-
if time ie not available for the commleto test ag out-

lined above, the threc-ICourth apd onc—~iourth load Tests may

be omibtbed. The tims required may be ifurther abbreviabed by
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assuning that the throttle sebtsing at which the engine will
develop half load at one speed will also be thc half-load

setting Tfor all obther speeds,

Nots: Since most of the total power loss in friction

is caused by the sliding friction of lubricated surfaces,
dnythlnn that increases the 011 viscosity (low temwerabure,

for insteance)} will inorease the toal f» io'i Olle

should be plobted ageinst mobor speed, Flos a curve for

each throttle sebting and discuss the resulbs,

DISCUSSION

A1 three methods of {riction measurecmen

ck

s}
!_J.
<
©
(324
-
',.‘-
L
g
o
)
{-te
%!

]

exverinent are only anproximations,

In the motoring method as wuell as in the eylincer cuiw-

nethod, the nders, of unich the [riction horsepouer

o
P

is bo be wmeagurcd, are nade imperatlve by cutting cithor the
ipnition or the fusl supply te thom, or both, This mcens

that the cylinders under gquesilion are not sujecied bto the

1 3

came conditions of pressure (ond tem “Fatu“o) as when they

-

arve sctually delivering pouer, Tne reduced pressure resulbs

1

in a loucr fricitlon horsepouwer ol the cylinders under GUT 5

fres

R¥RART
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the measurements to be approximations of

tion, which msltes

oy o~
acuvual

The only method that gives the true friction horsepousr

18 T

o measure the indicated horsepower of each cylinder by

means of indicabors, and simulbaneously measure the brake
horsepouer of the engine., In this method all measurcments are
talten while the cylinders under quesbion operate under actual

However, in order to be cer-

conditions, delivering pouer,
accuracy of this method it is nscesgsary to use

tain about the
vary sensitive (and therefore cxpensive) pressure piclk-ups
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L.~ Duration of run

o= Mean temperature ol cooling wabter

«~ Lengbh of dynamomastber arm

Te= Weight of dynamometer scales

B, Frictlion horsopouer, or
.- brake horsecpoucry

Hotes ‘he above reading
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Phe thworeticol oy giolichinetric rabtio of air to fuol
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should be expecetsd Lo glve bDect engling perfornanté, Lo

o s v e 3 s IR I T S - L T S S 3 be Felm g
engines give good periomsence ab this ratio, »rovided that

sll other conditions are favorable, Ior practic

slightly rich, In boim cases this is dus malnly to ths

The simple carburetor Ltends

t high {louw rates, This is favorable for developlng maxinnmm

pouer, but rich mixtures arc also required at low engine

2

speeds and for idling., The problem is further complicated
by the cxbpeme voriation in menifold wvacuum ceused by oporation

of %he main bhrotitle, Lt is for &ll these reasons thab

conmercial carburctor bocomes a corplex of jets with spocelal

devices for sorving the idling, sboriing, accelcratlon,
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2¢= The szcond set of runs is to be nmade alb inbormisw
diobe gpeed end full Throttle only, Stard with the richest

eacn of slx, or more air-fusl ratios, including the lecnest

shat gives stoady onerations

[

Kal

irst set of runs, plottod againast

load, will esbtablish the normal performzace of the engine
with the carburetor adjusited for maximmum poucr, that is,

glichitly rich, (The curves should include plug clocirode

terpeorature, vo indlcate wniformity of distributicn, if this

*

The sccond set of runs, plotbed against alr-iuel vatlo,
should show meximurn cconomy ab aboub 16 to 1 alr=fucl raiio,

.

ond maximum pouer abt aboub 13 Lo 1 air~fuel ratlo.

Tumerical results and Sthe accuracy of deberminations

ghould be carefully mnalyzed in
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and 3

L osperkt iznition cngine will deliver hich torgue outnud

~ /l L.

aflfecteds

The theoretical advantage of high ¢

directly indicated by the ofi:

7, = btotal cylinder Lunms

g oy &
8‘.‘ o ——o J,- S
idaal

g o LSS, J !._‘ !
¥ = rabio of the heat cmpecities of alr (= L.LL) .
T eein eanacliny arn asaured by moon TPoehlve Drossure
bl}f_s.x.ln.; uu.;?-l(./.&. ll‘ § Ca2 A sasure o ailladl il i ERRVAC RS BRI BV SRR e N
is linited by the kuocking bendeney, but the choice is alpso

menn effcotive
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Tressure)
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of over 150 osi, while the bralko e of a glvdlar engine wit

6 40 1 comprossion

"‘(l

bec below 100, %he labiber

engine then must be cqual cerlormenco, Dub the

1 K4 21 e R .y - Ay . .ty o Ty ey b -y SRS, FaTs e
high-conpression englne would probebly require L00-celane

4 oL
gagsoline ilc er could use 65 to 70 octane, 2ot a
70'““ 33 in e maliieylinder engine the imock liﬂib@d

ig poor so that one or two cylinders persist in iknociting

T AT g iy oo A e o o} e e 2l wrean ! S
in tais emperieent, using a glven fuel, ths engine core

pression ratlo and the spark timing

In this experiment a single~cylinder variable~comprsssion

(CFR) engine 1s to be used, L4 convenient svaril-tining indiw
cabor is necessary, and on clecvrical pressure piciuy uith

Do of eroat help,

Couplote decscripbive dabte on the enpgine should be obe

Ppel data shouvld include oge

desermining engine

torguo, and comprossion rablo are csucc1al_y iiport
ennd simylveoneous rcoadings of gpced and torque arc noeessary

or inclipient detonotion, Inbtake alr meﬁOP&tU’ ig anotherp

Srmorbant variablo,

sy

R,

e,
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the engine accuravely ab o louw compression ratlo
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{not over 6), Check the accuracy of the sperkebinme indlcabor

for positlon, B3¢t the sparik advance abl tho posiilon recolie
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shift the spayis In S=Cegrec steps and rcpeat the
cbservationd,
A% the gpark posibion for beot torgue, uake a cowps

lote test, including Tusleraie measurcnsnbs,

Change %o next higoer comprossion rabtlc and repead
steos 1, 2 and 3, lake the complefe test abt or bolow
the sebbing for inclpient detonablon,

Ropeas o hishor compresslion »abtlos.

.; -

After making the above vests ab medium speed, Incrsase

e speod and debermaine Bthoe opilvun spark advonce
for a given throtile sebling a2t eaech higher speed

Lo

(say 2500, 3000, and 3500 rpud.

1, Do not oporabte The

2, Take ocawe theb ccoling conditions are wainbained

A PR 3ete .3 Ao el e does
o8 neorly constmnt as possible Throughout he Lesis.

§
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The report snould illusztrate the ofiscts o ing
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ped

cormression ratio and spari advance on onglng perlformancs,

Rosults can e plob ted against compression railo, sparlk

-

advonce, and gpeod, It should bs kent in mind thai,.gll i

Ja -3 K Fainl
L8 of the eifec

ompregsicn ratio
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the above ¥uns ars e

m

and sparie tinding and this should be rccognlzed in she

sure night be expected to increass 10 psi Tor cach advance
of one number in the commreossion ratio, provided tha

fuel is adcequabo,

U]

1;~'¢5§1a1n briefly the variation ol pouwer end eff
with oovvrcsalon ratios

24~ Discuss end explain the effec*s of comprossion rabio
on cngine reliability end dupe iiiuy@
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_DETOHATION

INTRODUGFION:

' ﬁeten’atien- is {"hé 'S?bﬁ"aﬂeoﬁs bnrnmg 'oi’ thé 'ié.'”i;‘ pai;*a
of the conpressed mxme of air :md mel in. tha anﬂ.;e 07-"}*‘ .
-liﬁder m‘?m"" m’mgﬁ COmbuSﬁlono‘ Tt is caalsad ’bsf the .m- -

creass in tcvzpcramre ezzd pressure of the charge clur:l.mr 'bhor

ear‘!y M’caﬁres 0.:. combustion,

As »he.z f’iame .:.:eonb mrocaeds in the co*xzpresged m..}:ture,‘

tne ocmperd-are 'mé px’a 'ﬁ.f& of the ramammé unburnaé

miznbure increases ra_p:.&ly, unil v 11; reacheg g: cmmca}. naiﬁt, '_, 7

x«zhsré » the remaining mizture oums spon‘teneous y m.sh _ Jﬁl‘f’uh@i":

end sudden incresse in {:empéyatum 'md preusure,

The chavacterisbic gov.nd uh&ﬁ accempanies *Lhw spon-s -

benoeous bamm@; iz called knoc‘:. It is a pres'ﬂura uave that‘

travels bac;. md :r.o“bh *?n the oy‘* méer,

In“asiéa.tion 'ao its bemg cha.racu I“fsta_c of the fuﬂ

‘itﬁﬂ};fg de onavm"z depend ovx the i’o:i louing:

1. Form of GOmbuS‘thﬁ Ghzmﬂ}ey, ) 'G'ﬁmbﬁa’cibn" Gharmbars: o

dr«»szﬁled £o. 3.v<~> a h‘uﬁz scrce of *aumm snce’; roduce

_ the Lf\z\denuy of' the fue!. tc clcmm w«“ -

- ;zmmgr af sv:azﬂ’ nlars a:oci the moro eqﬁﬁl t‘ne‘%r “’3“‘“‘;’

ing, the Toss llgely is detonanion to occu:es

2, -mmer a:'c% ncsltion os; Sparl-* pluga. Tho Weatw t’w

S A R T R TR T S T A R T R T L ;
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'3..': "-‘Z”ne lnlei, temnera’owa, smd to sama axtem:, al
| i,he cyl:md-a'ﬂ ﬁemerature mf}.uanca deuonai;:s.on,_“
The. lows-n i‘he 1n15+ 3m1perature, i:‘m greax‘:ez' the ‘}“‘,‘-":-
allm-ngls; con@ress:wn pmssure_ m‘.thaut dei‘.cnationf;'
',o,-cur:mg“_ AT S ‘ | ROEREEPEEI RS
'l;;"-}e‘oonatlon aapendq a.lso upon “he dev’ree of *&urn e
mle:nce, as :’d: ‘nas prevs.cwly stated. The tendencg
*uo datonaue meraaﬂes *;zi’ch decreaaed tﬁlrbulﬁncea
5e rﬁs‘imnai.:.on is mosi, ﬁnp;.r*ﬁnt over the ranga of aﬁ.s'w
| ture vhich l.c.es batyeen the ncmtg;of zﬂmrm

economy and maxdymm pm'er, SO “that 1 ..:i: can ‘ﬂOu; m

pé:ac' be a"\ro‘idad by ei.&n :mg ﬁ m.amre atveng«gm

hpar v from. uhﬁ characterism.c lmock:.ng sound pmaacaa R
b;gr detonating omnd.z.t.mns, ’che poHer ou“nut is %educ:e&, o ROk
~ heab ‘3oases to the cylmdnr yal alls end’ plotsns are. mc“e&saﬁ,
;,A}ez\d she I‘xnempl eff: ¢l enay JB dscrsasea,’A “hrmamora,

% tho m.gm. izmact pressure efi'ecns comblned zﬁ t‘x he 3.31— o ,
eroascd cylimaar tenmeratnres may cause f."*‘actura cf tha
: - gi "ac..., buminw cf ‘ahe oyl inder hea'w., @amfa:mg cf t‘m nls‘bc-n

o :vmgs in thew grcovea, et{za ‘

| AL1 these 'shmqjt;;gé;'é],'@ét@mﬁiczi is to be avoldeds

But with a gi vsri fuel, 'i;hé 'mési; effe’ci;iva ‘way to s‘:ird"td
' éa’com'%:mn 3.0 to use Bmmv paa}z pfessuwas, \‘:im*u :s.s, lovm:*
: compre sion ratz.o, On *che obhe** h@nu, :.t ‘is .moxm uhde.i}

gecren '.‘mg the commﬂeqs.wn mt*o, 1"6(?.11&&)3 th% eff:ww ena,h ‘
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- ) Therafore ’ tha soluﬁlon .Ls to opsn;te the ang..ne umip.e wnd:,- '

’-i,icms of :‘x.ncn,p.aenh db“sonat:f.on a:ad ‘cry ‘bo mprove the knock...w~ |

" charaetax’istioa of z’:he fual U..:G‘\.sq

Ehe i:noc‘f Lendsncg of a f‘u.el is e‘mresseé by its ”acts.ne A
o -mmbar“, whlch is c.efine& oy and is ey cg,lly equ.a}. to the
,""-percantage ay volume of 750-0@3.11@(2, c.; 4, tmmth penwzm }.‘

in a m.?’ture of %sa«ccx‘;arrﬂ and no:ma.. hep ana uhz.ch shws

"'zha s:»me Imoc‘t_:izm cba:em;ts tv‘. ;&th i;he fuc" :ander qu&stmng ~

“.uhen userl 111 uhe same »sm:r ne umer tn.e aa,ae cc,aczi%:.mns. ibus,
i f_'by dei‘..nmumn, mrma'* heptane nas an os*aa,aa munber of zero,

ganci iso~octane o.a 100« |

& pz*actical me"{:ho& e:z‘? dai;ea’cing md measumno detanamon
is ‘that imm'n as ishe‘ “bouneizlg pin“ mtho&; : The "bcune:mw

pin" devioe :.s sc awﬁd in’bc the wall m the cyllnder in the
e camhusticn chambcr ami em:i is arranged %’zc fom 14}:1&‘5 is essen-

' '7:‘;'175.&113 a sraall imm-—ua}.lad uectmn of the ,rzallgr One eﬂd of

‘ahe mmcma Pi’ﬁ veghs gn this uall, Xhe n:m, is g,zuﬁed so

‘—"i'iﬁat :Lts movements ocsu:e at mﬂ’ht angle’ "50 the “&13" the
' ih'n.ot:aon dn t‘nis d.;.rectz.on bemg cuntro}.leci by & snfing, xmloh:
T ~~,;hen daflected closeu an’ electric c.ircu,mt;o Unon 'th‘l»f closed
'7:_?5, uatm‘ elactml ;sz.s ammratus a.s b:eoubh :wi:o bpez'atienc :
: f”"he ameun'b c«i‘ aatanation is than zreauuved sy co"lﬂcum” the
| gas evolvstl thmugh i;he passage oi‘ tha cur 611‘6 theou@a & 104‘«

o mpht .mc qmd Sglutlga¢ Tha quanmtg oi‘ gam evolmd ne:e

un:}.i; i:ima se:evas as a mpdsura oi‘ the &asonatlm periccl. Also,
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e ealibrm:ad aga.mst i.he cctamzwhentdne Stand&-cdﬁ 2’19-3' W “335

- visual obs srvab mm of‘ dei;ﬁnatmb cond:.i,mns oan be azwmgeﬁ.r

- “i'ae' bouncim m.n mctho&, uhz.‘fe extz*am}.y mei‘u.'* mr aomu
B ’p'si'ringpmi;cumed c‘tecon:k.i: ons in the case of Qlff&"‘ﬁno faals,,
i m-vz; altogethév - i‘acmz"' .LO"‘ de’sea m@; :.ncinlmni; &eton'x-]"
L::.on, a phcv_omenon vus,ch requ:.re,., :ea Chor mox*e del.t.cata mms
of inawa’slon, dascubeci and axnlameé ina d..ffercnt eetign; e
: ' | (Se_e E“ﬁmt I.MALtQt‘VS)

IBSTRUCTIONS 2

"’he Hes i. cons .:.sta in *c.vm ccm)ari._von oi‘ the englne Imock
pmdncbd by ‘the f‘ue’* v.nc‘ter test with that produced by one
hi ghor and ona lm-ier oobene~-npumber refeorence i‘ﬁel; jAl'Sé,’
tho cham-e .m nsrfomnsnee of the eng;z.na :a::;_‘ah de’bcna‘amn :‘L,a

'_i;o"oe studmag Saconda:x*y re:.emncs mals ;«mmh have been

.for i;eut nz 25 smca *chaa sisand funls are ver:y e’pandive.

%:zmlv ‘m.me mu.s‘s na a_.loweri awer chmgmg fuals .mr steaay,::ii_f

concl ic»n to ba es‘aablz.shad wlth the mz: fual,, :

‘,EETEREE&&@IGﬂSz

R Run the engine with the lo'ze. t eouane ru.mner :i‘ae}. at
/f&t@d fmeac“i am} u.:.de o};:en »..hroi,ulaa Sl
’ 2 {}nﬂvdu 1 iy mczmase ’ma conp 'f'ess:n.on ra’cio ua.tal c’ie'honav _~ :?-‘§]

: t:.on, :zs_ dﬁ%_&cﬁe_d Ho Le “ha comux*assion 'Fa."i:::.e.
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'39-« ﬁee..aure break hos:’s%ovcr just aefore ﬁeionatwn
| stmug, and ab 8 ccmuressio‘i ratz.o 1 blbhar ’sban
. that aﬁ yhich uetorwanlon ~starts, Be sure to ::eepf
| the speed a.l ;ays conSuan by adjusting the 10&&
(torqﬁ,e)o“ | | | | o
e Docrsase the speed by 1ncz~ea31m the Loz*que only
’.'4(keep throttle umda—opev, and rameau steps 2 and 3
S.w Re—:eau sﬁep LL for a‘* least 2 3.01,:61’ speods, .’
! 'f,s w Ru.n i:be engﬁ.ne at a}. hrcutle and paa"'u sw g
 2: 33 ﬁ: &ﬁ& 50 | e : o
| ?w Gheﬂg’,e ‘G@ h ghe'ﬁ o6 uaus m.“.:ae 'ﬁzélsﬁandv ’rénsaﬁ' ss'ﬁ*f’pi} .
| *2, 3, L;, 5;, ané 6, moi;mfv each Gime the ‘conprossion
o ",'Afatio a.t t«zm.en da‘son&tmn ‘bag,msa 7
I 8,,.-33.1:21 cngfme mmmg, i uh rss:t*rect aw«ﬁml mzzture PR
f .:'..ncr»..aaa uhB ccﬂmrssa Lon. z“z‘aw g zly, u:a’t; detonsm
e }L:.on :z.s d&uacue I"obe uhe womnr&ssmn ratz.oc~
‘7 E§“~ Regeat puap 8 fov tha &Ollﬁﬂtﬂg a;r~“ne1 mwwturea: '
| ‘a) ,‘ﬁcak | -
b) 10% Hm«}:‘ﬂ%:' |
x35 lO%_ridhv 
a) 207’5 rich
) PFrich
lf) z,g% rich

| RESULES:

3.,~ ;?.scu s"she 'ei‘.‘i‘écﬁ ;bf 'eng:?:{las;paad and throttle.
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~39ttiﬁg.(i¢e.ﬂinlat maaifofl&'vamnmﬂ on detonatigngfﬂ-

2,4 Dzsaass the efxect of ﬁﬁLOﬂ&ulOR on enuino pover
;and afchleucy, | | ’  .
_'3;~ PlOu QOﬂD?QSS;GB rahlo at UﬁiCh aeuonaﬁlon is ncnsﬁ'

’40? vbrvo&s miz ture comﬂaaiLWOﬂs, aaain»t ﬁl?“L”C‘k

‘composxtlon and dLuGuSS the reqults,
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HEAT REJRCTION

S ozﬁéc*:e: o

| "his ex;:erment de 5 with the ‘invastigatibn of the
o ai’.'.ec of ce'r"cam engine oparan:mv verigbles on the smount

‘ *_’of hea”c rercted o the ua‘cer Ja'.ciieus,

T -,.‘,fﬁi"i’.gOBUCTIQﬁ : L

”he hva» :L‘*n;}ectsad %33; &l ﬁnrme to ;‘ts coalmg »::YSLG"’U.

‘33.8.;9’ be dz.vi&ed mto tnree pa:f.’tS: s

‘.“_'»1,» Birect heap 10»\3, ausad 'b‘ff ﬁhe ’senmerauure di i’ez'csscc”f 3,

_ ‘%:ssuz;efm uhﬁ ayl..n%r gases and the oylxndev '{3.;:J.1 s, |
- "2.—- Eeau generatea b},’ arg:‘me i"mcticﬁ, | |

3 3,,- fiaat f.‘lou ;.mm uhe ezhaust ays tama

Sinsa the pr_nciplas govem.zxs ?Ihc hoat °I‘3mfer are m’*"

the smma fm’* uhe thrae "* ‘as,ns, &n& since theﬂe 3.1,8313 cc&n’o‘a

o "fi ‘ne. eanvcﬂien’sly iae'* a‘cea from eaeh cther m ma.ﬂwg an eXpeTim

'i“vfmenu, : utmcul:;f r&gov‘aus analysz.s of total hwa'b re‘;ectmn

3 -j' 1s :m;t pcamble,

In uhe case of‘ d:wac‘c ht-ai, 1es S5 the average raw of heet '

ﬁwansier nay ‘De apnm m.ated byt

~ S T ‘n 14n
ammanipy a”
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:Q‘-‘-’i& NI.‘( af m.: )nhl-n%-»'-

';1wherex

Q ='gveféga 'f:e& Ge oi‘ ‘heat *ar 33.61" RIS |

T = avarage wx”prs‘r’ature d;:.ff‘srenoe Gmss,oylﬁndcx'
gas bo‘.ma.af;r la:gex* | i G

g Joré;vl ==:averag,e duns'tz,r of cylmaef' 8&8

f ‘v#'“nlet air ée«nsltg | , s

e = mluﬁze‘fsmc ef’fmwncff‘

yg‘f-z.‘,'-pa,stcﬁ ﬁpetaﬂ. : , R )

»,,"1; = chaz?acuemstm 1ea6th of eylmﬁe""t;":,7"";“:‘

h}. K.& e .........., n = cons’c:mts

o 8 given .éz:gine ,‘ I"ahe_ab'o(ve ‘eqx atvon may be ﬁduwé to

",l:r
S

a=x Mf( 33
Ry ef’ ’

q= gb. A&‘Eﬁn

bt

0o

- ghever M. aix*conswgtwn

tbe engi.na cperai:cs &t ccnutenu J.sax,, (wd&causd
ecifz’.o air ccnsuxzm uZI.OI‘), than
_; a-
G=E. A (»f-hP)
2
" Thus, the heat transfer per unit work done isi

0 = , | - ?n-fl_ .
::%; | Ks_ba i
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Hbae than Lhe r be oP heau tranﬂfer ;s 00mpletelg daterm

jim;nsd by aiy consumpn qn, raga:&lesp of hom the a&r consumntioﬁ”fg,

E v

dbuaine&, providﬁd Z&T remaxns constant,

";;neat loss.v Eouever, Lhe botal neat 1oss to the jackets mﬂy

iba anproﬁlmated fa “1y Well b; ﬁhese sems TGl&u"OnSQV

- APPARATUS: . v

- a0y properly oquipped angine may be used for this experi- -

'-nsnt, én‘elacﬁric dynamons ster and eaulpment Tor msasuwing
: .»eaﬁ reaectlon, alr flowa ?uel consumntlan, temneraﬁures,

'ﬁﬂfpresoureg, etn, aﬂe nacessarv.<v

i

"43-‘1;~ Leasure heat “ejected to tna uataf gacﬁats undsr aqch

| of ﬁhe fb&lcvlnm,ccnd,ticnsz

;[ a) Vamyuag DlSuOn speed, vith beat aower fuelnai% o icw;f

and bestwnnuer snark advance, at uonSuant 1mmpe
b) Varyxng 1men, Ulhh best pouer fua?-air ratio and

best pomsr 4park “dvancs, a* cqnsuanu platan apaeﬁ.
ﬂeap ¢nﬂet ta&na?auure an& J&G Qt—ﬂau64 terperature
e ao-aaﬁcmh S
"5i a.u ﬁeaaure mntoring frlotloa under eadh o t} 'dbova
rcondit;o xn o”der to datermlne 1nélcatea pover

[ —

Stvlctly 8peak1n . the above rel&tions agply dnly to erecuiﬁ
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RESULTS ;.
~ Plob the following curvess

1l.% For sefiss*(a)'above:

Heat rejoction in Btu/hour and in Bbu/ihpehour,

VEPrSuS imeD.

3.~ For series (a) and (b) above:

Heat rejection in Btuw/hour versus alr consuwph

in 1b/hcu1=, on o log-» og sheetb,

"\BMST.‘.O 3& H

Lo W 2wl ars the prm%pa g,me oger’ tlnr vwza@a’fsg

»

which conb'ﬁal Aedu rewmmn per n.n« ’“1% f‘rom' the ﬂ*asas

'tc the cylimier walls 7 bﬁ;plc}-.l"l th.e :z.n luencs of each such -
variables . o |
”"‘,2,“ Exple; »an:;r vien A% :’L cdﬁs%é‘.ﬂt heat rajeétibn

7\"‘;»~1'Pez" 'uni*b' time f‘*cm— s oiven em:,:.ne is a f‘unc%”‘on of gir %ﬁ“

'sww‘:;m:l o'q?;zg regaz:'ale s of the Wenner bg vhich the 'ﬂ aip

consur.mtﬂ on is coutﬂo'* led, | . |
’5 o ‘f{ou was A 7 Lc.pu a roxmauely cm‘z tsm"ﬁ' m this -

fémermant?’ ;:.;::alh_.n.,‘ e B

Tpem _%-Iould'pre- gnltma ten" ta cause ovarhe ting ? ‘«m

s
feat. roajection in Btu/hour and in Biu/ilpw- ~hour s

iom |

7

e e S .
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5»‘” ,mnld antomo tive engines uead uO overhaa“"man
f run %oo lean ? If va, Uhlcﬂ parts arg mcvé 11knly

. ko ‘be overhea.tsd 7 Ez,plam.
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'.,Vcomnarinﬂ oneg’ test u1th another or one engire uzth dnothern ff

Xﬁ“g?efficlency ana*ySLS, and that is tne economlo cos no. In ordef[[

ENGINE HEAT BALANCE AND EFFICIENCY =~ -

INTRODUCTION

The engine heét balance is'an'énergy distributiéﬁ';,
analysms in uhlch en effort ls made to account LOP all bae |
eneray supplied in Lhe fuel. It dlffers from uhe efficlepcy
"fanalgsvs in that it is concerned, not ulth ide performance‘°
" end deviations from 13, but rather with the nature and extsnt

'iof all tne enargy 1osses, in this experlmenb, howeve?, both ,ff

the losses and the efflclenclss are to be analyzed, An f[ Lo
eff1019ncy is a quantitatlve MOASUTE . of the approach to an

: lﬁeal, and uherafore it glves a dlrect msthod for quldkly

1 ? A heat ba_ance dlrects atﬁention to each Speciflc energy

'“*1053.

Onn very important mﬁasure of the useful performanee'j;_ij

°1201 an angxne is omitted by both Lhe heatabalance and the

%o make the analysis more complete, the cost of fuals should - e

- be anastlgated and the fuel cost per hcvsenonerunour compu’ced° -?{

EQ,UIPI'MJT/ :

Aﬁy QVaiiable éngine méy'be eguippéd-and ﬁsed f0r~this _v,_ﬁ§

egperlment, sxngle or multlmcyllnder, spark 1gnltlon or

compression 1gnét¢on4 hadh engine ulll haye its gpecial
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f  character;stlcs, but all eng;ne heat balances ara sxmilaw
in- that they oomprlse three magor iLems of roughly equal
‘magnluude: '

'a) shafb horsepouer
"'ﬁ) cooling losses

©) exhaust losses

: AﬁFenglne load 15 1ncreased, the effloleacy “ncreases
: becau° losses do not 1ncrease 80 raoldly9 Slmllarly, a 1argc '

'eng ne is more effic*ent ﬁhan a. smal‘ one.,

e llimamms : '_ o

= Irom ﬁhe 713% of hﬁatmbalance 1tems and defxnltions of ';};55

'}y.efflcleneles givan later, deuermxne uhat read¢nga ure TGm

' 37quired, and llst the 1nstruments ﬁc be used, Prepare & °°mn“' 7;?

v ;"1ete data sheet accordingly, and obtaln prelim;nary data such

Aﬁﬁ;;as dlmen810n5 and take nexghts bafore tbe test is otartedg :

';ﬂ:(ﬁ suggested fczn is gi~en at tho end of ths exnerlment),

| ,DETERﬁiﬁATIOHS;f

Hake a complete test at each 1oad, usxng,preferably the

i fu11 rated lcad, and three~fourths, openhalf, one=fourth rat ed; ;7

'fload, Tests musb be long enough‘for obtalnlng several comp—

‘-*;1ete éna consistant sets of Owsat analysAS of the exhauov

gases durlng eaeh run, as. ue*l as accurate ueiuhts of fuel
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hlgher heating value of the fuel.

~and cooling watér.‘;Malntaln bhe same cooling-water discharge

nemperatura during all tests,

RESULTS 1

The xtems 1ncluded in the englne heat ba1ance aré=‘
:'l? Heat to useful vork in breke horseponer,

125é Hnat lost in the coollnr vater
',3;» Senslble haat in the exhaugt gases

Lam Hydrogen and mcxsture loss in the eﬁhaust

559 Losses dus %o anomnlete combustion

 :6,— Radlatlon and unaccounted xor |

”All Values are ngen as percanuage of heat supplled zp the

'The ;ollouxno ef 1czencies are to be computed for eadﬁ

lan NachanLcal ef?iczencyg the ratxo of or&ka horsenower ‘

to 1nd10&tea horscwo”erw

.

2,= Brake thermal efficlcncv ‘the ratio Of'thé7heat‘equi—‘_(j

alent of brake horsapoucr to heat vupnll as highsr -
heatxng value of vhe fuel,

; 3 - Indlcaued thermal efT;clencv, e ratlo of heat equiw

: //valent of 1nchated norsepover to heat sunpllad in fuel, -

44“ Ldeal ef cienct, the efflcioncv of the 1deal englno,

(otto or dlesel cyclo)g av the actual comnw3531on ratic

L and_cutfoff ratlo, '
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A

5.« En;ino effici or efEACieq ¢y ratio, the ratlo of the
actual thermal efflclency uO the ideal efficienéy, The
indicated engine efflciency is the'moéflsignif lcant, bub
the bra;e engine efficio ncy is used if relisbls 1ndlcatcd'

‘;horsepover values ars not avaxlasTo,

64= Volumeteric efficienéy, the rqtlo of the welght of air
”'aci:uaﬂy taken into the cylinders to the veight of the
'd1u0p1accmen+ volumo of air at the pre sure and temperam

ture ex1st1ng neay the”lnnake,

Plot curves of thé heat-balance ibems geinst load on the
.absclissa, usmng thaL gcheme of nlotuln: in which the curves
are. plo ad one above ano her and the dlSLmnCG betveon the
_flﬁal curve and uha 700 per cent line repﬂeaents tns losses
{unaccountedffor,<'Plot‘also purves of eff ib encies agalnSU
loade B |
Dzscnssmn | oiﬁ .,&Bo'zw PEbUL’L‘&:

“he hoa balance r;su1ts will dewara consmaerably on the
'type ana smze of englne uestﬂq, on.tha ooollnvan%tef temperam
| tula, and on other Opefa 1ng conditionﬂo 0tto cvcle englnes
* ,hava bivhsr banaust uemnorﬂﬁur 8 uhan dl&SGlu; hence larger

T

exhahst BDSses,

This e rinﬂnt conCGntva“es attention'on the varisations

" of efliczencg and oz 10u385 wlth torque load, Itiis'import&nt
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| - suostantially constant, but the - volumetrwc ef clency cnanges

}ﬁhat the analy51s of results should take the method and reuulus
"of speea control 1nto aocount,.' Slnce torque is. tbe 1ndenevdw~ ;
ent varlabls, the englne wlll be kept at the specifled cons~f;:ér
- tent speed either manually or by an automatic govewnor,"in o
the- snar&—lgnltlon eag¢ne the throttle conurolu the enthe .
nu&bu~e,‘while in the compress;onnlgnltion en ine 15 controls
's-malnly the fuel ,rjecu ion, In the snark~1anitvon engine - the e

air-fuel ratio ané uhe exhaustmgaw analys*s are therefore

“~u1th 1oad° In the . comnr5381on~1gnitlon eng_ne the a1r~Pual

ratio varles greau1y with;lqaa‘_ _-i‘

The eng%ne efflclency, or exfaclency raula, 13 eSDeclajly*"
‘._signxflcant for “ullnloa& or ?ullmthrottle condltlous.' The  *,ﬂ
" idesal alrwstanaawd otto and dleselmcycle GfLiGleﬁcies may be

ylpcomputed by the follonlng equations'

Airestandard ottoncycle’efficiencyi

1’3

hirwgtandarq dlesel »cycle sfficicnc

1 ,k -1

i &'.'. fk"l 5(0"1)' 

wheret _ ‘
ko= Sp001f40 heat ratlo (nlah)

v:camoreu51on ratio (‘>l

s
H|

‘”mauio of volume at fuel cut-o7f to clearance volume

C
"
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’ ‘The alr—standar& 1dea1 of ficiency msg of courqe, xnadcn‘
' ’»y,quate ’oecause in :.ail .to uage accmmt of the real co*.tstz.tv...-.
”fV_jenté of the mixture and neglectu d&SuOCl&Lion and the

, fjchenical~equil“br1um(conditlon
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AR .camcxnm vomr* '.r:zzw z‘émuzgzmv

snd Sﬁ?&ﬁﬁﬁ.ﬂlﬁ@lﬁﬂ
= {imaobsqiiz’oz? s

: “m preswe in Lhe wnts,.ke mafayufela of an IQG‘ enging
is oalou atmsvphemc. i Sincs i;hss vmcuum is procluccé‘. by thoe
f,-cmmva%é-mcvm ;3 ston em& ‘.;here :LS ‘some prsssnrc lws

Vshmugh uh{} mtsﬁm ve.lvcs, nhe G}?’lméﬁf{‘ pmssu:ee m; t‘ha e?'rd

e i*-ef the mm.a st:coke nmsb ba i.—“sven 1eas than tm in yhs mani-

:.Qld‘ Tru }:xe cha:c‘ra ef a,.?f- tsu:cn mto Lhe c*lmaev b@:“ngg
fa’i? = lower m:esvure ond g higner ’sanpcramwe thax tna. of -the -
mospnera, is much :Less &ensas - The raul.o of t.m i?e.z.gﬂ‘u‘ of

a'!zf wc*sual}.v ’ca’&en mw *Ln oyﬁ mﬁars {,o i:he ue:xoht 03; a8

by ‘smilaz* wlwe of amosgalmmc a.sr at ‘u nra sure md temp eram

L ‘mwa emut:.ﬂg near tlw air :m}.m is umlleﬁ the volrm,e%ric.

efi‘m:.ancy. ‘i’hl 3.3 noL ull af‘ :.ciensg :Zn m@ usu.al anbinaarw s

A,

Ling senve& }:;m; vauher 2 fasio a:f ve g%m 8 -:isn vr”»tie' 85 mﬂ.ss, or

e -mlmes»,

&Qﬁhoujl ‘she volurie tma a :{’ ci azmy has g mnacr evfi‘acc

'_;on i’uc:i. ecc;riamg, ::i; gw:e“tly af;.ee%s ths tobal c..maa ‘Ly oz’

V]‘pmzer écvaleped d’ld hezmo is **vea acnsmase&alo atuenumn mo

" v.f*?"%:.he cass o.. a::«m,s.anta caginss, facy.ng-ﬁa, enbmes, o?’ 'zmy

o ang:me in vhich uha pousy o ue:.ghb ratio 1s mo»pm‘.nu,

The major factors thab effe sct the “alluthrottle vclumew

11

rig of i‘icz‘.ezﬂeﬁf are the size snd des*gﬂ of c&rmw*atm* S lt’lt&{@
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menifolds, and valves, the mixbture temperature, and the engine
speed, Ab partial throttle the volumetric efficionciecs avc,

of course, 8bill lover,

| in éievé1vengines ﬁhﬁ probloms éra sameﬁho“ a f&@f@nﬁg
:buﬁ'tha nead 'o% high eir capacity is equally pressing,

Because of the heavier construction and of tho L¢gh welghy
of a diesel cngine per cubic inch alsnlacemenu, 1% is Yery

imporbant Lo secure high volumetrie efficieuncy,

Two methodseve available for greatly ineressing the air

cap ltv end/or the vmluletric efficlency. These are:

o~ The subsbitu L‘Qn'of the tuwo=gtroke cycle ingtead of
the fourwsbroke cycle,

2o~ Supercharging,

' The comprossion ignition {diesel) engine is adaptable
“to both of these'mndificaﬁions gince it compresses air only,
not g airufual kisk iy ﬁufe,'AThe superchargap'qan;thus aot as

a ISc.b.ovcy\ %;_ w4 pump.

In this CXBG“i&OQt the engmne U111 not bs sumerchar

q.bas“nsa of the a o ~that sunevcnargxmg xmaoae high cool-

\f;ing Joads Lﬂ&ch ﬁae coo*znv sys»em.oL & nnnsunercharéed el

- gine can nnb hanale,‘ ¢hs opposiua efxect of sunerchavglng

'fv;tne envmre will be 111u tr&ned'by thranﬁllng the engine,

The volnmstfic:effiaieney is of major importence at high
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9

speed, with wide~open throttle, but in this czperime o
widey r ge uill be covered in order to 1llust”3ue thc reliw

-

tlonships involved,

IHSTRUCTIONS:

- The engine,should\be nrepared for a high*épee& Tulle-
throttle tesh, A sulbable means for'meésuring the intake
oir is to be pro?ide&, The most cmnvenient'air mober is
,a larga inlet bank on which an orifiocs plauo is nounted
The small differentisl pressur produced 1is red on an ine

clined monomstor,

',1; Mgke one run ab ful’«opan throttle and others ab
qrtvul-tiﬂatsle settings, EZach rmun will conswst of four

_or more determinaiions ab different spoeds, TFuel consuIp -

tion and power measurements are Lo be included as well as air

B flou and intske menifold pressure measurements, Uae bhosbe
pozer spar arlt advances
2, Repeat one run with the engine dri\fen by the dynamo-

'mﬁta?. Shus off the fusl but leave the tarotile oven,

3e Plot‘tbe volumetrie affici@ncy'aﬂdispecifia-fnel eleys L

’.sﬁmption againat speed for cach throtile sebiing,

L, Plot the power outpub against tobal aiv flow, with
Lot é;ints for all runs shown on & v~nrla CUTve, |

5« Vblurm*w'd s”fic jenoy ghould also be plauted against

brake haneyOyar, one earva for eadh throbile settingk,
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6, "’lcu bsac ageinst bhp for all runs,

DISCUS3ION:

With a consbant air-fuel ratlo and combustion efli-
cilency, eizd'bes‘c pover spark advance, the indicated horance
Vnover shcu.ld depend on the air-pumping rate w:z.v, But
vhen air flow is plobted against brake horsepmuer clif_{‘s:é-—-
ences in engine frictwon will be shm by the spead of the
points, I‘aai.xm volumv*ﬂxc efficl a,m:;os ero atbained at full

.

- throttle and in*‘cez’ﬂediate speeds,

s TIONS$

Lo I‘rou izhe sonaa.dez’a‘m on of pot».?.er cu‘epv.t » lis a high
or a Lou snecii’.‘::.c c.il consuzmtzo*a dosi:e:able 3 Emléiiz;

2o Yhat may ’ba the causes o*f‘ an u:cm.gually high mam_i’w
air oas&mﬁcn 7 Lmu and Oﬁ‘plmn in f?etalla

3. Based on the ccnf*enu cu. air capeeiby, -whab app ears
| ‘400 be tae most ei’fccbwe “.168118 of ‘,.ontrol? ing the power oub~-
 put of spark-ignit 3’. n en@.mes ? ’e?hf»t pary of the alr inled
systcm is uged %o accompligh this *Lr 17 '

lre Expl ain the vas.*vai:wn of v;;lume*c"’:w cff’m:;.fmay ;z»t’m Ane
leb temarqme (m intake monifold),

g, Explain uhe variation of Volm stric efficicney with
fﬂ 6% presgure (m intake rfzan:.fold)a

6,, lea Bhysical roason fo% the “amatmn of *‘olx..&ﬁt“‘

efficicney with r's uOZl speod,
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S AVENGING OF THRE TU0-STROKE FHGING

OBJECT s

Do debermine the scavenging characteristics of a tuow

g

strolie engine,

THTRODUCTION s

The scavenging characherdstics of the twomsiroke engins

may be anelyzed with bhe ald of two special btoemms,

a) scaarengimr effidiency 5 e
b) Gaveﬂg,ii.ﬁ, I&ulﬂ N R

s

de :%:rlad ag fcllows

‘e L 3? ‘
s fa ‘ft H
o it
E—N L i
R R |
a % ,

vheres e¢_ = scavenging efficlency

‘Ra = scavenging ratio

¥ = mass of alr 1'46‘595.?1@(1 in the cylinder per unit $insg
Mt = mess of eir plmd por um.b tlme by the
-

scaveng;u.nu pl.ls’?“p
f‘a = geoave nomg a:.r dansz.‘by, calculated on the basiz of
inlet bemperature mnd exhaust PTESSUTCe

v, = 's':o"i:al cyl':‘z‘ndaz; volume




THESIS R
ROBERT ‘COLLEGE GRADUATE SCHOOL. PAGE +2
' . BEBEK.ISTANBUL '

I = pevolutions per unit time

The gzperimental debtermination of scavenging ratio presents.
no special difficulty, as 2ll of tho prinery quantities enw—
Tering iﬁs definition are dirsctly'measurable, However, tho
same cannob be gazd of scavenging ef”lcxsncy, because thers
is no direct way to maasure,pne nmass of alr retained in the.

oylinder,

 In tﬁﬁ present ezpeﬂimabt, ‘the mass of air ret iééd'mil“
be &8 tlmated.on the assunp+¢ap that the isac of tLe tﬁoh
:stroke engine based upon tha mass of air retained in the
‘eylinder is equal tO'(l % a)»nlmes theviSac of a four~strolc
~ engine of similar design, oneratiﬁv at seme coxnressibn
;ﬁatio,fsame fuel=air rati 6 and otheruise 3¢m1¢aﬂ con&¢clan
The eorvactlcn factor, a , is used to account for the affect

“of early cxhaus open,ng of the tuwo~gtroke e‘&lne. For

average enganes a value a = 0 OS’muy be asgumeda

. APPARATUS:
THo=s troxe spark ignition engine and elec*wic dvnamametsra
ab nd@rd equi pmenn faor measurlng air and fuel consumptio
- temporatures, pressures, etpg
! PROCEIURE:

.t a glven gpecd, exnauSU pressure and~inlet temparature,,
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at best~power fuel=alr rabio and best-power sparic advance, .
mmemmsvawm@smwmmmpmmmmmeomrarn@*wmmo‘

Heasure air consumntlon, fiel rate, reqqued temnera~ure" and’

pressures, and brake hQTSSpOW“F as woll as friction horsepoucrd,

RLQUIREI& TS ¢

1,~'Calculatex jjs s ef},‘.Rq_and isfe based on Losal

gquantit of el qupmllad

B Plot scavengxng.efficidncy (a ) s vawsus sez vengl z
ratio (RJ) . | | |

3.~ Plot isfe (bass& on total fuel quentiby su plicd)

versus scavenging ratiod (RS);

DISCUSSIOis

L prlaln the variation of scavenﬁlnw effvcwency u¢ﬁh
resnect to ﬂcavsnglng raila.

e Bxplain the curve of isfe versus‘ééavenging ratio;“

3o~ Is there any feason'yhy the method used in this
~exporiment for es%‘ wAting the mass of air fetainéé?ia the

.3

'twow*tvoke engine eyliﬁdef Is p ticularly Suitab1§7fbr L

ISP S

engine running on Drewmlxaa»fnaluaarfcharge‘? Gan th¢s mataoa‘

be used ab all on a PueW»Lanctlon oeng wa 7.
-h;;iEzplagn mb ha sparLu gn o t 16 str@k§ ¢ngine

- does not 1ldlc well,‘
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PART THRER

Augilisry Experiments
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Dﬁ\’.ﬁzf TERS AN D PO*! H_URASUR ZIGATT

IH° ’ROE{:C’“J.O

Bsterminaﬁion of uaé woue; of a rotﬁtiﬁg wachine invelves
thrﬂp measurenont 5 | |
’a) force
b} monmont

 ¢) rotabtioneal speed

The terms dnnamomater and bordque meter ars somebluls
plied to the force moasur;mg device nnl In faet other

'tJueﬂ of fovan‘maLOfs uuch as sprlng scales are also called

-
\

=

dynsmonetors Bub In mechanicsl onglineering this term iz une

derstood to megn any assenbly that measures nechenigal power.

.PRIﬁLIP”E
Abucrm"ﬂon.dgn&mameters'usually consist of & rotor mnd
5 credle mounted stator. Lhe robor is direckly coupled ko
the machine the pouwsr output of which is ﬁo be measureﬁ,
The stator is caused to ezerﬁ 23 retarding tofque on the ro-
tatiﬁg‘rotér* Aecording to the principle of equal action
and voacitlon, the rotor exoris an qnal and opposite torqgue
on the shator. In or&ér ﬁb keep’%harstatbr s%ai;oumv3)

3

anothe? moment mst be applied on 1%, equal in 'z

g,\»r

s

asgnitude bub

e

&3

<t

47}

s

oy
%

OpﬁQSlua in ai?acuﬂon o that ox the rotar. By
gultably moasuring this last moment and bthe ?atar speod, it

is possible to calculabe *hc pouer LBVulOb“@ bv the maching,

/
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baaausa *bhe mnaﬂurea memenu is equal o that davelcp é by ’ohé

.' 'machms, -

g j-.,mrﬁ;:s.é |

ey Abuomtmn aynezmmauero dis si*oa‘i,e the pawe.n:* n'»inr*
f"[';:'f'mse;sured by con*m:etzint; it to. heat, cither electrically or
hF "I‘ietm&za “ |

' e.,«- rmamxssmn dmammtevs malsuve ths- mrque} s it

"fr'xz.‘;:‘i.'f&'r'"az*ansm.ttas;q %!han ub.e Gulst of‘ a sha‘f*c .Lu measured, the

::‘-‘fiu.eviae ls called a to*'amn Cz;ynmmetw,

: Tha ty‘ge mos’c commoley used in cnglne J.aberaw?ms is

'bhe absoz’pmm aynamomstam Tnere are meny kinds cf amsornw

’1’57‘5:?.0:1 dynamme’ce:es:

" ;_a) Snl:.dui’rictmn or I’ronv bwaiy.es

- “hese absorb the pomr ay con\rortmg it _;_m;o

, "‘f"'?'ﬁﬁe‘aﬁ b:f means ef so}.J.d fricmon, The g;enez’auad heat
Sy :},s dzssms.ue& by au ably cooll ing tné dynmorr‘aiu-u
:T»'Autamaum\e brake 1mm£:, woo. block.s, or wopns are usgcﬂ

- j_fm* :Lc‘i.mvz &gam.;t the rctcx‘ of the dyrsa.m*as uGI"o

.,vib} M ﬁmkas or hvdraulic umammma uSI“‘ .

In imase dmmeters %;}ae m:ber flow is veried %o
f,,‘_;‘aoni:z*al uhe brake %:arqae, snd alsa o dlsnooa uh heated
/ﬂuiﬁ. fhe ca.tﬁng ar suai:or .;.s cva&le»mmtac. on ‘ball
-:‘62’ rol:’s.ax* baarink,fx, ma *'hr, fotcr ccnsisﬁs e.wher of

one o“ wre plam smooeh ﬁ:x.sx:s, or Hu °aa’5r heve poc’rstu }'
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or vanss "co wncreaae i‘lu:.d i‘mctlon and consequent y

tb.e aupac:t.ty of the dynmone‘aar.

’l‘hﬁ hydraulic dyne;nometer 1s a compact unit of
h:«.gh aapacity a’s modarately ha_gh snee&s buu :s.t :Ls
scmwnat 1ess flex’ﬁb'!e anci mora diff auTt o contml

than en electrz.c dyaamomei;sm

c) I‘an brakes '

These us ué,l'.ly ‘cons"is‘cv oi’ f‘la’c 'pé..ddles/'rdte,ﬁing
in the open, : They arecheap s 'bﬁ,’s f‘bhéyi ’éré'noisy
and da.ngerous; : xmreover, they Have rela’tivély small
torque range at any g:.ven constg,nu »peei, and they are

dlff.‘lcu.lt to conm?olo.-

(3.) E}.ee tric d;mamome uGI’S

The d~o aynamoelectric machme nay bn used as a

dyhax_nometer, elthe:}. by,cradle mountlng or by c&libration;

Ira te.;t or calibraticn 3..> Tun on s.n electric -

o uor, us:.ng, c:na o:. the oﬂakes menfionud abom o 7

absorb :Lts out;pu a.nd the :c’esults are plct ted either
cas-en mput-om;put or as: en e*i’:r.cienoy curve, tnese

results may be used :f'm' exacL daterpunaumn oi’_' poyernr

;»zhen the motor. .z.S put mta se*nva.cs for &rivmg ot her

T

, ﬂachmes. :-A- ganeramr may be s...mllarly callbva’zad by
x‘:he detemmaﬁﬂcn oi‘ its inuut-oubpuu, o” effa.c::.enoy
curve, a’ﬁ v&rieus sneeds, and :e..t then necomes an accdrato

absorption dynamomenem B
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or ..:U.Ch gpm..matmns as the besbi ng of -intez*nﬂ.
C‘meuutlﬂ.i en ned, whers a *Jammy of speeds ave
'meaas“ y aud .L"J 3.s dos s.z'able to usa :uhe glectric
hme a.;%he aa a mo‘am or o8 a beﬂemtor, 1t is
 ,' nmc}:a qz.nmle% o crgxc‘slr:,mmomt 11:, tnen it ig to deter—
mine and use the 1&:@33 number of cali ation curv

which would DS Necessarys

One of the advanbages of the electrié eradle
égna’zadméﬁaz?is ‘the fact vi':hat 211 operations sre clac-

uz*z,ce....t.} corx;tro...lea, an{i hence the qt@ting; 3 'si;cpwinggg ,

ﬁpaed an:} 't.owqae cﬂm; ’o’fs may be eat‘il:;r and accum:.t

V,’ly hmd.aezi by a smple operalor,

‘."'.e;):mamei:lwcl.a oy or eaa T CUR RETLE d’ma:m:mte
:.as a a:x:m sz.mila'ﬂ to ox‘&dleumou,ﬁsea n*cmc:? ars‘v,
wtbui' 'a‘:n» alecimmcl Cﬁﬁ‘l‘{}y :r.s ai sinaned w% th:r.n tao.
‘,"machmp ‘:tsafi.fa ' aQBﬂ.’ smco«‘aa’i,.a are tnerewrc smL
'ﬁﬁuﬁﬁ&&??‘, aﬂd uae pl..'tl'“{} 3:15“&43.&1;10 is more eopmpzeb
tasn ‘i:ha o‘f’ a era&wwmmtr&ﬁ &wc mochine s bukb m -
 oouras tie mﬁgmng foture cmmnot be obtained in a
wegnebic éynamoxﬁetar,f ‘Emz‘ :;:po of fi}’ni?;“:)mﬁtc*" ia
| vsually uwaber :ca,e.‘zésd;
f
’fLQRS“ PONER 5&53@153:'
ﬁsame a. i’crca of F pmmczs &C"G.{.l o 2t the emx ol a dynemos

' .mamz* man.snu arm » inches lm’zg; in & dlrecticn psxpm&icnlw '
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e
Rt

- to the ple;ne defined by the dyzwmometer axis and th e moment
| 8Tt “Ihe product Fﬂ 3..; aqu_a.., o Lhe Lovcu,e devc:}.ored by

the czmvmt, ,:1a.chme (se0 sestions pr ..ncimla}o I’he vork done

P

‘ﬂb:}r this tcrmm‘m one revolution of the «nafh ig 2 :Fr in-lb

- oy 2Zr Iv sz;nlb. Ix n i 'i:’nm‘ *f@aa 3 of the shalt in rom, Yhon
: 12 ' , .

tho Work aene pe:f' mmute is gzz F ; i"z;-lb/mng | &.ncc 33000

»fﬁwlb/mm 3,:3 eigmv evm' ’Lo & nars%mm.., Lh@ nmm uexrelcpe&

,_ 'b; zha dr.a ing mac nine is g.z.?;en_,by:,. 3
hp fem 25 E’mm:.— Frg
* T T2z 33000 63000

whoret

H

0y iome ai: the end ol me mor:enL &1‘1‘1, 19
= lt:n'v Ty 07 mmf:ﬂb CII"&, m, .

o= O}::c,eﬁ of' drw vmu mauh,.ne or clm ,mmater TPile

e
)

 YNiota: T is the net i‘erw b.cf.;wg a,%, he md of the mopant

. army thot isy med -urod ra c%;;mn "ﬁl...lla (o*::’ B us) tave-

: -Djﬁamcméta‘ws ezie ﬂcrvmw.mﬁv mc;e uﬁh 5 w’""‘ﬂ avm

Cof ucm "*snmh Lhai.« he c:zf* s 10‘:1 o g L(;e::; £

!
~§
!-e‘
bt
LR
1

&\2
- c
M
o
,“A
L]
&
P

| Fa
CIp =TS
whores is even numoer .mcn ea 1&00 or QGOQ‘ If the seme

meale is %0 bggsw a...%;a'gs z:.th a gfj ven émr:.nm"ﬂstar, bhen,
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o eﬁy leng'nh masr ba uac& i‘or Lh.e mmant a:m, anc'i the asale

o '_calibm.tec‘i ’50 rea& f;crque (:?v}, or 'g' s or simply pa

mmm; at

| :1..- Em.rm.ne i:iﬁe various tvpcs of ayﬂnmomamm‘ gvailable
..n *i:ha lacar%ox'ya = |
: 2.- ;xi:z&m e.ctual pmier maa uwﬁen‘a‘s,' ) ,
3.--= tsax' t}ae c?‘a&le»mcunwd eleai:r*’c agna:m mabor olcm Lcma_:z’
L mamsurad ny the m ‘md scale rmi‘uad, ag;a..n»b amat cal poweT
':’cu{muu or lnpu’s ai‘ tnes &mmmtsr, depunéing on ‘whoet sér .:.1:
is u,,e& as & gcne?a.tcr or mai,or, resnemz.wly.,
- Lg lecus“ ﬂ-*fvariuaécs and d"' mx&vuntagas of eaah .,yne of

}dynamn.etarg camya.ed co ﬁne other Lypes.

o zmmmmss_ |

3.,,‘- Leam how 50 me}f:e aq. emarbemv atm, vln tesbing powor

machinery sueh a necessii;y me,y afise at any tma,

| . ..w Do :m:) leava a dgnmcmawr 'xfmizm wtmu*c an o b’cendmv
15’:'821%’ Som‘*:' fwm deszﬁ; may crmae ovcr.a ceu...ng 5 wgma ;}.‘s. W}z‘y -
_~,yﬁmr\'6”ms» L - 'A " o ” _

3. A».va,urs kem m. uh.m aa"a uneaﬁa fcr bosh é};ﬁaﬁngeﬁez;

ana cau*ﬂ ed macnmm ]

/

1,_‘.. 31,3, ;ays chac* v ra tﬁ.z: e~valght b@f’ora"smﬁmgg;

50.- Loc.r uhe sﬁa cr ei on alactr...e dynemouober uhen sbarbix
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, 6@* Da not asceaé the racad curr&nh ‘of an eleonr&c
 gynumam9torg ‘: s | , o
! 7.—‘”ake force (o% toraua) and upeed veaﬁ;ngs ginole

ﬁanaously. "
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o und-oprm;v neubamsm actaaﬁmg a zsencil 3.01:' tLe ord*natas dxci

| EACING INDICATORS
. mfﬁoaﬁcﬂogﬁ'fi -

fha indﬁ ca.ted hcrsepm;e" af e enfvlna, *ohat 3.5, 171..6 poner
’ievelop«:sd b;r txze c;c,rl:.nw” gases, can be dauemmecl ii.“ “he _
' v“ma.mcm of uh@ cyl.f.naer gas prassu?a *ﬂi‘bh cylmdaz‘ o’as va.&.mm
‘ 13 lme*m i‘o; each cyllnémo ...n nthﬁr G&Sﬁka s. }mmzlnga af

’ ta.e maxinum or maen c;ylindar pvea,,,u‘ra 3.:3 dass.mbla, mawmey

E : ba ob’sa.mad by me&nq oi’ enpina indiuataﬂs, P
. TYPES:

| ’i‘heife are irsma_fa;zﬁ;;pas- 'of{ engmelnuica’ﬁc&rsa e

fum mscnanwe.l :smrvine in&mator cons‘isus of a p.s.s%‘;mw.- ‘.

&

an cscillatmg napex' dr'us:: *’z.v&:xn J.’I'om the eng:ma nlswn 3:'0@.
nc gz.va hariz:mta.l m3p1acemaat, :tndwa‘sor sm‘z.nos are c ‘l:z.—u

A

br”tea in torms of e pz:*sssure chanf*s requlraa te move *::ne _
'markmg pomt :L mc.ﬂiﬁf ""}m seale of.’ ‘sb.e dn.agram s.,an he vam,a&
| by chan inrr mdz.caizor spz*m@s, changing, dmms, rad&,cmg
ti‘cms, otc, I‘or emgme spevn.s a‘na;;e 1;00 mm i:ha memi&. euerh
1' with mechmlcal L..caic&tora and raduomg ma"sicns make m; izf‘iw;
-cult to securs accura**:a ﬁ,,c.grams, e ‘fn orﬁcr i:c: ovs’*coma thma ‘
e éiff&./aul, ies’s .ifmr sprmgs, l:agg.‘ber ﬁ.nd** catm* ‘pm:"%ss > anﬂ

| reduceé’. ﬂrum travol were saﬂq (One tvgs bas a ‘L*anercﬁ ccnm.m

. lever = z’.,;ng, a lwgé_{: s‘zcm, azzd a ma:!.l pa{.} r* fm;m),. - Buk
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: "T-,i‘lr.g‘the soacalled mwro mémaamr‘s %z‘ace vuz‘g smal.. ma"rams

ma"a muot be greaﬁl? magnifwﬁ- far enal:;rsz.s.

0}3’6.1.6&.. .’mé&;&.caﬁoz’s Ob’baln magm.*‘:.catmn by optlcal OIS ’ki
| Xn i:hese ..astmenus, a nis’czm or & diaﬁ'a@ﬂ 9@033‘1 to engine
. 1‘ :zsresc'uro. oper&tes agmsi: a atiff‘ bsam spz*mg,‘ Thﬂ Vf-’»‘l"'.‘f
sma}.l mobmon, propozfinonal to pvessu.re, is transm:z.tted o &
| : "mirrcr* aahian z:efleats lignt i‘*’am & nom’s sourceo Another
i motlon 18 gre;lsmuﬁed to the mivror hy a *u:::sabla connac.‘clon
5 frcm ’r;ha gnf,me pg,si;gm "‘he ve"ultmg, lighi:-bem aiaerem,
L aftex* besing magaii‘::.&& aptma}.ly, is meuad on a séreen or
photagraphed., Gphc&l in&icai;ors are benter i:h&n m@aham.n"al .

;‘indmatoz‘s ‘becemsa uhesr nava 1ess iﬁexﬂ*ia and ‘ahay produce i

j::alaz*sa.; da.abrams. "‘he;s? 33-35 Gﬁﬂn&ef 3336 C‘GEPI’QSSi‘m mt""’ t°

"'ia sma_}.ez* axusni: by m?;roéncmg, a sma,,lef. s.dd:.tsiona& '&olwza

‘30: tha cyl:{nder,“_a,s: aempared ta machaniual .md:.catorso

: f %&a.lﬁ:icmla m&m&tqzﬂs glve a camposite isadwa.tox* a:f.agx'm

n‘aha‘«: represents the a:oprwma‘ae a?erage oi‘ a 1ez.=ge namber oz :
V_;c};alas, E&ze d:.agram is built up paint by POmu fmm a. lemf*a

i }f}mbar cf.‘ cy&les. “ha balsmc& pfeavura md:.cato; xznes & ome

f,fva-»:nﬂ balmomc, yrssmre and matcnes it ageinst englao cyline-
Eape dor presﬁm‘% A flez.ible d.aaphragm, mum;ed betusen the wo |
L,,",Tbmﬁmm' ggurgsb B opena and clases an. elocwic;i. contact once
""var ;mg sa(;h cye:‘.e at the ingbent "che ‘i:va pvesuurss bewom |

- ec;ual, ‘ Eacn opeaaing nz' c}.aamg 01‘ the cont,.«ct t*::.ves 2 no..m:
"ﬁlzm the §t..:{} diagrema By varymg tha balwclzvg :zz*essure the ...

*l,.‘.elecpt:ricgl cantaet ce.n be maaa £ one:c*az:e ai: "J'E}.I‘lﬁuu no:mts
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t'l"“fcf the cycle, tlmu gzv::.ng a se*"x.ea oi‘ pressurs raaémgs, each
o -_‘igne corms;}ondma to _a; d:x,fmren*a polm‘; cf tha averaoe 03"0100 |

' “__f‘\‘dlth tnia type of mﬁma‘amﬁ' '*.;ae ;mert“»& *problem, is aai:lsf& 5o

; \?ifily sglvec"t, bu‘u ’che enmme sinould c«perate sﬁeac‘i.;.}.y f:h::.}.e Lha

dw;gr 5..3 bomw taken.'

everal foms of m&ximm -p sssm;*e mdica‘aarq ‘ BI":-} mrai..able

| "-,'fcr oheumg only thc maafhm yressure m an mtemal combus’cm'

:me t::;rcil.e.n,r C _:ffj e S

¢lectr1 cal mc’i:»_cauora ganer*»%;e a. C‘l?"lal ‘Lhaé, cm be reaﬂ.

*i"hy meens. of an osc:.llngrfr@h or. DSCiuQSQQUBQ The ollm:mg

f":‘_f‘_;"zxay be useé. to ccnvez:‘t pmsvwss jcsf, cleatz’ie sxunals‘ e

1.,-: ﬁ:lscwamagnenia Lﬁ;gaeclsnce alemﬁn’cs e 1oca ad in .

333.3:;&3:*:;3 bm&ge clmuvi., ‘I“ne :*eacuaaca chmge is m)ta:a.mé

b:%' vaz‘Jing tna a:w @BP m a magaaﬁie ¢l z*cmu.tﬂ

f,f  2 o J’s C&};‘}acd.‘i}anﬁe ga e, or vamabla condszxsz%r z.s ontaﬁ ne@
,'by usmg twc:a electmﬁas ami machanicﬁ.ly dz.snlac:ing 'thcm zz:.th

G""DBQ‘G ’LO aach other,-.

‘ 3 - Bes:.si;“ncn m.:aa eloments change :Ln rasi.stmce 81d gh‘a—'a'

: lv ;m&n they aro sub;;cowd i:c st’“am,, .

h.w ?iemalactr:zc crys u&lb prochme alﬁcuric m";} ses -

|
-~ pro p wi;:.onal %o . i.ha Q""E’fﬁuuru e‘:eri,eé upon ‘Ehel R R
y
i

E.« i’ne mamatcs«amctmm p’vme:gxe :f.s aznpla.a&, :L.a, s thg,

:,"fjif;pamsab_n ,uy; of a magaetm e‘i.amazﬁs 13 c:mn ed by »treswmg t}m

| _,B,‘E{%GI‘.}.EQ-: )
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j
i
e

~ For more precise 1dd¢cdtzons at hlgn speed _ i& oelog=
tric crjsta_t premuf c.lmp ia u»ed zzg,th ‘c,:ae oscll,-xzscopm =

It consists of two quartz eﬂystal« coﬁﬁa;neé 1p a.pleSmure
unit which is screwed into the cyl,ndﬂr head uith d,avnrag;
“sxsoﬁea to cylinder v ;waamareug ”h;s elim;na%a a_ lg uhu
£ the mGGaniO&1 lﬁ&lc&ﬁO?o"&é~t pvos~
sm:e‘v in the cylinder :mcrcs%cs, the quartz o yébals ara c::mm

ressed and oan nlqczrsca“ chwrg@ anpe ars cn thﬁ G?Jstals in

ol

an smount proporbtionel o the Stress¢~ ﬁh;s nropsvtv 43 calind

P

fods

the gzoeleotric effect“ A 3ﬂall fracblon 0f uhe elect*mcal

f"
e

- §»Jt

k1

cherge passes into an ambxlxler and uhﬁﬂ co thg osclllosconcﬁl
_”he osecilloscope consists of a baam of slbc 1oﬁs emlﬁtcd "?oxz-
2 hot fmllamen and Tocused on 8 flao“ewcant savacn, ”he be
?13 moved 13 a nor*ﬁontal plaﬁa by.aﬂulvxnp to the horxgant

~defl ectlon plato & JU‘%&@& uh*ch deserzbes nha voluma om Lme

qunder gaseﬂ Vortical wsvamcnt of ﬁhe beam‘vesults nhen.tﬂé

amnl;fze@ v&r¢able voltape of the quarta c?ystals is apbliad
to the vertical deflection nlabes GP‘bne csc%lloucope, The
result on,the fluroscen Bcreen is the prﬁs urﬁmvblnma diagrom

for the cylinder in quesilon,

The electrical indlcator described abava~dcés‘nat nave thez

d&sa&varta es of the meechanicel 1na catora; Ecwavcr, altncura
#t ¢'/cﬂtramglv sen eiuxva4forjinﬂicaxing~rapz& vaxiabicns in
f prcssuré,'specificrvalues of pressure may be auen_ﬁn_qués%ion

in ”uﬁayé.uOZMSSELml&m Lokreove“, ccmn’a te ﬁ;a@ ams ¢en noi

i
:
.
B
ol
]
|
i
-
?
i
&
l
.
!
|
:
g
4
i
3
i
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. J‘be obte_’med a5 engine anﬂeds belcw :LGOO rpm cue to the 3.@(:1:

, of persistence of s:z.ghm

INSTRUCEIONS s
1o~ Bxemine the _indica‘cars availablao
2o~ Sketick ond explain their working principlos,

3o~ Toke pressure-volume diag:i'amsa |

b= Discuss wccuracy and I.:mz. ations of the variausv types

of .llQiQatQTuy eaad ma.k.e Subgostﬂo:ﬂs fo::‘ imnrovswen’cse
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Cth\.mAev 8&; fves,ﬂ&v& -

I

| .%Imyei;mce .‘ To‘ oéd@zas co ?é

Puincpls f condewser bpe presre qikonp

 Glde g pressue
St
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: ////////_ »//'

1T avaQ feev
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Bmﬂﬁiﬂ@?ﬂ)z.@ OF m&""‘IE I}EM} GL“WEBS '

MI} QLE;ARI.I«EG Ib ‘JGL’{}I’&E

| IUSTRUCIIONS:

Lol o 1;,,-??13::5.@& Eéginé on 'Bjeéd.kéent"er-‘ Pé‘si‘tions |

- "31’110 mtamal Mbﬂo t:aon engme h.as buo Gead cen *‘tc*"%?

: s,.) z:he 'Lop deag cemex’ (cr heaa cen%cr‘) -

| b) uhs hottom aeaci aﬁmez" {cm crsml. Qenher)

S :,;Ei’s vib#}é‘i:q" 't;iaeﬂ&éa(i cénter;pé-s:{‘sicnst
»3..-4 wm 'bha snome 1mt:al the piston is almost

: hali’nuay ..fcs Stroke > snd nake a mark cn | s

: fﬁi:he nemphsry of tLa flyvzheel, oppesz_ﬁe to a
~fre;€'erancs marlk on the enr‘z.ne ‘bodye .
2‘,.‘..-_2131*15 the poal*:.ion of “*he istonms o

3,--Tum th.e ﬁngme pas the dead center, unu.v, _.,

h;gﬁa}; e ,;accmd zm“r}f on the ner:mhc‘ﬂy of the

-  5’,‘~. ‘Loca be the m:.a-nomta of *lms mo Bres to ft&lluh

. V"bhe P:‘;.E’aa"z is eﬂactly at the same posz,x;lgn

o as baxwm o

g 11;91:135&, 0}3}90«:.‘.‘?}6 to the same. refez*oz::oa ’
’}E“’{ oa ’:;be engme boay, | |

‘ «:the ners.phs:.y Qi’ t‘w i‘lyuh&el I.‘.S a3 "IiﬁGi. soy ‘
tha tm ma
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~Placiﬁéﬁane 5ffthé§° mld—aolntu onpoﬁite bo the
e"*enca mwk‘ on the engine boczg, co%‘*regpo"lc‘zv Lo tho ot
};_tqp deaé center, hnd nlacing the eﬁher midupo;nﬁ opnos nélﬁT

‘?uc ghe reference mark on thﬁ engmne bady, corrgspon&s

& ”}ta "'he bcmom daac} cente:'.

. Yotes: Turnznb the flvwheal in. tha dlrectlsn 1n ghleh the
o {-eng.ne runs takes up wear in the onpc 1ha dlrsctlon

“f;tc th&t aich'f“,the aase ﬁhen the aﬁgzne 18 msve& fffv'

unéer iﬁs own.naue**_ Inuerprcte an& annly ta*s fkn

;'30 tha prescnt situabﬁgnﬁ f{]g77“

'jZ.ATGEéarq?GQVleume:?.)[,”“

) Clearaﬂce volume 13 Lhe uolume aonta;ned beﬁzaeﬁ
gthe f ce cf %hetp;stZOnf&Ld tna baa& ef tha ayliﬂder, zmen~ |

tne pruQn xs a+ qutdaad center;_»“

o Todeﬁerma eleamnce volmﬁat

ig#*”irqt plaea tha angxne cn baa ac&a Gcﬁtur

'fg;éiiﬁe“sura tba vmlvas are vithly clnsed)

'2,éfﬂennve the S?&Tﬁ plug;amd.fill xn thw

 ¢1&3ranne valuxﬁ w1tn a 1¢qa “' exng cargm

f‘u‘f i;o amld tr p 5. g a.,r,,.
3,;fﬂaasure hc aeign* of 1lqu1d reaulred to f111 ,
:l?ths clea%hnce volume gnd 148 Lemgeratuva,

fiand convert from‘uaight to valuma'usinv tha
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- denaiby of the liquid at the measnred |

f te@e‘?aﬁﬁxfe; Tals volums is the clearance

volume of the engine,

zmmﬂng the pzsﬁon disolacement valu;ue (by maasurmg

bazle a:ad swoka) s d 5 md having_, detemmed uhe cl caz’.mce-

va?mne (by ths :methaé cutlmad above.-.v}. ’2? s %,Zm, ccmres»

ffszqo?z ra’bxo of uhe snr*m,a can be ca}.culaceéi bg's
: Qog?jt:*gssitm'ratio = """""'i?‘;"’““‘

= cgmsmoz\zm ,

3., Iﬁismzss inacﬁuraeies invol vaﬁ :m the measu.emnu oi’

cng:.ne clearance vclums by the nathod emlﬁned abovag “

2, Expla"n ﬂhy th meﬁnod cutl_ned loeates eng.z.ne :‘.{_.
dea& camers wth a hlgher deg;ea ol accuracy than if

the dead csnuers ara 3.00&‘&6& by smly ua‘aah ;;_; Lha

motw"}. o:t. i:ne p*xston near* 't;ho en&s of the si:rohe. :

' ”ﬁa z*s;oort g}:wu}.& ;mclude %;abula‘i;:ma of the mﬂasuremea{;u

“and cal_caim;_“nv ma&a _An &milable enkg:?.rxeso .
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| GARBURETOR STUDY

Smmomvertozs

"’he *r“mcmon of the carbuﬂe‘soz:‘ _n gas asol iue enﬁne 73-'3,

. %o supply a commzsbwble m:.::me of eﬁr and :‘.’:‘me;.qr dz. rsed
Afl:.qvld fuel (pamly vmo zad) s in corwecfb 9ronaf*aious for ”

| all sz;eeds ad. 10&&3 ci’ ”che enrrma, ‘Lo the inle*b man..:.old.
filea.ding b0 the czﬂ ;.zmez*s‘ To-‘ do t}ns, it mst ncm O}ﬁly »3.;
gu? abe the qn@a :e,"'y ef mi:r ure o Sl}.u the ioaci reqawcmnt" |
uu :u‘.: mst Jso sunaly 'a‘:he cerw’ect ?03;"0‘3(33?'{710”2» of sir e.mi |
{‘ i‘uel to stm’* up wom 'Lae eald, uO T fslm.ly ( dla) s to work .

over & de ‘«”a..lgc oi‘ engme saaeds ::zxd tovquaw o

ae f‘ollmsmg aro the. fmwf d,w 2L cziéiﬁim;s ‘for whnich .

",f’i'ﬁhs COI’“&G"G mlxmre ml %:‘I:: .amplz.efzz

: :3)4. 13_1 laad, &'E m:zar te or lmx Spetﬁ o
b}full J.aaa, ai: hz.gh smd& | .: ; ; o
\é,‘i'»>lpa1’tie 10%2&: &’3 h:z,gh 5133‘3& :
d3 fl&&« lea&a ai; 3.01'3 sneec. {le m‘*j“ aar

) opef“twn .m very cclﬁ ur ve;ey xzazm Leu.me%

‘l‘he aan.a m.umra ra'aio 1s mt uw.*a:. e foa? onex'aaien in
all i,he acova r:.omzmmns, : esta have sho :ri {&ay .m. Qrder Lo
obilam ma:smum nmfe'ﬂ :i‘mm an engmh (Spaz:al;, :I.,_;zmign) ’ the

ra..:a:tura siwma ba amnsmers;bly riclwr ‘thap nsrmgj., .L“f.’ i‘e‘:« fs.cf

c’msiraa, an ha o‘i:naz’ h&nﬁ, to cpnra’ce a%: max._m &ff‘i&lmay

(ﬁne? sconong), uLE} mi“wma sba é be samxmat 1@5&9% 'bha*'x :
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":fhbﬁmﬂl; At low sseed eqa goaer demand 3 rldh mix“ure iz res

'”7{?quiraa .

waff3$§§i3ﬁ3ﬁﬁT33v‘

Brau a dlagram of a Smele aurburetor and azplaxa it

'7 f:0naratien., Label all partsa"

mhe s&mpls tyne eaﬁ ne ﬂes;gaeé to aperate sabzsfactorlly

at.ons givan spee& aupylyxng hhe carraau fuel &i? méxture ab.
ath“s speeé. It u;lT nnﬁ, hnwev&w, Supply'uhﬁ sumn mx bu:e

‘fxfraxig ab d;ffarant spae&s, nsr will 1% ragulat& tae»mlxaufe -

ratia 1& a vay ta sumt Lhe varﬁous sats cz conémtiong mantloned

Sl ni
,;dbove. Its ahmef dexae%s ara the fmllouxn . -*' ’;; 1 -

Qa) A g;van lncrease iﬁ awr valoc*ﬁy (dua tn 1nareascd
angine speed) will nraﬁnce a-nroporulonately greater
.:5j lnc”aasa in fuel fiou, and vmce YOrsa, 'Wha m;zture

w1¢1 tnus be enwlched as en gznm snoed inereagas, an& BT

| ueakenea as engine spaeé decfeasesa - } ‘
Mi1 b) Eue tc tha ueakxml&%u4e ab low snaeu, sbartmag v*ll be
d;fficult cr xmpeﬂ31ble¢-f ,
_1‘,, i;g) Ranlﬁ acceleratlon umll ba &mpeda& by ﬁhe lnertia of
: uba fus , uh;ca cau esza;mmmsntary ﬂaakanmng of tho
”f/m;rtnL S Sl .

hq“ifd} arm vsathar results in aecweased alr aenslty and de

éreaseé fuel vxsca31ty, bath causinr 3 ?idher mlxtucsa

sod

R
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i

‘ Gold weaﬁder has the oppaszte ef?eet. 'Ghanaes o? aln.
t;%uie have a,sxmular afzect, g are of Special

-ﬁ¢m@orhaLce in aircraft eﬂgines.

2.* Eaplaxn wha% featurss ara anluﬁaﬁ ln aarbu?ator Qime
signs to “Q3ve tnﬂ problams élseusseu abova, and shﬁm f»

nou they ogerauaa'

. QUESTIONS:
l'fl,w uhv is =n 1ullng systﬁm.nacgssara on a 81mple cm:*’m:me»w’j
; tor9 _ “ | | ' ”
J1 2 - What is the ef:ecﬁ of aluituas on tna fu 1-a air ratio
éelivered by a sxmnle carburator 7

3.~ Expglain the “L30ulon of an - acce7ef ebing purp on an

] automonxve curbureter,
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AR “FLOII EEQSHRE?EFE

INTRODUCTIONS

Aeasurcmem oi’ f‘he a.z.r Gon‘ﬂﬂ'&’{)t‘(}’l of an :mi,emm? Gorl~

bvmwn enr'me J.s o““‘an requireﬁ hy ang.,ne tem:s, -

,,g genewal c assss af i‘loq auuring ﬁcv* ces are z’ccc{.;n ,

| v‘,gnn.zed on. 'bne oasvs or j' :

) c..uantitly ma u”e:aen‘-""*' e

?) ,eai,e or vslocz‘bf,f maaﬂuremsn

‘ @z_muw;f ﬁ:easvvewant ’bv volume ox ‘b',}" zze‘ ght of. .ﬁui& is
‘ fus“aml;v accompl“* sbad b}; c»sm:wmc“ successiv “‘e;m Rase' :
'_ maasur@ zzts aree m:.ez’rm& %“rom bna ef‘?’act o;. the f‘lo.z x-z:z.te '

’ ;v yﬂn P?CSSU:&"Cg ’ uamaraﬁh?gﬁ Gi‘ pos-&blﬂne sl

Ihe typas ef rﬁetcving elam'mn zm's"cj rzi,ﬁslyz_f@;se@.r for the =

"*f'f'msqsuremeqt of alr V”lm: arm

2} 'Qriﬁ‘ices

b)Y flowmemgles " oo -

Ac} venturi tubaa D

The sene meary apn'f i&s La all of Lhem smce thej all

" Have awsu‘ﬂnf" aresa and thy clﬁne: 1d on c:xs.mﬂas of. pra&sur Tor

s ueasuﬂ ing ¢ bc flmu
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THEORY:

&ny res tr Gt‘oﬁ placad in uhe paih of a ?lavxnr fluld
conses pvassure drap. Hhsn the area.cf floy ab the point
*575a£  6 b'ietlan ig a constaﬁt, the rabe ox flov i' a funct:an.}
 57¢£ ﬁh@ n?asuurs ércg. Thua, a(nsnsn.smsnt of tne yﬁe su¢e 

i vdron uiil anab 1o uhe determ;nutlon 0; taa rabe cf f1Qw¢'

“hﬁ anara eauatxon xor d*ewa on mav né n*ulmaaﬁ to
2

ralau the ?ate OL ?1ou tn ﬁqe preg rﬁ dvoga Por Lwo

’7f,an1axng, one. vefora, aﬁa one. jast after Lne r“sﬁr¢03403, the

\v‘

'3’ingnergy ecuaﬁion‘ra&ucaa te

'JsﬁbSGy 1 referﬁ uo a ﬁlaAn befora thp resuviction. ,
'J'74*{fi'8nhscri 2 ef TS tc G.%l&iﬁ 3uuc afber ﬁhe West ot on. |

‘“,Tbi é ?ru fbr :nrqm@f35ﬂ1bla flu¢us, inL na heat

; ,.',

'F%tranofer. S*nna tho “suvr;c 1on9 placad in &h& flOU Of

7 ;eomp”ess1nla flu¢ds 10” flow me emcnt puvpacas caase a

”ve small pregsure aroa, tha flnl&s may . be ccnuxdureﬂ to

ﬁf‘be 1ncomn“3 szble, ulohout inzroeaelnv as ap“reclsblo BITOY,

.'_.?urnaer“ ﬂsv-wxng ihat the Velec ity 3 in ﬁha UQSu”a&m 51da ;s
80 10u tnam ‘may b6 nsg ee&ad, (%l = 0),~ona veloe;tv as

1”'tna écunstraam weferenca'plaxp beaemes
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" - gubic ,fée’“:'ifpér °acem:.

' wheréz’_s -
LT “velcci‘cy ;
SR = pwessure

' 'xrazfj Spas;ai’z.c ‘trolume;f

"’ha quammty {? - 2 )v equals Lne Suatia head, h, of ,

| .,}‘:i‘}"vshe i‘l‘.u‘?d r*ausing f'lou. ::,.smrsssmr;r nhe ve‘ ocmi;y in ten'*s ol

. ﬁhz.s hea&,

‘Tho ol uxw ra‘as oi’ i‘lom az a i‘luid througa a gmev aran

' ‘equaﬁ.s tﬁa pmcmci, ol‘ "‘he area md the velcc.a%y, or

'V 51—51;95963 (3.) 5 is ezqgressed ln fee‘t: ner SQG\IHQ; (e) h m

"f‘v_.feetr, {3).a in square ei:, and (L,) qf aas the dLnansmz.s of L

The above -éqi.;atﬂms_,are: _theoretical, They ave based on

‘the mssumption of perfect transformation of static pressure
- into vaitocii:y wessu.z*e-uf However, because of friciion and .

) bvrbulence uhl@ ys never t:m‘:é';' ’I’hé “&?"tua.‘f velocitles and.

5 i“vclme rai,es of z‘?_ow sree ‘tesa than i;Los:. p’r’edicucd by 'chase _

7'~_‘squa‘h.;ons.} The mﬁm oi‘ }.w ac tual 'Lo i;heo et:f.aal VOlmne

"‘:‘f",'{"f.x?a‘*'es ci‘ flou :w i,erncd ne ceai‘flcienb oi’ ai scharga G
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Thug, _‘a:rxe-adi:ﬁal volume rate ‘os';"flow' q' = Gq', Then,
: ’I,‘hzs equablon is anplic:&b’fe i"or nozxcomprassiqlc "‘lums,

g zzitu acl,‘abaf:-m cond:.tlons, an& .«rith ﬁeglsb.z.bla valoc.’wy o.‘, LT
‘s,pgraach, ' : | i

RN

The mass rate ef ﬂm: s ¥, may ba obta;med by mltlnly-‘" -
}::om;n sides of 'hhe above equatmn ny the densz.i;y, : f - of
: i;he f’lun.d.~ Tkmg: | ’ ‘

-d xCAf o ,agh
Since ‘che p”essui‘e drem | f
G& \/ B f Z

| 'M;.?man g has z:he u.nf‘os oi’ f‘ee‘o p@a— second Sq"‘wre" f mSt beiin
| fpouaas por cubic fgots and .AP in poaﬁds per uﬁuars fe@t sifk"“”

'5.1& m sguara feet, Tbsm %:7 ';13.1 be "?1'?"11 3.::. @Qunﬂs ner s@conae |

%a &raa 3*. te ba nse& .r.n the si:ove aquatwn ILS ‘ime aaimal

'»'arc—:a oi‘ tho ord fn.ce, nazzle, or V@ﬁb&l’le

In praeﬁ se tha }.Jmasme ﬁifi‘areme acmss 'Lhe wes"'xa* 't‘c:m‘"“ |
s aasurad {usuall;;r hy mclmrad l:z.cu:z.& :m glass tu’é;s éifz BT~
antial mano*fsters for greatar arzcuvac;f,"} and- this reoa &:‘mr is
: used w/ (_ZO”LGZ’Q’LI).& nhs mass :cate of 'flo;-z s i'z*om_ necx&..lv n:@o-«

P paved tah &8 am. cnm 8. To obuain tha ectual mass flmz 3:*&*5(},

) correct:wns far actua" tﬁr:meraiure and presmme are anpliad,
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again through the use of speclal tables and charts, . &

memomor:

lym E‘{amme izhe a:zrmflow measuran:ent seu—m: caz‘efu}..‘.y,,
; z - Tolta soveml mmm_etar readmgd ana cmmuce »he

. CoTPespor ;é}.né mass ra‘se of .::3.01) oi‘ ai

- i;é EIEIJ :s.s i% necasgary to mply cormeth‘zs rw uzm
| ﬁwt‘*.l&l temnevamre e.nca. nx*assura 7
‘Zqé‘Dq.scus the ai‘fect OJ. preusum drop acros 91131 ées-«» ,
' trictidn; on ths. capaalty,of 'i;ne-an-glm. ‘ ﬁi; what |
vsic»eeds ond | hra*cule se‘stmgs is the ei’?"e t,mﬁgt;‘_‘

nomeaable '?
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'-zﬁm'&tsf‘:;’:fs OF EXHAUST GASES

 USIHG T THE ORSAT EWQLEZER

 OBIECT:

Tiru.s espermcnt covers the;i:echn_que oi‘ the uﬂ&lVS.LS .
ﬁf ezhausl, ghses bff the Orsat appar-ai;us and conmuta’czqns o

zasel@a‘b of ex;muﬂ mses a:mi woel g,nt m. air supnl_.eq. R
THTRODUCTION:

| ‘”’*izmre aﬁ?e fivs nfincmal czmam ’cuemt.,. usupl..‘;;f i‘ound in

axmusu gase These a:fe c&ban éioxicze, c::ygen, rban
ﬁacnomae, n's orrenm:zo. weuer vazmz*. - mmer .acme scnal‘m ons

'-hyczrcven and nyc}roaarbon., mayy be present in uome uu:multa.e

» (th‘{gm may also be Yraces of sulm dioxide and trioxide),

e Tsuelly the five main constituents glve a suffioiently

&ccuraz;e mﬂmﬂmm o* combuthon eonclz.*cioa In :i’a.c‘a, either;

" "T;uh carhan ﬁ.&oém o {:ne omrgan percantage alcne zives a

"":'ij.;{”:‘ough smrm ima’cwn of‘.’a}zssa ccnda.twns.

Ghr-‘«m,.eal an:.lysi afﬁhe v“proc‘iuéts-Of "derbbusvhiéﬁri’s' bogt

B j;.aaeomn}..:.shed b,;r me:ms of successwe wbuorptﬂ on p:metwas, using

a“nepm‘sant ‘? ve ss.mlﬂ a.s. t.ha gas m&:’auret “In tne (J:e

. '}";f,_*"';.”apparams the anal;rsis m ﬁh.c vases is maﬁa ay the succcss.wa

n Qbalance Dax.n« reporued as nﬁ;mgen,

-{obgamtmn. of cnl;f th"’*aa cons ulmenus, ‘C,G?, 02 zmd CO, tae
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L fﬁ':’bmkem The samplzmg i;ube ﬂhc}u}_g e an gpe*l..gnd p .me Pm"

~ the exbernal Smliﬂg Pi‘ﬁa maff bo tiaswable, or a Sufflc:mni;f

APPARATUS:

The f’ollmzing aﬁéi‘é@ﬁiﬁéﬁg R
1) Orsat apparatus | e
“_,‘2) Stsragez benk foz' gas gamplas :
3) ﬁubbe"r tubing an& connactors  '4 " S

, ‘11.) Gas»smllnﬂ p pa

The Orsai: shoulc‘i be seu up au a convem.ent b.elﬁ"’ u,..' m a

ﬂgooa<1léhta and secured so that it wlll not be averturLeﬁ owirv‘
‘390%.31{; .mto the aentar Qf ‘Bhe g,as s»ream, , Gcol:mg J.“.ns on j' |

; ,,';"length should prn,,ecu so as *Le ccal %ha gas bewrs a.t en'herg.‘*i'_"»lej\,v'?,}i-j

: une mbber tub:mg, |

'[ bESéRIPTIoB:‘k:‘ '

fﬂ:«;?ne Drsat con»:asts of three ma:.n pari:a: S
'1*{3.} A measuring huraute , usually water-c;}acﬁ:etarl te m
i.a.m cons’c;ent uemerzxtxwa, ' B
2) A levelmg hattle y nartly f.r.liea m.i:b. zza{:er anﬁ
connected ‘bo the 'mmetba b;g runber hose. si;, i;he -t
‘use m th:s.s be'b 3.6 ‘aﬁa g,as ma.y be &fam :m‘so oz‘ i"a"'*coa-,
~out of the burattea L _'__ ; ,”'., e
3) & semas of %bree abscm\‘;mn plpeb’h"aa E ‘s‘fhsae ara uaavlfff

in o@dev, beqs.zming nm,.s; to the buretna, ami uhe;; o

absorb zzog . 02 2 »and ce, rasnactiva}.y. P
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' PROCEDURE:

-

‘i‘%tw mmmu’iahim i‘cr *Lha m..g.s.ns consishs of the follow-

inf schs:

l.- Elasn ouL the bufette once ar umicé uimh fresh gao,,' |
"~Q ﬂnd %hen éraw zn slightly’move than 100 au, Ot of musaff'
f2;472r¢nv the burette uater level ox actly to uhe‘aero ,“
'lrﬁfmark by d;sﬁh“rglag the axcess gas to the atmpsyher@, ﬁ?*
e + klng care naﬁ to 1nx aduce any'ai*.' (Raaé ﬁhe ua teé f
Tjileve fram ﬁhe bo%tam.ov tha manlscns)¢ |

'”‘f;f3§ggﬁbl§1ng yhe, evelxng bcttle well above tae uﬂfo marLg' o

 §0nan tha stqpcaaﬁ ﬁo the fzrst pinette, an& maus a~1

j i5ge1gas slanlv xn and out oP thzs pinebte seva
' fﬁiﬁés.’ Bring thn reaéant in the p*net e-bach o cﬂa*"
';erc ﬁark xn,the capllTavy nsch befbrs cloqlng the
stepcocho f" » % ' - , L ‘ |
xv:{b@éiﬂead and “acard ﬁbe nen_zaﬁer 1eveljin fhé burette,
‘ ”_:?hls wzll ‘show %ha peraantags of 002 uaiah Ehe reagant |
‘;f}fhas &bsofbeﬁng : g .

5om Rspeat °Peraﬁi°ﬂ5 3 and h Hlth tba same nipebte ntil

-furtber,manzpulahlons da not xacfeaaa the hnrezte b

.reaaxng , ».eg, unﬁil na surcassmva veadﬁnvs chac”'
vfewch cﬁher,

 i_1 §¢é;R$P$ﬁL Qpeﬂaticn& 3 ﬁg 5, usin» the seeand, er ezgg&n
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| percan‘t;arre of oxgreﬁ. 5 ': o o R EIE
o 7 - Repcat opez'at.‘.ons 3 to 5 :L’oz’ tha f;h:.rd, or 80,
pa.patte., , ' | |

| mssﬁm-s: |

Th.e data and results aﬂe to be vapcz"ced in tLe :E‘cmm of

ghon a tabula ion shou...ug, :aor ef.sc:h .:mal:r;s?s% mades

TLa ccmoos::.‘*lon oi‘ t’ze e}.h usz: 'gaa b:y volmne, :‘c;n Lems

‘ of ne'ﬂeentawe of 382, of.‘ 5}2, of‘ CD, ama o;g 42
2,~ The ﬁcrrawpon&.&g aﬁalysls by weithﬁ‘ TR

Bpw 43-’]19 engina lmd, speed, o aagu.:tmen

S 8 : uuea Dg‘ﬂ pﬁun& ’Df ﬁ}&l bm;’naﬁ. ; R

'lu,sed by aome o

. The ‘shaore*bic‘.sl

a;t.r-zmel raﬁc

. ?.~ %s pev cenﬁ 'ezcess aa.:e. SR

o hoating value of tho fuel showld aleo b6 noted

| ‘,,"f"aﬁLgUﬁATzézss 3,.' :

: ”héfe are various}vays a:f' seﬁnmr up the leculamcms
A 3.eadi:1g to "she dﬁtemmﬁion o:f.' 'i:}:z.s s.:s.r-'fs..el rat:.a ( or i‘as
' _veeim ocd. tna f’llel-'&ll’ I* t.:.o), Essemtially, thay ara all
Vf",’-f-'~‘mock£'-¥ cat:mnu oi‘ e stoichmaﬁmc comuuatmnsa Zn ‘any

."}method, 'bhe aaalysls of‘ both :s'.’wa}. &nd ebmbasf;v on proﬁucts

ig_.-a The com;putea aw*mel ratw,. pom 'oi’ a:u:* acmallv

S ST
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'*:Af:mnst bs inﬁraéuceﬁ; ﬁﬁgethaf wi th ﬁha mglecular “Blgrts Of |

'7*?1;varlons constA&uent .‘fhe 1aﬁtar ara useﬁ so convert uhn

fvolumetrle (Owsam) analyuzs %o Eraﬁxmatric,,

,ff»,lcu ﬁatuab emr - fuel ra ’ | R |

o ‘_' Th@ dﬁtérmlﬂatlon 0? ﬁha acﬁual az*»fuel vatlc ine

'i» }v¢1ve5 tha volumetylc analys;s of combustion p?oducta

. f?(u31ng tﬁﬁ O”Sat), anﬁ a gﬂaﬁlmehWic analvsip of ﬁhe fuclg
 ,“hen: ) P R | |

. lb o3 naust zas = lb cavrbon’ burned X 1b nxnausa‘r '~ -
lb Eual «; ; v ”;‘ ib fual b carbon buﬁnea

z;lb carbcn burnﬁd | a&.cop + 32 02 + 28 (CQ *'32}
lb fml sy 12 (602 +- co )

 v;:*'1b Q“rban burneé ll 002 + 8 02 + ? (Co + Ka)
3: lh faal ;24;21 3( GO . cg_)'

:wf‘uhere tha ymbcla 003 3 2 £ GG, anﬁ,ﬁg are VDle&t”iﬁ:_bf;L

“\?;Percantages frem Eha Orsat analy31s of tha exhaus» gaﬂe

lb carbcn burned
1b fuel

.“57 can b@ &etarminsd by Ghamical wnalysxs ané dﬁtermxnatlan of
‘ﬂ“Eﬁfftha/s ban cunﬁwat of thn fﬁal, or else, lf Lhe chemical _“

“‘eamnouitxdn ana fbrxula cf tha fual is sﬁa'n, byfstc“whio~‘-'

'”?1f fyma%r1c comguu tzon - ,,,f%
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- ‘rmto aecaunu, ncr do i:hey accoum: for the buming of sul-o o

‘:_"aual a"w.r-fue'i rat:io,i«t‘._rié;'vnltrogen contant or the ewmaxzst

R 1}ha3?cz

S:moa Lhe ua.mlss ersat analy 3.3 nag’*sc{,s unburneu hy-«

’Qrogen and. hy&rocarbans 5 Lheaa comvmtatmns do not i:a&ce bhem

Cfur, IT fmy. Esually nei*hev cf nhese om:assmns cmﬂas a |
> alrm.u. am: error, | A | 8
‘o conver‘f. fram “the e*zhaust g&s—»i‘uel ra.tic ﬁo the B

‘-vgas, md ma{f’ of "’h&”aﬁ’f‘iﬁ used, as f’ollouss L

b 15 air _ b exnanas 208 % 1o nitropon "1397?5;:;:11% FARTI
© 0 3b fuel lb‘ ua‘i" i'l:"'f 1}; exhgust gas 1};‘:11‘;;5;;@@@;{

f""

- }J) i‘zlei :z.s c“l’ wa eé as s.ﬁcmhabovg’ P

Ry _1b air’ —-: i o= 30 > smce the apn:m :t.mate
o 3.33 nitrcgen 00?? g B B A :

: comgasiﬁicm. of air by weigm; is 23 ner cent oWgsn smd 1

]?7 per: cen't zﬁ trav&nw(aonamer*

he'rare ga"es as

3}_--'- 1b,m;z§:»cgenw _. 23 Xp
-.~*a"j{;_,,f-u,fr'z}' K oLt
f 502'”59 -i'? iGQ*ﬁ*uz)

ot jza\‘ mo?s- 3 )

| / *"f‘ %Jhere i:he syrnbcls Ce}a 3 92 5 GG, anq KZ are %he volw-

matric ue:c-carﬁ;ewes f.'rom the ()rsau malysms o;f' ’che

a.ﬁ:hauq% naaeﬁ.
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= ffjhemfozse: S

by fuel” ) ﬁzel

1362:? ?‘Ea

11 ¢ +8 - +
| 02 62 T(Ce E?}

x

‘_"_}xmex»e 602 s 02 3 60 , and ?\:2 are 'Ln.e volwetra.c percenﬁa Y

ﬁf'rom ’che Orsat .«nc.ly sis of the e:zhanst ca.ues.

=R "‘hecretical air-«f‘ae};‘ ratios

The air thearemca..ly reqmre& pelchd noumi ef fusl
; ""s calculate& fz:‘om ’Lhe co;abinmg zzelgats. For example

“:"f’--cﬁipr.~"?ﬁ ga 92.:' ?:‘i,a‘-’\ »then .

- 3.%3 f‘ael lb Tuel lu oxygen  V*YT .
b) 2C; H‘,+2so = 16CO +124,0, ’ct\cu ‘
i bd.LV o= _5 x 32 1{ lﬁg _,.... 15.26
Qh i = ﬁq nhﬂ

.m g,neral, usmg; i;he gravmmatrm analy&s o" the f’ue}.' -

ER b sip i{é lﬁ)& G + 3-6 103 g .
‘.’:;‘ , nh@@?@ iﬁa}- "i‘fb""'"ﬁl"""“"i' 2 ? 23 2 ‘ X 23 (ﬁ g" ) P+ ’
32 3

_;,.. 11, 6 S+ 3L;¢sm - -g) * L35S

sners G, H, 0, anc}. 3 mp‘resent the‘,mflgh‘b content of ;carbén
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" raascnable prscaub;on be tak&n bo n"evenu errors and "nﬂccuram

khy&rcgen,;oxygan,and sulfur in the fusl respectively.

-

3o= Porcontace of oxcess air:

The percentage of excess air above the theorotical

is compubed from the following equabiont

Actusl 1b adr Theoretical 1b aiw

Por cent excess alr = 1b fuel - = Th Tuel
ihﬁ@fﬁuical ib =iy ‘
ib fusl |
Q4 i
e i = Actuel 1b air = Theoreticsl 1b aly 3
: Por cent e;casa_a;x_ e

orevical 1lb air S 1&
where all quentities of eir are referved to the same

quantity of fuel,

' MOTES AND ?REGAUTIQKS:~S"
It 13 d;ff&cult to obtaln a nigh deﬁree of accuracy in

Orsatb analys*s, and 1% is par lcularly 1mp0ﬂtant that all

v‘cieso_ *h@.fﬂllowing{suggastlons.ccver most cf tne,cemmon

aifricultioss

o= the raagenﬁ in eaﬁh of the pxnettaa must be dra"n up |
%o the zero m@rk iﬁ the capmllary bafora c&e zas

“7 aample is u&LBF ¢n.
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e

To obtain atmospheric pressure in the measuring buretie
when 2 reading is being teken, the levelling bottlo

must be held so that its nater level correcgonés with

_the water 1eve1 in tmﬁ ouretta,

The apparabus shouldVbe carefully tested for leakawe

before an enalysis 1s,started, A szmp,e‘mathOG of

doing this is bo teke in a 100 cu.cm, szrple of gag

for air) end then'éet the leveling bottle on the top

of the frame., Leskege at the stopcocks or ecnnections
of the absdfption pipettes will cause the-reagant‘to

rocede from.uhe zero level, Leakage Ln Lhe balanse of

the apparatus may be datecﬁed by again checking‘the

2810 in the meauurlng burette by br¢ng;ng ﬁhe manef

'levals in 11ns,‘

- The eater 1n,the buretoe hnd Leveling boftle sqould ba

’ sauurateu with ‘gas befora 8 samnle is t&ken in for

‘analysis.

Sa=

6o

L

The'analysis ﬁust*always:be carrisd ouﬁ’iﬁ?tﬁe pfgpef
SGQQenée;;ige*? Gég s then Oé}, then CG;{fas the

oxygen solution will also absorb carbon dioxlde and the
carhonﬂﬁonoxiée solution will absorb oxyzen.  For this
reason 1¥ is'qlso very imporbtant thab the-quGrétion

be carried to'ocmnletionvin each pipstte before ad-
uitting the gas into uhe follouing 02’1@‘0 | |

When uhere is any doubt. doout ﬁhe stren"'b of the solu~

tions, they should be renewed, The €O, solution will

a2
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- bions mhy be a,hau téé_aftéﬁ 10 or 15 anaiya&sg

ilaﬁt fb? lOé'to Eﬂﬁ‘aﬁélysts, but the other solu~

‘(éhs oxyg@n sol&%ian‘isAalways exhausted first ang

light alsc has a deteriorabting effoct on it),

Cere must be.nsed,nct to allow sither the burstio

waker or tae reaﬁan*s to entef the capil lary'man4?ola
above the sﬁopcocka¢ Ig th soTutlong are allowed

%o mix in this manner, eyxazst‘be wwnemed ba;erﬂ

 further enalyses oan bo mades

. -

solution that 1s sabisfactory, 4 common method an

i

- . i
The first pig etta, for ansorbing carbon dioxide, '!
;

o funnel, insert the funnel in the mouth:of the
1p¢pette, end pour over the scid s sufficisnt amounts
{Of‘caustic,pdﬁasﬁ solution to £ill the plpotué,

The szlo égu stic potash solution is used as in the

‘one for which the materials ave easily obtained

contains a solutlon of potassium (or sodium) ﬂydroﬁm'

‘ide, KOH, in thﬂ proport&onu of 2 parts by wel g&b

of uater %o 1 par “ﬁ of the canstic comnound, Thz

n

second plnette, for absorbmng oyygens contaxns :
nouusgium nyrcwallane,. in easy way to prepare tho

solution is to put S‘g of the dry pyrogallic asi int

CO? p¢patta._ The third pipebte, fov abaorbxnr Copw
ben monoxide, contains a cuprous chloride (GuECla)
solubtion, There arc several ways of preparing this

solution, bubt it is rather difficult o prepare a

[aN
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N

g as felloz t Pour about Z0 g of black copper
oxnido (scale} into a 500 ocu. cm. flask, and inscri
» . -T—

also "evex11 suripe or wires of coppsy, long enough.

to reach up Lo The mouth of the flask, Fill the
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DETERMINATION OF COMBUSTICH LOSSHES

&
&
ey
o
3
L]

1« .(‘

his oy GPlﬂunﬁ dnal uith the mnnhnds of deberidining

the enorgy losses assoclated with the products of combusition.

-

{
THPRODUCTION s
The largest cost in the production of pouer xcr hesb} is

the cost of the fuel itself, Large energy losses uwill reosuld

the proper relutzon is not maintoined betucen the fucl

Py

demond and the supply of
are available to maintain eutona bically the desired alr-fuscl

L3

ratio, In spite of wuwi

ditions. The excellent alr and fusl mebering systems of

of leong

evboriobive and airplane earburvetors are the resulb 8

and intenslive developuent,

Aubomatic combustion conbtrol seldom involves complgte

chenical mmelysis of the comb ution products, except when

.1 *

vhe conbtrol insbtruanent is beling calibrated or checied, The

control debector or continuous monibor is a simple deviceo

-~

ciploying one of the follouing wmethodss

1.~ The thermal conductivity cell ubilizes the highew

L PR
bl &

trical conductivity of (0, as an indlecator of

Q)

- .- 1.

the 002 contvent of tThe products, employing a Vheab

stons bridgo circuwli,

air for combusition. Affecctlive controls

de flucbuaticons in load and oporabing conw
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A
o
H

of

Ono

the btirve

Chemical absorpbtion cel are sn adaptation of the
principle of the Orsat, and the mesasured qu;nt“ Wi
is a pregsure differsnceo,

The density method is based on the higher density

[

oa-as compared uith the other gases. & palr of

fans, one handling exhaust gases and the ot ther aie,

’

cnab the position of

-

may be mounted in a balence so

the wnil lﬂdLO 1tes the percentage of'Cogg

A combustion cell may ubilize the residuel ozygen in

the products of combustion, and the oxygen conbent ig

z.j
thhn'lnalcabod Dy 2 berperature rige, Uﬁburne&

e

combustibles ave also-detected by means of combusbion

cella,
“1oumetc 5 can be arranged to measure aly flow and

L2

fuel flou, or ﬂuanti les proporticnal thereto, pro~

y

-

viding signals that ave used Lor maintain

e

o

ng the
degired air~fucl ratio.

of the dissdvantages of meny combusiicn controls is

lag inheront in theoir operaticn. “nother pracitical

difficulty is that of securing ond meinbaining a true avervsge

e

.06“:

=
3
i

g2

1

v
’7}

corbustion losses may be separabed
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1) Lioss to dry vroducks

{wte

This is given bys

"b »y 18
d: neEoduet o ¥ \L - %)

9 T TIp el £ S "t
wherses |
Lw = exit tempayaturé Cf,gaSBOQS.prodgcts of Cﬂmbnsticni??
G, = ontoring bemperature of air supoly, OF
-Cn—: s’pecz‘f_fic hea{; of ﬁhe dry Haust gases, usually sbout

0. 245 Btu/ib °F

4, = heat loss to Gry exhaust gases, Biu/lb fucl,

2) Losa due %o incommledse combustion of carbon

he heating value of 1 1b of cavbon when conbained
in carbon monoxide is 10160 Btu, md since the s=ue
woight of ca'fbo-n is contained in a vo_lxm:e' cf,el thep

G0 or 00, the loss wmay be compuised by

2
. G0 - = y Btu
2 T §5v ao, & O X300 s I5 fosl

there the symbols 00 and 00? represent volumetrle pepm

conbages of the Orsabt enslysi s, and G is pounds of

— ) -
‘gavbon {burned) pew pound of fuel,

0

3) Exdropgen-moisture loss

Fy

This represents the heat lost in the enbhalpy

o
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J Bt}

the water formed from the burning of combus ibl Do
drogen. %o ecaleulate this ldss, the supcrheated
vapor ab the temperabure of the gassouns pro&ucts

S (O‘) would be cooled, condenssd ab arouvnd 150 “F ,

and subcooled to the entering fuel terporature UF (Y7 );

e}

r ploﬂlmﬂﬁulya

=28 = [ 0.6 (5 ~150) + 1008 + (150 = & 1
43 2 [ or ‘g ‘ : ¥y

i

(3080 & . Bt
g 1 (1089 ‘O¢h6 tg t§) ? 1h fucl

-

whore H is the welght of combust tible hvarOMGH in L 1b

font

of Duel,

dua to moisbtuve in the Tuel

lt)

I
194
t
%]

T™his is givon by:

-7

9 =y [o 16 (« ..“fsa) + 1008 + (15()«' )j

u'{;u/ 1b fuesl

]

Ry (1§89 +.o,g6 tg‘n-ﬁF Y o,

vhere b "tF ~ have Phe same meming as beforc mnd ¥
g ,
is the weight of moisbure in 1 1lb ol fucl by analysis,
9) IOuJ due to hneabine moisture in alp
Since the combustion eguabtions assume dry alp;

sny moisbure in the air supplied for coubustion is
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{2

1b air S
ag = U % T 2 X 0,L6 (tgw— t&) s b tuel
wheros !

W = hunidity rebio of enboring air, 22 %O?St??a

8 ¢ & 1b dry aip
t& = termorature of enbering air , °F

b ¥ Gerperature ol exhaust gases , Sp

2

6) Hiscellonoous losses (including radistion)

Thesé are composed of the heat vejected by the
cooling system of the engine, radiab ion and convecuion
losses From bhe engine body atcg

| 7) Esefui heat

This is thé baleance of the heat supplied; when
all losses, items 1 %o 6; have bccn uuob“acted, Since
the input basis is 1 1b of fucl, the useful heat is
the heatiﬁg value of 1 1b of fuel minus all‘iosses |
(L to 6},

RESULTS S
For ab least thros sets of ongine spesd end Lorgque (hnc/or
cavrburehor aagusuﬂ.nﬁ} obtain the following dab

lo= Orsat analysis

2.~ Tempecraturc
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G,

3&“‘"

Dry-buldb an

e

aupplicd for combustion

Le= 3Brake horse power of eﬁgina

D= Tdcnu Cication of fuel so thet
sprrolimaied

Ge= “pproximations of cooling loszs

oy wwailablo nethods,
See experimenty Analysis

Orsat snolyser,

2

its

Fod
s

5 !

gb=bulb tormersbures of the

o

enalysis may be

of exhauas® gases

pve

nusLrg
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At presont the I8, enginag laboratory aguipment is ing=—

balled in the power laboratorys The following exist thore:

1.~ Single~cylinder tuo-sbroke marine diesel ecngine

omlad to a cradle mounted electric c_ynaz:or.;eﬂcm

-
3

Lo

24~ 3izecylinder four-sitroke Chevrolel gasoline engine
coupled to & hydranlic dynamometeon,

3= Singlowcylinder Japy gasoline engine coupled o an

i;w Hot-bulb émginm A single_--cyliﬁéaz* "'I;’Owﬁtl’olie - semie ,
diesgl cngz,ne squippad z':ith a Pmny brake,

Sa= Singloecylinder four-sbroke, variable compression ratio:
engine coupled %o a oo edlmmounuec. D,C, avnémommel. Tie
engzine 1:“3' be run eithor as & spark-ignition or compressions

: ) ,

gnition engine, by changing its heade

411 the above _enginandynamometer gots are pﬁope:ely Inge : !
poilled, and tesbs may be run on any of fhezzz, ; flowiever, tho nost

3

flexible and the most ugefnl of all is the varliable compression

w o

rabio engine~dynomomeler seb, With this set almost ol ususl
engine tests can be cavrrled out with the sngine operabting oltheod
as a gasoline or diescl ezﬁiﬁe ot various comprossion rablos.
Comprehongive ing x;n.r.,,m, ation is provided on the sot, (For

detailed information refer ol Thoais by Fovzi Taggl, “Analyais
of ._reuszwe Vearia ioﬁs in & ?‘aria‘x ls Uomprcsssion Ingine Gyi;mdszé

June 15, 196, Robert College, Graduste Séhooll,
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ticned sbova, there are

et
o
50
j
[o N
Hadd
el
J~e
&
H
¥
0
"
By
(0]
]
L&}
]
f]
o]
=
=1
oD
)
ot
s
i
@
2

Go= A ninew-cylinder radial sirvcraflt songine,

»

Te= Tuo, siz~cylinder four-stroke In line gascline enginos

2 TR P i e
Cam 4 V=B Ford gasoline engine

.

9e= A four~cylinder inclined Pontlac gesoline engine.

104~ & culmaugy model of & tuwo-sbroke singlewcylinder

sasoling enging,

4,

Items O-10 cbove cen not bs usged to porform szperimenis,
A

in the condition they are., The nincwcylinder radial agircrals
-anginé and the buo sixe~gylinder in line gosoline enginas are
old and they have znéﬁxy missing parts and scceoscories. Ona
of btheso tuo siz-cylinder cngines may be used Ho make a cube
swey model, and the obher should be kept for vprechising cngine
dilemaniling end reagsombling by _atudszzﬁa,y he ning~cylinder

2

radiel aircralv engine can not be uwaed for any ussiul puImcss,

The VB Ford sngine, as well as the four-cylinder Ponbiac
gasoline engine, should be preperly instslied and coupled Lo

»

cradle mounted elsetric dyneamometbors of sultable capacity,
]

Theo cub-auey model of a two-gtroke singls—cylinder gosolin

engine should be mounted on a sbnand,
T

W

Apert Lrom the two new cradls mounted oleetric dynamomsiorw

& gy Aet PSPy s ST ] ; 4. -3 K 3« 2 2 PO
requived, the following additions to the egulpment in the 1.0,

>

engine laborabory are suggested;
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Law 4 tWo=strolie gpark-ignition engine, oreferably o

e

single=cylinder ow a bwowoylinder model, coupled to o credic

%
PR
0]
£
ot
et
o
[
c-l
D
[aX
o
2
&
=1
)
¥
[
&
&

\ e E da N ot g o o . s
o= fn electric mobor-generstor sob of proper capseliy

LXE

to generate D-C for the olechvic dynemometers (when $hey aro

vsed feor storbing or motoring),

¥
3

In addition to usual laboratory squipmont likes

1)
S
[~y

cuperature and prossure gases
o) volimeters and smmobers
¢} graduatod cylinders

d) sensitive balance

5) hydromeber
n}cﬂiﬁmmz _ |
i) plenimeter |
5) ‘

Ir) Sling payechronchern

O

soliloscope

the following special equipmont ils neocessarys

a} Orsat appanfus 1 ea

b} compression gage with chogk volwvs 1 ca

¢) opavik-slug thermocouples 8 eca |

ey . . .

d) combination spord plug and cuavis PLoLGw U om
electric plcirmup

¢} Bowneing-pin device with woker cloctros 1 eon
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vy, A suggested layout is shown on the drawing in the

B

LOCATION AND LAYOUL OF {H

£aCs iCNS LADGATORY

adhi]

It is preferable to leave the X, O, engine law~

the Pouer Laboraie vy, ab present,.

=
Q
e
o
¢l
(e}
5
i
o
=
{
fo}
v
8]
fie
[
w
e
m
i

2.

Tpilities like waber end cleciricit 3 are available thers,

and there 1a no problem of objectionanle noise from the

oxheust of engines.

P

The layout of the c*ls Ging GQU'pf” nt is ssbisfia

-

T

pociiet insgide the back cover of this volume,
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l,~ Tiw Internsl Combustion Eagine

2= The Internel Combustion Ingine in Theory end Practice

by G P, Pa; rlm

ad

11 Son

9 !
tﬁ
L3

s
o
e
&

w

i”"
0
n
o]

dolm Hiley

1‘3

Je= Mochonliesl F“’zrr.mee_r:v_rg Loboratory, Instrumentabticn and its

Lo Internal Gombustion HEngines, inelysis ené Fractice
By Be He Jennings end &, Fo Obord

Intcrmabionel Texthook Cormpany, 19l

-t

Hew The Tos h Spgoed Internal. (30 bupbion BEngines

Be= HFigh Speed Indicators
b7 O, O Davidson
- U9he Buckmell Eng .s.nen.“” s fpwril 1955

-y . -

Te= Phe Inbernal i.;ombuut;.aon Engine (Volume 1)

wlord University Pross, London, Second Edition 193
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Internal Combustion ingines, Theory and Desig,

Py YV, L Moleavw

Holraw-Hill Dook Company, .Y, Sccond Edition 1945

g

¥ochanical Loboratory lsthods
~ T ¥ Tl b s e B s S < f e
by Jd, Ou Smallucod and F, VW, Xeator

DeVen Fostrend Jompany, F.¥Y. Fourth sdition 1931

Scavenging of Tuo-Sireke Oyole Diegel Engines

v
s - 5

The Hocillon Compeny, .Y, 19LO

*

Dicsel Publications, Inc., 10th Bditicn, 1959

by i, 8, Colomen
. " . e - ~*
Reinhold Publishing Corps He¥. 1955

=
Lo ]
!..!
§:
i
}1:(
15
q.l
L-J
e
[
C)
(i
Ty
i)
H
.}
[]
B
L
“
b
0
g
13
}.,J
[X&]
W
| 9%

Moo zmi.g.ll Boolr Company, He¥e Sizmth Bdition 19l

N T T T O T T S Sy
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LIS

s 't e .
Loy~ Thermel Ingineering
e L TH I S b} ‘j'. b 1%
Dy C. €y Dillio and £, P, Hye

o

Internasional T mtbook CGompany, 1959

17w iochenienl & wineerst Iendbook
Dy L, S, Hariks

YeGraimHill Book Company, ¥ ¥, Fifth Bdition 1951

104~ Kont's Hechanicod Bngineers' Hondbook
"30-71‘\1: Vo 7‘.(’ e -

John VWileoy and Sons, He¥, 12th Bdibtion 1957

19, uou“dal of Engineering Education®

.

(several issues

" Xew ASHE Publicabions
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A= Torvmles Used In I, G, ingine Test Colovlatlons 5
|
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Be= The Hepow ’
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fC"{L”ZfLs‘“ USED IH 1,0, ZIGINE

_ woylc outputb S vorl ouboub .
1 iuel enoryy LnpuG Gc % oHp Lipuh (17

!i

heating value of f‘ucl; Btu/1b

W = pounds of fuel

Cbviously both ountput and .L‘;ZD\)"C et be msasured in

thie cams convenicent bLims :z.Luc“vq.l and In the same unitoe

e et LoXN; - [
L dec Wa (e ucﬂf ’

W= work oubput in i"omlc
0,= heating value of fusl, Bw/.l.‘*

1.2 nounds of Tuel consuned,

W= o 776 c’cq\, ; (2)

. . M/win
Since p = "jj:«;;g;é"
.
{wo/min} 778 © ‘
then, np = / / o IVI {33}
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Fueleoir ratio, Fo= o ()
, W,
o
1Unero;, u, = ib ol air mixed with Ya 1o of Juni,
Substituting eg (5) in eq (3) and (L)
¥=vu J Ie {
8 el (6)
(w_/viin) J Po "
Np = e L ()
33000
2o Soocific~fuel and "ncc ifilco~air consunpbionss
Fpom cg ()
LH’{Vf/LLn) J cg {(un/br} do, (3)
M by = 33000 hp x 33000 x &0
(v /hr) ) - ‘
M,QJ 15 the pounds of fuel uscd ner hour fop
p .
-0
eae h horseponer developed, or the pounds of fuel reguived
por horsopowershour of Work dona., ¥This is caolled the
specific fuel conswpilon, sfc .
From og (8)
. 33000 = 60 = 2305, 1b of fuel/bpudw L9
sfo = . - )
s} 8
a " el
Samilorly m oeg (7))
o

’

el ds the pounds of alv

used par

noup Tox

",
G

(o)

7t
-
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horsgpouwer developed, or the pounds of alr required pew i
hersspowerwhour of uork done. This is called the spoeiiic
ailr consumpbtion, sac !
From eg (10): f

! EhE S fy o

.3,;*’900 % 69 = %)ZL; 3 b ol aa.z‘/llpwhr (1d)

gag = ¥
(43 W) EA d@c/yL

o]
b ald
w0
o>
8]
)
X“'
[
i
1%}
%
o
=
B
5]
4]
1t
e
i

she cylinder gases on bths

lcated uork VWi, and the correse

ponding efficiency is called tho indicabed themnel eolfis

lig= Do , bsfs , beaa

-

s uaed for sfficxency, thgn,

N\buﬂ.

&

-

conswaption 1is called brake specific
and the spoeific air consumption is

f1lc air conswpbion (bsacl.

Similamly, 1T in eq (L), {7}, (8}, {(9),

G
¢
(o]
e
g
£
i
o
3
[l
v}
u
L

the corve

“pvowey is celled brake horsepouer (b&n), the gpecific fuck

fuel consump

catled the brake oooal
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j ol
@
vl
&3

L8 dn og (), (7), (2), (9), (30), or (1), Ny =0

(P2

used for efficisnecy, thon, the corvesponding horsoposy’

is ecalled indicabed horsepouer {ihp), the speecilfic fucl

-

£}

B

censunption is called indicabsed specilic fucl consumption

ERSY - " N R . " s o - .
(isfo), and the speciilc air conswmpbtion is colled fHheo

"ic air consunpiion {isac).

¥Mean effective pressure foy a cylinder 1s dsoflingd ass

Weyels inelDd = oo Z
/evel , 3=lD o oy {12}

forl off engine = Ipp X 33000 x 12 , 7%

Lo

wacret n = total number of cycles per minut
(for o Tour-gtrolks cyele engine
‘ e Lo
n = nurber of oylinders i =5~

f o

From eqg (L2}, therclore

hn x 32000 o 12 ned {223
men = 2 3 e . Ey.
s}
wneres ¥, = displacenont velume of one cylindex, in”
“%
0%, ‘ WMo % nxv, \
3":(,‘ -~ d (iﬁg

AR AR AR T SRS ST 05T e R T R
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Ta= inico . bmen 2

g

poucy, the corresponding nep is called indicabed mesn
efiecctlve prossure (imc-‘:;:;‘)s If Dhp is used for hovecpowom,

LU

nding mep 18 called brake mesn ofioc

1S
s
H
£
%
=
<
(6
Lol
&)
3
3
(0]
g
O

pressure (vmep),

The imep can also be calouvlated Ireom an indicabor

diagran, if the arca of the diagram !_presmm 2 volume

.

»

= & ~ » - - » - - o ~ ~ .
{lb/'wz“) % in3d = :mwlo} ig divided by the length of bho diaw

crom {which wvepresents the displaceasnt vo ?.L,.})o

B owilochenical Bfficionov

it is delined ss
¥z 2 ’ y
i -~ bhp = buep _ -{a)
/v[mecn - ibp imeg

On the other hend,

(16}
vherod Ihp = frictimi horsepoo®

Combining eq {16) with (3«5)

o = LIDeIhD @ ) e 202 {
NL meen . .Lpﬁ? ":' ,,.,)

b
U
)

K
[yl

Froxi ea {li)

— | (wpfmin) &, 4
q > e c o, . B
1 . e » Ll‘ 133
inp = - S R (17)
33000 :
indicabed thermal efiicien ey

o
=y
o
L
&
aw
—3
[
i
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A N

L

and :
- (f.-;i,/::.in) 7, 1
Ty £
bh.p Py .- ‘ o : Dbh
335006
whores ﬂl‘wh = brake thermel efiiclienecy
Dividing (18) by (27)
bhn - = "o

Similarly Lfvom eq (9)

-t
s
w

- (S
(6]
6y
;.»J.-
73
-y
(e}

i

wheresd bsfc = bhraiie gpeciflic fuel cons

isf0 = ﬂb&anQ
nsfe Maen ‘ keiatsFal
ith
¥rom eg (19} or (22)
= A =
" bih Q ith NZ nech

tafc

i

W
-

4

L

Ofle

,ﬁ,
i
=y
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compreasion

1
H

(g?/cv) for air {

rabic

104w Indicated enzine ofilcicncys

ll""v”?d

. > -

ricleney rabio, is defl

/VL il

1)

il

Wlid

e

cngine efficioney:

és

I g,
L3

Tined by:

i

Nlb engine

t;-
i

1

-

ol

ad by

TR T IO T T e SO RS £,

‘“"'.n wl -n jd iy ??

= di yJ_L}—v.

?, = inlobt alyr dens
i
o= :

3

1o

12.= Ale capacily and volumctric oiivicloncys
The ideal alir-copacliy Lor a Loure-siroke

Y

e PPN 4
Qi /i

PAGE |}
BEBEK , ISTANBUL
! .
Oe= Ldeal sfifficiencys
It is defined as
Teml, . ;
: . 1 ST
at. =] (§ (25)
idegl ;
uhergs =

o oned 2
SLELNe L9

ement volumoe of one cylinder

R
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Ir wﬁhﬁmln ig the actual air consumbicn of the

=h

LY

Stz"c_)k.e enginec, then, the volumstric efficiency is dai

LOTL - 3y w V. o
midsn = b it
P g i
Ja
so that
k% Iol

e

Wn o B E A E RN Ry

moss of glr onbtsrins oylinder ner sue

o{
]
<
*v-!
i

Vg

=
LU0 L e T
iaitaennn SIS QU ST o
3
[

52 > B U " oy -
L e SCOVONININT TOLLO0 s SCATVLR

Tho idezl acir-capacily for a two=strole engine

nogld be

SR 4 - fmd e . - T e 3 .
¥ /min = ypm oz U oz Ve X ¥ ater/min

e ) - —— S Je hd -t - I’
vhere: 'V = Gotal volume por ovlinder & V., I wweeen
- _t ‘ = P a :;:;_,.L

oy — ' Fe] <} L P
i = pumber of cylinders

o
33
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4

sbondard conditions,

Te corrsct ths moximunm pover ocutpubt of

9
3

enging - AR

Iy

P I 23 . gy A B
DGLON LACGoY

]
o

to standard air conditiona the Lollowing corre

should bs usocd,

0 09 de
= TV 2- N - {26)
L = i NEES -

CF = correcbion Tactor

Pq = beromotric preossure, inches Hy
14
I = gbsolute temperature of alr entering ithe
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IHTRODUCTIO

Aftor making the GV§G”1¢Pﬂt and obtaining the datba,
thé stuéént mst report the resulis,. For nany students,
the writing of a satisfactory report is almost as Aifficult
as making the test, Perhaps ocne reason for thié is that-
bhe 1 1i£ing.of the report ie not approaohedvby these stue

dents, in a logicsal, engineering manner,

There is no single, sll-inelusive form or set of

=

nsbructions which c¢an be given for writing an engineering
vemo&t, buu underlying Principles can be discussed, There
are nany factors waich affect the nature of the reports
Some of these are the nature of the test, the kind of
resulbts which were obtained, etc, In general, housver;
the rcport rust state the purpose of the experiment, how
it wes mado, and whal the resulbs arv, -and muqt conbain

an snolysis of the results,

M™ese. are the minimum requirements, An extensive

report may contain the following pavrist

T 2sm= Object

Jew Sunmary

‘.J

o= Theory and analysis

Ge~ Description of apparabtus tested




;fﬂ 5

I.,= The object

tense, using complelboe sentences,

”hvs SCCtLOP not only informs

end purpose of the experiment, bub

own gulde to all that is to follow
in the report is relabcd So s obj

can be omitted,s

should be conclise

Ly stabed, in The past

the reader ol the nabure

also becomes the writerts
in the reporv. &Ll materisl

605y ond enybhing unreleted

'ROZERT COLLEGE EQADU. Te SCHOOL PAGE 1q{§
BEBEK , ISTANBUL ' 5
6o~ Instruments, cquxnmcnn and methods.,
74"‘ Data
8o~ Results
Qe Conclusions and recomméndatiOﬁs
10,~ Discussion
1l,~ Appendiz
The following list and commenits will furnish sugpestlons
for checking the quality and complateness of a reporbt. It is
a good practice o write the report in the third person (pas-
sive voice), past Lonse,
CHECK LIST FOR COMPLETE } REPORT:
.Title and objceb:
l.- 4 title page should bo used with full identificabion,
including nemes and datses, :E
: ‘ |
2¢~ The title should be briof but Iully descripiive,
Je= If the report is long or compleX, a table of contb n%sr 
should follow the title papgs.
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Sr— AL

SUMMARY:

l,~ & pood rule for this section is to require that
tie first sentence stabte what was accomplished,

2e= The swmary i1s not a condensabtion of the eftire
report, bubt rather a short statement of Hhe results schicved
~and en indication of tho scope of the reporbe

3.~ Gonclusio ﬁs and recommendabions should also be

suwrnnarined,

Yo~ The summary should be informative, not simply

Tnils section should indicaebe %o tho readey wvhether or

' nou he will be 1nﬁe*vsted in the full text of the ropori.

THEORY AND AWALYSISS

le= Pertinent principles, lays and eqguations should e
stated, and eny unfamilier bterms defined, ]
2qw Anglyitlcal Giapgrams such as Theoretical eycles, or

energye Dalqrcc d*ngﬁem shovld be included.

e

30w The nature and significance of coelficlsnis, correge

tilon factors, or eilficlencles #fliculd be indlcated,

AP PARATUS O{ HACHITE TESTEDS

1
3

Thic is an important sccblon in performence

(!
ot
B
cf
&

Full and accurate identificetion should be given,
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Photographs and skebches, together wlth nemes, ratings, classie

) -

flcations, and sizes, will aid for idenbification,

INSTRUMEN TS, BQUIPHENT AND METHODS:

.

L.~ Instrument ronges and identificaticon nurbers should
2s= A skotch of the best set-up shoulng relative posiitilongg
connecbions and flows, and locations of instruments should
be included,

3¢~ The na sure of Uests or runs should be statede

=

L= Preliminsry tests, duratlon of runs, and frequency

-

of readings should be indicated,

2.

- He= Specisl precautions for ob‘i..a.::x.,_nfw accuracy and mesns

for controlling conditions ubOUld be described,
6.« The independent variables should bs indicated,
DATA AND RESULTSs -

1.~ The Pindings should be summarized

i
9
4
1)
o~
<
o
jo]
+3
©

supporied by tables and graphs as required.
2.~ Tables should include perilnent materisl ocaly, Orlis

ginal daba sheets and obther data should be ploced in the

appendlix,
< - - (3] (] b By J .
o= Graphical representation o? the resulits adds clsarmons,

o= Deviabions Ironm smooth curves should bo carefully
checlkteds 4pparent devisiions should be po&nted ous and

sxplained,
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eI Ty NG AN

DISCUSSIGN, CONCLUSIONS AWD RECOMMINIDATIONS:

1.~ Conclusions are %o be deawn with “ole%nnco to the
previously stated object of the experiment¢

2+« Each conclusion ghould be supported by qpeci‘
references to data and resu1t59 quoting numerical valuss,
and guiéing the reader from facts to comclusions.,

_3;~‘Conclusiops should follow diréctly from the nvﬁmricai :
resulis qﬁdted, Conclusions are judgments, not hoppenings,
but ﬁhese}jﬁdgmsnts ;hould be supported uhorever possible.

o= & analysis of the accuracy of methods, data wnd

results 1s a nece

w
m

ary . support for the conclusgions, This

3

in

s

includes exanination of probeble errors in observations
sampling the various quantities {(duration of rung and free
quency of readings), and in the formulas snd compubations

involved,

5~ fecormendations are often mere important than conge
luslons, »Student experiments are frequcntly'bamoewcd ov lack
of time and UKUO”LCHOC@ shoritcomings of methods and equip=
ment, ond insufflclent attention %o accuracy., Recommendat ohs 

ghould be nede for any changes or further work that would

more adequately accomplisi ths original objech,

&
i
o
ol
§<..
T

§

6o~ An important rule to remamber vhen writing

(%)

cussion is that any part of it that could have been written

1ithout doing the experiment 18 not an eveluation of theo wor:

-t

done, nor a conclusion therefrom,
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