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THE n·1PORTANCE OF PRACTICAL TRADIDilG 

MID LABORATORIES 

In the early days" 'Hhen engineering first made its 

appearance as a profession" and during the .r-lrst period of' 

its devolopment, an engineer was supposed and expected to 

knot,] the practical side and the teohnical. kno'l-J";;'holtJs of his 

profession, 1.."1. addi tion to being 'Hell acquainted '-11th its 

theoretical side as 'Holl. There could be no excuse for a 

mechanical engineel"' '-lho lvould no t knOH hOl-J to handle" operate, 

adjust, and even repair any machine t~t existed at that t~~eo 

He actually 'VlaS considered to be a me.chanic" Hho 'Has 'l;1ell 

trained in theory" too •. 

As a result of the rapid development of science and 

technology, it is not possible any more to give to a young 

engineer a thorough theoretical background and also train 

him as a skilled me cbani ° , during the four or five years of 

College or University education. Because of this" Illore 

importance is placed on theory than on practical training 

during this educ,a.tion period, and the young engineer is ex

pected to learn the Pl"uctical side of his profession in the 

first years of his elllplo'YI!lent in industryo 

~~-

But it is a knOtm. fact that theoretical education and 

Hhat industry a.ctually del1lf:L'I1ds are tHO different thingso 

AJJ;hough todaYI mechanical engineers are not required to be 
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able to compete vJith skilled me-chanics" hOl-Jever, they are 

eJ;;pected to have. some practical experi.ence. 

PAGE 3 

T'ne vro"ious laboratory courses 1-111.1ch a student is require, 

to ta..1{e during his education, might be cOl1sidel:'ed to f'ollm 

the cra.dle of his practical ezperience. It is in the labora.-· 

tory that an englue01'ingstudent has the first opporttUlity 

to get acquainted and become familiar ,.Ji th variotl.s measuring 

instruments, theil~ calibration and use, actual measuremell·::; 

techniques, application and/or verificatiol"). of theoretical. 

prinCiples, opera;t;ion and testing of equipment" : accul"acy and 

limitations of' methods and processes,· 0 lic. It,therofora, 

1'ollm-1s that in order to enable a young ongineer to begin 

his actual. tl"ainlng in industry 1;-Ji th the least possible degree 

of difficulty and disappointment, it is essential to a quip 

him uith a good labol"atory{ experienOG o 

No simple statement can or should be made of the object 

of mechanical engineering laboratory •. It; is certainly not 

a course i.."'1. machinery testing, nor is ita series of dsmons-

trations to verify clo.Dsroom theory. The object ot: a single 

G)..'"Periment may be narrOH 01" specif'io (to calibrate an ins-

trurllGnt, tiQ measure the prQpel~ties of a t:luid, or to obtain 

the performance curves for an engine), bu"ti, as it 'Has men ... 

tioned before, the real purpose of the course is to provIde 

occasions and equiplucnt for the begiP~ing of actual practice 

of the profession of mechanical engineoringQ 
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The intern8J. combustionengina has becoma such an importan't 

servant in everyday life that every mechanical engineol.~ nmst 

have sound kno1.'.11edge about it.. It is t1:t..e l{ind of oquipment 

that generates more pOt<1er' than all others combined. This is 

thepresont status ot: the internal-combustionengina. Perhaps 

the gas. tU.rbine or atomic p01'lar plants \·#i11 cause sudden shifts 

but versatility and mass produotion g,i va great eoonomic advant

age to the piston engine" and the gas tux>b1ne. is a combustion 

engine" anyrlay. Teohnica.1 advantages of the internal combustio 

engine include economy,. rapid acceleration and deceleration" lJ 

t-lide speed range .. I'eadlly availa.blo fuel, great rQ..."1.ge of sizes, 

lightness and compactness" ease of control,l'>eliabUitYI long 

11fe 1 and high torque. 

The compal'atlvely high e:tfici-enoy end. ralinbili·ty ot the 
" . 

'modem high sp~Qdintemaleombustion 'engL"1.6 is ,mainly due to 

the Bflplic.ation of test and researcb. ini'ormation and resu~ts" 

It can be sta.ted thattha only satisfactory methodo!: devolop ..... 

ing present-day engines is along the sam.a l:ines. In 'the 0or~y 

days otthc internal combustion engiJ.le, the designer llorked 

in ,an atmosphere of doubt and 1.U'lC6l .. tainty, but 'Hith time he 

gradueJ..ly gathered. inf'ormation and design data; as a resuJ.t 
~--

of constantly testing, adjusting: and malting changes in the 

ezist:1ng designs. The application of the :bast data enabled 

him to improve radically his products, 'to £ormulata thoo:I"les 

in order to aXp~a1n the observed phenolnena.~ and to predict" 
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as far as possible" the, E}ffoct of certain changes in the de

sign. Very often" Gl.so, i-10\16 searching tOI' an e.xpJ.ana bion 

oJ: an observed eff'oct" he ended 1>Ji th anothal' and much mora 

In this cor~ection the sema possibility , important ras~llt. 

OAists even toda.y. 
, i 

l1'ha testing 01' internal combus·tion engines usually i'a11.s 

into one of three categories, as 1'0110\-15: 

~~~ Routine and acceptance tests 

2.- Tests o:t ne~l types. 01' designs to study the ef1'ects 

of certain design. changes 

30- J\nalyticaJ. or research tasta o 

The former type o:f test is that generaJ.ly carried: 

out at ractol~ies, in order to ascertain vlhethex' an 

tmginegives about the expected output, and to test 

its reliability. This is aSLmple t~st. 

The se,cond classoi: teet ,is a l!lor~ thorough one, 

Dnd iIlvolves ·the USe of additional,apparatll,s and 
1 
1 

It includes te,sting of the ezpel"i'l l11sthodsin g~neraJ.. 

mantal designs of {)nginos '¥1hicb. are intended for the 

market at a future time. The modern tendenoy towards 

higher and higher ef..fioienoy and output from a gi VGn 

size 01: engine ,and the GXis tones of competition 

eJllong fil~s$ makes necessary foI', the, manufaoturoI'to :UJi 

prove; andredes5.gn his pl"'oducts constantJ.y.. It is 

i 
: 
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olear that thlstypo of test is a very important 

one, because the Hoole future of: the interns]. co~m

bustion engine depentls on it, as ff:l.J:! as CO!lilllel.'cia~ 

pl"oducte areooncemed., 

The thiTdtype of tost comas into the dom.ain 

of scienti1'ic researcho It is undertaken in ordor 

to find aut the reasons for' complex phenomena knoHU 

to occur, to test the validity of: 6:xplenatory 

theories, t'Jhich may eventually have greatmfiuonce 

upon design, and to analyse the behaviour ot exist;

ing and, net>] types of engines 11i th the purpose o£ 

indicating the, ways in t,ih;- ch they C8J.l be. irnproveao 

lJ.!he onl-ycrl terion l;>y lihich . the peri'Ol'lnanOe, Dna 

possibilities of an entirely net1 design. of engine 

can be accuI'ately determmed is that of re'som~h 

rasul tB.. Thus ,a ne~) engine tvill be set upon a 

test-bed" and its speed~ torqusl 1\le1 and oil con

sumptions, .brake end indicated pOt'lsr, volumetrio and 

thermal. a.t:i'icienoies" a,."1.d heatbala.nce, etc., cal ... 

oulated.. From the results, a comparison 1'1111 be 

made l"D. til thOse 01' ozisting, Ol" ideal; standard en

gines, and a definite opinion nill be formed as to 

its possibilitie$~.V€'Jl"Y frequently nlsc::, the pro-

cess of: the invastiga'liion lIill indicate the direction 

in 11hich benefioial changes can be Iilado o 
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. The internal combustion engine is a comp~ex machine 

PAGE '1 

t'l1hich presenta -to the stu.deuts a 'Vlide variety of problems. 

Experimental analysis of these probleJ.Tl..s is of interest not 

only to those who intend to specialize in the fie~d ot: inter

nal combustion engine~,buteJ.so to m.echen<hcal engineering 

stu.dents in general." because the_ internal combustion engine 

l)I'ovlc1en a convenient piece of equipment in. 't~bich i:mportan:b 

app1.1oationa of many baaiephys1cal and enginaeI"lng princ:ipJ.es 

may be· found. 

One of the primary purposes of tho internal oombustion 

eng1D.o laboratory must, as the title implies, be t.he experi

mental. invastigs:Gion of the various problems involved in. 

the l..'fltal:nal combustion engine, and their influence on its 

pel'i'or.mance. HOl·zevel", the laborawry,or ezpeI'imental., approac~ 

to internal-combustion engineering does not begin and end 'Nith 

engine testing. On the cont;rary, it raust begin 1'li'l;h the basio 

e1q1erimental studios in tb.er.m.odynsmics, f~uid mechanics; oom";' 

bustion, and heat transfer. It mlist include a kno'i~ledge of 

:Lubrication, propel'ties of fluids, pu.mps and CDmpl"'ossOrs, ins

t2~antationt and controle These are good reasons ~my the 

subject is taug1J.t in the seniol~ year. Most of the courses 

. taken in praviou8 years contain material 1;!hich is of value 

inun:del"st&~ding the details of op(;).l'ation o;Cinternal. com .... 

bustion enginose 

~ ____ h~ __ .. ~~ ___________________________________________ ~ _______ b_-=~ 

1 
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EOrl THE EXPERTI4ENTS \-JERE SELECTED 
4 • 

AND DESIG:NE~ 

Ha..11.Y experiments may be run on intel'llal combustion engines. 

These .may be either direot~y re~ated t-lith the operation of 

the engine itself, or they may be auxiliary expe:r'iments l'zhich 

help the student got acquainted "lith the operation" adjustment, 

or·maintenance o£ various parts· and componentsot an engine. 

Another group of experiments might include methods of 

measurement of pressure, temperature" speed .. torque, pOHor, 

rato of flo\-l of fluids" fuol-air ratio" .etc~" all oJ: 14hich 

oonstitute the necessary tools for the determination of the 

effects of various variab~es on the performance of an engine. 

stil~ another group might consist of methods for adjust

ing . and/or determil'ling spark·' advance, vaJ.ve tilning" compros-

sion ratio, engine dead centers, etco 

The problem of selecting vJhat1s Horthy of illustration, 

and designing an expoI'iment to illus~~rate it, is not as 
oasy as it might appear at first glance. 

Sillmli,c-1 ty and Comnleteness;:, 

!he experilnen t should be so designed that it vIill clearly 

indicate the effect of a oor-tam variable" on the operation or 

the eng:ine. It shou.ld be simple, to ena.ble the student to 

feel the dependence of the performanco of the engine on that 
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specifio .variable,uhile running the eXperiment, a.t"ld not 

simply by trying to,interpl"et in his report a number of 

. data taken some time ago, very often l-1eeks ago, 1-Jhen the 

e.xperiInen t 't'\las actually madeo 

PAGE 9 

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

not overlook the interdependenoe of certain variables, and 

their mutual efreots on the overall performanoe of' the 

engine. 

kength of exoeriment:' 

Time available :in a laboratory period is aJ.so of' im

portance in designing an experiment. 

The experiment should be planned in such a 'Hay that a 

normal laboratory session 't>lil1 be sufficient· .for its comple

tion. It is not a good praotice to continue perfor.mingan 

experiment for a considerable length of time after the end 

of the . laboratory session devoted to it, or to Ot1.t it in 

hal.f', and' complete i tin the neAt laboratory period. In the 

first case the students loose interest in the experiment 

itself., and they simply try to complete it vlithout actually 

understanding vlhat they are doing. In the second case the 

contiLluity of the experiment 1s lost, since it is not 

possible to duplioate. 1abora:'tiol.'Y conditions exactly as they 

1lel~e during the first half of the experiment Q 

j 

.1 
1 

1 
·1 

1 

1 
I 

i 
i 
~ 
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Ho:t46vor, despite the fact that its educational value is 
affected inboth oases .. occasionally an experiment 'Hill have 

,either to be extended beyond .the nonnal laboratory period, or 

to be completed in the neAt laboratory session. 

EQU IPNENT t 

Availability of equipment and Gpparatus is not very 

important in the present situation, since those vJill be seleoted 

snd their purchase decided on the basis of \,iha:t is needed 

for the e.=tperirilen'lis. In other t-l0rds, the fact that some of' 

.the necessary equipment might not be O.i>is'ting in the labora-

tory at present, introduces no problems. 

H01-lever:C:l in designinG the experiments, an effort has been 

made to keep the numbel" oJ: speciaJ. oquipment (requix'ed only 

for Ol1e experiment or t't-]o) lOt'l, il"l order to make the realize.." 

tion of the laboratory possible 't1i th a reasonable alUount of 

money" 

Ot-ling to the limited number of laboratory sessions avail"": 

able during one sames'Ger (the' course on internal combustion 

engines ......-i5 normally taught in one semester); some of the eY.peri~ 

ments had to be shortened and oombined into' one unit capa.ble 

,of being oompleted in one laboratory meeting. 
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EDUCA~IONI~ VALUE: 

The most important i'o.ctol" in selecting the lIarious 

experiments" over and above all other criteria" 'Has the 

educational value or each one" that is,, its capability in 

aiding the student understand a particular phase of the 

operation of the engine, or the role of a certain variable 

on th~ performance of the engine, compared to the time 

required for its, co:mpletion. 

As far as the a~"tiliary ezperiments are concerned" the 

selection of enop. one oi'them involved the evaluation of 

several points l the most important of, 'Hhich Vlere the 

.follo !-ling: 

1.- Importance of the equipment or method 'involved as a 

tool ~or handling a particular problem frequently encountered 

in internal combustion engine eXperiments. 

2.- vlliethel" the, student had s:n.y chance to become f~liar 

l-D. th the operation of: the equipment or the application of 

the method in courses taken in previous years. 

" CHA1tAGTER 0 lit THE EXFERII1EliTS: 

The experiments presented in this 1:'10rkare intended to 
~, 

guide the instructor 01~, the student as to "Hhatto ,do and 11.O\-J 

to do it, usually giving himthe,rnethod of approach in general. 

l.ines only.; but not very seldom, going de~PGr into details , 

i 
. i , 

I 
j 

j 
J 

I 
1 

1 

1 
j 

! 
I 
l 
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too. In this waYI a certain degree of ~lexibility is 

allowed~ to satisfy special interests and needs of the indi

viduals. 

It is the author's beliei' that an experiment becomes 

more instructive if the students are given the general outline 

onJ.y, and they are allol;Jed, and expeoted· to 1<1Ork their Ot1n 

detailed methods of attaolt. This approach to labol"atory i.·lOrk 

makes the student s feel more important because more respon

sibility is placed on them, and this in turn stimulates their 

initiative. They begLn to trust their abilities and quali

fications as engineers and try to e:qJend their oreati va 

thinking •. 

lJ.he old method of giving to students long and detailed 

experiment sheets is not considered to be a good approach, 

any more, because in this case the s~1dentsl initiative is 

not required to play e:ny role tOl-lards the solution of various 

problems, since the solutions are already in their hands, 

T'uen" the only thing the stUdents have to do' is to f0110l-1 

step by step the instritotions given in the experiment sheet" 

record the data called for, e:nd then faedthase data into the 

fOl"'IlltUas given, i'inally Coming out i.1ith'a result" \'lhich 1110St 

of the tliaes maa~s very little totbem •. 

It is obvious that such an approach to labol-aatory 'Hork 

is far from being interesting and of any bane fit to the students 
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J:S'Z7. "H.%~ 4 

On the contrru:'Y, in .JGhe method used in the present 

'Hork" the s,tudents are encouraged to consider the E':~eriments 

not merely as means to oollect some empirioal data, but 

rather as tools intended essentially to help them cultivate 

and develop ini tiati ve and self-reliance t as 'Hell as the 

spirit and teclmiques of ra.tional ezperimental investigation. 

j 

1 

I 
j 

1 

1 

1 

j 

l 
, 1 

j 

I 
I 
i 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE llf 

SEBEK. ISTANBUL 

PART ~vlO --

I. O. Engine &-periments 
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ENG;llffi INSPECTIOHS 

INTRODUCTION: 

Time is usually not available for obtaining the general 

·dataon an engine ·during the same period ,-men a test is run. 

It is important to collect the general. information required 

by the test" and if this inf'ormationisavailable pl-'ior to 

the test" it is easier to interpret the engine performance. 

. fience" this experiment covers a ~eneral survey of labora

tory equipment and the assembling of preliminary data on the 

engines to be tested later. 

IlfSTRUCTIOliS: 

(1) Hake a list of the engines set up in the laboratory, 

giving name, t1Pe, rating, speed range" etc. 

. (2) Hake a separate list of special equipment and instru

ments available for the testing of internal-combus-

tion engines. (Record the data on forms similar to 

the ones provided at the end) 

(3) For the spark ignition engme ma1{ean actual measure

ment o:t: clearance if' possible, by removing the 

cylinder head and filling the combustion-Chrumber 

~ recess t"lith oil from a gru'duate ("lith piston on top 

dead center). 

I 
I 
I 

J 
I 
i 
I 

·1 
1 

.1 

I 

I 
I 
.1 

I 

(Ii.) Mesure. the linear opening of eaohvalve on one oylinder i 

__________________ -m ___ u ___ • ____ ~ ____ ~---------~~ 
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o£ the engine, at intervals of 1$ degrees of crar~ 

angle, over the·entir0 cycle. 

(5) ,Locate dead centers by the fu"'1.gular method. 

(6) Determine: 

. REPORT: 

(a) breaker-point gap 

(b) spark-plug gaps 

. (c) spark timing • 

(1) Present the lists and forms in orderly tabular form. 

(2) Plot a curve of linear valve lift (on ordinates) , 

agai..nst crank angle for both valves. 

(3) Indicate dead centers and spark timing on the same 

diagra.m. 

(4) Calculate theoretical otto and diesel-cycle efficien-· 

eies by the. follot>1ing equations: 

~-. 

k-I Eotto = 1- !' 

E = 1 _ 1 
. diesel T-I 

!'. 

Hhere: It = specific heat ratio (= I.Ll) 

r - cor~ression ratio 

s = ratio of volume ~ fuel cutoff to 

maximum total volume of cylindero 
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(,5) Define or explain· the f'ollovling engine terms: 

(u) ca.'1lshaf't 

( b ) or ank shaft 

(c) push rod , 

(d) l'1!'ist pin 

(0) injection valve 

(f) connecting rod 

(g) distributor 

.-~.~ .. - .~-~~------~--.----

PAGE /1 1 

"."_ .. -J 
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1. - :SUg ine make 211.d mo del 

2.- T~~e of service 

4f>- Utullbor of cylinders 

5.- Bore X stroke 

6.- '.rotal piston Displacement 

7.- Clearance volline 

G. - CompI'essiol1 l-aatio 

9.- Con~ros3ion pressure 

10.- Cooling system 

11.- Carburetor mal;:e fu"'1.d model 

13.- Firing order 

16. - Control of spark advance 

17.- Lubrication system type 

18.- Kind of fUel 

19,,- Hea~.;ing value of fuel 

20.- Grade of lubricatinc oil 

21. - Dynrunomete1'" mruce and type 

22 .. - Dyna.mometer ovvm lenGth 
~-

23,,- Room temperature 

2LJ-- - 3ul'"'ometric pressu1"'e 

PAGE IS 
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GENERAL Dil.'.CA Oli' DIESET.J EHGI1JE: 

1.- Engine mal-::e and model 

2 0 -
il'ype of sOI'vice 

3.- General tiype of engine 

4.- Speed 

5$- Numbel~ of cylinders 

6.- Bore v stroke .i\. 

7.- 'l'otal piston displf..",,-cement 

8.- Compression volume 

9. - Compression ratio 

10.- Compression pressure 

11.- Type of cylinders 

12.- Piston type and length 

13.- Humber of rings aDd Idnd 

lL~.- Cooling system 

15.- Typo of fuel injection 

16 0 - l~lel injection pressure 

170- 11o.1:e and model of fuel p1.LY11p 

lR .. - Injection valva location 

190- Injection timing 

20~ ... Lubrication system 

21.- Grade of' oil used 

22 ..... Puel used 

23.- HeatinG value of fuel 

24. - Hcthod of sto.l"tine; . 

PAGE I CJ 



25,,- DynmnOTIletel' 1118.ke and t'ype 

26 0 - 'forqu0 un:n length 

Z7.- Haom JGcmperature 

28~ - Barometric pressure 

~-
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Ol" AH Il7'l'ERITAL COHBUSl.lIOIJ y;:,'rGnm -

IWfnODuc'rIon: 

Huch specialized equipment has been developed for the 

service testing of engines, but most of tho important 

checking may be done Hith simple equipment, including a 

fOv] electric metol's and pressure gages l.dth suitable Hiring 

and connectors y 

Engine tests may be devided into three classes, for 

che c1cing: 

le- The general mechanical condition 

2 0 - 1lho electrical system and its parts 

30'" 111e fuel system. 

Heasuroments of ,compression pressure and of the vacuum 

in the intake maill1'old Givo some idea of the condition of 

piston rings 8 cylinders and. valves. Electl"ical tests are 

concerned mainly Hith current and voltage readings on the 

10vl-'(;ension side, end voltage and spark-gap 'Gosts on tho 

high-tonsion side. Aside from a 1m-! charGe battery or poor 

connections, ignition def0cts are most liltely to be found 

in tho-spurl): plugs Ol~ the breakor pointn, although occasional-

ly S. poo!' condenser or a faulty coil IJill be found o 
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Pel'·fol~mru1.Ce of the fuel sytem. is usually checked by 

means of the exhaust-gas onalyser, Giving appl'o.7.imate read

ings of fuel-air ratio. 

Hhen tests of each cylinder are made in raultlc~rlindor 

engines, as in m8a.sul"'ing compression pressure or tosting 

spark plugs" the unifol~mity of the l'eadinSs is of more 

importsnce thfu"'l the ir absolute value. 

EQ,UIPHEHT: 

TIle checking and tuninG-up of an intel~nal combustion 

onsine can be dono Hith ordinary tools ond instl"uments, but 

special testers, if availablo, are of course more convenient~ 

IHSfi'RUC'l'IOHS: 

'1:he folloHing list covers the Simpler adjustments 8.-Tld. 

the more important tests: 

A.- Chacking the general mechanical condition of the 

engine 

con.nect; vacuum gage to intake :r.:3-'r1ifold. Note 

gage reading and fluctuation at idlinG speod o 

Also obsel've chonge L"'l ga80 reading t-lhen throttle 

is suddenly clo sed (l"oleased) after' high speed 

operation. 

I 
! 

I 
l 

I 
] 

I 
I 

, , 

1 

j 
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cylinder '-iith compression gage equipped 't-Jith chect: 

valve. Recheck each cylinde:'.' after squirting in 

a little oil. 

3.- Clea.l1. and -test spark pluGs" 'l11en adjus t sp arlr 

gaps of plugs and replace them" 

B.- Electrical checking, pri:ma17 circuit" 

1 .. - Check t;he specific rsravity of the batteI'Y solutioL1" 

20- Connect volbmotel" acrons battery, and chec!·: open-

circuit volt age 0 

3,,- Connect voltmeter to e;enerator lead and "ground, 

and check genel'ator voltage Hith engine running 

at about 75~'t maxil11ura rated speedo Checlc voltur:;e 

vlhel1 engine is turned by starter~ 

~-.- Hemove distributor cap, and ;nspect. 311 connection::;. I 

Inspect breaker points", and measure ma..xil11um 

breaker-point gap. Checl: condenser. 

5 ..... Take measuX'erllents of: 

a) primary vol tage at coil 

b) prir:J.aI'Y current at coil" engine l"'luming 

911d not runl'1 in8o 

G.- Blectrical checking, seCOl1dUl"Y circuit 

1,,- Heasure high-tension voltage at coil and at each 

spark plug. 

2.- Neusure hi£9:1-tension current at coil and at each 

spark plug. 
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D. - Ce.rburator adjv.stment and Bas analysis 

1.- Hith vacuum gage connected to intalw l1le.nifold 

change idling ad;justment on carbul"ator to obtain 

least fluctuation of pl"essure .. 

2.- Take readings Hith exhaust-Eas 8.Jlulyzer, using 

sampling tube inserted in end of exhaust pipo. 

These readings should be ta1::en at idling speed, 

medium speed, al1.d during accelel"ation., 

REPORT: 

Use given data. sheet for' l~ecording readi.l1gs,<J rrhe report 

should include a discussion of the results of~ oach moasur'omont 

and sUg[~estions for improvement of the condition of the engino" 

HOTES and PRECAUTIOnS: 

1 .. - Compression pressure should be nearly the same on all 

cylinders if valves and piston rings rire in uni£orm 

Dondi tion" To distinguish botueen faul t~r l"ing action 

and faulty valvo action squirt a little oil into 

the cylinder to help sOill the rings. If the!."o is 

no change in pressuro; the r:ings al'6 sealin~ satis .... 

factorilyo 
~----

2.- If all spal"'lr plugsc10 not test; o.bout the S81110 after 

cloa..rling" oheck distributor ct'~ a..'1.d hiGh .... tension 

leads.. Uniformi ty at all plugs is of more ir:rpol"ta.i1ce 

than actual values of instl~ment readings>\) 
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3. -
_Tn Yl!l~1 • 1 • i.1l:.ung spar I:-Gap settings or fll1Y other adjustments, 

£'0 110i-l the enGine ma.71ufacturer! S l'OCOr1l"!Wndations 0 



DA'rA SHEET: 

gngine malee: 

Engine t;ype: 

Engino :;-0. : 

Date of test: 
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a) Turnodby star'Gor 

b) fj" ngme idlin·E 

c) Fluctuation i'Jhen idling 

2.- Compression pl"essul"cS, lb gase 

a) Dry 

b) Uith oil 

30- Spal"'h:-plug gaps, in 

5~- Pri~~ry voltage of battery 

a) RDgine not rwlli!ing 

b) Turned by starter 

6.- Generator voltage, 

engine l"Unning at 75); rated speod 

8,. ... Primary voltago at coil 

PAGE 2 b 
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The s'GationaJ:Y internal cor!lbustion engine is usually 

a constant speed fiG.chine operating und.o!' gov61~nop controle 

PAGE 2 B 

lEn,glnes that actucD.ly operate at v~n'yins speeds lJlS,7l be, kop'c 

rUT'l..nip-8 at D. constai'lt speed by n~il11uo..l con tro1 4 

Hhatever the type of engino $ a test covering 'chG full 

ra..."1.ge of t011que 10ads;1 at a ntu.1lbol" of cons tro1t speGds, Hill 

SEll"'ve to id011tii'J its 80nero.l che.l"'acteristics o Suchl"esultis 

as brake mop J e.xhaust tempel"atUI'e;l al1.d bsfc curves 'Hill 

provide 8....71 evalua"liion of the engine pel'foF.m.anoe I) 

In the folloHinG discussion it l1ill be ass-'ll.med that tho 

engine to be to sted is a i'ou11-cycle, single- or mul ti-cylindEH' ~ 

spark ignition or comprc SSi011 ignition intel"nal combustion 

engine operating on liquid fUel~ 

APP ARA'rUS : 

The engL"1.e should bo provided Hith a s'l1.ito..ble dyn2111om'3tcT' 

and also '·Ii·tIl a cylindol~ pressuro picl\:-up. Othor appo.ro:Gus 

required for 'Ghe test is as folloHsg 

a) Calibratod tachometer 

b) thermometer for ail"-inlct t;empel"'aturo 

c) thermometer for inlot D....Yld outlet temperatul"o of' th0 
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cooling 't'later o 

thermometer for tempera tt,'!.re of fuel 

PAGE 21 

d) 

0) 

f) 

thermometer for e:z:haust-eas temperature measurement 

Instruraents for measul"ing.ra.te of f'lolJ of fuel and 

g) 

h) 

of cobling 'Hater 

planimeter 

oscilloscope 

DETERHIHATIONS: 

A steady state should be assured ror each run o Preli-

mina:r:>y obsel"'vations estab1i"shing the attainment of steady state 

must. be a part of Jtihe recorded test de:tie., 8.J."1.d each 1"'UIl. nru.s t 

continue at loast 15 :rninu tes, "t-1fth repe·tii ti ve readings that 

check clos61yo At least 10 minutes ru."e required bet\'Jeen tests 

'for the neH condition to be establishedo 

The l1tltuber of test runs necossary to determine a CU1"'ve 

depends on the nature of tho cur-iTO and the quality of the runs II . 

but it 1:1i11 be found sufficient £'01"> a studont laboratory to 

test at full, throe-fourths, one-half, and one-fourth maxlimn2 

torque a~d no loado 

During a given test the conditions must not cJ.eviG.tG i'ro:al 

tho av~~age for the tes'jj by a:.'ilOunts greatol" than the follo1:1ing: 

Torque • ;j; 3d 
• I') 

Speed + 34 - I" 

Cool 9...."1.t outlet • + 5 OF • -
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i 

Coolant temperatul'e 1"i3e: 

1"rnile the test is in prog!'ess, an :input output curve 

(vJeig..1-J.t of fuel per hOU1" versus brake hOl"lsep0 Hel" ) should be 

p;totted~ If the tests are accurate the points \"1ill plot 

on a sr>looth line, slig..lLtly concave upHardo 

RESULTS M{D REPORT: 

The result,'s to be reported in this test are indicated 

in ,the data sheeto 

Curves should be plotted \"Jith brake horsepo"t-Jor on the 

absoissas, shoHing the variations of fuel consumption, bsfc" 

mechanical effioionoy, brake thermal efficienoy, :L"I'ldicated 

thermal efficienoy, and rpm if the engll~e has a governo!'o 

In addition to tabula.r and graphical presentation of 

results the report should summarizo the findings and should 

evaluate both the accuraoy of the tests and the-re~llts 

obtainedo 

SPECIAL D1STRUCTIONS P~D PRECAuTIONS: 

1,,- Before starting the engine see that the dynamometer 

/--is enchored or held in such a "Hay that i'c '"Jill not 

cause damage if tho engine baokfir0s" 
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2 .. - Oheck the lubricating oil and the :['11el supply" 

3.- Ttu'n on cooling t-Hlter before (or iInIilediately ai'tor) 

the engine has been started. Also check for- proper 

lubrication, 

L~o- Be sure to al101'1 sufficient time for the establish-

ment of a steady state before beginning a set of read-. 

ingso 
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1 .. - Hake of engine 

2.- Engine type and classification 

3.- Rating" hpo, 

4.- Rated speed, rpm. 

5.- Humber of cylinders 

60 - Bare 

70- stroke 

8(1- Type of carburetor, or fuel inject iono 

90- Type of ignition 

100- Higher heating value of fuel used. 

mXEermental dat~: 

1.- Duration of ~~, minutes 

2~- Air inlet temperature, 

30- Gool:i.l1..g Hater inlet temperature 

40- Gooling "Hater outlet temperature 

50- Dynrunometer arm length: fto 

6 0 - Force applied to dynaraonietcr arm, net lb., 

8 0 - Engine rpm 

9.- Brake horsepo1"Jer, hp 

10 0 - InicD-ted horsepouer~ hpo 

11 0 - ii1rlction horsepov161", hp 

120 - Hechanical efficiency 

• 

PAGE -32 .' 
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l3~- Q,1.wntity of' fuel used for fuel consumption 

measu.rement 

lL:.o - Brake specific fuel consmnp'Gion, Ib/bhp-hou1" 

150 - Bl"ake thermal efficiency 

16o~ Indicated specific fuel consur~tion, Ib/bhp-hour 

1711>- Indicated thermal efficienoy 

10 0 ", Rate of heat loss to cooling '1rJatoro 

All the above items 1 to 10 1·Jill be filled separately 

for each run at: 

a) full-load 

b) three quarters maximum torque 

c) one haLf nlazimum torque 

d) one quarter maximuIIl tOl"'que 

e) no load 

and at: 

a) rated speed 

b) throe quarters rated speed 

c) one half rated speed 
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ENGInE FRIC~CIo!~ -
INTRODUCTION: 

ITiction is a serious loss in the I.C. enGine, but it 

is difficult to measure. The term "engine friction U has, 

in fact, a rather indefinite meaning, unless the method of 

l11easul"ing the f':riction horsepoHer is specified. The sliding 

friction of lubricated surfaces is not e a.oi1y separated from 

the pum~ing losses of fluid friction. 

If friction-test measurements are to be significant, it 

is important that the op0!'ating conditions of the engine be 

as nGaI' as possible to the conditions existing uhen the engine 

is delivering pot-Jor. Therefore, it may be desirable to 

obtain the friction data uhile other tests are being run, 

especially since the friction tests themselves are very shorto 

In analyzing the perfo~ance of a given engine" it is desirable 

that friction tests be made by at least t,:]O of the three 

methods given belm-z, if possible ... 

'rEST NETHODS: 

1 ~·~o·!·or -1 '11;'· .... ~ 11 ...z,. ... ;l~O 

Ho t 01" inc; , or dri viug the engine by a dynUIUmnetor 

VJith the fuel supply and ignition cut off, is the 

usual m.ethod us ad for the measuroment of' one1no 

f'l'iction" 1"11e fl"iction test should be made 5.nlli10diate-

lyafter the brake-horsepovzer t0st,'before the engine 

. ~" .. 
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has cooled and Hi th the throttle in the ss.me· posi-

tion as for the corI'esponding brake-horsepouer test .. 

Compression is not rolieved" and all accessories 

such as generator an.d pumps should be in oper,e.:tiol1. o 

'1-:r).en" the friction horsepouer is equal to the horse· .. 

pouer developed by the d'J'-:'1amometer .. 

Th,e friction p..orsepoHer determined by this tos't 

a'G a number of speeds" for a given 'chrottle setting.? 

is plo'c"tied against speed. 

2.- Cylinder Cutou~: 

The cylinder cutout method may be used only 

'Hith l1Illlticylinder engines, preferably i-1ith 8i:-= 

or more cylinders, and it is most satisfactory I-31th 

a dynamom.eter that has a high flyuheel inel"tiao By 

shorting out each spark plug in turn, the paller d0-

livered by each cylinde!' is meusured o' 'Ehe load 

must be reduced by d;ynarnoIl".8ter adjustmont to main-

tain the original speed. The los s in pm-Jer at the 

shaft resulting from the s~urtln8 out of one cylinder 

then represent f.l tho entire indicated horSep01'jar of' 

that cylindero The l""0maining cylinders arc, in 

effec'c, ca!'l'ying the friotion hOl'Sep01'Jer of the cy-

linder Under tost, Hhcther j.t is delivering pOIJ01" 

or not6 Hence .. th.0 total indicated hOl"sepoHer lJl..a-;i" 

be measured by this r.lethod, and the difference bet,:J8Cn 
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this total Ol1.d the full dynaT:10Illeter hOrS81J01;!8r at 

the sa:me speed (all cylinders opel'atinc;) 

friction hOI'SepOHOr of the engine at the particular 

operatin~ conditions o 

Hulticylinder diesel engines may also be tested 

ill this mannor by makinG the govGl"nor i..'Yloporati ve and 

stopping the injection to each c:rlinder in turn~ 

30- Extranolation to Zoro Load: 

An input-output curve at COn,stLUJ.t speed, ezt;ra .... 

polatod to ze2'O load, can be used for detel'l11ination 

ctu"ve 

should represent test;s at tho Gamo ~lpeed.1 Hi th seve-· 

1'0.1 Ij.G-h.t-load. points, shol-line; total fuel in potmas 

pOl' hour on the ordinates D.nd brrJ.ro horsepoHor on tho 

abscissas~ ll~tersection of tho o:;~tended curve 

1-1ith tho axis of ordinates represents the total 110-

load 108sos, consistin~ of coolinG losses, exhaust 

losses" and frictio1l q To obtain a Good degree of 

accuro.cy, it i::1 nocossa1 ..... Y to detormine both coolinG 

1Q 8 SGS ond eJ~h8.tl.s·t losses as a function of load, 

subtrc..c"";:Lns to obto.in the frie'tiion. ;.rlle POi'WI' ab-

sorbod by au:dliarios i.-Ii 11 , by this method,' be in ..... 

eluded in the friction losses o 
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Of the test methods already described, it will usually 

be most convenient to use tho dyna.:rlOmeter-motol,,·iuC method 

and the cylindeI'-cu tout ne 'cL'2.od" 

1. - Start the enbine and a110i.) it; to HCi.J:lTI u.p" 

tile load until the engine 

is l."'uDJlin; at Hido-open throt tIc and maxh:.illn (l1ate d) 

specd<!o AllOtJ tho enGine to l"Oac1: a steady stu·Go .. 

Thon: 

i~) If tihe motorin~; Yil(:;t~lod is boing used: 

':; .. _ rp""i'n of'.,. .... ~-1.e <-'.'01 su."'--)l,r "n,l J-1-le -j 0ni J· l" on '1:0 R_ll -" .-U_.I. .... .J.. U4.- ... , ..LL!. _ "1.".11 tJ Cl,..!.._V .. 1I_ -G"-\.I - v -

a mo to l' to dri vo the enGine. 

}.l ... - Adjust the speed to tho previous valuo onQ measurE) 

the hOI'sepOHel' del i veI'ed by the dynnmometer to the 

eneine It 'J.'his is equal 'co the engine friction horse-

POHOl' under tho above montiono d thI'o tc10 and speed 

conditions .. 

B) . If the cyl inder cutout mc"ehod is bciD'G used: 

3~- first measure tho brd:o horsopower of tho engine 

l;o - "'Chon turn ofi' 'Gho fuel supply or the iQl.i tion to ono 

of tho oyl inclOl's CGl.cl adjus t the SpCtJu to the Pl"O-
~--

viouo vo.luo. 

C-· · ... .L>~.,·"'·"Cr r~"~"-"''rIJ-s \':[1'::: -.1." _nd~l c"'\-,cu' hO-,"!': "'-00'.,.' ,"1 I' o.!.·~ 'l.L.f.tJL"v..!..!. cJ Ul)l.-v;:,:;v.l.':'v v~ ~ __ (,)..u J...L -- ........... - . ..., 

I 
I 
j 

, I 

I 
I 
i 
i 
I 

I 
i 
I 
I 

I 
I 

I 
i 
I 
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that cylindor .. 

6,.- In the SDJilC Hay moe.SlU'0 tho indicated hOl"Sepo\"lel~ 

of all iL'ldividual cylinders, cut;tinr~~ off the fuel 

supply 01' the iQ1i tion to that cylinder onl;{ at ,2. 

timo o 

that the engine speod is adjusted to the 

oriGinal v2.1ue ( 'o~'" ":1rY'inu J v". - 0 load) oi'tGr! cutting 

out 8J.1Y of tIle cylinders .. Tho ~ifference between 

the sum of tl18 incH vi dual -indica ted horsepo1-ler~ and 

the measured breo.khorsepOl')Gr of the engino 'Hith all 

cm,gii1o und or the 8.bove lllGlrcioned 'chrottle and speed 

conditions ., 

PHOC.2::DUl1E: 

1. - Hi th either one of' the t~'lO methods malw a series of' 

f:1"iction l:i10c,c1}.rcmcnts at full tlu"ottlc and decreasinr; speeds o 

2 0 ", Hepeo.t the same sorios of friction measurements at 

t11rot tle settin0's that' alloH the enrdno to devolop. at each . w !.,..... - " 

speed, tlu"oe-i'om"ths of the pOI·;e1' tllaJe it developed uith 

full-throttle op(mi.n~: s.t that S2lnc SlJoed .. 

If' time is not a~i~il8.blc foy' the CQI;Tploto test as out-

lined above, tho threc-four·th a..Yld onc-1':'ourth load tOiitS lnay 

'00 omittoQ& 'TI1.e tilT£) roquired may be l"Lll'ther abbreviated by 
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assumi:fJ.g that the thl"ottle se·c"tin:.; at Hhicl:l the onGine l1ill 

develop half load at ono speed Hill also be tho half-load 

settinG fOl~ all othor Speed8<;l 

Note: Since most of the total pot'Jor loss in friction 

is caused by tho slidinG friction of lubricated surfaces, 

a..'l1.ything that increases the oil viscosity (10i') teln:oeraturo :; 

for instsnce) Hill in01'oaso the toal fri etion .. 

RESULTS: 

:rest l'esD-1ts settingn £G.'ld speo.ds 

sb.ould be 910tted again.st motor speed 4f F10t a curvo :['or 

each thY'ottIc setting and discuss the l'csu1ts. 

l)I3CUSSIOl: : 

lU1 threo mG"chocts of friction measD-romont Given 

as in the cylincor C~J.·i,;-

out TIletbod, tho cylind~rs" of \1;"-11ch the friction hOl'scpouer-

is to be measurod, are made impOI'ut:lVe by cutting eithor the 

'111is' rrrc ens 

that JG1~o cylinde:.'s l.mde:c- qucstion arc not sujoc'ced to 

same conditions of pr'essul'8 (ond ter;1peraturo) as 1'111.on they 

are actually de1ivGrinG powero Tile l'oducod Pr'GssuJ:"O rcsults 

in a 101101" friction horsopo1'ler of the cy1inde1'3 under quos-
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of 

The onl ~T mo tho d that giv~s the ·true friction hOl'sepO~-Jer 

is to measure the indicated horsopm-Jer of each cylinder by 

meorls of indicators, and simulta:.f1.cously measure the bralce 

hOl""sepm)oI' of the cnc;ine" In this mcthod all measurements arc 

t;cJ.~en uhlIc the cylinders unde::!.' question operate undol' actual 

cODd 1 t ions> delivering power~ HOI-Jever) :L."'l order to be cor-

tain about the accupacy of this mO'!ihod it is necessary to use 

very sOl1si ti ve (211d thol'efol'8 eX[Jo21si vc) pressure picl::-ups 

on the cyl:lndcl's. 

" 
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1 0 - Duration of rU.ll 

20 - 1-10 an tompel"o.-cUY·e oJ.' cooling 1r1U'GGr 

3.t- LEbrice.ting oil te~":1D8rature 

l~o- Lubricat-hs oil pressu1."'o 

5.- Rpm 

6.- Length of clynruuom8te:p m"111 

7" - Height of d~mmllomotor s00.10s 

9 ¢ - ol-"lalro rlol"30j?OlJCI~ 

. Eote: 'fhe above roadings uill be taken for e,~,ch SI)eed 

Dl1.d tlll'ot-c1c settinc; ¢ 

PAGE 4 I 
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:rn01 oils t::l:LS :.'0:[;:1.0 is 010':'")0 to 

to fuol 

1.S bo 

iwtU8.117h both ot·co Q.l1d cHosal cycle 
" 

P;I.GE L{ 2 

POl' p~actical reasonv, 

tho C01:1Pl'cssion-ignitiioll o11ginE. is usually opcJ}atod. 

'"-'J ]," ~·'h·\-.l~' 1'" "'...... i 1 t:> qq J.·""lol) <'-11C' t".p ~ .. (..)' __ v,; _\ .. :..1:" \ .... u __ t.. _ ... c: .. J.~ sp a:ek-:tgn.i t ion engine 

slightly In botih. cases tr.tis :18 duo ma.inly to tho 

di:C~'icul:c'y oi' 'Socuring perfoct c,nd distribution of 

Tho simple Cl,u"'ouretor tonds to Gi va a 

at high flmJ rutes <I This :Ls fa l,ro:t'o.bli3 for developing 

PO;101-', but I'1ch mi:;:tul"e s arc a.lso requirod at 101-1 enCll'l0 

speeds TIle I)l~ob10lil is 1'1l.rthol" cOf;-plicatod 

by the vO.ria tion in lilD.n:i.fold Vo.CU.u.m c au.s c d by oporation 

of main throttle!) It. is for all thoce 1"08.$on5 tllO:t ·t:11G 

commcrc i cl. cc.1.x'bur'O'Gol'" 'become s a COEple::-: of 

so:::'vin[,; the idlin~.;.'1 

~-

.ftl11"'po,;]cr" m1d cruising phases 01' C.9.r opors:t:l.on. 

.... ,-



the 

tho 

SIw,ll 

tIle 

In t:hi3 

ceil:. bo 

ROBERT COLLEGE GRADUATE SCHGOL 

SEBEK, iSTANBUL 

ond lot] 

PAGE Ii 3 

flo~JS 

die-sol. P1'O blcIil is 0110 of liqu.iQ 

a:toniZ8:Gion., ill 0 .. 1 \r:~ d~:. ~2.1 

t1'2.0 iLlOl orifices Dust; bs 

of t::1C 

:C:i::ti\ ll~e 

ignition c:::ru,lc.l ~Llso be 

c:),SG) <> 

OJ.leo£; ir! ·~)O~·'lCl'l 8110 . ..cv.ol :e[vijo (1 

~-~~-
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COY:I1JU8 tIorl-gas DJ.lalyz()~·, O! .. ~ 

PACE lfLj 

spcoLfic .eual CO!lsu.::~yl;i01'2, H8.nii"old vacuu.:l;l 3pa::'1':-p1U8 th.c:r:-

1 ...... 'i}'aG flrs'0 set of rU .. i"1.S Hill bo made l'li :eLl nO:i?l:::'DJ.. Cal~'" 

bu1"o'cOI' adjus i;m0~ te Sot the C<.ll'ou.ratoJ.' for best torque at 

~::'ull throttle and i:.t1t;Ol'iilOdiato speod.. .d3l:o a S61'io 3 of' 

V8.T'io.ble load runs 0.'1; 1011 spood an.o. onc at high spooe:. Uso 

at loast 1'ou1' thl'O·ttlo settings a:t; 0o.ch sDood 

8.) fv.ll-tb.l'ottlo 

c) one-half 



""', 
U 
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diato speod 2..1.1d full throttle only. 

mi::-tnrc that Hill 2i va steady operation.. Hake a 1'un a"t 

that gives oteady operationo 

P .. 'IGE 4 S 

1Q2.d" ,:111 oo'cablish tho nOI'mo.l pcI·for ... .D18.l1CO of the on[;ine 

slightly rich. ('rho CU1"VOS should include plug oloctr'odo 

temp.orattU~G, t;o indicato l.Uli.t"onuiGy of o:i.st:r'iou'l:;icn, if' this 

problem is being studied at the sc..r,~e time) ~ 

Tho socond set; of runs, plot;coG. uGains'c a.il~-iu01 I'D-tio,!' 

shotucl sh01-! lilfCdmux:1, economy at about 16 tio 1 uir-i'u,ol l"at:to~ 

should be c;,'.rofully nnal::zoCi in the report. 
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C01:1})111:;88 IOI.! 

Tn~:I:Ti::. 
.. 4· 

IH'J:RO DUC'£Io!'~: 

e.t lou speed on..l.:r under i'2.vorablc condition::; 0 

1')GCJtlil~0d, 011(1 tho hi[jlor 

COl1z:')ression l'[~tio3, a Euel 0:[' 11:1.;;11. Dctema m;U:Loel"' is der.I211dod 

1'01" ho avy .. lo8.u opor:"l.tion (us \]~10n D. C8.1:' is ascondinG 0. sGcep 

J .. 0\:3 speod in diroct drl vo) .. 

'l'b.c thcorei~ical o.dv81'ltago of 111[;h ()OI:1lJrCssion l~atio in 

directly incHeated by tho c.f.ficicn.c~r oque.tion for tho ideo.l 

cycle 

r~ ::: (
iT )1: ... 1 
"2 

\V; . 

1'Jho:po: V 2 ::: olcar2.llce VOhUi.;c 

V
1 

::: totcJ. cyl-iilo.er volny,:.::; 

lc :::; ra.tio of trw 110at cQ1)<?cities of a:'1.l'" (= l ob Ll·O) . 

is IJ.nited by tho t::mcJ.oncy.'l bu'c tho choico is 

£L"tJ. '..)conol:i.ic ono G lm onGino ulth 8. 10 to 1 C01:7pI'Gssioll I'3.tiio 

offocti VB 
\ 

1:;3:8 SSU .. l~O J 
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be bolo:1 100 .. 

P,·\GE '-f 1-

lattcII 

tho 

hi zh-cOmpre:38 ion 

tho othel' could u;~e 6S to 70 octano, o.t D. 

out;put o.ti 10-:') '""Jr-."'cl~' J" C' "'ea1'lC"'C1 1.. r .1"1'" ~''''':~l'', ':':'old o.H ~'~:'''J·:~~'D·llt-.·'_on .,:)..!: '~v .. ,oJ -4)...).J_ "'.... v h. .... U ~_ .LI._>-W. __ ..!.. .l.,.. ...... ..\. ~ ~ 

'0003.'"' 

In u.s inc 0. fuol, e11~~~in0 co::::-

pre2.sion 2'o.tio Dnd 'ella bo 'variod, othor' con ..... 

ditiol'lS 

PR~P itRJ.TIorfS: 

'chis vm"iabJ.0-COm~)l"osc:!.o:n. 

( 0711) enGine 11. convonien.t 

cator is l1ocesso.ry,., pic!mp 1Jith 

oscilloscopo uill bo of help. 

e11.g:1.116 should be ob .... 

tained, includinG vcJ. vo 'G11"::i11:,:,;" 1-\,'.e1 

to dctol"l:l.:l.r:o 

01" Intal£3 air tor.rporatu.l"6 ·is 3:nothol~ 
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(no t over 6) ~ Oheck the aCCtU~acy of :l.l1d:1. c e.t;OI' 

i'or po si tlon~ Sot the 

monded (O!' b0foro top dead canter) and OPGX'::=.to 

tho engi110 Adjust the carburctor 1'or bost 

at; il1.11 tl11"ottlc observing 

311i £'1; the sp !lI'i: steps 

, t' . f . .. t. l' \..' tuo so ~:.LnG . OJ:' :J..Y!C:l.1J :Lan'e uC·Gona: ... l.01.1., 

l. ~ .f.' I. 1 • ,.~", "1'\0 a.h.· O-'.~I.A +:-"'~-l:o., n+' .""_.cr"lA,·i_t·"'ll !'\'.;.· ... O""(_1 .. 0 .. - j~L·~0r 1;18,..;;::1.":"'0 'u _ W'-I _ uy __ ~ ~v 'C"._v.. '-' -y v ,. 

tile 

for D. Given th1"'oi~·t10 sottins o:t. e;;:wh hi.s.her speed 

(say 2500, 3000 $- and 3500 rpr;.)e 

Oc ... ntiOl1: 1. Do not; oporc:G0 t;}.10 cnS'hlc ~Jith heo:vJ c!otolls:tiol'lo . ~ ....... -.....-... 

are lUo.in t ainc d 

con::rtilll.t D.B DQssib10 ... 

: I 
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':i.lJ.10 I'Opox't should il1urrl.iro.:tio th-3 orfects of chm1glnG 

PAGE 41' J 

Results ca:.t1. bcplo'tted agt.i.nst compression l~[;l,tio, spm:->k 

advance, a::..1.d speod. .It; should be kept in raina the..t:.·cdl 

a.'lJ.d spark tir1"i 11g und this should be reeo gnlzed in the 

discussion. 

sura r2.ight be er-pectod to inorease 10 psi 1'01' each adv~:mce 

of' 0110 l1.urnbo~'" in the cor,lprossion l"2..tiio" pl"'ovldcd th.ut; tho 

fuel is cidcquatoe 

Q;"UESTIORS: 

1.- E;.~J.o.:1.n briefly the vO.1"'iation of PO"d01" el1d e.fficienO,y 

Hit11 OOlT;pl"ossiou ratioo-

2
41

- Discuss eJ.1d expla.in the effoc':';s of' con:pl'0ssion ·x'u-t:i.o 

adV811Ccnith oDgi!l0 speed f:\:..'1.c1 :!.l1:tet pl"'eS$U!'c~ 

.0 • t ·'1 .... J~ . 4 ..... - Discuss tho ei'foc'ii oj. exnaus gus a:!.~ u:G::..cn on Ij!lO 

rate of burning and spurl:e pos1 t:lon. 
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D~tone:tion is thespon'toneous burning oftht; la.st pa.rt 

of the compressed mix'tur~ of ail'" and fuel in ,the ,Qn,gll1..e cY-' 
; 

,l:1nd01'" during no:rma~ eombustiono ' It is o.ausedby, the in-

crease :L.l1. tom.pel"ai.1rre and pressur80f the cha.rg~during, the 

e3~ly stages of combustion. 

As ·l:;he.f1mlls .fl"Ol1·t proceeds 1.."1 the co;;-rpressodmiAture~ 

the temperature a.'t1.dpronsure of the remaining unburllE'Hl 

mixtux:o :1.ncl"eaaes' rapidly" until it l"eachesa critical.'Ooint,; 

't'lhore, the remaining mizi.,ul"O bums spontaneousl.y, irlith .9. 

nndsuddenincl"ease in tenrpen ... o.ture and preSSUl?8.' 

The ohro'ao,teri$tic sotmd that accompanies thi& SpOll~ 

tCU100US, btu'nilLg is oallGdknockl) I t is a Pl"sssure '{-Jave that 

travels back al'l.d forth in theoylindeJ.'to 

- ',' 

In addition to its' baing gcharaot~ristic of tho' tuel 

itself, do"tionation depends on thefoJ.loHingt ' 

19 Form of corubllstion chamber. ,·Conibu3tiuu chambers 

thetsndency 01' the, fueltqd.otonate. 

1 

, ,': , j 

2. Hunlbel'" a:p.d POSl. tionoi' spar.kplugs... ~a greater' tliei 

number of sparkpJ.ugs and 'ina moroequ~th.eir spao

ing" tho.1.ess likely is detona.tion to occur. 

--~-~---~--~- .. ' , 
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30 lJ!1£le inlet ternpBl"utUX'G:" and to soma extent; :also 

the·oylinder temperature influenc~' dG.tonatiQn~ 

. PAGE S:/, 

'lho. lOHer the inlet tomperatUre I the greater the. 

a11ov1$.bla compression pl'lossure vu. thaut detonation. 

o o curing. 

l.1-• . Detonation depends. $~SO upontha degree of' tur

bulence" as it·'t'111S previously s.ta.ted.. The tendenoy 
, 

to detons;te increases vU th decreased turbttlence. 

5. Datonat~ion is most appal~nt over the range of' ~"'" 

ture'\'ihich l:1es bat1-1Sen the points of mmdrJUl11 

eoonomy and maxmt.l!ll pOli1er, so that it cannot,' in • 

practice, be a~lToided by changing the lilis·tu.l.'G strength 

. Apart frol11 the. ohal*acto11istic knoC1~1ng sound produced 
'.. , 

by detonating conditions, the pm-ler outputis.reduoed, 

heat losses -co the cylinder ~1a11s end' pistonsar~ inO!'(HaBSd;, 

end the therma1.etfici~n(ly ts dsoreased •. F'urthermol."O" . 

-[;ho- high impact pressure effects com.hinedt>1ith .thein- .' 
. . . 

oroasod cyl1ndorteinpero.tures· may QaUS6 !'l~a.ctitreof. the. 

piston, bumil'lg of the cyl:!.nder- hoad, gt:Ul1'nillgot tho piston 

rings in their gl'>ooves·,. etc. 

AJ.l these shot-ltho.:c. detonation :1s. to be ~voidE)d4" 

Bu.t If]ith a given fuel, the mOst effaot~V'e' 't..rayto avoid 
~--- . . '.' 

detonD.tion is to use lmmrpeak presst.1.!'SS, that 5.fh l01~er . 

. ' compl~ossionrD.tio. On the o·ther he.nd,it is ktiot,m .that 

deo:t'oD.silJ_g the C011JP1~eSgiol1. rat:l.o"l'>odue€)s the Gffioieney. 

- ---~~----•. ,-"--____ ."-= ___ ..,_~U_IIIiI' ___ T _____ ,.,.."., 
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j 

Therefore, the solution is to operate the engine under condi':' 

tions of' incipient detonatjAon arid try to iJ:i:;provethe knocking 

oharacteristios of' thef'uel used. 

. 'Who lmock t€lnd'encyof' a fuel is e}..1?I'oessd byitB nOO"Cane 

:o:um.bar tl , l-Jhich is defined by and is nt1..."1lerically equal to the 

.. percant'age by volume o'i:iso-octano (2;# 2, q~trimethylpentm(};::). 
.. . 

in a. mixtureoi' iso~octan$ and no:rmai hap"bane t-Jhichshot.zs 

. tha SWlle knocking chaJ;'act~ris:tic}J Hith' the fuel under QllCstiOll, 

, 't'lhenused in the S8.me' engine under the same conditions. Thus, 

. by definition" non"1al heptane has snol.1tana lJl.unber of. zero" 

. and iso-octane 01'100. 

A pl~act1 cal method of dat~cting and measuring detonation 

is that lmotom as t;het~9uncing pin" :rnatho~.' ~'ftQounOil'lg 
'(,I,", " 

,pin" device issoreI.Jed1nto the wall o.fthe cylindel" Ll1.the 

COlnbustionohambe:r:' end and is arr~ged to ' fo;rm t-that . is essen-
.: '. . ~ .~ . 

.. tiaUya small'thin-tIalled section oi'the vl all 0 , One endct: 

the. bounoing pfuresteron this. l;ltlll.· Xl1e pill lsguidedso 

; .·'~tb.at· its movements. occur at rightangle to .thOl1all, the 
. . . 

. motio~ in .this dfi'6otion beiIlgcontrolled by,S .. spring, lmioh, 

'\'lhen deflected closes an electrlociJ:cuito 'L'l'nenthus closed 

··n uateJ:l alactrolysise.ppru:-atus is bt'Qughtmto operation. 

'. ·TheiBraount of detonation is t~en measu;J:>ed by colleoting tho 
,~- '., "." ., 

g~ evolveelthl'oughthe paseag~of the current .thrOllgha 10% 

.... mUp!l~WiO: a¢ldsoJ.ution~:The ·qUantityof·gas~V'o~V$d pel~ 
. . 

·'ll.il1t:bik ··sorves as a.measure . of' the detonation period. AlSO,. 

I 
I 
1 
1 

1 
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visual OpsGJ:lvutions of detonating conditions o81.1be)~tIl1ged. 

P".ue bouncing pin method" l<lhileextt>enwlyUsefu.l· toroojn":' . 
. ," ,': 

pnringl;ronounced detollations in the case' ofd:tffe!'en-hfUalu-, 

is nO'G ru:.together sD:l:;isfactOl~~r fOl"'.· deteotinglnoip10nt <latona" 

tion" a phenolllenon t-!liiohrequires rathor mOI)6 delicate means 

of -indication" des ol":i.bedand explained in adi.f.ferentsGotian. 

. &e.e.: (;\'<d~~~ !.""..l.:c:.o,:C""5) 

InSTRUCTIons: 

The test consists in the cOIi1parisonof theangine !mock 

prod'ttoed by the fuQl ll.1'lder test t-Jith that produced. by one 

higllor and onelol-1el" octsne-nun1b.el" J:lef"el"enoe fuel. Also, 

the change in pel'1fol"lUanCe of the. engine 1'lith detonation is. 
- .' .. 

to be 'studied. Seconcla.r¥ l"sf'erence fUels 'Hhich, have b€}en 

onJ.lbl"ated agai..~st the octw...e-heptane· standarda l!1£.1.Y ba: use:d 

. fOl:" tasti.l~3" sinc~ the·$ta.~dard fuels ere very eJ~ensivG. 

~10 timeiUust 00. aJ.loilled afterohanging fuols £.o~s.teady 

oonditionsto bo es'liabliah0d l'1ith the net-! fue10 

.. . . 

~rated speed and 'aide oponthrottlefl 

2~- Gradually ,increase the cong;>resGion . .3:~atio 'UntU datona-· 

tiotl. is deteoted. Hote' the compressionra'f;io. 



, ",,' ,.;, . ';' .. , 
l. ", ' 
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3~ .... ~ieasu!'e 'break horsepo~!or justbe:fore datonat:ton 

starts, and at G, compl'essionratio ]. higher th8.n 

that atlIhich detonation s·tarts. Be sure to keep 

the speed al1'w~ys constant by adjusting the load 

(torque). 

PAGE 5'i ' 

4 .. - .DeCl')oaae thl) spsed by incI'oasing the tOl"queonly 

(keep· throttle: Nidewopen)' end repeat steps 2 and 3. 

5~'" Repeat step 4 tor at least 2 lO\'iEn' spe0ds~ 

6~,... Run tna engineatho.lt: throttle and repeat st~p s 

.2, 3, !~" and 5. 
7~- Cl?-a:nge. tohigheI' ¢ctru.1.enu..."'ilbel"fu.els and l"opeat steps 

2, 3,4" 5; end 6, noting ea.ch tiro.e theOolUpl'eSS ion 

. . . 
tion isdetocted. ':Notethe compression ratio. 

: 9 .... Repeat s'bapS f~rthefolJ.o)'l:tng air-1\ta.l m:txturea t 

a} 20% '1ieak 

b} :LO%llealt 

d) 20', r:!''''''' c"~ /3 .... 2 ,J..!. 

d .. a) 30p rl.oh. 

f) 40% rich 

RESULTS: 

1 .... Discuss the effect of engine' speed and tb:t:'ottle. 

I 
1 
I 
1 
1 

i 
.1 

I 
1 
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se-I.tiing (i.e • . inlet ~..at"1.iforld VaCUlll:l1)on detonation •. 

2 .. - Discuss the effect of detonation on engine power 

£I,l1d ei'f'icienoy., 

3 .... Plot comprossion ratio at Hhich detonation is noted 

foX' ,various mi:g:ture compositions" against nrlY.ture 

· composition end discuss the results. 

~---

t 
i 
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HEAT REJECTI01,J 
•• ,. • j 

·O:BJEOT: 

This experi."1lent deals "Hi th the investigation o:r t11.o 

efroot of certain eng:i.....'1e oporating variables· on -themuo1.mt 

. of' heat rajectedto the .'Hater jttQketso 

.. INTRODUCTION: 

Tlialleat l"ejeoted by $.ll engina to its cooling system 

l11ay be dividadinto three p8.rt~; 

1 

.. l.~ Direct heat :Loss,eaused by the temperature dif.ferencej 

beii1'16enthe cylind.er gases alld the oylindel.' 'Vlalls. 
. . . 

2.- Heat genaratedby eng1i:t.e.friction~ 

31t'" Heatfl0l1trom the B2d1S.USt system .. 

. . ," -~. 

Since the prinol:.ples governing the beat tra..TJ.ster ~e not 
. . 

the· smne To!' .the three items, &"1.d s:tl1.ce :t.1.1.eae itemaot;!lllo.t 
. . . ' ' . 

. 'baconvenientlyiao~a.tec1 fi'om~achothe:r:in mokingan'Gxperi~ .' 

ment,·· -9. strictly r~goJ:'ous analysis of ·totaLhea.t rejection, 

iSTJOt possible. 

!n the case of di~6Ct heat loss, the ave~age rate o£ heat 

transfer may be apPI'o:rll1lated byt 

:j 
I 

·1 
1 

·1 

'1 
] 

'1 
1 
1 

. i 
- .. ~ 
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& T =:::r::::e::e differanceacroes .••. OYlmd~-.. ; .•.••.• I·. 

'f .... ::: average 'dens:~ t,.r 01' .oylindlo.!'. o<a"· 
Q'Y~ '. .. - . .:; - v~ Q ... 

J'c '" :lnletair density' . . '1 
a:; volumetric' efficiency ,',I 
~ episton. spe~d: 

•• ' •• <'. : ' 

L = characteristio ;length ot: oyl1ndcl:> ; 

K_ I K ,. ----, n %':': oonstmlta 
~ 2 .... 

, . 

. '" .' 

Q. =n:llT(e fi. sL2)n 
. .3 . . 

. Irma engineoporatcs at constentisac" (indicatetl 

specific air consuEPtion) ,then. 

'n:t.us, the heat transfer per unit· 'Work done is t 

I-

'- .:.' 
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I·;' 
Ifo~Ga"thatthe :rat;€}, of heat tl'allSf'e.l"' is completely deter~ 

.' :mine dbya;i.J:lconsUlUp tion ~ rag8J."CUess tit han the a.ir COl1sump tion 

is'.obta.:tp,ed,, pl'ovidOclAT. remains oonstant .. 

" " 
· Strict~y speaking, the above relt?tions apply only, to dil"ect 

. heat, loss. HOHever". the'cotalheatloss to the Jaokets l1luy 

be approximated i'aiJ:'ly llOll by these sal11erelations. 

" APPARATUS: 

'Any properlyequippe,d cngi..Ylemaybe used fo:r this e:xperi

mont .. ' An electrio dynamometer and equipment J:oT!!ll6asuring 

heat rejection, air flO'Vl, fuel' oon'SUnIption, temperatures, 

PRQCEDUP.E: 

l~- Uensure heat rejected to, the ,\-1ater jacltots und<,!'each 

of' t;ha' follcltdng ¢ondi tionst 
- ' 

a) Varyingpistons)?eed" "dth bast l)Q1tJel" fuel-ai~ ratio 

nndb¢st ... powa!'spo.;i:>k adv:allCO, at const~t !map. 

b) Varyinginiap, Hith bast pOlaer 'fuol-air l."atio, and 

best POyer spark advancQ, at cO!lstantpiato'l1 speed. 

. . '. - . . . 

. l~~ep inlet t81ripel~ature and jaol~ot"'llatsr tenlpsrature 
- ;--~ 

" conatant .. 

,ti._Ue.asuramotoring.friction 'under each of tho above 

cohditionS, in o!;del?todGterraine indicated P0t-10l" ; 
'OUtputiO!'. the 'ang:1:ne. 

_M» u ~_~._,_~~J 
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lo'" For serie S (D.)aboVe! 

Heat raj cction in Btu/hour and in B-l~u/ihp-hou~.t: 

V9:!'SUS pis'Gon speed,. 

2,,-For series (b) above: 

Raat.rejection in Btujl10ur ~~d in Btu/ihp"hOt~p 

versusimel)., 

3 .... Icor series (a) and (b) above: 

Heat rojection in Btu/hotU' versus air' consurap-Gion 

in Ib/houxl
, on a log-log sheet .. 

Q,UESTIONS: 

1 .... tihut l:.t!'0 the pri..1"lcipe.l engi..t'lOOpOl"8.ting varia.bles 

'1.-11"11 ch COnljl:lol heat rejection per tun. t time from the gases 

'to the. cylinder' 113.1J.5? E~~pla;i.n the influen'oe' of eao...1-). suoh 

va~iable~ 

2.- BL>.'".P1a.in tihy t1hen b. T is cons'1;anJv, heat r~jection 

per unit ti:roei'rOll1 t\, given Gl1gine isa funotion of a-il" oon

sump ti on only, r0gro.:>dle~s of the lnann0r byt1hion theD.ir-

consurdption is cont~ollode 

4 • ...; .'-[ould :pl~e""igr.dtion tend to cause Qvel'>heating. 1 t'1h .. ;{? 

j 

I 
·1 

1 
'I 
I 
1 
i 
j 
1 
1 
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5.- 1-Iould Sl1toIDoti'f.re engines tl.?2ld to overhea.t rmen 

~~ to!) lee.n? If so" vlhioh pa.rts are 1110rG likeJ.] 

to be overheated? ' Explain. 



. THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE bi 

BEBEK ,ISTANBUL . ,.'., 
" .'r'· 

-,-~-----.-.. .-.;...== ........--..;.;~----.. --·-71 
" •.. -;<" 

ENGINE HEAT BALA1WE .ll."ND. EFFICIENCY; 

INTRODUCTION": 

The engine heat h?olance is an energy distribution 

analysis in Hhich an effort is made to accol.Ult· for all ·the 

energy supplied in the fuel. It differs from the efficiency· 

. gnalysis in that it is concerned; not l-Jith ideaJ. performance 

and deviations :from it, but rather 'Hi th the nature and e~tent 

. of all the energy loeses. In this· 8A"'Psriment" hOH6ver,both. 

the losses and the efficiencies are to be analyzed. An 
. . . 

efficiency is a quantitative measure of the approach to .an 

:lrlesJ." and therefore.it· gives a direct method ·forquickly·· 

oomparing one test·'~lith another or oneeng1ne 1-1ithallother. 

A heat balanoe directs a.ttention to eaoh. specific energy 

loss .. 

One very:1mportant measure or the useful pe;tor-mance .. 

. . Of:anengi:UeiBOmi~ted by both the heat ... ba1ence~d.the· 
- ,.'-

. efficiency analysis., 8...Tl.d that is the economic cost. Il1.orc1er 

to make the analysis more complote, the cost o:f fuels should 

be. investiga.ted and the fuel cost pel? horsepo't-ler-hour COIn'putedo 

EQ,UIPt·1EHT: 

. . .' .. . 

lm.y available engine may be equipped and used for this· 

experiment, single or multi-cylinder, spark ignition or 

compression ignition4 Each engine 'Hill have its specj.aJ. 

·1· -....••..•.. 

'~:l 
. I 

.n 
.. ·.1 
·'1 u .. ·1 

.~ 
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characteristios, but all engine heat balances are similar 

in that they comprise three major items of roughly equal 

. magnitude t 

a) shaf'c horsepo't-Jer 

b} cooling losses 

c) exhaust losses 

PAGEb 2 

p.:::r engine . load is increased, the effioiency inoreases 

beoause losses do not:tncrea.se so rapidly. Similarly .. a large 
. . 

engine is more effioient thm a·smBll oneo 

·."PREP ARATIOHS: 

From the 'listor hOat-balance items and definitions of 

efficiencies given later,., determine 't'Jhat readings are I'e

'quired1 end. list the instruments to be used." Prepare a comp

lete. data. sheet accordingly,' and obtain preliminary data such . 
- -." '.. , 

as dimensions andtBke· ·t-Jei~ ts b~fo~a thatest is started. 

(A suggested form is given at the end of this G1."P·eriment) $ 

DETERHIlfATIOHS: 

. '" 

1,lake a Complete testateao~ load, using preferably the 

fuU":ratedload" arid three-fourths,ona-he.lf, one-fourth rated 
~--. . 

"load. Tests llIUst be long enough, 'for obtaining' severaloomp-

lete and consistant sets of Ol"sat aua,lysi,s of the ezhaust 

gases', during eaoh run,,' as i.4611 as accurate vleights of fuel 
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and cooli.TJ.g 'E'latero Nail1tain the sall16cooling-'!.1ater disoharge 

tempel'ature during all tests. 

RESULTS: 

The items included in the engine heat balance are: 

1.- Heat to useftl.l 'Hork in brake horsopo't'Jer 

2 0 - Heat lost in the cooling vIater 

3.- Sensible heat in the exhaust gases 

40- Hydrogen and moisture loss in the e:r..haust"" 

5.- Losses due to incomplete oombustion 

, 6.- Radia.tion andunaooOl.mted for 

All va].uesare given as percantag~ of heat" supplied in the 

higher" heatingvelue ,of the fu0l. 

, The follovling effioienoies are to be computedf'or eaoh 

, 1.- !:1echel1i,oal ei'fic:lencL the l"atio of'bl"uke horse.pblver 

to indicuted llOrsepo't-Je);':. 
"' 

2.- ]3ro.ke. thermal, effl0,~cno:.y# the ratio of the heat equi

, valent of brake horsepOt'lor to heat supplied as higher 

heating value of the fuel. 

3.- Indicated thermal efficien92J tile ratio of heat e~~i-

~--valent of indicated horsepO\'1el"; to heat suppl ied :L'1 .tue1 .... 

4.M ~deril efficiengXI the efficienoy of the ideal engincp 

(otto or diesel. cyclo) I at the "aotual compres::don· ra.tio 

and cut-off ratio. 
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5.- §nr;ine.~i'ri9i!3.Ifcy, or efficiency ratiO I the ratio of the 

actual tllannal .efficienoy to th,eideal efficienoy. l1J.16 

indioated engine efficiency is the most significant" but 

the brake engine ef'i'icienoy is used if reliable indicated 

6.- Xolumeteric af.ficienc ... y', the ratio of the \'lei[5ut of air 

. act-ually taken into the cylinders to the ueight· of the 

discplacement volume of' air at the pre;:;sure and tempel"a

ture existing nea.l'" the .111.tall:o. 

Plot curves of the heat .... balance ite:ms gainst load on the 

. abscissa., using that scheme of plotting in i'lhich the curves 

'are plotted one above another and tho distance betl<;een the 

final curve end the 100 'per cent line represents t.Q6. losses 

'unaccoU:(l'lied for. Plot also curves of efficiencies aga.inst 
" 

10 ado 

DISCUSSIon OF It:XPEC.TED RES'ULTS: 

The heat-balanoe results 1-Ji11 dopend consideI'tlbly on 'bhe 

type and size' of engina testod, on the oooling-Hater tempera ... 

tw."e .. and on other operating conditionso otto cycle engines 

have highel'" e~\haunt temperatul"OS then dies01s~ hence ltU'ger 

exhaust losseso 

This expel'>iIilent concentrates attention on the vari~:djiol1s 

of ,efficiency a.'I').d of losses 'Hi th torque load., It. is . importSl..'I').'b 

. I. 
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1 
i 
1 

that the analysis of results shou1<i talce the method and result.s I 
1 

of speed control into account. Since torque . is: theindepend ... 
. . . 

ent. variable~ the engine \-1i11 be kept at· the speo1i'ied o'ons- : 

tant speedei the I' manually or by an automaticgovamor. In 
, , . . . '," .. 

the spark-ignition engine the throttle controls' the entir~· 

l1lurliure, lJhile :tn ·thecompression-ignition engine it' controls' 

mainly the fuel injection" In the spark-ignition engine the 

air-fuel ratio and the exhaust-gas analysis are therefore 

substantially constant, but. the volumetric efficiency changes 

\'li thloado In the. compression-ignition engine the air-fuel 

ratio varies greatly 1-Jith, load 

The engine. efficienoy; or eff'iciency. ratio, is especially 

signifioant for full-load 01') full .... throttle conditions. The 

. ideal air-standard otto and diesel-cycle efficiencies may be 

computed by the fo,llOl,Jing equa.tions.: 

Air-standard otto-cycloef.fioiency: 

E o 
1 ... 

1 
-r-!' 
1') 

. Air-standard diesel -cycle efficiency: 

'Hheror 

E· = 1 -.d 

.... k l' 
.:::; -. . . . 

k(S ... l) 

k = specifio heat ratio (=1.4) 

r - conmression ratio ()I) . ~ . 

s = ratio .of voluine. a.t" fuel out-oi'fto clearanoe volume. 

l 

'1 
"'1 , 

I 
·1 
~ 
I 
j 

'1 

, 
1 
1 

1 , 
.1 

, 1 

1 

->1 
I 
1 

I 
I 
i 
j 

I 
I 
l 
~ 

1 

1 
i 
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'l"'he ail"'~standard ideal ef"fi()ienoy is, of course,' inade ... 

quate because it fails totaks. accotLl'lt of: the realco!J.stitu

entS,-"of thelIlixtui;'e and neglects dissociation and the 

. chemica1-equilibl~ium conditionso 

---.---~--~----~~--~~--------.~-~.-.-.-~----~~-~ 
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,AIR CAPfl.cqTY, 'i]OLUHETRIC E~PICIE¥f...c?.! 

sndSUP:&ttGHARQIi~ G 
, •• - ..... pq .. 

INTRODUCTIOH: 

S;b.epre SS1U'e in the ,'1:ntZlke mt'm.!fold of anl.C. ~gin~ 

is'bolQ1-1 atmospheric. Since this vacuum is produced by tho 

dcn:1Zlward11l0vi11g' piston end thero', is' some pressul"'e 10s8 

tiwough the intalrG valV~S1 thecyl:tnder pressure, at the end , 
. . '. . 

of: the 1ntaka stroke l1lllilt 'b$ even'less thari tl1at in the l1l,uni- ' 

:foLd. W'.nus the charge at ail? tOken into tho cylinder, bei:ug 

'e,t~lo~~r pressure onda higher t;ornpGratt1.re than that 01:, the 

atmosphere" is muoh lessdensa. ·,The ratio ot: the 'Heig..1J.t of: 

airactu,ally· taken into the cyliitdars to the lreight ofa 

's:i.:milal?' vo:lU11.eot atmospheri.c air at the !irassure e.11d te~npera-

1 
I 

, ; 

1 

, ttwa arl stingnaar the air inlet is' oalled the volumetrio 'I 
, j 

e.f.fiai0ncy. T'rlis' is notm'l,at:ficienoyil'l, the' usual eng:ln0~~~ ',' 1 
! 

ing'sonsE) but J:'athera '!"ttGio of v~aightsJdensiti()sl mass, or : 

iUthough the volume trio efficiency has a nlinoI' affeot 

on fuel. G®nomy, it 'greatly a.ffect·s the total capaoity, or 

pm·1erdevaloped a.1'ldhe:i:1.6eis gi von considerable a ttan tion in 

,'th~oase of:airplan'Z1 engines" ra.,cing-ow engine,s, or EXD.Y 
. . . . -. . . 

engine-in ii!hich the P0t-1t31", to ;J~ight ratio is im:Dorler~ .. 

T11.0 :ma j 01' , faotors that effect the full ... throttle: Volul11.et-
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manifolds" and valves, the mixturs t(:ll':rperature, and the engil'lO 

speed. At partiaJ. throttle the YOlU.'-110tl--iC efficioncies 2.1.'O, 

of. course, g till lO'Hel" .. 

In diesel enginas the problol"tl,s are somet--lhat dii"i'eren t" 

bu.t ·the need fox' high air capacity :1.s equally prossing. 

Becuv.se of the heavier const;ruction and of tho high i:leight 

o:r a die sel engine pei" cubic inch displa.cernont;t i 1;; is very 

:L..~ortant to secure high "volumetric efficioncy. 

THO methods are availa.ble for greatly increasing the ail'" 

capacity m~d/or the volumetric efficiency. ~nes0 arG~ 

1.- Th0 SUbstitution of the tHo-stroke cycle instead of 

the four-stroke cycle. 

2.- Supercharging.' 

The compression ignition (diesel) engll18 is adaptable 

. to both 01' theselllodifications since it COmpl .... osses air only, 

not tZil air-f\1.elllli~~ture.The supercharger aan- thus act; as 

In this 0}."PGr:tmon.t the engJ.l1.0 -Hill no-I; be supercharged 

,beoaUse of ·thersason tha'!; superc:hal?ging iruposos high coo~-
. . , 

.' ingloads l,nioh the cool:ing system o:f a rlonSUptH'chargod en-

, gins O?ll not. hsndle.T,.l1e oPPosite ef1'oot of supercharging 

the eng:i.l'le t'lill be lllustratedby throttli:.FJ.g the $ugine. 

The V01Ul'1lGtl"ic efi'ioiancy is of :major importanoe at hi@. 
, ' 

__ .. __ ..... _.--J 
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speed, tIith vlide-open throttle, but in this ozperiment o. 

PAGE b ~ 

Hider ran,g;o Hill be covered in order to illustrat:e the rela-

tionships involved. 

U!S TRUCTIONS : 

ThE) engine should. be prepal'ed f'Ol" a high-speod fu.ll-

throttile teoto A su.ituble lnes.tls for' measur:i.ng -the intake 

air is to be pl"'ovldeu& :l:ne faost convep;iont' ail'> metel~ is 

a la).'lge: 1..11.1e'l.; tun};: ont1hich f4"'l. ol'>i1:ioo pla'ho is moun'li0d. 

'lno smaJ.l differential pressure produced is l'>ed on sn in-

cImed Ill::J.!lOmotor. 

10 !iIeJ.:e on6 run at full-open throttle and others at 

pc.rtial-·throttlo settings. Each l'U!l11flll consist of f'our 

or more determinations at different specds o FU.cl consUXl~-

tion and pOi·mr measurements are to b0 included as t·JG11 as air 

f'J.0:1 and it"'1ta1!.:e ma"lii'old pressure measul'{;'lluonts. Use bo.st-

I 

1 

pOlleT:' sp arlc advanoe. . ! 
20 Repeat one run Hith the engine driven by the dynaruo-

m.eter. Shut o:f£ the 1'1).$1 bu.t leavo the t;brottleopen. 

3. Plot the 'VolUl1letric effioiol1oytl.'1.d· specit:io rue). COll-

smllption e.gainst speed for each throttle setting .. 

44 Plot the pO'Her out-puti agai..'1st totr.J. air flO'H, i:lith 
~ 

test points for all :runs sl10~m on a sin.glo CUI've. 

5. ~rOlrun8trio effioienoy should also be plotted against; 
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60 :P~ot bsac against bhp for all ;t>uus. 

DISCUSSI01f: . 

tii th a constm.1.t ai:r-luo1. ratio and combus'i;ion ~fi'i ... · 

cienoy, a.nd best p01'JOr spark advance" the indicated horno

P01:101" shocld depend on the air-p'Ul';lping rato onlyo But 

PAGE :to 

'Hhen ail'" .flot-l'is plotted agai.."I1st brake hm."scpoH01", differ

ences :in engille fr5.ctiol1 Hill be shOlm by the spead oJ: tho 

points o Ha;.=imum. volUl'llSt-ric ,eff'lclono;tes e.l~O at-tained at fttl1 

tbl"'ottle ll."l'J.d intel"'lUediate speeds. 

Q.UES TIOllS # 

10 FJ.."01\l the cons ide l"'at:1. on of pOller Otltput 1 is a high 

or a lOH specif'io ail; consl.U1lption dosj.rable? EAP1L\:U1.. 

2. lfn.at may be the causesot: on Ullusuully hi&~ speoifio 

air consumption? List and oxplain in detaill) 

3., Based on the concept of' air capacity, -\·11w:c e:ppee:x-s 

to bothemos t effectiv0 means 01' Qontrolliug 'the pO¥i~r out.

put o£ spark .... ignition anginas? vfuab part of theo.il'i .inlet 

syst'em is used to accomplish th:tscontrol ? 

~ .• E~lain . the val~ie.tion o£ volumetric cf'fiCisnoy 11i th in

let temporat"u.l?e(il1.intake l!l.ffi'lifold)o 

·5:- E..-<;plain the. variation of V'olUlt'latric efficiency Hi th 

inlot pressure (in intelre rne.nifold) .. 

6. 01\70 physic8.1X'eason for the variationo:f VOl1.'U.Uetl:'io 

efficiency wlth platon speed. 
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SCAVENGInG OF THE THO-3TROlrE EHGINE 

OBJE'CT; 

To determine the scavengmg charactoristics or a tiHo-

The scavenging chara.cteristics of the tHO-Stl"'OE..'2) engine 

may be analyzed 'iJith the aid of tHo special terms, 

b) scavenging ratio I 

defined us ['olloNS: 

R s 

.. 

ea 
:::: 

R ::I 

s. 

. 14 -= _PQ .Ie .,. '~ ... 

V If . fs . t 

scavollging ""'f'1 • e.!.· c:!..ency 

scavenging ratio 

H= lUasS of air :r~atained in the cylip..Qor per unit ti'i.ilo 

Na; IllS.SS· of air supplied per unit. time by tho 

scavenging purap 

- scavenging air dansity# calculated on the basis of 

inlet t~:1pe1"ature tll1d exhaus t pressure" 

V'I; :: total cylinder volU!.tlG 

. I 
; 
I 
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n - revolutions pel'> unit tinlO 

PAGE -i-2 

no apecia1. dii'ficulty, as all of tha prinar'Y quantities en-

teri..Tlg its definition m">s directly Illoasurable4 Hot-JaVel"', JGho 

sa>ns C2.11not be said of' scavenging efficiency, because there 

is no direct t'lay to measure the mass ot: ail" retained 1..1'). the. 

In the present e:-''''Periment,the mass of air retaine.d 1:1i11 

be estimated. on tha assumption that the 1s ac of' the tlJO"-

stroke engine 'basad upon the 111$.SS of air retained in the 

c;rlinderis equal to (1 + a} times the 1s8.0 of a four-stroke 

engine ot: similar design~ operating at So.m6 cOIrJf)l'ession 

i1atio, same fuel-air l"atio_ end other1-Jise similar condit ions 0-

The eOl"T6ction factor, a , is. USGd to account for the effect 

of early e:-thausti opening of the t1-1o-stroke engine. Fo!" 

avel"age engines a va.lue So = 0 0 05 may bo asSl.UilCfdo 

. APPAiM.TUSs 

THo-stl"oke sp·a!'k ignition engine and electric dynam:)111o'Gol"$ 

standard equipment f'o!' mea.suring ail" a11d ii.1.el consULlption~ 

te!!!por~tures,. pressures l' etc. 

PROCElJuRE: 

Ate. gi venspeedi e~hau.s'i; pressure and1nlet tempara:t..-u.t>o $' 
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mal:s, runs varyinf5 scavenging pI'assure ovor a idde l~rulgeo 

HoaSUl~e air consU!(';ption" ft:tel rate" required temperatu,rea 

PAGE 7- 3 

e j 
s 

R and isrc based on total s 
qtlantity of iliC! supplied 

2 0 - Plo-t; scavenging efficiency (0 ) I VCrsuo scavcngi~~ s ' 

ratio (Rs) ~ 

3~- Plot isfe (based on total 11:l.el quantity supplied) 

versus scavenging l~atioJl! (R ). 
s 

DISCUSS IOII: 

1.- Er.plaul the variation of scavenging e~ficiency with 

respect to scavenging ratio. 

2.- Explain the curve of i$fo versus scavenging l"a.tio.' 

3 .... Is there al'ly reason l.Jhy the method used in this 

ezpol'>iment 1'OJ:: esti:mating the mass ,of: ail~ rat8.ined-:t:n the 

t"f!o"'strolto enginecylind0l~ is particm.larly suitable for sn 

engine running, on pre-n1iY.ed fttel-aircharg0·'? O"lli."lthiu method 

be used at all on a f'tlel-inj0cti0l1 0ng:L~ ?, 

L~';::ExplaL'1 :Hhy the epru.<tk-ignition'tHo .stroke l$usina 

. does not 10.10 Hell~ 

1 

I 
I 
1 

1 

I 

1 
i 
1 
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Detel">r.unatiol1 of tho pm-Iar of a rotating nachine in.vol ves 

throe me aS1.1.!'{'xmo11. ts: 

a) .force 

b) moment ar.rn, 

c) ro'be.tional speed 

Ti"1G tel">rus d:ml:ll11OTflet or U1.'"1.d tOl"que me te 1"' are sOllletimss 

applied to the force measuring device onl-':i4 
. " In fr\ct other 

types o:f 1'01"'oe rueters such 13.0 SP1~ing scales a:e0 also called 

d~"nW1omet01"~ Butt in Illechanical engineering this terlll is un-

derstood ,to mean atlY assenlb~y that moasures mechanioal POH61"o 

PRI.l.tCIPLE5 : 

Absorption dyna.'1lometers usually consist of ~. rotor Lmcl 

a Cl"'BCl.lo nou..11.tcd stato!'. '1::"10 1'01;01-' is dir0ctly coupled to 

the macldne the pot-ler ou~ut or 't~llich iota bo measureu 4 

Tne stator is caused to ozort a retarding tor~le on the ro-

te.ti11grotor" According to ~the principle of' equal action 

~~d roaction, tho rotor Gzorts ffil equal and opposite torque 

on ttw stator" In order to lWGp thestatoll s-t'<).-t \.'0\\ C>..V~) 

anothol" J11OIll0nt l11llst be applit3cl on it;; equal iUl1lagr.d.tude but 

OPPOSite in dil"'€lc'Gion to -that 0xorted by -tho l"'OtOI'q, By 

is possible 1';0 calculato tho POU0l" devoloped. by ·the nJ.e.Cb.in~> 
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, :machine. 

J.:~ ... Abscrrption dyne.mo:m.etera dissipate the pO'i1er being 

l'iW~~w:ed by conV01,,·ting it to, heat l 6ither eloctl'ically or 

',ayfriction. ' 

4- Transmission dyn.amo~ters lilSaSllre the, torqp.e, 2S it 

,,·i'Strensmittedo rJhen the t1,Jist of' a sha:rt is l1leusurod, the 

'_d~V'10~ iscallad. a tor,siondJUrunometer. 

, , , 

the .a.~SQ'rPt1,ondynemomater.. Thoreare 121mlY kinds of absorp-

tiOn dYnamometers ~ 

;-\.;'- -.'. 
':;1.: ,. 

,a) §.o1id-,friotlon'.or Prop.;r bxrnk.e!3.: 

These tlbsol"b 'the pOrrar by converting :t t in to 

• heat by' meanso.f sol.id friction. The gan~ratod heat 

is dissipated by suitably cooling- ,the dyruunometero 

Automotive b1Jake l1ning,' '~1ood blocks $ , o:t' ropasare t;tsod 

fOl .. triction aga1nst,thel"otor of" the dyritLTiometeI'o 
. , " . . '." . 

',Q}!tat,ei! .Rr:akasorhy££.au.l1c dYnal.\'.pmetal~£!. 

) '~. . 

,In :tb.as:edynamonieter.s·th~ 'Hatcr:t"1oH is vo.ried to . - - ' .. ' " . , 

',:(,ontrol. the bl?ak& tOl'qu~1 sl1d8.lsoto dispose the heated 

'/flu1d. ,~lle' oasing or st14toris'eradl'e-moVl'lted on ball 

~", 9~ ,roller: baa:t.'mgn1 >andtl1e l'1otoJ:. ,oonsis~s ,either of 

',one 02"' ,m,C)l~a pla:tp.smooth ,clinks. .. or' it may have pockots 

, , 

___ ~~~3~ .. ~~t~_J 
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or van,esto inCreasa, fluid friction :and . consequently 

the capacit'y oi',the' dynamonleter. 

The hydrauliO' d31'lanlo:ri1eter'is a compact; unit of' 

llighcapS:pity at ~oderntely high f:lpeedsbut it is 
.. . 

sOID.ev1hatless'riexible andmoreait.ficu~t tiD control 
' .... 

0) ~a'rl brakes: 

These usually consist of flat paddles.l'otating 
. ."". 

in the open ... They are chaap, but 'they a!'e noisy 

and dangerous. !1oreover, they have rela.tivelysmall 

torque range at any given constant speed, and they are 

dii'ricult to control •• 

d) Elect.ric dYRemometel~s 

" 

i 

. I 

I 
. j , 

The d-a dy.aanioelectl"ic machine, may be used as a 

d~amometerl either by cradle mounting or by calibration",: 

If a test or'calibration is' r-Iin on an electric 

motor "us:tri.g one,of tlla brakes mentioned above to 

absorb its output, . and the resultsareplottedeithe:r 

. e.san inPUt-otltPUt or as an af!'i clanoy curve 1 these 
, . . 

. results may, be.used for exactdetel~millation' or POl-It:)!' 

Hhen the motor,isput futoseI'vice for driving Oth01~ . ....,. 

machines. A generator maybe a;tmilarly calib:t"atedby 

the determination ofitsinput-ou·tput, .01.' erficienoy 

curve, atvaJ.:'iousspeeds,. snd it then becomes an accurate; 

" absorption dynamometer. 
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For su·cb. applications as the testing oril1.ternru 

combustion anginas, lJhera a. val'ioty of speedS ;n"e 

necessary an,d it is desirable to use the electric 

ma'Ohine either aa'a motor or 1J..S a g011.61"'ator, it io 

mll¢h sir~le~ to cradle-mount it, then it is to deter-

mine and use the large number of calihration CU:l?ves 

Hhichvl0uld be necessaryo 

One ot' the advantagos of tho electric cradle 

dynamometer is thei'e.cJtSthatall operations e.l"'C 010C-

. - -. . 

. speed wid torque contl"ols may be easily and €I.CCm"o .. t0 .... 

11 hendled by a single opel'ato~,.1t 
. , 

e)' ~SP:et~c:~drag;r 'or ed~y."':'cut:I'.0n!!....dX.Q.amom.ot:.~rs.J. 

T'.IlGse, s.re sim.:tla:r-to ol"uOle"'ru.o1.ID.ted g<ulel"ators ~ 

but the elec~rica1' energy is dissipated t..1i thin tho 

than that of a cradlo~mountedd-c F.w.chine, but 01' 

lnagnetic d;;ne.mometar" min typo oJ: d~'Uer.:.Onater is 

u8ually Hatel' ,coolocl. 

Assume a forc0 of F potUlds acting D.tthe 011U oJ:. a dyne.1110'" 
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to the plane de.fined by the dynamometeI' ruds and the moment 

al"tll. . IJ!he pl">oduot ~"'r is equal to thetorc.lue developed by 

t..~a dri vine nlachine (sse saotion: principle) 0 The work done 

by this torque in one rev-olut1on of the shaft is 2itFr in-lb 

or 2Jr F'l"' tt-lb.li' n is 'thespeod of the sh..."\i't .4'1. :r'pm., then 
I 12" ~-- . . 

tha i'10:rlt do...YJ.e per minute, is· 6:t .. ~~. :tt ... lb!min. Since 33000 
. .. ·1.2 . 

. .fli ..... lb/nin 1$ equivalent· to a horse-pm-wr; the pON01" devaloped 

by tho -dri vine !.uacb.ine .is given by: 

P - force at the end 0 f: the :mor.3eu't al~, 1b 

. . , 

11ot~H Fis the net ,force acting at the end of: the l'tlont;Jnt 

~Jh0re; (j is an.evGn number such as lOOOor2000.!t the ssmo 

scale is to bo ~sed all'!aY$ l'iitha gj,ven dynanlomotor, 'bhon, 
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"$-nyiengthlUay be'usc.a l'ox>the.moment azm" and thesoalo 

'calibra:tedt6 readtor'lue (~r)" OI~.~ 1,01' simply Fo 

in the. laborato:t:>y. 

'2.- }la,ke actual pouer i1ieasu!'Qluents • 

PAGE go 

.3.-;&"or the cradle-mounted eloctric dynaraomatGl~ pl0·t 1:'JOl1.;:J:>. 

maasu.:red by the ~sridcca1e .motho d, ~..gainn t e1.e ctrical. po 1,,~1r 
. t. . . " " . . 

, Otltput or input ottha'dj.O.mnoIll$ter" deponding on llhoJGho:rit 

is l.:usod. as; a generator armatar, :respacrtively~ 

, l~.- Discuss advent ages and d1sadvantagee of each. -time 0::': 

PREOAVTIONS •. 

1 .... LearnhotJto:nwlte an S!.lElrgenoy stop" In testing POHO!' 

lilachine~y stich a neeassi'L-y !!:lAy al~1aG at e.ny time .. 
• I ,., , 

. " 

2 .... Do not :~eaV'e' a tl311ani0111e~er rUJJ.nmg1·iithout 8.1"1 ~ttond-

,dange:t'ous~ . 

3.-· All1ays keep 'Vii thin safe speeds tOl' bb)'e,;11. UjnaJ.llOmetel" 

&l'ld coupled :m.acl11.nO. -.. 
1!.~-fl..llJay3chaok tho'tm.-'a-1rleight bafol'a star-ting. 

50- Lock the ataJJot>oi'an eJ.o.ctxrlcdynwn.oIiltJte;r> uhen frta.l""tir. 
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dynamt;>ln.oter. 

7.-· Take l'orce(or torque) e.ndspeed. readings oimul ... 

·taneop.sly. 

. . 
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:rnTROOOCTIO~h . 

, The' indicat.ed. hor~ep~'mnJof an engine, that. iS p . '.th$ • po~,!Or 

developed by' the c-ylindGr gases" ,can be do:tQmfnaa:t~:tho' 

variation otthe cyliildGrga.~ ?J.~a~sureld.tlfoYliildel' gri$volum.e 
" . " ~ 

is lmO'lrSl .for eachcyl11lder. XJ:lotMr cases' a; kp.orJ10dgf)':·().f 
• • ""0" 

the maJc:uuumoX' maon Gyl1nder p~~aDur6i~acsil~able~ ·.'l!tU;:'SCIllllY 

be obtaine.d by means of e.ng:tne :tndicatqrs~ 

. ",' 

"ine p'echanioal;~ng!ne, ~dioator. oona!st's.ofa. pist,cn .... 

an.d-sln~:tng· lUechflllis~aot-ue:biDg ·apenc~l·tor . the: 'oi .. dtriat~s2l1.d .•.. 

an oscillating papor ~.driV'OlJ. trom the Gngitlepit5.tc)Il rod.: . 
, . , . 

to give hor:1zontaldisplacement. 'Indicator SPIlingS are cali .... 

brated intorms' ot:thepre.ssura change ,roq'l1iI'Od to Illove the: 
" , , ' '. -~ '. 

marlring point. ~ inch. lJ.!hG . scale of the diagrmn.~an·be VElrit)d 

by changin~ indicato:r ep!·:mgs,.. changing drums,.tl'edu,o·llig lUO- . 

tions, etc. For, angin.e· speeds above 400 rpm the inertia effect 

. 'Hi th lJ1€lchanicaJ..indias:~or:;r. and reduoing tti.?tiOnsmaitei:td.:tl.'i."i- ' 

cult to saCUl'G aCCU1~atGd.iagrs.ms~ ID: ord.el~ toove':£:cotll$' thf)se 

difi~lti~s stiffal? spri..'IlgsJlightol' ind:tcatol" paJ.'1ta,snd . 
, / <, '- '.:."" . - • 

reduced dt'U!ll travol tlcn'l0 'll.sed., (One t:rpG has a. tapered eo.n.ti

level" spring, a. la.:L"S'6'piat'on,> .and a mnall :p~..pevctt'·mu.).'fra.t 
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· .. f.;heso .. oalledrr~Ol"Q.;indio.aJ;ors traceV~i!y small diagram.s 

.. that must be greatly m.agnified tor analysis. 
. , I • 

PAGE f5l( 

• - • .. '. ," > • ,'. .. ' • ~ 

In thes6mstrumetlta, . Cl,p.1stQn ora dia:f.'ragm exposed to ~ngi:ne ' 

· ';preftsuro operatesagamst ast1ff b:eam spring. Tho vary 
, '... ...., - ,,-' , .'. ., 

smal~mo·bi:on. Pl"oportione.1 to pressure, is transmitted to a 

ln1rror'wb.1cl.1.refle.ctg light' trom fl point ,sourCGo .fu"I..other 
: .. ; 

, ... ' 
'motioni$ tran.$m1tted to the .mirror by a suitab~e COll.1'lGotion 

, . 
, . 

from the engine,piston.. The, :resultinglight~beamdiagre:m, 

after being. magnified optiolllly" is v161'1edonaaot",eenar 

. photograph$d.. Optical indioators al'e bettarthanmecrumic.u 
• ." • < 

, .. ,", .itl.dic.a~ra, beOe;t,ts.6:they ila'V$leasi:o.artia and' the:r produce. 

., largaj;f,~diagrams'-:Xhoi,also .ohange:tho compression :ratio to 

. '·asr~alla;'-~xtent by:~troducmga smculeraddi t1oD.eUYol1;U'le 

the .:'cYlinder :I •. .... o,S ... :cdmpfU1~dto.m?chanioal . indio. atol~ So 
. '. . ~ .. ',: . ",: : ".~' ~ .. ," 

"':'" . 

~;;;;.;;.:;:;;.;;.~;;;..;;;..~~;,;;;.;;.:~ ........ giw .9. composite jnd~o.atol* diagl'OXil 

'·,that·l;epresent~ .. tne ~p¥o:tl;~tate' average .. of'a; ·~a:rge numbor' of 

• ·'·?1el'f~s. ' .Thedia:grmnis'buUt 'Uppointby point ';erom.a l.e.rge 
. ' '. . .. . . '. '.' . 

.: . . 

· ·nukberof cycles. ~Ga~anq.$_.ErasSUI'a ,indicato:!;'., USGS @ a~... i 

terna:i baJ.ano:ingpres~~r~:s:nd matches itaga:tUstengi:o.6 cyl:i.:n

del' pressurG. A flexible diaphragm, ,Ii'"ounted bet1tleen the two 

pres Sti:re, ~;'h)Urces#'opens nnd clossssn. electrical., contaot once 
'" .: ~- , . . .. 

ortw;1ea ea.oh, cycle at the instant the irHo pressures become 

equal. Each opening or closing of the contact gives e. point 

:on ·tho 'f-V di,agI.>am. ..13yvro:ying the balancing pressure the 

,el(JCitl'ical contact Cali be made to o;?~rate .at ve.xiious points 
'. 
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ofthe.c;rcJ.e" tll1.\S giVinga:Sfi.riesof pref3S1.l..rO read5.ngs" oaru). 

" ' one., eorr~spOlld:tngto,a.di:fe:t>erit po~nt.9f' 'the averagt;)· oy010. 

'With,: thifJt;ipe'~f:·in(1io,a~o:ta:thf{kert:!.fl: p~oblG~iS .satisfac't;oT'-' 

11:{ 'aoIv~dl 'b~ ~"theensin;~:~ul.d 'bp~l .. ~ta '$tgad11Y'l1hil~ , th~ , 
, '-,- . ' . .... , ,.; " ",', . ' 

, "S,e~lel1ru..,foms. otmwmWnpr~fil~LB:.a in~.~~.ato:r~i¢eavaUabJ..c 
••• :". :', ,. -'.' , • :,,'" ", .... " '.... "::~",' A' ": •• ,.' • • -' .' , : •• ;"": ' ": r·: . . : . '. 

for shovl:i:ng only themaA1tYlUm pl .. tmsurG 'il:t'an" i.nt~rna:tcombu.st:ion 
.j '.. . ••.. '. 

, , ~'.;, . 

Electrical i1'1 die ators gene;'ata a signal.thsdj '\1&0. he .. r~ad 
by ma:ens of enos~il10gI'crph;'riro·~~illo$eope.~TJ.1:&fQ.l:ti>l1ing " , 

, ntay hOUsed ~:o Qonv~rtpl?ass~(;}s ·:to:Q:L(;)otl~~O sign:ii~: 
. "'::' ;; ~.- . ' 

;-.' 

. . .' . 

()leQ"i';pic pridga citc1.ti t~' T'.a.~ ~aactenco ~~'mge ,is. ~btairie d 

by,yar;ing the'air gap',ina'magnotic circuit. 
. . . ' .': .'. . '.' .. 

, ' 

Py 1.ls~g tHO. eloctl'Ode~ Si1dmeoha'n1oall:y- disPlaCing,,:'Jihem.' "'lith 

respect to each othe~ ... , 

,.,. 3.- Resj.stcnce~i"ii.)."e elOm011:ts. chsulg6 in re:iistancesligh.t

J.y 1mGil they e:re subjeoted to atl"ia.:i.nl)o' 

4 .• - P:toIlcp;)lao};ric orys tala . J?rQclU.,oe aloctri c::u il:nptv.sos 
. '~~~ . , . ...-'> .:'. " ._; .," 

proportional. to' the pr:essuI'$~A~rtod·\tponth.el.\!. _.. '. ., , . ~-. .,," ','. . 

,. : :5 ..... ~e magnetostricti VQ prino:i.ple is ~ppliedl,i.e. JJ the 

'pa~$ability of ama~etio 6l~ment. 'Is, changed by stl'sssmgthe 
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indications at, highspol;)ds ,~ pi()zoelec .... 

trio cryntal P):>6ssure p:i.ckUpi$., used1¥ithtJ;l.a os~ilJ_os;copo. 

It consists of' b·;o quartz cry~tlils'eonta5.n(;)d in ,a pr-eSlSure 

uni't; VIhich is scr~nlcd into the cylinder'headi,11th 'ttdinphragm. 

a;tposod to cy-l:i.ndol' p:resS'Ures£j Thiselititnatas entirely tM 
. ~ . . 

tl"an~f'0l' passaGo 01: 'the mechnnicali~dicato~'o As .ti:J.e pren ... 

sure in the cyli,"'J.dcr incre$.a.r;H~$. the tjUD.r,tz cryst~als $.l;0 ¢.0lJi.

pressed snd un eleotl'ical cJ:m.rge appear-son the crystals in 

, , , 

the piezoelc ctricetf'ect", A small i'rac'~ion 01: the electrical. 

Theoscil19S00P8 consis'iis of' abeamot: elcctx'ons ·einittGd fi"om 

D.. hot fillmn.ent o.:'n,dfoQused on a' fluorescent soreen.The beom 
.' ...... . .' 

. is moved in a horizontal p~ano. by.apl>liirigtoth~ ho:rizontal 

, de£l.ection pla)Gos a vo~tage ""JhiOh dasoribesthevolU1l1eor the 

i 

I 
1 
1 
I 

1 
I 
1 

I 

i 
j 

j 
1 
I 

,1 
cyl:L'l'1der ga.ses.. Ver'tical :rp.oyemsut 01' the beam resu~ts When the ~ 

l 
amplif'iec.1 v~iable voltage o£ the qUal .. tZQry~tal.s :is applied 1 

1 

to the vertical defleotion pla·tes of:theoscilloscopo,. 
, 1 

rosult on the flurescont ,screen is the }?l"essure-voll.i:me diagr$l'U: 

for the cylinde~ in question. 

The oloctl.~ica1. indicator desoribod abovo does not have the 

disadvantages of the lUGchaniclll indie£l.toI'o l!o~30ver" al.thougb. 

it is~e~traInely sensiti1Jo, .fol'tindiea.t:ing l"apid vtl:t:'iationo in 

prossul'5, speoii'ic values 01~ pr>essUl'o may be opa'1. toquest1011 
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be obtained atengino speeds belovJ lOQO!'pm due to the ~ack 

of persistence of sighto 

~.... ~amine the indicator-s aveilabic. 

!l.o .... , Discuso accuracy and limitations of the V8.1~iO~S types 

of indicators, and make suggQst10ns for ill'lpro·V6!!lents. 
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DETEi:1NlNATIOif OF ENGI!lE DEADCm~T.ERS 
• .... . ... ~- . , lA ., ii •• 

.AND CLEARANOE . VOLm·m . 
. .., . , ............ 

INSfRUOTIOlfSI 

... ' :-.' 
" . 

. . I 
ThO:tntsl'1:J.al combustion engirie has t't-10 dead can tr:n"~ 

, . , 

a)tha'top dead canter (orheac1 eentel~) . . 

b}tne bo:ttom dae.doenteJ:' {9r crank e6n'be-r) 

Wo locate the.dead eenterposit1onsl 

1 .... !J:urn the angina l.Ultil. the piston is alinos·t 

htUf~t{ay its' stroke ~ and make ainark on 

.thflparipheryo1' thl;l fi~lheol" opposite to a 

. l"eferenoe mark on the anrsiri.e badyo 

2·o-J.1a1."k tile posi ti9n ot the pistol'l •. 

.. 3 .... ·TUrti·the.engine past the dead center, until) 

thep~ston inexaotly' at the smua 'position 

• ···.a$betOl .. c, •. 

b. .• ~}lak$.p.;.;r~eCdl'1dlua.l'1k 011. the periphery oJ: the 
. " 

';f1.:y1ill¥laJ., 'o~l?osi to bathe ,Sata6 referenco 

.ma:!'1r6n the" engina .'body. 

5.:'" ;Lpcs.tethem1<i",po1nts . ot the in'10·. arcs. to vlhich 

;th.6!ieriph,ery 'oJ: tho fljl1heetis, divided by 

th~two IDarks o 
'., '";',," 

'," .,": 

i 

! 
.1 
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Placin.g on6 of 'th!?l3e'l1lid-pointsopposite, to the ' 

'refarence mark 'on ,the engine body" corresponds to the 

top d~ad,cent,e~",<'and placing the otho:r mid-pomt opposito .' ' - . . . 

to thereferenQa murl( on the enginebodY,.o0r,responc1s 

to the hottonldead' center. 

, Note :,Tttrning , the '~Y'igheel in, the di:r-GC t ion , in 't>lhich : the 
, , 

angme ,;runs t~~sup' v1~a:v in th~ oppo'uite dii~ction 
, '. 

',to that '1'~h1ohi~, the (lase, vnen the,engjn~ ,is~ moved 
. ' "".' 

Interpret~ and,app:li~his:rD.ct' 

ci~i3.l;alloe:volui.tle isthevol'Ume contained batt-lean " 
. '" 

.' " . 
..... .. -. 

" ' 

To !le.termine cle'£1l1,SllCe' vOl.WU,ei 

. ' 
2~~R(:m~va theapark plug'a.ndi'iil "in the-

.'< - • :. 

ple'arance volUl1l6 td th a,liqu:iq" haing oare-

fuIto', ,9:vO:1.d trapping air,~ 

3.- i·fu'asure the '~zefgllt ',of liquid J:l'equ~r0dto, fill 

theolealla:fl cs volu.megnd its tempe;r.aatllre" 
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density of: the liquid at the :m.e aSl1l"ed 

. tGm:r:ie:raturc o This volu.m.e is the cle.arance 

volume ofthaenglne. 

.KnOt-1ing . the .l?1~ton dlsplacen1ent 'v,oltUile {by ni..aesUl'ing 

'bn:r~ and.-stroke}; Va:' " ',2ncl h~'i1ng determined- the aleurai"lCG 

volUlne . t by. the method. outlined' at>ov6} III if ,. theoorrrpI'osw 
'. '. , ' '., . .., - q ... ' 

~."si6n'~atio o£theengineca,n be calcUlatadby-: 

Compression l'tltio 
__ Vd,'+Vc · .... Sf-:-." .,. .. 

o 

~UES 'l'I01'lB t 

.... '1. Diseuss-inaccUracies involvod in the measu.Z'f,Jm.0nt of' 

imgine . clearance volura6 by tho lnethod e}.,.1Jlained a.bove 0 

2 0, E..'<\plainrJhythemethod outlined).oeates engin.a 
• .'. < ' :,,'..' < " • ' 

dea.doenters wi:th a,higher degre~ ofaccuraoy then if' 

tl1<;)dea.d·oentars are locat~d by simply ~v!attfui'l'lg the 

-motion: .of the.'p:tston near the endsot: the stroke • 

. . The: report.' sllould"in~ltide tabulation 0,£, tho l1l$asv.rements 

and' bslClllat;:l.-orls "l1lad~i,na1fa11able : engines • .. "~" ..... <:.~ .. _. :.'.' '. ':-,~ ~', ., .'.,: ':>, ',.~'. ,,1,<; .', t . ... "', 

··.,.'.1 

". 

", ,,' 

' .. ' ' 

• -! 

j 

1 

1 

1 
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CP.RBURE.'TQR STUDY 
•• 1 ". 

'INTRODUCTIOl1: 

The iU...l1ctiol1 of the carburetor in gasolin,e engines. is 

to supply, a oombu.st:tple rtrix'l:im:'e of air al'l,d finely dispersed 

liquid fuel (par-t~J vBporized) I in eOl'>I'ect proportions, tOl'" 

all speeds and loads of: theengme;to -the 3..n.lot man;' foJ.d 

leading to the cylinders. :Co do t."llis, it must not; 01111 re-
. ' 

gttlate the quantity of :m.i7.:tul"e to suit the loadroquil">emcnitC3' 

but itmusii also ,supply the corl--oot- Pl."OP01'>tiOl'lSQ£ air .end 

fuQ~ 'to start up fromtheco1.d, to' rru.t ,slot-u.y ,( i~le), to Horl~ 

OV6l' a 'Hide i:allge of engine speeds 'endtorquos. 

The folloHing arc tho .ohio:f di verse~ondi tions " for1-;h:ich 

'~the ' correct~ m.:1.xJ.\.trGllluatbe, 'si1llplieda 
. ", ,. . ;. . '. 

" '0.) ,full lotid,atmodorate or' J.o'Hs:pe~d 

b) ful1'J.oad:,at' high:spaecl ' .' 

O)pf;U?tiS~ load,ri.thlgh. ap~ed .. " .. 
, . d} ,~igb.t~oad.,,- at lONspeod (idling) 

e) QPoratlotiin 'Ve~y cold o~'verY'1;T!4-'lli 'WeatherQ 

" ~e same lilutura ratio is :not auita'bJ..e'.folr ,operation in 

all the above conditions .. 'rests' have sho't:!J:l tl,iat:tn oram:' to 

, ,~ 

des~adi. ,on 'uhe othel' na.nd.,. to' op~~ate at'maz~ $ftioi~ol 

, .( fuel. scio..'1omJ-)~ the'~~u17f) shoui.d: be sonWlihat :lennerthan , 
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. ~'. 

, '< ,'qUit-Cd' •. 

.: . -

2.- Dra.~l adiagramoZ'a simple ('HlrbUretoJ;' .end explain i.!GS 

Label all ,paz;ts. 

'~ " 

1 
I 
! 
I 

: I 

'I 

1 

':1 
! 
.I 

I 
, 1 

1 
I 
~ , 

. l 
" 

,.:thi;SSPSQd.,."lt W1l1not~'hOVJGVer,.sUPplY the ,samem:txtm"el 

":;ati~ 'atdirferent J~peetds';:;no~~dll it regulate the ll~tu:L .. e , II 

'~t1o·)tn.a \"lay-to su1ttha'various sets of conc1:l:tions mentioned' 1 
" J " ••• j 

"',:w,ovs.!tsohief defacot~ '~e,'ttlG i(.')1101~ingz ' j 
. ~ .' . 

.' .> 

:::-, , 

'. ',: 

: ..... 

.. ".'. 

,:,~) A given'hlcra3.s~':tnairvalooit~:{du.a ·to inoreased" 
" '" . ' .. " 

", ',eng5ll.e ,apoed),1ilill' proch.lC(:l aproport1onately greater 

, tnero(ls\;r.in fuel. ';flC)t1'1 and vice vorsa. T'Llemixtl.lra 

"'¥tlllthus be~rlr1oh~das engine ,spe'cd iool"eases, w.d 

111oru£ened as engine speed deo:reaSe$o 

bY:J)ueto the 't>ltMk wJ.ztul"a at 10~Ispeed,atartinglJ:!.11 be .. - ,'- : " . . . . 

. d1ti'i'culto.r inWoe~ible. . . . .... ~ . ' , . 

0) Rapid's'cceleration vIill be :1mpedegby the inertia of 

d) l'larmt'16athei- l'>esu~ts m decreased air density Blld·de .... 

dreasedfuel viscbs!ty, both causing a. nobel:' ,mixture~ 

'" ,~ > 

I 
1 

l 
'j ',' 

, 
': 
I 

,I 
i 

i 
1 
I 

I 
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Cold lieath(?I" has the' oppo~ite e'ffeet.Changos of al-

titude ha.ve a sirdlo.r offeet" .and al;'6' of' special 
. . . . 

imPortance in aircraft engines. 

2.- E..'\."Pla.:tnwb.s.tfeaturesm-'e included:tnc~bu...~tor de-

. s1gnsto 'solve the problems dism:tssedabov6, and shoti/ 

ho~] they opera.te. 

, , 

Q,VESTIOHS: 

·1"' .... tJhy is an id~ings~-st-eril neccssw.f 011 a siIZ!ple oa..t"bure

,tor? 

., 2~-\'f.a.at. is the ei':f'ectofaltitu.d.e on the fuel-air ratio 

del.ivereq bya simple oarburetor 1 

automotive oar~uretor~ 
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1 /CC- j 

1 
1 

I 
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'AIR FLOU lmASURll!JEJ:IT 
.. * .... • .. ,.. '" r "'I'. 

IUTRODUCTIOUt 

~{oa.su!'ement o:f the ail: oonsumption of' an internal oonl

bustion engine' is often reqriiredby engine tests. 

.' . . 

T~:Xi general classes,'offlo't'lmea.snring devioes are rcco~ , 

nized on the basis' 'o:r 

'l} quanti tlY" maasul'<b-:lent 

2) l"ute 01"' veloQi tymeasul;>emant 

Quantity measv.relnontby volUIileoroy 'lleight of, fluid is 

usu.a.llyaceomplished b~j~'Ulijr;tngsuccess.i va pOl'ICtio!l's. Rate 

l":leaSUI'elUcnt S aI't;J itl fa r:ra,cf +rom -the offeets o£' the floH!'ato 

on pressure", te::rperatur9".' o~p'os:ltion.. 

'<me tm?f3S 01." !p.eter:lrlg alelilen~s Il'..ost l.zidel:r used for the 

'n1easurement of airfl()l-l'aJ:.*1Jl' 

b) nOt] nozzlos .' 

c) venturi tubas 

-;", .;~ 

Tho samo theory-applies to, all of them since they all 

. nmasuring the :riou. 
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Any restriction placed. in the path of.: a. .t'lo'Hing fluid 

causes a pressu.:re droP. l'1hen the area of flou at the po:lnt 

o:£':refrbrictiotiii a ~onstal1t" thera:to offlm·1 is a :t;w.1.ctiol1 
, , , 

',' O:rth$Pl~0SSure droP.'·' Thus, nlUeaS'l,l.3?~nt 'of the P140ssU're 
.' - .~ 

'Tht;l ,energy aquationror .'steady f1o~1ma.y,bo lliru.liZed to 
. . . -. " . 

relate th€t l"'ateofi':touto tM pressul:lfFdrop. For t'illO . , "'". . 

plains, one bei'o!'e, .~<l one just aftarthe restriction, the 
" ,." , , ,:.: ",' ' 

, Sttbscript 1 refers to 0. .p];a.in ,before' the restriction. 

Subscript 2 reS;"ers to a 'plain just after-the 1"t3striDtlon. 

<f,' >, , • 

This' is true for ::inoo1Upl~essible nu.:tds" t'1ithnq' heat 

trnnsrer. Since therestricti~ns pJ.u.cedlllthe. f'lo~i· of' 
. ' , , ' 

conwressible .fluids .for flO'H maasUremerit pUrpOS0S causa 0. 

VGr1J, s!ual1- J)r~G8Ure dr0Pit the fluids lllay be .considaredto 

'be 'incompressible, lJt-f;hcut introdu.e:ing em .apP!leciable errOl". 

FLtI'thar.# e.ssuraing that the vel,ocS-ty :i.ri the; upstreatrisida .is 

'se> low that it ,:ma.y be.llegl~oted,,(V~ ;: O} I the velocity at ' 

the dcrtmatream re:rer{)nee'~ainbeodlues: 

" .::- ' 

l , 

I 
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------------------------, ------ -=~.-=~----------__ ---------------w---~ 

V = velocity 

. F = pr6s.s.Ul"~ 
. . 

,,-:' 

. 'V:':"spac:i.fio volume 

:maquant:ity (?~ ... F2hreQuals the statio haad.,-h, of 
. . 

-thef'lu:tdcausing . .f1(n':.E"..tpressing the veloci1~y :tntarms of: 

. this head; 

v
2

:;: jZgE: 
v. ~, . 

1J.11e VOlt.UllC rata offio!vof a fluid through a given aroa 

equals the, produ.ot. o.tthe ,~a and the velocity" OJ:' 

't';1heret (1.) g is Gxpl'fJssed1n faet per seoond, (2) h in-

. feat" {3}. Ainsquare>.feet,and <4} qt, has the dilu.eIlsiolls of 

Cubic feet per second. 

T'ne above equations are .theoretioal. They ~3.j:·e. based 011 

the assumpt:tOllof p,erfect tral'lsformation of stat:tcpr$SSUl~e 

into veloo1 ty pressl.1.!'~. Hot~Enror, because of i'ric tiol1 and 

-tv.rbulenoe this i$nevel'~ tl""U;~. Theactuu1. veloci"i:iios and 

'V'ol1:lli1e :r~t~s of flot:" al"e less than those pred;icted by these 
/C 

oqilat:1ons. The ratio oi'the actual i;otheoretioal. volume 

.' ·l"atesofi'lo.t1 i~ te:r;lood the: coefficie:i::rt o:f dischargeC •. 
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Thus, theactu~ volume rate 'of flo¥! q == Cq·. Then, 

This equation.i8' applicable, for noncomp:r'Gssi'tile fluids, 

l1ithadiabatic conditiOD;s, ,and l..zith n'egl.5.gible velocity of 

'approach. 

.' . . . - . 
The mass rate of nOH, \j , maybe obtained by multiply .... 

·ing both sides or the aboVaGquation by the density" f ' 01' 

the fluid. Thus: 

Since the pressure drop AP: = h.f ' 

. vJhen g has the un! ts or- feet per secon~ sqaarelY 'must. be in 

POUll~S per oubic .foot l and ' ,', b .. iinpoundaparsquar~ foot, 

A in sqUare: feet •. Then W 'Hill b~ given in ':poundfl~par sa'condo 

" . 
, . . - ",' 

The, area a ,to boused in the above ~qt1ation 1s the aclilla~ 

'tires. 'of the ori.fice, nozzle" or ventu.ri. 

, , 

is measured (usually by iuclinod J..iquidin glans tubediff'et- , ' 
• >". 

entia). l'!lOllOmetsrs for greater accuracy) and this reading is 
.------

"used ·to doterJ1~~e the mass rate of flo~1 ~ from speoially Pl"'O'" 

pared tables and char"Gs.. Toobta:Ui the e.ctuo.1 mass ',floti rato, 

, corrections for aetllal t'3mparature and pressure are appliad~ 

" 

j 

I 
I 

1 
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agaJ...'tl thJ:·ougb. the use ofspecipl . tables Gild charts. 

INSTRUGTIO!IS: 

PAGE 101 

1.- E;{a..7lli-'rle theai,r .... rlo'Vl measurement set ... u.pcareful1y~ 

2.- TaL<e saVCl?al m~1:lom6ter l'ead:LTlgs and cOmpute the 

corresponding mass r.ute of 210t1. of' air • 

. Q,UESTIONS: 

1 .. - Why is it neoessary togpply correotions for the 

ac\''''Ur:U te!LlPGraturo !?..nd. pressure '1 

2o~ Discuss the of'fect of prossure drop across the res ... 

tl">iction, on the ca'pa.~ity of' the· angtne. At lm.at 

speeds end t;hrot.tle: settillgs is the sfreet most 

notiooable '1 

~- .. 
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lUTALYSISOF EY..HAUST GASES •. ___ 4 ......... e ~ 

USING ~IE ORSft~ ~ll~f~yzER 
• I , .... " ... 

OBJEOT: 

'Tll.1.s exper:Unontcov'srs the'}tecbnique of thas.naJ.ysis 

" -of' ezhaust gasef) Py the Orsat apparatju,s and oOll1putatiollS of, 

, t1eight of.' exhaust gases and 1'leight of air suppl.iec3,. 

nrTROD!JCTION: 

TheI'oare five principal consti'tuonts usually f'ound :L.~ 

ez;haust gases~, These ar~.carbon dioxid.e, oxygen, carbon 

Undarsome~onditions 

hyc1rogenand hydr,ocnrbons' may be pl"ese'nt in SOfll.€) quantit:!.etl, 

(th~re ma;; also be 'traces of sul.t'u:r dioT-ida and trioxide ) .. 
, ' 

,Usually thefi va main constituents give a suf£ioiently 
. . ". . 

accurateindicatio.n of combustion conditions. In faot, ~ithar, 

the carbon' diodiAeortha ozyge1i pel')cen.tage alone gives a 

':,: l'oughapPl?o;;:tmat1onof: these oonditions." 

"Cherai0a1snalY~1S of 'the -produots of combustion,:ts bast 

",aotlompl:tc;hodbyzaeans ofSll(loess:1ve' absorption:pip~ttea, 'using' 

El; J:1epl"esant'ative sampleo~ the gas mixtUl"e .. " In theOrsat 

: apparatUs the snalysls of' ~he gases iSll1ade 'by thasuocessi '.1"6 

ObS(1l"Pt1onof'onlytn.:ree oonstituents; Co I OZona co .. the 
2 ' ," " ' 

balanoebeing reported a~fnit:rogall. 
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APPARATUS: 

The follPvling areraquil"odt 

1) Orsat appe.rat-us 

. 2) Stot>.ag~ta:rLlt for gas samples 

3} Rubbartubing .. ·and- conneotors ... 

4) Gas-sampling pipe 

--.. --~ 

..rho Orsat should be set up at a convenient h'0ight.~ in a 

. good .light" s,nd seoured so that it Hill not be overturned or 

broken.. -2:1.1.0 satrlB1ipgtUbG.: should be canopen~Qndpipa ];>1'0 .... 

-jecting into the center o:fthe gas stream. Goolingfina on -- -
- . . 

,. . . 

theextel'l1a1 sampling pipe lua:y be· deSirab~e#.:or- agut'f1ci~nt 
',' ~ , , 

.. length should project s~, ~s,tOcool'th& ga.gbef'o~Eii~;_&ntera . 
", .:. ' 

the rubber tUbing. 

DESCRIPTIO:£lI : 
'- ':: -, 

- , T"tlO Orsatoonsists of th.resrJainp~~Ea "'. 

-·1) . A measuring bur~tte; usually t-later~jaCke.ted 1;0 ~tUn .. 

ta:tn. oonst::mt: temperattlt'e. 

2) . .it level:L."'l.gbottlc, pa'rtlyfil~ed11i·th l-m.ter:a.nd. 
- - . 

. conneoteti to the: ~bur~t'l;e by arubbet' hose. <By the 

~-out o£ the burette. 

abso~b 'C0
2

' ',,',.°
2

, Land 00, :);e~pect1vel.y,.,,· 
" .. t 
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a.TlQ; then. dra:win sli~t11more than 100 CUo~ of' gas Q 

2.- Bring the, ~et.tgtlo.ter levelexac,t~y ,to' the zero ' .. 

'!Ua.:t'"k bydis:charging the Q.1t'cass gas totb.eatmosphere,' 

tekingcEQ:'eno:t., t,o· intro duo fi aIly-, O'f'r. , ' (Raadtho' t'u'lt(n" 

levelfromthebottamof the meniscus) • 

. , .' " .'.. 

,opexlith~: atopq()ck,'to'the firstpipette,~nd l"ass all 

" the,sa-s; ,Sl:Ot11yin ·.··ana out of this pipetto' several' 

t1m~s.' Bring' the r¢agent, in the pipattebaclc to -the' 

ZGl"o mal"l-t in the- capillary neck before cJ.o~sing the 

stopoocko 

4-4- Read m:id raco4'dtha ne't-l ;,zatar leveli...""lthe burett0. 

, This will shot,zth(';).pei'centaga. ot CO2 iJhioh 'the reagent 

has ahaoroed. 
\" . ' .. 

5.- Repeat operations 3:md.,4t-ll.th ,the sa-rne' p1pe'1ite~ Until 

furthe:J.m~ip.\l.lP;ti(j11~, do -not'1no~aasethe hurette 

'r.~ad:bigs..,i.'tio ,: tUl~ilttio" succe-ssiv~zaead1ng$ Cbeck 
, ' 

each oth~r. 
6.- R~p~.ato;perat>ioll:~:,'J,'to: 5'" i7_siug tho second, or oxygen, 

'pipettEi~ ,Tb.etina+i:~a.t~r 'ievol ,in:th~buratte'dl11 
~ - ' .. , . . ' 

;ropr~-se.n~~ ~h~totri~f,OOaand OZ' "and the C02pe~oent .... 
. . . "", , ' .' 

. age.ll!uatbesubt:rfl~tE}d. in, oj;fdar to,o.&termine the' 
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peroOlltage;,o:r~o;tygell.. ' . 

70 .... Repeatoperatlons3 to ,5 to:{, 'che' t~d# or 00", " 

pipette. 

RRSULTSt 

The data. and results are to be reported i...", the .form of 

a tabu1ationsh('J,t~ing> :ror each, a.nalysis made t 
, '. '. _"0 • 

, 1 
I 

,'j 

I 
1 
1 

~.- The composition of the, 0:r..ba.uilt,gas by'V'olU1iie~in tew..:$l 

of p"r~entag"ot: OO/Or 0 2.~iclI, and or N2 -I 
2.... ~ba, correBpondingro.ialy~isby tt10,ithii.'J 

• • L -. '. '. 

3.~,1.'b.eengirie' load,," $peedt "ro;.td,adjuStments ", 

',~4.~ TheQompu.tei!.atr-fu~l~atiot 'polllldsofair 

6.- The ~heQreti cSJ.tdr"'iUeJ., ratio 

7 .-The P0)J, ceIitlig~e,s~' air.,,'" 

. -.' . 

, 'Th~' heatiUr,. valUG of'thGfue~ Shou1da1sobenot~ed 
, ,Q, ',,"', 

, ' 

-: . , . 

, CALGUiATIOIifS t ' 

. - .... . 
There aI'0 :various 'Hays ,0£ satting up, the catoula.tious 

, , 

leading--to the dete~"'la.tion,t)f theai~-.fualratio (or its 
• , , ••• '. ' • • > > ~ 

l"eaiproeal the fuel-e.ir:t?a~1C)) ~ EssentlEdly, ,tbJi)Y are.al~ 
, ' 

, • :modit!ce.tions of' the,stoicbimetlr'10 ccn:nputations., , In ~any' 
, , 

':method, the analysis of both fuel. end oombustion. pr.oduets 
.r ','." 

, , ", 



m~t be. l.n.trOdu.ca~, together .1-Jiththe molooular Heights o~ 
- J • • ••• '. , • 

.. : .. vln'ious eoliSti'tuents. l'h.e ·latter.are ·used to. convert. the' 

··volumetrio (O:r;>satl analysis .. ·to gttav;tmetric. 
<, ", 

1 ...... l'l.e:tt.talttlr ,., fu~.l ratio . . ,.'MII .. ,,~ 

The dete:r-nuriation of the' actllal air";'fue1 ratio !n-
o' '. • ~. .-

.. ', ,-', '/> .. ,<: . . . .,. '0 _ -l' . 

. volve.tl.the Volumetric: analysis of combustion products 

{using the' O~satl;and ~gl"avimatric imaLysis oTthe .fu0~o 

Then~ 

~1>.. .. e:xhs:u.s.t f<;a~, ::: .' lb ·cru.."bonburn!'...4. X J.b 07J:w:qqt gas.:: 
lbfuel Ib fuel lb· ca:l'bon burned 

-
-= !l'yarbon .pP.F_n,e.~ x.!t4 C~Z ... 32 ~2 + 2B > (Co + 11'21 .. :;:; 

. lb :t1l$1. 12 (002+ CO ) . 

1.1 00.2 ... 802 ..: 7(00 +N2) 
... ; n . - • 

Ib fu~l. 

where the s~olSC02' 02,,00; and N
2

arevolumetric 

·peroetlt~es.:~l?O; tll~'Orsatanalyais of' the exhaust ga.ees • 

;" '.' . ',". 
. '. ~..' 

·.T'ne.ra:tio ..... 

", .'-: 

lb carbon·burned 
, J,h·mel· . 

• '.'. >. -, ",' ",.' • - >. ~: - ' 
can be detel"luiriad byeb.eni1~a1 8ilalysis $J.1.d detemination oJ: 

t~~carb(m~contelT~ of the fuel" ~r~ else, :Lf the ch~.rrical . . . . . - '.' .. 
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Sinoe the ,sirople:orsat analysis nGglectsunbtU:ne~ hy- I 
'i 

dl"O gen' and hydro carbons ~'the~e' oomputa tioris do not .' take them 1 , . .,' ", I 
in to a~coun'b, nor 'do they a,ccount tOl" the burnL"'1g (')f S1.tl.~ , I 

1 
l f'1.:l.l?" if any., Ususllyneithal'> of these om1asionscausesa 

significant 0J:l'Ol?4J " 1 
1 

t·; . , 1 

To convert fl"olll'tl1e E>m.o.ust gas~i\Lel tia'tiO :t~,::the EtC-
,l 

,.. -'" 

tual. air-fuel l"atio" the nitl"ogencontent~fthee.Tilaust 

gas, and that orthe.~$.iris, used, as 1'01101.;18; 

j 
j 
1 
j 

i 
,1 

I 

1 

~.~. /' 

.,/ 

.I 
" : 

, , 
{' 

o ' 

i 
i 

! -. 

:.,: .. 

" , 
,! 

"' ,. '. ., ... ': 

3.) =hb exhn.!~t 'ga;~.'" is oalcu1att;}d as shotih'above~' 
lb1'uel,: :,. 

, ',', . I 

Q01'Uppsitiori. of air bY'vloightis 23p~;e~ntOXYt?enand J 
, '" ," ,: ",' '" ,,' '; ," .' '1 
77 pereont:nit~ogen~(consida~!ng,tb.qra.re:gases as .,' 'j 

. - .-':'. ~ ., .... ":-::" '-~'-., " '. ,"',' '. ,., '-::.'-:~::'~':.~:' ''':';" ...... ::":~:" ..... ,,: ~":~ 

n1t1.~gen). :::." '. " .1 
". . i 

: 
. . '. ---,' . 

) , ~bl1it:ros.en", -_' 
',':3, "',' lb e'Ahrols't:ga~t-; 

.... ,. .2<l,N2..,"·"J 
.... r . ._ .:J , .... ~ '. 1" II. I~ .. ~. ~ r'l "-: l:~ . ,~. J ; < . >=.-.~ 

. 1+4~02'+32 .. 0k,r;',:~:~oo+ ~2) ,:1 
1 

;:: '" ...... ~".,<: 7l~2. ' ...... '. .. .·/1 
il-·'cQ2u+·).6"'y~1'i\05~;J2),. ':1 

. '. r' .." ,'. . . ' ·-1 
':1 

" j 

, ' 

metriepercent:ages frora. the" Orsat; ana1ysi,s' oJ: the ' 

. wJllluat; gas~a. 
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=lb exl1.aua t g~.s.. it 
~b fuel 

x- '. . l~}..? ,:&;.7 N?, pt .. __ .. ~ 
11 002 +8 02 + 7 (GO + TI2) 

PAGE I.O~ 

,vib.e~e cO
2 

I 02' 00 ,ru.ldN2 are the. V'olumet!>ic peraentagce 

. .from thoOrsat analysis of the e::~haust gases. 

·2.- Theorat;tcalair-fuel ratio: 
, •• 9 1 .~) tlV. • • 

The nir theoretioally l-'~quil"odpel' :po~tl.!l of mol 

is calculated from tho co~ining. t-lGighto.. For exrutple 

if 

. a) OHL!. +, 2.0 . ;: CO + 2112° 1 than. 
• 2. 2.. .. , 

·I'ltt"o~"".e~·i·i'>"'l' .f.R ~a?rr.9<~ .. '= .'Jg. 2; x!9..Q. (} +;t .... 9. X 19.9 .. (n _ f?.') 
. "';~"'''''+, v. .......lb· fuel' 12 23 . 2 23·.u .0' + 

;'. \', . ,.' , . 

+'~ X !.9.9.. s ;: 
·32 23 

. . 

"'- 0 ,=11.60 + 3!~.8(!i- ti) + 40:35 S 

. '-vmeX'$i 0, H, OJ and S Npresent the, w~ightoolltent or carbon 
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hydrogen, oxygen,al'ld sulfur in the fuel respeoti VQly. 

30- Porcenta~e o~ excess II. • t~ air: _ .. 

nle percentage or excess air above the theoretical 

is computed from the follm:Jing equation: 

I 
i 

1 
I 

1 
I 

i 
Per cente~cess air := 

Actual lb air 
............... •••• , t , 

lb fuel 
Theoreti(jaJ. lb nil" j' 

- ...... 4 II ...... 

. lb fuel . . .. ........ xl 
Theoretical Ib air II 

. lh' .fu~l .. . • 

01'" 
1 

1 

Per oenta:i.l'> -- Aotu.al Ib air -T'!leo~etice~ lb excess l1neoroticSJ.-:r6 "5i-io ..• ail~ 101 

quantity of fuel. 

rIOTES MID PRECAUTIOnS t 

I 
It.is difficult toobtaill a high degree of accuracy in .j 

j Orsat analysis, a~d it isparticul31'>ly impo~tnnt that all I 
I 
I 

reasonablo precuut;iO'l1s be taken to' pravento;r>l1oi"'s and inacCU!''8.- ' 

cies I) Th{:i follo'VJing suggestionscov~r most of' theeo11l..lTl.on 

dlff:tcultioB: 

1.; .... 1hereagent in enoh oJ: the pipottes mus t be' dra't-ro up 
'. ' 

to the zano :marltin the capillO,J;'Y before the gas 

samplE! is taken ili. 
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2.- To obtain amnosphsl'>10 pressure in tho measuring bUl"et 7.iO 

Hhon a reading is being taken, the levell:1.ng bottlo' 

:trlust be held so that its 'Hatel'> laval. corresponds t-u'th 

the ~later level in the burettec. 

.3.- Ti1a appaJ?utus should be carefully tested fOl? leakago 

berore.an gnalysis is started. A simple rr~thod of 

doing this is to ta..~a in a 100 cu. em. $ali'1ple of gas 

(or aiI') a....l'ld then set the levaling bottle.on the top' 

of the i'l'8.1lle. Leakage at the stopcocks or connections 

of the absorption pipettasHil1 cause the ren~nt to 

receda from thezBt'o level. Leakage in the balan.ca;} of 

the appm"atus may be detected by again checking the 

zero in the measur.ing burette by bringing the 't~ater 

levels in line. 

4."!" T"oo1-1ater .in the. btwatte . and-leveling bottle should be 

saturated \~1ith ga.s betoX'es' sample is ta.tten in :fOI' 

-analysis.. 

50- The analysiS must U\'lays be c!l!."I'ied out in 'the proper 

seq\.lence, i.e", CO 2 '' then O
2 

' then co, as the 

oxygen solution Hill als.o absorb carbon diox-lde and 'bile 

carbonmono~dde solution uill' absorb oxygen. l?or t'b.if~ 

l"eaSOl1 it is o.1so very important. ths;t the o..bso!'.Ption 

be cr.u->ried to oorapletion in each. pipette bafore ad-

m.it'cing the gag into the .follot"ing ouo. 

6 .... \~hen there is ony doubt about-the strongth of the sol.r

tions, they Should, bo rellet'lod.:l.b.e· CO 2' solutioll 't'Jil~ 
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las.t for lOO. to 200 ana.l.ys~s" but the ot;her solu .... 

tiona may be :a.IDlausted aftG!' 1.0 01'15 a.1'}.alya~s. 

(tthe oxygen solution isalvIaYs eXhUtlsted first t111U 

light also h~sa de·teriorating effoct on it). 

., , 
I 

j 

I 
1 

Care l'llUst be used not to allOH Githar the buretto I 
l-1ai:ior or the reagents to enter the capillm:>y manifoldl 

I 

above the stopcocks. I.e the solu.tions are allm'Jed I 
to rfl..l.j; 1..'11 this mannol"), they lU1lst be roneHed befo!'e 

fur'char analyses oan bo made" 
I I 

8~- ibe first pipette, for absorb5~g carbon dio~ide, 1 

contA5ns a solution of potassium (or sodiun) hydro~-

ide" KORlin the proportions of 2 parts by 't·leigh·t 

ot: ~later to 1 part or the caustic oOl11pOtUld. The 

second pipette, £or absorbing oxygen, contains 
'. 

potassium pyr-ogallatefJ 1m easy \'lay to prepare tho 

solution is to put 5 g of the .dry pyrogallic e~cid iu-cj 
) 

a funnel, inS61"'{; the funnel in the lilouth of' the 1 

pipette~ and pou!.'" OveI' the acid 8. sufficient amOUl1.1j 1 

1 
, oJ: caustic potash solution to fill tho pipotte.l 

! 
I 

The same caustio :potaah solution is used a.s in the I 

CO pipette. The thil~d pipetto> 1'01") absorbj.ng ca.x'- 1 
2 . 

bon monoxide, contains a ouprous cblor:lde{ (:u2012) 

solutionq There are s~veral Ha;y'"S of' preparing this 

solutions but it is ra:l;her dif'f'ioult to prepare a 

solution that issatisi'acto!';{. It COln.rnOll mc'thoa. and 

one fo!' 1-Jhich the materiaJ.s are easily obtuined 
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in as folloH S : Pour about 50 g of black coppe:r' 

PAGE 113 

o?dde (scale) into a 500 cu. CL'lo flaslr" an.a. inno!'!;; 

o.lso several strips or uires ot.' coppoJ.~ p long 011.0ug1-1. 

·to reach up to the mouth of' the i'laslc. Pill tho 

illsert the stoppel"o Let the solution stand tUltil 

it is colQrless" then. pOU1~ ofi~ the clear l:i.quicl~ 

T;.<lis liquid may be stored in £\.1.11 bot'b10s containinc 

copper strips, provided that the bottles 0.1'0 U011 

ooaled .from air and pI'otected fl~om strong ligilt Q 
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, 

, ""YJl:ll!a'_ "'U''G:I~ _,ar-.,.,-~~~~c:r--.. ;r=...,wa..-:·~~ 

1 

1 
l 
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j 
1 
I 
1 
I 
1 

1 

1 

I 
I 

j 
I 
1 

j 

J 
1 
I 

:> 1 

('IJ 1 

N I 
::n I 

c:::Y I 
0 

I s: 
.c( 

-t-' 
0 
v'\ 

> 
0 1 

I 

(j 1 

.~ 
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This c:::};1el'i1110nt denls l~:l th the mctr!.Ods of dcternti.ning 

P;\GE liS-

the; energy losses tlssoc:i.s/God uith the products of combustion~ 

nprROrrJGTIm~ : 

r. 
l~. 
'f, 

Tile lUl"gest cost :L."'l the production of pmw!' {or he&:.:b) is 

the cost of the f-J.ol i1'i801fo Lm .. ge enol"gy lossos 1'li11 !'oGt:tlt 

if the proper 1"e18:l:;ion is no"1.i mail1to.ined be"l,i'Hoen the fuel 

demund and the supply of air for combustion~ Effoctive controls 

are available to !iluintail1 autoL'1atically the desired air-.i'u01 

rD:tio, in spite 01' Hide fluctuations in loadal1.u opo~"'atin.g con· .. 

ditionsl) The 07.c011enti air mid fuel metering systems of 

e:t:d;omoti vo nnd airplsn.c carburetors are the 3."'e5u1';; of long 

Au:liomatic combun tion contl"'Ol seldom invol vas complete 

~lib.o contr-ol J.llst!'tU'J.cnt is bch18 calibratod or chocl~0d~ 'rho 

control dotector 01" continuou.s l'llOnitor is a si~lo dc~rlco 

O:D"p1oying ono of the f'ollo1t1ng :m.cthocls: 

ro-:" 'J,'"lbs the:r'l'llD.1 cOl1.duo":.;ivity cell utilizez tho h1ghe!' 

cloctl-'ical conduotivi'i.iY of CO? as an .. indicator 0;[' ... 
the 002 cont·3l1.t of' the products, employing a 1'n,10a'G

stonG bridso Cil"cu:Lt., 
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2.,- Chemical UbSol"Ption cells are an adap tatioZl of tho 

is n. pressure d:i.:rfcrcnco I) 

3 .... ?ue density method is ba.sed on tho higher density 

of CO as cOi:ape,rod 't'Jith tho othel" gO-seso A pair o i.' 
2 

7Jlay be mo1.tn~G0d in a. balance so th8:!; the poni tion, oJ: 

the ullit indiotttes the pel~oeD.to.80 ai' CO 2 u 

!~o- A combustion cell may utilize. tho l"csidual ozygCl1 :G"'l 
.. 

the prodttc te of combustion, an.d the o.xygen con ten!; is l 
then indicatod by a. ternperature I'ise.... Ul1bUl"11ed 

combustibles a.l~e also deteoted by mcann of C011lous-I.;1.011. 

cells. 

:fuel flolrll or quantitiies propoI'ticnal thereto, pro .... 

viding signi!-ls ~hat al"e used for main-taining ·the" 

desired ail'-fucl ratio .. 

Oue of the disadvantages of mr..n.y combustion controls is 

tho t;:i.l':'iO laG :t:n.herent in their oporai;iou\II b:notllel~ pl'D..ctio<?~ 

difficulty is that of seouring Dnd r:lllin-tall1.ing a tl"U0 avclJ."'t1.go 

80X11'10 or the products of cO!'1btwtion., 

Ci!.LCUL1VEIOlTS : 

Tile corr..bustion 10 SEiGS xlla-:{ be sepo.rc.ted into 6 i ~om.s: 

I 
1 
j 

I 
1 

I 
I 
1 

1 

j 
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1) Loss to dr";T nroducts ~ __ l __ ... _:::....z--:':.;;;.;::..;, ;;;.;;;;..:;;.,.;;.;::;. 

c.1 
1 

T'JJ.:t sis gi von by: 

= ~P. dry P.~P.l~UC.t.~X C y 
Ib fuel p .... 

PAGE lit 

t~ =: 6];it temperature of gasoous products of combusticn,Op 
fT' v 

,~-- ' •. tit: f' 1 0'";1 ... 0nlierJ.ng ti01rrporn.lJl!'0 o. a~r' SUPP;I, l' a 

C ::: specifio heat 01"' the dry exhaust go.sos, uf;lual1y about 
21 

O~245 Btu/lb OF 

C!l - heat; loss to o.ry e::ul8.Ust gases, Btu/lb fuol. 

Tho hea.ting value of 1 1b of C[I.1"DOn 'Hhen contall1.od 

in carbon monoxide is 10160 Btu, end since tho se.:.ao 

iiEdght o-r carbon is contain6.rl i.'l1. a voll.:une of either 

CO or 002' the loss may be computed by: 

- -, . p.o.. Co X C X 10160 
GO + CO 2 

Btu 
I lb "f'u.ei 

oontagea of the Ors8.t 8!lalysis, oud G is p01.lnc1.8 oJ: 

This represents tho heat lost in the ontha,:lpy or 
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drogono To oru.cula:1.io this 1033# the supcl'hGatod 

vapor at the teraperat'Ure of the go.soous }?roc1uct;s 

t (017 ). lJOuld be cooled, condensed at m~O'l. .. md J..50 017 ~ g 

and subcooled "wo the entering fuol temperature tF (Ojn" 

or apPl"oxim9.:Gcly: 

BLI2 ....... ~ 
". 11:> l'u.cl 

l'Jhore E is the 'Height ot: combus-ti:tble h:ydY:o 8011. in 1 1b 

of: fuol .. 

This is given by: 

--, 

Cl!j. = u [ O .. !~6 (t g - 150) + 1008 + (1.50 ... tf;>J -

;.r (1089 + O.1~6 t .J~ ) Btu/lb £tIel - .. - \.Ip ~ g 

have thesan0 lUeo.n.i.ng as beforo an.n 1'! 

is tho lJoight of liloisture in 1 Ib 01' fuel by a.~al~r~·diJ 0 

Since the combustion oquations aselUlle dlty n.:L:i.', 

D"1.1y llloistul'le :LYl. t.he air supplied .for combustion is 
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Btu -_..-...'-
Ib i'uel 

Ib Liloistul"'O 
T ~ --' ~d·t t:. " .1.1t1..:.11..l. :L Y 1"' a v:LO ';'s of Ol1.toril1..13 air" ...,.....,--------

1 b <11' ~r a:l.:i.' 

, == temporature of entoril1R ail'" 'Gn - ~ 
Or,t 

$ .: 

o ; F 

PAGE II ~ 

These a:;.. ... c C01l1!1osed of the heat l"cjectcd by tho 
-

cooling system of' the engine; Y'8.diatiol1 and convection 

This is the balcncc of the hoe.t supplied" "limCn 

the inpu"t basis is 1 Ib of fuol, the useful heat is 

the hoa.tinG valu.e of: 1 Ib of 1\1.C1 nunus all lossos 

(1 to 6). 

1"01" at least three sets of engin.e SJ.::>ecd Dna. torqu0 (BXH:VOll 

Ca.I'i.nll"'ot01'" adjus"l;i:m.ent) obtnin the 1'o110Hi11[; datu: 

1 0 ", Orsu't m1.alysis of e:;chaust; gases 

2~- Terr~oraturc of fuel 
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30- Dl"'y-bulb 811.U :oJet-bulb tOl:.'!perc:tu:ecs of !ille a.iX' 

suppli0d for OODlbuG i;ion 

0-;: engino 

PAGE 1'2 (j 

5,,- Identificat ion of fuel so that its c..."'1alysis may be 

61J - i1;>pro:;d.nw.tiollS of coolmg losses; (j ackcl"G lossos ctc~) 

by available :mc)jhod~o 

;'''';:-;1. ":1'1 F'I of' 0:: .• ~1-.,,,,;"_·,"1~ """SO'"" ·tl"'··~ .. ',..· "'";..t.,,,--L~ ... ~ _ --.2~ .... ~~ .. L"""" .,:,':).' "v .. 'J.,," ~. - ~- ~ tI'le 
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~p lul.T --

B~ ... Locution ,el1d Layout of the I~ C. L\n.g·i~le 

PAGE 12 
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EQ,gIPH@:IT 
._. i. ... 

I 
1 

I tal10d i21 tho POl~0!' laboratory.. The 1'ollo1ung exist thore: ., 

coupled to a ct'adlo IrlOtL11.tcd electric d~,':t·1arr'..:.Om0tjCr(j 

2$- 3iA-cylinder £ouI'-stroke Chevrolet gasoline engine 

coupled to a hydl'>au.lic dyneJ11Ol'1lotoro 

3~- Single-cylinder Japy gasoline engine coupled to m~ 

$.- S:i,.n.glo-cyl:i.ndor four-stI'ol~e, 'V111.->iablo COll1pl'osoion z'o..tio 

engine coupled to a. cI'adlG-moU:."lted D.G~ dynara.Ol1lot0X'. 1f116 

All tho above engine-d'j'.,(lo.lllo:motor sots are pr'operly 5.n8-

flcY-iblo a..:.d tho Illost useful of all is the variab~c comprossion 

:'t • t tl .. , . . "ft 1 011gino tests caY). be car'2,'ieCi. out 'U:J ... tn 10' eng:t...'1c oporati:Lng 0:1- -hol1 
i 

1 - .... 1 .. \. .. t..i 1 a.s a gase 2.11.0 01' Ct:LO.so_ engll10 :.:n:; ve.l'l.Q'(.l~.) cOl~!pro SS1.on ra:i.t. O~ ~ I 
~ ! 

Co!nprnhcnsivo ins·trtu::snta·i;ion is providoo. on the sot~ 

doticD.lod 'i1lfoI'1Us.tion y'of'er to: 
• J 

ti ilnu1ysi~ 

June 15J 1964, Robert College, Graduate School). 

J 
1 

1 

I 
J 

I 
j 

1 

1 
! 

1 
! 
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___ ...,.. ... , _______ . ____________ ~ __________ .... _""_ ...... _~ . .".,.,_ ..... __ .. __ ... " ___ ."'" ...... __ =-_ ...... _ ... ___ ro ______ •• 

III addition to the equipment msn'{jioned abovo: 'tl1£l'C arc 

the ongincn in tho pO'Hor labOl~atory; 

6",- A nine-cyli."1.do!' 1"8odi0.1 m.rcl'af't ongino. 

7 .... THO" si;:-cylinder fot'U'-stroko :4"'1 line gasollno onGinos 

e tI"" 1... v-a F01'd gasolin0 engino 

'9i11'" A fou.r-cylL'1.del~ inclined Pontiac gasol:tne engine. 

gu~ol :b,1.6 ongine. 4' 

4"'1. the nondi tion they a.r'o. Tho ninc-cy11ndor rao1 al aircraft 

engi:n,o and 'bhe t;;10 s5.::~-cylilldcr :ill line gasolilJ,0 enginas £U'o 

a:aay model" D:"1d 'tho other' should bs l{(~pt .for practi'~in.;; o!.l.gJ.no 

diSl118.Xl tling and r6£~ss€mfuling by s tud{ll1. tc 'l< The ninc ... cylinder 

radis-' a:u"cru,:et ongino can not be used for any useiv.l PU1:PCSO", 

The V~3 Ford enGine,. as i'!oll as -the i'our-cylinclor Pontine 

gusol;ne engine, should be properly iD,stalled and COUI>lod to 

cradle m01.mted aloo'tric dynOIllOl1lCtOl~S o:t suitablo cupc..city~ 

Tho cut-a1:ray !:;odol ai' a t~')o-3troka 

engino should be mou,rd;ea. en. a str..ud<'!i 
~-

udcu t'ions to tho cqui:pmon t in th() ~ r-; 
~1 .. 4'") \.1' ~. 
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In adeli tion to usual laboratol~Y equipnont lilrc: 

b) 'Vol tmcters Ul1.d aIrUHo'tierB 

0) g:r.',ao.uatod cylil1dc:n-'s 

d) Densitive bDlmlce 

t:) tachometers 

g) hydrometer 

j) 0 scilloscope 

Id Sling psyolll~or1otcr 

"the fol1ot1ing special equ:tpment in noc0sso.r;fS 

a) 1 00. 

b} OOmp1?0Ssion gage u:!..tl1 cbock Vo.1V0 :1. eo. 

8 cc. 

a en 

~ 00.. 
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and thOl-'C is 110 p:r'oblclll of objectionable 11oiso from tho 

0;:112:0.S"{i oi' engines.;; 

Tho layout of the e;;,:lsting cquiplnont is os:tisi·acto .... 

:i rYl! A suggosted layout is ShOHl1. on the 01'£11'1ing in tho 
\ 
, poclr.et insid.eGhe bael!: cover of ·this YOIU1!lO. 
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T'n0l'l'aal efficiency is de:f:inod by: 

UO :vh: on tnu i; :;; •• -_ .. "r:-~ 

c;"·.,.l A'''Oltrr:t " ~·'\'·l·h -.t..l ... t;_ _oi... 0'; ~~.i.'Il,.; u 

PAGE I 

(l} 

lthc!~o : ;.:: heating value of' .fu.ol,? Btu/lb 

the smilS oonvonient time interval" 

lJ 
7'";:.,{"v,t--o 1-1 ..... 

C J.. 

l'J.~;':: POU11ds of i'uol connunede 
J. 

11p 
H!i",.in 

Since - ~.., ...... -:,,~Vtt 
33C;OO 

~-

(1' /····n) 778 o_(tj~ the.::?" hp - ."Jf J..UJ...u 
---"",", 

33000 

ox!.d in tho s c.,mo Ul15. t ;J <; 
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1:0Jf -
F= ( ,..,.\ ~) 

SubGtitu·t5 .. ng oq (5) in. 00 (3) and (4.) 

hp 

~'1-O-is: 

·v
' 'a ( 6) 

(el I 

iG the pounds of fuel ui;;od 901' hour 1'01'" 

each horsepO:t':01" developed; 01'"' tho pounds of' fual roquired 

F.rom oq (8) 

51'0 -

Similm"ly f'rom eq (7) 
~--

_ (~lo,/hr) P \7 Co 
.,.,... • _ •• 04 ........ _.. .... _ ~"\-o.'1,. 

hp :r;; 33000 .:~ 60 

the pounus 01' rotll' uDed pel" hO\:iX' :COl' each 

b~~""!"iN;r.;.~~~':""I!"1':.~":>~TC»;:·r,;e.s:.~·~:'S4':-~~~-.e~, ______ ...... __ ---.~·~.ill."\.WIN';Qt""""-'_~.IIi~~~~""l'.1T~ 
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ail' eonsl.1!O.ptiion, sac 

-t .. , 
.L...:.J! ccllcd the 

I 3':toOO .i~ 60 
t) rtsr: ........... ~ ... sac ::: j? JOeL 

"1 1 l.--~ 

If 'lihe H01~k output H i..'tl eq (2), (3)" OI' (6) is tho 

1':Ol'li: at tho engine output shaft, it is shoun as UbI ;;!D,d 

'tho cor1"GspondL1J.g ci'ficioncy i:3 callod the b:t:'8ko thcl"l\lal 

efi'ic ieney; 

If it is tho !,;ol~k done by the cyLinaor gasos on the:; 

ponding efficiency is cctllcd tho j.ndice:eod thel~i1D,1. ofi'i",· 

c:i.oncY,t I\'l 
Li:th .. 

\. b.th is tised :['01' of'f'iciency, thon, tho 

COl1smaption is cailcel b!'al~o specific fuel coum.uUptiO;'1 (1::wl'< 

and the specific' air consumption is cullod the b:::,o.lw r.;P 0 (J::" 

fio consUlTI9 !:;ion 

~""""""'~~'J.~"''''''_-'''''''"~'''''_.~'''''''~M_L_!'L' ___ • __ ~~_~ ____ '~~ __ '_Y'l'''I"~~~1.~~~~~36S'.s.w,.: 
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I-·--... ·"-"'-.. -·----.~·---·~·--~-----··-··· 
i 
I 
I 
~ UGoct thon;) the 

, . . 11 ~ .. ..,. <# .J - .. n· 
CC>l1.D1.UHp"c:.!.on l.S ca ... en J.nCtlC0,00C.i. SPElCJ • .1:.:LC 

nnd tho spocii'ic air conm.unption is c2.11ed i;;h~ 

ind~l.C[,tcd spocific ail' consurnption (i~:iac). 

I·loan 0i'f'cctii va pressure for ['<. cyl:i.ndcr' is d0flued (;;"'..:;) t 

iL'l.-J.b 
t'/or1: oj: engine - hp x 33000 ." 12 J 

___ ~<Ut' 

1~:2..11 

(for u four .. ·stroko c;yclc enGine 

n::: nur::lbor 01' oylinder's 

rllep == 

hp -

; in-lb 

(12) 

{ 1 '/"\ -- ..,;} 

( 
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..:lgcdn, if illp is used in cq (13) 0:;'"> (lL;.) fbI' horse-

potIor" "(;11.13 COI'l'>ospondirlG I:1Gp :J.s called i.u.dico..tod 1110':::'.11 

effectiv~ Pl"'ossul"e (imep) .. 

thon, the cOI'r'ospondin.g IllOP :is oullod In-·o.ko meen cf'i'oc'!;;L \;'('.1 

Tho imep oa..'l1. also bO, colculated i':pom all 'l-rldicator 

diagl"'ara, if the aN::a or the diagruru. [LJ!',escu.ro;c ·iIOl1 .. ur~o , 

(lb/:L"'1.2 ) .x in3 ;: in-lb) is divided by the lenGth of' tb.o d:L:v ... 

gra...<n (uhich l"Opx'oSC11:i;s tb.o disple..cemcnt vol"i .. u;li,;) & 

It is defined 8.S 

lmech 

On tho other hand,· 

,b11? _ 
ihp 

bl1p -- ihp - fhp 

~ 
inlep 

uhol"o: i:b:p:;: i'riction b.ors0pOi.!o~'" 

Combinin.g eq (16) Hi·eb. (15) 

L m.,;;oh 

:tbp -
.33000 

(16) 

(:l?} 
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~-

J 

ph9 -
33000 

o c 

Dividing 

lihero: 

and 

(16) by (1'7) 

• h 
£d2. 
11111 

25h5 
isfc ::-

Go Lith 

= indio~.ted specific ftlal corlSlllUl)tiotl 

bsfc = _. ,2;-21-15".-
6 0 1. bt;h 

bsfc :.::: specific i\.1.01 consUItlption .. 

Dividing eq (20) by (21) 

!E!2 . ... oSJ.c Ifl -
lith 

:B''l''lOIJ. eo ., (19) or (22) 

"'l bth 

so that 0'1 (2], ) 

bsrc 
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I t is defined a.s 

k-l 

"t ideo]. = 1 - (~) 

1Jhoro t r = coru.P ro SSiO:::1 ratio 

1r 
_. 

(cp/C
v

) for ail~ ( :::: 1",1;.) 

01' Ofl'iciency l'atio, is defined by: 

1 i engin.G 
1. i5;£1.. 

1icleru.. 

0i'l'icioncv: 
• • P .. .p~ .. 

5. s defined by: 

--
engine 

1·)t" \,. 1_ ---. 
1ideUl 

The ideal a:'L:t"l-cc .. pucity :fol' a f'our·"'stl"oke 

given by 

U.~/!f)jn -
J. 

V d 71 ... :.t 

iJflOl'(H V .- displ0.coment vol1.1J;w of' one cyli:ndcr 
~~ d. 

"r :::: -hllot ail' density 
~ i 

11 ;;:: number of cylinders 

PAGE I.~ 

(27) 

~L~"I"'''''1of~~ .. n.~.r_~''''~l'R't.T!..Zi..£L .. .,,;:p.~A''!:'$#''''~~''''''-''''_ fW __ ~.s:",I._~ ____ ~~~~_~~a..W~R:;f""'<$:~ 
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'the uetuel 

PAGE { 

oi;7.'01;:o enGine" -them .. the vol1.1.met:rio ei':('icioneyi.s clOJ::'lncd 

as 
~. I,n' j "1 '·oJ -' .~ ... 

---------------~ 

so tlw .. t 

l1 l~pjJl 
0,- ;:: - .... ~~ lJ "'" "iT -,.. 1r .,~ 1.1),1' ;iliJ. 2 

,..:."" .... 'I .... i 
.I, 

e 

Ii' 1':0 define 

Yeyl 

------.---

an.o.. from oq (29) 

Tho ido::0. D.ir-capaeity for a t\·Jo· .. stx'ol;:o engine 

t-JOi.11d bo 

'!.L/mi3;1 ..... 
1.. 

V 
t 

H ;:: nU.Y1uor of cylindors 

J lb of.' 

(2.9 ) 

(30) 

(jJ.a) 



If 1]a... . is 

per ni.n.v. to, 

sc u 

I 1'1 C.;:' I .:;, 
ROBERT COLLEGE GR,\DUATE SCHOOL 

SESE!,. I SiAt-1 BIJL 

the tot&.1 

i 

pO.I't;s 

't" If J.:.9Jl is -[;ho to toJ. air rotain'3d in t:;::::c cylinderiJ 
:'C:il1 

IVil ;:;: 
8C 

1L~_ .. _:;.::nr?in0 nmJer 2.t ntcnclard concli.t;i.onc~ . -_..-. - ,. .. -~------... 

:indu.cted -h1.to tho c~tlindc:::,<i' 

, , 

0 .. Ilorsioll o:C ].O~·; btlj.?()r;}e/f.i~ic pressul'lc, '~l:lere ·i.Jl.11 bo 0 .. 

outputi Hill b 0 

I TE10 SOCic'ty 01' il.utO:;'-'J.otiVG 

• '\;t.D_ on Uil'1 at 60 °Dl Bnd c~t 29092 

I ui th no \Iatol" Vz..:_()o.r pr'o~~on t in 
H - , 

PAGE ('j 

n 

~~---~--~~~~~--------------=-~.--.----~ 
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stD.ndard conditions" 

fro corr'oc"t; tho m[\:I~imUltl POHCr' output oi' D.!1 engino 

"bo stOlldard ail'l conal tio113 tho i'ollou:L'1G oOI'x'oction i't:tcto:r' 

should be U330d", 

CF 

OF = correction factor 

.P = baromotrio IJI'CSGUJ:'c, inches :rIG 
a 

{)6} 

T - ubsolt .... tc 
H. 

tcmpCl"atlJ.re of air ontoring "I.'ho 
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THE REPOR.~. 

After msking the 02';ge1"imont and obtaining the data.~ 

tho student must ropol"'t the results ~ < For nl£lllY s17u.dents, 

PAGE I L{ a 

the I':riting of a SD.'t~~f'actopy' roportis almost; as difi'ioult· 

8.S mald.ng the test.., Perhaps onEl 1"0o.son for 'this is that, 

the l':l"'iting of' the report is not approached by these stu-

dents, ll~ a logical, engineering mannero 

'There is no single, all-inclusive f01'"'m or set of 

instructions Hhich cnn be given 1'01' i·;ri ting £lll engineor'ins 

report, but underlying principles ca~ be discussed G There 

are many factors lin.1ch affect the nature of Jtjhe repol"tc 

Some of these are the nature of the test, the kind of 

results uhich 1.-1ere obtained, etc o In general, h01-2Gver; 

the report must state the purpose of 'I;he experiment, hm·] 

it lIas made, and vlhat the results arc,and must contain 

an ano.lysis of the results'll 

These are tho miniraum requirementsf> An eztensivo 

repOJ:t lilay contain tho fo1101'15.J."'lg parts t 

1 .. - Title 

~-~ 

2~- Object 

3 ... - Summary 

4·$- Theory 8.l'ld analysis 

5 .... Description of' apparatus tested 
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, 

7.- Data 

9 ~ - C,onc11.'1.sions and recommendations 

lO()- Disc.ussion 

11 0 ", Appondi.:;{ 

Th.e i'ollouing list and comm~.mts Hill furnish sugGestions 

lo:r' chocking the quc.:j.it;y Dnd completeness of a l"epoI"!:;l) It is 

a good practice to 1iri'be the l'epOl"'t i."l tho thi:::d pOl"'son (pas-

siv0 voice), past tonso,.. 

'llil,le :md objoct;, 

1 .. - A title page should bo used Hi th full identificnliion; 

including names and dates" 

2~- l£ho title should be briof but f1..1.11y descl"ipt1v00 

3.· .. If the report is lonG or complex: a "Gable of' contents 

should f'01101:·J the ti -tle pa1300 

L~o'" The obj oct should be conc:i.soly st;uted, in the pa~dj 

tenDO) using complete sontenc6s o 

This section not only ini'or'!1lS the reader of the nature 

Olln Guide to all tha,"t is to 1'0110'0 in the, ropOl~·G Q All 11la'Gsrit::.l 

in the l'GPort is l'elatccl to tho objects Cll1d t!.l1;lthing unrolc .. tod 

CC-l1 be omitted.,. 
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1') ... A good rulo .f01' tjhis section is to l'cqui!'0 that 

ti'lC .first sen,(jence state uhe..t Has accomplished., 

2 .... • The summary is not a COndGlls8.tion o:f the on'l:;11'8 

PAGe i Y 

repOl'7t;" but rathel~ G. short statement of tile results o.cl:tisved 

Ol1.d 8.l"1 indication of tho scope of the reportt> 
, 

, . 31'- Conclusion.s D.:.<'ld recommendations should ulso be 

, 8uY(l:;;,arizcd..:. 

L~,,- 'UlG sumrnary should be infor:m.atiive Jl not; s'imply 

descriptive,; 

'rill s s cction should indic8.te to the reader' llhE:l'tjher or 

not he Hill be interested ill the fUll te1~t of tho ropol"t.; 

~FH.EOHY AJ:'iD lUIALYSIS; 

1.- Pertinent principles" le..~·;s and equations Sllould bc 

stated" and any ll.."1fUrililiul" terms definodl$' 

2 0 - Allc~yticcl <liaCl"ml1s such as theoretical cycles, or 

enerGy-balance dle.gra'l1ls shou.ld be included", 

3", .. • 'rho natLJ.re and sign,ifi 09. ... ·'100 of coef'fi cionts" 001.'1'(} 0-

tion factors, or ei'ficienoios nhoulcJ. bG :tl1c1ica.ted~ 

This j.s an impol"tunt seotion ill. pel'fOl"1110nCe tCSt8~ 

Full and accurate idontific etion should bo given" 
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Photographs fuJ.d sketches, together i-lith l18lilCS, l"B:!;:LYlgS-, 

i'ica."tions, [Lila sizes, Hill aid .for identification. 

1.- Instrv.ment I'DllSGS and identification l1U.J::ll!Gl"S should 

2&- A skotch of tho tt3St; set-up s110'.·1i11::'; relative pos:lt~ionn,9 

connections and flot-ls" 3...iJ.d locations of' ins"\;r.'1.tr:lcncs should 

be included" 

3.- '1110 nature of J(jOiJts or runs s..~ou.ld b e stated~ 

L~fI- Pl~eliminary testiS) duration of !'lll1S" Dnd .frequency 

of roudulgs should be indicat0d~ 

5-11- Specj.al precautions for obtaining accuracy end means 

fo:r' controll:1.ng cond.itions should be doscribod" 

6", ... lne indGPGnd~mt variables should be indicated;; 

DATA lllifD RESULTS: 

snpPol"tcd by tables t.li."1.d gl'aphs as !'cquired<!o 

2c, .. · fables should include peI"·tincnt lIlc::..:i;criS'J. only<- O:[':L,... 

ginal data shoots and O"t.ll0!' data should be plc~oed in the 

appendi.xa. 
~--

30'" Graphical l'epreS011.tation of the results 

ho- DeviationfJ i'rom smooth cu!'ves should. bo 

C110 cIted.. App"u~~m t deviuiiions should be poin ted out and 

I 

1 

I 
1 

1 

1 
I 
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1-1/- Conclusions are to be drawl. '[-]1 th. reference to ·the 

previously stated objec'\i 01~ the eXIJOrinlent q 

2" ... Each conclusion should be suppor'ted by specific 

ref'erences to data rul0. results, quoting numerical values, 

~~d §uicling the reader from facts to cOBclusions o 

3,,- Conclusions should folloH directly from the l11).TilCriceJ. 

resul ts quotcc1~ Conclusions are judgtnentis" not happenings,'l 

but, these judgments should be supported l.·Jho:i"'evor possibloo;) 

l.~~ ... [tn <J.nalysis of the accuracy of methods, data and 

results is a necess8.l'lY support for the conclusions. This 

includes examination of probe.ble errors in obsel'vations,: 111. 
I 

s8.lnpling the val"'ious quon:ti ties (duration of !'1..'L.'1.8 and fro-

quenoy of' read:L'lgs), and in the formulas t,md computations 

involved. 

5 .. - hecor:1'1H.mdations o.1"e often. more iIL".Porta:nt than conc~· 

luslons~ Student experiments are frequently harrrpered by lack' 

of tirO.0 end expol"':i.ono0, Shol"'tcomings of lllethods and equ:l.p-

mon.t, and i,nsuffici011t attention to accuracy" H.ecom.mondat:Lont~ 

should bo me.de f'0Y' ru1.y changos or i'u::;.·ther 'Hor1-r that ·t-!oulcl 

!r.Dre adequately accomplish the original objoc't1t 

cussion is that e.ny part of it 'chat cou.ld ho.ve been '.1r·it't811 

';1i t}:'l~u·t doing the e:;~periment iz not an. evC!.luation of ii-he \':81:':::: 

done s 1"w1' a conclusion. 'GherefrOll1" 
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