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I 

INTROn:JCl'ION 

TM P'U"P••e ot thie inve•t1ption la to determin. the etteot ot malad-

jtaat.4 valve, cm th• horeepc,wer oll't•put and the apeoU'io tuel 00M1111pt1ou. 

baaed on oornoted brake horaepower, ot a11 automotive ngine, 

There 1• a clearance provided between the 'Vftlve stem and the oam 

follower to allow for the -.alve stem expansion an d sinking of the ffb•• 

••t• An adjust ble tappet ii used to obtain t he desired olearanoe, and 

any ftriation changes the fflve timing. 

Idaal timing tot' the eequenoe ot nenta in the ideal tov-.tl"Obt 

oyole would be euoh that the iJltake yalYe would be .fully ope tor 180° rota• 

tion of the oraak ahatt during the auot1011 atJ"OkeJ intake and exhaust 

valves olosed during tM oompreadon and expe.naion atrok .. , and the exhau1t 

valve fully opened for 180° l'Otation ot the crank abaft during the exhaust 

atroke. Suoh a timing would require that the ve lvea open and close inatan• 

tanoou-ely, which is impossi ble, Sinoe ae ,nuoh as 90° re'htion of the orank 

ehatt ia Pequired to open or olue a w.lv•, it haa 'been foWld that it 1• 

beat to open it early and olo.se it late. Th• reault 1• that the neut• 111 

an aotual engine oyole overlap1 in other wordlJ, the inlet and exhaust 

valvea are open at the aaJM time during so• 1.ntenal of the oyol•• Should 

thia overlap be too great, baoktiring, or an appreoiable amount ot air•fu•l 

mb:tur• may pass direotly tram intake to exhaust port, 

In 1942, Martin Stark conducted a thesis ent itled, The Etf'ect !! 
!!glyenoe M11adju1tlllent .!! the Automotive lyin•• The ns•roh •• 



eondueted in the In t ernal Combustion Jngines Labon.tor.r a t the Virginia. 

Polytechnic lns t itute, and the effeot of pra.otieally all the adjus tmeuts 

normally included during a ttmin.or11 motor tune.up was considered. Mr. Stark. 

however. did not include &111' experimentation on the effect of maladjusted. 

Yalves on engine performance. vhieh phase of automotive adjustment is the 

subject of this thesb. 

A eontinna.tion of the work done by Mr. Stark vill help to determine 

to a larger extent the value of a 8 minortt motor tune-up. This nlue 

referred to here 1s monetary. A realizntion of this value may- or m.ay no t 

be of interest to the average motorist, but it is unquestionably of great 

i nterest to t.he wise fleet operator. 

I wish to express 117 appreciation to the following faculty members 

for the1r efforts in connection witli this work·: to Professor J .B. Jones, 

for the use of pertinent information with re$J>eet to road load performance 

and for securing th~ equipment. necessary \o conduct \he tests; and \o 

Mr . S ..A . Phillips, tor his assist.a.nee in II trouble-shooting" od aid during 

the actual set-up •Of the apparatus. 

The author is also indebted to Miss Kathleen i:. '!'Urn.er of the Soil 
fl 

Oonsel"Yat ion Service offiee in Blacksburg, Virginia, for her help in the 

a.ctua.l writing of thin report. and to Mr. R. C. Meyers. Mr. Stanle:, Rsgone, 

ell:d llr. W .. P. ferr:, , students at V.P. I ., for .their assistance in conduct i ng 

the teats . 
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valve U.mln.g, and 1\ is A.fpallina t.o re-81.ize th wid.e variation la \he 

valv" U.min;:a which a.re co.tntaoa la ~• au.tomcU•e 1Ad.u.s\rf \o4q. 1\ 1a u -

aumed. by the M,hor the.\ \he aa.,omoblle maauf ac\urer ha.a ehoaea t,he val Te 

timing which gives bes\ re1ul:ts for his producl. »o 1D.forma\1oa was foW14. 

that voul.4 le ~h• wr1\er to de endue \he efteol oa ifle performa.ace · 

0£ a:tJ.'3" variation of the ta~pei clearenoee apec1f1ecl. by t.be maaufac\urv. 

!he tollow1ng para.grai-;ha sWIUlmrite the lnfo.ru.Uoa which was found 1n 

po·ular references: 

Ltoh\71 et.a.\ea t hat. the uh.au.a, velve b open before dead center in 

all oases. aatl the higher 'he GJ;)flec1 t.he earlier the op1Jl'ling. Ee.rl7 open-

ing red.uces the pressure 1n the c:,llno.er to n.earl7 a.\lloephert.c before 'he 

exhaust etrok• 'beg1na, which reduce• the work of upana1on sllghtl.7 aai 

expect. , \h~r e.f ore., an iner ase ia t.he ere.tee hornepowr and some change ia 

·conaUllpUon for Yarioua val.Te ti1m1Age h nci meaUon.ed.. 

ffeldl4 _polub 011\ the tact \ha\ ihue S.e oon&iclera.ble l a.Ut,wie wU,h 

~~~-----·~---------~-~-~ 1Lic,ht7. Leiter e. lpteQAl c,imauoa :WBlA!I 6th. et. -"c~re:,,...Hill llook 
0omP&n7 JlC. 1939 P• 112 

2Rel d.~ , •• • B,to-i..;ees\ G«>Wl»le\1M ,hsa11 13'11. e4. t . M. lelc.t., .N7aok, li .t. 
pga. 358 Md 361 



out timtng ;points which fU'e representa.tiTe ot the American passenger-oe.r 

engines of 1938. l'h.e7 a.re as followel II Inlet opens from :w0 ahead t.o a0 

after top dead center; inlet closes from 2s0 to n° after bot.tom dee.4 
0 

oenter; ~xhaust opeaa from 65 to zs0 ahead of bottom dead cent.er; exhat.ls t 

elosea from 1° a.h&ad of t.o zo0 pai t top dead cent.er.• 
2 

ln an.othEtr fl.rtlele in the u .me b-0ok a poedble valve timing for an 

engine which is intended to • _:peakli at 3000 - 4000 rffolu.\ions per minute h 

shown. There la :no reason gi Ten as to •tiby t,hi s pnrt.ieular timing was chosen 

f r om eu.ch a wide field as 1s revealed 111 the prece4.1ng paracraph. He 

possible to get. high hcrsepo-_.er and low fuel con.sum:pUon f r om such a set-up• 

would there be aq difference 1n these t vo che.racterisUc i.;: if the val.Ye 

t.iming ;,ere changedf Again there l s no mention of \his iaport.an\ phe.se. 

i rs.u3 presenh en inle:i:es\i.QC article on the effect of valve timing. 

ln h is d.hous s ion the.r e is a bads used tor d.etermininc valve t.imi. ng. l:i.e 

•&¥s, • ~11' open.ins of the e,xb.Aus i valve 1·eaw. t s in some loH in i ndicator 

eard aJ;e:a, 'b'l' no more of a. los t ·that) would. be caused by higher bf.I.Ck 

:pl'e&l!l ures on the pht.on if 1t were O!H!ned. later. fhe ex.h&ust valve closin& 

1 ffl ordina..d l.V timed to leave a minimum amount of bu..raed gas in the cylinder 

3 
ire.as, Author P. 4hcref& fewer Pl en\l 1s t . ed. Me-Gr.av-liill :Book Com_panJ' 

lnc. lew Xork & London 1943, pgs . 61 a.ad 110 
2 

Ibid. P• 361 



p es urea throu,ghcut the c7ele &re ;p1'0port,10,nal to that. at the lae: innS:r.c 

atl"Qk•• and. i he &1Ci1.le .l(Ower out.p\l\ ia f l"oportional io \heae 1-reeeu.rea. • 

In a la.t•r chapter 1raa.s4 se..,s 111 regard t.o the etfect,e of valve overlap aa4 

manifol d p ees.ure on \be JJ•rfoJ'!lla.nce of atrc:re.ft en.s1nff• "'A ccu1derable 

a.mount of Talve eve l a.p is necessary fer a.irc.1-a!t opora,1on at hl&h speecls. 

lf the m&nitol.4 _preeiw-o 1& a_p,i;,.rec1abl7 grea\er t.b-.:o. the exhav. t back 

charge taal ,en.,en lh• c.,ll!Uler t.he Ume ,o pats a, lb.rough \be exba.us, 

po:tl be.fore the exhaud o.lo•es • 1h11 will c&Wle an laorea.ae· 1n the con-

swapUon of 'bo\b lo.el m. e.lr. fhe re ult. will be a.a 1acreas• 1n tibe 

&p•ciftc fuel conswapUoa. e! !b!.s retere-nce bJ' lra.u :repre1ents on.e of the 

bes t di scuetona fo-u.nd oa •• eabJecl •. b\tt \here i s e tlll a lack of specific 

da.\a on Ute aubJeo\ coacuned. w1 , hin this \hes.ls. 

14arka4• in h1s lec»a:oS c el incheer1nc bas a di aou.adon wh1oh 

c,loaed apv:r•c~ably aft.er t.he becin:nlng of ,he coaq;.rudoa a\roke1 thu.s 

ll.dJlg \he k1aeUc enera ot t.h tncoming 111:dve \o obtain aax1mwn dlarglng 

a~ sO!H de.alrable speed. fu higher t.he desirable !:'!peed. \he la\er lhe 1n.-· 

------------------------• ltuks• l.tonel s. hban2eal lndneen' lenAncc 41h. ed.. NcGraw...H111 .look 
Coapaa,, 1nc. ••w l'onc & Lond.on P• 1332 



The factt that this variation is oona1derable has been pointed out previ• 

oualy. The range given by Marke fol" intake nlve closure 1• a,tounding and 

tor that N&lon 1s giv•n here. For an engine 1'1.th a rated pia'tor:a speed ot 

.1000 tt,et per minute there ia a range ot h-om 18° to 42° after top dead 

cetera tor an engine w1 th a rated pieton apeed ot 3500 teet per minute the 

ranp ia sa• to ao0 atter top dead oenteJ". Bis re rke are in aooord 1d.th 

other authorities on the eubjeot in oontent and the laok of it. If there is 

any dtftel"enoe in the performance of an engine with its valve• timed to any 

value within the ranges given_ it ia not mentioned iZl any •Y• 
In an article by l)rke6 this relevant material •• tou.ad1 "Atter the 

,sh·•• have beea pou11d or mw •ln• put 1.n-oheok up. n>att let your 

engine nerheat or lose pOlter through the fault ot the air PP• It Will be 

important adjustment.• 

8:1.noe thia author has streesed the importance, ot valve tappet 

oleal'llnoe. although mny others have not, I am led to the oonaluaion that 

maladjusted tappets •111 afteot the pertorna.n~• ot the aut011totive engine. 

The oited here have dealt ei:1tirely with ftl't'e tSming. 'lh• 

.-..eon i• that a.ny ohange in tappet olearanoe will result in a ohange in 

valve timing, Thia revin presents a theoz-.t1o•l background for the 

ir1veatigation. 

- ------- -- -~ ----- - · ---- -5f¥1t•• A.L. !fk•'• Automobl.le Enozolop~ 12th •d• Goodh•rt•Wllloox 
ec.pany So. Qdoago lMS P• 16 



A ObJ••· 

a. 
111 

'lhe obJee, ot We expertaent1d1icn waa \o 4e\ent1M th• eftec, of 1181-

d.Jaeted YalTe \a:ppet.• on \he performe.noe ot till• aYerege au\omoUve enctne. 

1\ 1s \o b• r ... bered \ha\ du.ri,ag sen1ee 1' i s poH1l>le for a poorl7 ad• 

Jus tea •al ve coad.1 \1 on to dwelop,, and. l, s•emed \bat tH10h a cond.1 \1oa 

ehoulcl eflee.\ . pertoru.nce. l\ we.a felt \hat tbue· d.ata wow.4 fom a n.Uoa-

al bads for '11• ae,ermlnaUon of 1~ortan.ce ot 11&1.ata.itd.n.g Yalfta ad• 

.Ju.at.ed M> the 1taAafa.o\uer·•s reco•end&Uoa. fhis 1nveeUga.t1oa chietl.7 

eoncerna t.he effeo:\ of 118.ladju.s\ecl 'fal.ve, on fuel con.eu_pUoa and. 

i;ower 01.1\;put. the ..-maus1i \uaperat.uea ha.Ye b•ea nc•rded ae ea tn,er eat.1zsg 

side 11,:hl• 

.i A.iJ,Par&t.u 

'.!'be &p}&l'a\u inclu4ed a stz-0711114.•r ~269 lat.eraaUoa.al \ruck 

•n«tn•• w1'1l a rat,inc of &i Bet, .i)lp a., 2000 rpm, ot which a cu\.awa, 'f'iev 1s 

abo~ ad. a Geun.1 &1ec\r1c ~oae\er v1\b. which the engine was load.ea. 

Addi\ione.l eq,ui .paeal nec•fuiar, 1ncluded a a\op watch• ihree l'ah:renhelt tho-

a01aeters, ,wo fuel buret\ee, a. pJTOMter. two aerftl7 manometer • \aeho1Ht.er. 

and. t.wo motor sen•rator ae\,h Oomplet.e 1Atlll1t1oa.t.ion ot \he equpaen.t 

follGws= 

In\erna.iloaal fru.ck Engine 
liliD369 

Serial Bo. 59686 

l)ynamoaet.er • ienval Electric »o. 1616510 

D,namomet.er cont rol panel - General .i)ectrto lo-. 2233087 



Anaa.ive Kot.or-&-ene.raior ao,• 
14.o,oi, ... West,.-c~• »o. il.51223 
Geaei-ator • •••Uac)lw.ae ••• 8111221 
Oeaerat.or - •••Uagh.ouse Ho. 816121.f 

ltelcl Hoi.,.Jaei-a.\or •·•' 
kot~r - °'••ral &leotnc lio. .iJ11u 
Genera.tor • Geaeral .ll.ectir1c lo. 1641442 

ltnolulioa oeut.er - ;IJ,eo\rlc iaohometer ,Corpo-
ra.ti on lio. 12'3 

l a.cheJaeter - iteotde 'faohoneic Compan, llo. 13698 

iteTolv.Uon COUllhl' (a.ynuiOMt.er wu ,, lio. 11 

faeheae,er magneto - llo. 80212 

S\artinc Bos - les\1 nahfflla• Ati:\om&Uo Star'1q lies 
type A 
s ,,ie l o. 40.2TJO 

.i.uz111&rT 011 Cool•r• 
i up - u 1dea,tf1ca.11oa 
Mot.or • Style lo. 900912 

Stop •atu ... llql.M 

lu..el. l'lll!!l&BUililC a:p.1,:&rai.1is ... LaboratoQ" oonet,rocied 

Yu.el - .ils i o Stawiarcl. 







The valve meohaniem as shown in the orosa-111eotiom.l view of' the 

engine on the previowt page ie not very olear . In order that readers who 

are not familiar with the prooedure for adjusting valve tappets to have 

a better understanding of the workJ a discussion of the method of' adjust-

ment ia neoeaaitated. 

The mechanism tor operation of the valves ia known aa the "overhead't 

type. In thil type of arrangement the oam follower ie attached to a 

push rod. The push rod is oonneoted to a rocker arm on top of the engine 

by means of e. ball and sooket joint1 the aooket ia an intep-al pa.rt of e.n 

adjusti11g screw threaded to the roolcer arm and held in position by a look 

nut . '!'he opposite end of' the rooker arm comes in oontact with the valve 

stem to affect the opening an closing of' the valve . Between the rooker 

arm and the valve stem there is a small clearance provided to allow tor 

valve stem expansion and sinking o:t the valve aeat . This clearanoe is 

the tappet olearanoe. 

The adjustment of this clearance is aooompliehed in the following 

mannert the engi.ne is first started and allowed to wann up to operating 

temperature, then by losening tlw look nut and inserting a screw driver 

i n the slot of' the adjusting sorn it is possible to change the position 

of the rocker arm on the pwth rod. and thereby vary the tappet clearance. 

'.rhe desired oleare.noe is obtained by means or a "feeler-strip" and the 

adjusting sorff locked in position by tightening the look nut. 



C • Pl"ooedure 

The prooedure tor ~ductti!!g th• aotual te•t• •• ••f"I 1bnpl•• In 

o1'dW t-o obtain ree:u.lta whioh oould be oompa1"ed, a probl• oonnonly en• 

ocunte:rttd in woztk ooisco'l'1utd with . Irltem•l -C.bu1ticm Engines pneeuted. 

1taelt. In thi• nap.eat there Weff wo ftotora over whioh th,t iJ11Ye1ttgator 

had only a 11:mitt!td oontrolJ th• variability ot error in handling the equii>-

ment and the ohanging etmoepherio oonditiona. To oomba.t thie eituation 

three rune wen made with the englne set to the manufacturer•• epeoiti• 

oatlone,. and th• reeulte et the ldentioal •st• hldloated that the error 

oauaed 'by tu handling ot equipntmt wae .,ery 11ight and n•gltgibl•• To 

aooount for ohang1ng atmot~rto ocl)dittona, the prooedun u•d by the 

Sooiety ot Automotive hgin•ra •• followed:. The s.A.B. tonuala• oorreot• 

the re1ulte to 29.92 pounda per inch abeolut••· eo0 PahJ.-emieit, and to 

zero npor pressure.. , Having oorr.oted th• nault.a 1n thi1 mannea, it we 

poHlble to make ooml'ftP1eon•• To reduce the poaaildllty ot error eYen moN, 

the teste ••N oonduoted at appPoxi.1ne:bely the ume time eaeh day in order to 

ol1'tain ffluea UQder J"elllo•bly oon.tant atmoapheri.o oonditicm•• 

!un1:1g the teete., progreH •• often. halted by a ftpor look in the tuel 

eyetem. Thia oondU1ion was oaus•d by the t•l pump'• 'bao&1ag ucudYel.1 

hot during the teet l"tml• !he only way found <tio n11e'1'e thi• eituat1on •• 

to oool the p~p try pi-.Hing a o.old,. wet rag apinet it periodioall7, Evi• 

dently• a1r pasting owr the pump when the engine is i111talled l.n aotual Poad 

equipnent keeps the pump oa_ol., Although oooling the pmp in the •nn.r de• 

,orilJed did no\ ooaapln•ly eliminate the proll>lem, it did prove protita'ble. 



Tho -plu used vae to nm. pot,e-r t esh on the engine •..-,i th fl'ery\h ing aet 

to the mtmn1"ac1.u.Tff' spe:ctticaUons, and to follow thene teeh \11th elmUa.r 

onea at different setti~• by iatenttonal.11' mal !lt!Jtt.z t i ng t.he engine. Thie 

plan. proTed to be s tbtactory only aft ~r be.T!ng ad.opted the corJ•"t1on pro-

ced.u.re mentioned pv !::fl®dJ'. T.aeh ot theee pcll,er t nt.e wau divided lnto 

two perts, cme a\ full throttled the other with road load perfonne.noe. 

nata gathered dunng each t&d i ncluded qi ne spe"'- length of time 

r eq;uired to burn a gt ven qu11nt1 tJ'' t\utl• brake load, ~lwae of fuel rurnect, 

exhaust gas temperature, rooa temperature, eoollng water temperature, 011 

t ratve, intake msntf old Tacutm, d:httu- t matto14 preemu.r•• end tho 

'barometric pressure. The data were collected. end recor1l ed o•er a 9peed 

range ot f r om 1000 to 3000 revoluttor:m per minute ln 1.norement,s of 500. 

Fixed p8l"alftet-,re for full throttle perfonumoo lteN the npeed of the 

tt.ngin•• the Yolume ot the fuel barned , eJtd the oil Md w&ter tempera.ture. 

al 1 other <lat vere r•ad s they e.p-f ea.red,. 

'l"he road lo!¼d t~ ts required the.t the tollO'W'1ng parametero be ttnd 

:for each rwu on and wat er t•~mture,. the nlume of fnel bttniod • . and the 

'brake lo.md . nd ngtne tpeed. All other data were read as they e.pt ea.r«l. 

The brake lt>ad for a particular enctne a:ptted wu detftntinoo a.a •hown in the 

cal cul e. U 01111. 

~he fir 11 t utu dealt with Ml por,,er od road load performance. wit-h 

the engine net to the mautaeturer•e epocU'1cat1one. (!lb.ea• test were con-

ducted. three times, am the J"esul ts vhen corrected, were so nearly t he aeme 



that t.t waa thought mu•ceeaary to oompute an average. Th• izr,eat1ptor 

ueed only o• ot th• thr~e a.a a baaia with wb1oh to oom.pare the teat• whioh 

wen to toll•• 

Powe·P teat• wre •• au1N•qutt11tly With the •l•• tapp.ta iatationally 

•l.adju•ted to the tollewiag oora.d1 tion• 1 

l • !h• intake nln tappet• WZ"II ••t to its on• 
thoUla.Qtltu l••• than that whloh the 111nufaoture,. 
apeo1tle<t. At th11 th• engin• 'began to idle 
roughly. It ia doubbed, hown-et',it thia oonditlq 
would be notlnd by the un'trllined ""• Tmt engiIUt 
appeaPed to run UJOothly at higher apeede. 

2 • Betore beginning the ••oond ••riee ot test• the in• 
take •1••• ••re aet ab: oft thou,andth• aboff 'bhe 
1peottied oleannoe, and tM u.hauat wl.,.. obeoked 
to aaoeJ'tain whether ol' not ·iduty had oaaged ap-, 
pNOta bly during the llr•t •ri•• of ••t•. Idling 
•• •• rough •• 'betol"II, 

I • A 'bhird •.-t•• ot t••'• •• oond,uned w1th the lJJtakf 
1-ppet• nt to ti. etancllll'"d ol•nn•• and the a-
htlua11 ol•nnff ••ii •1• one thou••ndtha l.••• tb&u the 
etudiart!, At th:l• ••tting it •• olm.ott• thQt 1\tel 
aonaum.pt1oa had :lnoN•••d• ain-,e the uhauat oondU1t 
,,.. actually -.t with raw paolin•., 

• • 'lh• tourth ••t aaie• •• eonduated with th• in• 
take nlve •P»eta ••t "4t a'tandal-d, and th• .-un 
1-p•.,t;• aet a.is one tb.ouazutthl abo'Y• the •nu--
fM1nlrw*• N0 .. 11dlat1on. lo appaftll't obaage oould 
be de'teot.d 'by e,- DOI" -.J'• 

5 • For \hia aerie•• lioth intake and uhtluet .._,,.t• 
,..,.. ·aet •lx ou thou1a11dthl llelow the naadard. 
The esagiae at th1• tondiii1oa nss .,._,. qui.etlyj howw 
ner, th• eng1n• apptared to rura roughly and per• 
tormauoe we 1'l:r trom noJ/'mlll• 

6 • The last aerie• •• oonduoted witb both the intake 
and •muat tappet• adjusted •1x cm• tho\lnndth9 
above th• •nutaoturer•• apeoitioatton. lhl•r thia 
OOS'ldition the engine performed no111ly and poorly. 



lo decide •pon a ra:Uonal val,ue for mal.adJ'1Stmen\ of t.ho valve \ jiieta 

offered some 41ff1cull7. ihe 1nv•st1pt<>J' had fh"e\ intend.ttd \ o cond.uo\ & 

much more u\ena1Ye t.a, than wa.• ac\uJ.17 run. After ha.vine mad• • ••ra1 

\eah vi \h the engine !lalad.Ju.steo.. U, was «.aid.ea. to reduce ~he mmbei-

ninee nmntng with ~-• ntaad.Justaen\e appeared \o l>e harmf~ lo 

•nclne. w1,:n tM.a fao\or in mind and a1nce poa1'1Ye reeul \a were dffh'ed• 

only a por:Uon o-t th er-tginall7 planned t ea is w-ere ooad.ae, .i. 

l) .lieaul.\e 

fhe rNlil ls ot the aperi.aet1ta.,toa ho• been pr•aa;hd. craphieall7 tor 

\he pargoee ot cw1,,. 2nd concls G'nese. fhe abs.olule Y&ltUta obta1aed w1 lb 

t.h• encln• ••• to standard have been Irlott ed. '1i~s• Yalllfl 1nelu4e full-

load power• full-load etH)1·u,1171 roa.d-loacl power tm4 road•l 

nonal abOTe and ·bel ow a sero line which represents \h perto.man.ce of the 

Qgln• whn ae, '°· Ille man'Q.facturor ' s recommende.tlons. fina proced.ur wae 

followed. a.a Ui• &'lthor tel11 t.b.e.t the c~•s vhie h ocscurrecl wU,:b. the ~••t 
engi.ne l'JAT no\ be a\rictl7 ,:-u..e with. o-$her e-»&lne-s. It i& 1'•1'\, hrc.:Q:er 

lhe.t. e/lJr.7 aa\omoU•• .,.1n• opera\tmc \ti th t 1a1la.r aal&dJustmenta will µAt!om 

11ke the teet ll41ne. lhree CW'Yff ue plo\\ed tor •aolt power teu, nm ondff 

a malad,Jus\ed cond.1\ioa. thne G\U'Ve& k1ag the ehuges in full-load power, 

\he enange in tul.1-l.oad econoJ!lJ't aa4 the onang:e 1n roan-load eOOnolV'• 

1t should. 'be m.eat1onecl eg&S.n 1.ht',.t all .r.esu.1, a M'f'e be• eo:rree\ ed. to 

th• ••• 4&\a and, theretor ., can be compa..red. 



?he d1ff1CQl\1•• encounter-a v1 a lb.• t\iel ,,.., •• vapor loeking elloul.4 

'be men\ioud age.in. •t is taposeible '<» ea, d.etlal\el7 wh•~r or no\ \he 

J"Uults w•• affected. by ,hs.. co.lll41Uo11. lti •••• taprol:ta'bl.•, tn that. the 

•»cln• woul.'- not nan when 1 \ l>eoae Yapo-r looted. a.ml all .rue d.u:rta, whloh 

\he engln,e 'beoaM v·apor locked ve:ra, ot coune. 41s•arad &ad r~ee.,eci. 



J'Utt 1--'0WB PDB'OBM . OJI 

DGIU Sll\'! 1'0 JtAffl1?ACfmtD •s lrlOOJ.lmmDA!IOB 

Bun Mwlb•r 1 2 3 4 5 

count.er Read.tag 227 .339· 248 265 280 

Length ot Run 2124.0 lr34. 0 l s15. 8 1103. 0 o,a.9 
:Brak• to84 108e4 105. 4 "·" as.a 12., 
m•s ot Pu.el 500 500 500 500 600 

Jxb,aus\ femp. 1110 1250 1360 141$ 1460 

Water 'l'emp .• 159 162 162 160 159 

011 ,..,. 105 110 106 110 118 

Roca t'ep. 81 a n 83 84 

Ia,ak• Manifold (a) 0. 44 o.so 1. 10 1.eo 1.90 
Pr•a•ur• (b) o.40 o.,o 1.10 l . lO 1. 90 

'11'.luma\ ltulfold. (e.) o.,s 1. 20 2.00 3. 00 3. 60 
Prea«ure (\) o.,s 1.m 2. 00 a .. oo s.eo 
A.ctuel t'eat S-pttd 951 15215 1965 253') 3005 

AYerac• Intalt• 0. 42 o.&o 1.10 1. 50 1. 90 
Halllfeltl PJ>ffetire 

,!Yer&ge bhaual o. --ns 1. 30 2. 00 3. 00 3. 60 
Maa1fo14 Prescure 

Average loom Temp. 83 83 83 83 83 

J!e.rometrt c Preesue 2e. 21 28. 21 28. 21 28. 21 21. 21 

Vapor Pr .. aur• 1.1aa 1.us 1.1a1 1.138 1. 138 

CotrecUon fMttor 1. 138 1.128 1.128 1. 128 1. 1ae 

U:acorrected 13.BP 34. 2 5..1. "1 GS. 4 '72.? 72. 9 

oorreeted BR? aa.s 60. 5 ?4 •. 9 @.a.o ea., 
Sp•cltto 1'11•1 0.527 o.a :s o. 519 o.565 o.&36 
Coaeumpttoa 



18. 

ROADLOAD P'lmFO!MANClD 

DOI ) SI'!' 'ro VAWU'JACTU lTR tS R.IO~ A'I'IOI 

Ba 'Mlabe-r l 2 3 4 5 

Counter R-41ag @a 5?,3 -481 410 401 

L•ncth ct Run 5120. 0 3105. 0 2t 2A •. 7 l s ,.s 1,ao.1 
Brake toad 9. 3 11. 5 1-5. 4 19,. 9 25.4 

Ml'• ot f\lel 300 300 300 300 300 

lC.Xhaust temp. 660 830 1010 10?0 1320 

Wat•.r Temp. 160 164 164 162 162 

011 Temp. 110 112 10'1 111 110 

Rooa Temp. 80 82 81 80 83 

ln,ake Manif o.14 (a) 19.1 19. 3 18,. l 17.1 12. 21 
Pr-•asu.n (b) 19.1 19. 3 11. 1 17.l 13.21 

~8t Mu.lfold (a) 0.01 0.10 0. 25 o.so o.,s 
Pruaun (lt) o.os 0. 10 o.!5 o. 50 o.,., 
A.otwu ~--, Speed. 9UI 1740 1990 2485 3000 

A••nce Inta• 19.1 19. 3 1e. 1 1,. 1 13. 21 
M8111fo14 Preeimft 

Average '!mMUt o.o5 0. 10 o.25 o.50 o.95 
Nantto14 Presuu.re 

.A••rage lloom: Temp. 81 81 81 11 81 

!Al'OM\ric Prnsure 28. 21 ae. ai aa. 21 2&. n 38. 21 

Vapor J>ressu.r• 1. 065 1. 066 1. 065 1.ou 1. 065 

Oorreotton re.ot-or 1.125 1.125 1.121 1. 12s 1.125 

Uneoneeted BHP 2. 14 5. 50 10. s.s 16. 40 25. 40 

Corrected. J-m> 3. 20 7. 32 12.00 18.45 38.60 

pecttle J\lel 1. ,09 l . 290 1.012 0 ,. 872 o. 766 
001'1 \11!fpUon 



rnmm':ffl 

nGiml Sm' 'fO ~urorACTOR 'S RllCOMJiflmlA:T IOtr 

Sp•• 1000 1800 rooo asoo 3000 

Ml Load. 40. 5 59.5 ?5. 0 aa.o &2.t 
Correete4 DP 

fQll toe.4 Speotfto o. 53 o. 61 0. 12 o.M o. &SG 
he1 ConSU11p\len 

noaa Load 3.1 ,.s 12.1 1a.2 2 . 6 
Correned :mt.P 

Roat 7~a4Speetfte 1 .• 15 1.31 1.03 o .• 84 o.?&G 
Yu•l con~W!llp\ton 



ro!,L ro:-nm PE.ttro9.MA '!1TC,E 

:tN!J.!~ TAP:?·m'S .006 l..JSS T!'..A.?! :a:mcoiiMmt)Im etEARAlfCll 

Run NwabeT l 2 3 4 5 

Counter RN.di-« 229 238 244 355 256 

Length ot Ru. 3J04. 5 11:sG.o 1,11.1 1,00. 9 oun..2-s 
llrske Load 10&. s 104 97 88 1ffl. l 

m1 1s of J\tal 500 500 soo 500 500 

llmar,tst t emp. ll?O 1260 13'10 1460 -
Va"er 1'-.p. 160 160 163 160 160 

011 Tep. 110 118 108 110 110 

l'tOCll temp. ?4 '5 '14 74 ?4 

1., •• Manifold 1. o., o.eo 1.10 1.eo 1. '75 
J>?"MIUN 2. o.'7 o.so 1.10 1.ro l . '15 

bha11 t Mntfold 1. ~'° 0.'10 a. so o.ao 1. 00 
Prusve 2. o. ?O o. ?O o.eo o.ao 1. 00 

Aetwd lfes \ Sp4"4 ?52 1488 2025 2G50 2991. 
Averag:e lnt alte 0. 70 o.so 1.10 1. 50 1. '5 
11enifo14 PrQsure 

A.•erqe ~s\ o.,o o.,o c.so o.eo 1. 00 
ManU'old .rl'Ht'l\U-e 

AYere,ge Room Temper. 74 ?4 '14 74 14 

:Ba.rometl"S.O PNesure 38. 30 21. 30 28. 30 28. 30 28. 30 

Vapor Pressure o .. 841 o. &46 o.846 o.846 o.846 
Cof'rM\1on ractor 1. lot 1.10s 1.101 1.101 1. 105 

Uneorree\14 Ml' 23. 5 51 .• 5 as.a 11.0 11. 25 

Corrected J'flP 26.o 56. 9 ?3. l ea.a a .2 
Sl)eettlo ?ul o.so, 0., 538 o.sss o.588 o.ea& 
cton111•U• 



21. 

ROAD I.CAD rn'!!'O!!'JU .. WO'E 

Uf!AU "I'APPffl .006 tEt.S ·fFl'Al{ ~ffl,!DDJ!!D CL!AnAJ 9 

.lbm Bwaber l 2 3 4, 5 

couter Beading 487 509 U:5 420 400 

Lngth of Rm1 5:06.S a,21.2 2t:28. 3 1,40.2 1,20.e 
:Brake Load 9.3 11.5 15.4 19.9 25,..4 

Ml'• of Ya.el zoo 300 300 300 300 

:bhast . emp. ?00 860 1040 1200 1no 
Water Temp. 160 100 160 160 160 

OU ffep. 110 115 106 110 110 

looa femp. 14 '13 '14 74 ,. 
la\ate Manifold. 1. 19.0 19.0 1a.o 1a.2 lZ.9 
Preasve 2 .. 1,. 0 19.0 1s.o 15.a 13.9 

l!Jxhaust M.nifold. l . 0.1 0.1 0.1 0.1 0.3 
Presaue 2. 0.1 0.1 0.1 0.1 0.3 

Actul Teet Speed 998 1475 1962 2519 29'10 

Avenge Int.eke 19. 0 19. 0 18.0 16.2 15. 9 
J.taa!fo14 Pr•taure 

Avenge Jtmau:st 0.1 0.1 0 .. 1 0.1 0. 3 
Ma1foltl Pr991cure 

A.Terage 10011 1'ep. '14 ?4 74 74 74 

Barometric Prqsure 2e. &> 28. 30 28. 30 28. 30 28. 30 

Taper Pr•sve o.e46 0.846 o. 846 o.a46 0.946 

CorrecUon J'actor 1.105 1 .. 101 1.105 1.105 1.105 

Uncorreo\ed. )HP 2. 96. 5.46 10.08 16.11 36.11 

Oorreehd BHP 3.27 6.27 11. 93 18. 50 27. 80 

gp.ciflo Juel 1. 79 1 .. 15 o. 914 o.9s5 0 .'759 
Contwnptlon 



R :sut.1! 

fflAnl '?APPffl .ooa tl!lSS TP'.JJl' Plf.:OP.~,l'ffll>m C!,E i\P.A:!;f CE 

FUll. Power Performance 

Sp•• 1000 1500 aooo 2500 - l-000 

Corree\e4 MP 3?.5 er1.2 '12.5 12.0 aa.9 
Change tn Pu.11 Pover - 7.6 ... .ff -3.45 0 0 

Speetf lo :ruel o. 560 o.s:ro o.seo o.580 0.681 
ccntW!.'lp\ton 

ChanJ• ta Ml 1,5. "'8 /A.93 17. 69 /,3.57 t1.,o 
toad ZeollOIJ7 

Road Load. i'' e rf ol":llla.nce 

Speed 1000 ltiOO 2000 2500 3000 

SJ,eell'tc Juel 1.,s 1.18 o.90 o.aa o.a2 
eensumptia 

Oh~• in Roa.A 1,.1a -t.93 - 12..6 - 2. 38 ~, .• ,01 



1hm Ntm'ber 1 

Oowiter Rea41DC 228 

L•n«'h et Rua 2tl4. 3 

lJrakf) toad 105.1 

Ml• s of Juel 500 

!Xhauet Temp. 1160 

W lei' Tap. 160 

Oil Temp. 108 

I.n,at• Manifold (a) 0. 3 
Pres91U't (b) 0.3 

EX.he.u.s\ Molfold (a) o.5 
Pr•11•v• (l>) 0 .5 

Actual ?eat Speed 1020 

Average Ia.bk• 0 . 3 
Kanitold Pre•aure 

ivera.ge Jxbau.st 0.5 
Msntfold Pr•asure 

Vapor Pressure o . 165 

eorrN\ion ?actor 1. 10 

tJaecrracttd 1mP 35. 8 

SpecU'lc J'u.el o . 5525 
eonatUllpUon 

3 

104.4 

500 

1260 

160 

110 

70 

o.s 
o.s 
o., 
o.? 

1500 

o.s 

o.765 

1.10 

0 . 543 

3 

243 

1111.1 

500 

1390 

160 

115 

71 

roso 

0 . 9 

?l 

O . ?65 

1.10 

4 

254 

1aoa.s 
ea.o 
500 

1440 

160 

115 

l,.O 
1.0 

2418 

1.5 

'11 

28. 30 

o. 765 

1. 10 

o.596 

5 

281 

o,sa.s 

500 

1480 

160 

110 

12 

l . 8 
1.8 

1.24 
1.24 

2900 

1. 10 

eo.s 



24 • 

Rua . Number l 2 3 4 5 

Cou.nter nee.ding 493 505 465 437 390 

t•ngth otRun 5:00. 25 3:23. 6 2sl9. 2 1: 44 ltl8. 5 

Brake l oad 9. 3 11. 5 15. 4 19. 9 25. 4 

Ml '• ot Fu.el 300 300 300 300 300 

msbnue\ !'emp. 600 8~ lOlO 1200 1380 

Water tep. 160 160 100 160 160 

011 Tep. 110 110 110 115 106 

Room Temp. '71 '1 '11 71 ?l 

Intake Manifold ( ) 19. 0 19. o 17.5 15.? 13. 1 
Prnmu-e {b) 19. O 19. O 17. 5 15.? 13. 1 

~st Manifold ia) o.os 0.10 0 • .10 0.1s o.so 
Prees1:1re 'b) o.05 0.10 0.10 o.15 o.50 

Actual Test Speed 986 1489 2()05 2510 2930 

A• era.ge Intake 19.0 19. O 17. 5 15.? 13.l 
Manifold I>re sure 

AT.-.r84e ~at .os .10 .10 .15 .so 
Manifold Preasu.re 

A••:rage Room temp. "71 71 71 71 'fl 

Barometric Pr•ss\U'e 20. :ro 20.so 28.30 28, 30 as.30 
Vapor P:reasure o.?61 0.1a o.?65 o.765 o.,61 

correction rutor 1.10 1. 10 1. 10 1.10 1. 10 

Unoonec\ed lmP 3. 06 5. '71 10.30 16-.71 ?JS. 30 

aor-reeted BIP 3.37 s.as 11 . ~2 18. 40 27. 80 

Spsctflo fuel l.?10 1.315 1.110 o.916 o.sos 
Oon.aump, 1 ca 



Ml Power P"l"f orm~noe 

Sp•ed 1000 1500 a>oo 2500 3000 

oorr••• BHF 38. S 59. 5 ?7. S 84. S as.o 
Chang• 1n "111 :Pow•r -a.n o.o /.3-.33 /.3. 05 /.,2. 54 

Spec1.t1c J'Ul 0.159 o.550 o.seo o.eoo o.660 
Con uapUon 

Oheage 111 run Load /.5.48 ,,.as ~?.?O ,/.'1.15 /.3. 78 
lconom:, 

Speed 1000 1500 2000 2500 3000 

Sp4telt1o l'tl• l l.?3 l.34 1.03 o.M o. 85 
Oon~waptton 

Ohange in load toad /.4.85 ~2.29 /.a.zs ~10.84 
Econo.,-



26. 

!able Bo. 10 

FULL POWER PEUOllMllCI 

EXHAUST 11.'.APP!lrS . 006 J3ELOW RECOMMENDED CLUB.A.JOE 

Run lfwnber l 2 3 4 5 

Co\lJlter Reading 2Z7.7 234.Q 2:31.0 192. 0 183.0 

tength of Run 2:06.l 1:32.6 1:10.3 0:45.8 0:36.4 

Brake Load 108 105.3 98 .2 '86. 72.5 

Ml •s of J'U.el 500 500 500 500 500 

ZXhaust !'emp. 1060 1220 12?0 1410 1420 

Water temp. 160 158 162 160 160 

011 Temp. 110 115 110 105 105 

RooaTem:p. 14 74 76 76 76 

Intake Maaif.old (a) o.375 o.75 0.50 0.25 0.1875 
:Pressure (b) 0.375 0.75 o.so 0.25 0.18?5 

Exhaust Manifold (a) 0.375 o.so 0.75 o.875 1.0 
Pressure (b) 0.375 o.50 o.75 0.875 1.0 

Actual fest Speed 1080 1515 1970 2520 3015 

Average Intake 0.375 0.75 o.so 0.25 0. 1875 
Manifold. Pressure 

l.Terage Exhattst Q.375 o .. oo o. '75 0.875 1.0 
Manifold. Pr-es sure 

Average Room Temp. 75 75 75 75 75 

:Barometric Pressure 28. 09 28. 09 28 . 09 28. 09 28.09 

Vapor Pressure 0. 880 0.880 0.880 0. 880 0.880 

OorreeUon Factor 1.114 1.114 1.114 1.114 1.114 

Uneorrected :BHP 38. 9 53.2 65.1 72.5 72.7 

Correct ed. BRP 43. 4 59.4 72.7 80 .9 81.2 

Specific Fuel o.532 o.s:;1 o.572 0.790 0.990 
Consumption 



27. 

Table :No. 11 

'.llHAUSf 'lAPPETS . 006 ::BELOW RECOM!JENDED OL'EARA..Tll'OE 

Run Number 

Counter Reading 

Length of Run 

!Take Load 

Water 'l'emp. 

011 Temp. 

Room Temp. 

I nt ake Mani fold (a) 
Pressure (b) 

Exhaust Manifold (a) 
:Pressure (b) 

ATerage In\alce 
Manifold Pressure 

A.Terage Exbaas t 
Manifold Pressure 

Average Room '.l'emp. 

Barometric Pressure 

Vapor Preeaure 

Correction Factor 

Un.corrected :BHP 

Corrected l3HP 

Specific J'uel 
Consumption 

l 

47.2 

4: 5?. S 

300 

635 

160 

110 

75 

19 
19 

o. 375 
o. 375 

968 

19 

0. 375 

28. 09 

o.seo 
1. 114 

3. 0 

3. 34 

1. 810 

2 

502 

3: 21. 5 

11. 5 

300 

815 

163 

115 

75 

19 
19 

0. 375 
0. 375 

1505 

19 

0. 375 

28 . 09 

0. 880 

1. 114 

5. 71 

6. 36 

1 . 375 

3 

456 

2:14. 0 

300 

1010 

160 

108 

75 

17 
1, 

0. 200 
0. 250 

1955 

17 

0 . 250 

28. 09 

0. 880 

1. 114 

10. 02 

11. 2 

1 . 172 

4 

429 

1 :43. 8 

300 

1090 

162 

105 

73 

16 
16 

0. 250 
0. 250 

2480 

16 

0. 250 

28109 

0. 880 

1 . 114 

16. 4 

18. 3 

0. 934 

5 

388 

1:17. 5 

25. 4 

300 

1230 

160 

110 

73 

13. 25 
13. 25 

0 . 375 
0 . 375 

3000 

13. 25 

0. 375 

74. 2 

28. 09 

0. 880 

1 . 114 

28. 3 

0 . 804 



Speed 

Oorr eot d '.BH.P 

Chang• iu Ml 

SpeoU'1a truel 
eonsW1tptlob 

Ohe.nge in Yu.11 
1co.nOJB7 

Speed 

SpecU'ie Fuel 
oont!lwnp\!on 

Fower 

toad 

Change in Road Lond 
EconOJDT 

1000 

4',. 4 

/.7. 16 

o . 54 

/.1.ss 

Road 

1000 

1 . 75 

/,6. 06 

28. 

1'.U:SULTS 

1500 3)-CO 2500 3000 

59. 4 13. 5 ao .o 81 . 5 

0 /.2.00 11. 455 /.l.690 

o.sz o . 575 o.ns o . 99 

/.,3. 9~ ~10. 55 /.27. 6 /.54. 2 

Lead P t1rf o.rmanee 

1500 2000 2500 3000 

1 . 40 1 . 10 o . 90 o. 804 

/,,6.87 /.6.00 /.7.15 /.5. 00 



Rutt 11'um'ber 1 2 

Length of Run 2t06. l 1: 33. 2 

Ml •• of Fael 500 500 

:b'haud Temp. 1040 1140 

We.\er Temp. 162 180 

on Tep. 105 110 

Ro01ll Temp. 88 90 

tnteke MW .fold (a) o. 3 o.6 
Pressure (b) o. 3 o. 6 

E:lhau.d Manifold (e.} 0. 1 o. 15 
Prffsure (b) o. 1 o. 15 

Actual Tes, Speed 108'1 1520 

.A.11enge Intake 0. 3 0 . 6 
Manifold Prffsu.re 

Average l:Xhawst 0. 1 o. 15 
Manifold :Preenure 

Average Room 'l'emp. 90 90 

Vtt.por PreHu.re 1 .• 4216 1. 4215 

Correction Jactor 1. 160 1. 160 

Uncorrected lfflP 31. 75 42. 3 

Specific Juel . 630 . 640 
Ooi'ls\llftp U on 

3 

249 . 0 

1: 15. 1 

500 

1360 

160 

112 

99 

1.0 
1.0 

o.15 
o.15 

1990 

1.0 

0. 15 

90 

1. 4215 

l . 160 

. 671 

4 

265. 0 

600 

1360 

160 

110 

89 

1. 5 
1. 5 

o.15 
0. 15 

2545 

1. 5 

0. 15 

90 

28. 0l 

1. 4215 

1. 180 

sa.e 
0.146 

5 

280. 0 

0:55. 2 

500 

1410 

158 

115 

90 

o. 15 
0.11 

3210 

1. 8 

o. 15 

90 

1. 4215 

1.160 

65. 0 



30. 

'?able No . 14 

ROAD LOAD PERFORMANCE 

EXHAUST TAPPE'l'S . 006 ABOVE RECOMOJIDD CLEARAJ OJl 

RtUl :twaber l 2 3 4 5 

Oounter Reading 409. 0 419. 1 405. 2 365. 0 2'12. 0 

Length of Run 4: 14. 0 2: 48. 2 2:018 1:28.1 0:55.1 

:Brake Load 9. 3 11. 5 15. 4 19.9 25. 4 

Ml't1 of J'Uel 300 300 300 300 300 

Emanst 'l'emp. 550 720 900 1080 1210 

Water Temp. 162 164 164 160 160 

011 fem.p. 95 100 108 106 110 

Room Temp. 91 90 91 90 90 

Intake Manifold. (a) 17. 4 17. 3 16.0 13. 5 8. 5 
Pressur• ( 'b) 17. 4 17. 3 16. 0 13. 5 8. 5 
EXhanst Manifold. (a) 0. 05 0 . 05 0 . 05 0. 10 0 .10 
Pressure (b) 0. 05 0 . 05 0. 05 0.10 0.10 

Aetul 'l'est Speed 968 1498 2000 2490 2965 

A.Terage Intake 17.4 
M&a1fol4 Pressure 

17. 3 16. 0 13. 5 8. 5 

ATerage Exhaust o.os 0.05 0.05 0.10 0.10 
Man if old. Pressure 

Average Room temp. 90 90 90 90 90 

:Barometric Pressure 28. 01 28 . 01 28 . 0l 28 . 0l 28.01 

Vapor Pressure 1 . 4215 1.4215 1.4215 1.4215 1.4215 

Correction 1aetor 1.16 1. 16 1. 16 1 .16 1. 16 
; 

Uncorrected. mtP 3. 00 5.74 10. 25 16. 50 23. 90 

Corrected BRF 3. 48 6. 65 11. 90 18. 10 27. '10 

Speelfie Fuel 2. 00 1.575 1. 21 1. 11 1. 16 
Co11eumpt1011 



31. 

'la.bl e No. 15 

RESUL'?S 

EXHAUST' TAPPETS . 006 JJ30VE REC0MMDDED CLEARANCE 

Full Power Perfc,.rmance 

Speed 1000 1500 2000 2500 

Corrected :BHP 34.0 48.5 57.5 63.0 

Change in rul.1 Power -16.05 -18.50 -22.30 -23. 20 

Sp•eifie 1'1Hl 0.63"i' 0.636 0.6?0 0.?30 
Cons\1JftpUon 

Cha.nge in l'ull Load /.22.5 /.24.7 /.29.4 /.31.5 
EeonQ!Q' 

Road Load :Perfol'Jllanee 

Speed 1000 1500 2000 2500 

Specific Juel 1.86 1.52 1.21. 
eonsumpUo• 

Change in Road toad. /.12. 73 /.16.0 111.s 
JICO.l'U>Jq 

3000 

65. 0 

- 21.50 

o.eoo 

/.25.8 

3000 

1.18 



32. 

'!'able No. 16 

FULL POWER FERFORMANCE 

INTAKE AND EXHAUST .006 :BELOW :UCOW-HlNDED CLEARANCE 

Run ?l1111ber 

Oou.nter Reading 

Le~th of Run 

:Brake Load 

Ml 1s of Juel 

OU Tem:p . 

Room Temp. 

Intake Manifold (a) 
Pressure (b) 

l 

225.0 

2:04.0 

500 

990 

160 

100 

74 

0.4 
0.4 

Exha.ust Maatf'old (a) 0.1 
Pressure (b) 0.1 

Actual f est Speed 1090 

Aver~ Intake Manifold 0.4 
Pressure 

ATerage Exhaust 0.1 
Manifold Preesure 

ATerage Room Temp. 73 

Ba.rcmetr1c Pressure 28. 01 

Vapor Pressure 

CorreeUon factor 

Uncorrected l3HP 

Corrected l3RP 

SpeeU'le Fuel 
OonsumpUon 

0 .8183 

1.1150 

33.0 

36.8 

0 .640 

2 

228.0 

1:00.7 

85.2 

500 

1160 

160 

105 

72 

0.6 
0.6 

0.1 
0.1 

0 .6 

0.1 

73 

28. 01 

o. 8183 

1.1150 

3 

241. 2 

1:10.5 

76.4 

500 

1400 

160 

105 

74 

1.0 
1.0 

0.15 
0.15 

roso 
1.0 

0.15 

73 

28.01 

o. 8183 

1.1150 

52.2 

58.2 

o.nz 

4 

249.1 

1:00.0 

64.3 

500 

1400 

162 

109 

72 

0 .75 
0.75 

0 .15 
0 .15 

2491 

0.75 

0.15 

73 

28 .01 

o. s1az 
1.1150 

53.4 

59.5 

o.a1a 

5 

2'?9.0 

0:55.2 

53.9 

500 

1470 

160 

112 

74 

1.9 
1.9 

0 .15 
0.15 

0 .15 

73 

28.01 

o.8183 

1.1150 

54.4 

60.6 

0.874 



Table No. 17 

ROAD LOAD PERFOPJfANOE 

nrrilE .uro EXRAUS'r . 006 BELOW RECOMMENDED OLEA.BANCE 

Run Number 

Counter R&ading 

Length of Run 

:Brake Load 

Ml •s ot Fuel 

Ema.us t Temp . 

Wahr Temp. 

011 ttemp . 

Boom Temp. 

Intake Manifold (a) 
Pressure (b) 

1 

482.2 

4: 42. 5 

300 

715 

160 

110 

73 

19. 0 
19.0 

Exhaust Manifold (a) 0 . 2 
PrHsnre (b) 0 . 2 

Actual Test Speed 1025 

ATerage Intake 19.0 
Manifold Pressure 

ATersge Exhaust o. 20 
Manifeld Pressure 

ATerage Jloom !emp. '72 

Barometric Pressure 28. 26 

Va.per Pressare o;?912 

Correction Factor 1.10 

Uncorrected »RP 3 •. 19 

Corr ected. BHP 3. 52 

Specific Jael 1.780 
Consllll'Xption 

2 3 

481 . 0 445. 0 

3:09.1 2:14."15 

11 . 5 15.4 

300 300 

885 1040 

160 165 

105 115 

72 72 

18.5 
18.5 

0 . 25 
0.25 

1530 

18.5 

72 

28. 26 

o.7912 

1. 10 

5.86 

6. 45 

1.450 

17.0 
17.0 

0 . 25 
0. 2s 

1985 

17.0 

0.2s 

72 

0.7912 

1.10 

10.15 

11.20 

1.170 

4 

35"1.0 

1: 24. 0 

19.9 

300 

1175 

160 

110 

72 

15. 0 
15.0 

0. 35 
0. 35 

2550 

15.0 

0. 35 

72 

28. 26 

0 . 7912 

1 .10 

16. 90 

18.60 

1.130 

5 

326.0 

1:05.5 

300 

1260 

164 

110 

72 

11.0 
11.0 

0 .6 
0.6 

3170 

11 . 0 

0.60 

12 

28.26 

0. 7912 

1. 10 

26.70 

0.918 



Table No. 18 

RESUL!S 

I '1'AD AND lmtAUST . 006 llELOW ImCO~ED OLF.ARA.WCE 

Speed 

Corrected lmP 

Change in ?u.11 

Specific Juel 
conswnp t1 on 

Change in J'ull 
Economy 

Speed 

SpeeU'ic J'u.el 
eonswaption 

Power 

Load 

ehange in Road toad 

Full Power Performance 

1000 1500 2000 2500 

3:1. 5 47. 0 57. 0 60.5 

- r1. :; - 21 . 0 - 24.0 - 26.3 

o . S40 o . 670 0 . 720 0 . 795 

+20 . 8 /.31 . 4 /.38. 5 /.42. 0 

Rolid Load Performance 

1000 1500 2000 2500 

1.780 1. 500 1 . 180 1 . 010 

/,7. 87 ~14. 45 l,14. 55 /.19. 00 

3000 

51 . 0 

- 26.5 

o . 870 

f 36.8 

3000 

0 . 910 

,1a. ao 



35. 

'!'able No. 19 

-rutt POWD PDJIORMUCJr 

INTAD AID EXHAUST .ooa llOVE RECOMMJfflDED CLEARANCE 

Run Number l 2 3 4 5 

Coun\er Readi:ng 227. 0 234.0 251.2 263.0 554.0 

Length of Rtm 2:11.0 1:36.0 1:13.0 1:04.2 0:56.2 

Brake Load 8312 80.6 71.3 6Z.O 49.5 

Ml •s of FU.el 500 600 500 500 500 

Exhaust femp. 1000 1180 1320 1420 1480 

Water Temp. 160 161 161 164 158 

011 Temp . 102 101 110 110 112 

Booll'1'0tp. 88 87 86 86 85 

In.take Manifold {a) 0.3 0.3 0.6 1.4 1. 7 
P1·essu.re (b) 0.3 0.3 0.6 1 .. 4 1.7 

:Jxba11s\ Mrm1f'old (a) 0 .05 0 .10 0 .10 0 .10 0 .15 
Pressure ('b) 0 .O5 0 .10 0 .10 0 .10 0 .1s 

Actual Tes\ Speed 1040 1462 ID65 2470 ........ 
ATerage Intake 0.3 0.3 0.6 1.4 1.7 
Manifold Pl"tUUJure 

Average :11:haust. o.os 0 .10 0 .10 0 .10 o.15 
Manifold Pressure 

A•erage Room 'l'emp. 86 86 86 86 86 

B.arometric Pressure 28 . 01 28 .. 01 28 .• 01 28 .01 28.01 

Ve.por Pressure 1. 2527 1.2527 1. 2527 1 . 2s2, 1.2527 

Correctiol1 Factor 1.146 1.146 1.146 1.146 1.146 

Uneorr•eted MP 28. 8 40.6 49.l 52.0 ....,.,_ 

Corrected. :BRP 33. 0 46.5 56.3 59.6 -
S-pec1ftc Juel 0 .676 O .655 0 .110 o.?64 -----· Consumptta 



36. 

fable Bo. a) 

ROAD LOAD PERFORMANCE 

Ill!AT.E AND nKAUS! . 006 AllOTE UOOMta!roED CL:EA.BANCE 

Run Number 1 2 3 4 5 

Counter Reading 437. 0 433 .1 434. 0 416. 8 360. 0 

Length of Rua 4:33. 5 2:57. 5 2 : 10 . 4 1:45. '1 1: 11. 0 

1!rake Load - 9. 3 11 . 5 15. 4 19. 9 25. 4 

Ml' of J'uel 300 300 300 300 200 

Exhaust f'emp. 640 740 920 1130 1300 

Wahr T~. 158 160 160 150 162 

Oil Temp. 104 108 108 112 115 

Jtoom Temp. 83 79 78 77 77 

Intak• Ran1:f'cld (a) 17. 3 17. 6 17. 0 16. 0 11. 5 
:Pressure (b) 17. 3 17.6 17. 0 16. 0 11. 5 

Em.au.st Manifold (a) o.os 0 . 05 0 . 05 0.05 0 . 10 
Press.ore (ll) 0. 05 0. 05 0.05 o.os 0.10 

Actual fed Speed 960 1460 2000 2370 3040 

Average Intake 17. 3 17. 6 17. 0 16. 0 11. 5 
Manifold Pressure 

.Average EXhaast o.os 0. 05 o.os 0.05 0.10 
Manifold Pressure 

ATere.ge Room Temp. 79 79 79 79 79 

:Barometric Pressure 28 .. 01 28.01 28. 01 28.01 28. 01 

Va.per Pressure 0. 9989 0. 9989 0. 9989 0. 9989 0. 9989 

Correetion Factor 1. 126 1. 126 1 . 126 1 . 126 1.126 

Uncorrected :BHP 2. 97 5. 60 10. 30 15. 70 25. 80 

Corrected BHP 3. 34 6.30 11. 60 17. ?'0 29. 00 

Specific FUel 1. 93 1. 58 1.17 0 . 95 0. 858 
Oonau.m:ption 



37. 

~able llo. 21 

RESULTS 

Iffili ARO EXHA.US! . 006 .UOYE UCOMKDDED CLEA.BANCE 

h.ll Power Perf orma.nce 

Speed. 1000 1500 2000 2500 3000 

corrected :BHP 31. 0 46.7 56.0 59. 5 5~.6 

Change in Jull Power -23. 5 - 21.5 - ,.s.3 - 26. 2 -28.l 

speeifte Juel 0. 685 o. 685 0 . 100 o.765 0. 850 
tlonsumpt.1 <Sh 

Chang• in lull Load /.29. 2 /.28 . 4 /.34. 6 /.S6. 6 /.33. 6 
Ec-ono1n7 

Road Load P erf ormanee 

Speed 1000 1500 2000 2500 3000 

Specific Juel 1.86 1 .. 50 1.17 0 . 94 0 . 85 
Consumption 

Change in Road Load /.14. 00 /.14.50 fl3. 60 /-11 . 90 .f,.10 . 95 
Jteoacm,-



















l!? Hdhcda of O:a.lC\11 t1011 

l. OaleulaUon o~ Jtoa.d Load ltoraep-01Mtrt 

~.aloulaUone are ba aed on tbe eque,Uon H.P. : (0 f l1AV2)v 

375 

R. P . M. 

1000 
1500 
2000 
2500 
3000 

where IW I t 1Av2 : P 

Value• of oons\anht 

K : 0. 012 

'1 - 0. 00125 -
A - 28 -
w - 4000 -

Sp &ed M.P. H. KW 

19. 3 49 
28. 9 48 
38. 6 48 
48. 2 48 s,.a 48 

l'.1Av2 ? 

13.0 61 . 0 2,.~ 71.3 ,~.o 100.0 
81. 3 129.3 

11,.0 1ss.o 

X • expertm.ntal c on9tan\ - dimeri4tonlea• 
l'.1 - • xpertme, 1 eonsh .nt - · dll'lene1onleH 

A • projectM f'J-onltt.l ar•a. cf the cu - aq. f\• 
w - roa.4 we1.ght of tl1e e r - ~ und 111 
T • Yeloe1ty of th• ~ar - mil•• per h('l't# 
P - forward thrua\ u.-.rted - pounclt 

R .P. - road load horsepcrnr 

:S:. P • 

3.10 a.·,e 
10 •. 30 
16. 80 
25. 40 



The ..-aiues ta.bet1tul ed 1n the 1·oad load equation were '*•n from a 

t.h•1d. rfJ by Martin Stark. 

2. Caloul.atton. &f Brake Horsepowers 

R. H. , • : a z 3. 1416 z r .x L x lf 
33.000 

: brak• load (lba.) 
L : lengib of 4,n-emometer bnk• arm (ft.) 
Jl : s1H1\\d of dyno oaeter (r. p . m.) 

3. Cal.eulatlcn ot Corree\ed Bnike Koraepowers 

-
SDmOLS AJ'D UNITS 

P8 = s'ta.nd.ard A.bloGpherlo pre1H u.r (tnchett of me.i·ou17) 
P0 : obaened atmosphertc preeaure mtnae the observed va;por 

preaove-
T . • tandal'd t.ap4tra tw-• (degrees Ranldu) 
Tc : observed atmospb.~r1e tem;per-.ture 



Q. : cubic centltleters of tu.el btlraed (ea) 
D: denat\7 of water (great / cu.blG eent1me,er) 

s.o. : specdfle gravl \7 ot gaeo11n.• at the teats 
\cperature ( dimenstonle11) 

'1' : Um• rf1Utu1red to bum a gt YM volume ot 
fuel (eec. ) 



I'f 

DISOUSSIOlT 

13efor~ dhcuuing .any of the reaults , 1t should 'be made elear that U 

wu not th., purpose ot thh eXper1:Me-ntntton to aal ttlh exact T lue to 'be 

expec\ed as a result of ru·re miaadJMtment. It ie felt, hovn•r, that a 

dmtl lil,r maladJustmen\ in other engines would bring about a like change in 

pflrtormanee. 

It should also b• pointed out tha t the roed load pc,rformruu,e 1s basa,d 

on the tee, engine 'betng inthlled in a 1941 Pontiac !edan. !hh dtuatton. 

present. ihelf 1n that the constants of the rom.d load •quation were avail-

able for the PGnU~c. Thh ••t-u.p was :r,retnip:posed to be eatisfe.etor7 since 

relaUTe Telues o~ performance were all that wa.s desired. ru.rtber, 1n 

connection with th• road load lHtrformanee, the horsepower equation g1YH 

the hor sepower a t a particular eng1ntt t1peed , without regard to the atmo•~ 

phedc cond1Uons. A oorrparhon, however necaenates thr.ct, all r sul h be 

ulattve to the same data. With thi s situation in mind and the f ct thAt 

U. was very dttficul.1 and cone1dered 1mpract.1cal to obtain enct17 th«1 eeme 

hcraepowff for each ee:rlee of nms under road l oad eom.i Uon•• readings ere 

t aken u in the full-thro\tle tests e.m the re.sul ts corrected. to standard 

conditions. 

Th• rMUlts of the firat series ot tests during vhlch th• engine was 

set to epen1ficatton.s are Tory mnch ae expected. '!'h• full-throttle output 

hora~over inorea:eett wt th engine ep•ed end • peakl!* a,\ 2900 rn-olut1one per 

tdmit .e. A.t this ,speed the Tatue of the "brak• hor&epow•¥ waa 83. The 

•n«f ne, a.ceordtng to the ma.nut cturer, should devf!lop 85 horse-power ai 3000 



so. 

rffolaticna per minute. !be vart~tton in the t t. data mq 'be explained b7 

the fact that a battery vu used to aupi:11' the prtma,ry voltage ot the 1g-

n1Uo11 coll inet ad of a generator. The :full throttle apeoifio fuel coa-

eu-pU.on cane tnd1eates the.t naxilffl'.UI econ0ffi7 oeeart nt an engine s r,eef. of 

1500 rffolutiona per minute of the engine. fh1a engine. installed 1n a 1941 

Pont1&10 Cthaad s , l.lOUld g1'Ye a maxtmum econOlq at a s peed of 28. 9 m:Uee per-

houri in the tnlek for witch the engine ta dee1.pGd, 1!'.1U1mwa ecoaoB17 wottld. 

oeov 1n the n,ei.gb.borhood of 3.5 m11u p•r hour. The 1.·oari load speeU'lc fuel 

eoriswnpt.1on deore-ases wt th. speed o.p to 2000 r . p . m. of the engine. M<>re 

gasoline is burned of c.ovse at th~ bldLer apeeda,., 'bllt ,a g;i·eater horsepo111er 

le developed at tho eame time. 

The changee in pufo:rma:u.u,. refflll Ung from tho m-alad.Juetmenh ln some 

cases ere •ery dtfficalt \o u:pla1n. f-a.rytng the \e.pp•t clearancet changtu, 

the -nl.ve t111d.ng. A chance in val.Te Urains effects the Toluutrlc efftoten-

07, intake tmm.1fo14 and exbauat teml).ere.ture. A change in exhrmst 

t"'mperat.ure hl.dtce.tee a cha~• in the tempe:rat.ure in ide of tho cylinder. 

The temperature tn the qlinder affffte the atr-fa•l ratio and 'burni ng 

eh&racterbt:lca of the :tu.el. To ser,i.rat e and avalu.s.te eaeh of the fMttors 

menttoned abOYe 1 f nr beyon.4 tbe scope of t h is theeh. For this reuon, 

e;;rr explanation ot the remilts will be, vhtat seems to the ~uthor, as of 

:paramoun, atgatticance. 

\'1th th• lntake Tal•e tappet& a~t dx one thouaandiha of .an inch len 

tbe.n the clearance recommended 'by the mamtfact,u•er. valve t15:lng has been 



nl. t~red fl<> - tha \ the Tel.Tes app earl 1er .l'\.M close later th.an they would 

ne:raall7. !his eendi t1on breught abrot a decreaa• 1n full load. power at lov 

speeds a.n4 h.;i,s no ettec\ a.t -3000 r.p.m.. U h no\ lmproba\le that h1ghff' 

1Jpe~4• .tghl haTo rctsul\H tn .-,n 1nctrense tn pcver, &a it ts poasi'ble \o 

u.Uli~e the k1llet1c ene-ra o1 the tneomtng psu,e to o'bta1n a. greater 

Tolp~trto eff1e1ec1u,7. U the low@l' cpeed1 the fresh chazc• My h&.Te 'btHD 

diluted 'b7 the exhtl.us\ &Ates. ,hue o"l,uting a lees of power. Thh lo•• of 

pown· exple.1.n!'l the tncre-..aee tn speeiftc fuel eon.aumptlon. !he chance 1a 

:road load t1eonollJ' h n&dng in that at low 1l-M htgh 1; ~ed th• apeclfic tu.el 

eontti.t.'DpU on. 1iieresiu;es but d.ecreasas through the itt\ t.?mffllt ~t.e apffd.a. Thie 

<!hange fflP..Y 'be a net etf9e\ c <tused '7 the prmm1el7 11entionetl factors. 

It sffffl• as though th-e tttQl!tt erratic, r, erfonm:nco oecus as a result of 

an intste Yal.Te tan 1et malad.jut•ect. P..ef~renee t'.) Tipre 6 incUcatff an. 

tnoreue tn the full load :poyer a\ thtt higher spe,ed.e Md l!ll&o e ir..ereatte 

1n speotftc fuel conffllllpUon, al th~ it b not ccmstar,t CJYer the en\1re 

sp•ed range for 'b-oth tall lQti.d ud road lo1l4 perfontane"e. Tb.ts tnerease mq 

al•o be e. rasal t of the enran•ou.s •artel>lff 1.ntrod.ued b7 chugil,c the 

t appet cl&eruc ... 

The renl ts of the r111&&lnt'l'lg test« were aotH!Ml&t at expeeted. la.el 

eeonoa7 htetl'-eaeed rap-18.ly O'f'er the full load :pertonance range when t~ ea-

hauat taprete ver• aet \o atx one-thou.aand\h-a of ,m 1neb le•• than the 

epecitteA clearance. Thie setting would mean t -hat. the ubau.st ftl:«e• ope 

e•.rlter tU!d. clcae later than u111alt fuel, under thie eondlUon. w0ti.l4 pa•• 



thr01.,ch the Uhau.6t port unbur:ned. !he eff eet "a.'Ould be a decrease in power 

during full load and sn inere&c 1n fuel econ0!1J' unde:r any load cond.1 tion. 

When 'the e%he.ust T8l vu open late there 1 a s1nall iacreese 111 the work 

of expa:neton. which, when the exhaust ta:ppets were set to aix one-t.hoasandtba 

of an inch abO'Ve the eta.ndfU.'d, eeemed to 'be overcome b7 the increa.sed work 

ot exh&u.at. Under this condition tu.el consumption w.s increased O't'er the 

entin speed. range, w:he.reae the full load power was decreased by a consid-

erable amount. 

The combined eftect of the intake and exhau.nt valYe tappets being set 

above or below th~t cl ea.ranee vhi ch was reeOlm!:e.nded vu ve17 nearly the 

same. The• results i ndlcate an i ncr•as• in fu el economy during road load 

end full load perfontm'loe, and a decree.ee 111 f ull load po1z;er fol' both mal-

adJue tments oTer the ft?lti:re speed range. 



53. 

T 

CO 'OtUSIOWS 

1. !he \Bp:;:-et cleo.ra.n.ces recommended b:, the manufacturer are the resul \ 0£ 

oareM eon.stderation a.n.4 are. in gen.e ral. the beet wetting from a 

:power and economy starul'point. 

2. 11 Yar!a.tionc trom the eleare.nees reeommtm.ded by the fllffl1Ufacturer for 

which tes\s wer• rm'1 brought en !.nere11.11e in specific fuel coneumptton. 

3. A d.ecreue in the t&:1m @.ru; t vel ve tappet ole8J'anee reeonended by the man-

uf l!:cturer will erioasly increMe the sl)ecific fu.el consumption under 

road load A-nd foll lof.d conditlonts. 

4. An increase in t he e,thauut Tal.Te t _;:ipet clearance reeommemled 'b7 the 

manufacturer will aeriou ly increase opeei:fie fuel consumption under 

road load or full load operation a1ld reduce full load power. 

5. A conc.\1tion au.ch that. both the exhaus t and in.take Y&l.Te tappets are set 

either above or below that clenr-ance which is reoommend.eti b;y the maau-

'faota.rer will ha.Te a 11m1lai- effect on road load economy, fnll lo.'!!4 

eaonom:, end Ml power., as does a decrease in the exhaunt Yalv• 

tappet el &a.rancn. 



Vl 

RECOKmMDATIONS 

It is 'believed by t.he au.thor \ha t & po& fble explanaU«>n ot s ome ot 

the more erra.t:ie results of t his e%l)eri~ntation may be explained through 

the motion of the Talve. There h a po1e1b11U7 that the valTe may ttnoa.t" 

while open.Ung under a. :ma1e,cijuet ent. Thia el tua tion may be aeee.ntuated 

when th• tappet cl~tll'anee ta l arge. ae the valYe has leea time to open and. 

close and inertia f oroe11 may- caut,e. t.he val Te mechanism to 1 eave th• eem 

follower. If this condition cou.ld be ueertained through some experimenta-

t i on. 1t may be that the reau.lte obtained during this in:veet.igation eoalcl 'be 

explained to a larger- extent. 

A.nothftr 1nter&mtitre project 'WlUld. be to de t.ermine the effect ot Tar1ou1 

tapuet clearances. on th~ •alve itself. It 18 Wf!ll knovn t hat Talves which 

are set too •Ugh\• o.ften burn or we.rp: howeTer, the t"-Xb.au t temperature 41d 

not deY1 a t e a gr a t deal , tluring the t E1sts of this thuh, from those o'b-

I"t'ed d.o.ri rt.« the tests with the. englr.e set to st-a.nda.rd. To det ermin-e the 

cmse •Of valve burni ng ww.d 'be e. wort.by 1nves t1gation. 
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