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EXECUTIVE SUMHARY
 

A series of :1'1 C Glfl'". pi ton ngine ,rcst~ were conduc ted an a ynaDlome er oCatl;!! 

a" h rederal Aviati n Administr tiOD (FAA) T chnical Center. Thp.se tests 
C-.'taminecl he fee of the aTiollS cont 1 vBriab c n th occurrence f va or 
lock. Spec if c items investigated were lui i I tank t mperature. uel ow rat~, 

fu system configuration (gravity feed verSJS suction feed), fuel eating 
technique, fuel aging, mb en ir temperature. an he differences between 
carbureted ano njec ed vera ons of the same engine. The results fr m these 
tests are Om ined w"th an ana ys s of a a from flight @~ts neuc ed at 
Woodbine, ew Jerse • t establis the following cnnditions a e the worst caSe for 
vapor lock tes ing wich aut obi ~ 3so1ine (L~.. 0/:;1":. ikeJ)' t r FlU i1'l vap r 
1oc -) ': 

1. Takeoff fu 1 flow. 

? In! al ue temperature etwe 1'1 38 and 43 degre sius (100 to 
110 degr B Fahrenheit). 

3. An ambient air temperature of 29 degrees eel ius or lig er (85 rlegrees 
Fahrenhei t • 

4. E gine per~tjnr. tpmperature ypicallv found after a pp.riod r prolonge 
idling a hOl soak. 

5. ASTI[ C]aRS E (wi ter grade) fuel 1- lhe testing s e conduc ted wi el 
autogaA, minimum Reid Vapo- res ur f ]1., psi. 

Other obaerratians haseil on heBe tests i c ud : 

l. The tc hnjque u ed h at the lest fue] has no effect on he vapor lac 
b havio proVided fre~l fuel iR used and Ie fuel is h a ed w"tb n t Tee h urs. 
Agita t i.o of the fuel ~hou d be. kept to a minimum. espcciaJ y aft r leating. 

2. I general, the higher ~ne Ret Pressure. t e Rreater the tende cy 
to vapor lock. This effect can bp e lendin~ or refini g re hnique 
used by the su lier, sue as. y r additi.vI.'f: r [1 her omponen ~. 

3. A sys m which will no vapor lock on ,_gas c.~n be m d€ CJ apar lock on 
autogas. Consequent y, teo fll~ls tes t d nly b run U.!illn au [OgSfl if the 
a rcraft i~ to be certified for ho h ~ga. and autogaR. 

4. Eva oration and .uel ven tng ~an re-ult 1 thp. lo~s of J percent 
of	 tl e Iue] in a .mk when u ing ~I ogas. which will Flignif1cantJy affect 

iT rafl rang 

5. FueJ yst~rn inrompat1bi11 y with utogas rna! re t in minOT pro lems, 
e. g., the o-rlngB in he fuel s ec OT l'lwell • maki g t e Se ec or more 

£ ieul 0 operat~. 

V]1 



The Motor Octane Number (MaN) of an autogas is directly related to the onset of 
detonation in the test engine. The relationship between the Research Octane 
Number and detonation is not as well defined as it is for the MON. Detonation 

s observed in the test engine (designed for 91/96 avgas) at what would be a 
normal cruise power setting when using regular un aded autogas. 





INTRODUCTION
 

The Exper ental Aircraft Association (EM.) and ot er organi.zations have actively 
pursued obta ning Supplemental Typ@ Cert' .icates (STes) which 11ow th use of 
automobile gaso ne (au togas) in low compression airera t ,engi e s. Typi a Yt 

the atrcraft which qualify for these STCs are older aircraft whose ngines were 
originally certified for 80 octane aviation gasoline. The driving force behind 
hese STCs is the reduced ava lab11i y of 80 octane aviati n gasoline and th_ 

large price difference between aviation gasoline (avgas) nd autogas. 

As the price different"a! between avga a d 8utogas gro ,ther 1s increasin 
pressure to subs itute autogas for 0 er ades of avga. This aises a number 
,of qu s ns which need 0 be a envered. The broader d1stributi n of cons i uents 

n utoga ,when ompar~d with avgas, ten S 0 increase the Reid Vapor ressure 
(RVP) of the. fu 1 wh c 'n turn adverB y affects th mount of vapr formed 
th aiTer ft fu I sys em. The lower init'a bo"ling po nt a sociated w h 
autogas means that vapor will be f m, d at o~er t mperature? than with avgas and 
t e use of 110 deg ee (0) Fahre heit (F) fuel d rfng t e erti iCl1tion of 
aircra t (Feder;~ Avia ion egulati n 3.961) may Dot app y wh~n certify ng :m 
aire aft wi t autogas, e ctan rating techni.ques d ffer between avga a cl 
autogBs, and the ratings ypically asso iated wit autogas may nat apply t 
alrcraf eng nes. As the uel "ges, utogas will JO$ a Tea er percentage a 
its onstituents than avgas, nd there is the l?osE'ib1lity that this 10513 will 
advers ly aff ct the octa e rating. 

The C ntral and New Engla d R gions of hp Feder 1 Aviation Administr tion 
(F ), who a e responsible 'or he certifica ion of gener<;ll avia ion a1 craf and 
their e g ,nes ,. equested throu· h the Of fice of Av a ion Standards that a pr gT 
be ini· nted at the FAA Techn. a1 Center which \·lOU d address these cancenl,. Ttl 
r sponse, the Technic 1 Center conducted <:I n er 0 tests u ilizing a 
ynamometQr) a Lycoming 0-320. and a Cessu 172 uel system to invest gate the 

effects fuel temperature, ngine cooling air emp@ratur • tank f 11 lev • and 
fuel system config ation on the endency to a or lock. 

The technique for heating ~hQ fue in he a r_raft tanks was investigate as were 
th ffects of long- and ort-term star ge on the cnarac er ti s of a togas. 
I conjun tion with these studies, the ten ency 0 detonate a aut gas was 
investigated, and the results were correIa ed ith he oct~n number f the fuel. 

Select data from a series of 1ight t sts co ducted prior to the inception of 
th s progr were ana.yzed wi h the intent of iden ifying the effects of the 
operat onal mode on the fu J emperature in two representativ genera :1v1at 'on 
aircra t. 

his report summarj;z.e the es It from hese tests and presen a number of 
considerations for future c r ification t sts b~ ed on he analys s of these 
resu ts. 
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BACKGROUND. 

Gasolines are in enued to e vola lll~ I nd the IH P 1s a genet" 1. measure of he 
valet lity of a fue. S6 ntia ly, the RVP i the vepa prEssure of the uel a 
1000 F, and t can b~ interpreted B n i d atnr. Q he amount o. vapor a f IP 

\Jill genera te whe 1 t shea te n the uel .. ystem.. . n ai re:raf t as hi ,hp- r 
operating emperatlres and it opera es at reduced srIDoe heric pressure ~hen at 
altitude. Bo h of these factors aggravate th_ formation of vapor. Thi~ explains 
why the ax mu RVP lowed for aviatl0 fuels is lower than fo outogas. The 

aximum RVP for avgas is 7.0 psi. Th@ maximum VP for autogaA varie' w~th 

eason lp~r American Socjety fOT Tes ing an aterials (AS1~) specification 
D-439]. C1.as E [u 1$ (wInter grad s) ~r al w d to reach 15 psi, wh ae ~la s 
) fll Is. wh c ar Bold n the South est during the sum el'. Tn y h V fl maximllm 
RVP of .0 P i. Sl~mer fuels in w Jerse are 'lass C fuels (11.5 psi 
maximum) • 

Tit Ie g~r the fuel remainFl in vrmted allks. the m r likely hp- fuel ~11 lOBe 
the more volatile componen s, nd th~ lOR~ of th more vola ilp campon Dts may 
alter the oct~ne at n~ nf the uel. add t"on t tie more heavy ends hi er 
molee lIar ""e_g t and, conversely. h'gheT o'lin ;:loin), he greater the tendency 
to [OTI1l gum erlO!': tfl as t e fuel sits 1 t, e tan. A typic 1 general Elvia 'on 
air 'raft will be op~rated flbou once a week. whereas a typical ea i~ pen1t@d t 

l£a~t once a day. Ac, a onsequ nee, fuel tend$ 0 r main in g nera avia i n 
1. craft tanks [0 long r per ods of time than TI all \.ItOm bile Lan. Th 

distillat n prucedure de, cr1 d in I RT1'1 D-B6 is a rough mea ure of th~ 

(J-js rihll '0 of co ponents f:ound in he fuel. D1Tin~ a Ist'liatio. to 
pc.rator easuref; th tempera ure of (he ga nteri g the condense as a given 

• c~otGge of the fuel is collect@d f m thp ondenser. (See igure 1 or a 
6chQm~tj .. of the is ilIa 100 appara us.) FOT the above reaRons, aV~8S ha a 
narrower di S 'Ti ution nf consti tuents than autoga " and t lis . s refl c d in th 
[lis illa ion curve. "p c.al is illation curves for avgas and au ogas are found 
i f1 UTl~ 2. 

The jni tial boiling po ot (IBP 0 <l fu.l is ( t _rm ed during a distillation by 
TP-CCYF ling t le temperature ( - the gas .n PoT ng he 0 denser as he lr t r p 
falls [rom he Ol let of ondp se. This leads to nn impo·tRnt 
rlistincti n-- he IEP 1. n t th tempe:rFl ur . of the liqUid a hE batt m of h~ 

cli~tillation f ask it is h te p~rature 0 the ga cs ahav he liqu d. n 
en ral t tbe. lElllperatllT nf h liq is sligl tly higher than the tempe.r3 UTe f 
he ~ ~ a h of tl flask. The Te c.hn iea1 Cen r t s e.xJ1er!en is tha t the 

liquid in he flask i t leas 15° CelsiUR 'C) hot e th n the ga en ering the 
c ndenser at the ime he -irat I rup fal 5. 

The ty ical pprfnn ance profile for an airc a t engine i~ substant'all di-ferent 
than the typica form'lnel?. I'o ile fo a ut lmobi e engine. At cTIli8e ~peedsJ 

an automobile nglle w 11 opernte between ]0 and 30 percent of its ra ed 
1 I'sepower. Ar1 aircra"l pugi e illopernte be ween .. 0 and 75 percent of its 

TCl ed ower during nOTTII.ll lise conca inns. nuring takeoff and clim H. 

al 'craft ng n will be 01' rating at itB mnx.1 urn r til! ppwlo!r less he 
p@rfnrlnBoce Ips du. () he pr~vailing rrl:05SUre ltJ tude) for eX: ended periods f 

i e. Eve during acceleration. i if; nu.stal. for an £Iulom bile engin t 

perate at it" HI e I hor p weI'. The operaUl1f', tempeTatures of an aircraft 
n n AT higher than thOB of Rn au nmobile e ~. aDd the higher b 
oper~ljng empera ure t the greater the t~ndenc fOT rl tona ion 0 0 cur. his 
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explains hy there are differ nt procedures for de.term ning the octane rating of 
autogaa when compa ed to avga . 

Th-re are three dif erent octa ra ing techniqu!!s of interest to his rogram: 
the 6 arch Method. ASTM • t da d D-2699. t e Motor M t ,od~ ASTl'f standard 
D-270 ; an the Aviat on Sup@I"charge me hod ASl'M D-9 9. The pr nc pIe 
differen e betwe~n the methods :"nvolves change i he p rating speed an 
temperature to reflect the 0ll rating environment to which the uel will b 
expo e. Th Research Octan Num er (RON) i ge e ally ppl1c2 Ie gi es 

h h are subject t r 1a ive y light duty c cles ~ ere as tbe 0 ta e 
umb r (?oWN) Cwhich re Ie e d to the via t ion Lean c tane Nl.lmbe r) s·· P1 hIe 
o engi s ~hlch are ubje t to heavy 0" severe uty cycle. Th 

Supe ~harge Octane Number is eant for eavy duty applic tians wher 
fue· -to air rat1 i ep ric 0 hep su reSS detona ·on. Table 

Avia on 

OIDe of the k y cliffe en es between he te hni ue~. For more detail th 
~p ropriate ASTM standards. 

ABLE 1. SOME DI FERE CES BETWEEN THE VARIOUS 
ASTM OCT E RAT NG STANOARDS 

A'I.ATION 
UPERCHARGE RES·ARC MOTOR 

TEST VAR A.BJ E ET on N..ETflOD MET'l-JOD 

E gine Speed (RPM) 1800 60 900 

Timjng (d g BTDe) 45 13 Va.riab 

Oi1 Temperature (deg') 165 135 135 

Coolant Temperatu e (degF) 375 ?12 212 

r Tempera UTe Cd gF) 125 3 100 
i itia 

}1- nifQ d or l'axture T mpera ure 
(degF) 2 5 N/A 00 

Flel y tern	 Inject --- ----Carburetor-------- ­

Key Variable	 Ma.nifold 
Pressu e --Co pression Ratio----­

Fu sy= em de~i fa 1 in 0 two broad categories. gravjty fee uch as found j 

high wing ai craft and suet on ee typical amon low wing ircraft, (reference 
1) • Gr vi t feed ystems ypica] aT tb simplest to on Tuct and hav thI 

fe~e t par s. A typical ~uct on feed sys em n only has engin -driveD pump, it 
has a. pi ot- prated e ec,rical boost pump and the ssoc ated plumbing and 
hardware ( ch as check valves) neeJe to rovicle a st ady fuel supply sh uld an 
engine-dr ven pump fnil. The greater t e numer of C tting ends in the fuel 
lin. t., th larger the amo nt	 of agitation ~Ie fue enc unters 8S it 1. 
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transported from the wing to he ngine. ncr as ng h@ ag tat on increases the 
amount of va or formed whi h, i turn, iner ase th pobability of spor lo~k. 

Likewise, orking the ue i~ the pump and recirculation round he pump not only 
ag'tatea the fue , it raises t e temperature of he fuel as 1 aSBes through he 
pUInp. 

In light of the abo e, this progra a·udied the use of au agas in represen ative 
fuel 9Y8 tems with specia 1. at t@ll on pa d 0 he ff a of increas@d volat i i y, 
f e ystem design, and changes in the octane a ing. Findings ar~ present@ 
~hich should help 0 i sure the ertification proceclurea rovi e he necessary 
marg n f safety wi h regs d 0 vapor lock p @venticn. 

TEST APPAHATU S: Dynarnmne t r 

Tho vapor lock and detonation tests wer~ condu t@d sing an eddy curcent 
dynumom~ter. A Lycoming 0-320 engine was mounte on he dynamometer with a 
Cessna 72 fuel system. Figure 3 shows he general Ioea ion of t princ.ipl 
components. T e ft fuel an was used for avgas. and the riglt tan was used 
for autogas fOT most of the tests" 

The Cessna fuel system was mounted wi h the fuel ank outle at the sam _ lative 
eigh 0 pared to the carbure or inlet t as i he C-172 aircraft. 'fi1e fuel 

tanks ad the same angle as n ~172 setting on he ground. Th@ fuel anks wer 
modified t i corpo ate eat ex~hangers for regulating he fuel temperatur 
Appr xi.. ly 2.0 feet of 3/8-inch ian·eter coppe tubing as installed 1/4 incll 
from he :inside bat tam of each ank n a regll a r pa t tern • Tern erature 
ontrollers regulated the supply f an ethelenE glycol and ate mixture teach 

hea exchanger in order to maintain he required temperature. The fuel lines to 
the engine were wrapped ~dt:h ele trical heating a.pe, and thll: temperature of the 
ind· vidual sections of the uel lines l-fere coI1 t olIe.d sep ate y; 0 e con tro r 
fOT th av as ines, one or the urogas linea, and one for the l/2-inch diHmeter 
common ine. A lBO-degree traveJ, pne'~~t cope ator was incorporated to quickly 
move the tan ~elector remotely. This sys em allowed vapor lock studie to be 
c Dduct~d ith hot fuel in on tank and cold f el i he ~her so ~3t Tee ery 
from a vapor lock ~Qndi i~ could be accompli hp-d ~ hnu r in . en ine. 

SO)l:'e esls were. c::onducted r,r.i th h fuel sys em modified 0 ee how fuel syste 
co figura ion affectecl the reYult (figure 4). A ~u omobile. gasol'ne WU6 t~3t d 

II h .-172 fu 1 system use llroughout the progrlim as basis for c mparhlon" 
he rea fuel line. (figure 4A) wa seFaTated fr n h tanK and p u ~ed whil t 

tank fitting ~a capped. leaving only the crossov T veD a tached 0 the rear 
ina. A apor lock teat was conducted in this configuration using the same fuel 

a~ ahov. T e front Ii e was then disconnected, the rear line reconn@cte • and 
tbe va or lock sequence repcot~d. 

he right Cessna t.ank t...'!'as thenr@move.d and low fuel tank and IIlp were.oJ 

install d 0 simulate 3 suet on feed system (figure 4B). The r@la iV!! he ght 
from he fuel tank outlet to h@ fuel Pl~P in @t was he arne as in a ipe. 
Che okee. PA-28- 40. An e gile riven uel pump ~ S install~d leav n the @ntiTe 
uel 9y te from the s lee or valve intact. Thi tank had a heat exchanger 

similar t th one found n h essna tank~ A vapor lock series was conducte 
in h 8 final conf gurs 10 . 
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The Lycom.ng engine was imilar to the 0-320 found in a Cessna ]72 but was not an 
airw rthy ngine an did no match a xisting lodel d s1gnation. The engine h' 
an 8.5:1 ompr sian ra io. a carhuret r, and waA designed 0 pera ~ on ql/96 
vgas (which is no long r available), The ~ng'ne cooling ~ir ~s regulat cl to 
tl~ prnper temperatuT and pre sure for t e in tv dual ests and was del1vere 
tlll"Ough a te t el 0 ling hood. The oil t mperat I -e as regula ed by a 
automatic antra] r which tu n 0 h cooling water at B ec1fied emperature. 
Indue f'n air wa uppl ed hr ugl n air conditioners, a de'Jice for reglllatin, 
the I urn y.;] ple.num chamber, ;,m . hea er muf r. The air ond loners prov de 
the plenum lamb r \.Jith one inch of '"a r pressure, which WflS re uce. a aboll 
1/2 in fu t ro tie. The ir ould be hea ed. ooled, dr1 cl,. 0 hum d.if ed 
ar will, The engine speed and torque au d b con r 11 d ncl mea ure nnd 
Tecorcled au 0 al:ically. The ue consumption Wl'lS rn .~sur d hy a fue low system 
similar to hOl';e used in many a rwo thy aircraft. 

When th arbur ted engine sts Were complete • th angi e Wrl.' cony r. eel to a 
f leI inj etion typ, The ump waf:: changed along toT t he intPlke plp " fuel 
injec.tion contro] unit, fou fu(!l inje tor n zzles, a high pn;$ ure fuel pump I a. 
fl w divirler ith inj c or lines. aad a hooat pump were insta Ie" n entire 
vOIpor lock t at seriel'l was (ompleted using he arne auto gas as was ll.. ed in he 
va ious t~n configlIT3tion te ts d"scussed Hbove. 

Th engin f,oU18 equ ppl! W h a I,yeoming De (matio AnalyzeT hich onsist!'l of 
vihra tion pick.ups mounte on the four ower spark plugs. a imin generator, ;"l 

junction blX and the electronics w1ich allow one to ook ~t the proper stroke 
fo he ylinde s l@ct d. As t e operating conditions approac hose cnnduciva 
tn de onation, the ampli ude of thE signal increases. l,The e onation OC:CUTS. 

h r i n or l igh amplitude ihration. is fsirly wid and the 0 cil oseo eI 

f;creen ;;Jppears t "f as." The numbe of flB8hes cojneide. with tl1'"- number of 
'm s tha cylinder detonates. Typically, tonation is re 0 Ce as the numb r 

o flashe per minut • 

he Technical . nter l dynamometer system cons sts of the ontYols and 
inst-umentation package, the absQrber and up or equ pment. nd t e mec a ical 
,ulsembJ y. The controls an inst rumen ation p ckage nclude ( Dynamome tEn­

ntro odul (DCM) w icl a o~s' or regulation 0 eithe. ngin speed 0 loa 
The contro. range .xtencls fTom abont 000 to 5000 RPM ~md abo t lOt 2000 
t-l. or'll!. A at Displa' Me nie (Dm! is a.1 so included i the package. t 

prOVides for h display of engine sp ed. torque l and up ?O tempera~ures. The 
abs ber Is Midwest Dynam met r model l519W d Y curren brake. An E @ctro i 
Contrul Module (ECM) supplies and egulates teed y curr nt field power. Thi 

e.vlce i a fl111 ave DC p W T .supply .... ith the phase. ang e f rectific.ati 
co~trol e by the condi ion of rhe current loop control ~i a rOm the DC The 
m_ han cal 'ssem ly cons. ts of che t shed. the dr ve shsPt, t e guard. and t e 
fly 'Whe 1. 

'J' ble ~ l'sts tIe d.ta whi is Teco cleo on an aut rnat"c da fI acquis tioD qystem. 
Durilg <l t pi al t'l.l , the da a are recorded eery 15!'je nd thoug Ie da aI 

acqllisi i n ystem can hanille a Bean rate 0 1. t an a second t s V_1"a ours. 
The p rator has he bility to trigger an event marke which is reea decl Rlong 
wiLh th other parame eTS" The tnnation data is r~eord@d .eparatel', s'nce ". 
require ~Offie jud ent on he pa t of the ope ator. 
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TABL DAT CORDE A TOMATlC DAT ACQUlSITION SYS 

DESCRI TION UNITS 

Engin tDrque ft-lb 
F.ngin speed RPM 
Manifold pr ssure inHg (absa ut ) 

En gin cooling r 
Fuel pr ssure at carbure or in at 
Oil pres sure 

Eve It marker, operator tr gga ad VUC 
"\.Ie flow gph 
Throt Ie posit! n percent 

.fixture po iti II percent 
Tan in u e indicator C 
sr uretor BUp 1)" air ew point degC 

, 1 c:yIind r llea e perature degC 
i" c:ylinde hea t mp ature degC 
/I cylinder head te perature degC 

U4 cy inder head t era ur _ dcgC 
Fuel temper ture. l01 of avgas tnn egC 
fuel tem) rBtur. botta of avgas ank degC 

'uel ernp rn Ir tap f autogas tank egG 
Fu mp ratu ottorn of autogaa ank degC 
FlJ emp rattl'" I vgOlS ] ine degC 

Fuel temp rat r u 0 as line tl gCI 

Fuel temperature, edlment bowl degC 
IFuel tempcrat T arh re or bowl degC 

i emp ra UI' degC 
A"y t mp ratur, car y tor inlet egC 
A r temperature, upstrenm of car urctor degC 

Co Jinr, air emp Hit clegC 
Air e eraturc in aThur~tc~ area gC 
Carbu or ,upply . ir tempe ~ UT egC 

#1 exh u~n gaJ'l t mperSJture cl C 
ff";J exIJau5t ga<> temperature degC 
#3 exha st gaR empe ature d gC 

#4 exha st gas em eTa UT degC 
Ambient air temperatut"1! de 
"Eng"n v n f I i plI 11" P ee ur 'Ps1g 
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The RVP and eli l::i118 ion tests ar.e conducted at th@ Technical Center using tie 
procedures and uip ent spec f1ed in h a propriate ASTM spec ficat1ons. e 
octa e measu ments anrl se cted RVP test ere conducte at Sun Re ining and 
Marketing~ Marcus Hook. Pennsy van a. under ontract t the Technical Ce.nte • 

T ST AP ARATUS. Fuel Aging Study 

The environmental e fect::s test ere onducte.d y using ,eight general avjatio 
ing sect ons tha ~ere mounted n ands des gne 0 hold the wing~ at he arne 

hei~l1t from t e ground and attitude as would be ~ound ~hen the resp ctive 
aircra is pared on a level urface. Two Wing sections (one right, ne le t) 
fTO _ach of t aircraft typ are 1sted below. 

AIRCRAF. MODEL FUEl. TANK 

l'ooney M20B Wet ~ing 

Piper .her kee et ~ing. Removab ,Tank 
P per ,om n he Bladder Tank 
C ssn;J 172 Metal Tank lH th n Wing 

These selections Tepresente the r ur main types of uel ank onfigura tons 
found in eneral av .. tion. A the anks e e painte wh te 0 I!li 1nat the 
vaTiab @ of dift rent eat tran mis~ on Bused by various _OIOIS The wOng were 
arranged as shown 'n f1guI'e 5. in a curb £I, concrete pad. whjc measur d I by 36 
feet with leading edges fncing .outh. Ea h wing w~s instr men ed wit tw 
th nnocou les 0 measure the ue temperature. As sha in figure 5 detail. one 
tbermOCOll])le as locateil one nch a ove the bo to of h tank and the other 
thermocoupl was adjuB able so that i cou d b set t a pain approx mat ely one 
inch below he op of the ue level. Eacb tank w quipped wi h va ve from 
w h samples were drawn for R P and octane tee ng. The RVPs w r ini la- ly 
measured to.JeekJy. AB the fuel aged. the e ay in R\rp slowed so the "nterval 
bet~een samp ing the fuel the ta k was ra ually increased 0 16 day. This 
increased the ,ngth of fme he RVP of the fue sam Ie could be lRoni toreci. 

Addition 1 nstrumenta ion included an an momet rand B thermocouple to me sure 
ambient alr t mperat re, which were both mounted on a post ocated approxt a e y 

fe from the concrete pad. The anemometer as IOCR ed 5 feet above ground 
level, and the ambient elilperntur th nnocoupl , shaded by a e.ta eld was 
1 cated 3 f ct above ground level. An automatic data recording system was 
provided to re OT he 16 an tempera ures, ambient air temperature, ...... nd spe d, 
and clirectio 0 an hourly basis. 

TF.~T APPARATUS. Flight Tes s 

A s~rig of flight tests was conducted under contract f r th TC!:chn:tcal Ce.nte . 
In these t _ts~ two general av1at on aircraft were instrumented to d ermine t e 
effec s of the opera ional mod on the temperature f he fuel in h~ air af 
fuel sy terns. The ns rumentatioo Ons ted or thermocouples placed thr ughout 
the irera t filel sy tem and the ngine cowling and one therIDOCOU ]e place in 
the. free .tream to dete min h 'mbient t~mperature" lfhere local air loclties 
warranted, total· emperatur probes were used. The gnal~ were· ed in Q an 
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au omatic data acquis tion syste whiQh operated off n inverter which was 
po~ered by the aircraft elee rical sys em. During the cour e of the ight, the 
ata was stored in t:he data acquisi io system. hen it as transferred pon 

landing to either hard copy or magn.t c tape or fur her fllalysis. 

The aircraft used for this u y we a Piper alerokee ( A-28-140) and a Cessn~ 

172 (C-172). The fuel used thro ghout the f ght test Wi s 100LL avga. The 
ge eral locations of the test apparatus in the res ee ive aircraft ar 8ho~ 

scnemat cally in igure 6. 

The time for ngine start tak ff. rese ing attitude in ~t@ B of 1000 fe-et), 
beginn ng desc nt, landing, and engine hutdo~l were re 0 ded manually as were 
other per, inent observe ion. about ambient ouditions J the tank in Uf;l!?;. and in 
tle case of the Cherokee. fue. boost pump operatioT. 

e aircrnft for these tes s ~ere opera eo under t experimental categor.y y 
Admiral r Services of Woodbine, ew Jersey. 

T ST PROCEDUR' S 

The pr cedur s used during this rogr.am are )roken in 0 ix gener 1 areas: 
baseline t sta, vapor loek te t ...• detona ion surv ys. horsepower cor ecti I 

computations, fuel aging studies, and flight te ts" Thea p oce ures er_ 
often moa f Ii! to ob in spec fic: goals and. where necessary, the mo ificat 0 S 

are discussed in the pp opriat resu s section. 

TE T PROCEDUR ',S : Baseline Te t (Dynamorne er 

Th baseline performance eets weT conducted a. fo low5. 

1. Fuel the tan'S 1.,,1 h avgas. raw a samp] Ie, and meas 1re he RVP and
 
dist llation curv@.
 

Start the engine a d OJ. 10\01 the oil to r se to operating temp rature. 
C ndllc a magna 0 check. t en set he. engine coo ng air empe ature il d pressure 

t n the cyrina r ad t mpe.ratures are. in the normal operaI': nR range (175 
d gree. to 200 degrees C 1 ius or 350 deg ee~ 0 400 degrees Fahre hei t) • 

3. Set the dynamometer to the speed contr 1 ode and select an engine speed 
of 2000 RPM and a manifold re sure of 20 in} . If neces ary, set the ixtu e to 
luI h. 

4. AI ow conditions ab 1 z • t en tak a r ading manually. 

5. Increase (or e rease as appropriate) th manifold pressur in steps of 2 
inH to cover the fu 1 range of manifold pressure,. Repeat step Lf for each 
man f01 pressur Be' .d. 

6. J crease h en ,in f;lp d i steps of 100 RP to COy r the ra g of
 
ngi speed th ough 2700 RP 1. Repeat st p. 4 and 5 for each ng ne spl!!ed.
 

..' 
7. radually redu e th p wer and allow he engine 0 cool. e f rm a 

magnet h ck and shit e en ine down usin he mixture con rol. 

13 
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EST PROCEDURES: Detonation Surveys (Dynamomet~r) 

The onset of detonation we meaSure as follows. 

1. Fuel the tank w th he est fu I. Draw a sam Ie and aaure t e RVP. the 
clist llatio urve~ and, as appropr ate, th octane T ting u6~ng the research and 
motor m th dB. 

2. Start the engine and ~llow tbe to reach norma op rating temperature. 
Per arm a magneto heck and set he ~ow] ~ air tempe atur and pressu @ 0 

obtain cylinder head temperatur s at 0 a ave the ma.ximum imit (525 degrees 
Fahr nhelt). 

3. et the mixture to ull rich if cessary" Incress h engin Bpeed to 
23 0 RPM 81d s~t the manifold pres ure 0 20 inRg. A1low conditions o 
stab 1 ze. Observe for signs of d tonatfon. 

NOTE~ Whe eve. etonation occurs rlgger the even marker. and rna e ~ note o· 
the number of lash B per n te d te ed on the ycomin~ detonation analyzer. 

DO NOT OPERATE A'll SETTI C'S W H RES T I DETO ATIO FOR EXTENDED PERIODS 0­
TIME. 

4. If n detonation occurs, educe the fuel flow n steps of 5 perc@D 
alJowing conditions to AtabO]ize betw e. reduc ions in fu ] flow. Repeat un iJ 
detonation or lean ill sfire ccurs. 

5. Reset he mlxtur to full rich. an {nCT ase m n fold preRBure In 
c man 8 of 2 inA unt 1 fu t ro l . epea tep~ 3 ~nd 4 for ach etting 

selected. 

Inc r~ase l1e eng;l.Il spe ed n Bteps of 100 RPM up to 2700 RP. Re pea t 
step 3, &, and 5 for each setting sel ete • 

7. Reduc he po~e. et ing and alIa the eng ne t col. Perform ~ magneto 
check. ~md shut h engine down using the ix ure contro 

TEST OCEDURES: Vapor Loc eats (D amometer)
 

The vapor 1 c tea s ~el conducted ~n the following manner.
 

1. Fue·1 the tank with tn proper te~ f 1. H leet the d sired init al tan 
tempera tnT _, and turn the tank h at ron. Allow the fueJ i he tank to r Re to 
the d sir cl mperBture. 

"2 " S art the en ·in and allow the 011 0 ri e to op rnting temp@ra ure. 
PeTto a ma.gneto chec k Make sur the eng'ne coolin~ air temperature and 
pre sur ar set to he des i red 'Point. 

Set he engine 5P ed an manifold pressure t ob sin a fu flow rat of 
2.5 galJo per our (gpb). Al1o~ .ondit OnR Bt b lize. bserv fo signs of 
vapor lock. 
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4. If apor lock occurs (as d terminded by poyer n erruption) ~i ch 
th 0 her ank; rigger he event marke i and note th temperatu en-he fuel 
lin '. the sediment bowl. and the c rburetor bowl. As cond tions stab I ze. turn 
the line eaters off. 

If vapor lock does no occur, perform step 5, 0 h rwis con ~nue with step 6. 

S. TurD the appropr at 1 ne heater~ on 0 set ing of 1 0 (th@ line 
hea er are roportional 0 the temperature. of the au R:!.de W~] 1 of he fu 1 
line ; the ina de wa.ll m!v r reac es th· s tempe at re). Observe for signs of 
vapor 1 ck. 

If VHp r lock doe not occur ~ithin ive minutes, set the lin· heate to 50. 
Terminate the run if he fu J emp rature exceeds 75 deg ees Celsiu • 

If vapor ] oc occurs. perform , tep ll. 

6. Change he manifold ressur and engine speed to !nCTeas@. tIe fuel flow 
in increments 0 2. gph until maxi.mum power. (usually 13.5 gph). A 10\1,1 

'ondi ions to stab" iz ; observe or sign f vapo lock; and repeat teps 4 and 
5 as ec:essary. 

7 f d sir d. se ct ne of the above fuel flnws and epeat hat data 
point. fake not 0 ny significant changes the occurr d b~tween the initial 
da a poin and his inal cia a poin • 

8. Reduce th ower. and allo~ he ngine to coo. erform agneto heck, 
hen shut the engine clown by se -tng the ixtl1 e con 1'01 to 111 lean. 

9. Draw a sam Je of ga olin rem the tan n USg and easure the RV. If a 
drop of morc than 3 psi is measured be ween the Initial RVP and the posttest RVP, 
d~te ill ne distilJation curv • 

10. P paTe' time f the varion fuel, y em tempE!r tures ii. 

note the pint here the emp ratur begin6 to rise abruptly. This 
coincid s ith the onl'let of vapor lock. r:ompare this empera ure w the onset 
of vapor 1 ck for fu Is with i f rent Re d Va po Pres sure s :md ini tial tank 
Le perature . 

TEST PRO DURES~ florsepow . or ection COlllputat ons 

The horse ower measured 11 va.ry from day t day depending on the atmospheric 
pressure and the emperature of th air rc.u::hing he arburetor in et. To make 
valid 'olllparlsons, he horsepower is eOTrecte 0 hat ~ould be expected ~t 

. tand::! tmospher c temperature and pr sur. Tl camp ation~ w~r perform d 
sing quations found in re erl1:nce 2. 

Th olc:ulated hoI' epow r Is etermine.d fr the tOTque and engine peed using 
the following relationship: 

hp 

were the to que s in f -lb . 
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The expected ho sepowe for standard ~ea level conditions i pproximated b th 
following relationship: 

wher. he aiT density ratio (ADR) is de erm ned fro he ambient atmospheric 
conditions I1sing: 

ADR - 17.336 Pam /Tam 

~here Pomb is in inHg absolut and Tam s n degree Rank ne. 

TE~T PROCEDURES: Fuel Aging Studies 

One o. he wing sec ions used n bis survey was filled to apae ty wi h a test 
fuel. A sample was ed'ately dra~~. n he R was measured. In con un t on 
w t the detonation surveys, the test fuel ~aB eS cd for j s o.tane rating 8t 

hiR m. 

Periodically., samples ",ere drawn fr m the ~ingl'l J and .he RVP f the sampl Ii lo' r 
e rm'n d. Ini ially. he samples ere drawn a fe d y apar. As the teAt 

fuel aged nod the change in RVP witll tim decreased. th im be w en s8mpll g 
was ex ended 0 approxfma ely two week 

Af. er the VP f a sample stabilized] r just prior to exhaWltion of the t st 
fuel Tl the wing, a samp e is drawn] a d t e octane rating was deteTm'ned. 

'ime history plots were prepared whic compare the Tn ~ 0 change w t peak tank 
emp ratur s for the period between samples. 

T S: PROCEDURES: Fight T t 

Roth a rCTaft W@Te opera ed llDde 1 ht ondi i os simi.lar to what one might 
expect 0 exp r1 n e dur ng normal usage, A run she twas pr@pa ed for ea h 
flight listing the ambient conditions, ~nk in 18£. op rational phase, tank iil 
] ve and th es as appropria e 'e data acquisitio ,ystem was n al zed1 

and the engi e tarted. The engin a perated II il til 0] as at operating 
te IperatuT h n he operation of the magnetos] light control .ystem • andJ 

instrument T"rss hecked pr 01: t tall: of Upon landing] the aircraft was taxied 
o he 1 .gll operations buil ing. the engine shut down, and the D ~ er ns e red 

as neceBsar • 

The ypes of op latio~6 were brolen in four phas s. Ph e 1 consiRted of an 
engine tart. f" @ to!ch FInd goes. n ngi e shutdown, a h t oak period of 10 to 
15 minutes, a eco d e glne .t r. • ['ve more ouch and goe • a 1mb to 5,000 
feet ~ffiL (Woodbine has a f eld el va 1 0 39 e t MSL a period a maneuvers 
a tatude fo up to 20 minu t • and a d seen t 0 land ng and hu do,-,.;rn. Phase 1 
wos design d 0 ap rox ate a fligh rafile during typical raining opp. ati 
Pha ea , 3, and 4 were designed 0 show th~ ~ff cC of a1 it I n the 
tempera 1:' n he f el sys em. These phast::s a 1 ~onBi ted of an eng ne star , 
takeoff, climb to altitude] c uis fOT a n mum of 5 minu es, descent to 
land ng, and shu tdo'-'TI, The Phas e 2 1:1 gh III w@r cond c eo aI, 00 fee t MSt;. 
Phaseight6 were ccnducte a 000 fee ~mL; an Phase 4 fl g t$ w@ e 
con ucte ,000 fee MS~. Th ambie t temperature at the field r nge rom 3 
degrees elsiu. to 38 degrees Celsius (3R to 1000 F). 
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I~ additio to the a OVe f ghts, the -172 as fl wn to its a solute cel ng 
using he be,t ra e of climb speed ( y) and the est angle of cl m (Vx). Th ' 
amb'ent emp rature at the fed was 100 C and -30 C, espectively. These tests 
we B can ucted to see if the red ced air density at altitude would result n 
high r fete peratu es despite the reduced af tempera ures at alt ude. Th 
Vy an Vx lights were intent onally conducte on Doler aya to av id 
overheating th engine. The ixture was leaned as necessary to obtain smooth 
operation at alt udes above 5.000 feet MSL. 

Th aut mat c data cqu iticn .y8 em was set to take a reading every 30 seconds 
durin he Phase 1 and the y fligh s. The scan rate was lOtT imes a tnute for 
the V light, and it VaG S 0 once a minu e for the Phase 2, 3. and flights.x 

SUMMARY OF RE ULTS 

HAS LIJE TE TS: AvgSB 

I ser!@s of tests were onducted on e yn' orne eT to establish pera ing 
r ficien~y and famil ri y with the engine's behavior. Tb 6 t stR w r 

conduc ed w tl lOOLL avgas, w ieh had an VP 0 5.3 sf and an TBP of 42 de r es 
Celsius. 

'J'h~ [irAt teat equenc de eTD'lined hich ylinder ha the leanest fuel-to-air 
ra io. This nformation is usefl i predic ing which cy n(]er ould detDI1at 11 

first. and it prOVided a eel foT. th fue consumption at a g ven Ololer s tin,. 
'or this s qu nee te leanest cylinder ~QS determined y look ng at ~xhaust ga 
tcmperatur (EGT) crossover for ach y iuder. As he i¥ture 15 leane , t1 EGT 
Tis 6 ntil the cylinder 1s operat ng with a stoichi metric uel-to-air r" "io. 
As th mi. urI! is 1en e further, t e EGT dropa UI1t le~ll misfire occurs, The 
number two y 1nde consistently e~aved s though it had the leane~t mixture, 
and during subsequent te8t~ it was typically the cylinder for hi h detonation 
was firs detected. 

An attempt was made to indlce ap ]ock in he G- 72 fue sys em itl the ame 
sample of avgas as waS sed in the above test sequence. The fuel in he tank wa~ 

heated to 43° C (110 F)j ~keoff power s cted. and t e engine was al owed 0 

<i1tabilize in I:l:dR configur tion. The lin. h at rs were. hen turned on, and the 
sys em emp era tur'es were monitored. This sequence of event s was I:er· na eo when 
h~ sed'ment bo 1 temperatur reache 7 (") C (167 0 F) j not because he ngine 
apor locked. DIT ng hIs sequence) the f el flow became errati when he 
ed ment bowl empera ur ex e ded he BP f the fuel (420 C). Since the 
ediment bowl is pst earn of the f @ flow transducer) the temperature of 

th fue passing through the transducer . R lose to the empera UTe of the uel 
in th euiment bowl. This eads to t c conclusion that a ign ficaDt amount of 
vapo is g(?neratecl hen he fuel temperature exceeds h IBP 0 th fuel, 
Likcw se~ the uel pressure f uctu ted whe ever th temperature in the system 

xceeded t c rEP of the fuel . 

.A v pOl' lock sequence was perfDrmed sing avg.ns in he ow wing (suet on feed) 
config ration. The fueJ temperatur n the tank was 43° r. (110 0 F) and th~ f ]1 
Tan~e f fuel f ows were tested. apoT lock was encoun en~d only at tak off 
pOfJer (13.5 ph) nnd wi th the 1 n hea.ters set at he 25() setting. This as a 
morc severe a e than would be fau d in a normal operatjon but i demonstrates 
the effect of changes in fue system confi~uratio . 
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A attemp was made 0 induce detonation while using he same bat b of lOOLL 
avgas as was used -h' ~o sks ab ve It was usuccessfu even hough the 
cylinder head temperatU('@ (CRTs) nod the oil tmnperat:ur w rE a: the limits 0 

this ng'ne, he carburetor in et art mperature was above 1000 F, and the oweT 
and mixture controls wer adj lated to obta n the mo t ever conditio poss hIe, 
This was as expected since the engine was designed 0 opera on 91/96 o~tane 

avgas. 

Two run were conducted to enerate B erformance ab e, est bl sh ~onfide c in 
syst m stabili y (by epeatinK po n sand tonvest gate What effect} i any~ 

chan~e5 in t le -uEll 9y tem had n he pot.r r develop d. The 8 tes ts l>.' Ie 
onducted using lOOLL avgas with an RVP of 6.1 psi and an lBP of 460 C, Over the 
ange f power set ings used (from cr se to akeoff) no sign1-icant differences 

were etect d as £ consequence 0 ch nges i the fuel tempera ur. he ~nk in 
us (left or r ght). or repeating the test later in the day, In a _ ~ases, t 
horsepo~er developed and the brake specific fue consumption (BSFC) were normal 
for a yeorning 0-320. 

R f T nee 3 contai~s a more de ailed analysis 0 the ea wh h Were conduct d 
s part 0 this baseline. 

DETONATION S RV YS: Au togas 

Six r~ommer 1a1 y avallabl ue s we e tes ed for detona ion. ree were pI~n u 
unleaded. and th4 ~ ~er regular unleade autogas. Samples of heae fue s w~re 

th n placed in the wing tanks ~5 par' 0 he u 1 aging ~tud~. Or ginalJy. the 
T chnical Cent r jn nd, d to ond t de n3 on e t~ On th fue which had been 
ar,e~ in th wings de cribed in the F.@1 Ag ng Studies SectIon. but a 
inRufficien amount remain cl f e agin t ~erform e ona ion Llln. 

There is a strong rela ionslrlp be ween the ON and the occurrence of detonati n. 
(8 e reference 3 fOT more detai].) A$ he MON increases, tbe tend ney to 
detonate deer ases. Ther 1s a similar rela anshi been h RON an~ ne 
onset f detonation, lit it is no as defin d as th relf1t nship w I:h tne lo10N, 

Table J shows the effects of agin~ autogas 1n air-era t tanks (descr bed in the 
Fuel Aging S udies Section) on the MON an RON. The MOT inc: eased an aVl!rage 0 

0.5 wi h the range of ch ngQS y ng between +1,6 to -0.5. The RO increased an 
av rage ~f 0.7, and le ch gee nged fr m 1.7 Q -0.3. These esults agree 
l.'itll tl data reported in refer nc 4. Whil he hanges encO III T d rc not 
arg, hey are So gn'f-ic<lll since."l!'j a l change in the MON resulted in la.rge 

change in h inc cl n e of e n i n 0 ht- in l1a 0, ch ~geB 

en ountered Id not be expected to cau~e a problem for an engine certified for 
80/87 oct ne ~v~aB. 
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TAR E 3. THE ECTS OF A ING 0 THE OCTANE RATINGS 

A TOGAS AGE R+M 
SAMPLE ID ASTM Ss (MONTH. MON RON 2 RVP 

CRU E 0 83.2 91.4 87.3 13.1
 
CRU E 6 83." 91.0 87 .• 2 9.4
 

CPU E 0 87.5 96.4 2.3 13,6
 
CPU E 6 89.1 98. 93.6 6.
 

ERU D 82.5 94.0 88.3 Ill.
 
RlJ n 5 82. 93.7 88.2 6.0
 

p' D 0 86.9 98.0 9 . 11.5
 
EP D 5 87.8 99 0 9 '.4 9.
 

~iRU E 83. 91.6 87. 13.3
 
HEU E 6 3,0 ,2 2 87.6 7.7
 

U E 0 87.0 7.9 9 .5 ] 2. 7
 
HPU 6 87.6 98.5 93,.1 5.5
 

luring tbe detona ion runs, the eng'ne w $ se a a specific power sett ng using 
avga5 before switching to the autoga b~lng test d. Th ora po~er deve .oped 
ether fu@l a c pared and, un]ess t ere was detonatio. h Te w~s no 
significant dtifer ceo L ght detonat on (five fIn hes per 111 nu e or less) c 1 
occur 1.1 t lout no iC'eabIy affecting either the horsepower, the EGT, r the CIlT, 
l.Ihich ""as un xvected. Unless le etonation was s vere, he EGT and CHT WOll d 

how only . ght changes which could go unnot:ice f the peratoT did not, xpe t 

detonati011 was occurring. Not nly as ligh to moclerate etonation tfff u t to 
dete~t usin t e 'nstrument,ation ormally f un in an aircra_t. but ev n in t 

t "'t 11 environment. detona ticm as inaudible unless j t was severe. t the 
nasi T aircraft environment, one c uld n t be expected to detect de onation. As 
Titl he nse of vapor 1 ck, the EGT prob ~ 1 ,his installation ~~r slow to 
L6 p{nd to on et of sev re detonation. 

1 ix commercial y ava"lable au ogas fuels de nat d at one or more ower 
ett 'ngs. where s the lOLL avgas used to set the data point die not Xh1 it a 

tendency 0 de onat~ There was one xception. and that particu]ar sample was 
-year-old vgas that ~"a being used ur1ng some maiI1tenance runs early n the 

program. The Technical 'en e was un ble to r peat th B point and i if; 
inconc usive as tc ~ hether th .age of he: fuel was the cause of be. detonati n. 

Oc asion lly during s"dtchover fTrn avgas to autogas t a br e[ pl'!1"1od of 
d nation was e ected. It appeared 0 e asaoc.ia ted with mixing of the two 
fu A numbe of samples were prepared where different percentages of avgas 
w~re mlxe wi -h a regular unlea d 'au ogas. Th~Ae sample5 were tested t 

Jetertlline teo tane rating of the blend, and tl e resu s re I sted in table 4. 
as can be een. mixing a gas an autoga~ results i igher octane numb r than 

he au toga 6 a one: so a reduc t . on in oc tine numb er ia n the cause of 
etona iOll. One po l';ible exrlana ion or his phenomena is ma.Id stributi n 

during the. switch-over rem avgas to a.utogas. 
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ABL' 4.	 PROPER'T'IES 0 F.VERAL MIXTURES OF AVGAS 
I J REGULAR CAnED A TOG S 

PERCENT RVlJ RVP 

SAMPLE ID AVGAS (pai) RG MON R+M/2~ 

ERU 0 14 ) 4.0 94.0 82.5 88.3 
SM 10 9.0 9.1 96.0 84.3 0.2 
3M2 20 8.8 8.8 97.8 87.0 92.4 

sM3 33 .6 •6 98 • 7. 92.6 
5M3 50 7.9 7.8 100.1 ~1.1 5.6 

DUTing th a or lock portion of th~ pro~ramJ light detonation was occasionally 
detecled when opeT~ ng at cruise power se tings on regular unleaded a tog~s. 

The mixt r was not leaned duo ng the spar ock runs as it would be n fligh . 
SInce lean'ng aggravates detonatio endencies one \o1oul expe t 0 encounter 
detonation when perating an engine designe for 91/96 0 tane vgas on regular 
IIllea ed autogaet. Figure 7. w ich con ains the esult from wo af thn 

detonat'on runs. shows that detonation is ncoon ere whe op rating at 24 inHg 
and 2400 RPM r approx a ely 75 p Te@n pow r. ~ffort. aTe underway terti y 
B 1ect 91/96 ct. n _ rc Bft en ines n utogas with the USE f J c. h -w er 
inject10 to ppregs detons fo d ring t k@of and eli t may be necessary 

o e trict ~'tl h P ra io B t preml1l1 unl a ed a togas. 

he design the detonation e pe imen s called for the ngin cooli g air 
L mperature t: be. at 38° While eating aample EP • the bai] e:I" in the co 1 ng 
afT Jower failed. A repeat of s veral of the da a poin s where deton tion ad 
occurr d (with sample EPU aud eleva d cooling air tern eratures) resulted in only 
incipient detona ion. Th s clemonstra eo that t e engine cooling iT temperature 
has a sign ficant ~ feet a detonat on. It was also observed h t th higheT the 
humid'ty of le carburetor inlet air he less 11k ly d tonatio would occur. 

During he. vapor 0 k studies de ona 1 n ~ou1d oc.casiona ly occur as the fuel 0 

a'r ratio leaned r~ h th onsp,t uf apor lock. More often. lcnning wo ld occur 
so rapidl} that etonation could not be lete ted even if it was xp e ed. 
Following on p r arly severe case n detonati n during vap r lock run j a 
IOToscope was u ~d 0 inaper. the ~yl{nder. Within the 4 econds tha 

detilna ion ad o~curr d. ost of ,he depoAi ed ] ead had been T0lloved from he 
piston and cylin er ead5 J and the top of he p stan had b gun to cx'dize. No 
o her damage was no ed. and n rep~irs. exc p for cle ning ebr's from the spar 
pugs, were Bde. 

VAPOR LOCK TESTS: Aut as 

Sixteen u lA w re tested for npOT lock. -!. 
(.. fuels 'ere 10 L avgaB. and on 

was a sp c1ally prepare bl nd 0 1 de auto .q • ieh lJB.S Ie tover from 
previous s u y. e rem.nintn thirte fu.l :.ret@ unleaded a togas purcha ed 
from reta lers he vicinity of the FAA T chnical C n er. 
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SAMPLE CRU, MON -83.2, RON 91.4 

J: 
c "l27 

0 
I 

LEG ND 
TONATE AT FULL RICH 

INCIPIENT TONATION 
A r- L RICH 

w 
a; 
=> 
rJ') 

2 S D [j 5"" DETONATION AT 5~" LEAN BY 
FUEL FLOW 

rJ') 

w 10Q D TONAT AT 10% LEAN BY 
a: 
ll.. 

2~ 5 11b D D N' FUEL F OW 

0 N NO DETONATION DE CT 0 
--I 
0 
li. 2,1· , '~l N' [] 

S VERE DE 
NO DATA 

ONATION 

Z 
< 
~ 

2:1 N N N' 

22 ~ 

1 I 1 r~ 
22C1 O'JOO 1400 '500 2600 2700 2800 

ENGINE SP E:D - RI'lM 

. FUEL HOW METER UNRE IABLE. UE TO VAPOR ORMI\T1CN, H RE"'O £ 0 LEAN SET INGS 
ABOVE 2 -00 RfJ.II. IT IS POSSIIlLE THAT ClETONATIO WOULD HAVE OCCURRED AT TI-IESE POINTS 
l THE OP RATORS COULD HAvE LEANED TH'E MIX UR A. THESE POINT 

ERU, MON 52.5. RON 911.0 

211 

LEG ND 
Cl D DETONATE AT FULL RICH

I -';' 
I; I INCIPIEN DETONATION 

ULl RICH 
Ul 

co.Ir 26 0 D S 5 D TONA ON A 5 EAN BY 
FUEL FLOW 

rll 
UJ

(J) 

10% D TONA E AT 10'. EAN BY 
a: 
Q. 

25 ---4 5 0 s FU l FLOW 

a N NO DE ONATION DETECTED 
..J 

S SEVERE D TONATION0 
I.L 1J - N lQ<l.,! 0 5un" NO DATA 
Z 
<l! 
:E 

23 III 10 ., sn o 

2 1-­ -r i I I 
220P 2300 240 500 2 a 2700 "Jf!OO 

ENGINE SPEED - RPM 

FlGUf E 7. SELECTI N f ESULTS F OM THE OETO A.TID SURVEYS 
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Table 5 lis t the AS vola.tili ty c:las ; RVP; I"BP, and. w,en ava hI. the 
performB.n~e number fOT all of the fuel~ tested. As mentioned ea er. he 
Technical Center was unable to induce va 0 lock in the C-172 uel yste w th 
the 100L av as but was a e to 'nd ce vapor lock n the uc ion feed ystem when 
us n lOOLL. All of the fuel samples We e s orad n sealed barrels prior to 

ein[l tested. 

TABLE 5. PROPERTIES OF THE GASDL S TEST}~ FOR VAPOR LOCK 

AS']}f TGH CENTER UN REFI 'TNG A MARK·TI G DATA 
va 'flITY lBP RVP RVP RON MO R+M!2 

FUEL ID CLASS (deg .) (psi) (psi) 

HPU E 5 12.2 1 . 97.9 87.0 9 .-
HEll '5 12.4 13.3 91.fi R3 5 87.5 

CPU E 25 13.3 13.6 96.4 R .5 92.2 
CRP E 26 1 .8 13.1 91.4 83.,2. 87. 

•. tJ D 26 12.7 .6 98.0 86. 92.5 
ER n 25 14.1 4.0 911.0 8 .5 88. ~ 

TFIl 25 11 11.3 97. 86.2 92. 
SBL 30 13.6 

MP] C 35 9.3 9 .S 
MRll C 35 10.0 87.5 

} C 3 ]0 93.0 
ARtl C 36 10.0 87.5 

SPU C 32 10.9 9 . 
SRU C 32 10.5 87.0 

lOOLL 42 5.3 
lOOLL 43 ,I 

Ty ieally, the ,111 ogas ank was f lIed to the d sire 1 vel and t e fuel eated 
o th desired temperature. Th ng ne 001 ng air temperature Rnd pressure ",ere 

set at 38 degrees Ce S B an .3 in 12.0. respectively, the engine oil 
tem ra ur set to 85° C (IRS F), an the carbureto inlet t@mperature WB set 
at 38 C. Tbe rRng of fuel temperatures was fro 21 0 C 0 49° C (70 1200 F). 
Each fuel t.lae te.st@d at a lIdnimum f th ee ini till], ;mk em eratureB nd if 
sufficient ample remained. i. wo ld be e.13 e at faurt tempel'atur. Two 
fuel ere ested at th ir B 's. 

Each u 1 was t sted at he s x fuel f ow I'a es lis ed the te t p nc cl e 
BeCLlon for ~a h in la1 ank temperature. At the end of the rUTI, C~e of the 
f el flow ates wa repe<tted fOe if hanges were a.pparent in j hf!.T he 
temperature or time required for vapor lac to acc r. or the most part, t ere 
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were no S gni icant di ferences between he initial and repea ed data point The
 
2 5 and 5.0 gph setti gs had a large variation et~een th 1nit al and r peat
 
ata oins, but this .s mo e a consequence of the Tan 0 pereo ion phenomena
 

(where the cooler u 1 woo d run down one leg of the C-172 fue system and heated
 
fue retur via t e oth r) than short-term ag ng at an elev~l.t d emperature. At
 
these ower fuel f aVIS., vapo ock could ccur eithe-r ve.ry rly or not at all.
 
In many caces, either the ni ial ,or he repeat data point resul ed in vapor
 
lock. while the other da a oint d d not.
 

When r ie.ing the allowing dat. eep in mi d t ~ sedi tnt bowl "emperfi ure w s
 
normally he are consistent in i atoT of the onset 0 vapor lock. Thi~
 

reiniot' eS the :lIn ressio that rag yen fuel system, the formation 0' 'a-pOT at
 
the lowes poi t 10 the sys-@m w 11 result in vapo. lock.
 

u 1 ~giog Effects 

Th RVP an~ disti11ation wer.e ffi@ sured prior _ach run and a samp @ . a es ad 
aft Y h@ run to measur.e any c anges in he RV. f the change in R wa. large 
enough, the post est amp ~'s disti la on curv as determined. On the av rage, 
the VP ropp d about 1 6 psi during he course of a rUIl. and ypica y the IBP 
changed only 1 or 2° 

he ini ial tank tempratur had an ef ect n he magnitude of h_ drop in RVP. 
AR can be seen in tabl_ 6, the drop :tn RVP increases wi h the in tial tan 
t mperature. There ~.,rere on y 15 data points in the 5° C temperature range, so 
there is a l:Lll ted ani denc in thi vaJu~. 

TABl.E 6. FFECT F ITIAL TANK ERNTI1R' ON H' DROP 1 RVP 

DUTIA T' tPERATUR. RANG. DELTA RVP 
DEGREES C LSlllS PSI 

18 to 21 O. 6 
24 to 2 - .20 
29 t 32 -1.07 
3 38 -1.,7 
1,l to 43 -1. 7 
46 t 9 -2.38 

A EAAGE RVP • -1.6 PSI FOH A L RD S 

In general. h e results agree well wi hOB ~o'H?red in I"ElfeT'l!!rtceEl 4, c;. and 
6. The prin .ipal exc ptions to hese r lts w~ 9 for sample SBL, the last tElst 
sequ nc usin T • an t e ample whi h w re llowed to age n a en ed tank 
overnight. 

Sample SB, was pr pa-red for the ~echnical Center appr.o~ima ely 2 y ars pr or to 
be og tested., Ev n thoug thi fuel was stored in a. .s al rum, t e RVP decayed 

ro the fnitia v ue a 1 si 0 13.6 psi at the fme of the firt vapor oc 
teat. Th s d cay continued for he au sequent runs ntil 1 reached a value 0 

11. 7 pa i. The ave rage drop from the pre t es to e po~ tell t RVP for this ue 
waR 3.6 psi. with the largest drop eing 5.1 psi. The data from he last test 
~equenc using sample TPU is contained n table In this case, the fuel sat in 

pnrtially full barrel fo. ver 2 man he prior to being tes ed. The original 
teRt sequence l.~as to loa into the effect of ank f 11 leve and en~ 'ne coo ng 
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ernpera ure on the ncidence of vapor lock in suction e d 8Y9 em. As 
8 progressed. t~e tempera ure a which vapor 0 k oc rred increased which 

as contt'Bry 0 what wa~ expected, since the tank -evel ws d opp ~ as fuel \Jag 
u ed When it was appare that va OT lock coul not be l.n \Iced at 12.5 gph» th 
Tun t-lEtS termi ted. Only afte he large d-rop 1n RVP was noted did the age f 
the fu~l me into quee ion. The ata from hese two ases in icate that once 
t @! RVP begins to decay the drop 18 rapid and decay in R can OCCUT even though 
he uel is	 store i sealed drumR, 

TABLE 7.	 E nCTS F'L AGING 0 VAPOR OCK 
IN S CT ON F'ED SY TEM 

Fuel Sampl Age: 8 eeks 
Ini -1a ank TempeTatu e: 4 degrees e SiUB (110 eg ee Fahrenhe' t) 
Fuel ID: U,' P 25 d~gTees elsiu , RVP 1 .3 psi 
Po test RVP: 7.8; Del a V = 3. sf 

TIME A SED. BOWL CARB. ROTtTL 
FUEl, Fl.OT,.1 1100F L1 F. IIRATER LINE TEMP TEMP T dP 

(min) SETTI G (oC) ( C) (oC)im:!!l 
10. 20 150 55	 55 
10.0 15 57	 52 
10.0 81 250 58	 55 

12.5 30 15 ~4 5	 52 
12.5 5 150 8 55	 .52 

2.5 93 2 0	 8 56 54 
12. 5 13 250	 ABLE TO VAllOR LOCK 

13.5 35 OFF 5lj 5	 52 
13.5 43 150 54 52	 51 
13 .5 J05 250 7	 7 56 
13. 120 250 57 58	 58 

Conv r ly. the fu 1 _~n ~e without sj~ifican ly al rjng he RVP, y he 
beha.vioT of h. fuel if: aff cl:ed. Thi was particu]:J.Tly evident: when fr s fuel 
as all ~ed u ~d v ght at am e-nt €Imp rat.ur in a vente contai er. 

Table 8 h ws lrIh I::h ng@s in behavio' 0 cur as t e fu is allow!?! to ag 
vernigh • even tho L~d he initial RV of the ov rn g t samp e has dropped only 
.2 psi (we] 1 within the flC urae 0 t: test) J tete peratures at "'h h apor 

lock occurs ba~ r .sen s·g cany. Just 8S mpor ant, the f @sh sample 
requi ed ittle or no add"tiona.l h@at fo vapo lock to occur (note h line 

ea er sett"ngs) w ereas t e over ight ample qUired additional h at ~t a 1 
fuel flo~s and ypically th line heat r B t ing 'BS h ghar. The results from 
t ese es s indicat@ ha fresh fue • whic.h 1 tOTed in sealed drums, prOVides 

e. worst cas@ for vapor lock· eBting. 
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TABLE 8.	 EFFECT OF 0 IG I AGI G ON 
VAPOR LOCK B VIOR 

A INIT FUEL LINE SED CARB LINE 
VOLATIL TY TEHP :F.LOW TEMP T'MP TEMP ATER R P pas TEST 

CLASS de_gC de~C clegC degC HETT NG OTIS 28i RVP~ 

E 49 2.5 55 47 42 150 OVERNIGHT 12.2 8.0 
E 49 5.0 56 56 51 250 0 JUillGI T 12.2 8.0 
E 49 7.5 54 62 57 250 OV RNI7HT 12.? 8.0 
"E 49 10.0 57 58 53 250 OVEllli IGBT 12.2 !LO 
E Lf 9 12.5 54 58 52 250 OVERNIGHT 12.2 8. 
E 49 13.5 58 59 50 250 ov IGHT 2. 8.0 

fj_E	 2.5 NO VAPO~ LOCK 50 OV'RNI.RT 12.2 8. 
E	 2.5 53 53 45 150 E~H 12.4 8.6"9 
E 49 5 0 49 52 50 150 FRE H 12.4 8.6 
E 49 7. 5S 54 51 1 0 F ESH 12.4 8.6 
E 49 10.0 55 55 52 OFF FR lSI 12.4 8.6 
E 49 12 5 5 4 4 0 FRES 12.4 8.6 
E 49 1 .s. 49 54 47 OFF RE H 12.4 8.6 
IE: 49 2.5 2 54 50 150 FRESH 2.4 R.o 

Engine Coo	 ing Air and Fill Level Effects 

The E!£ ct of c.oo1ing ai_I'" temperature and tank fill level were investi~ated more 
thoroug 1y us ng the C-172 fuel system. Ear y in the pro~ram, t e oiJ e-r n t e 
engine cooling ir unit failed and the test was 0 ducted using an eng ne ooling 
a tenlpera ure of 29° C (850 F). A rep,eat of tha teo ~ th 38° C (] 00 0 F) 
cooling a temper~tu~ d d not result in a y sjgnifican differen e~. A mOTe 
st.ructured	 test was conducted in which the ~utogas a k w s filled to apa i y 
and the 10.0, 1 .5, and 13. gph fuel flow sett ngs ere repea ad fot" vari us 
combirations of tank level a d engine cooli g ir temperature:. The dat in ahl~ 

9 are list cl in he same or er B.fl eon uc ed, so the tank leve decreases from t p 
to batto I. As can be seen, there is not a 19 f'cant cliffe ence in he vapor 
1 c' t ra. ure (espe ially t e sediment 0 1 ere. vapoT ock n TID 1y L 
exp c ed to occur) cle-, tinle n raSes and ta k levelecreases. What d e 
c a~ge i he setting requ red to i duc@ vapo lock as the e~gine coo ing 
-ir t mperature is varied, Te hott l tho engine cooling a r temperature, 
th Ie s supp emental hee s needed 0 induce veor lock W'th 38 d grees 
C lsiu cooling air, suppl n a eat must be ad ed at only the 10 g h 
fu I flow se ting ,. With a cooling air tempe atuT 0 17 0 180 , SlIpp emental 
eat (1 n heater setting of ISO) must be added for all three ftel flows. 
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TABL' 9. EFFEcTS OF COO ING A TEMPERA' RE TA 
FILL L VEL ON VAPOR OCK TEMPERA!DR 

The init· a RV was .3 psi. 

COO NG 
TANK AIR EL L NE SED CAAB INTI
 

EME' TEMP FLOW TE TEMP TEMP 'A 'R
 
egC deg d@gC le~C degC SETiI G
~ 

7 10. 54 0 44 1 0
 
43 17 12.5 2 0 43 150
 
lt3 17 1.3. 48 49 43 15
 

43 38 10.0 51 5 47 150
 
43 38 2. 44 4 45 lIO
 
43 38 13.5 46 4 46 110
 

43 27 10.0 53 0 47 150
 
43 27 12 5 47 50 4 150
 
43 Z7 3.5 45 49 45 110
 

:3 18 10.0 54 51 46 1')0
 

43 18 12.5 51 5 43 15
 
'3 18 13.5 48 49 45 5
 

4J 38 10.0 50 Sl 47 15
 
43 8 1 .5 45 49 45 1 0
 
43 38 13. 44 49 46 110
 

43 27 1 .0 4 52 4 150
 
4 27 1 ~. 48 51 45 1 0
 
43 27 13.5 44 49 45 150
 

H@atin~ Tee niques/lni Ld Ta nk Tempera t LTc 

1'h Teehni.c.al C nt T a s looked in to what ff e t t if .any. the hating te c.hnique 
had 0 th incidence of vapor Jock. Normally. th t nk w s heated using t~ heat 
exchangers incorporated in th a k. ~everal run Wp.Te conducted w ereby t'e 
fUi"l wa. hated by hea g he and a owin the fu~l in th Ii es t 

peTcolat back into the tank. I few runs ~ere mad where t e tank waS eatpd 
using o-ced ot a r froD! an i era t preheater. Ta @ 10 r Be the data from 

we rna. In the ~ t as _. t e fuel was heated with tin-tank hea 
exc ang T, an in t e second case, h fuel ~aB heat d using the sire aft 
pI' eater. The res ItR, whl h show no sign f ant e fect oth in . ar LS of what 
te per-ature vapor lock OCfC.UT"[' at hat setting h line eaters needed b 
set at to induct:! vapor 1 ck t re cypic.. ] f this series f stat gardles' af 

h heating te hnique used. the uel would dpOT lock nder ha same condition • 
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TABLE 10. COMPARISON OF TWO ATl G TEC IQUES
 
ON VAPOR LOCK TEMPERATURE
 

F EL LINE SED C LINE 
FLOW TEMP TEMP T TER RVP 

~ degC lege degC TTING T S ~ 

2 •. o VAPOR LOCK--­ 250 Heat xchanger 11 • 
5.0 ---'0 VAPOR LOCK--­ 250 Reat E c anger 11.3 
7.5 41 51 49 250 He t Exchang@r 1 .3 

10.0	 48 SO 48 150 Heat x.chang~r II. 
12.5	 44 48 46 150 at Exchanger 1. 3 
13.5	 42 47 45 100 Rea Exchanger 11.3 
2.5 o VAPOR toe 250 A/~ eater 1l.3 
5.0 --NO VA OR L .. 250 AI Rea er 11.3 
7.5 43 51 5 250 AI Heater 11.3 

10.0 d~ 51 47 150 Ale Heater 11.3 
12.5	 42. 48 45 150 Ale l:Iea r l. 

42 48 46 100 A/c Heater .3 

As part 0 th . inv sti a ion into heat! g e~hnique, the T chn cal ,enter 
reviewed e1 of the data and round t at typical y it would tak an hour to Ie 

nd u het f bo IT to eat be fuel it, h tank to 43° C an at most i took hree 
hours between h_ egin fng of the heating procedure and h- l)eg1.nn ng of the 
test. T e sh Ttes' time required to heat t'l.e fuel 0 430 WHS minutes (u. in . 
the forced ot air tehnique). No ificant me effects CIre apparent withi 
this time fram (20 to 180 minutes). 

A revie of be data from he ~ings ed in the fuel ag ng survey shows th -17? 
cons ·uc t ion is t e ~vor s t c aSle for at t: rans fer. (i. e. , he leas t amount f bea t 
addi.tion). A te twas condu ted on <1 -172 w ng un er t e followi'ig condi ons. 

1. bient air from 29 to 31 degrees e sf 

2. Winds	 so thw st at 7 knots. 

3. Scattered cIa d~t visi ility 2 to 3 miles 1n haze. 

4. Full tanks. 

5. Forced hot air from a erma Nelson heat T, 9 degrees Cels us (200 
~gr es Fahrenheit). 

6. A blowing on the ottorn of the ing nlYi all inspection plates 
cased. 

7" ThE wing root and ti. open to ambient air (t carry aW'ay heat). 

All of the e con' io s, except auiliient tern eratu e, represented a worst cas AS 

far as he ting the iu 1 is co C'rTI The Tesu tare 5 awn n f gure 8. At 
Point A. ue] i added to the ank. An t e heater is ttrned on at Point E. I 
took ho s and minut~s to h.at the fuel to 43 C. A Po n C . be h at-r 
output was in ease to 20 C (appro1Ci tely 250 degrees Fahrenhei,) and hp. 
1 at transfer ra e was in~rea ed by about 50 percent. his implies it WQul have 

ak between 90 and 100 minutes to Tach 43° C with jUJ:! t his one chang,e. 
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HEATING EXPERIMENT, C·172 WING
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T ~ vapor 1 ck temperature as a funct 0 of ank temperature is esented in 
figure 9 a d ta e. 1. The last column 0 table 12 is the average value of the 
sediment bowl temperatur,e m ·nu he' ank temperatu e. an be seen. the 
a.verage teUlI>erature for the onset of apor .ock rise wit he 1n tia1 tank 
t~mp~rature. '~la 5 more significant is that the d ffare between the 
tempera lre of the fue n the tank and the temp@rature at which vRpor lock 
occurs d cr ases with the igher init al tank tempe a ure Thi is pa .icularly 
true of the - dimen bow tempe a ure ere the Technical ~nter feel vapor lock 
is ac tual y oc urring. 

Based on ob ervi'l ana during he test sequence and tb need for 8 pplem n 81 he t 

(see appen· ix ] refer nc.e 2) th 43 deg ees Ce SlUS fu I temperature is t: 

worst cas for vapor ock. Th s obsenrat on i8 supported in p t by the average 
differ nc~ between the ank' emperature and the sediment bowl temperature when 
vapor loc occurs. Th~ emper ure dif erence deer a ~8 markedly un 'J th 430 C 
(l 00 .) fuel tempe ature s esched] then it stab!l z s. Once he 43° n tial 
ank temperatu e is exceeded, it becomes more d feu t 0 1 due@ vapor lock, 

partie ly because 0 the reduced temperatur. diff I' c:e be ween h fuel f ov.ring 
thro ,il the system and the low r cowling air temp ratu e. lu6 making heat 
tran fe rna @ diffic It~ and art1y because of t e loss of some of th~ more 
vol 'le omponents as r.ef ectad in t e RV (table 7). One observe --Lnf no e 
is, th tanks wouldormally be in t vent v gorously when h atin th fuel above 
430 Normally his occurred from 43 t 44.5 OlD t 1120 I). amp e SRU 
1) gan to vent at 42° " b it was somewhat of a spec a1 case that will beI 

c vered under he temperatu e versus RVP ana ysis. 

The above. emonstrate tha any technique used to hea t e uel to 110" F 
prOVides the worst case for vapor ock testin and a time lim t ofhree hour" 
from t e start of he hating sequence to he tart of the f11g t te8~ i 
reasonable. 

TAB E 11.	 VAPOR LOCK T~~ERA RE AS A FUNCTION 
OF I IT At TANK TEMP .RA 

] IT AVG AVG VG AVG 
TAm: LI E SED BOWL CARR BO SED-INIT 

E!'U> TEMP 'rEMP TEMP TANK 'EMP 
de C degC eg degC cleRC. 

8 to 21 35.50 44.41 42.50 23.79
 

" to 27 35.45 43.55 42.82 17.89
 
29 t 32 42.0w 47.3fl 45.38 15.40
 
35 to J8 44.46 49.:31 47.19 12.39
 
41 to 43 48.9 4 .68 46.19 f).59
 
46 o 49 54.44 54.26 49.44 5.66
 

Anal sis Criteria: 
11 lasses C-172 Fuel Sys em, All ni 1a1 1Dnk Temperatures. "resh and 

Overnight F -1 S;:1rn les 
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el Flow and	 Fuel Sys em Effect 

TabJe 12 lists the average vapor lock temper ture as fun tioD of fuel low. 
The temperature ~t which vapor lock occurs decline tl increaain f el flow. 
Th probably a consequence t e incyease i tur u ence as he fuel flow 
iner ases hi h"in urn Tlcr-eaSe, the amonn of vapor formed. This phenomena 1.-, 

amatically demonstrated w e one sp 119 some autogas n the g ound. 
Iunnediately following the spi1 , a s' gnif:icant BIDount of foaming ~ 6 observed. 
Th- lower apor lock temp atures sSBoeiat d w th the hig ."1" fllel rlow~ imply 
vapor lock is easier 0 induce at th h gher fue flows. This is what the 
T@chnical Cent has experi~nce; spor lock at the big e fuel flows ypically 
oc urred . hout upplem~ntal heat. and i of en Dec rr~d Imost mmediat Jy 
af r the engine ran ong enough to pu ge tbe coo er ~vgas rom t e ~uel system. 

TABLE 12.	 VAPOR LOCK TEMPRRAT RE 
AS A FUNCT ON OF FUEL L01;.1 

AVG AVG AVG 
FUEL INE SED BOWI, e .B BOWL 
F mol TEMP TEMP TEMP 

degC degC clegC~ 

2.5 47.95 50.6 45.18 
5.0 47.29 SO.l& 48.64 
7. 45.42 49.3 48.68 

1 .0 44. 7 48.92 47.17 
1 . 43.85 47 •.3· 44.13 
1 .5 43.06 46.92 43.57 

Ana"ysh CYiteria: 
All Hig Wing Data. Standar C nH.gura t ion 

AJ f h ahove was performed on the -17 fuel Sy$tem wi h only the 
modi ieati ns n~cessary to provide _ l inRtrumenta on needs. The 

ccurrence of pe a ti n in the fuel syst 111 implied there mig t be a fuel 
system design eff ct 0 vapor lock. Specifically, would he use 0 only a 
lng e feed line r it in V8pO lock ~t 0 e fu 1 flows than he st ndard 
onfigura ion with tw lines since lere would be no pa h for he hot fuel/va or 

to ret n to the ank? A ries of r were ondu ted witl e' ther the front OT 

ac fuel lin c~pped in ord T to demons rate what effe • if ny. these changes 
in e fu 1 system would have. 

Tahl 13 lists t e apor lock emperature nd he line s~ttings f th~e~ types 
of comparable TUnS. The irst t 0 runs Jisted are for he ta dard C-172 fuel 
Bye em with n i tin tank tempe ~ture f 32 and 43° The second se of runs 
had the ont lin@ from he fuel system a ed so that the ue fed from the rear 
line only I an he final run in his sequence a he Tear ine cappe,d. n 
genera • vap r lock wns easier to vduce withith@T line capp@d than w t the 
standard configuration. which wa. expec ed, since there. is more tur ulence wit 
one he lines apped. There w r no the s gnific.ant dif rences t oweVeT. 
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TAR, ': 13. FUEL SYSTEM CONFIGURATION ~ ·C~
 

G AVT ED SYSTEM
I'

INITIAL " D CARB 
TANK FUEl. LINE BOWL OWL .r E INITIAL 
TMP FLOW TEMP TEMP TOlP HEATER RVP 
deC ~ ~ degC degC SETTING NOTES* ~ 

32 2. AFOR LOCK-­ 250 Standard 11.3 
31 5.0 rAP R LOCK-­ 250 S an ard 11.3 
32 7.5 44 51 51 25U Standard 1L.3 
j2 10.0 38 48 48 150 S andard 11.3 
32 12.5 47 49 45 150 St:llndard 11. 
32 13.5 46 47 5 15D ~tat1dard 11.3 

2 .. --NO VAPOR LOL~-- 250 St:llndard 11,3 
5.0 o VAPOR LOCK-­ 250 S anclard 11.3 
7.5 46 52 52 2 ')(l S ilndard 11.3 

10.0 49 52 40 150 Standard 11.3 
l?5 46 1 45 JF 0 S andarJ. 1.3 
13.5 MJ 50 116 1:' Stan]a.rd 11.3 

3; 2.5 54 47 '2 1 'in r.APO* 11.. 
32 .0 54 5~ 15[1 ! T CAPD ll.:1 
32 7.5 51 .:.13 15 C li 11.3 

2 10.0 7 ')1 50 FT cAPn 11.3 
32 1 ').5 44 48 150 C n 11.3 
32 3. 47 150 IT ~ D 11. 

2. 52 .5 1')f) F1' cArD } I .3 
5. .,A 54 150 F'T APD 1.3 
7.5 53 53 150 F' cAPn 11.3 

1 .0 4t1 50 sn F'I D 11.3 
12.5 45 50 OFF FT eAPU 11. '3 
13.5 5 4 (J, J' C U ]1.3 

'13 L.S --NO APOR OCK-­ 5U EK cAPn* .3 
43 5 0 --NO 'lAP R LOCK-­ 25U BK APD 11.3 
n 7. 4 53 53 150 llK C D 1.3 
'3 0.0 4tl 2 ~9 15 ) HK C 11 11.3 
i) 12.5 4 51 5 OFF BK CAPD 11. o· 

~J 13.5 46 51 46 OFF BK APD Il.3 
*FT CAPD F'T t. L'ne Capp HK CAPD • Rea Tine Capped 

'he takeoff power i g was still the war t case 5 was an initial tank 
temper Ir of 4 0 00 F). s b fnr • th as _f valor ock i refl cted in 
the enerally lowe emperature a th keofI 13. gph) pow T sa ing an h 
15B f ower ne h at r 'e ti"~s. 

A short sequence was con uc d 0 clemons ~ (. la h 43° C lnitial tank 
empera ure and he takeoff flel f ow werp- th ~nrB ase for a generic sue ion 

fee (ow ing) fuel s stem. The data from t l~ e runs are presented in tab e 4. 
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ABL lil. F RL SYSTEM 
au TIO FE" 

CONFIGURATION 
SYSTEM 

EFFECTS' 

nUT At 
ANI< 

TE.'1P 
degC 

FUEL 
"bLOW 

~ 

LIN 
TEMP 
degC 

SE 
BOWL 
T 
degC 

CARB 
BOWL 
TDlP 
degC 

LI E 
EATER 

SETTING NOT 

IN T Al~ 

RVP 
psi 

32 
3 
32 
32 
32 

2 

2. 
5.0 
7.5 

1n.o 
12.5 
13. 

70 
52 
53 
45 
45 
48 

78 
55 
5 
4 
50 
51 

5 
52 
53 
52 
52 
52 

2 0 
250 
250 
250 
250 
ISO 

Low Till ng 
Low Win 
1.0 Wing 
L w lo.l ng 
Low ~·1ing 

Low "ang 

11.3 
11,3 
11 3 
1 .3 
11.3 
1 • '\ 

38 2.5 o VAPOR LOCK- 250 Low lng n. 
38 5.0 8 56 3 250 Low ing 11.3 
38 7.5 54 54 54 250 Low Hng 11.3 
38 J 0.0 52 54 54 250 ow Jing 11. 
38 12.5 50 53 52 250 1,0'101 ing 1i. 
3 13.5 48 52 15 Low Wing 11.3 

43 2.5 o rAPOR LOCK-­ 2 0 Low Wing 11..3 
4 5.0 67 72. 60 25 1. w 'Vol ng 11.3 
43 7.5 64 61 57 250 Low iug I .3 
43 H'1. 60 58 150 Low W ng II. 
4 12.5 57 55 150 Low \Hng 11. 3 
43 1 .5 5 53 1 0 J"ow 'lo.1 ng 11.3 

s before. both of the~@ COndit 0 8 prove t be the orst case. ~l~Te ar some 
dif fer :n ce s; however, he mos notewort y is the el eva ed te,mper tu re 5 <l wh ich 
vapor lock occurs for he 10 r fue flow ra e . With he ddit onal orking the 
fuel receives and he addi ional exposure 0 heat" sped.ally:ln the engine drive 
fuel mp, the fuel gets hotter fast r. Norma y, this would r 5U]t i vapor 
lock oon T bu with the ' xcess capacity of he fuel pump, as compared to demand, 
at th m..er power ettings, f leI starva i is de ayed until higher te pe:ratures 
are renched. 

The Tee n a1 C nte enco ntered a phenome wh'ch may have a important 
conse t1enc. When us n the Ii ne hen t ers to j ndu~e vapor lock i' .he u tion 

eed system. flcarbul."l;!:tor foam ng" was bS~TVed rior 0 the onset of apOl lock. 
the emperatur in the ar uretor bowl climbs, the liq id in th bowl boils 

resul ~ n 3 foam w1ich ill not support t e floa. As th float dro s. h 
ngin driven pump up lies eXces fu 1 to t e ea b retor b wI which is hen 

d ra",,'n nto the in take man fold. In a ddt t on, a or whi h s ven ed from the 
arbuT~tor bowl is ngested in 0 th intake man, fold (see 'igure 10). ~his 

phenomena results in such a rich fuel to-air ratio that t e power develo ecl is 
subs ant ally reduced (as much as 50 pe c@nt). A empe sture increase 0 only a 
f'I2W degrees 'Will es It io th On621: f vapor lock whi ch at first eems 0 

improve engi.ne p rformance becau e of he hift 0 a leane fue to Bir ra 10. 
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Normally. -111 foaming phenomena would not be a problem 6 nc:e 1 TI@ hes ers are 
not found on eneral aviation aircraft. but the.re is an operating cond' tio which 
can resu t in a 1mi a· condit.io ,. This is an engine sat after a ho oak. 
The Experiment 1 Aircraf Associat on reports that certain model years of the 
p' er Cher kee a e apparently aff ct d by carburetor foam n fol owing a hot 
engine start when using Butoga (reference 7). This pro em appears t be 
associa ed wit changes a th ~ngine cooling deaign ~hich were inco orated t 

educe engine cooling drag. These de.sign changes do no affe t he performance 
of he ircraft w en operating on avgas. however. 

I addition t.o looking nto tIle differences b tween gravity feed al d suction ee 
system , the performance of a fuel injected ngine was amp red wi a carbureted 
engln. The 0- 20 on the dynamometer was conver ed to a f el injected ng-ne by 
rE1I\oving the arbm:etoT. intake mAnifold ~ an engine 11 Sil P and repl o<Icing th~se 

em ith he app~opriate in a e manifold, 01 urn J and fuel inje on ystem 
for this nglne. An eDgine r ven pump was ad e as was an ~lectrically operated 
b cst pum. The -172 fuel system was 1 ft intact upstream of the boost pump. 
Dll ing a test s@quen e boos p rnp was left off excep for 1'" cO\l'ery fromJ 

va OT Icc. More ofte han no • the e ctri boos pum was reql red to recOVe 
from a va or lock e uence with the fuel inj c ed eng1n~. pparlmt Y. the Bine 
driven limp wou1d become apoT b un. nd the pressure availabl. froD! t e C-172 
fuel system was insufficient to cl splace this apor. 

Takeo f power and 430 initial tank temperatures were h worst case fOl va or 
ock es ing during t ese rUDS. Whell he p- ults 'Coi'ere campa ed it the 

Iden ical concl ions for a carburete ep~ine, it was noted that vapor lock 
occur ed sooner h the uel injecte' ngiDe. This may b cons quence f the 
fuel syst design. It appeared as tnough t e system would sh t ff suddenly at 
the lower fuel flow r es whene r be 'ystem pressure dropped blow 3.5 p i. At 
the h g er fu 1 flows. the loss of power was more gradu 1. ind ca ing the pump 
cou not su ply suff! ent fuel to he injec ion sy te • 

Eff ct of RVP on Vapor ock 

The Tee nlcal Center tested autogas bose RVP ranged from 9.3 to 14.1 sl. 
nit ally. an tempt was mae to orrelate h@ vapor. lock empera ures w'th the 

ASTM vo]atili' y class. tab e 1 Th~ first ana y is wa~ based on h@ volatility 
las as dete mine from the pu C aae date. Upon r vie ing the re ul ~ it w s 

note hat class D (spring/fall) ha ower vapor 10 k temperatures ha class E 
( in ter) wb feh was un 'X.p cd. It wll ~ no ed that the. RVP of two of . he c as D 
fu 1 8S hig er than the AS speciflcat ons, and their RVP's we e i he range 
specified for class E uels. '~hen these two fue "ere reclas i£ied iii clas' E 
f ls, the -re ult were ti xp@cted w th th vapor laC t@mperature decrea ing 
with i C.ress ng RV • 
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ABL 5.	 AVERAGE VAPOR LOCK RA 
BY AS VOLA: 'un CLASS 

Class D.eterm1ned by n:h e a 

AVERAGE AVERAGE AV RAG 
L SED CARB 
TEMP TEMP TEMP 
deg,C de C clegC 

lass 50.74 51.6 48. 2 
Cl s D 40.60 4 .16 45.24 
Class E 43.05 4 .41 44.61 

Class e ermin d b- R'J 

AVERAGE AVERAGE AVERAGE
 
INE SE G RB
 

TE 1'EMF TEMP
 
degC eg. egC
 

Class C 50.74 51.6'1· l 8. 2 
Clas D 45.4"'1 1 . 0 48.04 
Cla E 42.04 46.77 44.32 

Analy~1s Crit ria: 
High Wing. All Fuel F ow' ~ All F ash F el 

A more de aId na ysi W 8 o~d c ed whereb the RV was groupe into 5 rang s 
(see figut"@ 11). The d ta ShOl.HI a. CODsis en decline 'Id h exce t on 0 th fuels 
in the 10.1 to 11 psi range. Sample SRU whose VP was 10.5 psi fell to th"s 
rall e. 

Samp e SR	 was by ar t wors CBSP- for vapor ock espite t e act it was a 
ass C 81	 with an RVP flO, psi. I~ addition 0 being the worst fuel in 

erms of \Iapol:' loc t wa a.1so he worst: fu 1 0 ~mt:lng l>.'hen heat ng a ample 
for a es. In h as f the 49~ C (120° ) in t al tank temperat ref the 
level in t e suk f@ll f a 3 inches of fuel a le~s than 2 neh@. If thermal 
xpan ol1il'l t ken in cons' eration. over on bird of the initial olume f 

fuel 8R lost dut" n h h a in p Deess 1 n. The behav' r of 6 mp SRU is 
probably related t bow it is marketed. It is the second lowest ctane uel 
3\181 a Ie rOm tl pwnp which dispenses several dt ferent octane uels by blending 
two differen_ constituents ~hich are he d in torage I s erformance number was 
87. the lowes a owed y the var OUS STGs ic is hOl., . t \ooras selee in p_ae 
of the loit1est v8'l ble ctan€ fuel from t: e camp ny. The Tee n ca enter fee s 
t at t e RVP is not particularly a£fecte 10 cl ng a fue up with one 
.articulsT yd ocaTbon, s nc~ the RVP seBum of all he partia. p saues of 
the individual componen If one component is represented by mar tba 

mlm amOUR it contribl tes it le xt a 0 he R P but does aff ct the 
physical beh vior 0 e uel. 

inee SR as by f r he ~orst cas@ for v POT r espit i sTela ive y ow 
F~, second analyst wa CDuduc ~d whereby chi ~ampl was remove fro he 
data base. Figu 12 shows the resul s ro h 6 analysis. n hi ana yais. 
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ANALYSIS CONDITIONS: HIGH WING, All FRESH FUELS, ALL FUEL FLOW. All INIT TANK TEMPS 

AVG BY RVP 

RVP AVG AVG AVG AVG II OF 
RANGE LINE SED CARB RVP POINTS 

9TO 10 5'.82 53.19 49.45 g.al 78 
10.1 TO 11 4&.68 46.65 46.73 10.70 40 
11.1 TO 12 43.33 019.15 45.93 11.58 72 
12.1 TO 13 42.39 41.2,2 4 •. 56 12.48 101 
13.1T015 41.60 45.41 <33.80 13.59 51 

10 

SED BOWL TEMP 

12 4
 

RVP IN psi
 

o CARB BOWL 

F R f ··!-Y,I'HA.[ RL i''! ~:oJ1> 
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AVG BY RVP WITHOUT SPU

58 ~ I I
 RlfP AVG AVG AVG AVG 1# OF 

RANGE LINE SED CARD RlfP P,OINTS
57 j 

9 fO 10 51.82 53.19 49.45 9.81 78
56
 I ~ 
0.1 TO 11 4g.61 50.68 48.54 lCl.19 28
 

11.1 TO 12 43.33 49.15 45.93 11.58 7
 
12.11"0 13 42.39 47.22 44.55 12.48 101
 
13.1T015 41.60 45.41 43.80 13.59 51
OJ 
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FIGURE 12. AVERAGE VAPOR LOCK TEMPERATURE BY RVP lHrnOUT SAi'fPLE SRU IN 
DATABASE 
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there is a stron linear rela ionship betwee the aver~ge sed m~n ow] 
tern erature at the time f vapor lock and the of the Iu 1 (the c rrela on 
coef i~ ent eq ala 0.94). The step 8S50 iated wi h the line temparature at 
approximatel II psi ref ets he nee to s the line heaters t a grea er 
xten whe tes ~n with the class C f 18. 

As a cross ell ck On th s a alys 6, the @climen bo'N temperature at vapor locK. 
for two aged fuel were averaged and the a erage compared with t e predicted 
value base on he RVP. In the fir t cas , the average ~ediment owl temperature 
was 2.3 C for 11 fuel whose initial RVP w s 9 psi.. The pr dieted value from t @. 

inear regres:ion f the data in figure 12 as 4.60 C. F r tbe second case, the 
averR.ge temperature. t e. RVP, an· the II edicted vall@ t.' r 50. eg'ICe Reels UB. 

11 pSi, nd 50.5 C, ~e$pe~tively. A linear regression of e raw data produ d 
Ei futile rl:sul ts (see figur e ). In his cas e. the pred1. c:: ted a lue s fOT th 9 
8nd 11 p i fu~ls were 55.0 C and 0.40 C. respectively. It shoul be nO d that 

orne of h~ .cat @r observed in figure 13 s a cons quence f c anges in he uel 
flow T te in addition to changes in the RVP. 

As c n be seen. ther is fJ. gen ral trend tOlo.Tard low@T va or lock tempeTatures a 
tl1e RVl' i creaS12S, b hi rell d _an be a ected by e. in i v dllal re in ng 
te h ique. The average emper~tuTes fa the SRU sa:mp e wer,e more in cative of 
auel hose RVP w s 12.6 to 3 psi, d p nding 0 which 1 near regr ssiol1 
use. This implies that th use of an ASTM volatility class'. fue. (RVI' e uals 
13.5 )8 i or highln wi J. provide the wors case for vapor lock teS t ing. 

iscellan all 0 servations 

Dllring he vapor loct run, th fuel flow and fuel ressur ,,",ould b· 0 e rra je 
a he edimen bowl tempera ure exceed d t e TBP for the lIel b in~ te t d. 
Figure 14 lih s how lie fuel p'ICessu an flow rate indication become unstable as 
t 1. sec1imen bowl emperature xcceded 2hO, the rEP or th· 5 particular-
The refisure Sllikes are onsequence of he perco a.tion that 'Was iscusse 
earlier. Note hat as a or lock occurred. the line t mperatur clim e rapidly, 
and the fll~ low an pre sure dropped near ?ero. this c:ase. th@; ngine 
ran for approx i a ely one m nu te efon~ 1 t os t paweI'". l nder he s co . tions, 
t e GT prOVide t:I good ndieation that vapor lock had oc.curr d at 1e higher 
fucl f ows were POW12T interruption rapidly fo11owecl thlO! onset of va O'IC lock. 
The EGT sy~ ern lad too slow a re5po~He to provide useful information. 

apor lock "equence nded wi power inte rup ion. 0 QCC8sjon he 
the fuel lines wo I d restrict the f ow sufficiently ~esul in rough 

io but ot enough to cause the eng n to quit. Thi condition 
1nue indefinit ly. 1 this co di ion oc urred~ manipu1~t_ng he 
ypic l1y had 11 t e or no e feet 0 eng ne 0 eration a long as the 

m Vemen s were gradl a1. Rapid adv cemcn t e t ro le WOll d kill tha ngi 
whereas, retard ng th h ot Ie would improve the roughn 5S but at the powe 
cleve 0 e(J. 

To see ... f the ech.niqLL of swit hing tanks after settin he ue1 ] ow on avgas 
had an effect on the -e ults. be eng n on rol "ere grad a1 y iner as d wit 
the intention of -rea-chinr. the gph po er 51! tings whi ad previous y result d 
in he 1"oug run lng condition discussed above. A h dem nd increasp.d. pow r 
was int r upted y vapor lock. a wha corresponds t a 9.3 gph !'letting. This 
implies hat the rough 0 eration no ed -hove in an unsta Ie condi ion and any 
ou 8 d nil ence, such as turbu.en e, cOllld trtgger a J "'5 f power jf one is 
opera iog unde adverse condi ons. 
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In flight, as the powr utp t drops, one would norm 1y @x e t th eng~ne speed 
to drop. During the bulk of the testing, the dynamometer va operated in a 
onstan speed mode (variable load), s nee recovery wa ester in his 

eonf1.guratiolJl,. S ve al data po n s were r pe ed 0 see operat ng under the 
constant Dad (variable speed) mode changed the results. In he mited numbe~ 

of case s udiBd. vapor loc occurred in the same time frame and at the Sr' e 
temperatures. 

Anot et' technique which m y have affected the outcome of .es was the 
use of heater. As mBll oned ear1i 1'. hey were used fo ce the 
system to vapor lock m it otherwise would Qt. Prior to need!n th 
hea ~r8 to induce vapor lock, hey were set !it a I2tting which kept th ] nes at 

he initial tank empe a ur. A 1imi eel number f data points wer repeated w til 
ither the ine hea ere set s described 0 with he power 0 the lin hea rs 

off. h only diff@r nc@ noted was wh@n the in B had a ~hance to cool between 
~ ints. I~ his cas, it would take about m nut, depending on ue1 flow. to 
heat the metal i h nes to the initi 1 tank em ern nne, then the system's 
behavior would m.:lmic th runs ..lith the 1 heeters on. Th s ga.ve t e Techn a1T

Center on idence hey were not nduc1ng va or ock y leaving the I ne eaters 
B at the 10it a1 tank em erat reo 

l,urin t e vapor lock sequence, II material compat bil ty proble, arose. TIl 
O-ring in the tank selector ould swel ~hen using autogaa and the dditional 
friction would keep th pneuma ic actuator f~om reliably switching tank. e 

lo!verity of this probl m eem cl to vary Ith lhe fLH~] eing sed and he fuel 
temp a ure. but it wa ifficult to qu~ntify. here did no appear u be n 
orr 1 tion hetween the uS of premiu unleade or regular unleade all oga$ and 
he or se t of thi pr hI m. Tt hou1d be no ed tha the tanl!; sel c to cou d be 

moved by hand if [he pneuma 1c Rctuator wa~ unab e 0 co lple e tank select an, 

FL GH'r TESTS 

Numerous t me history plots. s'milar to figun~ 1 were prepa @d. he dar 
similar am ient t m eratut"E!!iJ and dif ,arent auk t mperatu:rel3 compared, an 
cliff rences in veIl system temperatures noted. B cd n this an ly- s, he 
highee: fuel system emperatures oc. ur during n tak off and a maxi.mum performance 
climb to al i ude ollowin a ho soak. Al 0, h gher etmperntures are obs rved 

ring descent which follow <. p@ ad of operatio t igh power, than uri 
any other phase-of-flight. r th touc ~nd go scenario. th·s sets tbe tag for 
h g fuel temperatures a the time of m ximum fuel flow (1 •. , go around and. 

nc j th p'rea es ch n~e for apor lock. 

The worst case (nnl soak) can Bsi1 be approximated by c u ucting a static run­
up a fuel is elug heated" shutting down the engine and a low ng the gineL'@ 

heat soak nti] th fuel n th tan reaches the desired temperatur. An 
alternative is t al10wh ue 1n t e tank to reacb he desired tempera ur , 
start the eng ne and conduc taB at i run up (to t q eof power) for appr xin:Ja tely 
a minute redu~e the power 0 idl€ fo~ ~ppToximately ne mjnut , then commen e 
the flight ests. 

So e other obRervations fro the flight test a e abulated below. 

1. r he eSSna 172 fu 1 aY8 em: 
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a. The hottest sed ment bowl t@rn eratuT~S o~cur during descent and 
shutdown. 

b. The hottest carburetor bowl em e~ ureS occur dur ng the ak@off 
ground r 11 fal owing a hot oak. 

Ovetall. th f el ystem te pere ure ar otter during a touc and 
g sequ nee than they are. fo a c imb to altitude/cruise cenario. 

d. 'or takeoff cl b and cruise tw third of t e heat (as indicated 
b the temperature rise) added the fuel js added befoT the c rbu tor owl. 
Fo descent and taxi. preen f the h a i added by the time the uel lea eft 

the sediment bowl. 

The temp@Tatur of the fu 1 in the tanks does not chan~e 

signifi antly during the course of a 1- our fJigh. is an b at ribute to 
l:e ta k onstruction which inhibits heat transfer.. 'I'lle size of he temperatur 
rop is re II ted 0 two h n The mos t obvioU" is the if f erence be tween 

ambient "nd the fuel temperature. The g eate th ifference, he greater he 
mp Ui t lIr hange. The Bec nd i the ini i 1 fu el t ElIlpe.ratur@. The. ho t r th 

fu~l. he greater the te.mp@ratuT drop (given th same temp rature ifferen e 
".rltl th~ aum tent air). Thi is pr bably a c. n e.quellce of i nCT as d ev pora i 11 

from h t nk at elevatp.o te p atu es. The arges em erature drop re orded 
was .50 (100 ) wit a. meilD di ference betwe n 11m ient nd tank mperature of 
ll° C (200 F) uring h, .ours of an 85-minu e flight. 1 general. tank level 
had n ne.gligi Ie effect on t mp Tatu e dro heca 19 0 he incress d wetted rea 
,."iLh in easing tan level. 

f. The hotte.st carburetor area air temperature reeor ed w 65 C 
(1 9 F) on a 37° C day. whi 1 if> consl ent 1 . the 65 to 680 C oba Tvecl on the 
dynamometer installation durin takeoff. Like~ se, h arburetor bowl an he 
sedimen bowl temperature' 1ch we b erved W TC con~i tent w th thp. 
d amometer da a. 

2. For the PA 28- 4. f I J vstern: 

a. Th e sedime.n t bow temp r~ ILL' i'!nd t 1 rae the ambient 
mperature because of i . installation in a separ.Dt enclo ure. 0 a 1 

Cherokee models have this feElture. 

b. T hottest temperature~ recorded at the engine d1"i ven pump n1{'. t 
and eng n@ driven ump ou lets were reeo ded du ing tl ho 0 k. The hot eflt 
carbure 0 bot.ll tempe atur " occurred immedia Poly following n e gine s art af er 
a 1-lot oak. 

Overall t h. highes fuel te perature occur during n descent 
follo ed by a takeoff. 

d. FOT takeoff and climb. 7() percent of 11 heat added to he fuel 
syst m occurs between the ecltment bow 011 i - nd th engine driven pump nle • 
Po· crli and descent 5 percent he hea ~ 10 ecl be ore the engine driven 
pn !'" In! and the bal.ance if;; add d s he fuel is umped -tnt 1:1 ca bureto'" 
bowl. 
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e. The tank temperature tends 0 collapse onto ~ ient after as little 
~s on~ u, This 1~ a ~et win ign which maximizes heat transfer. Once 
again~ the e does no appear be , f 11 ~vel efI ct due t in~r~ased wetted 
area wi 1 fill level. There does not appear to be a fuel temperature effect as 
there wa it the C-172 fuel sy t@m. In this case~ he evaporative cooli g i 
probabl asked by the larg amOUQ of heat conducted aCross the tank's ski , 

f. Th ax mlm tempera~ures recorded for he sedi n bowl (engin pum 
i let j eng1ne p p outle t j a.n ca.bur tor bow ) w~r all consis ten t with the 
temperature noted during the dynanJOOIe ter operationa C onduc ted il:h the sue: tion 
feed f leI sys em. 

Thg; above g v re encra to tea 'ng 1.l hot fuel tlU e takl? ff and eli h to 
altitude conditions. Tnkeo! and c imb power. settings r ,ult in t e mORt 
turbulence in the uel system. hence the greates probability for vap r lock. 
Takeoff COlldi i0ns rC{llll t ill hot Qt.,] ng tempe:ratures. lOp .Ct Jy fal owing a ho 
soak or a period 0 extended idli~g. The reduced atmospheric pressure, a . hE 

limb c nlitues. increases the pr bability of vapor lo~lr. 

CONCLlJSION 

The con it 0 S which efine he worst cas for vapo Joe tea in~ (i.e., mOB 
Ii kc ly to ('Esul t in vapor loc ) aT2 as fol I m ..'S • 

1. Takeoff fUEl flow. 

2. Ini ial ftad empera In.! he we. n 38 and 113 degrees C@l"'hls (l00 0 110 
degrees Fahrenh it). 

3. Am 1e t ir e.mperature [29 degrees Celsius Dr higher (85 degrees 
F~hrenhe' I: , 

4. ngin at operating tempera ures typically fund after a prolongen 
idJlng or a hot so~k. 

5. S 1 cla.ss (winter grade) fuel if the testing 5 for autogas. 

In preparing th aircraft -or testing with au 0 as, he fUB temperature S ould 
no be allowe o _xceed ~3 degrees Celsius (110 degr es Fahrenheit), 

1'he Lee bnique for testing the fuel ~ecl in vap r lock studies does not a-fect 'he 
outcom~ f h t -8 s que-nce pT vid eo th ftl e i fTesh; i is tored in ~~aled 

barrels un t il he eginning of th est sequence and h f el 18 heat d to 
temperCiture wi hill hn~e hourG. 

F • ~VCTY condi jon e~tedJ au ga, was more ~evere than avgas for vapor lock, 
Rence. any fuel system which i8 capab c f operating on autoga will be capable 
of operating on avgas. 

Detonat on on autogas is relate to the Motor Octane Number (MON). An p.ugin 
ceT't i Ued for 91/96 octant?: avga R may de tona te on H! gular un ead ed au togas at 
typlca1 cruise power settings. The octane rating of ButQgas does no change 
~ignifican 1y whEn .tored in wlng$ or up to .Ix months. 
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TIH~Te: is a weak Tela ionsh:ir etween th Reid Vapor PrM ure (RVP, of a fuel a.nd 
he ndency to vapor ock red y the sed ment bo~l temperat re (fiRUre 

13. The blend ng tee nique y the ~fine. ill haY a s gn f C8n- ffect 
on he par lock characteristics. As a g au, h STI1 c ass E (RVP equals 13.5 
pound per square inch (pa OT high r), autogaBes re the w r t: ell IE! for apor 
lock. 

There yas a minor material compatibility prob em etw ~n the fuel syste used 
dur n t ese test an auto as, but i would not present a s rious pro Ie in an 
operational a reT ft. 

Evaparati n can resu t n a ~ignific3nt lo~s of fuel len sing au ogas. In ne 
cas~. this exceeded 33 per cnt f the initia 0 ume of the fuel. 

1. 
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5. Wares, R. nd 11 up. J. I National 
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APPENDIX A 

DISTRIBUTION LIS 

civil Av iat ion Author ity ( ) DOT-FAA AEU-5QO 4) 
Av'ario !i use American Emba8By 
12 Kingsw y APO New York, ~ 09667 
Lo adon WC28 6NN Eog 1and 

Embassy 0 Austral"a (1) n ive rs i 0 f Ca 1i fo en " (l ) 

Civ"l Air Attach~ ervice Dept nst it te of 
1 01 Mass. Av . NW Transportation t ndard L' 
Wuh ington I DC 20036 412 McLaughlin Ha 1 

Berkely, CA 94720 
Sc ient if ic fa Te c:h. 1 fo AC (1) 
AT ASA Rep. British m a99Y (J) 
P.O.	 Box 8757 WI Airpo t Ci v . 1 Air Att achAS 

al t imor-e, 2 24 3100 Mas Ave. NW 
Washington, DC 20008 

No thwes tern On ivera ity ( ) 
rrisoet eposic ry Director DuCentre Exp D 1 ) 
fransportaLio Cent Library Navigation rineen 
Evanstoo, ILL 6020 941 Orl. ranee 

ANE-40 (2) AC -61A (2)	 ASW-53B ) 

ASO- 2C (2 ) AAL-400 (2 )	 AAC- 4D 

M­ 3 Ni M 49 .2 (5 ) ~-66 z) 
• lO 

AEA­ (3) ADL­ ( 1) 
APM­ 0) 

.' ) -32 Non ( ) ALG-300 ( ) 

APA JOO 1) 
.-\E - J CT- 5 

AG -60 
AN~-t>O u" 

A-l 



FAA, Chief. Civil Avia't ion A 91.StanCI!' 

adr .d. Spa i:o 
c/o American Embassy 
APO-New YorK 0928 -0001 

Dick Tob iaso 1 )
 
I TA of Americ
 
1709 New Y~rk Aven ,~
 

ash lngton, DC 20006 

FAA Anchorage CO 
70i C treet. ox i4 
Anchorage, lasks 99513 

FAA At lanc.a Am 
1075 In er Loop oad 
Co lege Park ••eorg'a 30337 

FAA ~osco Am 
12 New England x cutlV PArk 

ur 'ngton, MAss, 0 80 

FAA Brusse.l s ACO 
%Am rican Embassy , .~O. 

New York, NY 09667 

FAA Ch 'c ag ACO 
2300 E, Devo • Roo~.2)2 

~l:i Plains, llinolS 6000 

FAA Denve r 
J455 ~a5r: .'!5_ Ave., H e 307 

~ T r, Q oraclo ~ai~o 

~rank r yIoT 
J 542 Chun:;n Roa.d 

El lC tt City" :! O'" 

_e ". r I i 1..\.-\ 1I 

59~ Que~n~tQn_ 

p ingfield. VA L 12 

chard E. L"v"ngston. Jr, 
Direc or erote~h Operations or 

he TAPA Group 
1805 Crystal D iv_, uit tl12 South 
Arlington. r 22202 

Gl"OUp ( ) Al A torg (1) 
Fed 1 Av iat ioo 

dmi tstration (CAAG) 
r'c n Emba aYt Box 3 

APO-New lor 09285-0001 

Burton Che8t~~field. DMA-603 (1) 
DOT Transport tion Safety Inst. 
6500 Sou h McArthur Blvd. 
Okl homs City, R 73125 

FAA Fo t Worth AOO 
P.O. Box 1689
 
Fort orth X 76101
 

FAA Long 8e ch ACO
 
4344 Donald Douglas Driv@
 
Long B~ach, A 90808
 

FAA 0 ngeles ACO 
P.O. 80x 92007, Worldway Postal Cen er 
Hawthorn • CA 90009 

FAA N@v YOl:'k 
81 So, nkl io.e Ave.. Room 202 

Va ley Stream~ NY 11 1 

F a 1 AOO 
7900 Pad f ic Ii i hway Sou h, c- 8966 

Seattle J Washington 98168 

F' WIch i a AC 
~id Continen[ A'rport, Room iDa FAA 

891 Ai rpo rt Road 
wich's. 67209 

Dr. Ba s A, K akaucr 
De uty Chai an. In erna ional Alrl 'n 
Pilots Assoc' tion roup
 

, partado qi
 
~_Gl Albufeira ?G~tugal
 

Geoff rey t· pman 
Executive Direc or, Pre ide t du 'ons il 
International Found ion DE A"r ine 

assenger As~ociation
 

Cas~ Posta e 462. 1215 eneve
 
15 Aeropot • S iss Geneva
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ASF- - Office of Aviat10 Safe.ty 

AST-I - Office of Science & Advanced 
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	V~l. 
	EXECUTIVE SUMHARY. 
	A series of :1'1 C Glfl'". pi ton ngine ,rcst~ were conduc ted an a ynaDlome er oCatl;!! a" h rederal Aviati n Administr tiOD (FAA) T chnical Center. Thp.se tests C-.'taminecl he fee of the aTiollS cont 1 vBriab c n th occurrence f va or lock. Specif c items investigated were lui i I tank t mperature. uel ow rat~, fu system configuration (gravity feed verSJS suction feed), fuel eating technique, fuel aging, mb en ir temperature. an he differences between carbureted ano njec ed vera ons of the same engine. T
	e 

	1. Takeoff fu 1 flow. 
	? In! al ue temperature etwe 1'1 38 and 43 degre sius (100 to 110 degr B Fahrenheit). 
	3. 
	3. 
	3. 
	An ambient air temperature of 29 degrees eel ius or lig er (85 rlegrees Fahrenhei t• 

	4. 
	4. 
	E gine per~tjnr. tpmperature ypicallv found after a pp.riod r prolonge idling a hOl soak. 

	5. 
	5. 
	ASTI[ C]aRS E (wi ter grade) fuel 1-lhe testing s e conduc ted wi el autogaA, minimum Reid Vapo-res ur f ]1., psi. 


	Other obaerratians haseil on heBe tests i cud : 
	l. The tc hnjque u ed h at the lest fue] has no effect on he vapor lac b havio proVided fre~l fuel iR used and Ie fuel is h a ed w"tb n t Tee h urs. Agita t i.o of the fuel ~hou d be. kept to a minimum. espcciaJ y aft r leating. 
	2. 
	2. 
	2. 
	I general, the higher ~ne Ret Pressure. t e Rreater the tende cy to vapor lock. This effect can bp e lendin~ or refini g re hnique used by the su lier, sue as. yr additi.vI.'f: r [1 her omponen ~. 

	3. 
	3. 
	A sys m which will no vapor lock on ,_gas c.~n be m d€ CJ apar lock on autogas. Consequent y, teo fll~ls tes t d nly b run U.!illn au [OgSfl if the a rcraft i~ to be certified for ho h ~ga. and autogaR. 

	4. 
	4. 
	Eva oration and .uel ven tng ~an re-ult 1 thp. lo~s of J percent 


	of. tle Iue] in a .mk when u ing ~I ogas. which will Flignif1cantJy affect iT rafl rang 
	5. FueJ yst~rn inrompat1bi11 y with utogas rna! re t in minOT pro lems, 
	e. g., the o-rlngB in he fuel s ec OT l'lwell • maki g t e Se ec or more £ ieul 0 operat~. 
	V]1 
	The Motor Octane Number (MaN) of an autogas is directly related to the onset of detonation in the test engine. The relationship between the Research Octane Number and detonation is not as well defined as it is for the MON. Detonation 
	s observed in the test engine (designed for 91/96 avgas) at what would be a normal cruise power setting when using regular un aded autogas. 
	Figure
	INTRODUCTION. 
	The Exper ental Aircraft Association (EM.) and ot er organi.zations have actively pursued obta ning Supplemental Typ@ Cert' .icates (STes) which 11ow th use of automobile gaso ne (au togas) in low compression airera t ,engi es. Typi a Yt the atrcraft which qualify for these STCs are older aircraft whose ngines were originally certified for 80 octane aviation gasoline. The driving force behind 
	hese STCs is the reduced ava lab11i y of 80 octane aviati n gasoline and th_ large price difference between aviation gasoline (avgas) nd autogas. 
	As the price different"a! between avga a d 8utogas gro ,ther 1s increasin pressure to subs itute autogas for 0 er ades of avga. This aises a number ,of qu s ns which need 0 be a envered. The broader d1stributi n of cons i uents 
	n utoga ,when ompar~d with avgas, ten S 0 increase the Reid Vapor ressure (RVP) of the. fu 1 wh c 'n turn adverB y affects th mount of vapr formed th aiTer ft fu I sys em. The lower init'a bo"ling po nt a sociated w h autogas means that vapor will be f m, d at o~er t mperature? than with avgas and t e use of 110 deg ee (0) Fahre heit (F) fuel d rfng t e erti iCl1tion of aircra t (Feder;~ Avia ion egulati n 3.961) may Dot app y wh~n certify ng :m aire aft wi t autogas, e ctan rating techni.ques d ffer betwee
	The C ntral and New Engla d R gions of hp Feder 1 Aviation Administr tion (F ), who a e responsible 'or he certifica ion of gener<;ll avia ion a1 craf and their e g ,nes ,. equested throu· h the Of fice of Av a ion Standards that a pr gT be ini· nted at the FAA Techn. a1 Center which \·lOU d address these cancenl,. Ttl <:I n er 0 tests u ilizing a 
	r sponse, the Technic 1 Center conducted 

	ynamometQr) a Lycoming 0-320. and a Cessu 172 uel system to invest gate the effects fuel temperature, ngine cooling air emp@ratur • tank f 11lev • and fuel system config ation on the endency to a or lock. 
	The technique for heating ~hQ fue in he a r_raft tanks was investigate as were th ffects of long-and ort-term star ge on the cnarac er ti s of a togas. I conjun tion with these studies, the ten ency 0 detonate a aut gas was investigated, and the results were correIa ed ith he oct~n number f the fuel. 
	Select data from a series of 1ight t sts co ducted prior to the inception of th s progr were ana.yzed wi h the intent of iden ifying the effects of the operat onal mode on the fu J emperature in two representativ genera :1v1at 'on aircra t. 
	his report summarj;z.e the es It from hese tests and presen a number of considerations for future c r ification t sts b~ ed on he analys s of these resu ts. 
	1 
	BACKGROUND. 
	Gasolines are in enued to e vola lll~ I nd the IH P 1s a genet" 1. measure of he valet lity of a fue. S6 ntia ly, the RVP i the vepa prEssure of the uel a 100F, and t can b~ interpreted B n i d atnr. Q he amount o. vapor a f IP \Jill genera te whe 1t shea te n the uel .. ystem.. . n aire:raft as hi ,hp-r operating emperatlres and it opera es at reduced srIDoe heric pressure ~hen at altitude. Bo h of these factors aggravate th_ formation of vapor. Thi~ explains why the ax mu RVP lowed for aviatl0 fuels is lo
	0 

	aximum RVP for avgas is 7.0 psi. Th@ maximum VP for autogaA varie' w~th 
	eason lp~r American Socjety fOT Tes ing an aterials (AS1~) specification D-439]. C1.as E [u 1$ (wInter grad s) ~r al wd to reach 15 psi, wh ae ~la s ) fll Is. wh c ar Bold n the South est during the sum el'. Tn yhV fl maximllm RVP of .0 Pi. Sl~mer fuels in w Jerse are 'lass C fuels (11.5 psi maximum) • 
	Tit Ie g~r the fuel remainFl in vrmted allks. the m r likely hp-fuel ~11 lOBe the more volatile componen s, nd th~ lOR~ of th more vola ilp campon Dts may alter the oct~ne at n~ nf the uel. add t"on t tie more heavy ends hi er molee lIar ""e_g t and, conversely. h'gheT o'lin ;:loin), he greater the tendency to [OTI1l gum erlO!': tfl as t e fuel sits 1 t, e tan. A typic 1 general Elvia 'on air 'raft will be op~rated flbou once a week. whereas a typical ea i~ pen1t@d t l£a~t once a day. Ac, a onsequ nee, fuel
	1. craft tanks [0 long r per ods of time than TI all \.ItOm bile Lan. Th distillat n prucedure de, cr1 d in I RT1'1 D-B6 is a rough mea ure of th~ (J-js rihll '0 of co ponents f:ound in he fuel. D1Tin~ a Ist'liatio. to 
	pc.rator easuref; th tempera ure of (he ga nteri g the condense as a given 
	• c~otGge of the fuel is collect@d f m thp ondenser. (See igure 1 or a 6chQm~tj .. of the is ilIa 100 appara us.) FOT the above reaRons, aV~8S ha a narrower di S 'Ti ution nf consti tuents than autoga " and t lis .s refl c dinth [lis illa ion curve. "p c.al is illation curves for avgas and au ogas are found i f1 UTl~ 2. 
	The jni tial boiling po ot (IBP 0 <l fu.l is ( t_rm ed during a distillation by TP-CCYF ling t le temperature ( -the gas .n PoT ng he 0 denser as he lr t rp falls [rom he Ol let of ondp se. This leads to nn impo·tRnt rlistincti n--he IEP 1. n t th tempe:rFl ur . of the liqUid a hE batt m of h~ cli~tillation f ask itis h te p~rature 0 the ga cs ahav heliqud. n 
	en ral t tbe. lElllperatllT nf h liq is sligl tly higher than the tempe.r3 UTe f 
	he ~~ a h of tl flask. The Tec.hniea1 Cen r t s e.xJ1er!en is tha t the liquid in he flask it leas 15° CelsiUR 'C) hot e th n the ga en ering the c ndenser at the ime he -irat I rup fal 5. 
	The ty ical pprfnn ance profile for an airc a t engine i~ substant'all di-ferent than the typica form'lnel?. I'o ile fo a ut lmobi e engine. At cTIli8e ~peedsJ an automobile nglle w 11 opernte between ]0 and 30 percent of its ra ed 
	1 I'sepower. Ar1 aircra"l pugi e illopernte be ween .. 0 and 75 percent of its TCl ed ower during nOTTII.ll lise conca inns. nuring takeoff and clim H. al 'craft ng n will be 01' rating at itB mnx.1 urn r til! ppwlo!r less he p@rfnrlnBoce Ips du. () he pr~vailing rrl:05SUre ltJ tude) for eX: ended periods f 
	i e. Eve during acceleration. i if; nu.stal. for an £Iulom bile engin t 
	perate at it" HI e I hor p weI'. The operaUl1f', tempeTatures of an aircraft 
	n n AT higher than thOB of Rn au nmobile e ~. aDd the higher b oper~ljng empera ure t the greater the t~ndenc fOT rl tona ion 0 0 cur. his 
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	Fl~IjR' 2 f"{PICAL D S'I'L I I..ATION C HNt'.' L'OR t Vr...A A D AUTOGAS 
	4 
	explains hy there are differ nt procedures for de.term ning the octane rating of autogaa when compa ed to avga . 
	Th-re are three dif erent octa ra ing techniqu!!s of interest to his rogram: 
	the 6 arch Method. ASTM • t da d D-2699. t e Motor M t ,od~ ASTl'f standard D-270 ; an the Aviat on Sup@I"charge me hod ASl'M D-9 9. The pr nc pIe differen e betwe~n the methods :"nvolves change i he p rating speed an 
	temperature to reflect the 0ll rating environment to which the uel will b expo e. Th Research Octan Num er (RON) i ge e ally ppl1c2 Ie gi es 
	h h are subject t r 1a ive y light duty c cles ~ ereastbe 0 tae 
	umb r (?oWN) Cwhich reIe ed to the via t ion Lean ctane Nl.lmber) s·· P1 hIe 
	o engi s ~hlch are ubje t to heavy 0" severe uty cycle. Th Supe ~harge Octane Number is eant for eavy duty applic tians wher fue· -to air rat1 i ep ric 0 hep su reSS detona ·on. Table 
	Avia on 
	OIDe of the k y cliffe en es between he te hni ue~. For more detail th ~p ropriate ASTM standards. 
	ABLE 1. SOME DI FERE CES BETWEEN THE VARIOUS 
	ASTM OCT E RAT NG STANOARDS 
	A'I.ATION 
	UPERCHARGE RES·ARC MOTOR 
	TEST VAR A.BJ E ET on N..ETflOD MET'l-JOD E gine Speed (RPM) 1800 60 900 Timjng (d g BTDe) 45 13 Va.riab Oi1 Temperature (deg') 165 135 135 Coolant Temperatu e (degF) 375 ?12 212 
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	Flel y tern. Inject -------Carburetor--------­
	Key Variable. Ma.nifold Pressu e --Co pression Ratio----­
	Fu sy= em de~i fa 1 in 0 two broad categories. gravjty fee uch as found j high wing ai craft and suet on ee typical amon low wing ircraft, (reference 
	1)• Gr vi t feed ystems ypica] aT tb simplest to on Tuct and hav th
	I 
	fe~e t par s. A typical ~uct on feed sys em n only has engin -driveD pump, it has a. pi ot-prated e ec,rical boost pump and the ssoc ated plumbing and hardware ( ch as check valves) neeJe to rovicle a st ady fuel supply sh uld an engine-dr ven pump fnil. The greater t e numer of C tting ends in the fuel 
	lin. t., th larger the amo nt. of agitation ~Ie fue enc unters 8S it 1. 
	5 
	transported from the wing to he ngine. ncr as ng h@ ag tat on increases the amount of va or formed whi h, i turn, iner ase th pobability of spor lo~k. Likewise, orking the ue i~ the pump and recirculation round he pump not only ag'tatea the fue , it raises t e temperature of he fuel as 1 aSBes through he pUInp. 
	In light of the abo e, this progra a·udied the use of au agas in represen ative 9Y8 tems with specia1. att@ll on pa d 0 he ff a of increas@d volatii y, f e ystem design, and changes in the octane a ing. Findings ar~ present@ ~hich should help 0 i sure the ertification proceclurea rovi e he necessary marg n f safety wi h regs d 0 vapor lock p @venticn. 
	fuel 

	TEST APPAHATU S: Dynarnmne t r 
	Tho vapor lock and detonation tests wer~ condu t@d sing an eddy curcent dynumom~ter. A Lycoming 0-320 engine was mounte on he dynamometer with a Cessna 72 fuel system. Figure 3 shows he general Ioea ion of t princ.ipl components. T e ft fuel an was used for avgas. and the riglt tan was used for autogas fOT most of the tests" 
	The Cessna fuel system was mounted wi h the fuel ank outle at the sam _ lative 
	eigh 0 pared to the carbure or inlett as i he C-172 aircraft. 'fi1e fuel tanks ad the same angle as n ~172 setting on he ground. Th@ fuel anks wer modified ti corpo ate eat ex~hangers for regulating he fuel temperatur Appr xi.. ly 2.0 feet of 3/8-inch ian·eter coppe tubing as installed 1/4 incll from he :inside bat tam of each ank n a regll a r pat tern • Tern erature 
	ontrollers regulated the supply f an ethelenE glycol and ate mixture teach hea exchanger in order to maintain he required temperature. The fuel lines to the engine were wrapped ~dt:h ele trical heating a.pe, and thll: temperature of the ind· vidual sections of the uel lines l-fere coI1 t olIe.d sep ate y; 0 e contro r fOT th av as ines, one or the urogas linea, and one for the l/2-inch diHmeter common ine. A lBO-degree traveJ, pne'~~t cope ator was incorporated to quickly move the tan ~elector remotely. Thi
	SO)l:'e esls were. c::onducted r,r.i th h fuel sys em modified 0 ee how fuel syste co figura ion affectecl the reYult (figure 4). A ~u omobile. gasol'ne WU6 t~3t d 
	II h .-172 fu 1 system use llroughout the progrlim as basis for c mparhlon" 
	he rea fuel line. (figure 4A) wa seFaTated fr n h tanK and p u ~ed whil t tank fitting ~a capped. leaving only the crossov T veD a tached 0 the rear 
	ina. A apor lock teat was conducted in this configuration using the same fuel a~ ahov. T e front Ii e was then disconnected, the rear line reconn@cte • and tbe va or lock sequence repcot~d. 
	he right Cessna t.ank t...'!'as and low fuel tank and IIlp were
	thenr@move.d 

	.oJ 
	0 simulate 3 suet on feed system (figure 4B). The r@la iV!! he ght from he fuel tank outlet to h@ fuel Pl~P in @t was he arne as in a ipe. Che okee. PA-28-40. An e gile riven uel pump ~ S install~d leav n the @ntiTe 
	install d 

	uel 9y te from the s lee or valve intact. Thi tank had a heat exchanger similar t th one found n h essna tank~ A vapor lock series was conducte in h 8 final conf gurs 10 . 
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	The Lycom.ng engine was imilar to the 0-320 found in a Cessna ]72 but was not an airw rthy ngine an did no match a xisting lodel d s1gnation. The engine h' 0 pera ~ on ql/96 
	an 8.5:1 ompr sian ra io. a carhuret r, and waA designed 

	vgas (which is no long r available), The ~ng'ne cooling ~ir ~s regulat cl to tl~ prnper temperatuT and pre sure for t e in tv dual ests and was del1vere tlll"Ough a te t el 0 ling hood. The oil t mperat I -e as regula ed by a automatic antra] r which tu n 0 h cooling water at B ec1fied emperature. Indue f'n air wa uppl ed hr ugl n air conditioners, a de'Jice for reglllatin, the I urn y.;] ple.num chamber, ;,m . hea er muf r. The air ond loners prov de the plenum lamb r \.Jith one inch of '"a r pressure, whi
	Tecorcled au 

	When th arbur ted engine sts Were complete • th angi e Wrl.' cony r. eel to a 
	f leI inj etion typ, The ump waf:: changed along toT t he intPlke plp " fuel 
	injec.tion contro] unit, fou fu(!l inje tor n zzles, a high pn;$ ure fuel pump I a. 
	fl w divirler ith inj c or lines. aad a hooat pump were insta Ie" n entire vOIpor lock t at seriel'l was (ompleted using he arne autogas as was ll.. ed in he 
	va ious t~n configlIT3tion te ts d"scussed Hbove. 
	Th engin f,oU18 equ ppl! W h a I,yeoming De (matio AnalyzeT hich onsist!'l of vihra tion pick.ups mounte on the four ower spark plugs. a imin generator, ;"l 
	junction blX and the electronics w1ich allow one to ook ~t the proper stroke fo he ylinde s l@ct d. As t e operating conditions approac hose cnnduciva 
	tn de onation, the ampli ude of thE signal increases. l,The e onation OC:CUTS. 
	hr i n or l igh amplitude ihration. is fsirly wid and the 0 cil oseo e
	I 
	f;creen ;;Jppears t "f as." The numbe of flB8hes cojneide. with tl1'"-number of 'm s tha cylinder detonates. Typically, tonation is re 0 Ce as the numb r 
	o flashe per minut • 
	he Technical . nterdynamometer system cons sts of the ontYols and inst-umentation package, the absQrber and up or equ pment. nd t e mec a ical ,ulsembJ y. The controls an inst rumen ation p ckage nclude ( Dynamome tEn­
	l 

	ntro odul (DCM) w icl a o~s' or regulation 0 eithe. ngin speed 0 loa The contro. range .xtencls fTom abont 000 to 5000 RPM ~md abo t lOt 2000 
	t-l. or'll!. A at Displa' Me nie (Dm! is a.1 so included i the package. t prOVides for h display of engine sp ed. torque l and up ?O tempera~ures. The abs ber Is Midwest Dynam met r model l519W d Y curren brake. An E @ctro i Contrul Module (ECM) supplies and egulates teed y curr nt field power. Thi 
	e.vlce i a fl111 ave DC p W T .supply ....ith the phase. ang e f rectific.ati co~trol e by the condi ion of rhe current loop control ~i a rOm the DC The m_ han cal 'ssem ly cons. ts of che t shed. the dr ve shsPt, t e guard. and t e fly 'Whe 1. 
	'J' ble ~ l'sts tIe d.ta whi is Teco cleo on an aut rnat"c da fI acquis tioD qystem. Durilg <l t pi al t'l.l , the da a are recorded eery 15!'je nd thoug Ie da a
	I 
	acqllisi i n ystem can hanille a Bean rate 0 1. t an a second t s V_1"a ours. The p rator has he bility to trigger an event marke which is reea decl Rlong wiLh th other parame eTS" The tnnation data is r~eord@d .eparatel', s'nce ". require ~Offie jud ent on he pa t of the ope ator. 
	9 
	TABL DAT CORDE A TOMATlC DAT ACQUlSITION SYS 
	DESCRI TION UNITS 
	Engin tDrque ft-lb F.ngin speed RPM Manifold pr ssure inHg (absa ut ) 
	Engin cooling r Fuel pr ssure at carbure or in at Oil pressure 
	Eve It marker, operator tr gga ad VUC 
	"\.Ie flow gph Throt Ie posit! n percent 
	.fixture po iti II percent Tan in u e indicator C sr uretor BUp 1)" air ew point degC 
	, 1 c:yIind r llea e perature degC i" c:ylinde hea t mp ature degC /I cylinder head te perature degC 
	U4 cy inder head t era ur _ dcgC Fuel temper ture. l01 of avgas tnn egC fuel tem) rBtur. botta of avgas ank degC 
	'uel ernp rn Ir tap f autogas tank egG Fu mp ratu ottorn of autogaa ank degC FlJ emp rattl'" I vgOlS ] ine degC 
	Fuel temprat r u 0 asline tl gC
	I 
	Fuel temperature, edlment bowl degC 
	I
	Fuel tempcrat T arh re or bowl degC 
	i emp ra UI' degC A"y t mp ratur, car y tor inlet egC A r temperature, upstrenm of car urctor degC 
	Co Jinr, air emp Hit clegC Air e eraturc in aThur~tc~ area gC Carbu or ,upply . ir tempe ~ UT egC 
	#1 exh u~n gaJ'l t mperSJture cl C ff";J exIJau5t ga<> temperature degC #3 exha st gaR empe ature d gC 
	#4 exha st gas em eTa UT degC Ambient air temperatut"1! de "Eng"n vn f I i plI 11" P ee ur 'Ps1g 
	10. 
	The RVP and eli l::i118 ion tests ar.e conducted at th@ Technical Center using tie 
	procedures and uip ent spec f1ed in h a propriate ASTM spec ficat1ons. e 
	octa e measu ments anrl se cted RVP test ere conducte at Sun Re ining and Marketing~ Marcus Hook. Pennsy van a. under ontract t the Technical Ce.nte • 
	T ST AP ARATUS. Fuel Aging Study 
	The environmental e fect::s test ere onducte.d y using ,eight general avjatio 
	ing sect ons tha ~ere mounted n ands des gne 0 hold the wing~ at he arne hei~l1t from t e ground and attitude as would be ~ound ~hen the resp ctive aircra is pared on a level urface. Two Wing sections (one right, ne le t) fTO _ach of t aircraft typ are 1sted below. 
	AIRCRAF. MODEL FUEl. TANK 
	l'ooney M20B Wet ~ing Piper .her kee et ~ing. Removab ,Tank P per ,om n he Bladder Tank C ssn;J 172 Metal Tank lH th n Wing 
	These selections Tepresente the r ur main types of uel ank onfigura tons found in eneral av ..tion. A the anks e e painte wh te 0 I!li 1nat the vaTiab @ of dift rent eat tran mis~ on Bused by various _OIOIS The wOng were arranged as shown 'n f1guI'e 5. in a curb £I, concrete pad. whjc measur d I by 36 feet with leading edges fncing .outh. Ea h wing w~s instr men ed wit tw 
	0 measure the ue temperature. As sha in figure 5 detail. one tbermOCOll])le as locateil one nch a ove the bo to of h tank and the other 
	th nnocou les 

	thermocoupl was adjuB able so that i coudb set t a pain approx mat ely one inch below he op of the ue level. Eacb tank w quipped wi h va ve from w h samples were drawn for R P and octane tee ng. The RVPs w r ini la-ly measured to.JeekJy. AB the fuel aged. the e ay in R\rp slowed so the "nterval bet~een samp ing the fuel the ta k was ra ually increased 0 16 day. This increased the ,ngth of fme he RVP of the fue sam Ie could be lRoni toreci. 
	Addition 1 nstrumenta ion included an an momet rand B thermocouple to me sure ambient alr t mperat re, which were both mounted on a post ocated approxt a e y 
	fe from the concrete pad. The anemometer as IOCR ed 5 feet above ground level, and the ambient elilperntur th nnocoupl , shaded by a e.ta eld was 1 cated 3 f ct above ground level. An automatic data recording system was provided to re OT he 16 an tempera ures, ambient air temperature, ...... nd spe d, and clirectio 0 an hourly basis. 
	TF.~T APPARATUS. Flight Tes s 
	A s~rig of flight tests was conducted under contract f r th TC!:chn:tcal Ce.nte . In these t _ts~ two general av1at on aircraft were instrumented to d ermine t e effec s of the opera ional mod on the temperature f he fuel in h~ air af fuel sy terns. The ns rumentatioo Ons ted or thermocouples placed thr ughout the irera t filel sy tem and the ngine cowling and one therIDOCOU ]e place in 
	the. free .tream to dete min h 'mbient t~mperature" lfhere local air loclties warranted, total· emperatur probes were used. The gnal~ were· ed in Q an 
	11. 
	6' ----------1... I I I i.4 PAD 
	~-------,----• Ilono.. Of wING X-1" 36' I , 
	[;) 
	[;) 
	NOR·H I 
	'" CONCRETE 


	P.. 
	IGURE 5. LAYOUI OF WIN SECTluN USE 
	FUEL AGING S DY 
	12 
	au omatic data acquis tion syste whiQh operated off n inverter which was po~ered by the aircraft elee rical sys em. During the cour e of the ight, the ata was stored in t:he data acquisi io system. hen it as transferred pon landing to either hard copy or magn.t c tape or fur her fllalysis. 
	The aircraft used for this u y we a Piper alerokee ( A-28-140) and a Cessn~ 172 (C-172). The fuel used thro ghout the f ght test Wi s 100LL avga. The ge eral locations of the test apparatus in the res ee ive aircraft ar 8ho~ scnemat cally in igure 6. 
	The time for ngine start tak ff. rese ing attitude in ~t@ B of 1000 fe-et), beginn ng desc nt, landing, and engine hutdo~l were re 0 ded manually as were other per, inent observe ion. about ambient ouditions J the tank in Uf;l!?;. and in tle case of the Cherokee. fue. boost pump operatioT. 
	e aircrnft for these tes s ~ere opera eo under t experimental categor.y y Admiral r Services of Woodbine, ew Jersey. 
	T ST PROCEDUR' S 
	The pr cedur s used during this rogr.am are )roken in 0 ix gener 1 areas: baseline t sta, vapor loek te t ...• detona ion surv ys. horsepower cor ecti I computations, fuel aging studies, and flight te ts" Thea p oce ures er_ often moa f Ii! to ob in spec fic: goals and. where necessary, the mo ificat 0 S are discussed in the pp opriat resu s section. 
	TE T PROCEDUR ',S : Baseline Te t (Dynamorne er 
	Th baseline performance eets weT conducted a. fo low5. 
	1. Fuel the tan'S 1.,,1 h avgas. raw a samp] Ie, and meas 1re he RVP and. dist llation curv@.. 
	OJ. 10\01 the oil to r se to operating temp rature. C ndllc a magna 0 check. t en set he. engine coo ng air empe ature il d pressure tn the cyrina r ad t mpe.ratures are. in the normal operaI': nR range (175 d gree. to 200 degrees C 1 ius or 350 deg ee~ 0 400 degrees Fahre hei t) • 
	Start the engine a d 

	3. 
	3. 
	3. 
	Set the dynamometer to the speed contr 1 ode and select an engine speed of 2000 RPM and a manifold re sure of 20 in} . If neces ary, set the ixtu e to luI h. 

	4. 
	4. 
	4. 

	ab 1 z • t en tak a r ading manually. 
	AI ow conditions 


	5. 
	5. 
	5. 

	Increase (or e rease as appropriate) th manifold pressur in steps of 2 inH to 


	cover the fu 1 range of manifold pressure,. Repeat step Lf for each man f01 pressur Be' .d. 
	6. J crease h en ,in f;lp di steps of 100 RP to COy r p. 4 and 5 for each ng ne spl!!ed.. 
	the 
	ra g 
	of. 
	ngi 
	speed 
	th 
	ough 
	2700 RP 1. 
	Repeat 
	st 

	.' 
	.

	7. radually redu e th p wer and allow 
	he engine 0 cool. e f rm a 
	magnet h ck and shit e en ine down 
	usin 

	he mixture con rol. 
	13 
	Cl;S.SH.... 11~ ( 101;) 
	Figure
	I! SNA H2 [TOPj 
	Figure
	1.COMPUTEFl. 2.POWE SUPPLY. 
	UP U I. TANK 't Fl,r,Tl.I !lEN 0 ~. OW FI FUEl. fANI( TE....PERATURE SENSOFl S-AMBIENT "If! TEMPER,r,TUFl:E G·CVLlND A EAD T MPERATUAE (EACH C .... U DEFIl 7·EXHAUIlT GAB TEMPI!RATUF1 lEACH CV j DE I 
	.lJ PER FIReWALl!. T1:MPERATUF1 g..UPPER COWLING EMPERATUFlE G-CAFHlUAE OA FLOAT BOwL FUEL TIEMPE'RA'rURE 
	'II-CAR UA TOR AA A AIR TEMPEA.lTUflE l2·L.OWEFl CO LING 1E PEFlATU l3·seDIMENT OWL FUEL TE PERATUR 14.LOWEFl IREW I L TEMP R"'TURE l5·FUEl PIJ'MP INL T TEMPERATU~E l6.FUE.l-PUMP OUTLET TEMpEFlATUR 
	FIGUR' 6 . LOCAThlN F Ttlli TES AP Rll.TUS FOR TH~ l,'L GilT TESTS (1 [ SheeLs) 
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	P PER CHEROKEE 
	-28-140 
	Figure
	314 
	PIPER CHEROKEE 
	A-28-140 
	Figure
	3+4 
	)) 
	-COMPU ER. 2-POWER SUPPLY. 
	.UPPER FUEL TANK TEMP RATUFI SENSOR 4-OWER U L TANK T MPERATUFlE SEN OR S-AMD.ENT AIR EMPERATUR &-C UNO R HEAD TE PERATURE EACH CIIUNOERl 7-UHAUST GAS TEMPERATURE (EACH CYLINDER) !·UPPER FIREWALL TEMPERATURE 
	-UPPER COWLING TEMPERATURE to·CARBURETOR F OAT BOW FUEL TE PERATURE 11· AROURETOn AREA AIR TEMPERATURE 1'.LOWER COW I G TEMP RATURE fJ-SEDIMENT BOWL FUEL TEMPERATUA l4.LOWER IREWAL TEMP FtATURE IS·FUEl PUMP 'NUH TEMPERATURE 1&-FU!1:l PUMP OUTL T TEMP RATURE 
	rGUl{' G. LOCAr 0 OF Tllf. EST APPARATL FOR' FL[G T ~STS (2 of Sh ets) 
	15. 
	EST PROCEDURES: Detonation Surveys (Dynamomet~r) The onset of detonation we meaSure as follows. 
	1. 
	1. 
	1. 
	Fuel the tank w th he est fu I. Draw a sam Ie and aaure t e RVP. the clist llatio urve~ and, as appropr ate, th octane T ting u6~ng the research and motor m th dB. 

	2. 
	2. 
	Start the engine and ~llow tbe to reach norma op rating temperature. Per arm a magneto heck and set he ~ow] ~ air tempe atur and pressu @ 0 obtain cylinder head temperatur s at 0 a ave the ma.ximum imit (525 degrees Fahr nhelt). 

	3. 
	3. 
	et the mixture to ull rich if cessary" Incress h engin Bpeed to 81d s~t the manifold pres ure 0 20 inRg. A1low conditions o stab 1 ze. Observe for signs of d tonatfon. 
	23 0 RPM



	NOTE~ Whe eve. etonation occurs rlgger the even marker. and rna e ~ note o· the number of lash B per ntedte edonthe ycomin~ detonation analyzer. 
	DO NOT OPERATE A'll SETTI C'S W H RES T I DETO ATIO FOR EXTENDED PERIODS 0­TIME. 
	4. 
	4. 
	4. 
	If n detonation occurs, educe the fuel flow n steps of 5 perc@D alJowing conditions to AtabO]ize betw e. reduc ions in fu ] flow. Repeat un iJ ill sfire ccurs. 
	detonation or lean 


	5. 
	5. 
	Reset he mlxtur to full rich. an {nCT ase m n fold preRBure In 


	8of2inA unt1fu t ro l. epea tep~ 3 ~nd 4 for ach etting selected. 
	c man 

	Inc r~ase l1e eng;l.Il speed n Bteps of 100 RPM up to 2700 RP. Re peat step 3, &, and 5 for each setting sel ete • 
	7. Reduc he po~e. et ing and alIa the eng ne t col. Perform ~ magneto check. ~md shut h engine down using the ix ure contro 
	TEST OCEDURES: Vapor Loc eats (D amometer). The vapor1c teas ~el conducted ~n the following manner.. 
	1. Fue·1 the tank with tn proper te~ f 1. H leet the d sired init al tan tempera tnT _, and turn the tank h at ron. Allow the fueJ i hetankto r Re to the d sir cl mperBture. 
	"2 " S art the en ·in and allow the 011 0 ri e to op rnting temp@ra ure. PeTto a ma.gneto chec k Make sur the eng'ne coolin~ air temperature and pre sur ar set to he des i red 'Point. 
	Set he engine 5P ed an manifold pressure t ob sin a fu flow rat of 
	2.5 galJo per our (gpb). Al1o~ .ondit OnR Bt b lize. bserv fo signs of vapor lock. 
	16. 
	4. If apor lock occurs (as d terminded by poyer n erruption) ~i ch th 0 her ank; rigger he event marke i and note th temperatu en-he fuel lin '. the sediment bowl. and the c rburetor bowl. As cond tions stab I ze. turn the line eaters off. 
	If vapor lock does no occur, perform step 5, 0 h rwis con ~nue with step 6. 
	S. TurD the appropr at 1 ne heater~ on 0 setingof10(th@line hea er are roportional 0 the temperature. of the au R:!.de W~] 1of hefu 1 line ; the ina de wa.ll m!v r reac es th· s tempe at re). Observe for signs of vapor 1 ck. 
	If VHp r lock doe not occur ~ithin ive minutes, set the lin· heate to 50. Terminate the run if he fu J emp rature exceeds 75 deg ees Celsiu • 
	If vapor ] oc occurs. perform , tep ll. 
	6. Change he manifold ressur and engine speed to !nCTeas@. tIe fuel flow in increments 0 2. gph until maxi.mum power. (usually 13.5 gph). A 10\1,1 
	'ondi ions to stab" iz ; observe or sign f vapo lock; and repeat teps 4 and 5 as ec:essary. 
	7 f d sir d. se ct ne of the above fuel flnws and epeat hat data point. fake not 0 ny significant changes the occurr d b~tween the initial da a poin and his inal cia a poin • 
	8. 
	8. 
	8. 
	Reduce th ower. and allo~ he ngine to coo. erform agneto heck, hen shut the engine clown by se -tng the ixtl1 e con 1'01 to 111 lean. 

	9. 
	9. 
	Draw a sam Je of ga olin rem the tan n USg and easure the RV. If a drop of morc than 3 psi is measured be ween the Initial RVP and the posttest RVP, d~te ill ne distilJation curv • 

	10. 
	10. 
	P paTe' time f the varion fuel, y em tempE!r tures ii. note the pint here the emp ratur begin6 to rise abruptly. This coincid s ith the onl'let of vapor lock. r:ompare this empera ure w the onset of vapor 1 ck for fu Is with if rent Re d Va po Pressures :md ini tial tank Le perature . 


	DURES~ florsepow . or ection COlllputat ons 
	TEST PRO 

	The horse ower measured 11 va.ry from day t day depending on the atmospheric pressure and the emperature of th air rc.u::hing he arburetor in et. To make valid 'olllparlsons, he horsepower is eOTrecte 0 hat ~ould be expected ~t . tand::! tmospher c temperature and pr sur. Tl camp ation~ w~r perform d 
	sing quations found in re erl1:nce 2. 
	Th olc:ulated hoI' epow r Is etermine.d fr the tOTque and engine peed using the following relationship: 
	hp 
	were the to que s in f -lb . 
	1 
	The expected ho sepowe for standard ~ea level conditions i pproximated b th following relationship: 
	wher. he aiT density ratio (ADR) is de erm ned fro he ambient atmospheric conditions I1sing: 
	ADR -17.336 Pam /T
	am 

	~here Pomb is in inHg absolut and Tam s n degree Rank ne. 
	TE~T PROCEDURES: Fuel Aging Studies 
	One o. he wing sec ions used n bis survey was filled to apae ty wi h a test fuel. A sample was ed'ately dra~~. n he R was measured. In con un t on w t the detonation surveys, the test fuel ~aB eS cd for j s o.tane rating 8t 
	hiR m. 
	Periodically., samples ",ere drawn fr m the ~ingl'l J and .he RVP f the sampl Ii lo' r 
	e rm'n d. Ini ially. he samples ere drawn a fe d y apar. As the teAt fuel aged nod the change in RVP witll tim decreased. th im be w en s8mpll g was ex ended 0 approxfma ely two week 
	Af. er the VP f a sample stabilized] r just prior to exhaWltion of the t st Tl the wing, a samp e is drawn] a d t e octane rating was deteTm'ned. 
	fuel 

	Tn ~ 0 change w t peak tank emp ratur s for the period between samples. 
	'ime history plots were prepared whic compare the 

	T S: PROCEDURES: Fight T t 
	Roth a rCTaft W@Te opera ed llDde 1 ht ondi i os simi.lar to what one might expect 0 exp r1 n e dur ng normal usage, A run she twas pr@pa ed for ea h flight listing the ambient conditions, ~nk in 18£. op rational phase, tank iil ] ve and th es as appropria e 'e data acquisitio ,ystem was n al zed
	1 
	and the engi e tarted. The engin a perated IIil til 0] as at operating te IperatuT h n he operation of the magnetos] light control .ystem • and
	J 
	instrument T"rss hecked pr 01: t tall: of Upon landing] the aircraft was taxied 
	o he 1 .gll operations buil ing. the engine shut down, and the D ~ erns ered as neceBsar • 
	latio~6 were brolen in four phas s. Ph e 1 consiRted of an engine tart. f" @ to!ch FInd goes. n ngi e shutdown, a h t oak period of 10 to 15 minutes, a eco d e glne .t r. • ['ve more ouch and goe • a 1mb to 5,000 feet ~ffiL (Woodbine has a f eldelva 1 0 39 e t MSL a period a maneuvers atatude fo up to 20 minu t• and a dseent 0 land ng and hu do,-,.;rn. Phase 1 wos design d 0 ap rox ate a fligh rafile during typical raining opp. ati 0 show th~ ~ff cC of a1it I n the tempera 1:' n he f el sys em. These phast:
	The ypes of op 
	Pha ea , 3, and 4 were designed 
	0 

	18 
	I~ additio to the a OVe f ghts, the -172 as fl wn to its a solute cel ng 
	using he be,t ra e of climb speed ( y) and the est angle of cl m (V). Th ' amb'ent emp rature at the fed was 10C and -3C, espectively. These tests we B can ucted to see if the red ced air density at altitude would result n 
	x
	0 
	0 

	high r fete peratu es despite the reduced af tempera ures at alt ude. Th Van Vlights were intent onally conducte on Doler aya to av id 
	y 
	x 

	overheating th engine. The ixture was leaned as necessary to obtain smooth 
	operation at alt udes above 5.000 feet MSL. 
	Th aut mat c data cqu iticn .y8 em was set to take a reading every 30 seconds durin he Phase 1 and the y fligh s. The scan rate was lOtT imes a tnute for the Vlight, and it VaG S 0 once a minu e for the Phase 2, 3. and flights.
	x 
	SUMMARY OF RE ULTS 
	HAS LIJE TE TS: AvgSB 
	I ser!@s of tests were onducted on e yn' orne eT to establish pera ing 
	r ficien~y and famil ri y with the engine's behavior. Tb 6 t stR wr conduc ed w tl lOOLL avgas, w ieh had an VP 0 5.3 sfandanTBPof42deres Celsius. 
	'J'h~ [irAt teat equenc de eTD'lined hich ylinder ha the leanest fuel-to-air ra io. This nformation is usefl i predic ing which cy n(]er ould detDI1at 11 
	first. and it prOVided a eel foT. th fue consumption at a g ven Ololer s tin,. 
	'or this s qu nee te leanest cylinder ~QS determined y look ng at ~xhaust ga tcmperatur (EGT) crossover for ach y iuder. As he i¥ture 15 leane , t1 EGT Tis 6 ntil the cylinder 1s operat ng with a stoichi metric uel-to-air r" "io. As th mi. urI! is 1en e further, t e EGT dropa UI1t le~ll misfire occurs, The number two y 1nde consistently e~aved s though it had the leane~t mixture, and during subsequent te8t~ it was typically the cylinder for hi h detonation was firs detected. 
	An attempt was made to indlce ap ]ock in he G-72 fue sys em itl the ame sample of avgas as waS sed in the above test sequence. The fuel in he tank wa~ heated to 43° C (110 F)j ~keoff power s cted. and t e engine was al owed 0 <i1tabilize in I:l:dR configur tion. The lin. h at rs were. hen turned on, and the sys em emp eratur'es were monitored. This sequence of events was I:er· na eo when 
	h~ sed'ment bo 1 temperatur reache 7 (") C (167 F) j not because he ngine 
	0 

	apor locked. DIT ng hIs sequence) the f el flow became errati when he 
	ed ment bowl empera ur ex e ded he BP f the fuel (42C). Since the 
	0 

	ediment bowl is pst earn of the f @ flow transducer) the temperature of 
	th fue passing through the transducer .R lose to the empera UTe of the uel in th euiment bowl. This eads to t c conclusion that a ign ficaDt amount of vapo is g(?neratecl hen he fuel temperature exceeds h IBP 0 th fuel, Likcw se~ the uel pressure f uctu ted whe ever th temperature in the system 
	xceeded t c rEP of the fuel . 
	.A v pOl' lock sequence was perfDrmed sing avg.ns in he ow wing (suet on feed) config ration. The fueJ temperatur n the tank was 43° r. (110F) and th~ f ]1 Tan~e f fuel f ows were tested. apoT lock was encoun en~d only at tak off pOfJer (13.5 ph) nnd wi th the 1 n hea.ters set at he 25() setting. This as a morc severe a e than would be fau d in a normal operatjon but i demonstrates 
	0 

	the effect of changes in fue system confi~uratio . 
	1 
	A attemp was made 0 induce detonation while using he same bat b of lOOLL avgas as was used -h' ~o sks ab ve It was usuccessfu even hough the cylinder head temperatU('@ (CRTs) nod the oil tmnperat:ur w rE a: the limits 0 this ng'ne, he carburetor in et art mperature was above 100F, and the oweT and mixture controls wer adj lated to obta n the mo t ever conditio poss hIe, This was as expected since the engine was designed 0 opera on 91/96 o~tane avgas. 
	0 

	Two run were conducted to enerate B erformance ab e, est bl sh ~onfide c in syst m stabili y (by epeatinK po n sand tonvest gate What effect} i any~ chan~e5 in t le -uEll 9y tem had n he pot.r r develop d. The8 tests l>.' Ie 
	onducted using lOOLL avgas with an RVP of 6.1 psi and an lBP of 46C, Over the 
	0 

	ange f power set ings used (from cr se to akeoff) no sign1-icant differences were etect d as £ consequence 0 ch nges i the fuel tempera ur. he ~nk in us (left or r ght). or repeating the test later in the day, In a _ ~ases, t horsepo~er developed and the brake specific fue consumption (BSFC) were normal for a yeorning 0-320. 
	R f T nee 3 contai~s a more de ailed analysis 0 the ea wh h Were conduct d 0 this baseline. 
	s part 

	DETONATION S RV YS: Au togas 
	Six r~ommer 1a1 y avallabl ue s we e tes ed for detona ion. ree were pI~n u unleaded. and th4 ~ ~er regular unleade autogas. Samples of heae fue s w~re th n placed in the wing tanks ~5 par' 0 he u1aging ~tud~. Or ginalJy. the T chnical Cent r jn nd, d to ond t de n3one t~ On th fue which had been ar,e~ in th wings de cribed in the F.@1 Ag ng Studies SectIon. but a inRufficien amount remain cl f e agin t ~erform e ona ion Llln. 
	There is a strong rela ionslrlp be ween the ON and the occurrence of detonati n. (8 e reference 3 fOT more detai].) A$ he MON increases, tbe tend ney to detonate deer ases. Ther 1s a similar rela anshi been h RON an~ ne onset f detonation, lit it is no as defin d as th relf1t nship w I:h tne lo10N, 
	Table J shows the effects of agin~ autogas 1n air-era t tanks (descr bed in the Fuel Aging S udies Section) on the MON an RON. The MOT inc: eased an aVl!rage 0 
	0.5 wi h the range of ch ngQS y ng between +1,6 to -0.5. The RO increased an av rage ~f 0.7, and le ch gee nged fr m 1.7 Q -0.3. These esults agree l.'itll tl data reported in refer nc 4. Whil he hanges encO III T d rc not 
	arg, hey are So gn'f-ic<lll since."l!'j a l change in the MON resulted in la.rge change in h inc cl neof en i n 0 ht-in l1a0, ch ~geB cau~e a problem for an engine certified for 80/87 oct ne ~v~aB. 
	en ountered Id not be expected to 

	20. 
	TAR E3. THE ECTS OF A ING 0 THE OCTANE RATINGS 
	A TOGAS AGE R+M SAMPLE ID ASTM Ss (MONTH. MON RON 2 RVP 
	CRU E 0 83.2 91.4 87.3 13.1. CRU E 6 83." 91.0 87 .•2 9.4. 
	CPU E 0 87.5 96.4 2.3 13,6. CPU E 6 89.1 98. 93.6 6.. 
	ERU D 82.5 94.0 88.3 Ill.. RlJ n 5 82. 93.7 88.2 6.0. 
	p'D 0 86.9 98.0 9 . 11.5. EP D 5 87.8 99 0 9'.4 9.. 
	~
	iRU E 83. 91.6 87. 13.3. HEU E 6 3,0 ,2 2 87.6 7.7. 
	UE 0 87.0 7.9 9 .5 ]2.7. HPU 6 87.6 98.5 93,.1 5.5. 
	luring tbe detona ion runs, the eng'ne w $ se a a specific power sett ng using avga5 before switching to the autoga b~lng test d. Th ora po~er deve .oped ether fu@l a c pared and, un]ess t ere was detonatio. h Te w~s no significant dtifer ceo L ght detonat on (five fIn hes per 111 nu e or less) c 1 occur 1.1 t lout no iC'eabIy affecting either the horsepower, the EGT, r the CIlT, l.Ihich ""as un xvected. Unless le etonation was s vere, he EGT and CHT WOll d 
	how only . ght changes which could go unnot:ice f the peratoT did not, xpe t detonati011 was occurring. Not nly as ligh to moclerate etonation tfff u t to dete~t usin t e 'nstrument,ation ormally f un in an aircra_t. but ev n in t t "'t 11 environment. detona ticm as inaudible unless jt was severe. t the nasi T aircraft environment, one c uld n t be expected to detect de onation. As Titl he nse of vapor 1 ck, the EGT prob ~ 1 ,his installation ~~r slow to L6 p{nd to on et of sev re detonation. 
	1 ix commercial y ava"lable au ogas fuels de nat d at one or more ower ett 'ngs. where s the lOLL avgas used to set the data point die not Xh1 it a tendency 0 de onat~ There was one xception. and that particu]ar sample was 
	-year-old vgas that ~"a being used ur1ng some maiI1tenance runs early n the program. The Technical 'en e was un ble to r peat th B point and i if; inconc usive as tc ~ hether th .age of he: fuel was the cause of be. detonati n. 
	Oc asion lly during s"dtchover fTrn avgas to autogas t a br e[ pl'!1"1od of d nation was e ected. It appeared 0 e asaoc.ia ted with mixing of the two fu A numbe of samples were prepared where different percentages of avgas w~re mlxe wi -h a regular unlea d 'au ogas. Th~Ae sample5 were tested t Jetertlline teo tane rating of the blend, and tl e resu s re I sted in table 4. as can be een. mixing a gas an autoga~ results i igher octane numb r than 
	he autoga6 a one: so a reduc t. on in oc tine numb er ia n the cause of iOll. One po l';ible exrlana ion or his phenomena is ma.Id stributi n during the. switch-over rem avgas to a.utogas. 
	etona 
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	ABL' 4.. PROPER'T'IES 0 F.VERAL MIXTURES OF AVGAS I J REGULAR CAnED A TOG S 
	PERCENT RVlJ RVP (pai) RG MON R+M/2
	SAMPLE ID AVGAS 

	~ 
	ERU 0 14 ) 4.0 94.0 82.5 88.3 
	SM 10 9.0 9.1 96.0 84.3 0.2 
	3M2 20 8.8 8.8 97.8 87.0 92.4 
	sM3 33 .6 •6 98• 7. 92.6 
	5M3 50 7.9 7.8 100.1 ~1.1 5.6 
	DUTing th a or lock portion of th~ pro~ramJ light detonation was occasionally detecled when opeT~ ng at cruise power se tings on regular unleaded a tog~s. The mixt r was not leaned duo ng the spar ock runs as it would be n fligh . SInce lean'ng aggravates detonatio endencies one \o1oul expe t 0 encounter detonation when perating an engine designe for 91/96 0 tane vgas on regular 
	IIllea ed autogaet. Figure 7. w ich con ains the esult from wo af thn detonat'on runs. shows that detonation is ncoon ere whe op rating at 24 inHg and 2400 RPM r approx a ely 75 p Te@n pow r. ~ffort. aTe underway terti y B 1ect 91/96 ct. n _ rc Bft en ines n utogas with the USE f Jc. h -w er inject10 to ppregs detons fo d ring t k@of and eli t may be necessary 
	o e trict ~'tl h Pra io B t preml1l1 unl a ed a togas. 
	he design the detonation e pe imen s called for the ngin cooli g air L mperature t: be. at 38° While eating aample EP • the bai] e:I" in the co 1 ng afT Jower failed. A repeat of s veral of the da a poin s where deton tion ad occurr d (with sample EPU aud eleva d cooling air tern eratures) resulted in only incipient detona ion. Th s clemonstra eo that t e engine cooling iT temperature has a sign ficant ~ feet a detonat on. It was also observed h t th higheT the humid'ty of le carburetor inlet air he less 11
	During he. vapor 0 k studies de ona 1 n ~ou1d oc.casiona ly occur as the fuel 0 a'r ratio leaned r~ h th onsp,t uf apor lock. More often. lcnning wo ld occur so rapidl} that etonation could not be lete ted even if it was xp e ed. Following on p r arly severe case n detonati n during vap r lock runj a 
	IOToscope was u ~d 0 inaper. the ~yl{nder. Within the 4 econds tha detilna ion ad o~curr d. ost of ,he depoAi ed ] ead had been T0lloved from he J and the top of he p stan had b gun to cx'dize. No 
	piston and cylin er ead5 

	o her damage was no ed. and n rep~irs. exc p for cle ning ebr's from the spar pugs, were Bde. 
	VAPOR LOCK TESTS: Aut as 
	Sixteen u lA w re tested for npOT lock. (.. fuels 'ere 10 L avgaB. and on was a sp c1ally prepare bl nd 0 1de auto .q • ieh lJB.S Ie tover from previous s u y. e rem.nintn thirte fu.l :.ret@ unleaded a togas purcha ed from reta lers he vicinity of the FAA T chnical C n er. 
	-!. 
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	SAMPLE CRU, MON -83.2, RON 91.4 
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	1I 1 r~ 
	22C1 O'JOO 1400 '500 2600 2700 2800 
	ENGINE SP E:D -RI'lM 
	. FUEL HOW METER UNRE IABLE. UE TO VAPOR ORMI\T1CN, H RE"'O £ 0 LEAN SET INGS ABOVE 2 -00 RfJ.II. IT IS POSSIIlLE THAT ClETONATIO WOULD HAVE OCCURRED AT TI-IESE POINTS l THE OP RATORS COULD HAvE LEANED TH'E MIX UR A. THESE POINT 
	ERU, MON 52.5. RON 911.0 
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	220P 2300 240 500 2 a 2700 "Jf!OO 
	ENGINE SPEED -RPM 
	FlGUf E 7. SELECTI N f ESULTS F OM THE OETO A.TID SURVEYS 
	23. 
	Table 5 list the AS vola.tility c:las ; RVP; I"BP, and. w,en ava hI. the performB.n~e number fOT all of the fuel~ tested. As mentioned ea er. he Technical Center was unable to induce va 0 lock in the C-172 uel yste w th 
	the 100L av as but was a e to 'nd ce vapor lock n the uc ion feed ystem when us n lOOLL. All of the fuel samples We e s orad n sealed barrels prior to 
	ein[l tested. 
	TABLE 5. PROPERTIES OF THE GASDL S TEST}~ FOR VAPOR LOCK 
	AS']}f 
	AS']}f 
	AS']}f 
	TGH CENTER 
	UN 
	REFI 'TNG A 
	MARK·TI 
	G DATA 

	va 'flITY 
	va 'flITY 
	lBP 
	RVP 
	RVP 
	RON 
	MO 
	R+M!2 

	FUEL ID CLASS 
	FUEL ID CLASS 
	(deg .) 
	(psi) 
	(psi) 


	HPU E 5 12.2 1. 97.9 87.0 9 .-
	HEll '5 12.4 13.3 91.fi R3 5 87.5 
	CPU E 25 13.3 13.6 96.4 R .5 92.2 
	CRP E 26 1 .8 13.1 91.4 83.,2. 87. 
	•.tJ D 26 12.7 .6 98.0 86. 92.5 ER n 25 14.1 4.0 911.0 8 .5 88. ~ 
	TFIl 25 11 11.3 97. 86.2 92. SBL 30 13.6 
	MP] C 35 9.3 9.S MRll C 35 10.0 87.5 
	}C 3 ]0 93.0 
	ARtl C 36 10.0 87.5 
	SPU C 32 10.9 9 . 
	SRU C 32 10.5 87.0 
	lOOLL 42 5.3 
	lOOLL 43 ,I 
	Ty ieally, the ,111 ogas ank was f lIed to the d sire 1 vel and t e fuel eated 
	o th desired temperature. Th ng ne 001 ng air temperature Rnd pressure ",ere set at 38 degrees Ce SB an .3 in 12.0. respectively, the engine oil tem ra ur set to 85° C (IRS F), an the carbureto inlet t@mperature WB set at 38 C. Tbe rRng of fuel temperatures was fro 21C 0 49° C (70 120F). Each fuel t.lae te.st@d at a lIdnimum f th ee ini till], ;mk em eratureB nd if sufficient ample remained. i. wo ld be e.13 e at faurt tempel'atur. Two fuel ere ested at th ir B 's. 
	0 
	0 

	Each u1was t stedat hes xfuel f ow I'a es lis ed the te t p nc cl e BeCLlon for ~a h in la1 ank temperature. At the end of the rUTI, C~e of the f el flow ates wa repe<tted fOe if hanges were a.pparent in j hf!.T he temperature or time required for vapor lac to acc r. or the most part, t ere 
	24. 
	were no S gni icant di ferences between he initial and repea ed data point The. 2 5 and 5.0 gph setti gs had a large variation et~een th 1nit al and r peat. 
	ata oins, but this .s mo e a consequence of the Tan 0 pereo ion phenomena. (where the cooler u 1 woo d run down one leg of the C-172 fue system and heated. fue retur via t e oth r) than short-term ag ng at an elev~l.t d emperature. At. these ower fuel f aVIS., vapo ock could ccur eithe-r ve.ry rly or not at all.. In many caces, either the ni ial ,or he repeat data point resul ed in vapor. lock. while the other da a oint d d not.. 
	When r ie.ing the allowing dat. eep in mi d t ~ sedi tnt bowl "emperfi ure w s. normally he are consistent in i atoT of the onset 0 vapor lock. Thi~. reiniot' eS the :lIn ressio that rag yen fuel system, the formation 0' 'a-pOT at. the lowes poi t 10 the sys-@m w 11 result in vapo. lock.. 
	u1 ~giog Effects 
	Th RVP an~ disti11ation wer.e ffi@ sured prior _ach run and a samp @ .a esad aft Y h@ run to measur.e any c anges in he RV. f the change in R wa. large enough, the post est amp ~'s disti la on curv as determined. On the av rage, 
	the VP ropp d about 1 6 psi during he course of a rUIl. and ypica y the IBP changed only 1 or 2° 
	he ini ial tank tempratur had an ef ect n he magnitude of h_ drop in RVP. AR can be seen in tabl_ 6, the drop :tn RVP increases wi h the in tial tan t mperature. There ~.,rere on y 15 data points in the 5° C temperature range, so there is a l:Lll ted ani denc in thi vaJu~. 
	TABl.E 6. FFECT F ITIAL TANK ERNTI1R' ON H' DROP 1 RVP 
	DUTIA T' tPERATUR. RANG. DELTA RVP DEGREES C LSlllS PSI 
	18 
	18 
	18 
	to 
	21 
	O. 6 

	24 
	24 
	to 
	2 
	-.20 

	29 
	29 
	t 
	32 
	-1.07 

	3 
	3 
	38 
	-1.,7 

	1,l 
	1,l 
	to 
	43 
	-1. 
	7 

	46 
	46 
	t 9 
	-2.38 


	A EAAGE RVP • -1.6 PSI FOH AL RD S 
	In general. h e results agree well wi hOB ~o'H?red in I"ElfeT'l!!rtceEl 4, c;. and 
	6. The prin .ipal exc ptions to hese r lts w~ 9 for sample SBL, the last tElst sequnc usin T •an t e ample whi h w re llowed to age n a en ed tank overnight. 
	Sample SB, was pr pa-red for the ~echnical Center appr.o~ima ely 2yarsprorto be og tested., Ev n thoug thi fuel was stored in a. .s al rum, t e RVP decayed ro thefnitia v uea 1 si 013.6psiatthe fmeof the firt vapor oc teat. Th s d cay continued for he au sequent runs ntil 1 reached a value 0 
	11.7 pai. The average drop from the pre t esto e po~ tell t RVP for this ue waR 3.6 psi. with the largest drop eing 5.1 psi. The data from he last test ~equenc using sample TPU is contained n table In this case, the fuel sat in 
	pnrtially full barrel fo. ver 2 man he prior to being tes ed. The original teRt sequence l.~as to loa into the effect of ank f 11 leve and en~ 'ne coo ng 
	25. 
	ernpera ure on the ncidence of vapor lock in suction e d 8Y9 em. As 8 progressed. t~e tempera ure a which vapor 0 k oc rred increased which 
	as contt'Bry 0 what wa~ expected, since the tank -evel ws d opp ~ as fuel \Jag u ed When it was appare that va OT lock coul not be l.n \Iced at 12.5 gph» th Tun t-lEtS termi ted. Only afte he large d-rop 1n RVP was noted did the age f the fu~l me into quee ion. The ata from hese two ases in icate that once t @! RVP begins to decay the drop 18 rapid and decay in R can OCCUT even though 
	he uel is. store i sealed drumR, 
	TABLE 7.. E nCTS F'L AGING 0 VAPOR OCK INSCT ONF'EDSYTEM 
	Fuel Sampl Age: 8 eeks Ini -1a ank TempeTatu e: 4 degrees e SiUB (110 eg ee Fahrenhe' t) Fuel ID: U,' P 25 d~gTees elsiu , RVP 1 .3 psi Po test RVP: 7.8; Del a V = 3. sf 
	TIME A SED. BOWL CARB. ROTtTL FUEl, Fl.OT,.1 1100F L1 F. IIRATER LINE TEMP TEMP T dP (min) SETTI G (oC) ( C) (oC)
	im:!!l 
	10. 20 150 55. 55 
	10.0 15 57. 52 
	10.0 81 250 58. 55 

	12.5 30 15 ~4 5. 52 
	12.5 30 15 ~4 5. 52 
	12.5 5150 8 55. .52 
	2.5 9320. 8 56 54 
	12.5 
	12.5 
	12.5 
	13 250. ABLE TO VAllOR LOCK 

	13.5 
	13.5 
	35 OFF 5lj 5. 52 


	13.5 43 150 5452. 51 
	13 .5 J05 250 7. 7 56 
	13. 120 250 57 58. 58 
	Convr ly. thefu1 _~n ~e without sj~ifican ly al rjng he RVP, y he beha.vioT of h. fuel if: aff cl:ed. Thi was particu]:J.Tly evident: when fr s fuel as all ~ed u ~d v ght at am e-nt €Imp rat.ur in a vente contai er. 
	Table 8 h ws lrIh I::h ng@s in behavio' 0 cur as t e fu is allow!?! to ag vernigh • even tho L~d he initial RV of the ov rn g t samp e has dropped only .2 psi (we] 1 within the flC urae 0 t: test) J tete peratures at "'h h apor 
	lock occurs ba~ r .sen s·g cany. Just 8S mpor ant, the f @sh sample requi ed ittle or no add"tiona.l h@at fo vapo lock to occur (note h line 
	ea er sett"ngs) w ereas t e over ight ample qUired additional h at ~t a1 fuel flo~s and ypically th line heat r B t ing 'BS h ghar. The results from t ese es s indicat@ ha fresh fue • whic.h 1 tOTed in sealed drums, prOVides 
	e. worst cas@ for vapor lock· eBting. 
	26 
	TABLE 8.. EFFECT OF 0 IG I AGI GON VAPOR LOCK B VIOR 
	A INIT FUEL LINE SED CARB LINE VOLATIL TY TEHP :F.LOW TEMP T'MP TEMP ATER R P pas TEST CLASS de_gC de~C clegC degC HETT NG OTIS 8i RVP
	2

	~ 
	E 49 2.5 55 47 42 150 OVERNIGHT 12.2 8.0 E 49 5.0 56 56 51 250 0 JUillGI T 12.2 8.0 E 49 7.5 54 62 57 250 OV RNI7HT 12.? 8.0 "E 49 10.0 57 58 53 250 OVEllli IGBT 12.2 !LO E Lf9 12.5 54 58 52 250 OVERNIGHT 12.2 8. E 49 13.5 58 59 50 250 ov IGHT 2. 8.0 
	fj_
	E. 2.5 NO VAPO~ LOCK 50 OV'RNI.RT 12.2 8. 
	E. 2.5 53 53 45 150 E~H 12.4 8.6
	"9 
	E 49 50 49 52 50 150 FREH 12.4 8.6 E 497. 5S 54 51 1 0 F ESH 12.4 8.6 E 49 10.0 55 55 52 OFF FR lSI 12.4 8.6 E 49125 5 4 4 0 FRES 12.4 8.6 E 49 1 .s. 49 54 47 OFF RE H 12.4 8.6 IE: 49 2.5 2 54 50 150 FRESH 2.4 R.o 
	Engine Coo. ing Air and Fill Level Effects 
	The E!£ ct of c.oo1ing ai_I'" temperature and tank fill level were investi~ated more thoroug 1y us ng the C-172 fuel system. Ear y in the pro~ram, t e oiJ e-r n t e engine cooling ir unit failed and the test was 0 ducted using an eng ne ooling 
	a tenlpera ure of 29° C (850 F). A rep,eat of tha teo ~ th 38° C (]00F) 
	0 

	cooling a temper~tu~ d d not result in a y sjgnifican differen e~. A mOTe 
	st.ructured. test was conducted in which the ~utogas a k w s filled to apa i y 
	and the 10.0, 1 .5, and 13. gph fuel flow sett ngs ere repea ad fot" vari us 
	combirations of tank level a d engine cooli g ir temperature:. The dat in ahl~ 
	9 are list cl in he same or er B.fl eon uc ed, so the tank leve decreases from t p to batto I. As can be seen, there is not a 19 f'cant cliffe ence in he vapor 
	1 c' t ra. ure (espe ially t e sediment 0 1 ere. vapoT ock n TID 1y L 
	exp c ed to occur) cle-, tinle n raSes and ta k levelecreases. What d e 
	c a~ge i he setting requ red to i duc@ vapo lock as the e~gine coo ing -ir t mperature is varied, Te hott l tho engine cooling a r temperature, 
	th Ie s supp emental hee s needed 0 induce veor lock W'th 38 d grees 
	C lsiu cooling air, suppl n a eat must be ad ed at only the 10 g h 
	fu I flow se ting ,. With a cooling air tempe atuT 0 17 0 18, SlIpp emental eat (1 n heater setting of ISO) must be added for all three ftel flows. 
	0 

	27. 
	TABL' 9. EFFEcTS OF COO ING A TEMPERA' RE TA FILL L VEL ON VAPOR OCK TEMPERA!DR 
	The init· a RV was .3 psi. 
	COO NG 
	TANK AIR EL L NE SED CAAB INTI. EME' TEMP FLOW TE TEMP TEMP 'A 'R. egC deg d@gC le~C degC 
	SETiI G.

	~ 
	7 10. 54 044 10. 43 17 12.5 2 0 43 150. lt3 17 1.3. 4849 43 15. 
	43 38 10.051 5 47 150. 43 38 2.44 4 45 lIO. 43 38 13.5 46 4 46 110. 
	43 27 10.0 53 0 47 150. 43 27 12547 50 4 150. 43 Z7 3.5 45 49 45 110. 
	:3 18 10.0 54 51 46 1')0. 43 18 12.551 5 43 15. '3 18 13.5 48 49 45 5. 
	4J 38 10.0 50Sl 47 15. 43 8 1 .545 49 45 10. 43 38 13. 4449 46 110. 
	43 27 1 .0 4524 150. 4 27 1 ~. 48 51 45 10. 43 27 13.5 44 49 45 150. 
	H@atin~ Tee niques/lni Ld Ta nk Tempera t LTc 
	1'h Teehni.c.al C nt T a s looked into what ff e t t if .any. the hating tec.hnique had 0 th incidence of vapor Jock. Normally. th t nk w s heated using t~ heat exchangers incorporated in th a k. ~everal run Wp.Te conducted w ereby t'e fUi"l wa. hated by hea g he and a owin the fu~l inth Iies t peTcolat back into the tank. I few runs ~ere mad where t e tank waS eatpd using o-ced otar froD!an i era t preheater. Ta @ 10 r Be the data from 
	we rna. In the ~ t as _. t e fuel was heated with tin-tank hea exc ang T, an in t e second case, h fuel ~aB heat d using the sire aft pI' eater. The res ItR, whl h show no sign f ant e fect oth in .ar LS of what OCfC.UT"[' at hat setting h line eaters needed b set at to induct:! vapor 1 ck t re cypic..] f this series f stat gardles' af 
	te per-ature vapor lock 

	h heating te hnique used. the uel would dpOT lock nder ha same condition • 
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	TABLE 10. COMPARISON OF TWO ATl G TEC IQUES. ON VAPOR LOCK TEMPERATURE. 
	F EL 
	F EL 
	F EL 
	LINE 
	SED 
	C 
	LINE 

	FLOW 
	FLOW 
	TEMP 
	TEMP 
	T 
	TER 
	RVP 

	~ 
	~ 
	degC 
	lege 
	degC 
	TTING 
	T S 
	~ 


	2 •. o VAPOR LOCK--­250 Heat xchanger 11• 
	5.0 ---'0 VAPOR LOCK--­250 Reat E c anger 11.3 
	7.5 41 51 49 250 He t Exchang@r 1 .3 
	10.0. 48 SO 48 150 Heat x.chang~r II. 
	12.5. 
	12.5. 
	12.5. 
	44 48 46 150 at Exchanger 1. 3 

	13.5. 
	13.5. 
	42 47 45 100 Rea Exchanger 11.3 


	2.5 o VAPOR toe 250 A/~ eater 1l.3 
	5.0 --NO VAOR L .. 250 AI Rea er 11.3 
	7.543 51 5 250 AI Heater 11.3 
	10.0 d~ 51 47 150 Ale Heater 11.3 
	12.5. 42. 48 45 150 Ale l:Iea r l. 42 48 46 100 A/c Heater .3 
	As part 0 th . inv sti a ion into heat! g e~hnique, the T chn cal ,enter reviewed e1 of the data and round t at typical y it would tak an hour to Ie 
	nduhetf bo IT to eat be fuel it, h tank to 43° C an at most i took hree hours between h_ egin fng of the heating procedure and h-l)eg1.nn ng of the 0 430 WHS minutes (u. in . the forced ot air tehnique). No ificant me effects CIre apparent withi this time fram (20 to 180 minutes). 
	test. T e sh Ttes' time required to heat t'l.e fuel 

	A revie of be data from he ~ings ed in the fuel ag ng survey shows th -17? cons ·uct ion is t e ~vor s t caSle for at t: ransfer. (i. e. , he least amount f bea t <1 -172 w ng un er t e followi'ig condi ons. 
	addi.tion). A te twas condu ted on 

	1. 
	1. 
	1. 
	bient air from 29 to 31 degrees e sf 

	2. 
	2. 
	Winds. so thw st at 7 knots. 

	3. 
	3. 
	Scattered cIa d~t visi ility 2 to 3 miles 1n haze. 

	4. 
	4. 
	Full tanks. 

	5. 
	5. 
	Forced hot air from a erma Nelson heat T, 9 degrees Cels us (200 ~gr es Fahrenheit). 

	6. 
	6. 
	A blowing on the ottorn of the ing nlYi all inspection plates cased. 


	7" ThE wing root and ti. open to ambient air (t carry aW'ay heat). 
	AS far as he ting the iu 1 is co C'rTI The Tesu tare 5 awn n f gure 8. At Point A. ue] i added to the ank. An t e heater is ttrned on at Point E. I 
	All of the e con' io s, except auiliient tern eratu e, represented a worst cas 

	took ho s and minut~s toh.atthefuelto43 C. A Pon C .behat-r output was in ease to 20 C (appro1Ci tely 250 degrees Fahrenhei,) and hp. 1 at transfer ra e was in~rea ed by about 50 percent. his implies it WQul have 
	ak between 90 and 100 minutes to Tach 43° C with jUJ:! t his one chang,e. 
	29 
	HEATING EXPERIMENT, C·172 WING. FUEL TEMPERA.TURE \15 TIM. 
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	FiGURE 8. HEATING EXPERTNENT USING A C-l72 FUEL SYSTEJ>' 
	T ~ vapor 1 ck temperature as a funct 0 of ank temperature is esented in figure 9 a d ta e. 1. The last column 0 table 12 is the average value of the sediment bowl temperatur,e m ·nu he' ank temperatu e. an be seen. the a.verage teUlI>erature for the onset of apor .ock rise wit he 1n tia1 tank t~mp~rature. '~la 5 more significant is that the d ffare between the tempera lre of the fue n the tank and the temp@rature at which vRpor lock occurs d cr ases with the igher init al tank tempe a ure Thi is pa .icular
	Based on ob ervi'l ana during he test sequence and tb need for 8 pplem n 81 he t (see appen· ix ] refer nc.e 2) th 43 deg ees Ce SlUS fu I temperature is t: worst cas for vapor ock. Th s obsenrat on i8 supported in p t by the average differ nc~ between the ank' emperature and the sediment bowl temperature when vapor loc occurs. Th~ emper ure dif erence deer a ~8 markedly un 'J th 430C (l 00 .) fuel tempe ature s esched] then it stab!l z s. Once he 43° n tial 
	ank temperatu e is exceeded, it becomes more d feu t 0 1 due@ vapor lock, partie ly because 0 the reduced temperatur. diff I' c:e be ween h fuel f ov.ring thro ,il the system and the low r cowling air temp ratu e. lu6 making heat @ diffic It~ and art1y because of t e loss of some of th~ more vol 'le omponents as r.ef ectad in t e RV (table 7). One observe --Lnf no e is, th tanks wouldormally be in t vent v gorously when h atin th fuel above 43Normally his occurred from 43 t 44.5 OlD t 1120 I). amp e SRU 1) 
	tran fe rna 
	0 

	I 
	c vered under he temperatu e versus RVP ana ysis. 
	The above. emonstrate tha any technique used to hea t e uel to 110" F prOVides the worst case for vapor ock testin and a time lim t ofhree hour" from t e start of he hating sequence to he tart of the f11g t te8~ i reasonable. 
	TAB E 11.. VAPOR LOCK T~~ERA RE AS A FUNCTION OFI ITAt TANK TEMP .RA 
	] IT AVG AVG VG AVG TAm: LI E SED BOWL CARR BO SED-INIT E!'U> TEMP 'rEMP TEMP TANK 'EMP de C degC eg degC cleRC. 
	8 to 21 35.50 44.41 42.50 23.79. to 27 35.45 43.55 42.82 17.89. 29 t 32 42.0w 47.3fl 45.38 15.40. 35 to J8 44.46 49.:31 47.19 12.39. 41 to 43 48.9 4 .68 46.19 f).59. 46 o 49 54.44 54.26 49.44 5.66. 
	"

	Anal sis Criteria: 11 lasses C-172 Fuel Sys em, All ni 1a1 1Dnk Temperatures. "resh and Overnight F -1 S;:1rn les 
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	el Flow and. Fuel Sys em Effect 
	TabJe 12 lists the average vapor lock temper ture as fun tioD of fuel low. The temperature ~t which vapor lock occurs decline tl increaain f el flow. Th probably a consequence t e incyease i tur u ence as he fuel flow iner ases hi h"in urn Tlcr-eaSe, the amonn of vapor formed. This phenomena 1.-, 
	amatically demonstrated w e one sp 119 some autogas n the g ound. Iunnediately following the spi1 , a s'gnif:icant BIDount of foaming ~ 6 observed. Th-lower apor lock temp atures sSBoeiat d w th the hig ."1" fllel rlow~ imply vapor lock is easier 0 induce at th h gher fue flows. This is what the T@chnical Cent has experi~nce; spor lock at the big e fuel flows ypically oc urred . hout upplem~ntal heat. and i of en Dec rr~d Imost mmediat Jy af r the engine ran ong enough to pu ge tbe coo er ~vgas rom t e ~uel
	TABLE 12.. VAPOR LOCK TEMPRRAT RE AS A FUNCT ON OF FUEL L01;.1 
	AVG AVG AVG FUEL INE SED BOWI, e .B BOWL F mol TEMP TEMP TEMP 
	degC degC clegC
	~ 
	2.5 47.95 50.6 45.18 
	5.0 47.29 SO.l& 48.64 
	7. 45.42 49.3 48.68 
	1 .0 44. 7 48.92 47.17 
	1. 43.85 47 •.3· 44.13 
	1 .5 43.06 46.92 43.57 Ana"ysh CYiteria: All Hig Wing Data. Standar C nH.gura t ion 
	AJ f h ahove was performed on the -17 fuel Sy$tem wi h only the modi ieati ns n~cessary to provide _ l inRtrumenta on needs. The ccurrence of pe a ti n in the fuel syst 111 implied there mig t be a fuel 
	system design eff ct 0 vapor lock. Specifically, would he use 0 only a lng e feed line r it in V8pO lock ~t 0 e fu 1 flows than he st ndard onfigura ion with tw lines since lere would be no pa h for he hot fuel/va or 
	to ret n to the ank? A ries of r were ondu ted witl e' ther the front OT ac fuel lin c~pped in ord T to demons rate what effe • if ny. these changes in efu 1 system would have. 
	Tahl 13 lists t e apor lock emperature nd he line s~ttings f th~e~ types of comparable TUnS. The irst t 0 runs Jisted are for he ta dard C-172 fuel Bye em with n i tin tank tempe ~ture f 32 and 43° The second se of runs had the ont lin@ from he fuel system a ed so that the ue fed from the rear I an he final run in his sequence a he Tear ine cappe,d. n genera • vap r lock wns easier to vduce withith@T line capp@d than w t the standard configuration. which wa. expec ed, since there. is more tur ulence wit one
	line only 
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	'he takeoff power i g was still the war t case 5 was an initial tank temper Ir of 4 0 00 F). s b fnr • th as _fvalor ock i refl cted in the enerally lowe emperature a th keofI 13. gph) pow T sa ingan h 
	15B f ower ne h atr 'e ti"~s. 
	0 clemons ~ (. la h 43° C lnitial tank empera ure and he takeoff flel f ow werp-th ~nrB ase for a generic sue ion fee (ow ing) fuel s stem. The data from t l~ e runs are presented in tab e 4. 
	A short sequence was con uc d 

	3 
	ABL 
	ABL 
	ABL 
	lil. 
	F RL SYSTEM au TIO FE" 
	CONFIGURATION SYSTEM 
	EFFECTS' 

	nUT At ANI< TE.'1P degC 
	nUT At ANI< TE.'1P degC 
	FUEL "bLOW ~ 
	LIN TEMP degC 
	SE BOWL T degC 
	CARB BOWL TDlP degC 
	LI E EATER SETTING 
	NOT 
	IN T Al~ RVP psi 

	32 3 32 32 32 2 
	32 3 32 32 32 2 
	2. 5.0 7.5 1n.o 12.5 13. 
	70 52 53 45 45 48 
	78 55 5 4 50 51 
	5 52 53 52 52 52 
	2 0 250 250 250 250 ISO 
	Low Till ng Low Win 1.0 Wing L w lo.l ng Low ~·1ing Low "ang 
	11.3 11,3 11 3 1 .3 11.3 1 • '\ 


	38 2.5o VAPOR LOCK-250 Low lng n. 
	38 5.0 8 56 3 250 Low ing 11.3 38 7.5 54 54 54 250 Low Hng 11.3 38 J0.0 52 54 54 250 ow Jing 11. 38 12.5 50 53 52 250 1,0'101 ing 1i. 
	38 5.0 8 56 3 250 Low ing 11.3 38 7.5 54 54 54 250 Low Hng 11.3 38 J0.0 52 54 54 250 ow Jing 11. 38 12.5 50 53 52 250 1,0'101 ing 1i. 
	38 5.0 8 56 3 250 Low ing 11.3 38 7.5 54 54 54 250 Low Hng 11.3 38 J0.0 52 54 54 250 ow Jing 11. 38 12.5 50 53 52 250 1,0'101 ing 1i. 

	3 13.5 48 52 15 Low Wing 11.3 
	3 13.5 48 52 15 Low Wing 11.3 


	43 2.5o rAPOR LOCK-­2 0 Low Wing 11..3 
	4 5.0 67 72. 60 25 1. w 'Vol ng 11.3 
	4 5.0 67 72. 60 25 1. w 'Vol ng 11.3 
	4 5.0 67 72. 60 25 1. w 'Vol ng 11.3 

	43 7.564 61 57 250 Low iug I.3 43 H'1. 60 58 
	43 7.564 61 57 250 Low iug I.3 43 H'1. 60 58 


	150 Low W ng II. 
	Figure

	4 12.5 57 55 
	150 Low \Hng 11. 3 
	43 1.55 53 
	10 J"ow 'lo.1 ng 11.3 
	s before. both of the~@ COndit 08 prove t be the orst case. ~l~Te ar some differ :n ces; however, he mos notewort y is the eleva ed te,mper ture5 <l wh ich vapor lock occurs for he 10 r fue flow ra e . With he ddit onal orking the fuel receives and he addi ional exposure 0 heat" sped.ally:ln the engine drive fuel mp, the fuel gets hotter fast r. Norma y, this would r 5U]t i vapor lock oon T bu with the ' xcess capacity of he fuel pump, as compared to demand, at th m..er power ettings, f leI starva i is de a
	The Tee n a1 C nte enco ntered a phenome wh'ch may have a important conse t1enc. When us n the Iine hent ers to j ndu~e vapor lock i' .he u tion eed system. flcarbul."l;!:tor foam ng" was bS~TVed rior 0 the onset of apOl lock. the emperatur in the ar uretor bowl climbs, the liq id in th bowl boils resul ~ n 3 foam w1ich ill not support t e floa. As th float dro s. h ngin driven pump up lies eXces fu 1 to t e ea b retor b wI which is hen dra",,'n nto the intake man fold. In addt t on, aorwhih svenedfromthe 
	arbuT~tor bowl is ngested in 0 th intake man, fold (see 'igure 10). ~his phenomena results in such a rich fuel to-air ratio that t e power develo ecl is subs ant ally reduced (as much as 50 pe c@nt). A empe sture increase 0 only a f'I2W degrees 'Will es It io th On621: f vapor lock whi ch at first eems 0 improve engi.ne p rformance becau e of he hift 0 a leane fue to Bir ra 10. 
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	IGURr: 10. CROSS SECTION VIEWS OF MARVEL-SCHcBLER l:ARBURETOR USli.D IN TnE DY~A."'10~!ETER INSTALl-AnO 
	6 nc:e 1 TI@ hes ers are not found on eneral aviation aircraft. but the.re is an operating cond' tio which can resu t in a 1mi a· condit.io ,. This is an engine sat after a ho oak. The Experiment 1 Aircraf Associat on reports that certain model years of the p' er Cher kee a e apparently aff ct d by carburetor foam n fol owing a hot engine start when using Butoga (reference 7). This pro em appears t be associa ed wit changes a th ~ngine cooling deaign ~hich were inco orated t 
	Normally. -111 foaming phenomena would not be a problem 

	educe engine cooling drag. These de.sign changes do no affe t he performance of he ircraft w en operating on avgas. however. 
	I addition t.o looking nto tIle differences b tween gravity feed al d suction ee system , the performance of a fuel injected ngine was amp red wi a carbureted engln. The 0-20 on the dynamometer was conver ed to a f el injected ng-ne by rE1I\oving the arbm:etoT. intake mAnifold ~ an engine 11 Sil P and repl o<Icing th~se 
	em ith he app~opriate in a e manifold, 01 urn J and fuel inje on ystem for this nglne. An eDgine r ven pump was ad e as was an ~lectrically operated b cst pum. The -172 fuel system was 1 ft intact upstream of the boost pump. Dll ing a test s@quen e boos p rnp was left off excep for 1'" cO\l'ery from
	J 
	va OT Icc. More ofte han no • the e ctri boos pum was reql red to recOVe from a va or lock e uence with the fuel inj c ed eng1n~. pparlmt Y. the Bine driven limp wou1d become apoT b un. nd the pressure availabl. froD! t e C-172 fuel system was insufficient to cl splace this apor. 
	Takeo f power and 43initial tank temperatures were h worst case fOl va or 
	0 

	ock es ing during t ese rUDS. Whell he p-ults 'Coi'ere campa ed it the Iden ical concl ions for a carburete ep~ine, it was noted that vapor lock occur ed sooner h the uel injecte' ngiDe. This may b cons quence f the fuel syst design. It appeared as tnough t e system would sh t ff suddenly at the lower fuel flow r es whene r be 'ystem pressure dropped blow 3.5 p i. At the h g er fu 1 flows. the loss of power was more gradu 1. ind ca ing the pump cou not su ply suff! ent fuel to he injec ion sy te • 
	Eff ct of RVP on Vapor ock 
	The Tee nlcal Center tested autogas bose RVP ranged from 9.3 to 14.1 sl. nit ally. an tempt was mae to orrelate h@ vapor. lock empera ures w'th the ASTM vo]atili' y class. tab e 1 Th~ first ana y is wa~ based on h@ volatility 
	las as dete mine from the pu C aae date. Upon r vie ing the re ul ~ it ws note hat class D (spring/fall) ha ower vapor 10 k temperatures ha class E ( inter) wb feh was un 'X.p cd. It wll ~ noedthatthe.RVPoftwoof.hecas D fu 1 8S hig er than the AS speciflcat ons, and their RVP's we e i he range specified for class E uels. '~hen these two fue "ere reclas i£ied iii clas' E f ls, the -re ult were ti xp@cted w th th vapor laC t@mperature decrea ing with i C.ress ng RV • 
	37. 
	ABL 5.. AVERAGE VAPOR LOCK RA BY AS VOLA: 'un CLASS 
	Class D.eterm1ned by n:h ea 
	AVERAGE AVERAGE AV RAG L SED CARB TEMP TEMP TEMP deg,C de C clegC 
	lass 50.74 51.6 48. 2 Cl s D 40.60 4 .16 45.24 Class E 43.05 4 .41 44.61 
	Class e ermin d b-R'J 
	AVERAGE AVERAGE AVERAGE. INE SE GRB. TE 1'EMF TEMP. degC eg. egC. 
	Class C 
	Class C 
	Class C 
	50.74 
	51.6'1· 
	l 8. 
	2 
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	45.4"'1 
	1 
	. 0 
	48.04 

	Cla 
	Cla 
	E 
	42.04 
	46.77 
	44.32 
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	A more de aId na ysi W 8 o~d c ed whereb the RV was groupe into 5 rang s (see figut"@ 11). The d ta ShOl.HI a. CODsis en decline 'Id h exce t on 0 th fuels in the 10.1 to 11 psi range. Sample SRU whose VP was 10.5 psi fell to th"s rall e. 
	Samp e SR. was by ar t wors CBSP-for vapor ock espite t e act it was a 
	ass C 81. with an RVP flO, psi. I~ addition 0 being the worst fuel in 
	erms of \Iapol:' loc t wa a.1so he worst: fu 1 0 ~mt:lng l>.'hen heat ng a ample foraes. In h as f the 49~ C (120° ) in t al tank temperat ref the level in t e suk f@ll f a 3 inches of fuel a le~s than 2 neh@. If thermal 
	xpan ol1il'l t ken in cons' eration. over on bird of the initial olume f fuel 8Rlostdut"n h hain pDeess 1n. Thebehav'rof 6mp SRUis probably related t bow it is marketed. It is the second lowest ctane uel 3\181 a Ie rOm tl pwnp which dispenses several dt ferent octane uels by blending two differen_ constituents ~hich are he d in torage I s erformance number was 
	87. the lowes a owed y the var OUS STGs ic is hOl., . t \ooras selee in p_ae of the loit1est v8'l ble ctan€ fuel from t: e camp ny. The Tee n ca enter fee s t at t e RVP is not particularly a£fecte 10 cl ng a fue up with one .articulsT yd ocaTbon, s nc~ the RVP seBum of all he partia. p saues of the individual componen If one component is represented by mar tba 
	mlm amOUR it contribl tes it le xt a 0 he R P but does aff ct the physical beh vior 0 e uel. 
	inee SR as by f r he ~orst cas@ for v POT r espit i sTela ive y ow F~, second analyst wa CDuduc ~d whereby chi ~ampl was remove fro he data base. Figu 12 shows the resul s ro h 6 analysis. n hi ana yais. 
	38. 
	ANALYSIS CONDITIONS: HIGH WING, All FRESH FUELS, ALL FUEL FLOW. All INIT TANK TEMPS 
	AVG BY RVP RVP AVG AVG AVG AVG II OF RANGE LINE SED CARB RVP POINTS 9TO 10 5'.82 53.19 49.45 g.al 78 10.1 TO 11 4&.68 46.65 46.73 10.70 40 11.1 TO 12 43.33 019.15 45.93 11.58 72 12.1 TO 13 42.39 41.2,2 4•. 56 12.48 101 13.1T015 41.60 45.41 <33.80 13.59 51 10 SED BOWL TEMP 
	12 4. RVP IN psi. 
	CARB BOWL 
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	F R f ··!-Y,I'HA.[ RL i''! ~:oJ1> 
	60 
	5. AVG BY RVP WITHOUT SPU.
	58 ~ II. 
	RlfP AVG AVG AVG AVG 1# OF RANGE LINE SED CARD RlfP P,OINTS
	57 j 
	9 fO 10 51.82 53.19 49.45 9.81 78.
	56. 
	I ~ 
	0.1 TO 11 4g.61 50.68 48.54 lCl.19 28. 
	11.1 TO 12 43.33 49.15 45.93 11.58 7. 12.11"0 13 42.39 47.22 44.55 12.48 101. 13.1T015 41.60 45.41 43.80 13.59 51.
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	FIGURE 12. AVERAGE VAPOR LOCK TEMPERATURE BY RVP lHrnOUT SAi'fPLE SRU IN DATABASE 
	there is a stron linear rela ionship betwee the aver~ge sed m~n ow] tern erature at the time f vapor lock and the of the Iu 1 (the c rrela on coef i~ ent eq ala 0.94). The step 8S50 iated wi h the line temparature at approximatel II psi ref ets he nee to s the line heaters t a grea er 
	xten whe tes ~n with the class C f 18. 
	As a cross ell ck On th s a alys 6, the @climen bo'N temperature at vapor locK. for two aged fuel were averaged and the a erage compared with t e predicted value base on he RVP. In the fir t cas , the average ~ediment owl temperature was 2.3 C for 11 fuel whose initial RVP w s 9 psi.. The pr dieted value from t @. 
	inear regres:ion f the data in figure 12 as 4.6C. F r tbe second case, the averR.ge temperature. t e. RVP, an· the II edicted vall@ t.' r 50. eg'ICe Reels UB. 11 pSi, nd 50.5 C, ~e$pe~tively. A linear regression of e raw data produ d Ei futile rl:sul ts (see figur e ). In his case. the pred1. c:: ted alues fOT th 9 8nd 11 p i fu~ls were 55.0 C and 0.4C. respectively. It shoul be nO d that 
	0 
	0 

	orne of h~ .cat @r observed in figure 13 s a cons quence f c anges in he uel T te in addition to changes in the RVP. 
	flow 

	As c n be seen. ther is fJ. gen ral trend tOlo.Tard low@T va or lock tempeTatures a tl1e RVl' i creaS12S, b hi relld _an be a ected by e. in i v dllal re in ng te h ique. The average emper~tuTes fa the SRU sa:mp e wer,e more in cative of auel hose RVP w s 12.6 to 3 psi, d p nding 0 which 1 near regr ssiol1 use. This implies that th use of an ASTM volatility class'. fue. (RVI' e uals 
	13.5 )8 i or highln wi J. provide the wors case for vapor lock teS t ing. 
	iscellan all 0 servations 
	Dllring he vapor loct run, th fuel flow and fuel ressur ,,",ould b· 0 e rra je a he edimen bowl tempera ure exceed d t e TBP for the lIel b in~ te t d. Figure 14 lih s how lie fuel p'ICessu an flow rate indication become unstable as t 1. sec1imen bowl emperature xcceded 2hO, the rEP or th· 5 particular-The refisure Sllikes are onsequence of he perco a.tion that 'Was iscusse earlier. Note hat as a or lock occurred. the line t mperatur clim e rapidly, fll~ low an pre sure dropped near ?ero. this c:ase. th@; n
	and the 

	apor lock "equence nded wi power inte rup ion. 0 QCC8sjon he I d restrict the f ow sufficiently ~esul in rough 
	the fuel lines wo 

	io but ot enough to cause the eng n to quit. Thi condition 1nue indefinit ly. 1 this co di ion oc urred~ manipu1~t_ng he ypic l1y had 11 t e or no e feet 0 eng ne 0 eration a long as the 
	m Vemen s were gradl a1. Rapid adv cemcn t e t ro le WOll d kill tha ngi whereas, retard ng th h ot Ie would improve the roughn 5S but at the powe 0 e(J. 
	cleve 

	To see ... f the ech.niqLL of swit hing tanks after settin he ue1 ] ow on avgas had an effect on the -e ults. be eng n on rol "ere grad a1 y iner as d wit the intention of -rea-chinr. the gph po er 51! tings whi ad previous y result d in he 1"oug run lng condition discussed above. A h dem nd increasp.d. pow r was int r upted y vapor lock. a wha corresponds t a 9.3 gph !'letting. This implies hat the rough 0 eration no ed -hove in an unsta Ie condi ion and any 8 d nil ence, such as turbu.en e, cOllld trtgger
	ou 
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	FIGURE 14. A VAPOR LOCK SEQUENCE SHOWING THF EFFECT lBP ON' THE 
	FUF.L FLO\v R1\ TE AND FUEL PRE SSURE 
	In flight, as the powr utp t drops, one would norm 1y @x e t th eng~ne speed to drop. During the bulk of the testing, the dynamometer va operated in a 
	onstan speed mode (variable load), s nee recovery wa ester in his eonf1.guratiolJl,. S ve al data po n s were r pe ed 0 see operat ng under the constant Dad (variable speed) mode changed the results. In he mited numbe~ of case s udiBd. vapor loc occurred in the same time frame and at the Sr' e temperatures. 
	Anot et' technique which m y have affected the outcome of .es was the mBll oned ear1i 1'. hey were used fo ce the system to vapor lock m it otherwise would Qt. Prior to need!n th hea ~r8 to induce vapor lock, hey were set !it a I2tting which kept th ] nes at 
	use of heater. As 

	he initial tank empe a ur. A 1imi eel number f data points wer repeated w til 
	0 with he power 0 the lin hea rs off. h only diff@r nc@ noted was wh@n the in B had a ~hance to cool between ~ ints. I~ his cas, it would take about m nut, depending on ue1 flow. to heat the metal i h nes to the initi 1 tank em ern nne, then the system's ..lith the 1 heeters on. Th s ga.ve t e Techn a1
	ither the ine hea ere set s described 
	behavior would m.:lmic th runs 

	T
	Center on idence hey were not nduc1ng va or ock y leaving the I ne eaters B at the 10it a1 tank em erat reo 
	l,urin t e vapor lock sequence, II material compat bil ty proble, arose. TIl O-ring in the tank selector ould swel ~hen using autogaa and the dditional f~om reliably switching tank. e 
	friction would keep th pneuma ic actuator 

	lo!verity of this probl m eem cl to vary Ith lhe fLH~] eing sed and he fuel temp a ure. but it wa ifficult to qu~ntify. here did no appear u be n 
	orr 1 tion hetween the uS of premiu unleade or regular unleade all oga$ and 
	he orse t of thi prhI m. Tt hou1d be no ed tha the tanl!; sel c to cou d be moved by hand if [he pneuma 1c Rctuator wa~ unab e 0 co lple e tank select an, 
	FL GH'r TESTS 
	Numerous t me history plots. s'milar to figun~ 1 were prepa @d. he dar similar am ient t m eratut"E!!iJ and dif ,arent auk t mperatu:rel3 compared, an cliff rences in veIl system temperatures noted. B cd n this an ly-s, he highee: fuel system emperatures oc. ur during n tak off and a maxi.mum performance climb to al i ude ollowin a ho soak. Al 0, h gher etmperntures are obs rved 
	ring descent which follow <. p@ ad of operatio t igh power, than uri any other phase-of-flight. r th touc ~nd go scenario. th·s sets tbe tag for h g fuel temperatures a the time of m ximum fuel flow (1 •., go around and. 
	j th p'rea es ch n~e for apor lock. 
	nc 

	The worst case (nnl soak) can Bsi1 be approximated by c u ucting a static run­up a fuel is elug heated" shutting down the engine and a low ng the gine
	L'@ 
	heat soak nti] th fuel n th tan reaches the desired temperatur. An alternative is t al10wh ue 1n t e tank to reacb he desired tempera ur , start the eng ne and conduc taB ati runup(to t q eof power) for appr xin:Jately a minute redu~e the power 0 idl€ fo~ ~ppToximately ne mjnut , then commen e the flight ests. 
	So e other obRervations fro the flight test a e abulated below. 
	1. r he eSSna 172 fu 1 aY8 em: 
	44 
	u 80 ANDING 
	..... 
	l,) 
	m 
	QJ 
	1:1 
	50 
	~ 
	~ 
	c 
	w 
	o 
	a: 
	o 
	(J. UJ. 
	a: 
	TO 
	~ 
	I V1 
	TO TO 
	o 
	DESCEN
	DESCEN
	TO NGINE START 

	5000' MSL 
	C+CLlMB 
	TO 
	TO 
	o 
	TO 
	Figure
	10 20 30o50 60o 80 
	TIME IN MINUTES 
	•••. .-. 
	CARBURATOR CARBURATOR 
	TANK TEMP SEDIME AMBIENT BOWL AREA AIR BOW 
	FIGURE 15.. FUEL SYS MT~MPERA'ruRES DU~JNG A PRASF ] FLIGHT WITH A C-172. (VERTIC NFS INDrcAtR THE BEGINNING OF THAT PRASE OF FLIGHT; 
	•G•• TO S THF START OF nTE TAKEOFF 
	a. 
	a. 
	a. 
	The hottest sed ment bowl t@rn eratuT~S o~cur during descent and shutdown. 

	b. 
	b. 
	The hottest carburetor bowl em e~ ureS occur dur ng the ak@off ground r 11 fal owing a hot oak. 


	Ovetall. th f el ystem te pere ure ar otter during a touc and g sequ nee than they are. fo a c imb to altitude/cruise cenario. 
	d. 'or takeoff cl b and cruise tw third of t e heat (as indicated b the temperature rise) added the fuel js added befoT the c rbu tor owl. Fo descent and taxi. preen f the h a i added by the time the uel lea eft the sediment bowl. 
	The temp@Tatur of the fu 1 in the tanks does not chan~e signifi antly during the course of a 1-our fJigh. is an b at ribute to 
	l:e ta k onstruction which inhibits heat transfer.. 'I'lle size of he temperatur IIted 0 two hn Themos t obvioU" is the iff erence be tween ambient "nd the fuel temperature. The g eate th ifference, he greater he 
	ropisre 

	mp Ui t lIr hange. The Bec nd i the ini i 1 fu el t ElIlpe.ratur@. The. ho t r th fu~l. he greater the te.mp@ratuT drop (given th same temp rature ifferen e ".rltl th~ aum tent air). Thi is pr bably a c. n e.quellce of i nCT as d ev pora i 11 from h t nk at elevatp.o te p atu es. The arges em erature drop re orded was .5(10) wit a. meilD di ference betwe n 11m ient nd tank mperature of ll° C (20F) uring h, .ours of an 85-minu e flight. 1 general. tank level had n ne.gligi Ie effect on t mp Tatu e dro heca 1
	0 
	0
	0 

	f. The hotte.st carburetor area air temperature reeor ed w 65 C (1 9 F) on a 37° Cday. whi 1 if> consl ent 1 . the 65 to 680 Coba Tvecl on the dynamometer installation durin takeoff. Like~ se, h arburetor bowl an he sedimen bowl temperature' 1ch we b erved W TC con~i tent w th thp. d amometer da a. 
	2. For the PA 28-4. fI J vstern: 
	a. Th e sedime.n t bow temp r~ ILL' i'!nd t1 rae the ambient 
	mperature because of i. installation in a separ.Dt enclo ure. 0 a 1 Cherokee models have this feElture. 
	b. T hottest temperature~ recorded at the engine d1"iven pump n1{'.t tl ho 0 k. The hot eflt carbure 0 bot.ll tempe atur " occurred immedia Poly following n e gine s art af er a 1-lot oak. 
	and eng n@ driven ump ou lets were reeo ded du ing 

	Overall t h. highes fuel te perature occur during n descent follo ed by a takeoff. 
	d. 
	d. 
	d. 
	FOT takeoff and climb. 7() percent of 11 heat added to he fuel 011i -nd th engine driven pump nle • Po· crli and descent 5 percent he hea ~ 10 ecl be ore the engine driven pn !'" In! and the bal.ance if;; add d s he fuel is umped -tnt 1:1 ca bureto'" bowl. 
	syst m occurs between the ecltment bow 


	e. 
	e. 
	The tank temperature tends 0 collapse onto ~ ient after as little ~s on~ u, This 1~ a ~et win ign which maximizes heat transfer. Once again~ the e does no appear be , f 11 ~vel efI ct due t in~r~ased wetted area wi 1 fill level. There does not appear to be a fuel temperature effect as there wa it the C-172 fuel sy t@m. In this case~ he evaporative cooli gi probabl asked by the larg amOUQ of heat conducted aCross the tank's ski , 
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	f. Th ax mlm tempera~ures recorded for he sedi n bowl (engin pum i let j eng1ne p p outlet j a.n ca.bur tor bow ) w~r all consistent with the temperature noted during the dynanJOOIeter operationa C onduc ted il:h the sue: tion feed f leI sys em. 
	Thg; above g v re encra to tea 'ng 1.l hot fuel tlU e takl? ff and eli h to altitude conditions. Tnkeo! and c imb power. settings r ,ult in t e mORt 
	turbulence in the uel system. hence the greates probability for vap r lock. Takeoff COlldi i0ns rC{llll t ill hot Qt.,] ng tempe:ratures. lOp .Ct Jy fal owing a ho soak or a period 0 extended idli~g. The reduced atmospheric pressure, a . hE 
	limb c nlitues. increases the pr bability of vapor lo~lr. 
	CONCLlJSION 
	The con it 0 S which efine he worst cas for vapo Joe tea in~ (i.e., mOB Iikc ly to ('Esul t in vapor loc ) aT2 as folIm..'S• 
	1. 
	1. 
	1. 
	Takeoff fUEl flow. 

	2. 
	2. 
	Ini ial ftad empera In.! he we.n 38and 113 degrees C@l"'hls (l00 0 110 degrees Fahrenh it). 

	3. 
	3. 
	Am1e t ir e.mperature [29 degrees Celsius Dr higher (85 degrees F~hrenhe' I: , 

	4. 
	4. 
	ngin at operating tempera ures typically fund after a prolongen so~k. 
	idJlng or a hot 


	5. 
	5. 
	S 1 cla.ss (winter grade) fuel if the testing 5 for autogas. 


	In preparing th aircraft -or testing with au 0 as, he fUB temperature S ould no be allowe o _xceed ~3 degrees Celsius (110 degr es Fahrenheit), 
	1'he Lee bnique for testing the fuel ~ecl in vap r lock studies does not a-fect 'he outcom~ f h t -8 s que-nce pT video th ftl e i fTesh; i is tored in ~~aled barrels un t il he eginning of th est sequence and h f el 18heat dto temperCiture wi hill hn~e hourG. 
	F• ~VCTY condi jon e~tedJ au ga, was more ~evere than avgas for vapor lock, Rence. any fuel system which i8 capab c f operating on autoga will be capable of operating on avgas. 
	Detonat on on autogas is relate to the Motor Octane Number (MON). An p.ugin ceT't i Ued for 91/96 octant?: avga R may detonate on H!gular un eaded autogas at typlca1 cruise power settings. The octane rating of ButQgas does no change ~ignifican 1y whEn .tored in wlng$ or up to .Ix months. 
	47 
	TIH~Te: is a weak Tela ionsh:ir etween th Reid Vapor PrM ure (RVP, of a fuel a.nd he ndency to vapor ock red y the sed ment bo~l temperat re (fiRUre 
	13. The blend ng tee nique y the ~fine. illhaY as gn f C8n-ffect on he par lock characteristics. As a g au, h STI1 c ass E (RVP equals 13.5 pound per square inch (pa OT high r), autogaBes re the w r t: ell IE! for apor lock. 
	There yas a minor material compatibility prob em etw ~n the fuel syste used dur n t ese test an auto as, but i would not present a s rious pro Ie in an operational a reT ft. 
	Evaparati n can resu t na ~ignific3nt lo~s of fuel len sing au ogas. In ne cas~. this exceeded 33 per cnt f the initia 0 ume of the fuel. 
	1. 
	C a at' e ort an:h 26 
	:", Pre and ~~itney Aeronautical V~~ Pocket Handhook nl 1979 Ed tion, 
	errara, A. Fede a1 Av:tati Admi is a July 1986. 
	4. Ware. R. and Allsup J •• <f[e~tB on uel Quality, National InBti u fOT Petr~leum and "nergy '1'0 Be Pu!lUsh rf. 
	5. 
	5. 
	5. 
	Wares, R. nd 11 up. J. I National Ins 'tu e for Petrol urn and Adm nistrat on Tee n1cal Ce ter. Repnr TO. DOT 

	6. 
	6. 
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