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was 8 34 111) , and the a&abirtlL effiic~ency approx- 
nndtoly 60 percent 

The engine has dual 1gmtlon, mhlch was or1g- 
mally supphed by magnetos, but later chuged 
to the tmler and battery type I” order to save 
bulk and 1, eight The final arrangement “I- 
eluded t\\o spemal 12.volt Autohte cods 
Ch.unlx~” I, M 5-C 14 mm spark plugs are 
used The generator 1s drren by a belt from 
the end of the cam shaft, and 5” “Echpse type 
elecir~ starter 1s used 

The engine 1s equipped 7~1th a contr~fugal 
water pump, o”e 011 pressure and t\\o scavenger 
pumps Lub~xntwn 1s accompbshed by spray- 
1”g 011 through Jets onto the cam plate, and the 
1eclprocatmg ““its are lubrzited by 011 scooped 
from these elements 

The compress~o” ratlo 1s 9 5 1 The dry 
aaght of the engine IS 269 lb, mclucimg gen- 
orator and slarter, nhxh wgh 29 lb together 
The overall length of the engme 1s 4449:le 1”ches, 
and the diameter of the body approzamately 
151/ mches, excludmg spark plugs and other 
protrudmg small accessories The total run- 
nmg tune on the engine prior to the acceptance 
test was approumately 40 hours, nbont 10 honrs 
of \\hxh were at or “eat f”l1 throttle 

INSTALLATION 

The pora was abso1bed by an elec,trx cradle 
dynamometer connected to the engme by means 
of a shalt flexible coupling The e”g,“e was 
mounted on three rubber blocks of a natural 
frequency out of the range of operatlo” of the 
engme The torque \YBS measared on a beam 
SXlle 

The fuel consumption was measured bJ the 
rolume method, by tmung the flow from a 215 
cc pipette Carbon dloxlde could be adnutted 
to the pipette to force the flow The fuel \\as 
supphed from a tank under plessure of mater 
from the city mans 

The 011 system consIsted of n” 011 tank a”d an 
011 cooler, the latter bang cqupped wth co& 
for use of w&r and steam for re,rmlatmg the 
temperature 

The \%ater system was eq”1pped mlth a tank 
placed about 10 feet above the engine The ten- 
trlfugal pump drwen by the engme cmc”lated 
the mater b&wee” the talk and the cyhnder 

jackets Cold mata could be added to the tank 
to numtam the proper temperature 

The exhaust system Included a mamfold at- 
tached to the engine outlets a”d loosely CO~I- 
netted to the exhaust I”U” of the laboratory 
In thns way the engme coold lreely oscdlate due 
to the olastw~ty of the rubber blocks of Its 
mount The labor atory’s exhaust 1”~” was con- 
nected to a clenrmg bloner whxh produced a 
suction of apploxlmately silo Inch Hg A” 
au-ahary ar bloner was “sed to keep the ex- 
haust mnnlfold flom, beeommg overheated 

The electrx carrent necessary for the lgmtmn 
s>stem was supphed bg two regular autolnobde 
G-volt bsttcrles m serleb 

The throttle control v&s arranged so that It 
11 as possible to operate the ax &et and the fuel 
drhwj smmltaneously, or mdependently 

The mstruments lend durmg the test are md~- 
cated I” the data 

DESCRIPTION OF TEST 

The 2-hour acceptance test requred by the 
contxact II&S IX” on May 16,193s The test was 
made at 2,000 I p m , at practuxlly full throttle 

The fuel used aas gasohne with 8” octane 
ratmg of 87 (sp gr 0 73), althongh the deslgner 
states that the engine ha operated successfully 
on 72 octane fuel \~lthout detonatlo” FlW per- 
Le”t of htbrlcatmg 011 was added to the fuel 1” 
order to save the fuel pumps and mlectlon “oz- 
zles from excesses wear Wolfs Head H 0 
120 011 u&s used 011 consumption was not 
speafied 1” the development contract, but the 
co”s”mptlon dunng the test nns somewhat lesi 
lhan 0 025 lb per b hp -hr 

The test was completed nultllout Uficulty 
The tolque was steady throughout the test ex- 
cept when a c&am xregularay could be heard 
Tins Irregular sound, 1t 1s b&wad, n a caused 
by ““evenness m the 1nJectlon nozzles which 
wei-e of a” exper”“enta1 type, and ~“ay have 
cased slow or ““eve” burmng “1 the cyhnders, 
n-lth correspondmg explos~or~s “1 the Intake 
Small oscdlatlons of the column of mercury 
could be observed comcldent with these explo- 
SlOrlS 

Near the end of the test the power dropped 
shghtly, and It became necessary to open the 
throttle frilly to mamtam the power Exams- 
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RESIJLTS AND DISCUSSION 

The mgme met the co11tract requlrenlellts 

The average pe1forlnanre figllles for the t&t 
are 113 b hp (obs ) at 2,030 r 1, m, 132 lb 
per sq m b m e p (ohs ) and d. specific fuel 
eonsumptlon of 0 59 lb pa b hp -hr The co,- 
rected values are 117 b hp at 2030 1 1, ,n, “1 
115b hp nt2,000r p m nlthsb m e p of136 
The test data and the computed results ale shoxn 
OII pages 7 and 6 

The mcLhanlcal efficiency at 2,000 1 p m \\BS 
86 pacent at full throttle, and 90 pacent with 
the throttle closed 

The dry wght of the engine nxludurg gen- 
PIS~OI and starter 16 269 lb, which gwec .I SUE- 
ufic uelght of 2 34 lb per b 111) 

The tear-down mspectlon made after the test 
&xved a broken Oldham couphng disc 1n the 
iuel pump dlwe, and one shghtlJ fractued 
crosshedd casting, all other parts were satIs- 
factorv 

The dx> spe~lfic wght of this first Alfar” 
engine (2 34 lb pcl b hp ) IS approxnnately 111 
hne with that of radul an-~oolad engn~s of 
the same power The w&t of the complete 
po\+er plant, mcludmg the cuohng system, 
1\-1rd1 would Add 0 4 to 0 5 lb per b hp , would 
thplefore be greater than thdt of c”n~ rntlonal 
engnm of the same p”>,er However, It IS 

kll”wn that the me1gbt of t111s hrst enguw cnu 

be reduced conslder&bly by lehnement of design, 
because the cyhndei bl”ck n~lod~ng the w&l 
jackets 1s made of ca\t I,“,, It has been estl- 
m&d by the deslgw tlu( ,a,, elglrt-c~lmdc?~ 
~wcllt1on “f tins engmo 1, “Uld dPll\ el nppi-ox- 
unately 265 b hp at 2,400 i- 1’ m ,,lth n total 
\\wg11t 1rrclud1ng etllylelwgl,cl,l wohng ays- 
tern, gencratol, and stdltrl ot cloic to 400 lb, 
mlnch \rould glw nn estruted total spec~hc 
n eight of ‘lppr”slm‘rtcly 1 5 lb l’er I, I’[’ The 
dlamPter of the llldlll b”dj of the rng,ne \r”uld 
lemaln approx1mate1y l& inches 

The frontal dwneter of this rng,ne 1s close 
t” half that of equv&nt radlill engnws, \,ln~h 
would give a frontal arel~ about one-fourth as 
great This factor would pro\-e a conslderablc 
advantage in nunmuzn~g poncr plant dlag At 
high speeds, m addltmn to mrp’“\ n,g the ~1-1. 
blllty from single-engine alrclaft 

This eng,ne embodles the nnp”rtant featue 
of tno-cl& operation ahlch 1s essentlnl to lug” 
re11uct1011s 1n spedic mght Al<“, It lends 
itself to the adaptation of c”mpre~on lgnlt,“n 
and the n?e of hearmr fuels 

CONCLUSIONS AND RECOMMEKDATIOK 

1 It wns concluded that the resnlts of the 
test lndlcate the practuxblhty of the hlfalo 
engine design 

2 It Y.LU further concluded that refinement 
of the design, together nlth addltmnal testmg, 
and development work, ma> bP expected to plo- 
duca rl s~mplel, lighter, and more. compact power 
plant than con\-entlonal types for aucrnft us” 

3 It 1s recommended that tbr dw&,pmcnt of 
the Alfaro ongnw be contnmed 
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Tear-Down Inspectmn 

Oldhsm couplmg dm for fuel pump broken (dcconnts fm drop m 
power last 5 mm) One cross head oastmg fractured 811 other parts- 
OK 

Engme Weight 

269 lb mludmg generator snd startcr Stsr+.er,wgbs 1’) lb, grnomtor 
10 lb 

Installation 

Elec D>n-Rubber engme mount Fuel system under 20 30 lbs 
pressure Fuel eonsumptm by valume (215 cc ) 

Settmgs snd Other Data 

1gmtm 120 Noazlc Alfaro 
Iqectmn 74” BTC Phase Angle 20’ 
Exhaust Open 66’, Close 66’ Comp Ratlo (Nom ) 9 5 1 
Intake Open 5.5”, Close 55’ Spark Plugs Ch LRISC 
In] Pres Z,OOOlb-SC, in 011 Wolfshead H 0 120 

Fuel 87 Octane (sp gr 73) 
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