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The Alfaio Engine

SUMMARY

The Alfaro engme built for the Buean ot
An Comimerce (now Civil Aeronautics Anthor-
ity) by Auncraft Development, Ine, Baston,
Mass , passed 1ts contract 2-hour aceeptance fest
on May 16 1948 Thi« engine nas deyeloped
to 1ts pre-enl stage with the assistance ot the
Buteau m an attempt Lo provide a more efhicient
ponet plant {or commetcial ancratt

Thie engine 15 of the crankless o so-called
“barrel” type emploving two cam plates which
are actuated by double-opposed pistons, and
operates on the two-stroke ¢ycle with fuel injee-
tion and spark 1gnition  The engine bnlt for
the Buteau was of the four-cylinder {eight pas-
tont} water-cooled type  The average pertorm-
ance figures tor the 2-hom test are 113 b hp
(obs ) at 2,0301 p n,1321b persq¢ in b m e p
(obs )y, and a speaific fuel consumption of 059
M per b hp-di  The corected value are
116 b bhp al. 20001 p m withab mn e p ot
136 The «peafie diy weight of the engine, mn-
clucdhing generator and <tatter, 15 234 1b per
b hip  The fiontal drameier 15 approximately
1514 mches

The results of the test prosve the practicability
ol the desiegn and mdicate that, with further
development there 1s considerable promise that
the Alfaro engne can become a lighter, and
more compact aireraft power plant than con-
ventronal types Tt 15 recommended that the
development of {hns engine be continued

INTRODUCTION

In August 1935 tests were completed with 1
water-cooled, single-cylinder engme of the
c1ankless, two-stioke ¢y cle, fuel 1njection spark
1gniiton, double-opposed piston type, designed
by Heraclio Alfaro, of Aircraft Deyelopment,
Inc , of Boston, Mas= , and bmlt with the coope1-

ation ot the Indian Motorcycle Company of
Springfield, Mass

The tests were conducted at the engime labor-
atory of the Massachusels Instinte of Teclmol-
ogy  The engine was, a» far as 18 known, the
first of thas type and was made 1o wvestigale
the possibihities of My Alfaro’s design Thas
smgle-cylinder engime was of 3% el bore and
J-mch stroke (111 cu 1 displacement) and
developed 80D hip at 2,000 p m on 72 octane
fuel A 95 1 compression ratio was usecd, aned
the scavenging pressure was 6145 mches He A
b me p ob1451b pet sq 1 and a specific fuel
consumption (at a power output corresponding
to awsing) of 0435 b per b hp-lr weie
obtamed, with the scatenging win supplied by an
mdependent a1 compressor  With foll load
the awr consumed was approninately 145 per-
cent of the pisten displacement

These resulls were consdired
stnce they mdicated that a Lighter and more com-
pact engme than the comventional type could
be developed adyantageously  Accondingly,
des1gms were prepated for an engine of suitable
sice Lot ight commercial anplanes  This de-
sign was submitted, together with the data ob-
taaned on the single-cylindet tests to the Deyvel-
opment Section of the Bureau of Anx Commerce
of the Depaitment of Commerce The dataand
design appeared so promising that specihcations
were witten for an engine of thisty pe to be used
m swall, privatels owned auplanes, and on
October 16, 1935, the Bnreau odered fiom Air-
cratt Development, Ine , the construclion ol such
an engine  The contract requared, m part, that
the engine should deliver 90 b hp for a period
of 2 honrs at a speed of not over 2000 r p m,
and that the specific fuel consumption should not
exceed 065 1b per b hp-ln It was further
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requued that the engine develop 04 b hp tor
every ponnd of s weight mdduding generator
and starter

DESCRIPTION OF ENGINE

The engme bttt for the Bureau 15 a four-
evhinder (eight-piston) execution of the =ame
type as the omgmal single-cylinder engime ex-
cept that 1t was constructed of lighter matenials

With the exception of the fuel-injection valves
there are no mechanically operated valves, the
mtake and exhanst being accomplished by the
pistons uncovermg the poits, one piston con-
trolling the intake poris and the other piston
controlling the exhaust ports  The fuel mjec-
tion takes place under a pressure of 2,000 1b per
5 111 Tle punp comprises two units with two
plungers each, of the Bosch type placed 90°
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and had a hoie of 2111, mnches and a stroke of
33 1nclies per piston (167 cu in total displace-
ment) and the ecngie shatt was designed Lo fit
a standard propeller huh

The cylimders a1e parallel to the drive shaft
and disposed at equal distances and angles
about the shaft (See figs 1,2 and 3) There
ale two pistons operating 1n each cylhinder with
heads opposite each other, thus foiming a com-
mwon comnbustion chamber  The pistons act di-
1ectly on two cam plates by means of roller beax-
mgs The cam plates are integral with the drive
shaft and located one at each end The drive
shaft 15 equipped with single-row annular hall
beat imgs

from each other on a cam casing which contains
also a drive for the primary fuel pump and
another for tlie tachometer connection The
camshaft diive has an adjustable coupling
which permits accurate mjection tuning  Each
cvlinder has a fuel discharge nozzle of the Bosch
differential type

The scavenging air 18 supplied by a centrifu-
ol blower built within the engime and driven
(lnough an mtermediate geal at approximately
ten times engme speed Calibration of the
blower showed that at an engine speed of 2,000
1 p m,and a delnery ot 380 cu ft per min
at 614 mches He pressute, the power required
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was 8§ 34 hp , and the adiabatic efficiency approx-
1mately 60 percent

The engine has dual 1gnition, which was orig-
mmally supplied by magnetos, but later changed
to the tymer and battery type 1n order to save
bulk and weight The final arrangement -
cluded two special 12-volt Autohte colls
Champion I. M 5-C 14 mm spark plugs ate
used The generator 15 driven by a belt fiom
the end of the cam shaft, and an “Echpse’ type
eleciric starter 1s used

The engme 15 equipped with a centrifugal
water pump, one o1l pressure and two scavenger
pumps Tabrication 1s accomplished by spray-
ing o1l through jets onto the cam plate, and the
Leciprocating uuats are lubricated by ol scooped
from these elements

The compression ratio 18 95 1  The dry
weight of the engine 1s 269 b, meluding gen-
crator and slarter, which weigh 29 lb together
The overall length of the engine 1s 4494 1nches,
and the diameter of the body approximately
1514 1nches, excluding spark plugs and other
protruding small accessories The total run-
mng time on the engine prior to the acceptance
test was approximately 40 hours, aboat 10 hours
of whach were at or near full throttle

INSTALLATION

The power was absorbed by an electric cradle
dynamometer connected to the engine by means
of a shoit flexible coupling The engine was
mounted on three rubber blocks of a mnatural
frequency out of the range of operation of the
engine The forque was measured on a beam
scale

The fuel consumption was measured by the
volume method, by tuming the flow from a 215
cc pipeite  Carbon dioxade could be admitted
to the pipette to force the flow The fuel was
supplied from a tank under piessure of water
from the city mains

"The o1l system consisted of an o1l tank and an
oul cooler, the latter being equipped with coils
for use of water and steam for regulating the
temperature

The water system was equipped with a tank
placed about 10 feet above the engine  The cen-
trifugal pump driven by the engine crrenlated
the water between the tank and the cylinder

jackets Cold water could be added to the tank
to maintain the proper temperature

The exhaust system ncluded a manifold at-
tached to the engime outlets and loosely con-
nected to the exhaust mam of the laboratory
In ths way the engime could ireely oscillate due
to the clasticity of the rubber blocks of its
mount  The labor atory’s exhaust main was con-
nected to a clearing blower which produced a
suction of approxzmmately 14, inch Hg An
auxihary air blower was used to keep the ex-
haust mamifold f1om, becoming overheated

The electiic current necessary for the 1gnition
system was supplied by two regular automohile
6-volt batteries in series

The throttle control was arranged so that it
was possible to operate the air inlet and the fuel
delivery simultaneously, or mdependently

The mstruments 1ead during the test are inda-
cated 1n the data

DESCRIPTION OF TEST

The 2-hour acceptance test requred by the
contract was run on May 16,1938 The test was
made at 2,000 r p m, at practically full throttle

The fuel used was gasoline with an octane
rating of 87 (sp gr 073), although the designer
states that the engine has operated successfully
on 72 octane fuel without detonation  Five per-
cent of lubricating 01l was added to the fuel 1n
order to save the fuel pumps and 1njection noz-
Zles from excessive wear Wolfs Head H O
120 ol was used Ol consumption was not
specified m the development contract, but the
consumption during the {est was somewhat less
than 6025 1b per b hp -hr

The test was completed without difficulty
The torque was steady throughout the test ex-
cept when a certain irregularity could be heard
This irregular sound, it 15 beheved, was caused
by unevenness 1n the injection nozzles which
were of an experumental type, and may have
caused slow or uneven burning m the cylinders,
with corresponding explosions m the intake
Small oscillations of the column of mercury
could be observed coincident with these explo-
gl0ns

Near the end of the test the power dropped
shghtly, and 1t became necessary fo open the
throttle fully to maintamm the power Exam-



nation of the engine after the test showed that
the coupling between the engime and the mjec-
ton pump was broken  Although it was still
m operation, the tumng of the injection panp
was stubstantially altered, wlhich accounts ftor
the drop 1n power

After completion of the acceptance tesl 1uns
were made to aseertain the friction hoisepowner

RESULTS AND DISCUSSION

The engine met the contract requirements

The average performance figures for the test
are 113 b hp (obs) at 2,030 r p m, 132 1b
persq in b m e p {obs) and a specific fuel
consumption of 059 1b per b hp -hr  The cor-
rected values are 117 b hp at 20301 p m,
1150 hp at2,000r p m withab m e p of 136
The test data and the computed results are shown
on pages 7 and 8

The mechanical effimency at 2,0001 p m was
86 percent at full throttle, and 90 percent with
Lthe thiottle elosed

The dry weight ot the engine including gen-
eralor and starter 15 269 1b, which gives a <pe-
cficweight of 2341b perb Lp

The tear-down 1mspection made after the test
showed a bioken OGldham coupling dizc 1 the
{uel pump dive, and one shghtly fractured
crosshead casting, all other parts were satis-
factorv

The dry specific weight of this first Altaio
engine {234 1b per b hp ) 15 approximately n
hne with that of radial air-cooled engines of
the same power The weight of the complete
power plant, mcludmg the cooling system,
which would add 04 to 05 1b per b hp, would
therefore be greater than that of conyventional
engines of the same power However, 1t 13

inown that the weight of this first engine can
be reduced considerably by 1ehnement of design,
because the eylinder block mcluding the watex
jackets 1s made ot cast non It lias been esti-
mated by the designer tlat an eighi-cylmder
execution of this engine would deliver approx-
unately 265 b hp at 2400 r p m with a total
weight inchiding ethylene-glveol coolhing sys-
tem, gencrato1, and staiter ot cloe to 400 lb,
which wounld give an estimated total specific
welght of approximately 1L 51b per b hp  The
diameter of the mam body ot the engine would
lemamn approximately 1514 mches

The frontal diameter of this engine 18 close
to halt that of equivalent radial engines, which
would give a frontal area abont one-fourth as
great This factor would prove a considerable
advantage 1 mummzing power plant diag at
high speeds, 1n addition to mmpioimg the vie-
bihty from single-engine airciaft

This engine embodies the important featuie
of two-cj cle operation which 1s essential to laige
redunctions 1 specific weight  Alsg, 1t lends
tself to the adaptation of compression ignition
and the nse of heavier fuels

CONCLUSIONS AND RECOMMENDATION

1 It was concluded that the results of the
test mdicate the practicability of the Alfaro
engime design

2 It was turther concluded that refinement
of the design, together with additional testing,
and development work, may be expected to p1o-
duce a simple1, hghter, and more compact power
plant than conventional types for aucraft usc

3 It1z recommended that the development ot
the Alfaro engine be continued



Alfaro Engme

Alfaro Engine

! S DEPARTMENT OF COMMERCE

GENERAL LOG SHEET
Friction Run

Aiwrcraft Development, Ine

I
f

RPM , Load T C Load T O ‘FHP-TC FHP-TO
|
1,820 16 5 23 10 14
2 000 17 o 285 nr 10

Awrcraft Development, Inc

U S DEPARTMENT OF COMMERCE

1rsT —Contract 2 hr acceptance
OnsrevEr—J H Geisse

GENERAL LOG SHEET

DaTe—May 16, 1938

Torque, Buorometer | SF O B Hp
Run No Counter 1b at Dry bulb | Wet bulb ahseried Secs fucl (b per
un rpm 21 mches | temp °F | temp °F Dressure 215 ¢ % Dh 3 \
em Hg p hr Obs Corr
Ind J l
1. I { d } 165 79 80 | 72 2 ' ) 110 113 6
2 . - 2040 161 17, { 66) 111 114 %
El - I - 2060 169 _ 17 8 itk 118 119 7
4 , _— 2020 170 - | - 18 2 a5 114. 5 1181
5 - - - 2040 169 5 , | | 18 6 at8 115 3 119 0
6 _ _ _ 2030 169 5 - - | 15 6 581 114 8 118.4
7 . , 2020 168 o | - , - | 190 575 13 7 17 3
B 2030 166 _ - | 18 6 092 112.3 1159
9 . { o b | i 185 | 604 | 111 14 5
Average - 2030 - - - 59 113 2 116 8

Alfaro Engine

Arrcraft Development, Inc

U 8 DEPARTMENT OF COMMERCE
GENERAL LOG SHEET

Tesr—Conlract 2 hr acceptance Date—May 16, 1938
OparevEn—J H Geisse
Vater temp ° F 0d pres
Counter Intake por
Time, O1l inlct sure, 1h 1 Spark set
Run No hT min Sll-:ﬂ}‘jt—?'lln timp °F o ot pcrgf.ggm Throttle setbime ting desress %]:SSHH?'
1 1110 { d } 120 140 180 2| F T _ 12 61
2 . 130 { 5 o } 10 140 180 % | . - 61
31 1145 { Erid } 100 140 150 o | _ L 50
q 1200 { aabe } 100 140 160 25 - - 57
5 12 15 e } 100 140 180 25 60
G , 1230 Pt } 100 140 130 25 , o B0
7 _ 1245 { 1018 } 100 140 170 o5 | , B0
8 , 100 e ;} 100 110 170 o5 | _ _ - _ 50
0 . 110 i } 100 110 170 25| . , 60
|

L Generator pulley came ofl and »as left off {for balance of run
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Tear-Down Inspection

Oldham coupling dise for fuel pump broken (Accounts for drop in
power last 5 min) One cross head casting fractured All other parts—

0K
Engine Weight

269 1b 1ncluding generator and starter Starter werghs191b |, genciator
10 1b
Installation

Elec D3yn—Rubber engine mount Fuel system under 20 30 lbs
pressure  Fuel consumption by volume (215 ec )

Settings and Other Data

Tgmition 12° Nozzle Alfaro

Injection 74° BTC Phase Angle 20°
Exhaust Open 66°, Close 66° Comp Ratio (Nom ) 95 1
Intake Open 55°, Close §5° Spark Plugs Ch LMS5C
In; Pres 2,0001b-sq 1n Ol Wolfshead H O 120

Fuel 87 Qctane (sp gr 73)

O



