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The turbo-supercharger is a small relatively simple
and unimposing device used in conjunction with piston
type a i rcraft eng i nes to boost the i r power output andl
or maintain their power output to high altitudes.
t/eighing only a couple of hundred pounds,it is essenti-
al ly nothing more than a pump supplying air under pres-
sure to the engine induction system.

During the war years almost everyone was fami I iar
wi th the B- | /, B-24, 8-29, P-47, P-38 and P-5 t . These
were the mainstays of the USAAF rvar effort, yet al I ex-
cept one were completely dependent upon the turbo-super-
charger for thei r superior high altitude performance and
would almost certainly have been dismal fai lures with-
out this equipment. Alone of this elite group, the P-51

had no turbo, dependi ng on the superb i nterna I I y super-
charged Rolls Royce,/Packard Merlin for its oustanding
speed and high altitude abilities.

This article proposes to tel I the early development
history of the turbine-driven supercharger; it is not
meant to be a techn i ca I d i scuss i on of the turbo. How-

ever, for the benefit of those with only a vague idea
of the subject and as a background for the history to
fol low, it is desi rable to briefly discuss the types
and operat i on of a i rcraft eng i ne superchargers.

A piston engine, much I i ke the human body, requi res
I arge amounts of a i r to operate. An unsupercharged en-
gine, such as the fami I iar auto engine, draws air into
its cyl inders by the low pressure area created by the
downward movement of the piston on its intake stroke.
lf the nass ai rflow into the engine can be increased,
an increase in power is achieved. By installing an air
pump to raise the pressure at the engine inlet, and in-
crease the mass airflow, the engine develops more power.

The piston engine, again like the human body, loses
efficiency (power) as altitude increases and air density
decreases. lf sea level air density can be nraintained
at the engine inlet as the ai rplane cl imbs, then power
outout w i I I rema in essent ia I lv the same as it r.vas at sea
level. This again is done by an air pump, that nagical
thing cal led a supercharger.

Throughout aviation history, only one type of super-
charger has seen wide usage, and this is the one with the
centrifugal impel ler, or compressor. (ln Europe, super-
chargers are often ca I I ed "compressors. " Another com-
mon semi-s1ang term for them in the United States is
"blower.'r) An excellent example of a centrif ugal impel-
ler, although on a smal I scale, is the water pump used
on many automobi le engines.

Branching out from this basic type, there are tlvo
major ways of driving the compressor. One method is a

gear driven compressor rvhere the unit is driven by power
from the engine crankshaft and is usually an internal
part of the engine. The other, the turbo-supercharger,
uti I izes the same kind of compressor but is driven by
engine exhaust gases impinging on a turbine wheel'-hence
the turbo name, mean i ng turb i ne dr i ven . Both types have
been in common usage for many years, but it should be

made clear that all American Wf{ ll combat aircraft equip-
ped with a turbo also had an internal, gear-driven super-
charger, and in effect, had two superchargers per engine.
The turbors funct i on lvas to ma i nta i n sea I eve I pressure
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at the engine inlet as the airplane climbed, and the in-
ternal supercharger then compressed the air further be-
fore de I i very to the eng i ne cy I i nders.

As indicated, the turbo-supercharger is a simple de-
vice consisting of a compressor pumping air and being
driven by a gas turbine attached to the other end of the
compressor shaft. Yet, the deve lopment of th i s seemi ng-
ly basic equipment covered a span of over 20 years be-
fore it became a really successfu'l accessory to aircraft
eng i nes.

By the magic of hindsight we can detect t/t/ ll's pat-
tern of high altitude combat way back in the skies of
France 2J years before when German observation types,
such as the Albatross C-3, carried out thei r duties above
20,000 feet. Since this was near, or beyond, the capa-
bi I ities of many al I ied fighters, they presented a very
difficult problem. So, the lesson was there to be learn-
ed. During the interwar years, most of the worldrs mil-
itary ai rcraft were essential ly medium altitude machines.
In the United States, however, there were people who had
learned the lesson, and when fr4,/ I I started the seed of
high altitude capability was available.

In delving into the history of any mechanical device
an author is always on thin ice when he attempts to pin
its origin down to any one place or date. ln the case
of the turbo-supercharger, however, most sources agree
that A. J. Buchi, a Swiss, developed the first workable
exhaust-driven supercharger between the years 1909 and
1912. Buchi's unit was for use on diesels and had no
aviation appIication. The first real progress took place
in two countries which never made any significant use of
this equioment.

Early in \y'|./ l, probably about 1915, work on a turbine
driven "engine booster" began in France under the direct-
ion of Professor Auguste C. E. Rateau, the designer of a

widely used steam turbine. Little information has come
to light on the early development work, but by the end
of l/W I it had reached the fI ight test stage. First in-
stalled on an A.R. and then a Spad (typ" unknown), the
instal lation was not satisfactory and no useful results
were obtained. Next appl ied to a Brequet l4-A2, the
'rengine boosteril showed promi s ing results, and tests con-
tinued for about eight months. The best performance ach-
ieved with this aircraft was a ceiling of 22,960 feet at
which it reached a maximum speed of l0! mph (5 tph fast-
er than an unblown Brequet at its service cei I ing of
l5,4oo feet).

I/ith the comoletion of the test proqram on the l2-42
a number (total not known) of Brequet type l4-82s were
equipped with the Rateau device, and two of these were
assigned to the test program. One of the two B2s reached
wel I over 25,000 feet, after which a l0 hour endurance
run on the ground was attempted. The endurance run end-
ed abruptly after three and a half hours when the turbine
fai led, and testing did not resume.

The French turbo program did not end with this fai l-
ure, however. A report from the U. S. Air Attache in
Paris dated 1924 indicates that the French were operating
two observat i on squadrons of tu rbo equ i pped a i rcraft .

The type is not specified, but possibly it was the Bre-
quet type l4-82. These l6 observation craft seem to have
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been the sum of the French use of this type of super-
charger, no further interest being shown.

I n England, too, the advantages of the supercharged
a i rcraft eng i ne were we I I known, and deve I opment work
had begun in l9l5 at the Royal Aircraft Factory at Farn-
borough. ln charge of the project was Mr. James El lor,
who was to be responsible for al I supercharger work at
Farnborough until 1927 when he went to Rolls Royce to
take over thei r supercharger development on the current
l2-cy I inder Kestrel.

Initial development in l915 involved al I the accept-
ed types of air compressors, including the piston or re-
ciprocating type, the Rootes blower and the high speed
centrifugal. lt became apparent almost from the begin-
ning that only the latter was su itable for aircraft en-
gines. By January of l9l5 a B.E.2C (RAF serial #ZOts)
was flying with a gear-driven blower, and by the end of
l9l5 it had flown successful ly for about ten hours.

There was, however, difficulty with the gear drive
mechanism, and it was probably because of thi s that El.,
lor became interested in driving the compressor with an
exhaust turbine. Sometime in 1917 work began on a tur-
bo-compressor in col laboration with Metropol itan Vickers
Ltd. A fair amount of prel iminary design work had been
carried out when El lor became aware of the French Rateau,
which was already running on the bench and was consider-
ably advanced over British work. By January l!18 agree-
ment had been reached between Professor Rateau and the
British Air Board,and Dr. A. H. Gibson of the Royal Air-
craft Factory's engine department took the instal lation
drawings to Paris on the l5th of January, where he

d i scussed them wi th Professor Rateau.
Although the original agreement between Rateau and

the Air Board cal led for al I fl ight testing to be car-
ried out in France, Professor Rateau now agreed to the
testing being done at Farnborough provided he was kept
wel I informeJ

The French unit was, therefore, brought to England
where it was installed on an R.E.8 (RAF serial 8738) with
an RAF 4D engine. The advantages of a variable pitch
propel ler were wel I understood, and such a propel ler was
available, having been flight-tested on a B.E,ZC.

The first flight with the turbo-compressor and var-
iable pitch four-bladed propel ler probably took place in
March of 1918. lt has not been possible to determine the
crew identity for this test program; a Lt Harold El I iott
is said to have been the observer, but today neither the
RAE, British Army Records Center or the RAF can find any
record of such a man. lt is I ikely that James El lor
would have ridden the observerrs pit to check on the per-
formance of the unit. The first flight in March was not
a success, due to engine overheating caused by high air
charge temperature, in turn caused by compression through
the compressor disc. (About a year later, the first
fl ight of the supercharged LePere at McCook Field would
end abruptly for the same reason.)

The remedy adopted for the R.E.8 was simple and di-
rect. A large air scoop was fitted over the engine to
provide increased cool ing air flow.

A total of nine flights were made but only two with
the big variable pitch propel ler, which did not prove
sat i sfactory. Even though there were cons i derab I e a i r
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leaks in the ducting between the supercharger and the
engine, it was found possible to maintain sea level pres-
sure to the carburetor up to about 12,000 feet. 0n the
4th of l,tay 1918, during its ninth f light, the turbine
fai led, destroying the Rateau turbo-compressor and end-
i ng th i s ser i es of exper i ments.

The fai lure of the turbine, which was running at
over 15,000 revolut ions per minute, graphical ly i I lus-
trates one of the major problems to be overcome with a

turbine driven supercharger, and this was a metalurgical
problem. The compressor, or impel ler, may be pumping
air at high altitudes with a temperature of minus 40 or
!0 degrees F, while the turbine on the other end of a

one or two foot shaft is operating in the direct blast
of the exhaust gases which may far exceed 1 r000 degrees
F. Add to this the very high rotational speeds required
(ZO,OOO RPM and above) by the centrifugal impel ler, and
it becomes apparent why evolution of this equipment cov-
ered so many years.

After the war the RAE (Royal Aircraft Establishment,
so renamed to avoid confusion with the newly formed Roy-
a l Ai r Force) cont i nued i ts research on turb i ne dr i ven
superchargers, and both Napier and Rol ls Royce suppl ied
engines for the test program.

However, by 1925 favor had swung away from the turbo
for several reasons--lack of rel iable control lable pitch
propel lers, serious troubles with turbine blades, bear-
ings and exhaust manifolds, and heat di stort ion of the
turbine casing.

Al I British effort over the ensuing years was devot-
ed to the gear driven type, although some of the results
were appl icable to turbos also. One such was the devel-
opment , at the ME, of rotat i ng gu i de vanes (o. i nducers )
to improve the flow of air into the compressor. One of
the most important steps in supercharger development, it
is sti I I in use today on almost al I centrifugal super-
cna rge rs .

In the United States the story of the turbo-super-
charger final ly found a successful conclusion. Despite
a late start, development was carried out over a period
of 30 years, and the turbo-supercharger was a major item
on many U. S. high altitude aircraft for another 20 yearr

Evolution in the U. S. began in the last year and a

half of l/W I and was embodied in two separate programs,
one by Mr. E. H. Sherbondy and the other by Dr. Sanford
Moss and the General Electric Company. Both of these
turbos appear to have depended on the French Rateau,
yet all three dif fered in major details. l,/hether a Rat-
eau turbo-compressor was avai lable in the United States
is unknown, but it seems I ikely that at least a set of
drawings and specif ications were.

Sherbondy entered the field first when in June l9l7
he was delegated (apparently by the Army) to make ful I

investigation into the potentialities of the aircraft
supercharger. Init ial ly he concentrated on the gear
driven type but soon settled on the turbine driven con-
figuration. By May of l9l8 prel iminary testing was be-
gun at the Delaval Steam Turbine Co. of Trenton, New

Jersey. 0n these tests the unit was not connected to
an engine in any way but used steam to drive the turbine.
Late in June a sl ightly different version was tested
w i th steam.

The next month both vers ions were taken to McCook
Field where they were instal led on a wind tunnel-mounted
Li berty eng i ne. Runn i ng of the Sherbondy dev i ce cont i n-
ued under these conditions for the remainder of lglB
with a third version being tested in December. However,
the unit seldom ran well, and there were continual troub-
les with the "hot section" (the turbine and nozzle box--
the nozzle box being a circular, or semi-circular sec-
tion containing stationary vanes which direct the flow
of exhaust gases onto the turbine buckets).

0n December the l5th an endurance run was attempted
but had to be abandoned after two and three-quarters
hours, as vibration had loosened some oil lines. Soon
after shutdown the rear turbi ne shaft beari ng mel ted
again, a common trouble throughout the tests.
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Although it is doubtful if the Sherbondy supercharger
was assigned a model number at the t ime, reports in later
years referred to it as "typ" A-1". Fl ight tests had
been planned for the Sherbondy unit but were never car-
ried out. The war was over now, Air Service funds were
I imited, and by this time the Moss supercharger had dem-
onstrated its superiority. No further effort was expend-
ed on the Sherbondy turbo-supercharger.

The name of Sanford Moss has been mentioned previous-
ly, and although it would be unjust to others to give
him ful I credit for turbo development in the U. S.,
nevertheless, his position as father of the turbo in
this country is secure.

Born in San Francisco August 23, 1872, Sanford Alex-
ander Moss became an apprentice machinist at l6 and later
became a draftsman. He then entered the University of
Cal ifornia where he studied engineering, receiving his
degree in 1895 and his Masterts in 1900. For his Doctor-
ate, he went to Cornell, and it was here that he became
interested in, and wrote hi s thesis on the gas turbine.
After graduation in 1903 he went to work for General
Electric at I^/est Lynn, Massachusetts and carried his en-
thusiasm for the gas turbine with him. Fourteen years
later, when the Un i ted States entered I./l^/ | , GE had bu i I t
up a large business in industrial air compressors, and
Moss had set up the turbine research department at GE's
Lynn steam tu rb i ne p I ant .

I./hen Moss f irst thought of applying the gas turbine
to an aircraft supercharger is not known, but it was
probably not until the Fall of l9l7 when Doctor Durand
(who had known him at Cornell) of the newly-formed NACA
asked GE to develop the Rateau "engine boosterrrfor the
Li berty eng i ne.

Probably because of GErs extensive turbine arrd com-
pressor business, Moss had the fi rst experimental unit
running in a short time. By February of l9l8 it had
been steam tested at Lynn and active experimental work
was underway at McCook Field. By August it had been run
extensively on a Liberty and was satisfactory enough to
warrant continued testing at high altitude. This phase
of the program was to be carried out atop 14,000 foot
Pikers Peak. lt would not be the first time that the
Peak was used for this purpose as crews from McCook had
been there in l9l7 to run high altitude tests on the
8-cy I i nder Li berty eng i ne. For the turbo tests, a com-
plete truck-mounted dynamometer equipped with a 12-cyl-
i nder Li berty eng i ne and a I I necessary equ i pment was
bui lt. After the turbo was instal led four engine runs
to check functioning were made before leaving 0hio, and

Tlte tttrbo-superchurger test trttcl; orripirtg at the Rctc.l; Island Rail
Yurds. Colorado Sprinu,s. (Air I'orce ,1,luseum,1



Page IOZ

The trttck ntoLrntecl durterttontetcr otop 11.000 l<tot I'il;as I'auk
ruttrtinq its lour ltour crtdut'crttce test. Rigltt, a c'lose-up

then the unit was taken by rai I to Colorado Springs ear-
ly in September 1918. lt was run once more in the rail
yards, before be i ng dr i ven up P i ker s Peak.

Appropriately enough, this fi rst GE turbo was desig-
nated as Air Service type A, although this designation
was probably not appl ied unti I later types came along.

It has not been possible to find out the identity
of the men on the Army crew or who was in command. Ap-
parently Mr. I{. A. Reeves was present as a GE represent-
ative, and it is entirely possible that Dr. Moss was

there part of the time. Since there were no I iving quar-
ters on the peak, the crew had to live in Colorado
Springs, an inconvience that cost a lot of time (fut
was probably appreciated by the crew because of the mis-
erable weather condi t ions on the Peak) .

A total of 23 test runs were made on the Peak, five
of them without the turbo operating. The best of these
five runs indicated a maximum horsepower output of 251

at l8O0 RPM. The remaining l8 test runs were al I made

with the turbo in operation, but with al I exhaust gases
going to the turbine it was found impossible to run the
engine at ful I throttle because of cyl inder pre-ignition
due to the high temperature of the air going to the car-
buretor. This was the result of the heat rise through
the supercharger due to compression. Nevertheless, on
one run the Liberty produced 356 hp, about six more than
it produced at sea level.

The last run made, on 0ctober 7th, was an endurance
test which lasted 4 hours, 22 minutes. Tests were then
discontinued because of the difficulty of refuel ing the
unit whi le the engine was running--the tank held only
50 ga I I ons. Access to Pi kers Peak was much more d i ff i -
cult then than it is now, and it was a problem to trans-
port sufficient fuel to the peak. Throughout the tests
there had been no problem with overheating of the super-
charger. This trouble would crop up later.

The results of the Pikers Peak tests were highly
promising, and with the Sherbondy device out of conten-
tion Moss and General Electric had the field to themselv-
es--a situation they maintained until the gas turbine
engine made the gas turbine supercharger obsolete. The
obvious next step in the evolution was to undertake
flight trials, and after some slight changes at Lynn
and more steam tests work beqan on the critical fl iqht
phase.

Lrb I

eorlU itt October l9llJ u.itlt the ttcbo-superclrorqect Libcrtu
ol tlte I)il;es I)auk tast turbo. ( Air F'orce .lluseuttt )

fte

GetteruI EIec'tric'turbo-supercltarger ittstu||ccl on 12-r'qIirtclt'rI'ibertu
enqirte. (U. S. Air l-orce )
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0riginal plans were to use a DH-4 for fl ight test-
ing, but Major George E. A. Hallett, Chief of the Power
Plant Section, vetoed the DH-4 and picked one of the 30
Packard-LePere LUSAC-l I two place biplanes which had
been deve I oped too I ate for combat . Maj or Ha I I ett I s
reasoning was that the LePere was a much stronger air-
craft and would not be so likely to break up in event
of a long fal I from high altitude or violent pul louts--
a situation he foresaw and which did occur later. The
LePere was serial number A.S. 40015, and its McCook
Field number was P-53. lt was powered by the standard
l2-cy I inder Liberty engine of about 400 hp, and the tur-
bo was installed on the front of the engine above the
propel ler shaft with the compressor section and air in-
let exposed to the prop blast. The rrhot sect ionr', con-
sisting of the nozzle box and turbine wheel,were aft,
the same position used on all ground tests up to this
time. Although the location had been satisfactory, it
was to cause trouble very soon.

Most of the work on the project ceased after the Ar-
mistice in November l9l8 but was resumed in the early
months of l9l9 when installation and f irral ground runs
were made. Probably it was touch and go whether work
would resume. The war was over now, and money for Army
aviation had been drastical ly reduced. There were, how-
ever, a number of determined men, both at GE and among
the Army people, who were convinced of the turbo-super-
chargerrs future and made every effort to keep the pro-
j ect i nstated.

Prominent among these was Major Hal lett, a pioneer
aviation mechanic. As a boy, he had been thri I led by
the news of the Wright flights and had by l!10 become
involved with a number of Cal ifornia flyers.

I^/hen Glenn Curtiss brought his early hydroplane to
North lsland at San Diego, Hal lett had been employed as
a mechan i c. He rema i ned a part of the Curt i ss organ i za-
tion until December 1914 and took part in much of the
Curtiss exhibition program including a lengthy trip to
Europe in l9l2-13. AIso noteworthy was his participa-
tion in the development of early Curtiss ai rcraft, such
as the ambitiousrrAmerica" flying boat (a trans-Atlantic
project that did not conre off because of the war) and
the later model N, predecessor of the famous JN series.
At the end of l9l4 Hal lett left Curtiss to take a better
paying job with the Army at North lsland serving as an
engine consultant and later as an instructor in the mech-
anics'school.

Late i n I 9l 7 he went to Wash i ngton, D. C. to organ i ze
a series of mechanic schools and in May of l!18 was com-
missioned a Major in the regular Army, being transferred
to I^/i lbur Iy'right Field at Fairf ield, 0hio. 0n the 2lst
of December of that year orders became effective assign-
ing him as Chief of the Power Plant Section at McCook,
and he therefore became directly involved in the turbo-
supercharger program. Major Hal lett remained in thi s
position unti I December l!22 when he resigned from the
Army to take a position with General Motors. Hal lett
thus was the officer in charge of the project during the
early fl ight testing and development.

Although Moss and General Electric had designed and
bui It the turbo-supercharger, the company at that t ime
had no experience in the aviation field, and the whole
enterprise was very much a joint effort with the Army
engineers and technicians. Two of the Army employees
who played a big part in the endeavor for many years
were Mr. 0pie Chenowith and Mr. A. L. Berger, both of
McCook Fieldrs Power Plant Section.

I n the open i ng years of turbo-supercharged f I i ght
the name of Major Rudolph "Shorty" Schroeder looms large
i ndeed . Ch i ef of F I i ght Test Sect i on at McCook, he had
al ready been in aviat ion for over ten years. In l9l0 he
had been a mechanic for pioneer flyer 0tto Brodie and
had learned to fly at Chicago in that year. His commer-
cial pi lotrs I icense was number 7. Li ke many other early
flyers he entered the Army when the United States became
a participant in the rrgreat" war. A Lieutenant in 1917,
by the summer of l9l8 he was a Captain at McCook Field
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and i nvo I ved i n the test program of the new LePere. Dur-
ing the waning days of the war, he was promoted to Major
and became Chief of Fl ight Test. lt was in this capacity
that he was to become the first man to fly a turbo-super-
charged airplane in the United States.

rrshorty" Schroeder (fre was over 5 f eet ta l l ) lef t the
service in the early l!20s, and after a short period with
the Underwriters Laboratory in Chicago, he joined the
Aeronautical Division of the Ford Motor Co. in June of
1925. He was the first man to fly the Ford Tri-motor,
and along with another pioneer, S. R. "Sinny" Sinclair,
he flew the Detroit-Chicago air mai I route in Liberty-
powered Ford Stouts. During the late 1920s he was in-
volved in the Guggenheim Foundation Safe Aircraft Compe-
tition, served as Chief of Aeronautical Inspection for
the Bureau of Air Commerce in the early 1930s and final-
ly joined United Airlines in 1936. He retired in l94l
as vice presioent for safety due to i I I health. 'rShortyrl
Schroeder died four days after Christmas 1952, following
a lifetinre of service to aviation and to his country.

Through the efforts of those men mentioned, and many
others, Major Schroeder became a i rborne on the f i rst test
fl ight. lt has been impossible to determine exactly when
this first fl ight took place, but it was sometime in the
spring of 1919. In any case, there must have been quite
a number of anxious hearts and crossed fingers among the
watchers on the ground. A successful fl ight was not to
be, however, for the engine failed at .|8,000 due to a

comb i nat i on of ser i ous prob l ems .

I n a report wr i tten many years I ater (t gl4) , by Berg-
er and Chenowith, it is stated that those involved in the
evolution of the turbo probably had not real ized the nrag-
nitude of the job ahead unti I the unit was actual ly run-
ning on an aircraft. Although the turbo is a simple
mechanism, its appl ication affects almost al I systems
and aspects of a piston engine. Hence, it is not sur-
prising to find that during this fl ight, resulting in en-
g i ne fa i I ure, we have eng i ne overheat i ng, I oss of fue I

pressure, extremely high carburetor air temperature and
overheat i ng of the turbo nozz I e box and turb i ne. 0n frr-
ture flights many other troubles were to appear. The
ent i re eng ine cool ing syste,n irarJ to be redes igned as the
upper wing plate-type radiator was inadequate. Since
the Liberty engine's normal operating temperature was
above boi I ing at high altitude, a sealed cool ing system
had to be provi ded. The f i na I successfu I rad i ator i n-
stal lation was suspended below the fuselage with an ex-
pansion tank on top of the engine.

The ful I system also had to be redesigned to over-
come the loss of fuel pressure and vapor locking at high
altitude.

The high carburetor air temperature was due mainly
to the heat rise of the air as it was compressed by the
impel ler, and an intercooler was desi gned and instal led.
The principle of an intercooler is the same as a radia-
tor except that air f low, instead of vrater, does the
cool ing, and this unit is normal ly instal led between the
supercharger and the carburetor, as i t ttas here. Along
with the intercooler, a modif ied turbo lvas provided, and
this was the type rrBrr which also had air cooled bearings
and expansion joints in the exhaust manifolds.

Probably the most serious problem which manifest-
ed itself on this f irst f light, and the most diff icult
to solve, was the overheating of the turbine and nozzle
box which was running in exhaust gases of 1500 to 1600
degrees F. Most of the difficulty was caused by the pos-
ition in which the turbo was mounted with its "hot sec-
tion'r aft and sheltered from the prop blast by the conr-
pressor section. Although efforts to improve cool ing of
these vital parts were made by a series of baffles, the
problem was not completely solved unti I the position of
the turbo itself was changed.

Li ke the i r Br i t i sh counterparts, Army eng i neers were
weI I aware of the theoreticaI advantages of a propeI ler
on which the pitch of the blades could be changed at will
by the pi lot. f{hen the supercharged LePere was being
readied for its earlv f liqht tests such a propeller rvas
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The.first test uehicle
urtd the rrtett: Lt Joltrt
A. A,Iacready ( l ), Dr
Son.lord LIoss, XI oj or
Georqe E. ,1 . Hallett
and General Electric
techrticion Adolph
Be rq e r. D i.l,l'e re nt i n t e r-
cooler ductirtg than on
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a I ready tested and ava i I ab I e.
The propel ler branch at McCook Field had done con-

siderable development and testing work in the first two
years of .its exi stence. Approximately ll0 propel lers
had been tested on the destructive whirling rig. The
great majority were variations of the common fixed-
pitch type, but the Propel ler Branch was able to report,
i n 1919, that rrExperimental work i s being conducted on
variable pitch propel lers, one hub for a Liberty l2 and
one for a Hispano.'r Althouqh several types of these
propel lers were submitted for test in the early post-
war years, the Hart propel ler seems to have received
the most attention and showed considerable promise of
success.

The Hart reversible and variable pitch prop was the
invention of Mr. Seth Hart of Los Angeles. lt was built
and test flown successful ly in Cal ifornia before Hart
brought it to the Army at McCook Field early in 1918.

Tested on the whirling rig it showed no signs of
weaknes s and was i nsta I led on a JN-4H (t',tcCook #P-6, Ai r
Service serial 37935). This original Hart propeller was
flown for about eight hours and Army engineers were en-
thusiastic about its performance, especially its rever-
sible feature which reduced landing rol I by about two
thirds. Ten of the Hart 'propel lers were bui lt for test-
ing on the Liberty l2 and the 150 and 300 hp Hissos.

One of these Hart propel lers was used on the super-
charged LePere. However, it appears that most of the
f light testing with the LePere was done with a f ixed
pitch wooden propel ler.

lJith most of the major problems solved, except the
turbi ne overheat i ng, the LePere went on to establ i sh a

series of world altitude records as part of the high al-
t i tude research program. One of the f i rst of these
came in early August l9l9 when Schroeder, with Lt G.E.
Elfrey as observer, attained a speed of 137 mph at
18,400 feet which was claimed as a record at this alti-
tude for a two seater. In October the same crew topped
31,000 feet over Dayton, another two man record.

'rShortyil Shroederrs participation in the program
came to an abrupt end on February 27, 1920. Alone this
time he topped 38,000 feet, but the crude oxygen equip-
ment and lack of knowledge about the effects of high
altitude flight, almost cost him his life. Trouble with
the oxygen system caused him to lose consciousness, and
the LePere fell out of control for six miles before he
regained consciousness and was able to right and then
land the plane. A situation such as Hallett had fore-
seen had occurred, and Schroeder owed his I ife to the
strength of the LePere. l^/ith his eyes f rozen, and suf -
fering from exposure and exhaustion, he was taken to a

hospital where he recovered only after a lengthy stay.
l/i th rrShorty" Schroeder now "of f duty'r f or med ica l

reasons a new pi lot was needed for the high altitude
turbo project. Al though Major Hal lett f lew the LePere,
both as pi lot and observer, to check engine/ai rframe
performance, he never did so in a test pi lot capacity.

Assigned to the Fl ight Test Section at that time was
a young man who was new to test-f lying but had apparent-
ly shown considerable promise. Fol lowing a month's de-
lay after Schroederrs accident, Lt John A. Macready was
chosen to carry on the turbo project, and in the ensuing
six years he became one of the most experienced high al-
titude flyers in the world. During these years, he made
over !0 fl ights to altitudes above 30,000 feet and about
ten above 35,000. In the promotionless atmosphere of
the post war Army John Macready was unable to progress
beyond the rank of Fi rst Lieutenant but, nevertheless,
he established an enviable record of pioneering in av-
iation.

H i s endu rance records and f i rst non-stoo t ranscont i n-
ental fl ight (with Lt 0akley Kel ly) are his best known
achievements. Less wel I known is his extraordinary pho-
tographic survey of the United States, covering I0r000
miles in a DH-4 with that unsung pioneer of aerial pho-
tography, Captain A. l^/. Stevens. In September of l92l
he raised the world altitude record to over 38,000 feet.
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The purpose of the fl ight had been primari ly to test
a longer propel ler, turning at I lO0 RPM on the ground
(normal ground RPM being 1600). The ground takeoff run
must have been quite long but Macready set a new record,
stat i ng that at 41 ,200 feet (i nd i cated) tfre a i rcraft
mushed badly and he had Iittle control over it. lcing
of the oxygen tube was again encountered.

Both before and after the record there were endless
fl ights which ended in fai lure of some part of the en-
gine, ai rframe or supercharger. 0n one occas ion the
propel ler flew off at 28,000 feet. 0n another cold, ov-
ercast day over Dayton, above the clouds, the engine
caught fire. By diving below the cloud base the fire
was extinguished. The observer that day was Roy Lang-
ham (another man who regularly risked his l ife at high
altitudes and is practically unknown for it). Misinter-
preting Macready's signals, he unfastened his safety
belt and started to bail out. Caught at the last second
by Macready, he was pulled back in the cockpit and re-
mained with the aircraft for a conventional landing.

Major Hal lettrs successor as Chief of the powerplant
Section at the end of 1)22 was Lt E. T. Jones, who was
respons i ble for one of the most important developmenrs
of the turbine supercharger. 0verheat ing of the nose-
mounted unit had never been solved and Jonesr answer to
the problem was to mount the unit on the side of the en-
gine with therrhot sectionrr (turbine and nozzle ring)
outermost and exposed to the sl ipstream. This seemingly
simple change was a great success, and all turbos until
the advent of the l/l^/ ll types were so positioned.

By the end of l92l the LePere had been joined at
McCook Field by two other supercharged ai rplanes, a
DH-48 and a Martin MB-2. The DH-4 was McCook numDer
P-131, Air Service serial number 63413. lt was powered
by a Packard 1237 engine (a V-12 of about 300 hp), and
the turbo instal lation was that designed by Lt Jones.
Known as the form F, the supercharger was mounted on
the side of the engine (usual ly right side) with the
compressor section buried in the engine compartment and
the hot turbine and nozzle box outside and exposed to
the prop blast. This proved highly successful, and ov-
er 50 hours of f lying were done rvith this airpiane with
no overheating problems. 0n one occasion an altitude
of 32,150 feet was reached.

The Martin MB-2 was Ai r Service serial number
64195, McCook Field number P-162, and it was the fore-
runner of what were planned to be the Armyrs first tur-
bo-supercharged aircraft in squadron service.

To find the origin of this idea we must go back
about a year to June of l92O when the specification was
written for the new Martin MB-2. By this time Major
Schroeder had made numerous fl iqhts in the Lepere, and
the Army was sufficiently impreised to include in the
MB-2 specif ications, under,'Powerplantil:

"Two General Electric type turbo
superchargers comp leterl

It was not to be, however, as 64.l95 was the only
bomber on the Martin contract for 20 on which turbos
were instal led. The other l! served out thei r t ime as
unsupercharged low altitude bombers.

It is probable that the Army did not real ize the
magnitude of development ahead, or they wouid not have
been optimistic enough to expect the turbo to be ready
for instal lation on product ion ai rcraft. Del ivered to
McCook Field from the Martin plant in December 1920,
MB-2, 64195, had difficulty in acqui ring its supercharg-
ers which were not available until rhe middle of 1921.

The turbos which finally arrived for the test air-
craf t were probably of Form I'Drr, the f irst of a batch
of 7O which had been ordered for the Martins and for a
dozen DH-4s. Position of the turbos on the MB-2 was
s imi lar to that al ready found unsat i sfactory on the
LePere--on the front of the engine with the hot sect ion
aft. As far as is known no other position was ever tried
during the MB-2/NBS-l program.

Even though the supercharged Mart i n bomber program
was destined to fai lure, MB-2 64195 performed remarkably
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well during the test program. Early in December l92l
two f I ights were made at loi^r a lt itudes to check turbo
operation, and then on the 7th an attempt was made to
reach the aircraftrs ceiling. The pilot during this
and later tests was Lt Leigh l{ade (now Major General,
USAF ret.). Although the creditable altitude of 20,000
feet was attained, the fl ight was ended due to the ob-
server, Sgt Roy Langham, losing consciousness. No oxy-
gen was carried. Also aboard were Mr. Gregg and Mr. T.
Jones of the powerplant branch. Jones is mentioned in
several reports of this period, and it is suspected
that this is actually Lt Edward T. Jones, who was to
take over command of the Powerplant Section from Mal'or
Hal lett a year later.

VJi th Sgt Langhamrs exper i ence as a gu i de oxygen
tanks were hurriedly instal led, and on the 8th of Decem-
ber another attempt was made to reach the MB-2's cei l-
ing. Again the ai rplane and turbos performed wel l, but
more trouble was encountered due to the extreme cold in
the exposed cockpits. At 25,000 feet temperature in
the cockpit was -ll degrees F, and the crude oxygen
system gave trouble. lt should be ment ioned that masks,
so f amil iar to f{W ll types, were seldom in use, and an
oxygen tube was usual ly held between the teeth. The
tubes iced up and blocked the oxygen supply, but even
so l,/ade and Langham reached a t rue a lt itude of 25,341
feet above sea level. During 1922 this same ai rcraft
and crew made a number of high altitude fl ights, during
one of which the versati le Capt. A. W. Stevens bai led
out at 24,000 feet, the highest parachute jump made up
to that time.

There is no record of the final disposition of
64195, but it is probable that it went to one of the
service units, minus its turbos, upon completion of the
test program. One thing is sure, no other llB-2, or
NBS-1, ever climbed so high as did this pioneer, super-
charged bomber.

Even though al I Martin MB-2s except the one went in-
to service unsupercharged, the desire was still there to
make airplanes into high altitude bombers. Consequent-
ly, l7 ai rcraft (and possibly 2 or 3 later) from the
Curtiss contract for NBS-ls (ma-Zs bui lt by Curtiss)
were earmarked for turbo-supercharger i nsta I I at i on. Al -
though most of the Curtiss-bui lt NBS-ls were del ivered
in 1922, the l7 referred to above were not ready for de-
I i very unt i I the spr i ng of 1923.

The 2nd Bornb Group at Lang ley F ie I d was s lated to
put these bombers into service, and in Apri I 1923 Leigh
l^/ade was ordered to pick up NBS-l 58508 at the Curtiss
plant at Garden City, Long lsland. He was then to pro-
ceed to Langley Field "for the purpose of instructing
and demonstrating, to personnel at Langley Field, on
superchargers. "

Cons i derab I e troub I e was encountered wi th 58508, re-
quiring an engine change and other repairs, but Lt \,/ade
arrived at Langley on the 27th of April to find that the
2nd Group had already decided it did not like super-
charged bombers.

Fol lowing is a smal I portion of his report, dated
8 May 1923, to the Chief of Engineering Division at
McCook Field.

Conditions found regarding the superchargers
at Langley Field was (sic) as follows,; the pilots
and other personnel concerned had no confidence in
superchargers and did not desire to fly them on
Martin bombers, due to fear of fire, increased
d i stance requ i red for takeoff, and poor c I i mb
at low altitudes as compared with standard Martin
bombers. Also, they were in complete ignorance
of what would be required of a Martin bomber
equ i pped wi th superchargers, e. g. they thought
they would have to operate, perhaps , carrying
the same bomb loads as a standard Martin bomber,
and thought that this was impossible. Also, they
had received no i nstruct ions on the purpose of the
superchargers or the i r operat ion. The reasons for
thei r opinions regarding superchargers, as given
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above, rvere that the first pi lot to ferry one
through turned in a very unfavorable report
agairst the superchargers, stating that the
cl imb was very poor, and that it took too much
distance to get off the ground, thereby endang-
ering the transfer of airplanes from Mitchel
Field to Langley Field. Also, Lt Black, who
had a forced landing, completely washed out
hi s ai rplane near Aberdeen Field, and Lt Cum-
nrings had a forced landing near Aberdeen, BF-
riving at Langley Field with the breather pipe
on his right engine burned off.
I{ith the cooperation of Major Reynolds, the Group

Commander, Lt Wade proposed to fight the supercharger
hostility in two ways. Since most of the air and ground
crews had only a vague idea of the purpose of the turbo,
he assernbled all pilots and crew chiefs in the base aud-
itorium on the morning of April 28 for a lecture on the
operat ion and use of the turbo-supercharger. He also
explained that the 2nd Bomb Group was to conduct the
trial operations of the supercharged bomber.

From the lecture hal I they went to the flying field
to conduct comparison tests of the standard Martin bomb-
er and the supercharged Curt i ss mach i ne.

The tests did not go wel I from the begi nn ing. The
supercharged machine, 58508, required 75 percent more
takeoff run, and although it did get off the ground with
a 1500-lb bomb load (some of the crews did not believe
it would) it cl imbed slowly, overheated and final ly blew
a radiator hose on the left engine. lt was real ized on
this fl ight that the carburetor jets were giving an ex-
cessively rich mixture and the turbine adjustments were
incorrect. In view of these difficulties it was decided
to return to McCook Field where efforts would be made to
el iminate the troubles.

Before Lt f{ade departed for McCook on May l, it was
decided that the remaining l5 bombers would be flown down
to Langley, and this was done during June, July and Aug-
ust by 2nd Group pilots. These l6 airplanes were serial
numbers 68512 through 58527, and what happened to them
after their delivery is not entirely clear. However, it
is probable that they did I ittle flying and were stored
awaiting solution of problems which were nevef solved.
It appears that there were two major stumbl ing blocks
which ki I led the project--one was the poor performance
on takeoff and at low altitudes caused largely by the
lack of a variable pitch propel ler, and the second was the
overheating engine problem. The latter was never solved
with the front-of-engine installation, although several
dif f erent radiator locations were tried to i.mprove air-
flow and cool ing.

At least three of these machines were at McCook Field
during the test program. These were: 58508, McCook
Field number P-293; 68519, number P-316; and 68526, num-
ber P-322.

r\ACA uircruf t Aitttttber 25 u'itlt turbo-supercltorger. Tltis DH4 u:as
ulso.f lou'tt tL'itlt otltar ttlpcs o.l supercltargcrs. ( NACA )
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Crrrtr.s,s I'll:-8. 21 202.

Tcstecl ot
rr'ns lit'sf tttrbo-supercltorgecl Crrrfiss pursuit.
.l[cCo<tk I"ielcl. 1925-26. ('ll. Co1t1t )

Most of the l5 aircraft at Langley had their turbos
removed and went to the service squadrons, as did 68519
which went to the 20th Squadron of the 2nd Bomb Group.
Thus ended the first Army attempt at a high altitude
bomber. The next try, ll years later, would be a bri I l-
iant success--the Boeing, B-17 Flying Fortress.

ln the years between 1922 and the B-l/, development
went ahead steadily but always on a small scale. The
grand-daddy of al I \^/l/ | | turbo-equipped fighters, and the
fi rst single seater so equipped, was an 0renco D, the
second of this type bui lt by Curtiss (serial number 63282,
McCook F i el d number P- I 5l ) . One of the 50 ordered from
Curtiss, it is perhaps logical that it was fitted with a

turbo-supercharger, if for no other reason than that the
Air Service did not know what to do with 50 Orencosl
Some of these machines were apparently with the lst Pur-
suit Group, but I ittle is known of the service life of
the 50 Curtiss-bui lt ai rplanes (plus 4 Uui lt by 0renco).
Even less is known about the supercharged version. The
blower would have been a type C-l with an altitude rating
of 35,000 f eet. lt was s imi lar to the type 'rBrr f or the
Liberty with an intercooler, expansion joints in the ex-
hausts and air-cooled bearings. lt differed in being
adapted for the 300 hp Hisso. Rumor has it that this
ai rplane crashed soon after modification, and the records
indicate that it was surveyed on 5-3-22.

By the mid-1920s the Army felt that it had developed
the turbine-driven supercharger to a high state. In the
annual report of the Chief of Engineering Division for
both 1925 and 1926 it was said that most supercharger ef-
fort was being expended on the gear-driven type, the tur-
bo hav i ng reached a successfu I state. By I 925 the ol d
front-mounted "B", "C" and rrD'r types were obsolete, and
the side type was standard in the various versions of the
F-2 type. For ease of maintenance they now had removable
turbine buckets and demountable impel ler and turbine.

Although the Engineering Division felt that the turbo
was a successful article, considerable activity took
place during 1925 with various installations. A PW-8,
serial number 24-202, was flown with an F type, and at
20,000 feet i nd i cated the respectab I e speed of I 75 mph.
The ouroose of the test was "to obtain information on
supercharged pursuit ai rcraft.rr lts service cei I ing was
about 33,000 feet .

Also during that year five blown (supercharged) Cur-
tiss P-2s were ordered. Arriving from the Curtiss plant
in December, 25-420 went to McCook as the XP-z, and the
other four (ZS-t+Zl thru 424) went to the lst Pursuit Group
at Selfri dge. No i nformat ion has been uncovered on the i r
reception or use at Selfridge, but a I ittle over a year
later, their blowers removed, three had been converted to
P-l standards, and a fourth (24-423) became the XP-5.

There were other turbo-equipped ai rplanes flying in
the middle years of the r20s. A DH-4BS was engaged in
testing various propellers for high altitude, and the En-
gineering Division made extensive modifications to their
XC0-5. 0riginally begun as one of the two TP-1s, a 1922
Engineering Division design for a 2-place pursuit, it was
completed as a Corps 0bservat ion machi ne (Zl-lZOt+). Both
it and the remaining TP-l (585i8) were eventual ly equip-
ped with turbos. The TP-l shows up in photos with both
the front-mounted un i t (probab ly type D) and wi th the
later side-mounted type F, and a cleaner nose. lt was
badly wrecked with the earl ier unit instal led, so was ap-
parently rebui lt with the new side type, form F.

In 1925/26 the single XC0-5 was highly modified with
a set of long span two bay wings, an F type turbo-super-
charger and other structura I changes. Des i gned as a h i gh

altitude photography machine it performed very well in
this mission. Lt Macreadv set an F.A. l. altitude record
of 38,704 feet in this airplane during 1926 and also made

h i s I ast record attempt before I eav i ng the Army. 0n the
l0th of April he ran out of fuel above 37,000 feet and
made one of h i s many dead-st i ck I and i ngs .

Also tested in 1926 was the XP-A, a Boeing Pl/-9 with
new wings, a type F turbo and a huge four-bladed wooden
prop on its Packard engine. A dismal fai lure, it was

The Curtiss I''2 u'tts
L'ie ld as

tested rit/t turbo-supercltttrcler ot :llcCool;
X I'-131 in 1928'29. ( ^ll . ColtP )

Engitteering Dirision TP-1 rith
at ,VIcCook I'ielcl.

.l rortt rrtottnted turbo, ct.fter crosh
( R. Caranagh Coll. t
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flown only four hours and abandoned.
Under a contract of 14 May 1927, five more Hawks,

this time P-ls which became P-5s' were equipped with tur-
bos (undoubtedly F-2 type), cockpit heaters and other
modifications. Although one showed a top speed at
25,000 feet of 173 mph and the excellent service ceiling
of 3lrOO0, no further procurements were made of P-5s,
and like the P-2s, very little information has come to
I ight on their usage.

Since the abortive attempt with the NBS-ls in the
early .l920s, no more effort had been made to provide sup-
ercharged ai rcraft in relatively large quantity. The

Pursuit Development Board, which met at Wright Field in
November 1930, was to provide the seed of the next at-
tempt. This board, after considerable study and discus-
s i on, recommended that pursu i t deve I opment proceed wi th
the fol lowing types:

A. Single seater with high speed at sea level.
B. Single seater with high speed at high altitude.
C. Single seater with high maneuverabi I ity.
D. A biplace pursuit.

Pursuit development as carried out under these recommen-
dations would no doubt be a story of great interest, but
we are concerned here with item B only. This classifica-
tion produced not only the most beautiful of biplane
f ighters, the XP-23 (with an F-2 turbo), but also the
first supercharged fighter to fully equip an operational
U. S. Army pursuit squadron, the Curtiss P-6D.

No attempt wi ll be made here to recount the involved
history of the P-6 series as only the P-5D was important
in the turbo story. Basically, however, the P-5 air'
planes were simi lar to the P-l except for the replace-
ment of the 435 hp Curtiss D-12 engine with a 6OO frp

Curt i ss V- I 570 Conqueror. E i ghteen P-6s were ordered
in fiscal year 1929, and eventually l3 of them became

P-5Ds with the side type, F-2 turbo superchargers. Al I

of the F-2s from the F-2A thru the F-2H were designed
for the V-I!/0 engine (the f-ZG was for Ieft side instal-
lation), and it is I i kely that they were interchangeable,
as the changes were minor (cooling fins, air passages).

The first of these aircraft, the XP-5D' was flying
at Wright Field in the spring of l93l with an F-24. This
was serial number 29-260, and it is easily distinguished
from later P-5Db bv its two-bladed propel ler. AI I other
P-5Db had the more efficient three-bladed prop. ln \9i2
the XP-5D had an F-2E turbo supercharger.

Besides the XP-6D there were l2 other P-6Db with ser-
ial numbers as fol lows: 29-266, 29-269 thru 29-273 and

29-363 thru 29-368. All of these aircraft started life
under other designations, but were finaI Iy wrecked or
surveyed as P-5Drs.

Most, if not al l, of these were assigned to the 37th
Pursuit Squadron of the 8th Pursuit Group at Langley
F i e I d. Formed i n September 1933, the Squadron was i mmed-

iately equipped with the P-5D. (One, 29'363' was wreck-
ed the next month near Langley Field.)

Li ke the NBS-l the supercharged P-5D was not an over-
whelming success. Long before the type went into ser-
vice, an attempt was made to halt the conversion program.
fn a letter dated June 1932, Major Hugh Knerr, Chief of
Field Service Section, recommended suspension of the
program because rrdifficulties have been encountered with
the V-1570 engine resulting in a change of oPerating con-
ditions of this engine" (due to the supercharger) '

Nevertheless, the conversion Program was completed
and the aircraft entered service with the 37th, even

though cont inual fuel system troubles plagued them and

wrecled several. The P-60 had a good turn of speed at
altitude, though. In early 1932, Capt Reuban Moffat flew
one f rom Iy'right Field in Washington, D. C. in I hour and

26 ninutes, .rrising at 25,000 feet, averaging 265 mph'

The P-l wings were not designed for the increased
weight of the P-6D, and there were severe fl ight re-
strictions on the type. In I i ght of the above troubles
and fl ight restrictions it is strange that the 37th was

chosen to become an attack squadron when the GHQ Ai r
Force was formed in March of 1935. A probable explana-
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tion is that plans had already been made to provide more
suitable ai rplanes as Curtiss A-8s arrived for the
37th in May 1935. l{hen the last of the P-5Db left the
37th is not known, but some of the survivors were assign-
ed to Training Command at Chanute Field. As can be seen
by the fol lowing none survived for long:

AAC serial 29-266 - wrecked 8-23-34
29-269 - surveyed 12-3-37
29-270 - wrecked 6-28-35
29-27 1 - wrecked 5- 10-36
29-272 - wrecked 12-9-35
29-273 - wrecked 3-37
29-363 - wrecked lO-17-33
29-364 - surveyed 4-38
29-365 - wrecked l-22-34
29-366 - wrecked 7-11-35
^^ ^ a -

7?-291 - surveyed tt-37
29-368 - surveyed ll-37

Three other P-5s were involved in turbo research, al-
though probably only two actually were so equipped. The
first of these was the XP-5F, which was the old XP-68
modified in 1933 with a new engine, an F-2E turbo and a

cockpit canopy. Although it had a good turn of speed at
altitude, it never was ful ly tested and played only an
incidental part in turbo-supercharger development. An-
other modified P-5E became the XP-5G, which incorporated
the V-1570 engine modified for turbo usage. lt probably
never had the turbo instal led and was of even less sio-
n i f i cance than the XP-6F

The third P-5E was actual Iy the last production air-
craft, and after very extensive rebuilding in 1932 it
became the XP-23, with an F-2G turbo mounted on the left
side of the engine, instead of the usual right side pos-
i t i on. The end-of-the I i ne turbo-supercharged Curt i ss
biplane, the XP-23rwas unsuccessful but gained one dis-
tinction in its short 1 ife. lt was probably the hand-
somest of all biplanes in an era where there was stiff
compet i t i on for that honor.

0f more s i gn i f i cance were the two Boei ng P- I 2s wi th
sidetype blowers. Until the advent of the XP-l2G (tfre
fi rst P-l28 modified) in 1932, al I Army turbo instal la-
t ions had been on I iquid-cooled engines. The sole pur-
pose of this test machine was to find out if aircooled
engines would cool and operate satisfactori ly at high
altitudes with turbo-superchargers. This machine and,
a year later, the XP-I2L (a rebuilt P-l2E) were the fore-
runners of all the t/\,/ ll turbo-supercharged, aircooled,
radial-engined aircraft (B-17, B-24, B-29, P-47 and oth-
ers). The XP-12L is reported to have overheated badly.
Since its supercharger was a type F-7 designed for engin-
es of 5OO to 8OO np, the overheating is not difficult to
understand (tfre P-l2ts l./asp engine developed about 5OO
hp).

The year 1932 also saw the beginnings of the fi rst
successful appl ication of the turbine-driven supercharger
to operational military aircraft. The unit had long
since been proven a practical device, but its effect on
engine systems and the lack of a rel iable control lable
pitch propeller had doomed all efforts to failure.

The beginnings of success go back to the YIP-24 two
seat monoplane fighter, and its immediate successor, the
YlP-25. Consolidated received funds for the latter in
March 1932 and delivered the airplane to Iy'right Field in
December. Eqripped with a V-1570-27 engine and the usual
side-mounted turbo, it demonstrated a remarkable perform-
ance before crashing in mid-January 1933. Because of its
promise, four more were ordered as P-3Os (with F-2G) and
a later order was for !0 more as P-3OA|s (with F-2H).
Soon after P-3OR del ivery in 1936, al I were designated
as PB-z (P-lO) or PB-2A (P-lon).

The first of the PB-2A's, serial number 35-1, arrived
at Wright Field i n January 1935 and underwent cons ider-
able test flying throughout the spring. Equipped with
the dash 5l engine and an F-2H turbo it received general-
Iy favorable reports from i ts tests pi lots. Lt Donal d
Putt, who had flown it for 25 hours by mid-April, report-
ed a top speed of 274.5 mph at 25,000 feet and excellent

l|right Fielct basec! curtiss xt'..61'.29-,]71 , tcrts ntodi.fiecl Xl'-6E tL'itlt

I'-2 turbo-sttperc'horqer. ( E' C. Honeu )

Last of the tttrbo-supercharged biplane Jighters uas the sleek and
beauti.ful Curtiss XP-23. (Jefferies Coll)

F'irst air cooled engine pursLtit to be equipped with turbo-super-
charger wus Boeing XP-12G. ( USAF)

I'irst Con.soliduted PB-2A. 35-1. It trosdestrotled incroslt, l,Iau tgJ6,
killing .l,Iafor Hez ,l[cCellan. ( Autltor )
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controllability at all speeds. The engine tended to run
rough at heights above 28,000, and no tests were conduct-
ed above this pending solution of the problem.

Although it fulfi I led one of the recommendations of
the 1930 Pursuit Board, the operational fal lacy of the
two-seat fighter was al ready clear to Lt Putt. Under
"Field of Fire" he commented: "Probably small for rear
gunner." Although the observerrs f lexible Browning was
instal led, no armament trials were conducted. An earl i-
er test pi lot on the P-30 had also reported the rear
gunner useless unless the aircraft was f loi^rn straight
and level. The error in the two-seat fighter theory
was to be proven beyonddoubt by the RAF in a few short
years. Yet, the PB-24 was a successful high altitude
airplane and largely because it was equipped with the
long-needed control lable pitch propel ler. Strangely
enough some PB-2Ars shorv up in photographs equipped with
ground adjustable prop only, and the reason for this is
unknown. Trouble with the early Curtiss Electric props
may ha,'e been the reason.

The test ai rcraft, 35-l, did not survive for long.
ft was destroyed in a crash late in May 1936. The PB-2
series was operated by only four pursuit squadrons--the
33rd,35th and 35th of the 8th Pursuit Group at Langley
Field, and the 2/th Squadron of the lst Pursuit Group at
Selfridge. The lst Grouprs !4th Squadron operated all
four PB-2 type aircraft but never as their basic equip-
ment.

The 27th Squadron was the first to put the PB-2A in
service, receiving its first one in April .|935 and being
ful ly equipped by the summer. The 8th Group did not get
its PB-24rs unti I about a year later and, in fact, took
over the 2/th Squadronrs machines in May-July of 1937
when that squadron began conversion to Seversky P-J!s.
The 8th Group disposed of its PB-2A's in the spring of
1939 and was completely equipped with Curtiss P-36s.
Thus ended the brief operational career of the PB-2 type,
although it soldiered on in miscel laneous jobs unti I the
war.

A tactical ly obsolete design, the PB-2 had not been
an outstanding aircraft. Nevertheless, it had been a mod-
est success, and a production, turbo-equipped plane had
final ly entered squadron service in fai rly large numbers.
It paved the way for thousands of high altitude mi I itary
aircraft which began rolling from factories only a short
time after the PB-2 passed from the scene.

Against a background of years of technical obstacles,
"medium altitudeil thinking and budget restrictions, the
Army had pressed on, and now Dr Sanford Mossr screaming
device was ready to take its part in a vast world con-
flict. lts position of importance in aviation history
was secure.

TURBO-SUPERCHARGER DES I GNAT I ONS S CHAMCTER I ST I CS

Type A - The Pikers Peak supercharger, for Liberty 12 en-
gine. Rating of 20r000 feet. Air and water cooled
wh i te meta I bear i ngs. 0pen Exhaust . Mounted between
engine and propel ler.

Type A-l - The Sherbondy supercharger. Abandoned due to
fai lure to pass prel iminary tests. Altitude rating of
10,000 ft. Completely enclosed nozzle box and turbine.
360 deg. nozzle diaphragm; valve control of exhaust
gases; self contained pressure and fuel control; ring
diffuser, self aligning bearings.

Type B - Same as type A except for the following: all
bearings air cooled; modified exhaust manifolds with
expansion joints; intercooler between compressor and
carb; development for 'rDrr type Hispano abandoned.

Type C - Same as Type B except for an altitude ratinq
of 35,000 feet.

Type C-l - Construction as for above types, but adapted
for 300 hp Hispano.

Type F-0 - Production article with al I improvements from
the above types. One modified with bal I and rol ler
bearings.

Type F-l - Production article.
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Type F-lA - Appl icable to engines which do not exceed
4oo rrp.

Type F-l B - Experimental. No other data. 0ctober 1928.
Type F-2 - Includes all details from ABCD, F E F-1, and

to include 350 deg. nozzle diaphragm, removable turbine
buckets, bal l & rol ler beari ngs, demountable impel ler
and turbine. Adapted for Liberty 12, Curtiss D-12,
Packard 1550, Curtiss 1550 and Packard 2500.

Type F-2A - Designed for use on Curtiss V-1570 engines.
Type F-28 - Designed for use on Curtiss V-1570 engines

January I 930.
Type F-2C - Similar to F-28 except for addition of cool-

ing fins.
Tvpe F-2D - Sirnilar to F-2C except modif ied air passages.

July 1931.
Type F-2E - Modified F-zct s and F-2Drs. Service tested

July 1931.
Type F-2F - lmproved F-2E equipped with el I iptical nozzle

box inlet and improved iinning. Service tested Apri I

1932.
Type F-2G - Simi lar to F-2F except designed for instal la-

tion on left side of engine. Service tested April 1932,
Type F-2H - Types F-2F and F-2G converted into F-2H in

accordance with changes outl ined in contract RC-7484.
July 1935.

Type F-l - Experimental, for engines of 5OO-8OO frp D32.
Type F-8 - Similar to F-l, except for 800-1000 hp engines.
Type F-! - Production model of the F-7, simpl ified. Ser-

vice tested January 1935.
Type F-10 - Production model of the F-8, simplified.

Service tested July 1935.
Type F-l0A - As F-10 except for incorporation of automat-

ic pressure lubrication system. Service tested Decem-
ber 1936.

Type F-l0B - ldentical to F-10A.
Type F-l I - For engines of 1500 hp. Altitude rating

25 ,000 feet .

Type F-12 - For use with engines of 2000 hp.25,000 ft.
rating.

Type F-13 - Simi lar to F-10, redesignated Iater to Type
B-3.

Type F-14 - Similar to F-10 but with integral oil pump

for R-1820-51 engines.
Type F-15 - Assigned to GE for experimental purposes.
Type F- 15 - For 700 hp eng i nes , 25 ,000 f t rat ing. t^/i th

integral oi I pump, removable diffusers and means for
external adjustment of nozzle box. Redesignated A-1.

N0TE: Sometime in the late 1930s (exact date unknown)
the turbo-supercharger designation system was changed
--the type letter indicating the horsepower of the
aopl icable engines.

Type A - for engines of 550 to 800 hp.
Type B - for engines of 801 to 1400 hp.
Type C - for engines of l80l to 2200 hp.
Type D - for engines of l40l to 1800 hp.
Type E - for engines of 2201 to 3000 hp.
Type F - for engines of 3001 to 4200 hp.
Type G - for engines of 4000 to 5000 hp.
Type H - for engines of 5001 to 5000 hp.
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24th Aero Seuc,dron
Phofo Album

The photos on these pages recently came to light
through the service of Member Lee Enich. In al I prob-
ability they are from the album of a ly'orld War I U. S.
Ai r Service veteran. They natural ly raise several
questions and further identification is invited.

Ground personnel of the 24th Aero Squadron arrived
in England in the latter part of January l9l8 and were
assigned to airf ieldsat l,/ye, London-Colney, Wyton and
Sedgeford, in 'rf I ights.r' The London-Colney f I ight mov-
ed to Crayton a month later. None of these airfields
can be positively identified from the pictures. Each
flight was under the supervision of a U. S. officer,
but the crews trained alongside, and were aided by,
British aircrews. The flying personnel, pi lots and
observers, were undergoing separate fl ight training
and did not join the Squadron until August.

Each aircrew was given instruction on engines and
airplane rigging. The equipment was al I British, how-
ever, and the value of some of this training was lost
when the Squadron received French machines for combat.
After three months as individual fl ights, the Squadron
was brought together at Marborough and continued train-
ing as a single unit until July. Then, being judged
ready for field duty, the Squadron was transported to
France to be temporarily assigned to the 4th Corps 0b-
servation Group at 0urches. There was a further pause
while the mechanics learned the rrnewrr (to tnem) Salmson
242 airplanes, which belonged to the glst Aero Squadron.
The learning process required most of August.

0n the 22nd of August l9l8 the 24th Aero Squadron
moved to Gondreville and secured itscomplement of Salm-
sons, and at the same time the attachment of pilots and
observers made the Squadron whole for the first time.
The St. Mihiel Offensive opened on l2 September, but the
24th was too inexperienced to participate and further
shakedown was necessary. A few flights were made over
the lines on observation patrol, but most flying was
practice only.

Final ly, the Squadron hit its stride after it moved
to Vavincourt where it was assigned to the lst Army
0bservation Group along with the veteran 9lst and the
new 9th Night 0bservation Squadron. In spite of the
late start, during the next fifty days of the war and
until the Armistice, an impressive record of activity
was hung up. This was particularly true in the carry-
ing out of specific and very special command missions
ordered by lst Army Headquarters.

The 24th was credited with eleven enemy aircraft
destroyed and lost only three planes to enemy action.
Three pi lots were I isted as missing, three observers

w3re mi ss i ng wi th them, and one was ki I led i n act ion.
One of the missing teams was later found to have been
taken prisoner. Attrition of airplanes was high. Rec-
ords show fifteen were lost in crashes. Six officers
were awarded decorations for meritorious service.

Tlte j.oruat'd rodiutor bu.l.l lc ort tltis Sulnson had oltcrrtctte stripes
o.l'red ancl bluck as the scluodron nturkintl de.finitelu spiralled

co u n te rcl oc l; u' i s e. n of lt orizo ntol.

A.A.H.S. JOURNAL

Hayden
Rectangle


