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The Turbojet Revolution at Lewis Research Center

In the Oriqinsvof the Turbojet ﬁevolution (Baltimgre; Johns Hopkins
University Press, 1580), Eanrd W. Constant cohtrasts what he calls "normal
technology® with a technological reuolutgon which represents the initiation of"
a radically new practice. For Constant, the turbojet revolution began as a

conceptual rvevolution based on the vadical incight that, while serodynemically

M

the airframe might‘be capable of greater speeds, the performance of the engine
which drove it -—’a-piston, or reciprocating engine —- was limited. Each
improvement of the piston engine -- additional cylgnders, supercharger and
intercooler -- represented the addition of move weight. A completely
different engine configuration was necessary. In the late 30s, Frank Hhittle
of the British Royal Air Force and Hans von Ohain, as well as others in

Germany, independently grasped the potential of the much lighter gas turbine.

Unlike the piston engine whose efficiency reached a definite limit, the—

efficiency of the turbine increased with the airpléne's speed. Moreover, the
simplicity of the tutﬁojet, consicsting of a compressor or blower driven by the s

turbine, was in striking contrast to the complexity of moving parts required

in the piston engine. y ’ '

.

Tha; the turbojet revolution occurred later in the United States than in

Europe cannot be disputed. Nor are the reasons which Constant gives for this




belated recognition of the potential of the gas turbine as a means of aircraft
propulcion at issue. Rather, my interest here this morning is to examine how
this technelogical revelution was institutionalized. Patterns of
institutional change differ according to the hicterical circumstances
surrounding the perception of a reveluticnary technology and ;ts adeption.
NASA’s Lewis Recearch Center in Cleveland; Chio, pfouides an instructive case
study of the acceptance of the turbojet revolution. Driginally ca;led the
Aircraft Engine Reseafch Laboratory, it wés one of two field centers
authorized by Conéress in 1940 to expand the aeronautical réséarch of the
Naticnal Advisory Committee for Aeronautics (NACA)Yat Langley Field. The new
facility in Cleveland was to be devoted to research on aircfaft power plants.
As its construction was underway, the Power Plants Division at Langley was
transferred_to Cleveland to tzke up its research in what was touted to be the
most advanced engine research laboratory in the world. Ironically, as the
Cleveland laboratory was being built, advances in tufbojet technology in
Europe wefe making its facilities obsolete. It was a matter of luck, not
foresight, that the laboratory’s enormous wind tunnel, built primarily for the
study of liquid-cooled engines under altitude coﬁditions, could be rushed into

service in 1944 to test the new turbojets first produced in the United States

by the General Flectric Company at-WestLyppyMesss——;

While institutional reorganizations do not necessarily reflect the
recrientation which accompanies a technological revolution, institutional
changes at Lewis Research Center in 1945 do in fact reflect the shift in
engine research mandatgd by the introduction of the jet engine. Not only was
the name of the institution changed to the Flight Propulsion Research

Lzboratory, but the entire workforce was reassigned. Hork on the piston




engine, which had dominated the institution’s research efforts, was all but

_eliminated. (See "Survey of Fundamental Probléms Requiring Research at the

Aircraft Engine Laboratory," Dec. 1945; Plumbrook, P1303, Box 34) The staff
dubbed thié recrientation the "Big Switch." As one engineer ?esbribed ite
"During the war years, the work was concentrated on the ad hoc problem solving
for military piston engines... The moment of truth came to NACA in 1945 and
overnight the NACA manzgement switched the laboratory emphasis from piston
engines to jet engines and the staff was reorganized from stem to stern in the
procesé.' He continued: “The sweeping reorganization caught the lower-level
supervisors by surprise. The author went home one night deeply engaged in
writing a report on spark plugffouling to find in the morning that his desk
was in another building and he was now officially engaged in rocket engine

cooling research.® (John Sloop, "NACA High Energy Propellant Research in the

Fifties,"” AIAPA 8th Annual‘Meeting, Néshington, p.C., Oct. 28,1971)

The 1943 reorganization represented not only the demise of the piston
engine, but also a change in the structure of léadership of the Power Plants
Division which Cleveland inherited from Langley Field. Abe Silverstein, the
former director of the center, denies that the decision came from the NACA’s
Headquarters. He claims that four individuals were invelved. These were the
headé of the divisions formed as a result of the reorganization: Ben Pinkel,
Head of Fuels and Thermodynamics; John Collins, Engine Performance and
Materials; Oscar Schey, Compressor and Turbine Research; and Silverstein at
that time head of Wind Tunnels and Flight Researcﬁ. Three indiQiduals who had
higher administrative positions in the laboratory’s institutional structure

were not included. These were Addison Rothrock, Carlton Kemper and Edward

Sharp.
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Sharp’s exclusion is no mystery. He was the Manager of the laboratory,
but because he was a competent administrator without formal training in
engineering, he left technical decisions to the engineering staff. However,
the explanation for Rothrock’s and Kemper’s sbsence from this meeting is less
ocbvious. Rothrock had been in charge of the now aboliched Fu;ls and
Lubricants Section of the Power Plants Division at Langley Field. It had been
the largest of the~P§wer Plants sections therve and one of the first te be
moved te Cleveland. During the Qar it Had made sigﬁificant contrfbutfons-to
the improvement of aviation fuels. However, in turbojet engines, fuels were
less important since the temperatures for combustion were so high that they
could run on ovdinary kerocene. Rothrock is said to have concurred with the

- vestructuring in which he was made Chief of Research. Three‘years later he
moJed to Headquarters.

Kemper’s loss of leaderchip was more dramatie. He had been the head of
the Power Plants Division at Langley for fourieen years. Considered one of
the country’s leading automotive engineers, during his tenure the division had
increased from a staff of 20 to over 200. However, at the Cleveland
laboratory, instead of becoming manager as he had expected, he was given the

title of Executive Engineer, a job which consisted of perfunctory reviewing

-————techmital Teports. 1t was not long before he retired.

While these changes may have seemed revolutionary to those affected by
the reorganization at tﬁe Cieueland laboratory, the turbojet revolution in the
Unitéd Stateé, though belated, was firmly in placé by 1945. The late date of
the NACA’s full realization of its implicétions can only be explained by a
chain of events which reach bepond the Cleveland laboratory and in which the

British Whittle engine occupies center stage. As the first shovelfuls of
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earth were being turned in Cleveland in January 1741, Frank Hhittle’s engine

was close to the point where it could be flight tested in Great Britain. The

U.S. Army, aware of the Whittle engine and informed by intelligence reports of
German advances in jet design, urged the NACA io investigate the whole field
of jet propulsion, including rockets. The cctogenarian Nilli;m F. Duran&, the
former chairman of the NACA, was called out of retirement to head a Speciai
MNACA Committee on Jet Propp}sion which was formed in March. Durand’s
caﬁﬁittee.ﬁonitofed-four ﬁrojectslfor uno;thodgx 5et engiﬁes; a turboprbp by-
General Electric of Schenectady, a ducted-fan engine by Allis Chalmers, a
small booster type turbojet by Hestinghouse,.and a NACA project under Eastman

Jacobs for an engine.based on the Campini ducted fan design.

Jacobs, an aercdynamicist, was alrveady at work on the Campini type engine

in 1939 prior to the formation of the Durand Jet Propulsien Committee.‘ His
engine did not use a tufbine to power its two Qtage axial compressor, but a
recipfocating engine. Hﬁile the compressor performed reasonably well, his
combustor for the engineAdesigned by Carlton Kemper did not work properly. It
féiled to produce the blue anpular flame which indicated full combustion.
However, with the new importance of jet prppulsion evinced by the creation of
the Durand Committee, b? mid 1941 Jacobs and Kemper had the full support of
the NACA.

While G.E. at Schenetady, Westinghouse, Allis Chalmers and Jacobs at
Langley Field struggled with their respectiue development problemé, forbiddep
to collsborate with each other, the Whittle eng{né was flight tested and
General H. Hap Arnold arranged to have plans of ﬁhe engine brought from
England py Colonel Donald Keirn in the fall of 1341, The General électric

Leboratory at West Lynn was chosen by the Arnold to Build the Whittle engine.



Though complete secrecy was'one of the stipulations in the British willingness
to share their discovery, atAsome point, Durand was informed because on Feb.
27, 1942 he wrote to Genérél Oliver Echﬁls to request that the three companies
invelved in their respective projects be permitted to exchange information,
"0f course," he added,"this request has no relation whatever 20 the particular
project sponsored by the Army, now keing carried.on by the General Elect;ic
organization, and of En51§5h>origin.. ;g relates solely to the prqjects which
have Séen-deuélﬁﬁed.as.a fegulg éfimeetingé ofithe Jéthropuls{on Committee;'
(WNRC, 255, 117.15)

Meanwhile in Cleveland, research was initiated on May 8, 1942 in the new
18 millien dollar aircraft engine.fesearch laboratory. Ironically, it was the
engine-propeller research building that was completed first. MWith fanfare, | :
George Lewié, Director of Aeronautical Research for the NACA, and John F.
Victory, Secretary of the NACA, stood in the coentrol room and pushed the
buttons to activate the large airplane engine. With a roar the propeller was
set in motion. Instruments in the control room immediately began to record
data on variocus graphs to "sssist the aircraft engine industry te greater
achievement in engine design and performance.” (Press Release, Initiation of
Research, "Histbry') Durand, zlong witﬁ Echols and Arnold were among the

honored gquests. There is no record of their private—thoughts—on—this historic

occasioh.

However, it is clear from 3 letter from Durand to Lewis, Sept 29, 1942, }
that Durand, aware that the Whittle engine was nearing flight test, was |
anxious that Jacobs’ engine would‘prove 3 success: .

1 wish very much that you would feel quite free to take hold of and
direct the work of Jacobs zlong the lines agreed upon earlier. There is
nothing in particular that we, as a committee can do with regard to the
projects in the hands of he industrial companies. 1 have, however, felt

"



~ & little anxious about Jacobs’ work, due to the fact that the Committee
'is directly interested in that particular project in the sence that its
success or failure will react directly on the reputation of the Commnittee
~-- at least in connection with this particular work. We are agreed that
Jacobs needs some gquidance in order that the system so far developed at
Langley Field may be presented to the Nayy in the best possible manner,
and may have a fair chow of demonstration as to ultimate capabilities. 1
shall, therefore, be very grateful to you if you will feel entirely free
to reprecent me in ccnnection with this work and gquide Jacebs and his
collaboators as may seem best to you. (WNRC 255. 117.15)

This letter chows that Durand, even though he knew of the Whittle prbject, may

not have been aware of the réﬁolutionary implications of the gas turbine.
Fully informed of four unconuent?anal projects all using the concept of jet
propulsion, he chose to back the NACA design; an engine without a future which
. used an unwieldy reciprocating engine to drive a compressor making it too
heavy for the amount of thrust it produced. (Pinkel letter, Sept. 2, 13984)

Time was running out for the NACA.project. On Oct. 2, 1942, the G.E. I-A
Whittle engine was successfully tested at Muroc Lake, California and Durand
was there to see it. In a letter to Colonel Keirn, Oct 29, 1942 he wrote, "I
was very sorry that you could not be.with ug in California... It really begins
to look as thoﬁgh a definite start has been made along the lines we have been
thinking about so long.” (WNRC,255, 117.5 "Corresp. 1942)

In the meantime, a new burner was designed for Jacecbs’ engine b} K.K.

Nahigyan of the Engine Analysis Section, in which efficient combustion was

achieved using liquid injection of the fuel. A successful formal
demonstration of the apparatus was maae to the Jet Propulsion Committee.
Nenetheless, this solution to the combustion problem did not change the fact
that the basic design of the engine was markedly inferior to the striking
simplicity of . the Whittle eﬂgine, of which éhe Langley Power Plants Division

knew nothing. According to Ben Pinkel, not long after these tests were




completed, he was called to the manager’s office at Langley. He was informed

by George Lewis that "officers of the top military echelon ...[had] instructed

him that the war would be fought with five reciprocating engines, namely, the
Wright 1820 and 3350, the Pratt Whitney 1830 and 4460, and the Allison V 1710,
and that all work on jet propulsion should be stopped in orde; that all effort
should be directed toward those‘reéiprocating engines.” (Pinkel letter) Thus
it appears that the mllxtary made the decision which effectwely stopped all
work by the NACA on jet propulsxcn and encouraged research on 1mprov1ng the
reciprocating engine well beyond the time when this research had any future.

It was ﬁot until 1943 that the military changed the Whittle project from
secret to confidential and Keirn was €ent to Cleveland to brief Ben Pinkel and
seven other members of the Thermodynamics Section on the West Lynn turbojet
project. They were sworn to secrecy. Keirn gave them a set of dfawings for
the coﬁstruction of a special test cell designed by G.E. The G.E. I-A |
turbojet was delivered for testing under heavily armed éuard. Later the
laboratory tested the G.E. refinements of the Whittle engine, the 1-14, I-16
and the I-40 in the Altitude MWind Tuﬁnel. Throughout 1943 and most of 1944
this work was confidential; Few beyond the nucleus of workers éround Ben
Pinkel aﬁd Abe Silverstein in charge of the wind tunnel tests were aware of
the new technology. |

The extent to which the laboratoky was tied to the "normal®
prerevolutiona;y technology can be seen in the staff talks which were
presented in 1943, In February, Arnold Biermann ¢utlined thé reasons why the
study of single-cylindefs was important. He prophesied that "in spite of
years of.develﬁpment work on engine cylinders it is probable that thé greatest

improvement in engine performance will come from improvements in cylinder




design.” (Wing Tips, Feb. 12, 1943) 1In April, Edmond Bisson, head of the
pisten-ring research, and John Collins, then head of the Engine Research
Divicion, discuscing "Trends in Modern Aircfaft Engine Design,‘ forecast
improvements in both liquid and air cocled engines. (Wing Ti;s, April 2,
1943) In June the importance of the propeller was stressed by E. Barton Bell
of the Flight Rgseafch Djuision_and‘05¢§r Schey, chief of the Supercharger
Division,'Calléd the.superﬁharéer "the mﬁst essential ﬁart'of.the engine.;
(Wing Tips, July 9, 1943) It was not until May 24, 1944 that Ben Pinkel,
Chief of the Thermodynamics Division was f?ee to disepss the Whittle engine \
with the assembled technical staff. By then it was public knowledge. (Text
in "History® loose leaf notebook)

With this chrenology in mind let us now return to the "Big Switch® in
1945 and the reasons why Kemper was left out. The NACA had staked its
prestige on the ill conceived Jacobs’ engine. Kemper as chief of the Power
Plants Division had been directly involved in the venture. Not only had the
prdject failed, bﬁt his own cont;ibution to the combustor problem had also V
failed. It seems reasonable to suggest that the NACA’s dashéd hope§ in the
Jacobs engine ended Kemper’s effective leadership of engine research. The {
“Big Switch" was the beginning of Abe Silverstein’s rise to prominent
leadership and ushered in a3 new creative phase of gas turbine and rocket
research. Silverstein’s background was not aircraft engines, but aerodynamic
problems associated with the runniﬁg of the full &cale wind tunnel at Langley
Field., It was precisely iﬁ this area of air flow that some of the most

perplexing problems of turbejet technology lay.

As a final irony in this story, it was the NACA axial flow compressor



inherited from work done by Jacobs and EugenevNasielewski and used in the
Jacobs engine, not the centrifugal compressor of the Whittle engine, that
became the standard fer jet engines. It is no coincidence that the largest

percentage of research attention in the new plan of recearch was that of
<

COMpressors.

What does this particular case sttdy of the turbojet revoelution at Lewis
Research antgrvgqntrjbute;to the analysis of innovation? First, I think that
it demonstrateé some of tﬁe institutional constraints which are characteristic
of the practice of technology as distinguished from science. A scientific
revolution is fundamentally conceptual. A technological revolution, as
Constant has demonstréted, is also conceptual, but to be fully realized it
must be reified fn a machine which is superior to the one that it replace;.A
The institutionalizatidn of an innovation such as the turbojet could only be
justified once its'practécal advantages had been demonstrated. That the
turbojet revelution occurred in wartime meant that any decision which diverted
research attention zway from the immedigte problems of reciprocating engines-
already in productibn_wouldlhave enormous consequences. Even after the
Whittle engine was flown at Muroc Lake, it hardly represented a weapon with

tactical advantages over the conventional piston engine. The problem of flame

___“_____4nLL_a;_thh_aL;+#udesT—£op—exampleT-needed—%o—be—solve -

Second, this case study suggests that neither the military nor the NACA
knew that the turbine would become synonymous with jet propulsion. HKhile the
Army was aware of the superidrity of the German jets to planes powered by |
reciprocating engines, when did it learn that the turbine was its
distinguishing feature? In 1940, the future of ihe Hhittlé turbojet, while

promising, was not assurred. While the secrecy surrounding the "Whittle -

n




matter" is one reason why Jacobs and the three companies continued to work on

-unerthedox enginesy completely urinformed of the Eurepean advarees; it alse

indicates that neither the Army, private industry, nor the NACA was fully
convinced until 1943 that the turbine was the way of the future. It is
possible that experience with fhe problems involved iﬁ the de;elopment of
turbo-superchargers (compresgor blades tended to fly off in all directions)
may'have_contributed_tq the myopia which prevented American engineers from
fully appreciating the fevolutionary implications of the turbine. |
In 1945 when the turbojet revolution was institutionalized in the "Big

Switch" at the new laboratory in Cleveland, research on the jet engine became

the new normal technology -- that cumulative, messy path>along which the

‘practice of technology seems to move, regardless of the unusual spectacular

innovation which momentarily threatens to sweep away the technological
practice of the past. In the final ;nalysis, we must ask, how revolutionary,
how radical were the institutional chanées'effected by the introduction of the
turbojet? Can they be equated with the change in a scientific paradigm? 1
think not. Nhile.there are definite parallels which Dr. Constant has
brilliantly outlined, technological innovation has both a conceptual and a
practical side. Tﬁe set of historical circumstances surrounding the

introduction of the turbojet in the U.S. demonstrates the interacting and

sometimes competing factors which complicate the history of technology. In

contrast to the Kuhnian scientific community which generally teskes its
presuppositions to the grave,.onee new practice is determined by a significant
innovation, the technological community.has the remarkable flexibility to .
shift rather easily from the old technology to the new. When the gas turbine

became the prototype for the jet engine, recearch problems were redefined and



personnel were reassigned, but the old engineering staff, with the exception
of Kemper and Rothrock, was the same Langley team which had made the move from

Hampton, Va. This group confidently moved into peacetime research in the new

Cleveland laboratory, enthusiastic sbout the potential of the gas turbine

engine and confident of their sbility to solve its problems.
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