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30 you had twe sebs of experimental work on the ssme project.
Those who were workinz with Carrier and were resvonsible for
vhe enquiry negotistions were often alarmed at the vehemence

of the Chief's rejection of The government engineers' work

on the sireamline tubes bus Uarrier was adamant that his reas-
oning was corract, that the exveriments on the streamline tubes
were a wasue of time and that if there was any doubt in anyvone's
mindg then "heat transfer experts should be callad in' e aveid

further loz2s of Gime znd money.

Meanwnile Carrier concentrated on his cvn recemmendations for
the cooling coil and itva desisn for the wind tunnsl, This in -
volved research on the refrigerating system =a well as on the
cooling coils. Freon - 12 specified as the refrigerand had
never been used in any sizeable system to reach minus 657° and so
tests on the refrigerant itself were requirsd, It was also
necessary to devise a way To ensure vaporization of the rafrig-

erant throuzhout the full lengbth of the coeling coil.

Carrier calculated a direct expansion coil with a face area of
approximately 800C scuare feel. “he wird tunnel, 51 feet in
diameter, had only 2000 sguare feet of cross-seclional area.
Garrisr's answer was Hto fold the sections dowm "like a collapsed
accoriion” until the coils fitted inbo The tunnel. txnerinents
on a minature wind tunnel showed Carrier thuot She vaporization

of the refrigerant could be achieved by distributing the re -
frigerent in such quantivies and such pressures that there would
be an excess of liguid for each Hube. The redesign of The
centrifugal compressor freon - 12 was completed by January 1942.

feurteen 1,500 horsevowsr refrigers=(ing machines, in =sddition
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to maintaingz conditions of air simulating altitude up to
30,000 feet, had to cool fifty pounds of gasoline per minute
for the engines, cool the make-ur z2ir to the tunnel, chill
water, and refrizerate the coils fo%nicing tunnel located
nearby when the wind tunnel wes shulb down. Garrier's ideas
provad accentable and in March 1942 the Carrier Corporation
were awarded contracts for both the cooling coils and the

refrigerating system.

There followed a most intensive period of planning and checking
to puard against any failure especially as many new

were involved any one of which couvld cause Tailure of the

whole system. Valves were researched and built by Carrier's
enginsers, expansicn joinvs for 35 inch diameter pipes had to
be originated, tested and manufactured. The Chief was so
wrapped un in the problems that he continued To discuss a
particular point of desipn unaware of the fact that the project
engineer who had been sitting opposite him had excused himself
and someone ccomuletely different on a completely different pro-

ject had teken his place.

It was a8 well that this particular peak had so fascinated the
Chief at this period. He was usterly immersed in his inimita-
ble way in obtaining solutions to the problems. In June of
that year, 1942 J. Irvine Lyle died, aged BB years. Iyle

and Carrier had been friends and partners for more than forty
years - colleagues ab BuffalowForge - joint collaborators in
the first air conditioning ventures - companions in every sense
of the word as they faced up to the many decisions that traced

the crowth end development of their air conditioning industzry.



-

Alike in their dedication to truth and honesty of purpose,
complimentary in their capabilities - Tyle, the administrator,
Carpier, the engineer - sach always acknowledged ths other's
superiority and never interfered with any decision made,

thourh often such decisgions whethsr of a financial nature or
ardngineering involvement were the subject of intense dis -
cussion. Lyle's death resulted in Cloud Wampler becoming
Iresident and he was to prove the right man for the post war
developments, s0 thzt the zrowth of The Corporatiorn could con-
tinue undeér a new leader., Po the Chisf, Lyle's death was a
great blow and if it were possible he immersed himself more
shan ever into the vroblems of the equimment for the N.ALG.A,
viind tunnel zand there were many difficulities to be surmounted;
false stvarts increased the time factor so that mere Than a year
passed before the entire tumnel was rcady in April 1944 for the
formal rTvn-in test.

-

I think that there can be no better way of expressing this
particular work of Carwier than by quoting from a letter written
by J. 0. Jackson, Vice-President Sngineering and Research
Pittsburgh Des lloines Company who had been particularly

familiar with the whole N.A.C.A. Cleveland wind tunnel overall
project: -

"One of the outstanding contributions to the winning of World
Wfar 11 was the five million dollar high altitude engine testing
wind tunnel at the Cleveland Laboratory of the Tational Adwisorny
Commitiee for Aeronsutics. This wind tunnel was the only cne in
existence capable of testing the operstion of engines and pro -
pellers in an atmosphere simulating the actual operation of an

airplene at altitudes up to 50,000 ft. The velocity of the
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tunnel can be controlled at speeds up to the speed of sound.

The temperature can be controlled from plus 12503 to minus

57°F, and the desnity of the air can be regulated to from
atmogpheric pressure to 3.43 in., of mercury, corresponding

to an altitude of 50,000 ft. The test section of the tunnel

is 20 ft. in diameter and may be quickly isolated from the re-
mainder of the circuitv for meking model changes. The tunnel

is arranged to remove a core of air,'including the combustion
products of an engine overating in the test section; and eguip-
ment is vprovided to replace the air removed with ovure air, dried
and cooled te the operating conditions of the tunnel. Balance
systems are provided for making complete neudsuremenss of model

forces during operavion.

The design and construction of this tunnel reguired eguipment
beyond the capacity and limitetions of any that had been pre -
viously used. The completed tunnel includes the largest air
drier which had ever been built. The tunnel also involwves the
larsest refrigeration plant ever built, both in terms of tonn-

- : : . R
age of refriceration and the ve:y low temverature level involved.

The eireulating air in the tunnel is driven through banks of
finned cowper cooling coiles, 7,650 square feet of surface area,
which by conduction through the heat transisr surfaces cools the
air to as low as minus 45°F. Adiszbatic expansicn in she whroat
further cools the air in the test section to temperatures
correspending to thet of The upper stratosphere. The heat ex-
changer and refriperation eciupment for the tunnel and tThe auxi-
liary co:1ls was furnished by the Carrier Corporaticn. Six
thousand five nundeed tons of refrigeration was accomplished
with fourteen 4-stuage cenbrigual COMPressors, each driven by

a 1,500 horsepowsr motor with speed increassrs from 1,700 rpm
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to 5,700 rpm. Freon-12 is used in the dirsct expansion system
as a refrizerant and operates al partial wvacuum, entering the
compresasors at 10U psi in the condensers. fuel for the opera-

tinz model is cooled by an intercooler from this system.'

The refrigerant and cooling system for this tunnel were far
beyond anything which had previously been built. Dr, Carrier
desized special 4-stage compressors to compress the Freon-12
refrigerant used in the systen. He also c¢reated the novel
design of the condensers vsed with each refrigeration unit,
which made the installation compact and give it the reguirsd
flexibility to overate under the many specified conditions of

”n
temperature and vressuvre.

No cooling coils had ever been designsd for use infa wind
tunnel of this kind, and Dr. Carrisr outlined the required
research work to determine the proper comstruction of the
cooling coils, that is, the tube size, The bube arvea, the tube
spacing, the plate size and spacing, the metal thickness, and
general design to meset the extrene recuirenents of Gemperature
and time, and size to provide storage space in the copils them-
selves for the wabter to be removed from the tunnel air during
the specified operating periocds. The cooling coils themselves
are an immense structure, the squivalent of a six story build-
ing in height, with complicated piping arranged like Ghe
Branches of a tree tc feed the refrigerant uniformly to all
parte of the coil.”

Dr. Carrier's designs have been fully justified by the onera-

tine rasults of the tvmnel. 1% nas performed within the pre-

serived 1imivs of the gpecifications. This tunnel is
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credited with the perfection of the multirow aircraft engine
which made the B-29 possible, and which was one of the mosth
important factors in the winning of both European and the
ksiatic wars. dince that zioneering work, the tunnel has
been almozi exclusively engaged in the perfection of surbvo-
jet engines and has contributed much te the continually in -
creasing efficiency and length of flight of jet propelled

-
planes,

is The designer of this complete wind ftunnel installation, it
is my orinion that Dr. Carrier's contribution to this wnroject
was of ouvtsianding importance and represents a very great tech-~
nical advance in the art of low tTemperature refrigeration,
which was soundly conceived and brilliantly executed with the
result that thers was vorovided a new type of wind tunnel nob
previougly available, just in tinme for the iaportant type of
Wiesh sltitude avietion resesrch reuuired to meke The high

flying plenes of Jorld War 11 practical.”



