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FITTSBUROH-DRS NOTHASL COMPANY
BEVILL® ISLAMD P, O,
PITTSRURAR 25, PA,
Yobruayy 8, 1950

Carvier Corporstion
300 South Geddss Streat
Symeonge 1, New York

Attontion! Hige Mavrgeret Ingels, M, E,
Enginsering “diter

Deny Nina Ingelel

iz reply to your lotter of ¥ebruary Ivd vith regard to the polembifie
blozraply of Dr, Willie H, Carrier, and por$iculerly to his contributien 4o
the eltitude engine fosting wind tunnel at Ol eveland, I have no iuformation
3 to hov detallod o ntstement you vieh, bdut I ;= sending herevith a rathar
geansre} cosmont, I¥ ‘you wieh samething differeat, plenne pdvise more in
detoil wvhut you weat mnd I will try te meet your roquiremant,

Uno of the ontstanding ¢rntriduticns o the winning of World ¥Yar II was
the Yive million dollmr high altitude cagine testing wind tunnel at the
Cleveland Lazleratory of the Natlonal Advisory Ceanittes for Asronsuiice,

Thie wind tunzel was tha omly one in oxictence canable of tasting the opere~
tion of engines and pranellers in en ptmosphors sinuleting the sstual operation
of an airplans at altitufes up to 50,000 ft. The weloeiiy of the tnmnel can be
centrolled ot epesds wp Lo tho epeed of sound, The {experatare c¢an do con-
trolled frox plug 125°F. to mimug G7°F,, ead the density of the aiy cmado
rogulated to from atnoopherie preusure to 3,43 in, of meweury, corresponding

to sn altitnde of 50,000 ft, The teet temilon of the tunnel o 20 f£4, is
diemator snd pay bo oulekly fsoleled from the mvmainder of the elrenit for
anking modal changen, The tuauel {e arranged to remove a core of air, inclui.
fing the combuetion produrte of ma Wm oporptin: in the test neotion) aad
equinaent 4ia provided to r-place the niy removed with pure aly, dried md
conled to the oporanting conditione of the umnal, JHalence systeas are prow-
vidad for makine coomlete noasnranents of wodel forcee durins operstion,

The denizn mnd constrnotion of this tunne' raquired equipment dDeyond the
earvelty nnd limitatione nf any Shat bad beea previomaly useldl, %he aompleted
tansel includens tho largest nir dxrder vhich hed ever besem built, The tunnel
aleo involves the largvet refrigeration plakt ever bulls, doth in terma of
toannre of refrigerantion ad the very lew femporature lavel involved,

“ho oirenlating alr in ths tusnel ir 2Ariven through beake of finnsd coppor
onolins collsm, 7,650 wquare fesd of surfnece area, which by condubtien threush
the haat tresufor surfoces onole the alr ¢o as low as minus A3°F, Adlchatio
expanczion in the thront further cools $fe air in the test sactlen to tempern~

tures corresponding to thot of the upper stratosvhers, The hent sxahunger and |

refrigoration equipment for the tuasnel and the auxiliary oolle vae furmiched
by thoe Carrier Corporation, £ix thousend five hondral tone of roefriperation
wne sueseplished with fourtemn Uenbsgo vontyifugal gemprossors, ¢anh driven by
n 1,500 horn@nover notor with woesd Lnaweasers frem 1,700 rpa to &,700 rpa,
Freon-12 16 nved in the diroct exnenaion uynten re o vefrigarant end operatee
ot partial vacuvm, antering the eopsrousors at 100 ypel in the condansars, Fuel
for tho onervating medel Le coolad &y sn intercooler fyom thie evetem,
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The refrigeration pnd eccoliny nywtem for this tunnsl ware fap oy
taing videh had previously besn bullt, Vr, Carrier dosigned spacial “~otage
coxprosors to comprona the Fraoo-12 rofyigerattiueed in e system, Ke also
created the novel desiga of the confoneers used with esch vefrigoration unit,
vileh vnde the fnstnllation compact and give 1t the roguired flexiVility to
operute wder the neny ersaified conditione of ta@marvture mmd prosmuve,

¥o coolins ecile bad over bean dosiphed for uso in n wind tmnsl of this
kind, ¢ Ur, Carrier omtitned fho required recesych work to determins dhe
proper construstion of the coolins esile, that Lo, the tude alse; tho tubs mwes,
the tude unmelng, the plote oise ead spacing, the matel thicknesn, mad gemoral
dovizn to weot the extrome requirexenis of temporature mnd time, and mlve to
provide rtorage space in the coils themselves for the water to be yemoved frm
the tmazel ady dnring thoe epesified operating periods, %he cooling eoils thewe
golves are sn lmmance etrooture, tho oguivalend of a aix story duilding in
hoirsht, with compliecated piping arrvasged like tho branches of a tree to feed
the refrigereat wiformly to oll parta of the eoil, v

Dr, Carriez's deslsne hove baen fully justiffied by the oporating remilis of
the tunnel, It has perforoed vithin the prosoribed llmite of the gpecifications..
This tunnel is ovedited vith the perfsvtion of the muitirow nirorall engine
which msde the B-29 poerible, cnd whlch vae cune of the mout impartsnt faoters im
the vianing of Beth the luropoau md the Agintic wvars, Fince thut ploncoring
vork, the tunnel has beon clwont exolusively engoped in the perfection of turbo-
Jot anpiney wnd has contributad mueh to the continuglly dnereasing of ficiency
and langth of f1iht of et propulled planes,

Aa tha dapi/mer of Uhi:x ooaplote vind tunnel Snntallation, it fs my opinfen
that Dy, Currier'n contribution to thie wrojaet wan of outatending irportsncs pnd
rosrosonts o very irant technlical sdvence in the ord of low teoperuturs refrigerss
tion, vhich was goundly econceivod and brilliaatly oxacuted vith tho rormlt that
there vao provided s asw type of vind tunnel no$ previonely avallsdle, Just in
tine for the Seportmmt type of hirh altitude aviaticn rescarch poculresd to maks
the high flying planer of Vorld Ver n preoticnd,

Youres very truly,
PITTSBURGE DRSS HOINRS COMPANY

[uf 3, O, Juekxwon
v, O, Jeckeon
Y. P, Tng, & Fagearch
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TO \Magern. FROM Wm‘ Tarels DATE zh”
Ve ‘o 'mlorpon - fyrecige Uffice
J. 0. Beiley - Clavaland OL7ice QFFICE Ly rrane

b, i rench - Syracuss UfTtes

Uy 'o Gomeed1l, Jr.g: fyrecuve Offioe SUBJECT  n a,C.A. YINU TSGR
ule Fo Jolmubinge - m#m ‘df’” ~

", Fnscnck - ¥ev Yawk OF "lce

le lla VoreAry - Uinolanetl Tolex

B, 4, Xox - Chlongeo T e

ey 4. “AYson - Aglenta Arlies

ha inlinky, - Syecuse Ofvies

N I, Aameon, 173 Beyidalae Mosd, “hite Plelss, %, Y,
. Jogen, 131 Tast POk Street, Svart, W, L Y. C,

ect J, Tronter - Uyrseuve OFFice

in my work of imtharine wpterisl for 2r, Corrier's sclamtifie Wiorrsply, e
hag (034 ge maeh of She W A 0.8, Clemlend ¥Yiod "SMaseY Instzllstion (Tarrier job

27i-1113%),

In sa effort Lo ret dats from vome o vho dnowe She Job and wou subtslde of
Gerzter Yorporntion, 1 vmte to Fr, J, O, Jankeon, Vico-Fresident, Pittebumed-
oo Valuaw Coampeny, A comy of Wle saever (o oy lokter fe stteehad, Kb 26 wush o
rrend jetter thatl [ Seel ek of yoa vho hod swrhs & Bi2 pard 52 the Jod, and those
of you wde sve sii)1 lutrracted in e werk, should have an wpportunity to seed
Yo, Joceos ume 9 oy,

Az I pehind for the Infarention £o0)\the BDinewayiy saly, smwl wreasiaed to god
Iy, dnaitson s anprovsl before rolacaing say wrdtewp wrde, sentioming hizm oy his
Coapaty, the Jattor v to hm concldertd By nath oY you se conlidential,

e, Tarvier end a1 of thoea vho warked 1tk hin e Juetified fa Tooding
eront rride s the A, 0,A, Claveland Viad "™wnuei Sob,
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Was Willis Carrier & good tezchar? I would say bLe wap nob.
This doos not wesn to say that o conld pot pess slong his knowledge
to othors. lle undorstood thorouglly an unusual breadth of technology
and, given time, could axplain any pert of it Lo others in a way tm:
vas unique.

The only reason for diaqualifying Dr. Carriar &s s teschar
involves the elemcnt of time. He nlways doscribed every mroéssa or
devico in axactly the way he had originally reascnsd It out from bLhe
pimpleot fundamentals. In all his axvrossions on aducation he alusys
siressod the lmportance of the underlying (undementsols of enginsering
and in moat vespscts his sarguments are mound., Howoevar, the fiolds
covercd by ongineering bave grown so brosd and complex that formal
edusntion munt be n step-by-atep proceas, One of building one
solution on the results of previcusly developed rslationnhips; of
developing solutions from dordived proparties of & mors complex
pature than Sho original fundamemtsls. Beacawe of the more baslc
boginings of hisz solubioms, his overnll viewpoint with raspect to a
givon rrocoss or phonomonon wes offSen difforent than that found in
the texts and taught in the enginoering schools. Sec, though ho was
asldom wrong, his argumenta with other ongineors were meny and voun--
gor men ususlly found it dittipult. to understend his approach and
his ressoning.

Ever though Willis Carrier never would have succocdoed ag
a formal teacher hia asaociatos learned much from him, o tsught
that no prohlem or job is too difficult te ba smolved by concepbra-
tion, careful reasoning and application of simple basic m::r'ation.
lia proved that often an approximete solubticn to mn e
problen is tho best solution yroviding the axtent of davint..‘»on from
the oxact solution is lmown. It was those things that made lLim an
engineoring gonius. 4ith a storobousc of well ohoson and wall
upderatood basic technical informatiocn he could taclde with confid-
ence problems iwn most all tranches of emgincoring. Hence, hs uas
naver atopped in achieving his cbjective by a miasing item of
information. IHia accomplishmonts were manmy, f£ar reaching, of mrast
wariaty and axeouted with a degrea of nconomy that can naver bo
approachad by staffs of specislista.

W. H. Carrior, & Tenchor?

ey 4/ ey
f'/'.z/ 52—
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Recollections of Willis Carrier

Carlyle Ashley’s article, *Recollections of Willis H. Carrier; (ASHRAE
Journal, October 1994) brought back many pleasant memories about “The
Chief? I had the pleasure of working for Willis Carrier from 1941 until his
death, mainly in the field of centrifugal refrigeration and compression.

One event that | will never forget has 1o do with the NACA high altitude
windtunnel in Cleveland, Ohio that was mentioned in Ashley’s article. The
installation included six centrifugals, cach having its own water-cooled con-
denser and economizer, but tied together on the suction side feeding the low
temperature evaporator coils.

After many months of engineering and testing, the day had finally
arrived for start up of the whole system, which was filled with thousands of
pounds of R-12 refrigerant. The first test of the complete system lasted well
into the night and everybody was happy to return to the hotel after shutting
down the system in the usual manner.

When we got back to the job site the next morning, disaster was waiting
for us. Water was coming out of the compressor seals, and oil had
accumulated on the outside of the compressors and speed increasing gears,
It took us some time to reconstruct what had happened. At shutdown time,
the normal amount of liquid R-12 refrigerant had remained in the high side
ol the economizers. Alter the condenser water pumps had been shutdown,
the remaining high pressure liquid in the economizers expanded to the low
pressure reservoir of the suction piping and caused the compressors and gears
to run backwards and reduce the temperature in the condensers to way below
freezing, causing the condenser tybes to freeze and burst. What a mess, mosl
of the refrigerant had escaped or mixed with the water, thousands of pounds,
at a time when R-12 was in low supply and rationed.

The manager of the job was Maurice Wilson. After hesitation and men-
tal preparaton, Maurice went up to the third floor to report the disaster to
the Chiel. This was the only time that we on the second Hoor could hear the
“vocal explosion™ on the third Moor from the Chiel's office. But later that
day, the Chief realized that the disaster in Cleveland was not due 1o
negligence, and apologized to Maurice and the rest of the team.

One other important technical innovation by the Chief was connected
with the air conditioning of gold mines in South Africa, Originally, the cool-
g of the air was accomplished in traditional air cooling plants above
ground, As the mine shafts went lower and lower below the surface, it became
impractical above ground, and the Chiefl designed the first belowground cen-
trifugal cooling plant with special underground cooling towers, The cool-
ing tower exhaust air goes into the upcast air shaft in the normal manner,
actually reducing the required fan horse power.

I thought that the above would add to the history of our industry, and
the human side of the Chief, a truly remarkable engineer and human being,

PHILIPP GOLDMANN
Miami Beach, Florida

Letters 5 [ASHRAE Journal, February 1995]




