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RATIONAL PSYCHROMETRIC FORMULAE
THEIR RELATION ‘00 THE PROBLEMS OF METEOROLOGY AND
OF AIR CONDITIONING

Br Wirns H. Cannien
ABSTRACT OF PAPER

In muny industries such ss the munufnoture of textilos, food products, high
pxplosives, photogeaphio films] tobaoro, otes; regulation of the humidity of the
stmogphere is of great importance. This paper deals with the subject of the
artificinl rcgulntwn of atmospheric moisture, tochnionlly known as ait condi-
tipning, Tt gives s theorotical discussion of the subjeet in which formulne
are developed for Lhe solution of problems. These formulae are basod npon
the most recontly determined data and in order to cstablish a logieal husis for
the prewntntion of theso data and the derivation of the formulae, (he princi~
ples governing atmospheric moisture are reviewed and the pregent met.hoda of
determmmg ptmospheric humidity are diseussed.
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Technical Paper 1: Rational Psychrometric Formulae, 1911
[The American Society of Mechanical Engineers]
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THE TEMPERATURES OF EVAPORA-
TION OF WATER INTO AIR
AN EXPERIMENTAL DETERMINATION OF THE LAWS
GOVERNING THE DEVIATION OF THE ACTUAL
TEMPERATURE OF EVAPORATION FROM :
THE THEORETICAL

ny
W W, H. CARRIER
Mes. AS:MIE,
AND,

DANIEL €. LINDSAY

THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS
20 WEST THIRTY-NINTH STREET, NEW YORK

Presented ot the Annual Meoting of the Society, New York,
December 1 ta 4, 1924

e Socloty an & body Iy pot résponasible far the statements of facts pr oplolols
advaneed lo popers or dlicupsions (B2, Par. 3)

Technical Paper 2: The Temperatures of Evaporation of Water into Air, 1924
[American Society of Mechanical Engineers]



ison of Thermodynamic Characteristics qf Various
ug ded 1924 [American Society of Refrigerating Engineers]
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Centrifugal
Compression as Applied
to Refrigeration

| § W. 1. CARRIER
Newark, N. I,

fueprinted from Febrvuery, 1926, monber of Rivptcenaring lEsai-
wrnanG, peblisied by The Awerican Socicty of Kefrigerativg
Engrincers, 35 Warren Steéct, New Yarfs, N, Y,

The Socicly iz sot responsitle for statements or epintons advanced
e pofers or discussions

Technical Paper 4: Centrifugal Compression as Applied to Refrigeration, 1926
[American Society of Refrigerating Engineers]
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Air Conditioning in the Prinung
and Lithographing Industry

VLRI LI T AN NEAWARK: N )
WILEIAME NEW YORK N

FRINTING
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Technical Paper 5: Air Conditioning in the Printing and Lithographing
Industry, 1929 [The American Society of Mechanical Engineers|
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Technical Paper 6: Control of Humidity and Temperature, 1929
[The American Society of Heating and Ventilating Engineers|
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Psvchrometric Data in

Relation to Practical Engineering Problems

By WL CARMIKIL NEWARK. N | oaan C, 0, MACKEY ® ITHACA N Y

The wulhon review aml correlate available syl
neetriedate, aodd discnes the applicntion of thesedata toen-
sincerlng peoblemy,  They analyzo e correlate exiating
duta with refecense to deviations of vlwerved wet-hulh
temperntnres from those of frue adiabotie sytacation.
1he paper also inchindes a tubatation of revised paycheo.
melrio values in acrordance with the Jatest pliyuical data
with coreeclion fuctors fur el noamal variatioos of baros
arelria i "Wl authars make an analysis ol give
u demonnstration of the propor mothod of employing
e paychirometnic heat function previousty definml as the
“hotal licat less the hent of the lnuid," aud efteewanl
relerred Lo in pavclimmelry as “otal heat”  Far this
functinn the aunthors offer the term “aigme function
todiationgueinh it fran the enlludpy oe Eroe telal Heat whieh
i udes e Bear of the Bauid.

NOVILW of the proseas wede cbgsboyionmnt o payolimorant tle
date i varine Gelds, and pmlmh::y i the Bedd ol i
cothitionliag, amd who 1 vew oF the Taet that tlieee vy
twns gz aquontaone rumed yun 1o Uie Tonire of secutesy o
eadeting dlatn, 6 scemny opporiun Lo soview nnd cormide, we fat
oo grsitde, 1he paxt sesnarels dn thbe ol aned 1ol the sp
piention o fhase dain o engiicorsg peablecns
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Foont Uhgectine. The analyel wad oorrelablon of = 2iatag daty
sClwbrnag of he Nwand, Carer Baeresrine  Carjuration,
Vo AS MBS Ale Clarrier wv grad antod Troon Cormsll Uiyl v
e 1T wad upon mouduation nesvpted the panitlan of sessarch ang i
st willt the Bolfulo Poege Company,  Five yvaes bater Lo hoewne
Pl engioeer. Ax Wi sotnen of air oonditipomg developdd wador
We paiconen B sew thn weovemity f 4 separare s panieation u«l
coandiney o Coerler Engliweesing Corproentbon wist trsaed {n 3915
M e oo moteber of the Aresiown Soeely of Tle g odd 3 q:
Vatny Eapisesen wnd nopestopmosident wf the Auesican Soeienyhal
Hofelgrratione Faalaorre. e o tho wntbor i senmm sewnssiin
pitere, newng thom n paper entitled P Haconed P dnmnctne oy
vabae’ peeentige ba theory snd praceionl date e 20l e use o
b vantplatinming hay beens fourndod and il ewoortitiom oF ndaioh o woy
Sigman Xiln @i, Mr Cazgier wom swahibod e 4 %50 1
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RN, = W 200 Hitvert, Nuew York NoA el wsll le ses
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v ossizar peogivad alter L eliosiie date m\l Eo rotiiamnd

N Nintoments aml opinione aelvarcs! 0 papore wv 1o L
ok et e
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e dezaze ot o imbivadunl expocmbans of thew autv
ul dho Ensary

st b 10 levationg of wlsravid wel-tbath doaporlans
Feomn Clwwn of Srom adlobutie 2atsrution.

Yewnd Oeietive Peoambutlan of 0 telinklion of rovised
wy--hrnm-ln-.- valuen in nocordunee with e lntoat phvebon) dutn
ot surseetin fastors for wll n 1 vorintiony of Tmrometeic
prergnren Vi jisspoes of thiv lo G premil too seady L of
wlundanl |--vr)wumvlm dula ar charts foe uny other Imromuteio
preasuty selttioud isvidwed endvisiations.  The Patier by o davien
it Bow long e aeeded amd 0 af pastientar vadue tn posumtn
vulondation al Srab kin

Tiwrd awctive. M unnlyeie ond o doconstratioe of thee
propes metbod of cluployiog the Unportant sed weelul paychro.
etean besd Tuneton, peeviosdy defised by Qarrier in 1910 (1),
we e Vlotal bt s the hear of Hhe figuid," and nftermard re-
furreel tain poyehisusiny us "lotad beat " Foe thais funedion wifl
wuw b effored the o, the "o famethin™ 1o Shtingutoh it
fresn Lho rnithiadpy v trae tatid Bent which imeluded tha beat of ce
Hirgand,

Dhvivemy ar Opaeven Wer-Hoes Trwomarens Prou
Tustruarume or Aianavic Sareravos

o the past 23 yravs, most of e mginossing. calundnd ot
Iavabviag T bdity in sl have boen based on the peychirome ic
chinit prevestad @ 1911 by Carmier (1), 'The walees given
woro vassd, ROt prioarily, s mouy nerne, on ebsorved wetbull
tesngwernt s witlowding peyeheamotee, but on enleulated values of
aliduatir satumtion. 10 pagie (1) shiawed that exparinsntally
e twa valves were [0 dise ugroement.  Hlowover, toat intn
sl in e origies] paper (1) in 100 intioteld twa saurow
ol dovintion of tha wethiolh tompemiture fom the temporatio
al cdileatio satambonn.  Tho fist was tho mabiative factes which
e indioated by the dlferanen Tetwom e roncing af wn 1o
ehicldod wet bulls il n wot Tl oy etoly sholded from medis-
Vi, adnd (hes woroml was Sy diifervree Ietwoen the ronding of o
nkmtionelielded wit bulb and the pleervad Wempemture of
whintatie satumbian, whero the sadsdmnsdiedbnd wot bolb spe
fatvnt iy gave Ui dowes teanling oF Ve bw. In wlow of the threry
elvirwd, e I ter varintien was, ovevoe, ot sl O Hime,

b e toam apanlies veeor
Later isereat b comibneimt by Armadd 123 and by Proplan
o Lave shown sl Bitrer wooutupoon 1o Ge iosmreer and el
b el b bt i avcoabane itk plivsiend Invs thot
o Lt ter snmateons shabl exer, Hlaeeser, Hivse (v vouross of
bovidear At noappoate deeetion fending o poutratisc eaed
attuen, mmh ot Fons eers pimevedd et e oe i eledinite wir voisoity
whe o s woseh agrocesest betwera the wol hudl (not vhided
oo v iabiott ) atol et netpeal bevapepdinie of adiadatsy Ng\
o Coiriors 1011 vsqezisannt s (1) wondd indieals Wits valooity
o b ot 20000 (e Drespabon s G0t (3) wondil o 16 ta e
dightly over (0 (pine Acnoll (20 woall g Wiy velooty at
abwont W0 e Compmtatirery fme Joe theary give o whill
bowur walim e wlmwn s Appeadsx b Tl authns’ pmeant
wotrelatian wviahd iodivado i G0 e wloan intormadintn veleity
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Technical Paper 7: A Review of Existing Psychrometric Data, 1936
[The American Society of Mechanical Engineers]
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The outhor deriven and dseusces Lhe genernl contact -
wiivture formula for reprosenting pliyysical processes of
bermt teansmission and Qobd feiction, and points out that
thie vonlactamixtore analogy wervon directly and logically
to correlnto beat translor with ftubd fidetion. Tle coma-
pares the anulogy with the conduction viscasily (heory
aral relatey why the contact-mixture analogy explains
allthe ph ca ted with gas fow and heat trans.
mision.

e tima of Teynolds e anndyse hewl traefer ninl eooeds

une 1o Tlow of garea by teeing an amdogy 1o the Saw of
virvous Buide. Wikbe 1his meethod enn b semle 1o give a dairly
sl vorelation of the plenomens of leating and (rietounl
voktanes of gased B owonot represontalive of $ho wetusl phosioal
sl and it i oot easlly applied, for oxamyide, Ly comlonsing
el evaponatmg of wator vepar 000 wie excepd by U npplicn-
fou i nnutber soatngy,  The suthor believis A0 G b quite in fine
w I moderm plysio! thought (o stote that thero ran bo mo voely
Fing ne shear in 4 gas and Wherefore s e be ne tnae vis
oty Alsa, probalkily, thess bs no Srav enndnetion In o gaa s (4
¢ roled Dut only diffusion of molecuks cuntinuously o wotion,
L5y e i rande op of incicoulen hnving differcut veloritoes, (o,
{leernt temperatures. The coergs of the odeculs (1o, the
Lalite tompemture) ynries dircetly a5 the equan moy ol ity
neiular wlnaty,  Thesefore, the avemaus Teangioratiee 6T & gay
ninpnsed of molveles hvving differeat moleeular velozitier b thy
wirn g of Whe squarn roots of tholr teopective vodueiths We
o htmowe netaally wiat oecem when o gne contart s with porfiine
Dralioront teinperntaty,  We ds know, howover, thad dwlecnbes
o coeainet withe a hotter surface pre heated, Lo, thole sodeonby

]'_IEIU}TOPORR it Hlerature, I fie Decn aotomary from

'Clainuen of e Board, Currfor Bugioesring Corjrat s,
deen A8 MUIL My Carsier wes grdunted Crom Coinedl U nivervily
¢ nsd ugma gredustion seceptod e povition of seecercs eogls
e withs tio Hadalo Forge Company  VFive years dater Lo became
lind enginecr. Ar the scicaes of air conditioniig (vyviapod ussler
be aoiddunies T axee Vhe necensily for n poparaty onoanisstion
covehingly the Cardcr Eagincoving Corperation was fonied in 1035
i Ciarrior st member of tha Anarican Soclaty of Hentieu wail
o intiag Eagineany nid s pest-peveident of the Anoricas Rictoty
boelriverating | ogineers.  He in tho asthoe of vizions avientific

(ore s thati i ey obtiskal “Rational Miyelruneiri For-
e’ peemnzing the thoory sl peartical dats g yhlich 1he sl of
i oeditineiag los boen foaunded nnd in teospnition of wlaels ko wae
leetedd e St X1 ln 1004, [n 1034 My Curries was swarded the
S MR, Medal for Bis work in wir comlidontng.

Comtntlvated by e oot Teansfer Cutimiittvn ol the I 1
airas Diviswas il Kmmu-d ntthe Asaval Meoting of T
WEMEAN St 10T 0 Mecuasiean Exotsmne. hydd in New York,

o Noverbor 30 L Dogembes 4§, T

Latisaion al thin peper edosidd Le wedilriased 15 the svenvtary,

SR 20 Weat 3 Siront, Now Xork, N, Y., and w10} e aeeopitnd
! Velmaary DL 20T, for palilicstion nt a tales dodo. 10 et eesin
sl e ehosing date will be roturmel

Mo Ssateemnite and opiniona advaneed 0 pogem st T
voserelonnd sw emibis Gilin | oxpresabonn ol 1heie mallore, wrid et e

the Hoelety!
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The Contact-Mixture Analogy Applied to
Heat Transfer With Mixtures of
Air and Water Vapor

by W Il CARRIER,! NEWARK, N, T.

ity i inereantel amd these hilghavbaty mokaonhos are (ol
aad jnn mived with other moleeales of ila: gan which have not.
boen o onntactod,  Whetler they metnin thoir identity Dyt
vedowity moleeates (whieh 1t be doudtod) ur whetlir they ime.
park s posticn ol their escpibis encey to 1l adjoiaing moleening,
whieht (ko not eontact the misfiee, i imtinteriol na far o any
stuly on lent transmimsdon o conovessl, e nversgy of the
rgiats enols of the yeloeity, Lo, the total enorgy [ bhe seme
wiethee thiy eetiin thede enerngy o sbetlior they impart part of
it aneroased roorey to other nvibeeolon,

lix the grueeat of pam leat eonduetion tn ges, there s no
meelmien] mestury v dintutlaace dur to gravitntionn) effeet
(ronvestion) hut only oternmiooudar Jifusion, whidy lepcnds
apon tie yarimes permnsent proportics of the gna anid it transient
cutdition Tl mte o beat wffiusdon, bowevar, in fouod Xt
uantolly, to obey vxnetly the anslogoos laver of Bl conduction,
that gy, it i darontly feoportioan! both Lo the distanes end to the
tempomtiee diffemon betwoon two botmslatios, In gy steady
dlate oF dnnl fomy thovo e n tomrembace gradient prvcisely nn
theee b ow umpesatuee wonlont o ow sl although in the it
vaer, Hhe temperutune gmdient i dan sokly o materinl trans-
pirtation, vehile (o Uwe seonid sme, b 1= due to e pamage of
Dot Trummn one motttude ta nnothar,

Tlean sather olivinus anil elomentare statomonts ave made in
The predwec Ju ordes that tiees may by no misunlemtnading of the
brags om which Lhe problens & approachieg,

Whes n gan i fareerl Lo pase ovve n sirfvce at rolndevely ligh
velosity, sa for examplo, botween plates or theuugh & pige, the
dtnin beeane of nle b tusbleat sl omtain critienl wioaltios,
However, at all velocitios thean nre Lwo monturhulent g, Thao
front, whinks iz probably wieatiicroscapte or moleealar i thick.
i, bs tecessrily o donse A of adsoried g laving npproxi-
fautely the detmcy ol lgquil or, ss sermn physielsts cinlm, even
aronter than thal of e ligiids  Thiv woukl appar to be x
oitlior permancnt fiwm. Tho seconl, In n i or 3ono {8 which
e is e lnsndnnd tow ae distinguinhisd from a turbuknt flow,
Froall the pmaticlen ere mivisg in peealiel lises.  ‘There i oo
meelimieal mivtwen within this S, DPastichs poat from the
eusface fiim through the buniar flm ouly by difuskn and bout
w cowlueted anly by the process of diffasion, Jank ax Uoagh theo
wore 00 ot fon whatowr within the film sinee Use natun) motion Is
nL nght angh to Ui offcstive path of moleeular diffusion. I
i files, warmed (rontsetal) particles pusdt outwand by oiffy-
won winke o {unceielond) partioles, wnd vl meviously ean.
tavterd particlés, ddfoee dowanl from the culer aurfass of the
kuninar ikt P wsrfaer il There 2 a0 Slam demareation
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A Review of Existing Psychrometric Data in
Relation to Practical Engineering Problems

By W EL CARRIER WEWARIK, N . ann G 00 MACKEY.® 'THACA, NL Y.
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THE INVENTICN OF
THE CENTRIFUGAL REFRIGERATING MACHINE
"PROPCSED" SCRIPT FOR A TAPE RECORDING
FOR THE SMITHSCNTAN INSTITUTION
PLUS & COMPLETE HISTORIGAL SKETCH

when the Smithsonian decided to display the compressor of the Orig-
inal Centrifugal Machina, it requested a tape recording for the Archives.
Thia type of description would institute a new practice, and censequently,
there werye no definite idess about what it should be., To write the script
was the eriginal objective--but, #c the story was developed by resesrch and
thought, it became increasingly evident that a complete coverage would Te
too leng for an oral presentation.

There was entirely too much substonce to the story for it to be
left half tola: The invantion had projected a revolutionary development
into the art of refrigeration; it had piven & tremendous impetus to the
develorment of air conditloning. The story had to depend too much upon
memories that were fading ranicly with apgey and 1t had to draw a clsar
dlstinction petween the Centrifupsl Compressor that would censtitute the
sole oxhibit and sn entirely new method of refrigeration in which the
compressor was only one of numercus functional elements.

This led to a plan by which one document could be made to serve
two vurvoses: One was to provide an abridged version for the cral pres-
entation, and the other was to provide & complete and well-roundsd Histerical
Sketen for the studicus reader &nd the Archives.

The divizien between short anag leng could he shown by the style
of tveing., The ghort would be dowble-spaced in Mull-length lines; and the
lang would consist of the short plus all that was single-gpsced and indented.
With o little extra effort, good contunity could be maintained and the reader
coulsd be given & free cholce mccerding W bime end interest.

The icea may have has some merit; but As mesearch brougnht more snd
more facts %0 light, length got more and more out of hand, The upshoi was &
comrlete change of plan: 4n eppropriste history would be written in the orig-
inal short-long style, divided Into chaptera, and reinforced with some last
minete {1llustrations--and the script for the tope could came later.

The author is net teco happy about the length of the eurrent edition
{about 7500 words Cor the short, and 10,000 for the 1longl; but he does feel
that justice to the story has been reasonadly well done.

Lopan Lewis
March 1, 1962
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