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

By W, H. CARRIER. NEWAREK, N. I.

The suthor derives and discusses the general contact-
misture formula for sepresenting physical processes of
beat transmission and fluid friction, and points oat that
the contact-mirture analogy sorves dircetly and logically
fo correlate hent transfer with fluid friction.” He epm-
pares the anafopy with the conduction-viscosity theory
gnd relntes why the contact-misture analegy coplaing
all the plienomena connected with gas Aow and heat trans-

M ission.
I the time of Reynolds to analyee beat transfer anid posiat-
ance to Bow of gases by using an anadogy to the Bow of
viseons fluids,  While this method can be made to give a faidy
good correlation of ihe phenomenn of heating and friclional
s=getamee of guees it is oot represeniative of the netaal physicsl
aracdas, and It i not essily applied, for example, to condensing
wil evaporsting of water vapor into adr cxeept by the applica-
icn of another snilogy.  ‘The suthor beliowes it to be quite in line
with modern phiysical thought to siate thal thore can be mo such
hing &= shear in p_;lq-!md therefone thore can e B LF0e Vs
amity,  Also, probably, there b8 no true conduction in & gas o in
v 1ulid bat only diffusion of mobooubes mntimmh i molioh.

Any gae b= made up oof molecules having different velocities, e,
fifferent tempemtures. The energy of the melecule (Le, the
chenlute tempemsbure) varies directly as the squam mool of ia
pclevular velocity,  Thesefore, the average tomperatar: of a gas
capposed of mobseules having different naodecular velocitios is the
werngn of the squsre roote of their mpective volocitics,  Wedo
art kmow actusfly what ceeurs when o gas contacts with * s e
il madifferent tempernture,  'We do know, hewover, that folecubes
o contact with & hotier serfuoe are heated, e, their moleculur

| Chafremns of the Boaed, Carrier Engineering Corporntion,
Ao, AEME.  Mr, Carrier was gradusted from Coroell University
i 1800 and upon gredustion scoepted the position of rosearch sagi-
wwor with the Buffalo Forge Company.  Five years Inter he beeame
lied eaginear. A the sctiesos ol air condilioning developead undee
e guidumes be ssw the poocssity for o separnte orgacization aud
crprdangly the Carsiir Engineering Corporntion was formed in 1015,

Ir Carrier is & momber of tha Ametian Socioly of Hosting and
o '||I|:|u.u Engiz~ra nsd o paet-prosidant of the Americsn Socloty
I "elrigerating 1 qgincers. He is the author of various scicatifio

putd, among them o paper enditled “Tationnl Psychoomelric Fors
mallse’ prtsentieg U thiery and practieal data on wihileh the are of
ir conlilioning Bas been founded and in recognition of which he was
Jeetead Lo Sigena Xi fn 1904. Im 1034 Mr. Carrier was swarded the
LHALE. Medal for Iis wark i ale conditioning.

Couteflated by ithe Heat Transier Committes of the Procoss In-
atriee Divisios aod prosented at the Anoual Meeting of Tim
ammmcsas Socuery oF Metkasican Exaivesms, held i New Yaork,
Y. Novensber S0 to December 4, 1950,

Iisrussdon of this papes sheuld be addicssed 1o 1he Sechelary,

SA1EL, 20 West 30th Streest, New Vark, N, Y., nnd will be neoepied
nid Folbruary 10, 1037, for pablieation st 6 later date.  Discussion
seeived nftor the cloning d-lw will b roturned.

MoTE: Bt i wilvanoed in papesa pm e o

ERETOFORE in Hteraiure, it has been cusdomary from

e
riderpdosnl s I:|u!l'|.'|.r!|nl u|-rvulunn of thele authers, and nat ilose
{ the Rociety,

i

weloeity i= montased sl thess high-velocity modecmlos are diffiesed
and are mixed with other malecales of the gas which have oot
been o contacted.  Whether they petain thelr identity as high-
veloeity moleeiles (which is 1o be doubted) or whether they im-
part a portion of Lheir surplus energy to the sdjoining moleeules,
which J¢ not contact the sarface, is immaterisl ss far as any
elipdy on heat irsnemission js coneemed.  The average of ‘the
wppre Fonds of the velocity, e, the total sRorgy 8 the same
wliether they retain their energy or whether they impart part of
their increnssd eaergy to other mobeeties,

In the process of pure heat concuction in gases, there is no
mechunieal mixture or disturbanee doe to gravitationad effoct
{ranvestion) but only intermolecular diffusfon, which depends
apin e varions pormanent properties of the gns and its transient
condition. ‘The mie of beat diffusfon, however, is fognd cxperi-
meniably, Lo obey exnctly the analegons lnws of heat conduction,
that 45, it i3 direetly progertional bath to the distance and to the
tempernture difference bedween bwo boundarics,  Ina stesdy
state of hest flow, there is & tempernture gradient preciesly ns
there i n temperiune gradieat in e solld, slthough in the fir=t
case, the tomperatare gradient s due sedely to material trans-
pirtation, while in the seconml fmee, it = dus Lo the passage of
beteank froam ome maleeale fo another.

These miber obvious and clementary statemonts aro made in
the gredace moorder that there may be o misunderstanding of the
bzia pa which the problem is appresched,

When & gas is forced Lo pass over & surface ol relatively high
velosity, as for exampde, Letween plates or through s pipe, the
min stream of sir is furbubont sbove certnin eritionl webocitie.
1lowaver, at nll veloeitics there are two nonturbulent films,  The
firet, which is probaldy wltramicreseopie or mobscular in thick-
neas, (8 pocessarily & dense film of adsorbed gna having spproxi=
mndely the density of lhpdd o, a2 pome physiclsts claiem, even
grester than that of the lquid. This would appesr to be s
rather permanent film.  The secondd, is o b or zope in which
there 5 & laminar flow as distinguished from s turbulont Bow,
lrey all the pertickes are moving in parallel lines. There b o
mechanionl mixbare witlin this filn, Farticles pass from the
surinee film through the luminar filin enly by difusion and heat
iz camdiseted enly by the process of diffusion, just s though there
were na motion whatever within the Alm since Ehe petual motion i
wt right angles to the offective path of molsculsr diffion,  In
this film, warmed {contacted) particles pras outweand by diffia.
awon while el {uncontasted) particles, and abo proviously ean-
tacted particles, diffuse mwnnd from the culer surfsce of the
Inminar Gm fo Uhe susfeon film.  There iz no sharp domancation
leetweron e Rmbinse nontuebulent film and the outer hurbalent
hoidy of nir, bat & goidial nease of fuerbulenos,  Hewover,
Tromm Hhe standpoint of analves it is convenient to consider . line
af sharp demarcation.  The thickees of the adsorbed filin doos
mat chanps with the velority,  The thickness of the laminar film,
however, vares direedly with thy velosily and at & somewhal
Jowor mie, Te, nb o frmedional power of 1he w‘!-eu:i.ij'

There &= o deflnile tempemtur grudiont o this laminar film
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A Review of Existing Psychrometric Data m
Relation to Practical Engineering Problems

Py W. H. CARRIER! NEWARK, N. I, asn C. 0. MACKEY® ITHACA, M. Y

The anthors review and correlate available payehrea-
retrie data, and discuss theapplication of thesedata toon-
gineering problems.  They analyze aml corrclaie exisling
datn with reference to deviations of ohserved wet-bull
e ures from those of true adiabatic satweation.
The paper also includes & tabulation of revised psychro-
mictric values in socord with the latest plivsical data
with correction factors for all mormal varistions of baro-
mctric pressures.  The authors make an analysis and give
a demonstration of the proper method of coployisg
the perchrometric heat function previously defined as the
“ioial heat less the heat of the liguid,"” and aficreard
referred to in peychrometry as “total eat For this
function the authors affer the term “sigma function,”
to distinguizh it feam the enthalpy or true tofal heat which
includes the heat of the Hguid.

M VIEW of the present wide employment of payelirometsis
dads in various felds, and particulasdy i the Beld of air
conthitinning, and slso in view of the fet (hat thene have

loiern murmeross queestions missd as o the mits of accuracy of
cxiEling data, it seome opportane te review apd cormelate, a8 fur
an poesibde, the past pesearch in this feld wnd S0 discus=a the ngs-
plicntionof theso data to engireering prablems.

Cramerives oF Pares

Frad Obfectire.  The afnlyniz aid correlation of exieting Jdata

V Chalrngan of the Poard, Carricr Engineering Corpomtion.
Memn, ASMFE Mr. Carcior was gradua bod from Cormell Ethiwm't:r
i 1301 and wpon gracdustion accepted the position of rosearch engi-
ey with the Huffale Fonge Company.  Five years Iuter hu bocame
chiel engineer.  As ihe sebenco of air eonditioning ﬂl:“.'\cliu_n-:d untder
hie: miidane ks saw Ahe Recosily for a argaiizalin asd
aceardingy the Chrrker Engincering Ean:«:ml‘iua was fornsed in 1915
My Carrier iaa mamber of the Ametican Saciely of Heating aad Vin-
tifsting: Engi A Tl ident of the Ameriean Sockety of
Fefrigerating . Engineers. He B the hor ef i I
pagirs, amoang thon a paper entitled “'Rational Peychromotric For-
mtalae™ prosenting the theory and practieal dats on which the ort of
pir ennditinning hans been founded and in recopnition of whiols be was
vhntasd L0 Siman Xiln 1904, Mz, Carsier woas fon H-l,i'ﬂl the A2 ME
Shiabul b PM For bis work in ade eonditioning.

1 Preedemnnr of Hent=Power Engineering, Cornel] 1
fewwir Murkey wak gradunied from Cornedl dn 100G w
B mnd v thes pert iwen vomgwm sereed] e pmfroctor -J EEX[ETI

sl rrapinearine-nt the Universiny: © He théa was o
i sty Ful Rtk o praWOE AT T i ared H T
fomnaradibpe - TTe 1w ikic athios of natied
e b Nrewicas ooty of TToating
1 Amnertoan Bociety of Tefrige . !I: e m "nl-i T
af Lo sesentilee frodermities Sigmn X0 iy [l 51-

Contributed by the: Heat Transber Cor toe ol the Process
liichnatrive Divislen sod pressated at the Annun] Meetiog of _'I'III-
AuEniess Sonterr or MecHasicas Bxorsmmies, beld in New York,
WYL Novembes 200 40 Descentwr 4, 1034,

INecusaon of this paper should bo sddresssd 1o the Seerotary,
ASALE, 20 Wit 30th Stregr, Mew York, B, Y., aod will be nes
ropibed entil Fehenary 10, 1937, for ]ll:||.1!il.':|.liul| st mInfer date.  THe-

salom receivod after the elosing dnte will b fotuasmed.

sore:  Statements and opiniens advaneed i papers gt 10 b
i beratoes] we individizal expressions of their astlars, and not {hose
of the Saclaty.

with reference to deviations of observed wet-bulb bemperatares
firaars tleose ol frae ndinbabic aaturation.

Second Objective.  Presentation of n tabubation of sevised
payehrometric values in accordance with the Latest physical data
with eorroction factors for all nermal variationa of baromelric
prosgures.  The purpose of this is Lo permit the meady use of
stamdond paychromeitic data or charls for any olher baramedric
prosagme without invelved aalonlations.  The Intter 2 a devieo
that has long been pesded nnd s of particalar value In accuraic
calalation. of test data,

Third (Mjeciive. An analysis snd s demomnsteation of the
proper metbod of smploying the important and useful paychro-
metric heat funetion, previously defined by Carrier in 1910 (1),2
=u the “lofal heat less the beat of the loguid,” and afterward re-
ferved toin peyclromciry oz “tofal beat."”  For this Function will
now e offored the lorm, the “sigms function'” to distinguish it
fram the enthalpy or tree tolal hest which ineludes the heat of the
limuaicl.

Deviarson oF Oeserves Wer-Boe  Temrcmarvne  Fros
TEMIERATUEE OF ADLABATIC SATURATION

In the past 25 years, most of ke engiocering caloulations
ivolving hummidity in air have been basod on the paychrometric
chiart presented in 1911 By Camricr (1) The values given
wore based, not primarily, ns many pssume, on ohserved wet-bulb
tem pemmivres witha sling pay chrameter, but en caleakated valaes of
adiakatic saturation, The paper (1) shawed that experimnntally
the two valuwes were in olese agresment. Howover, test daia
presented o the origingl paper (1} in 1911 indicnted teo sources
of devintion of tho wet-bulb temperature from the temperaton
of adintatic satoration. Tl first was the radiation factor which
was indicated by the difference between the rending of an on-
shinlded wet bull and & wed bulh completely ghiolded from radia-
tiom, and the second was the differeace batween the reading of n
ruddint botr-shickded wet bulls and the ebecrved temperature of
alksbiatic satumtion, where the mdintion-shishded wet bulb ap-
pareatly gave the lower reading of the two,  In wiew of the theory
wilvmneed, Uhe Intter warintion was, howevor, thought st the time,
fan b e Roenn appars biss error.

Later chserrations conduetal by Arpold (2 and by Droplin
A have shown the latter as=umption to be ineormect and that/it
i+ mat ohily possibie, but in sceordanee with physical laws that
the: lattes warialion should cxist,  However, these two sources of
divisticn sne i opposite dircctions tending to meatralize tach

utier, amd it has Been proved thot there is s defioite air velocity
whe --rrlmn. et agrecment botween the wet bl (not sk

from mcliation) and (ke aetasl temperatore of aulinbatic MF\
tion.  Carrers 1911 experimonts (1) wonbd indieate this welocity

o b ot 2000 fpen. Prrogskin's best (30 would imligalo it to b
alighily ower 1000 fpan.  Ammold (2) would fix thigf velocity at
phout 500 fpo Cempmtations from hiz theory give o still

bwer walin oz shown in Appendix . Tho authors’ present
correlatbon would fmbicate it 1o be at anintermesliate welocity

¥ v lers i pervonithases roler L ihie Ditdicgrnphy ot the end of the
[

i3
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Air Conditioning in the Printing
and Lithographing Industry

fy WILLES 1L CARRIER) NEWARK. M. J. axe ROBERT T.
WILLIAMS? NEW TORK N, Y.

PRINTING IXDUSTRIES

IKE other key Industrics, ‘the great printing amd litho-
praphing mdustry shows o distinet trend townnd concens
irstion. With thia trend, and the consequent neced for
s eapelul teebimienl control and greater standardization af pirod-
4 and proces, has some sn increased realization of the need for
r ronditioning in the printing snd lithogrphing industzy.
For 20 vears of more air conditioning kas played o imporiant
srt in the texiile industry, in the treatment and matsfacturg
tulszecn products, in the production of high-gracde eonfoctions
o in o Jomg Bst of other industrics dealing with mnteriale that
o affected ndversbe by seasannl and daily weather vnrintions,
o epipment therefore Becossary sutomstieslly to ereate amd
sirel atmsospheric conditions suitable to & meen peoduct or
cration lms undergone long development and has entinely
el the oxperimental stage.
Jwwn in the printing amd Hrhographie industry, there ano a
mibwr of important and progressive plandz in the countey
st have had  eomplete air-conditioning equipment. for aloat
weares (Hee Fig. 1.} Tho wider nse of air-conditioning
gipameont in the produetion of printed matter s Hleerefore ope of

Pissnion Wrmn DEEruipcTHe Do axe Doresens

(o of refial "+ nnd standard equipment to the pertieilbir
of thiks imwhimiry,
Y probdem of s conditiening in jprinting sl Iithography
Jres itsell into roproducing in those parts of the plant where
fibes of hnsidity, temperature, cleanliness, and aic circo-
w alfeel materinds or procescs, the vatural atmospheric con-
s that the trade has found by long experbence pive the
rralis, This iomvolves the contrel of ﬂ".;!l:il'l h:l-' siihe hye
e materials ng paper and priters’ rollors; s mnin-
aee ol a lppidity sufficiently high to dcod to prevent the
vt of statie elesiricive wmi sulliciently low to grevent
perbeemesd”™ rollors and paper;  the maintenanee of Lo
i ot which ink has the requined viscosity aud Bow amd noll
dhk amount of ek the eliminaticn in %o £
anlly pragiieable of foating dust; and the mamicnes o
oriable working eonditions

ELR ]

medilenl, Carrier Eogincering Corp.. Mem. ASME
Jechanieal Engincer, Carmier Engineering Liorp.

vosst] @
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Miseronn i Paoes Buoares mo BrEton ANo SHRINEAGE

I 50 far a8 eoncerna the eimin of moisture by paper, which is
the most serjoie and obvicus problom sonfronting the printer,
1liis eontrol & secured by maintaining throughout all parie of
the plant whene paper is used or stored a fived relative humidity.
Temmperiture has practically no cffect upon paper, bt it mais-
tare eontemt i a funetion of the relative humidity of the sr-
romding air, the amaount varsing for diffescnt gradis of paper.
(B Table 1.0

TABLE 1 HOUILIBRIUM MOISTURKE CONTENT OF PAPERS
N DER VARIQOUS CONINTIONS OF RELATIVE HUMITNTY
(From Haflolie N, I, Litkographic Togkniosd Foundoifon)
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T e L[] : R 5.75
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o7 a0
Lo

4
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Afan. mssior,

Mg mussture, TF,
il
. L
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This virktion in the regin of paper with varying relative
[yursielit s cxercises an imporiant influence on printing and itho-
jraphic processes.  The meisturs content of paper affects it
dge.  The nmount of streteh or sheinkage varics with different
stooks, but may be sabd to D (rem 0311 to 0.55 por eent. noross
the grnin and from 0056 to (.25 per ceat with the grain under a
ehange in relative humidity of 35 to 65 per cont. When it is
consbered that the. slowabbe varintion in rogater in process
prisswork ia tather under 0.02-in,, or 0.045 per conb of 4 by
fein. fboet, it will be sten thet cerlminly o variation of mon
than 5 per cont in the relative humidity o a pressrocm will de
sy pegiater,

The center of a birge pito of paper is under heavy prossire and
iz very noarly impenetrable.  Evon fire will not gei to it, Mot
air atineks the edges first, and the fhers swell,  Not being able
to stroteh tmiformby the stock stretehics al the cdges, which gives
the gheet oocor] or wave nnd makes it diffiult or imposible to
ford aceurately, This gleo ocours whin nwoist stock i piled in
i dry stmosplsre. The edges of paper will not eurd or wave i
s mir i slivwed o sreulate uniformly over the whole surface of
the imdivilual sleets,

The muasture contont of paper also seriously affects both tta
stremgth and prinfing quality, snd thess gualitics are ngnimn
{0 rotio b the relative humidity of the: surrounding uir.

Pagwr i orlinarily received fram the mill with & moistore cofi-
tont af from 3 to 4 per cent, bt insemech os this may be the
wpilibrium perceniage corfegranling 1o anywhare from 20 1o 40
por seni relative humidity, depending npen the kind or malke of
paper, it i fnpossibie 1o Ly 10 koeop te atmaosphens of the plant
in erquilibrium with the inconing stock,  From svery peactienl
’-'"="1F"’ull"| in |-\.'|'3-Q-||_-|q.1'in||. Al eIy it i desirahle to lﬂﬂi“tﬂjn
o Had reladive Tumbdity: i tho plant and to condition the paper
it Lo this poind prioe (o pEnang il (a1 il proveses,

Proserrss Ronuees, Hesipny axn ThurfsaTeek

Passing from paper to the other hydroseopic sathetiamees usd
fv i prriater there nre the rollers b sl U ghine uiel pasien
wseid in e Lindeey,  Bollers, Leing mad of ghoo nd glycen,
pro pactierbardy sensitive to bith momtane aned iempemtin,
1 |uf|.r Migetunt bg ol menis by masell, shirink, wnad erack, fho
frev glyeedn o o, aad they beoome destorted in o ahape.
Harwener, s folbegs may be mafgeiured to Munction st any BIvEn
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‘T&mperatures of Evaporatmn of Water into Air &#
0045T

W

A Report of Experiments Made to Determine the Laws Governing the Deviation of
1 The Actual Temperature of Evaporation from the Theoretical

By W. H. CARRIER? awe I €. LINDSAY, " NEWABRK, N, F

T WAS firet shown in the paper entitled Rational Psyehrometric
Formulas,? presented before the Society ad the Annual Meeting
d'lﬂ!.'l that & fundamental equ.l{mn of leat balincs may e

any evaporating lguid and the surrouadding
atmesphere, and that eventually s constant equilibrivm temper-
sture 1 reached, which can be sltesed only by changing the total-
heat refation between the liquad and the atmosphere.  This egui-
librinem temperatare, commonly termed the “wet-bolb temperature,”
is deferminable by a thermpmeter, the bulb of which is kept wei by
the evaposating liquid.  The wet-balb temperature throws a very
Iﬂllﬂ'hﬂl-ﬂ.ﬁ light on: the fundamental lxws involved in all comimeraisl
evaporative processes, and the efect.of the wet-bulb temperaiure
upan Buman phyzical comfort bas o great popular inters.

The experimental dats herein presented prove conclasively
that the temperature of mpomhurt 5 oot indeterminaie, Tt hias
# very definite limit which in practical appliention is very: chosely
approximated and which is dependent upon the ultimate equilibrium
of hieat eonditions.

Although ‘it s been recognized that observations of wet-bull
temperatuses sre in error with respeck o the' theonetical temper-
ature of equilibrium, exact data =5 to the amount of this error
and i:.; waration relative to tempernture and effective velocities
of air have hepetofore been only approximated oo Durng the
past four years the authors have conducted eshaustive experi-
ments with specisl equipment at Coppell University and at the

Case School of Applied Science,  The purpose of the experiments .

Tas Been, first, to show that under ideal eonditions permitting true
adiabatic saturation, ie., maintaining a constant total-hest rels-
tion during ssturation, the wet-bulb temperature iz actually the
temperstune of equilibrium represented in the heat-equilibriom
eqisation; and sscondly, to show how, and to what extent, the wei-
baulb tesnperatun:, ohm-.-r-d urder ordiary conditions, varies from
the thearstieal equilibrinm temperature.

Tur Eguatioxs oF Huat BaladcE AXD Ramm's RATES OF
Ihrrrsion

4 two genenal methods which have beon proposed I'n; the study of
lvws the equilibriem temperature in an evaporating
Yipuiel which obtains its heat of vaparization from the surroanding
atmnsphere alone, the first invobves the equation expresing the
increase in the hest of vaporization as equal to the decresise in the
sensible hest of the atsmoephese from which the hest is extrueted.
This equation of beat balance is:

Latent heat absorbed = Bensible heat bost

ar

7 e RS R I L N O | |

whire
' = Intent heat of 'Il].pl;l'i.ml]'nrl per umit weight of vapor at the
resuliant lemporatare £
w' = final weight of vapor per unit weight of gas into which the
liguid is evaporating
1 = initisl weight of u.T:-m' per unit weight a:l' s
C,u = mEan s?;ﬂﬁt heat of the gas between temperstures
=
= mean specific heat of the vapor between ternperstures
(=t}
r s initial temperatore of the gas
= final temperatane of the s, vapor, and Louid.
]~r-:|r|1 this the theoretical temperstore of equilibriom may be

'l‘lﬂnlldl’.'ﬂh Cartier Brgineering  Corparaton, '\“Iﬂ'k, M. 4 Mem.
ASME.

¥ Physieist, Camier Eapl L&

FTrana. A S ME. wvol, 33!:15!“] B 1005,

Fresented at e “Anmusl Mesting: Mew York, December 1 to- 4. 1924,
of Tae Anexioax Socmrr oF Mesawrcsn Exaenns.  Abridesd.

definitely Jocated if the initial tenuperature and moistone contont
and the final medsture content-of the gas are known,

The seeond method analyzes the cates of heat fow—the sensilide
heat flow fo" the wet bulb from the surrounding atmosphere—
due to temperatare difference, and the exresponding rate of oui-
ward hent flow, due to the wupn-raf-lm-ud the liguid and its difusion
mto the aun-r:luuding atinsaphiens.

Equations expressing the balance of rates of fow arec

Rate of moistere diffusion from unil area of liguid surface pes
ik time:

: .l.ia s
wlar ]
dip = weight of Bguwid evaporated per unit time 99
A = area of evaporating surface
" = coefficient of moisture diffusion: per uml differencs in
vapor pressure of lguid and vapor pressure in the
atmosphers
" = vapor pressure of liguid
£ = vapor pressure in atmoaphen.
Rate of heat diffusion through film Lo Yoguid sorfaee:

whirne
dy = heat diffussd per unit Gowe o0f
A = gres of surface
ko= corfficient of heat diffusion per degree difference in temper-
wiare of liquid aed atmosphere

Buldg = r'dio, where 5" = latent heatof vaporization cormesponding
Lo Gemperature £ therafore

die h %
7 et

ie:— 14

J::ﬂrr
Acenrding to the law of giseais mixtures the weights of the twa
component parts of a mixture are in proporlion to the products
of their respective pressures and their specifie weight=. 5S¢ in a
mixture of water vapor and air:

fg'h—g) =

i nP—:

whose w0 = weight of .mulﬂure per potnd of sir g
8 = pecific weight of water vapor comgpared with air
& = VAPIE TIeSsr
P = Laromeiric or total pressure of the mivture.

Pie
£

84w

Substituting for e in Equation H],

I o el
Ftw Btw k”

AL temperatires below 150 deg. fahr. where w and @’ are small,
this equation may be writden

ft—17

(e’ — (t— 17

-t
S + kffr

Fi{ — o) - E{! =ik}

where k = EPS(5 + =)
Az
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{Firat Lecturs)

Continual Pregress in Educetieon:

The generally accepted idea is that the enginesr gets his education
in high school and college. If thiz accepted idea were correct, the gquality of
our engineering would be extremely poor. Unfertunately, too cften thiz sape idea
18 Fmt among the more recent graduates and I have known men of excellent
natural abllity in our own organization who required ten years of experience in
the ﬂelﬂ to discover that this was not true. Generally, however, the engineer-
ing praduate discovers this fact for himself in the first twL or three years.
If he is a conscientlous and thorough-going person of a type that will ultimate-
.1.:" suoceed, he seta about either consciously or meonscicusly to further his
a&mﬁm . 1 did not say "r:om:luta his educetion™ beceuse if he is & person who

: ﬂumﬁnmt.undmminhis;tntauim, contrasted with one who "gons to
i M‘ﬂ“umuﬁh e will Tesiize that his sdocation never will bo
p m-phhﬁ fie will continually progress throughout his useful lifetime. My

,_,,__'hn;;._h that you mey take tils viewpoint and as & result strive continually to
.1 ndm-::a your udmtim, whether it be in pure engineering, menagement or sales-

94 1ich8 ”'; a,mlhip. It is ay sole Teason for addressing you on this subject.

mmmeu -- (Should Teach Approach to mw-}
gal:

_ Ialu.umrt out hﬁrtgllingrnuttw.ttcmaiﬂarthacknrmtarmﬁ
mthudu r.if odmntim which most ¢f :mu have mneiwd is unfortunate. With few

Willis Carrier Engineering Lecture Notes, 1944
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AMERICAN ENGINEERING AND T&gHNGmGIGAL [ EES
ADVANCES DURING WAR-TIME. £ qineering LO. L€/

s N il g
b 1 e o ,.-".-

THE accomplishments of American engineers which had “wich- decisive mﬁuﬁ%’_}M"-‘
bringing World War II to a victorious end, have recefved little aviénton=ifttliz=ediorial
colimms of Tue Excineers' DIGEST during rhe past five years. The paper shoviage has
compelled us to devote our regrettably few editorial pages to reporiing almost exclusively
on techrical developments which hawve taken place in ensmy and neutral countries, and on
wwhich practically no information could othersvize reach our readers in Great Britain and
all gver the British Empire,

The splendid cooperation between the American Office of Scientific Research and Deve-
lopment and the British authorities, and betwesn a large number of American and British
enigineering firms engaged in the developmeni and production of materials and weapons of
soar, has covered the most wrgent and wvital commmon interests of both conntries, A certain
amount of tnformation on American developments has reached the Brilish: industry, also
throuch varions British rrade papers in the form of reprints from the American ade papers
to which some British firms and libraties subscribe.

The fnterest of British engincers in obfaining, in concise form, exhaustive information
oit the work and aclievements of their felloe engingers in the United States, has been obvious
bur has not yet been satisfied. In devoting the Famuary and February, 1046, issues of THE
ENGINEERS' DIGEST fo articles om important American engineering developrents, we are
attempiing to meet this interest. In doing so, we are fully atvare of the limitations imposed
wpon tis by the very little space of mere fifty-two pages allocated for editorial contents of these
special issues. The magnificent accomplishmenis of the greatest industrial country of the
sorld, would reguire and deserve editorial freatment of hundreds of pages for each of the
subjects covered m our survey. Therefore some of our articles have to deal with a narvow
field of a broader subject, while others include mumerous references to further sources of
fiterature. Articles which for lack of space eannot be published in the two special isses on
American war-time engineering developmeits;will appear as a special section i laver issues
af eur jocernal,

Under the chairmanship of Dy, Alexander Klenun, of New York University, the ffer-
nationally knotn aeronautical expert and writer, promment engineers of highest reputaiion
cooperate tn deciding on the editorial policy of the American edition of THE ENcINEERS'
Dicest.  The names of these fine representatives of American enginesring ave listed on the
mnside cover page of s issue,

We are proud and happy that these distinguished representatives of American technical
Bnoseledoe have joimed the Editorial Advisory Board of onr jowrnal.  Their active coopera-
tion has been of fnvaluable help in compiling our special fsswes on American developments.
It also shotws the gratifving interest of American engineers in the interchange of international
technological information as well asin prowoting the feclings of friendship and appreciation
beteveen Americam and British enginects.

A further eim of THE Excinggrs’ DIGEST fus been fo coumieract narvow spectalization
and to promote the broadening of engincering knowledge. In a recent book by twelve promi-
neni mentbers of the Harvard facuity, appointed by President Comant and headed by Dean
Paul H. Buck, drastic changes are recommended in the curriculum of Harvard and in the
whole American educational system.  The book, the vesult of the work of tiwo vears and many
distinguished minds, recommends a balanced programme. It grants the inevitability of
spectalization in a technological society such as ours, but deprecates the present temdency
both high schools and colleges tomard navrow specialinm. It is great satisfaction to recefve
swch high confirmation that we have been soorking i the right drrection.

¥ E. PAJZS.
New York, December, 1945,

Summary of Articles from The Engineers Digest, 1945
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The Control of Humidity and Temperature as Applied
to Manufacturing Processes and Human Comfort.
(Paper No. 3247
By Willis H, CarrierD

The comtrol of atmospheric conditions within an enclosure with referénce
to ternperature, humidity, and cleanliness is termed “ Air Conditioning™

The importance of this field of engineering bas of late years becoms widely
recognized, not only in enginesring circles, but by the public at large.  Perhaps
this is best evidenced by the fact that the forthcoming edition OF the Encyelo-
pedia Britannica will contain a chapter devoted exclusively to air condifioning:
Such chapters are alréady found in pome of the leading engineeting hand-books

Tt has long been remgri‘i;ml that relative humidity is an important factor in
tfie manufacture and processing of certain hygroscopic materials suehas textiles.
Sitee the mormal relative humidity in textile factories is nearly always lower
than that desived, various means have for many years been provided to inorease
the humidity by artificial meane.

On the other hand, there are industries which require a definite and un-
varied humiidity so that at some perieds the novmal guantity of moizture 0
the air must be inereased, and at other times lowered. Among such industries
may be mentioned the mannfacture of confestionery, the processing and weaving
of artificial gill. and the printing and Hthogeaphing industry.

Other indosivies vequire not only a comstant Telative humidity, butalss &
fairly ‘uniformi temperaturs. An example of this is seen in the modern
automatic wrapping machines, nsed for wrapping chewing gum, food products,
confectionery, and machine made eigareties, which require exaet conditions of
heat and moisture in order o fumction satisfactorily without frequent adjost-
mentz,

Tt the mamifactaring and processing of most hygrogeopic materials there
i= usuially one o more stages in the process in which moisture has to be removed
from the material,  In all sueh prodoets which are not in themselves solubile inl
water, this is usually accomplished by air drying.

In a very large portion of them; in order to avoid injury to the products
which require temperature and humidity eontrol, the rate of meisture removat
munet be controlled with seeuracy in certain stages of the process; while at the
end of the process of drying it may be extremely important to control with

1) Assisted by an Advisory Commibtes appointed by the American Society of Heaking
and Ventilating Engineers ag follows:

Prof. A, G, Willand, 0. W. Armspach. H. W. Ellis.

W, L. Flelsher. H. P. Gant. F. (. Honghten.

2R Lewia L P. Yagloo: LA, Harding.

F. E. Sa¥ll.

Paper No. 324, ASHVE, 1929
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RATIONAL PSYCHROMETRIC FORMULAE

THEIE RELATION TO THE PROBLEMS OF METEOROLOGY AND
OF ATR CONDITIONING

By Wittis H. CAnRRIER
ABSTRACT OF PAPER

In many industries such as the manufaeture of textiles, food products, high
explogives, photngmphm films, tobaceo, ete., regulation of the humidity of the
atmosphere is of great importance. This paper deals with the subjeet of the
artificial mgui,atmn of stmospheric moisture, teehnically known as air condi-
tioning. It mives a theorctieal discussion nl' the subject in which formulas
are developed for the solution of problems, These formulae are based upon
the most recently determined data and in order to establish a logical basis for
the presentation of these data and the derivation of the formulae, the prineci-
ples governing atmospheric moisture are reviewed and the present methods of
determining atmospherie humidity are discussed.

ASME Transactions, 1911



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

EY
W. II. GARRIER
Mt ABME.

AND

DANTEL €. LINDSAY

THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS

20 WEST THIRTY-NINTH STREET, KEW YORK

Prosemted at the Annual Meeting of the Society, New York,
December 1 to 4, 1924

The Soclety as a body Is not responsible for the atatements of facis or opinlons
advanced In papers or dlscussions (B2, Far. 3

ASME Transactions, 1924
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ENGINEERING EDUCATION

SPECIAL Bescheon conference on engineering oducatin
A e iﬂ'ﬁlmﬁm with the 19 Anial Mesting
‘&: - 2 Midston Howse an Dez, 1. Papers
theee phases of this important subjocr were pre-
Cirrier, N E. ka.[:-':-! H. 0, Crofe, :nd]lu
caaed, & r i foll, Below. Each author brought
row ﬁ_"ﬂ smportance f0 cducators and engimoors.

- mnding ones inllow .
e ‘M- Carrier on the fact that engineering
afion, i st collcpes, places 3 premiui upon memorizing
il wrm independent thinking and char ir i Jde
| arive paches whias deducrive.  Furility of repeating the teach-

G
-l

urg of clee same pemcijples mo different engineering cousscs
where the stedent did oot grasp the relation was stressed by
Mr. Funk, who also drew upon his own sxperience to show how
the same principles when ranght diferently in separare coarses
remained a8 separatc ideas for some time after graduvacion.
Professor Croft commenred vpen the growing tendency to
tower the requirements for gradiarion from high sehool beiow
the minimum thar would seeve as a foondavios for an oagi-
neer's edocation and proposed the formation of 2 nariopal
commitres w0 stody this problem thoroughly and prepare a
high-school curriculu that was plaoned more particalarly
for those srudenes wha fecended o enter professional schoals,

LES Versus CURRICULUM iz MEMORIZING

FACTS and THEORIES

By W, H, CARRIER

CAERIER DORMOKATION, NEWARK, N, [.

(B ot resailis, prosens prEceice i cigineer-
athom scomis to be faulty i severul respects, Ir
gpned almore wholly for the seudenes who
s dedigs from bouks or from cheir reachers’
3 the smaller bur moge important group

| ohe s g0 the boundaries of exiscing Lnowledge.

i

W.mﬂ of stimulating che crearive imagi
s .

gcemsary for the successiul cngiieer, soomis 1o dis-

| cape ot dai] ?—. It allows srudents to accepr facts blindly

| 3 T mhem toonderscand amd to reasan for them-

1 E‘iﬁ £his raining, enginsers with cxccpeional

Hwﬁ of charzcrer do develop the ability to chink

'_ fﬂ- g : # advancr bevond the boundaries af exisring

m br remmising and developing thcie own cresrive

: - "_: amg students who have a superiicial koowl

dpe of mmny SRl with minds foaded wich gurdy digested

iz but g s wizh 3 sors poor grounding in the hasic

; M‘h-ﬂ engineering i founded v 2 chorough

| T i ghemn.  The chick reason for the state of af:

we il 8= owr empincering schools is thar enginecring

taowiedies #ad 28 application bave multiplicd o such an ex-

-t begie wo cover the feld adequarely, by the rime-

sz e with segregated subjecra, in oa I:nu:r-:n.'nr

£ The schools have actempeed 1o meet the

: g o employers of engincers, and of facuiry

b senlar benr.  The resole i a greatly

[ rescrewdod e with far oo much aoention o spe-

he ;M H;W,E, eoo advanced specialization

= ﬂmw subjeces. and, more particulaely, foeal-

St :M:q,id subjects.  The main purpose of an

= QUETE #om, £he sadensranding of principles, and the

cs= of pmental of the profession, i ths overlooked and
dfeated

mm l‘l_:.ﬁfmm ENGINERRENG §TUDEN TS
Tie siadent Ejl::l;l:ml' 0 Jearn more and mose in a given
i, el £l counes mmst be made “easr™ 5o thar e can ac
omplish the ek hiid oot i the corricolum. T obriin

high or even passing marks, he muse rely on memory, as ehis i
the casiest and mokt primitive process.  He cannoc be trained
£ think nor woolid he have tinee if he rried.  He becomes the
skin of a sausage which is to be scufed wich mear, and many of
our cdiucational pressces are just abour thae.  They have ot
been trained to rhink noe have they acquired confidence an their
wown mental processes ouraide of their ahilicy o memorize and
to gather faces from tlie princed page. Thinking. ro their
s, B an outmeded process;  and chey dislike it They
want ©0 be given formulas in which their daga can be placed,
and by which the required resules can be mechanically com-
puted.  They want to be slide rules.  They think chis i cngi-
neering,  The surprising thing abowe much' of our technical
education is thar elic producr is so good In spire of the educa-
rion rather than because of it

Anoaliee failure of the cngincering schools from the employ-
er's standpoine is that he Ands dificulty In sclecting 2 man on
the basis of his sanding in college. *The student with ap-
parencly the very best seanding may be merely & memory ma-
chine and, therefore, of little valae o the employer subse-
quently.  Wastage in hiring engineers, especially for technical
pasitions, is great, L

0 far in thiz discusston, [ have, pechaps, been overcricical,
I do appreciate the grear amount of valuable teaching that
is done, bur I think thae, in many cases; our objecrives are
wrong.  Improper emphasis is placed on the things thar are
of the least value to the engincer at the Expense of those that
are vitally dmporsant.  Perhaps one of the reasons for my
rather extreme accivude in this macter of enginesring education
i My o personal cxperience in three phases, precollege, col-
lege, and postcollege educarion.  This experience, rogecher
with subscquent dealings with graduates af many of our engi-
reering institutions, is the bavis of my eriticism, and, from ic
I hope oo make constractive suggeations, For this reagon, 1
may be pardoned 3 | recive some incidenes thae are hased on
Iy personal expericnce.

I my own educarion, | feel thar T was extremely forfiznass
in new having i regimented in my early years. | went o
two-rpan diserict school; then, to 2 small-town high schoal,
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