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THERMALCONDUCTIVITYOF STEAM
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Thetablesoftherm&1
inanNBS-NACAserieshave

propertiesof stesmthathavebeenprepared
&en groupedtogetherhere. Theyinclude,

fortherealgas,thecomp~ssibiUtyfactor,thedensity,t~ specfiic
heatat constantpressue,theenthslpy,theentro~,thefree-energy
function,theviscosi@,andthethemalconductivity.Fortheideal
gas,thespecificheat,enthslpy,entro~,andfree-energyfunctionsre
given.Forthetablesgivenindimensionlessform,conversionfactors
to somefrequentlyusedtits aregiven.

Thetabularentriesforthecmupressibilityfactoranddensitysre
forpressuresrangingfrom1 to 300atmospheres.Thet

Tra-s covertherangefrom380°K, or justabovecondensation,to 850 K. Thetabu-
lsr entriesforthespecificheat,enthalpy,entro~,andfree-ener~
functionsreforpressuresrangingfran1
temperaturesupto 850°K. ‘lheviscosity
tabulatedasa functionofpressure.

INTRODUCTION

to 100atmospheresandfor
aridthermalconductivitysx’e

Themostwidelyusedtabulationofthepropertiesof steamisthat
by KeenanandKeyes(ref.1),basedonexperimentaldataupto k60°C
smd360atmospheres.Koch(refs.2 and3)haspublisheda tableinmetric
unitsrangingfrom0°to 550°C sndfrom0.01to 300atmospheres.Goff
andGratchpublishedanaccuratetable(ref.k) oflow-pressurevalues
ofpropertiesofwaterfrom-160°to 212°F. Therecorrelationin1949
by Keyes(~ef.5)oftheexistingdataforsteamandtherecentexperi-
mental.dataofI&nnedy(ref.6) w ofwim andRumjanzev(ref.7)
prompteda reexaminationofthesituation.Thetablesgiveninthis
reportarea resultofthisinvestigation.

.,. —-——. .—— — -.. —— —-———



2 NACATN 3273

Thetablesforsteampresentedhereinrepresentnewlycalculated
valuesobtainedfranthecorrelationby Keyes(ref.~)ofallthethen -
existingdataof state.Thattheyrepresentaspreciseandconsistent
a setoftablesasispossiblewiththeexistingdataisdueinlarge
parttothethoroughnessofthecorrelation.Duringthe.courseofthe

z

calculations,thedataofKmnedy (ref.6) wereprocessedwitha view
ofextendingthetemperatureandpressurerangeofthetables.These
datawere,Wwever,foundto lacksufficientreliabilitytowsrranttheir
useforthispurpose(seefig.1). Inviewofthisandthepurelyempir-
icalnatureofthecorrelationequationused,thetablescouldnotbe
extendedbeyondthetabulatedrange.ThedataofKirilUnandRumjanzev
areingoodagreementwith”thevaluesofthecompressibilityfactor
obtainedfromtheKeyesequationasis showninfigure2.

Thisreportisoneofa seriesonthethemd.ynamicandtrsmsport
propertiesoftechnicslllyimportantgasescompiledandcalculatedat
theNationslBureauofStandardsatthesuggestionandwiththefinsncial
assistanceoftheNational.AdvisoryCotitteeforAeronautics.Thetables
forstesmwhichwe groupedtogetherhereinforconvenientuseinclude
thecompressibilityfactor,density,specificheatat con&antpressure,
enthalpy,entro~,free-ener~function,viscosity,endthermalconduc-
tivityfortherealgas(tables1 to 8)smdthespecificheat,enthalpy,
entropy,andfree-ener~functionfortheideslgas-(table9). Tofacil- u
itatetheuseofthetableswhichareindimensionlessform,valuesof
thegasconst~t R invariousunitsandconversionfactorsto some
frequent~usedunitssxelistedintables10to 12. A temperature

:,

interconversiontableisSJ.SOincluded(table13).

Thetablesinthiscollectionwerecmputedoveranextendedperiod
withtheassistsmceofa nwiberofpersons.PartaPthecomputations
wereperfomedby theComputationLaboratoryoftheAppliedMathematics
DivisionunderthesupervisionofMissIreneStegun.Valuableassistance
hasbeenrende~dbyMessrs.J.HilsenrathandY. S.Touloukianwhoare
responsiblefortheviscositytables.Inaddition,thanksaredueto
Prof.Touloukianwhodirectedtheattentionoftheauthorstothemeasure-
mentsofthespecificvolumeof steamby HriUln sndRumjanzev(ref.7).

.
SYMBOLS

B, C,D virialcoefficientsin l/V series,functionsoftemperature

b /viscosityCovolume,cm3g

% heatcapacityat constantpressure,variousunits
.
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heatcapacityat constantpressureforidealgas,variousunits

internalener~for1 moleofgasinideal-gasstateat 0°K,
Vsriousunits“

freeenergypermolein standardstate,variousunits

freeener~&r molein standardstate(idealgasat1 atmos-
phereforgaseousWbstsmces),variousunits

enthslpypermole,variousunits

enthalpypermolein standsrdstate(idealgasat1 atmosphere
forgaseoussubstsmces),variousunits

thermalconductivity,variousunits

thermalconductivityextrapolatedto zeropressure

thermalconductivityat0° C extrapo=tedto zeropressure

molecularweight

I
Prandtlmyiber,Cpqk

pressu, ah

gasconstant,R’~, 4.55465cm3atm/”Kg

3 s,*m/”K~legasconstant,cm

entropypermole,variousunits

entropyfor1 molein stsmdardstate(ideslgasat1 atmosphere
forgaseoussubstances),variousunits.

absolutetempera-, %

temperatureatstandardconditioti,273.16°K or491.688”R

t = l/T,%-1

.

----- .— .-. —,. — -— ———-———— — —— -—-
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/
3specificvolume,cm g

functionintheoryofviscosity,V - 5

compressibilityfactor

viscosity,micropoises

I
density,g as

temperature-volumefunction

f

v

Theonlyextensiveworkonsteamathighpressuresandtemperat~s
waspublishedby K&uEdyin1950(ref.6). Eisworkcoverstherange
between200°to 1-,000°C andfrom100to 2,500bus, butthedatabelow
about~0 atmospheresandabove6000C sreopento gy.estion.Theactual
experimentalworkuponwtichKennedy’stablesardbasedcoverstheinter-
valfran200°to 6000C atpressuresupto 2,5oobarsandthatfrom6000
to 900°C atpressuresfrom100to 1,@l bsrs;theintervalfrom900°to ‘
1,000°C wasexploredfrom100to 8043bars. IiIeachcasetheupperLimit
wasfixedby ~nnsmetidefonnationoftheappsratus.Extrapolationto
valuesoutsidetheexperimentalrangewasbasedontheconstancyofthe -

1.

valueof ()a?
SV in theregionactuallyinvestigated.Kennedychoseto

useI@yes’data(refs.5 and8) upto 4600c and360atmospheres,
beldevingthemtobemoreaccuratethanhisownthroughthecritical.
region.Kennedy’sdatashowanunexpectedtrendinthelow-pressure
regionabove6000C. lXthecmnpressibilityfactor-Z, ccuuputeddirectly
fromKennedy’stabulatedspecificvolmes,iSplottedag&lstpreSSUre,
onesees(fig.1)that Z inthisregiondecreasesmarkedJyfor
decreasingpressures.However,boththeoreticalandexperbnentslevi-
denceshowthatthecompressibilitycurvescouldnothavea maximumin
thisregion,butratherthatthecompressibilityfactorshouldincrease
steadily,withdecreasingpressure,towsrdunityat.zeropressure.

Whilethisreportwasinpreparation,workdoneattheUnited
AircraftCmpanybyRice(ref.9) andEh2algo(ref..10)wasbroughtto
theauthors’.attention.EKdalgo’sreportpresentsanextensivecompari-
sonofKennedy’sexgx=rhentaldatawithvaluesobtainedfromKeyes’
equation(ref.5)fortheI@h-pres- high-teqeraturerangecovered
by Kennedy.

,.

G“

.—. — .
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Rice (ref.9) hascomputedvaluesofentropyandentluil.pyonthe

basisofKennedy’sPVTresultsfrom5,500to 10,000poundspsrsquare
inchandupto1,600°F. Hepresentstablesandchartswhichshouldbe
quiteuseful.forengineeringpurposes.IHscomputedvaluesblendin
quitewellwithvaluesgiveninthesteamtables(ref.1),inthatthe
plotsoftheentropyandtheenthalpyagainstpressureforthewhole
pressurerangesndforalltemperaturesarecontinuouscurveswith
smoothlyvaryingslope.However,inviewofthefactthattheabsolute
valuesnecessarilyreflecttheUncertain@inthePVTdataonwhichthy
arebased,theirreliabilityishardto assess.

Recently,McCullough,Penninnon,andWaddington(ref.Xl.)obtained
someaccurateresultsonheatcapacitybetween361.8°and487.2°K at
pressuresfromabout0.2to 1 atmosphere.Theyconcludethatthereal-
gascorrectionstotheheatcapacity,derivedfranKeyes’correlation,
areslightlytools.xge.Thisis shownby thefactthatuponsubtracting
thesecorrectionsfromtheexperimentalvalupsoneobtainsvaJ.uesofthe
idesl-gasheatcapacitysomewhatlowerthanthosecomputedfromspectro-
scopicandmolecular-structuredata.McCuJXmgh,Bennington,and
Waddington(ref.U.)derivedanequationwhichrepresentsquiteaccurately
theirexperimentaldata.Thisequationis,however,empiricalandthere-
foreappliesonlytotheirrather13mitedexper-ntslrange.

IKrillin andRumjanzev(ref.7) havemess-d thespecificvolume
ofsteamfrom431°to 600°C audfromabout100to 500atmospheres.As
seenfromfigure2,thevaluesofthecompressibilityfactorccmputed
fromtheirresultsareingoodagreementwiththoseobtainedfrmuKeyes’
equation.Kirillin’svalues~, ingeneral,slightlyhigherthanthose
computedfroml@es’ equation,butthetrendofKeyes’isothermsis
reproducedby theexperimentalpoints.Thereisno indicationofa drop
in Z valueswithdecreasingpressure.At press~s above300atmos-
pheressadtemperaturesabovek60°C,KlriIU.n’sdatatendtobehigher
thanthecalculatedvaluesby approximately1 percent.Althoughthis
trendcorroborates,ingeneral,thetrendofKennedy’sdata(ref.6),it
doesnotprovidesufficientevidenceforassessingthevalidityofthe
latterdataathigherpressuresandtemperatuzws.It shouldbe remarked
that,above300atmospheres,thecalculatedvaluesshowninfigure2 were
takenfromEidalgo’sreport(ref.10).

V3RIALREeRE~ ONOFPVTDATAFORSTEAM

As iswellknown,thecompressibilityfactorZ ofanimperfect
BC

v gascanbe representedas Z = 1 + - + — + %...
v # ~3

.,wheretheVirial

coefficientsB, C, D, . . . arefunctionsoftemperature,depending

_. ——— —. —.——. .-—
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ontwo-body,three-bdy,four-body,. . .interactions,respectively.
E theintermol..eculsrpotentislfunctionfora gaswereknown,thevirial ‘
coefficientscould,inprinciple,be calculated.However,theinter-
molecularpotentialisnotlnmwnexactlyevenforthesimplestgases,and
onemustthereforeresortto appro@matemodelsofthispotential.One

.

widelyusedmodelistheLennard-Jonespotential,whichrepresentsthe
attractiveandrepulsiveenergiesbetweentwomoleculesasproportional.
totheinversesixthandtweMthpower,res~ctively,oftheintermolecu-
larseparation.Thispotential,however,appliesonlyto sphericalnon-
polarmoleculesad thereforecannotbeusedinthecaseofwater.A
betterrepresentationistheStochayerpotential,whichisessentially
a Lennard-Jonespotential.withanadditionaltermrepresentingtheinter-
actionbetweentwopointdipoles..stockmsyer(ref.12)andRowldnson
(ref.13)havecomptiedsecondvirislc~fficientsB onthebasisof
thispotential.Thesecoefficientsarefunctionsoftemperatureand
involvea xumiberofparameterswhichmustbe determinedforeachparticu-
largasfrm experimentalresults.Rowlinson(ref.14)hasalsoshown
thatthechsmgeinthesecondvirialcoefficientsduetothecomplexity
andfinitesizeofthechsrgedistributionforwateris -.

Recently,Rqtl.inson(ref.15)hascomputedthethirdvirialcoef-
ficientC onthebasisoftheStockmayerpotentisl.Ashepointsout,
inthiscase,itmaynolongerbetruethatthedifferenceduetothe ,
fini.tesizeofthechargedistributionis small,since,aswasshown
by Bird,Spotz,andHirschfelder(ref.16),thevaluesofthethirdvir- ,
ialcoefficientarequitesensitivetothedetailsofthesha~ ofthe
intermolecularpotentisl.

A comparisonbetweenthevaluesofthesecondvirialcoefficients
computedonthebasisoftheStoclmayerpotentisLandthe“experimentsJ.”
valuesof B showsverysatisfactoryagreementbetween3@2°and&Xl”K.
Thecalculatedvaluesof B wereobtainedusingtheconstsntssuggested
byRowlJnson(ref.14)@ by tablespublishedby Bird,Spotz,and
IHrschfelder(ref.16). Theexperimentalvaluesof B wereobtainedby
usingthevaluesof Z calculatedonthebasisofKeyes’equations
(ref.5)atverylowpressure.Inthiscase,thecompressibilityfactor

canbe representedshplyas Z = 1 + ~ P,fromwhich B canbe easily
RT

derived.As showninfigure3,atverylowpressure,theplotsof Z
versusP obtainedfromKeyes’eqyationandfromtheStockmayerpotential
arepracticallycoincident.

As shownbyRowlinson(ref.15),however,thea$peementisverybad
inthecaseofthethirdtirialcoefficientC. Thedisagreementbetween
calculatedandexperimental.valuesof C decreases,however,with
increasingt&rperatures,theexperimentalandcalculatedvaluesof C
beingatleastofthessmeorderofmagnitudeaboveabout750°K. It

v

—-. — .— — .—— ..—
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seemedinteresting,therefore,to comparethecalculatedvaluesof C
withavailableexperimentalvaluesathighertemperatures.An attempt
hasbeenmadetofitKennedy’sdata(ref.6)to a powerseries,but,in
viewofthetrendofhisisothermsbelow300atmospheres,Kennedy’sdata
inthispressurerangeweredisregarded.Thisin itselfmakesthecoef.
ficientsobtainedby fittingoftheexperimentaldatauncertain,since
itimpliesanassumptionthatthedataabove300atmospheresaremuch
betterthanthosebelowthispressure.Furthermore,anaccuratefitof
thesecondvirislcoefficientB shouldbebasedonlow-pressureexperi-
mentalvalues,wherethecontributionofthehighervirialsis small.
A smallmisfitofthesecondvirislisreflectedina muchlargermisfit
ofthehighercoefficients.Nevertheless,ontheassumptionthatthe
high-pressuredatasremuchbetterthanthosebelow300atmospheres,an
attemptwasmadeto determinethethirdvirialcoefficientsby taking
thevaluesofthesecondtirialB ateachtemperatureasobtainedfrcm
theStoc_er potential.Thevaluesof C thusobtaineddonotseem
to comparewellwiththeonescalculatedbyRowlinson(ref.15). Above
800°C,Kennedy’sexpmimentalvaluesaresoirregularthatfitting
becomesa matterofguessWork. Hence,no conclusionscanbe drawnfrom
thesedatarelativetothethirdvirialcoefficient.

DISCUSSIONANDREXJABIIXTYOFTABLES

Table1.-ThevaluesofthecompressibilityfactorZ (table1)
werecomputedonthebasisofI&yes’equation(ref.5)

where

T temperature,%S

82.0567. 4.5*5 cm3atm/degg
R=R~=

18.016

P pressure,atm

(1)

....—. --- .— --——— .... ——. -— —.. .



——— . ..-

8 NACATN 3273

v /
3specificvolume,cm g

W= V-8

P density, /l/v, g cd

v = $.(l+ VIP+ *2P2)

5 = 2.0624e~ (-0.38P)

v~=l%o.lyt

For T <

For T >

exp (1’.42kx 104t2)

Tcriticd= @@ K,

*= . ~50~~ot,= (7.424x ~04t2)2

W2=0

Tcritical>

111= (479.76-I-141.5X 103t)wot

75.364-27.50590
$2 =

1#

ThespecificvolwneV and,hence,Z inequations(1)cannotbe repre-
sentedexp~citlyasa functionofpressureandtemperature,sotheequa-
tionsweresolvedby a seriesof successiveapproximations.Thegenemil.
procedurewasto selecta valueofspecificvolumev~ corresponding
approximatelytothedesiredvaluesof T and P. .UsingthistrisL
valueof VI,a valueof Z isobtainedfranequations (l). Thisvalue
of Z doe’snotcorrespondtothedesiredpressureP butto a pressure

Pl = Z(VbT)RT/Vl

.— —.—— —
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A IleWvalueof

Thisnewvalue
a newvalueof

.

specificvolme V2 maybe obtainedas

9

V2

Vahle-P “t&l-the

‘2= Z(VA+
iS inturnsubstitutedinequations(1)to obtain
Thisvalueof Z correspondsto a pressure
whichis,ingeneral,muchclosertothedesired
pressureP1 obtainedby firstapproximation.

Then,a newvalue V3 is obtainedas

P - P2
V3=V2+P2 - PI(V2- vi)

P- P~
If— is less than O.0CM)5,then V3 is sufficientlycloseto the

P
truesoltiionofeqyations(1)forthepurpose(consistencyof1 pert

P- P2
in10,000).13?~ isnotm.dficientlysmall,thenfurtherapproxi-

mationstepsmustbe usedby inserting.V3 inequations(1)- c~
outtheaboveprocedureaafarasnecesssry.Ingeneral,threecomptia-
tionsofequations(1)weresufficient.ThestartingvsluesV1 were
takenforconveniencefromKoch’stables(refs.2 snd3)exceptinthe
regionwhere 0.990<Z< 1,where V1 wastakena8 RT/P.

Thetabulsrentriesforcompressibilityanddensityareforpres-
suresrangingfrom1 to 300atmospheresandfortemperaturesfrom380°K,
or justabovecondensation,to 8X0 K. Thetablesofcompressibilityand
densityarein sgreementwithvshes obtainedby appropriateinterpolation
methodsfromthetableof specificvolumesgivenby KeenanandKkyes
(ref.1). Itisestimatedthattheuncertaininthevaluesofthecom-
pressibilityfactor(table1) doesnotexceeda fewpercentof Z - 1.
Thecompressibilityfactorisdimensionless.ValuesofthegasconstantR
we listedintable10forthefrequentl..yusedunitsin ordertofacili-
tatetheuseofthistable.

Table2.-Thevaluesofthedensity(table2)areequillyasreliable
asthevalues
directlyfrom

ofthecompressibilityfactor,sincethey
thecompressibilityfactors,accordingto

werecomputed
theeq.ktion

~=+=2-
ZRT

—.—. —..— —— ———— .— -— —— —-—
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Tables3,4, 5,and6.-Thetablesofthedimensionlessspecific
heat,enthalpy,entro~,andfree-energyfunctionof steam(tables3 to 6)
wereobtainedby addingreal-gaspressurecorrectionstotheidesl-gas
tablesofGlatt,Adams,endJohnston(ref.17). Theentriesarefor
pressuresrangingfrom1 to 100atmospheresandfortemperaturesup

.

to 850°K or slightlyhigher.

Comparisonsoftablesofvaluesofentropyandenthalpymusttake
intoaccountthearbitraryvsluesatthereferencepointsforthese
functions.The~eferencepointusedhereforboththeerrthalpyfunction
sndentropyisO K atwhichpointthevaluesofthesepropertiesare
takentob zero.

Thecorrectionsfornonidealitytotheheatcapacity(table3)were
compzrtedfromtheequation

~%?—=
R

c&+&+7P4+5#3 (2)

Thecoefficients
interpolationof

% p, Y,w 5 wereobtainedbyconversionand
a tableof coefficientsfortheequation

‘P = AP.+BP%CP4+l& (3) ~

givenby Keyes,9nith,and@rry (ref.8) in anear~erTaper.

Thepressurecorrectionsforenthalpyandentropy(tables4 and5)
wereobtainedby
capacity,since

integrationofthepressurecorrectionsforheat

and

JA~= ~5m

Becauseofthetediousnatureofthecalculationsrequiredinusi~
Kkyes’correlatingequations(1),thederivedthermodynamicquantities

. ————



NACATN3273 n

.

wereobtainedthroughtheearliercorrelationoftheheatcapacities
(ref.8)by Keyes,~th, md GerrywhichwasfoundtoM quitecon-
sistentwiththecorrelationofthedataof state.As a checkofthe
consistencyofthetwoapparentlyindependentcalculations,thefree-
ener~function(table6)wascomputedfrm both

m= JPz-lw-m ~ P

al? ()NIA4-—=- —-—
RTRTR

Thesgreementbetweenthetwosetsofvaluesthusobtainedisverysatis-
factory,thediscrepanciesbeingintheworstcasesoftheorderof
about2 percentofthecorrections.Thisisnotsurprisingsincethe
correlationyieldingequations(1)isa refinementwhichis quitecon-
sistentwiththepreviouscorrelation(ref.8)yieldingequation(3).

Forthederivedthermodynamicproperties,theuncertaintiesshould
be a~roximately10percentofthegasimperfectioncorrection.The
valuesofthesepropertiesdissgreewiththoseobtainedby appropriate
interpolationoftheKeenanandKeyestables(ref.1)by smounimcorre-
spondingtothedifferencesbetweenthevaluesoftheidesl-gasprqerties
usedhereandthoseemployedinthesteamtables.A comparisonofthis
tabulationwiththeCollins-@yesformulation(ref.18)fortheideal-
gasspecificheatshowstable9 tob higherby 0.015in CpOR inthe
temperatureregion300°to ~0° K. /

Tablesl’(a)andT(b).-Theviscosityq at1 atmosphere(tableT(a))
wascomputedaccordingtotheequationsgivenby Bo~, Brooks,and
Walker(ref.19)

v = 0.361JII- 10.2 for T S &)OOK

~
39.37T3/2

for T~800° K
= 33.15-T + 0.001151312

—-—. --—— ~— ._ —-—-————
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where T istemperaturein% and q isinmicropoises.Figurek(a)
showsa deviationplotofthecalculatedvsluesandoftheexperimental.
resultsby variousauthors(refs.19to 25).

The&Lscosityq athigherpressures(tabley(b))wascomputed ,>
accordingtoEnskogtheoryfromtheequationgivenby Gardnerina dis-
cussiond reference26:

I‘WC=l
where

% l-atmosphereviscosity

P /
density,g cm3

i- O.175tIp+ O.8651b2p2

at!2°K,poises

and

where

M

T

molecularweight

temperature,%

Thevaluesofdensityup to 850°K weretdcenfromtable2; above850°K
theyweretakenfromthestesmtablesinreference1. Figure4(b)shows
a plotofthedeviationsbetweenthecalculatedvaluesand.,theexperi-
mentalresultsbyvariousauthors(refs.25 and27to @).

Thedeparturesfromthetabulatedvaluesofthe
cositydataforsteamareshowninfigure4(a)tohe
Thescatterofthereliablemeasurementsatelevated
(approdmatel.y10percent)asisindicatedinfi-

Table8.-Thedimensionlessthermalconductivity
putedfrantheequations

k = k“ + 1.097X 10 (
-5 ~oo.934xm%/T4

low-pressurevis-
lessthan4 percent.
Qressuresishigher
!(b).

k/koOwa8com-

)1
II

— — —— ..——..—
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.

k“ = 1.5J+66@/2~ 10-5
~+ 1737.3~o-12/T

T

where

k thermalconductivi~,calcm-lsec-l%@_

k“ themdl.conductivityextrapolatedto zeropressure

T temperature,‘K

P pressure,atm

TheaboveequationsareessentiallythosegivenbyKkyesand“Sandellas
thebestrepresentationoftheirmeasurements(ref.30). Theconstants
havebeenalteredto givevaluesinternsofthethermochemicalcalorie.
Thevaluesofthe- conductititwhavebeendividedlw
~“ = 3.789X 10-5.~ cm-lse~-l
to zeropressure.

Thetabulatedvalues(table
centfrcmtheobservedvaluesas

tic-l, thevalueat0° C extrapolated

8)havean averagedeviationof2.1per-
repo~edby KeyesandSandel.1(ref.30),

whoseexperimental,dataextendto 625°K and150atmospheres.Theextrti
polationofthevaluesto thehigherpressurestabulatedseemsjustified
inviewofthedhinishinginfluenceofpressureathighs%temperatures.
Thesevaluesdifferappreciablyfromearlierdatareportedby Vargtitik
(ref.31)and!MmrothandVagaftik(ref.32),thedeviationsranging
from6 to 38percent.

IE@ure5 showsthesedeparturesinthelow-pressure
phere)● Thebrokenlineinthefigurerepresentspoints
themostrecentcorrelationby Keyes(ref.33).

region(1atmos-
calculatedfrom

Inviewofthelargeuncertaininthetabulatedvaluesofthe
thermalconductivimandviscosity,notabulationismadeofthePrandtl
numbersforstesm.Thevaluesrangebetween1.0and2.0. Theseare
compsredinfigure6 withthevaluesofthePrandtl“numberforsteam
publishedbyRubin(ref.34).

Table9.-Theideal-gasthemodymmic functionsforsteamtabulated
herein-fi 9)arethoseofl&iedmmandI&m (ref.35)whichwere
computedontheNBSEasternAuimmaticComprber(SEAC).-Theseauthors
havecalculatedthepropertiesofsteamto temperaturesof5,000°K

. .. .. .. —.—..—— .—z ——. —.— —— . .—— — ——. .
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employinga partitionfunctionexpandedin closedform.Thecalculations
includefirst-ordercorrectiontermsforanharmonicity,rotation-vibration
interaction,andcentrifugalstretching.Thecalculationssrebasedon
thebestavailablemolecularconstantsobt-d fromextensivespectro-
scopicmeasurementsby Benedict,Gailor,andPlyler(refs.36and37)and “
by Rnetict,C1.aassen,andShsw(ref.38). Thessmespectroscopicdata
wereemployedby G1.att,Adsms,andJohnston(ref.17)ina term-by-term
sumationovertheener~levelsoftheunexpandedpartitionfunction
witha~ropriaterotationalcutoff.Exceptforthenuclearspincontri-
butionof1.3%2 dimensionlessunitstotheentropysndfree-ener~func-
tions,whichisnotincludedinthesetables,thetabulatedvaluespre-
sentedhereinareinagreementwiththetablesofGbtt,Adams,and
Johnston(ref.17)whichwereWed forthereal-gasproperties.The
agreementofthistabulationwithesrliertables(re’fs.17,18,39,
and~) isdiscussedbyltriedmannandHaar(ref.35). A comparison
oftheheat-capacityvaluesandofthefree-energy-functionvalues
withth&existingtabulationsisgiveninfigures7 and8,respectively.

National13ureauofStadmis,
Washington,D. C.,August26,1955.
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.8249

931
m

519
433
344
292
Zs4

324
19
In
Ml
147

334
m
3.14
m
97

1188
1206
1.224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

1440
1458
1476
1494
1512

1530

—. .—.. ..——.— - —— ___ ...-
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!cABm2.-IamzI!lp OFSIEAM

[Valwin+5]

I ‘% lab loa 23* batm %

380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850

.00058604

.00056999

.00055493

.00054074

.00052732

.00051462

.00050254

.00049105

.00048010

.00046965

.00045966

.00045011

.00044095

.00043217

.00042374

.00041564

.00040785

.00040035

.00039313

.00038616

.00037944

.00037296

.00036670

.00036064

.00035478

.00034911

.00034363

.00033831

.00033315

.00032815

.00032331

.00031860

.00031403

.00030959

.00030527

.00030107

.00029699

,00029301
.00028915
.00028538
.00028171
.00027813

.000274M

.00027125

.00026793

.00026469
:00026154

.00025845

-m
-3.506

-1419
-3342
-m
-m
-12m

-W5
-IrM
-%9
-$%
-916

-878
-s43
- alo
-779
-m

-722
-en
-672
-648
-626

-w
-s6
-%7
–34a
-92

- m
-m
-464
-m
-451

–444
-4?2
-a
-41m
-m

-386
- m
-367
-359
-349

-339
-332
-324
- 33s
-m

.0051115

.0049670

.0048343

.0047114

.0045967

.0044892

.0043880

.0042923

.0042016

.0041154

.0040333

.0039549

.0038799

.0038081

.0037392

.0036730

.0036094

.0035481

.0034891

.0034321

.0033771

.0033240

.0032726

.0032229

.0031748

.0031281

.0030829

.0030390

.0029964

.0029550

.0029148

.0028758

.0028377

.0028008

.0027648

.0027297

.0026956

.0026623

.0026298

.0025982

-1445
-2327
-m
-3247

-Ian
-1U32
-s3
-W7
–W2

-m
-m4
-m
-m
-m

-w
-636
-633
-m
-m

-550
-31
- m
-497
- 4Q

-*467
-4s2
-439
-426
-424

-m
-393
-m
-369
- S@

-353
-341
-333
-m
-326

.010045

.0097284

.0094433

.0091835

.0089447

.0087236

.0085174

.0083242

.0081425

.0079708

.0078081

.0076536

.0075064

.0073659

.0072335

.0071029

.0069795

.0068611

.0067471

.0066372

.0065314

.0064292

.0063306

.0062351

.0061428

.0060534

.0059668

.0058829

.0058014

.0057224

.0056456

.0055709

.0054984

.0054278

.0053591

.0052922

.0052271

-317

-2m2
-m
-23M
-2223
-2QK

-m?
-m7
-1717
-1677
-3545

-1472
-14JE
-3344
-U&5
-3234

-m4
-Im
-lC%
-ma
-1U22

-%6
-953
-923
-m4
-a%

-09
-S15
-m
- 7m
-747

-725
-m
-W
-w
-m

.019910

.019170

.018523

.017947

.017429

.016957

.016523

.016121

.015747

.015397

.015068

.014758

.014466

.014188

.013923

.013671

.013429

.013198

.012976

.012763

.012558

.012361

.012171

.011987

.011810

.011638

.011473

.011312

.011156

.011006

.010859

.010717

.010579

--m
-647

-576
-m
-472
-434
-m?

-374
-393
-m
-320
-.2%?

-27a
-26
-is

->1

-223
-213
-2C5
-197
-144

-Ie4
-In
-237
-P%
-262

-356
-350
-147
-142
-In

684
702

720
738
756
774
792

810
828
846

%

900
918
936
954
972

990
1008
1026
1044
1062

1080
1098
1116
1134
1152

1170
1188
1206
1224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

1440
1458
1476
1494
1512

1530

.

3

.

M
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550
560
570
5R0
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850

.031254

.029765

.028527

.027467

.026539

.025713

.024970

.024293

.023672

.023098

.022567

.022071

.021605

.021165

.020749

.020353

.019977

.019618

.019275

.018947

.018633

.018331

.018041

.017762

.017493

.017233

.016982

.016740

.016506

.016279

.016059

- 14%
-ma
-lore
-928
- Gb

-743
-677
-m
- m
-31

-436
-4M
-440
-416
-396

-376
-359
-343
-m
-314

-X2
-290
-279
-269
-2M

-2s
-242
-234
-227
-m

990
1008
1026
1044
1062

1080
1098
1116
1134
1152

.043003

.040549

.038592

.036965

.035573

.034356

.033276

.032305

.031431

.030633

.029292

.029203

.028557

.027951

.027380

.026839

.026327

.025841

.025377

.024934

.024511

.024106

.023718

.023344

.022985

.022639

.022306

.021984

-2454
-195/
-l&n

-2392
-m7
-Za3
-972
- a74

-m
-741
-693
-646
-W

-572
- W
-512
-4M
-464

-w
-423
-405
-388
-374

-359
-346
- m
-322
- no

.07066

.06471

.06049

.05722

.05458

.05240

.05052

.048853

.047360

.046008

.044771

.043633

.042580

.041600

.040684

.039824

.039015

.038250

.037526

.036839

.036184

.035561

.034965

.034394

.033847

.05441

.05096

.04828

.04610

.04425

.04265

.041269

.040036

.038915

.037888

.036940

.036061

.035242

.034475

.033754

.033074

.032430

.031820

.031241

.030689

.030162

.029658

.029175

.028711

.028266

.027838

-345

-2&
-22E
-m
-la
-m

-m
-m
-1027
-w
-079

- E19
-767
-721
-W
-644

-610
-57?
-552
-m
-w

-m
-w
-44s
- a
-m

-5%
-422
-m
-264
-m

-2s3
-167
-1493
-2352
–2237

1170
1188
1206
1224
1242

1260
1278
1296

-223B
-lm
-m
-926
-WI

1314
1332

1350
1368
1386
1404
1422

1440
1458
1476
1494
1512

-m
-765
- n4
–w
-M5

-Q3
-596
-572
-547
-=

.021674 .027426 .033322 1530

q 1.23ab M Et2n U53dm I.&ti %

600
610
620

.07066

.06471

.06049

.05722

.05458

.05240

.05052

.048853

.047360

.046008

.044771

.043633

.042580

.041600

.040684

.039824

.039015

.038250

.037526

.036839

.036184

.035561

.034965

.034394

.033847

.033322

.—.——

-555
-4Z2
-x27
-264
-m

-IEa
-267
-14$9
-2352
-W

-2238
-1033
-W2
-m
-am

-m
- 76s
- R4
-w
-6s

-623
- S96
-m
-547
-s?5

1080
1098
1116.07985

.07348

.06882

.06529

.06242

.05996

.057808

.055902

.054190

.052640

.051224

.049921

.048715

.047594

.046546

.045564

.044639

.043766

.042939

.042155

.041408

.040697

.040017

–637
-465
-m

-287
-246
-Z15
-1906
-1722

-350
-1426
-2303
-m
-Zlzl

-w
-%?
-925
-.973
-s27

-7E4
-747
-nl
-m
-a

630
640

.09619

.08692

.08083

.07631

.07261

.06949

.066814

.064463

.062370

.060489

.058781

.057219

.055780

.054448

.053208

.052049

.050961

.049937

.048970

.048053

.047184

.046357

-927
-Lo9

-452
-370
-322
-269
-an

-m
-Is31
-m
-25.57
–la9

-2332
-2241
-2259
-lea
-1024

-967
-917
-w
-K27
-m

1134
1152.1130 -222

650
660

.1008

.09315

.08740

.08281

.079009

.075773

.072960

.070477

.068258

.066255

1170
1188
1206
1224
1242

-76
-m
-4s9
-m
-3236

-2823
- Zm
- 2U9
-X@
-m

670
680
690

700
710
720
730
740

1260
1278
1296
1314
1332

750
760
770
780
790

.064430

.062757

.061212

.059779

.058443

.05n92

.056018

.054910

.053864

.052871

1350
1368
1386
1404
1422

1440
1458
1476
1494
1512

- M-n
-2545
-103
-2s%
-232

-2174
-2203
- 1C46
-W3
-90

800
810
820
830
840

850 .039367 .045566 .051928 1530

. —..——.- -—— —.-— _ _ -—— —
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% I.mti mall mdn . a+o=tm %

640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
,

.1130

.1008

.09315

.08740

.08281

.079009

.075773

.072960

.070477

.068258

.066255

.064430

.062757

.061212

.059779

.058443

.057192

.056018

.054910

.053864

.052871

.051928

-222

-16
-5)3
-454
-m
-?236

-Zm3
- 2!s
- Z19
-m
-ZEz5

-2673
-1%
-103
- mb
-m

-2274
-nm
- 1C46
-s93
-45

.1298

.1149

.1053

.09835

.09288

.088380

.084588

.081318

.078448

.075895

.073599

.071516

.069611

.067858

.066235

.064724

.063314

.061991

.060746

.059572

.058458

-149
-96
-m
-547
-454

-3792
-m
-mm
-23s
-2296

-m
-1925
-173
-w
-ml

-1420
-m
-2245
-2274
- m4

.1975

.1468

.1285

.1171

.1090

.1026

.09749

.093169

.089463

.086221

.083349

.080773

.078441

.076313

.074358

.072552

.070874

.069309

.067843

.066465

.065165

-537
-m
-224
-02
-64

-51
-02
-3706
-3242
-Zan

- 2S76
-2332
-nze
- 19s
-w

-1678
-Lw
-1465
-13m
- 13m

.2128

.1615

.1409

.1282

.1190

.1120

.1062

.1014

.09733

.09375

.09058

.08774

.08518

.08284

.08070

.07872

.07688

.07517

.07357

.07206

1152

1170
-S13 1188
-20$ 1206
-227 1224
-92 1242

-70 1260
-54 1278
-49 1296
-41 1314
-358 1332

-317 1350
-2s4 1368
-’2% 1386
-2Y4 1404
-224 1422

-1% 1440
-w 1458
- m 147b
-m 1494
-m 1512

1530

I %I A-oh && I 2mEcbn I ymdm I ‘?3I

660
670

680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850

.2128

.1615

.1409

.1282

.1190

.1120

.1062

.1014

.09733

.09375

.09058

.08774

.08518

.08284

.08070

.07872

.07688

.07517

.07357

.07206

-q
-n+
-227
-92

-m
-m
-44
-41
- 3s9

-317
-a
-256
-234
- U4

- m
-2s4
-m
-Zt4
-m

.2191

.1734

.1520

.1383

.1284

.1208

.1146

.1094

.1049

.1010

.09757

.09449

.09171

.08918

.08685

.08471

.08272

.08037

.07914

-437
-214 .2223
-237 .1829

-w .1616
-76 .1475
-e .1371
-S? .1290
-45 .1224

-9 .1169
-34 .1121
-m .1080
-m .1043
-2S .1010

-233 .09803
-214 .09531
-159 .09283
-M .09054
-m .08841

.08644

-5%4 .2915
-m .2244

-la .1903
-104 .1698
-m .1557
-6S .1451
-s .1367

-4a .1298
-a .1240
-37 .1190
-3 .1146
-30 .1107

-272 .1073
-24a .1041
-m .1013
-213 .09862
-197 .09619

.09394

-6n
-Ml

-2C5
-142
-w
-s4
-m

-Ea
-50
-44
- M
-n

-32
-28
-27
-243
-225

1188
1206
1224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

1440
1458
1476
1494
1512

1530
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I % la-h loabl 20atm 4c9-tm %

,

380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850

4.462
4.398

4.355
4.328
4.312
4.300
4.291

4.284
4.282
4.282
4.285
4.288

4.294
4.301
4.308
4.317
4.326

4.335
4.346
4.357
4.367
4.379

4.391
4.404
4.416
4.429
4.442

4.454
4.467
4.481
4.495
4.508

4.522
4.535
4.550
4.564
4.578

4.592
4.607
4.621
4.636
4.650

4.665
4.680
4.694
4.709
4.724

4.739

-t-l
-43

-27
-16
-lz
-9
-7

-2

3
3
6

7
7
9
9
9

U
U
10
u
lz

u
lz
D
13
lz

13
14
14
13
14

D
15
14
14
14

15
14
15
14
Is

Is
14
15
E
ls

Is

5.614
5.398
5.231
5.099

4.994
4.910
4.842
4.788
4.744

4.708
4.681
4.659
4.641
4.628

4.618
4.611
4.606
4.694
4.603

4.604
4.606
4.610
4.615
4.620

4.627
4.634
4.642
4.651
4.659

4.669
4.680
4.690
4.701
4.712

4.724
4.736
4.748
4.760
4.772

4.785

-216
-167
-132
-105

-a4
-M
-54
-44
-36

-27
-Z2
-18
-13
- 10

-7
-5
-2
-1

1

2
4
5
5
7

7
8
9
8
10

U
10
11
I.1
rz

lz
lz
lz
lz
13

D

6.574

6.211
5.927
5.703
5.523
5.378

5.260
5.164
5.085
5.019
4.965

4.921
4.884
4.854
4.829
4.808

4.792
4.779
4.770
4.762
4.757

4.754
4.752
4.752
4.754
4.756

4.760
4.765
4.770
4.776
4.784

4.792
4.800
4.809
4.818
4.828

4.838

-284

-145
-118

- 96
-n
-6
-54
-44

-37
-30
-25
-Z1
- 16

-13
-9
-8
-5
-3

-2

2
2
4

5
5
6
a
8

8
9
9
10
10

10

8.041
7..432

6.967
6.602
6.311
6.074
5.881

5.723
5.591
5.481
5.389
5.311

5.246
5.190
5.144
5.104
5.070

5.043
5.018
4.999
4.983
4.970

4.959
4.951
4.943
4.939
4.937

4.937
4.938
4.939
4.941
4.944

4.949

-609
-46

-36
-291
-m
-193
-w

-132
-110
-92
-7a
-63

-56
-46
-40
-34
-27

-25
- 19
- 16
-13
- u“

-8
-8
-4
-2

1
1
2
3
5

5

684
702

720
738
756
774
792

810
828
846
864
882

900
918
936
954
972

990
1008
1026
1044
1062

1080
1098
1116
1134
1152

1170
1188
1206
1224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

1440
1458
1476
1494
1512

1530
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mRLE3.-8PmrFIc
/H ~R OFm-concmba

I ‘% 40atan I%ahll eQa-brl IcQ atan %

530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850

8.041
7.432

6.967
6.602
6.311
6.074
5.881

5.723
5.591
5.481
5.389
5.311

5.246
5.190
5.144
5.104
5.070

5.043
5.018
4.999
4.983
4.970

4.959
4.951
4.943
4.939
4.937

4.937
4.938
4.939
4.941
4.944

4.949

-m
-46

-365
-292
-237
-193
-He

-132
-Slo
-92
-m
-G

-56
-46
-4n
-34
-27

-25
- 19
- 16
-13
-U

-8
-8
-4
-2

1
1
2
3
5

5

10.328
9.131
8.326
7.725
7.257

6.886
6.585
6.338
6.135
5.966

5.825
5.704
5.604
5.518
5.445

5.383
5.329
5.284
5.245
5.211

5.182
5.158
5.135
5.118
5.105

5.094
5.086
5.078
5.073
5.069

5.067

-1197
-m
-all
- w,
-372

-301
-247
-m
-169
- 141

-la
- 100
-2.5
-n
-e

-54
-45
- 39
-34
-n

-.24
-23
- 17
-B
-n

8
8
5
4
2

12.503
10.574
9.424

8.619
8.008
7.527
7.141
6.826

6.568
6.351
6.172
6.020
5.893

5.785
5.690
5.610
5.542
5.482

5.432
5.387
5.346
5.314
5.287

5.264
5.245
5.227
5.213
5.201

5.192‘

-1929
-mo
-s25

- al
-482
-3E5
-315
-258

-217
-279
-352
-227
- 108

- 95
-w
-a
-M
-54

-45
- 41
- 32
-27
-23

- 19
-la
- 14
-12

9

6

13.879

11.513
10.149
9.215
8.517
7.970
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n
72

72
72
73
72
72

73
?3
75
70
B

504

540
576
612
648
684

720
756
792
828
864

900
936
972
1008
1044

1080
1116
1152
1188
1224

1260
1296
1332
1368
1404

1440
1476
1512
1548
1584

900
920
940
960
980

1000
1020
1040
1060
1080

1100
1120
1140
1160
1180

1200
1220
1240
1260
1280

1300
1320
1340
1360
1380

1400
1420
1440
1460
1480

1620 1500

31.70
32.55
33.39
34.22
35.04

35.85
36.65
37.43
38.21
38.97

39.72
40.46
41.18
41.89
42.59

43.27
:;;;

45:22
45.85

46.46
47.06
47.63
48.20
48.75

49.28
49.80
50.31
50.80
51.28

51.74

%tr4.asbdOW373.l&K refertoViEWSi@ d vqor mar maturation~saura.

65
84
63
n
al

m
7a
7E
76
75

74
n
n
70
a

a
&
o
0
a

60
S7
S7
55
53

52
51
49
4E
46

1620
1656
1692
1728
1764

1800
1836
1872
1908
1944

1980
2016
2052
2088
2124

2160
2196
2232
2268
2304

2340
2376
2412 .
2448
2484

2520
2556
2592
2628
2664

2700

—. . . .. ———. — -—z. — —.—z — -.—-—— —
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(b)Atd.evddpressmas.

17.17 178
18.95 m
20.75 179

19.45 m
21.12 m

900
990

21.42 lM 1080

500
550
600

650
700
750
800
850

19.14 176
20.90 177

22.54 Ml
24.34 ml
26.I.5 179
27.94 184
29.78 1%

2267 179
24.46 179
26.25 179
28.04 m
29.87 199

22.82 17a
24.60 ma
26.38 in
28.15 m?
29.97 198

23.06 m 1170
24.78 m 1260
26.53 175 1350
28.28 Ml 1440
30.09 196 1530

32.05 m 1620
34.09 207 1710
36.16 1% 1800
38.11 1E3 1890
39.99 1980

900 31.77 ao
950 33.87 226
1000 35.92 196
1050 37.88 En
1100 39.78

3L86 m
33.95 m
35.99 196
37.95 15U
39.85

3L95 m
34.03 m
36.07 196
38.03 1s
39.92

% 3-W* !ax)a-bn 250atul m* ‘%

600 21.87 147 1080

1170
1260
1350
1440
1530

650 23.34 %
700 24.99 m
750 26.70 173
800 28.43 m
850 30.22 195

27.90 -m
27.00 127
28.27 136
29.63 m
31.13 m?

2 34.01
108 31.08
140 31.50
m 32.61

29.29
29.31
30.39
31.79

-293
42
u
m

900 32.17 206
950 34.23 m?

32.95 197
34.92 194
36.86 w
38.75 lsz
40.57

33.50
35.38
37.26
39.10
40.89

lea 34.14
lEa 35.91
w 37.71
179 39.49

41.25

1620
1710
1800
1890

177
ml

1000 36:25 1%
38.20 m

178
1761050

1100 40.08 1980
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TABLS8.-~w~f k~ CIFSJ!EAM

[ % I o-8bnHndt labn 4Etm 7um % I

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800.

1.126
1.173
1.221
1.269
1.318

1.367
1.416
1.465
1.51.5
1.565

1.615
1.665
1.716
L767
1.818

1.870
1.921
1.973
2.025
2.on

2.129
2.181
2.233
2.286
2.338

2.391
2.444
2.496
2.549
2.602

2.655
2.709
2.762
2.815
2.868

2.922
2.975
3.029
3.082
3.136

3.190
3.243
3.297
3.351
3.404

3.458
3.512
3.566
3.619
3.673

3.726

L547
1.593

1.641
1.689
1.737
1.786
1.835

1.885
1.935
1.986
2.037
2.088

2.139
2.190
2.242
2.294
2.346

2.398
2.450
2.502
2.555
2.608

2.660
2.713
2.766
2.819
2.872

2.925
2.979
3.032
3.085
3.139

3.192
3.245
3.299
3.353
3.406

3.460
3.514
3.567
3.621
3.675

3.728

4b
43

4a
4a
49
49
50

50
51
51
51
51

51
52
52
52
s?

52
52
B
53
Q

53
5
m
9
53

54
s
53
M
a

D
54
5’4
s
54

%
5
54
54
5

1.809
1.850
1.893

1.938
1.985
2.032
2.078
2.125

2.172
2.221
2.271
2.320
2.369

2.419
2.470
2.521
2.573
2.624

2.675
2.727
2.779
2.832
2.884

2.936
2.989
3.042
3.094
3.147

3.200
3.253
3.306
3.360
3.413

3.466
3.519
3.573
3.626
3.680

3.733

41
0
45

47
47
46
47
47

49
50
49
49
50

51
51
52
51
51

9
s?
s
5?
Q

9
53
52
5Y
3

53
5Y
54
5
53

53
%
3
54
53

L962

1.999
2.041
2.083
2.124
2.166

2.208
2;255
2.302
2.348
2.395

2.442
2.492
2.542
2.591
2.641

2.691
2.742
2.793
2.845
2.896

2.947
2.999
3.051
3.104
3.156

3.208
3.261
3.314
;;%;
.

3.472
3.525
3.579
3.632
3.685

3.737

%’

42
42
41
42
42

41
47
46
47
47

50
50
49
xl
50

51
a
52
51
n

5?
52
9
s?
s?

s
9
52
9
53

53
54
53
53
s?

540
558
576
594
612

630
648
666
684
702

720
738
756
774
792

810
828
846
864
882

900
918
936
954
972

990
1008
1026
1044
1062

1080
1098
1116
1134
1152

1170
1188
1206
1224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

y40

.—.—..——.——.———— --——— —— ——.
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450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800

2.069
2.100
2.133
2.169
2.207

2.248
2.291
2.335
2.379
2.423

2.467
2.515
2.564
2.612
2.660

2.708
2.758
2.808
2.858
2.909

2.959
3.011
3.062
3.114
3.165

3.216
3.269
3.321
3.374
3.426

3.478
3.531
3.584
3.636
3.689

3.741

31
33
36
38
41

43
44
44
u
u

48
49
49
48
4a

50
50
50
52
Sn

s?
52
5?
52
52

53
52
s
s?
9

53
3
s!
53
52

2.842
2.848
2.861
2.879
2.902

2928
2.957
2991
3,025
3.062

3.101
3.144
3.186
3.229
3.271

3.314
3.361
3.408
3.454
3.501

3.548
3.597
3.646
3.696
3.745

3.794

6
23
m
23
26

29
34
34
37
39

43
42
43
42
0

47
47
46
47
47

49
49
50
49
49

3.602
3.492
3.412~
3.355
3.316

3.291
3.280
3.274
3.278
3.289

3.305
3.326
3.350
3.378
3.409

3.442
3.477
3.514
3.553
3.593

3.634
3.676
3.719
3.763
3.808

3.855

-320
-m
-57
-39
-E

-u
-6

4
22
26

21
24
2E
31
33

35
37
39
40
42

42
0
u
45
4-I

4.020

3.888
3.788
3.713
3.660
3.622

3.598
3.585
3.581
3.584
3.594

3.609
3.629
3.652
3.678
3.708

3.740
3.774
3.810
3.847
3.886

3.926

-232

-lm
-75
-s
-%
-24

-33
-4

3
20
15

20
23
26
30
32

34
36
37
39
40

810
828
846
864
882

900
918
936
954
972

990
1008
1026
1044
1062

1080
1098
1116
1134
1152

1170
1188
1206
1224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

1440

% I 2.5outm I ETx)dm I 2y3Fcbn I Yxlttm ‘% I
620
630
640

650
660
670
680
690

700
no
720
730
740

750
760
770
780
790

800

5.042
4.no
4.559

4.397
4.271
4.174
4.102
4.048

4.010
3.984
3.969
3.963
3.964

3.971
3.984
4.001
4.022
4.046

4.073

-m
-al
-l&? .

-226
-97
-72
-54
-34

-26
-25
-6

1
7

13
17
a
24
27

6.338

5.856
5.480
5.186
4.957
4.778

4.637
4.527
4.442
4.378
4.330

4.296
4.274
4.260
4.255
4.257

4.264

-4E?

-376
-m
-ZF1
-m
-141

-Uo
-s5
-64
-40
-34

-22
.-14
-5

2
7

8.522
7.611
6.911
6.372
5.950

5.618
5.356
5.148
4.984
4.854

4.752
4.673
4.612
4.567
4.551

4.513

-922-m
-534
-422
-3?2

-262
-Zm
-264
-330
-202

-n
-62
-43
-16
-38

13.388
11.368
9.852
8.711
7.834

7S54
6.622
6.201
5.870
5.604

5.392
5.226
5.091
4.984
4.901

4.836

-m
-1516
-2241-m
-&o

-5?
-4a
-331
- 2L4
-212

-u
-235
-107
-m
-6

1116
1134
1152

1170
1188
1206
1224
1242

1260
1278
1296
1314
1332

1350
1368
1386
1404
1422

1440

.
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m 9.-EPEcnIcEkm,mfmm,aFmE-mmfxmmn!m,m EFmmY

cmm!mMmm@AI-OMmAm

50
60
70

‘%

100
llo
120

%

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
450
500
550
600

650
700
750
800
850

900
950
1000
1050
1100

1150

4.0072
4.0063
4.0059
4.0057
4.0057

4.0058
4.0060
4.0062
4.0065
4.0068

4.0072
4.0076
4.0080
p030;
.

4.0102
4.0113
4.01.27
4.0145
4.0166

4.0191
4.0221
4.0257
4.0297
4.0343

4.0394
4.0451
4.0514
4.0582
4.0655

4.0733
4.0816
4.0904
4.0996
4.1092

4.1192
4.1739
4.2345
4.2989
4.3659

4.4350
4.5059
4.5785
4.6525
4.7278

4.8038
4.8804
4.9569
5.0330
5.1084

5.1826

-9
-4
-2

1

2
2
3
3
4

4
4
6
7
9

U
14
m
a
2s

m
36
40
46
m

57
63
m
73
7a

m
Ea
52
%
m

m
w
m
m
m

m
726
743
m
7m

7t6
76
la
754
742

729

.7149

.8616
LO083
L1549
L3016

L4482
L5949
L7415
L8882
2.0349

2.1815
.2.3283
2.4750
2.6217
2.7685

2.9153
3.0621
3.2090
3.3559
3.5029

3.6500
3.7972
3.9445
4.0919
4.2395

4.3873
4.5353
4.6835
4.8319
4.9806

5.1296
5.2789
5.4284
5.5784
5.7286

5.8792
6.6381
7.4076
8.1885
8.981.5

9.7870
19.6052
1.L4366
12.2814
13.1399

14.0122
14.8985
15.7989
16.7132
17.6413

18.5832

1457
1467
14%
1467
14t6

M67
1%
1461
14w
M&

M&
M67
1467
1469
14m

14W
1469
Ma
m
1471

1472
1473
1474
1476
lm

Ma
lm?
14s4
1487
14W

1493
1455
m
1502
Ems

m9
76%
ia?l
7s90
m

81E?
m4
844s
am
w

W
W14
910
$ml
%19

450

1L6321
12.3458
12.9514
13.4774
L3.9423

14.3588
14.7361
15.0809
15.3983
15.6924

15.9664
142229
16.4639
16.691.3
16.9065

17.1107
17.3050
17.4903
17.6674
17.8371

17.9998
18.1563
18.3069
18.4520
18.5921

18.7275
1&8586
18.9855
19.1085
19.2279

19.3440
19.4568
19.5665
19.6734
19.7776

19.8793
20.3530
20.7784
2L1650
2L5198

2L8480
2L1538
22.4402
22.7099
22.9650

23.2072
23.4380
23.6585
23.8699
24.0729

24.2684

m
@S6
m
4s9
41m

3773
3449
3274
ml
2740

25&
2410
2274
as?
20C?

1%
lm
m
M47
26?7

E&
m
ml
Ml
23s4

ml
2269
Z230
m4
U61

U2a
Iw7
w
m
1o17

4737
4254
w
3548
34s?

X$9
2a54
2697
=
w

am
2225
m
Za30
B%

E

L5.5379
16.2684
16.8860
17.4209
17.8927

18.3147
18.6966
19.0451
19.3658
19.6627

19.9392
20.1978
20.4408
20.6699
20.8866

2L0923
21.2880
2L4746
2L6530
2L8239

2L9880
22.1457
22.2975
22.4440
22.5855

22.7223
22.8549
22.9834
23.1082
23.2294

23.3474
23.4622
23.5742
23.6834
23.7900

23.8942
24.3824
24.8253
25.2319
25.6088

25.9610
26.2922
26.6056
26.9034
27.1877

27.4601
27.7219
27.9742
28.2178
28.4537

28.6824

73E
6276
5%9
m
420

3929
34s3
ml
m
Zlm

2ss4
24!0
2242
m
20s7

1%7
W
Ua4
m
2641

m
I!ne
M&
ME
m

IX?6
Iza5
Km
Zm
m

2248
W
lmz
w%
m

4s$2
4429
4W
3764
3=

3312
3234
ma
220
2724

261a
2m
2436
as
2267

2ZZ2

1::
126
144
162

180
198
216
234
252

270
288
306
:;

360
378
396
414
432

450
468
486
504
522

540
558
576
594
612

630
648
666
684
702

720
810
900
990
1080

1170
1260
1350
1440
1530

1620
1710
1800
1890
1980

2070

.—. —— -.—— -—- ——
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Th2m9.-~c IIwc,EmKm?r,amEF-Em2tmPmCmm,m EmKm’Y

aFmEAMmmaAIAA8mAm—cOmldd

‘% %0 EP-EQ” R15i2 : %T- % Kc

1200
1300
1400
1500
1600

1700
1800
1900
2000
2100

2200
2300
2400
2500
2600

2700
2800
2900
3000

3200
3400
3600
3800
4000

4200
4400
4600
4800
5000

5.2555
5.3960
5.5286
5.6526
5.7678

5.8743
5.9725
6.0628
6.1460
6.2224

6.2928
6.3576
6.4174
6.4727
6.5238

45n2
6.61.53
6.6563
6.6945

6.7636
6.8244
6.8782
6.9263
6.9694

7.0083
7.0436
7.0758
7.1053
7.1325

19.5385
2L4884
23.4883
25.5353
27.6260

29.7572
3L9260
34.1291
36.3641
38.6282

40.9192
43.2350
45.5735
47.9331
50.3120

52.7091
55.1230
57.5523
59.9962

64.9235
69.8983
74.9151
79.9690
85.0562

90.1735
95.3179
100.4870
105.6787
110.8911

1%59
1%$9
m’Pl
am’
73332

Z2m
22m
22350
22641
2i920

23259
Z33Es
as%
m
m

24139
26?93
z-
4m3

49743
E.oM
54539
5Ca72
S12i3

!ilW
Slffn
SM17
52124

24.4569
24.8156
25.1527
25.4712
25.n34

26.0613
26.3364
26.6000
26.8532
27.0970

27.3320
27.5591
27.n87
27.99E
28.1978

28.3982
28.5930
28.7824
28.9669

29.3221
29.6603
29.9832
30.2923
30.5887

30.87~5
31.1475
3L4117
31.6667
3L9131

X-?7
3372
31B5
3FZ2
m

2752
=6
Z532
2438
Z35Jl

2272
22%
212a
2W
2034

lW
26%
2845
3552

Z&?
3224
m
2964
ZB48

2740
2642
2592
2464

28.9046 !262
29.3308 w
29.7356 w
30.1213 X&
30.4899

30.8428 N
31.1814 -
3L5067 SZS2
3L8199 3017
32.1216 mu

32.4127
32.6939
32.9657
33.2288
33.4837

33.7308
33.9706
34.2035
34.4298

34.8641
35.2760
35.6676
K
.

36.7382
37.0651
37.3789
37.6807
37.9713

m
2nB
26Yl
2%9
2472

2393
2329
22!s
M

4119
m
3732
35M
34hl

X&
MM
3ME
25W

2160
2340
2520
2700
2880

3A
300

3420
3600
3780

3960
4140
4320
4500
4680

4860
5040
5220
5400

5760
6120
6480
6840
7200

7560
7920
8280
8640

.



NACATN 3273

TABLElo.- VALUESOF GASCONSTANTR FORSTEAM

39

Valueof R

For Forpressurein -
density
in- atm kgfcmp lmllHg lb/sqin.

Fortemperaturesin %

g/m3 4.5%6 4.70600 3,461.54 66.9353

/
3molecm 82.0567 84.7832 62,363.1 1,205.91

mole/liter .0&2@-4 .0847809 62.3613 1.20587

lb/cuft .0729579 .0753821_ 55.4480 1.07219

lbmole/cuft 1.31441 I.35808 998.952 19.3166

Fortemperaturesin % ~

g/cm3 2.53037 2.61444 1,923.08 37.1863

I
3molecm 45.5871 47.1018 34,646.2 G9 .950

mole/liter .0455858 .0471005 34.6452 .669928

lb/cuft .0405322 .0418789 30.8044 .595661

lbmol..e/cuft .73022.8 ●754489 554.973 10.7314

.

. . . . .. . _ ..— — —.—— —.--—— -— —.—. — --—— .
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TABLEIl.- CONVERSION
1-

mwdms2m9
.

LMolecularweightof steamis18.016g mole-~. Unless otherwise
specified, the mole is the gpm-mole, the calorie is t_&ethermo-
chemicalcslorie,andthejouleistheabsolutejoule.]

(a)Fortable2

Toconvert
tabulated
valueof

Havingthedhensions
indicatedbelow

Multiply

byTo

-3p ingcm molecm-3

g liter-~

lb in.-3

lbft-3

0.055506P

x 103

x 10-2

1.00003

3.61275

62.4283

(b)Fortable7

To convert
tabulated
vail.ue”of

q inpoises

org sec-1cm-l-

Multiply
by

Hmingthedimensions
indicatedbelow

kgbr-lm-l

slughr-1ft-l

lb see-lft-l

lbbr-lft-l

To
—

T 3.6000x 102

7.5188

6.7I97X 10-2

2.4191X 102

(c)Fortable8

To convert
tabulatid
vslueof

Hawingthedimensions
indicated below

Multiply
wTo

-1Ca cm sec-1@

Btu ft-1 I+ %-~

-1 (@Wcm

3.789x 10-5

9.160x 10+

1.585x 10-4

/k %3° k

.

——— —.— .-.—
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To convert
tabulated

Havingthedimensions
To

Multiply
indicatedbelow by

valueof

( )/
HO - EOo RTa HO - EOO, Ca mole 542.8~

(H- EOo)/RT ,-~” ~ .~ #-1 30.1299

; g-l 126.O&

13tu(lbmole)-l 976.437

MU lb-l %.1983

(e)Fortables3, 5,6,M9

To convert
tabulated

HZwingthedhensions
To

Multiply
indicatedbelow

vzllueof

~“/R, So/R, C& so, calmole““ (orO@ ‘:8a9

I
CpR) @% CPJ‘J Ca g-’“ (0’‘c-’) .110301

( )/ ( )/
s g-l‘-1 (or‘C-1) .461X0

- F“ - Eoo ~, - F“ - EO” T,

-(F- EOO)\RT-(F- Eo”)/T
‘E&::::’~: :;-9

‘:::9

I

.

.

TABm 11..- CONVERSIONFA~RS FORTAEIES2 TO 9 - Concluded

(d)Fortables4 and9

—. —. _



TABLE12.- GEamAL mlrvEmIolilMm’oFa

[mm COmmim factors*n frmnref.41]

Mu.yPly by appropriate tlutxy
to obtdn~

a m JJ

lam 1 10 ~4

lnra 10-1 1 d

Ill 10
-4 ~+’ 1

I lD!+I I ur~ I 1o-6 I 10-3

I 1A I.@ 10-7 K+

Wtiply~ a~opriEtedry
4

m
to Obtdn->

m in.

lm 1 0.01 0.3937

I I 103 I I 39.37

I 1 h. I 2.5JUxxyn \ 0.02-1 ] 1

I lft I W.wl I o.*ckl I X2

lyl 9LM183 0.91440183 “36

w IA I

d I 107 I

+-l-+-i

o!cm333333I 0.CW777778 I

1 ] 0.33333333\

3 Ill



Multiply by appropriateen@

J to olltain~

1$

1 q in.

leqyd

TABLEIi?,-GR!ERALCONVERSIONF~ - Contlmmd

C& .

1

104

3,361.y3p

(b)Fa units of area

1

6.4m259 X 10-4

0 .O!zqym!

o.83@270

Sq in. Elq&t

0.19993691.0763%7x D-3

1,549.95$59 10.763857

1 6.9W x 10-3

144 1

I.,236 I 9

w N

L.1959853X 10A

1.1959833

r.i’l&1494 x 10-4

O.lm.1111

1



I

%ABLz la. OD5w ccwE=ma7rAclm@ -Gxtimmd

(0) ma’ Udti d VJllEd

1 II* 1, m 1 O,am

lti Zm.m 3.7@3a 1.
I I I

14 “ 1 CJ.@m33@ 3.9WIW3x10-9

lauh 16@-11.$% 1 5.m x ld

lmrt w,x~.ol-f L w 1

I lml I l.caclaI o.@51w.9w I MnYkJtxlo+ I



.

~ COHV’EREIOHFM?I.YRS- COrrtimEd

I

J

(d) For tits d US

Multiplyby appropriateentry

J to ~~ s w lb metrictall ton

lg 1 M-3 2.xJ@23 x 10-3 ~o-6 1.1023IJZx 10-6

lkg d L ~.- M-3 1.1023!J.2x 10-3

llb 453.59243 0.4?3s9243 1. 4.5339243 x I.O-h O.m

1 Luetrio t-m 106 103 2,234.6223 > 1. lo2yJ-2

1 imn m,l&.& Wf.lew 2;CCX3 “0.W73.MK 1

(e)For units M dendty

Multiplyby apprqn’iateentry
$ to o~ /

gd K/d UJauh. 1.3)/auft lb/gal

1 F@ 1 1.axo2$ 0.036w7w4 62.k2832T 8.WJH33

1 .@ O.mm 1 0. oXla549 6L?.4aS~ 8.5Jm220

1 lb/cuin. W, 6w42 27.6JX152 1 1,‘l’xl 231

1 lb/Crurt o.ol&x8j%g o,ol&Ma2 5.7m370 x 10-h 1 o.13X&t%

1 ml/gal I o.u9@72 I 0.U8E91 I 4.32m43 x 10+ I 7.W197 I 1 I



I

TABu 12. - G=7ElALOXWMWXIF~-kxrklwsd

(f)Forumiiwd presmre

. .

mlt:m.mtie.=~ &ym/cr#

J
tar ad kg(vt.)/m2 Q& in.H,(J lb(vt.)/eqin.

1 &yuEJc# 1 @ 0.SW9233x lo-g1.o197162x lf+ T.w%17 x 10-4 2.Hc3SU x l.o-~1.kA3533 x 10-5

ltar 106 1 0.9WW3 1.o197162 75Q,0617 29.52995 14.50*yY

1 atn 1,013,m 1.o13@ 1 1.0332E75 @3 a.m.m lMs@X6

1 kdvt)/m2 W,* 0.-5 o.%- 1 735.53% Efl.93e77 14.223399

lmm 1,333.22371,33322TTx 10-31.313-wx 10-3 1.3397W3x @ 1 0.om~ O.wm

lln. Eg 33,‘953.93 o.033%m 0.03- 0.o- 25.m 1 0.49470

1 lb(vt.)/q in. 68,*7.X oX@34nl o.c&wyp o.~ 2. V4T3 2.0* 1



mrz..- ——-—

(dkmitsti -



Utirw Wti= .=

I
e-~ Lb. Jti iub.Jfmla @fmola ~ .~-v~ ~. d.ea&n-v/blmJ10“q.~

L S** 1 6.02sS3X& 6.wa#X @ 1.43wJlx# 6.2%222X # 6.2W7X + 5.03%l x IN

1 nbm. j/mOlo l.m x lo-1~ 1 0.5%+55 o.e39x.s l.o%kq x U@ 1.0XM!6x 10+ Om!l x 10-~

1 id. Jfmh 1.6&%~ x lo-lT 1.wJ.1163 1 0.2WM l.O%yBx KA 1.* x K+ 8.W xU@

1*~ 6:9.590X 2J@~ 4.W 4.*3 1 4.3*1x ld b.mw x 10+ o.%m3

1 *. alaacm-v~ l..$ol~ . lls~ %,W.3 %,463.4 23,C60.5 1 0.%9$70 8,WT.*

1ini.OwtI’UQ.T- l.bz%axK+ $,51’1.1 %,XM 23,dl.1 1.UW+I 1 .9Jo-p.cc

1 mm ~ (Cd) Lmm x U+ U.m U.9-AM 2.* L.2m57 x Id 1.23$0.N x ld 1



(i)For units of 6-pdfiO BzerH 9

1 abs.J/g 1 0.%933 0.239336 O.*9 O.wm

1 id. J/g 1.CKKL6T i o.zmu O.E= o.45am

1 cal/g 4.1840 4.1833 1 O.sww 1.79=3

1 I. T.a cal./g 4.IM74 4.18@5 1.cm5* 1 1.8

1 B+b 2.32597 2.32sX 0.595919 0.5555% 1

%. ‘T., Intmm.time.l s-tam 9Mles.

tiplyby appropriate entrya to o~~
abe.J/g‘C int.J/g% @/E Oc 1. T.aod/g ‘c Btu/lb%

1 em, S/g% 1 0.W39 o.ww% O.a%w 0. Q5-W9

“1id. J/g Oc l.uxlhs~ 1 0.3$043 o.2@3@ 0.-9

1 C@! 00 4.M?40 4.1833 1 0.9993M 0.s9934.6

1 I. T.a Cal/g 00 4.m57k 4,1e&7 l.cKm@ 1 1

1 E-b.@ ‘% 4.la57b 4.le.535 l.cm@ 1 1

%. T., BltaH2atimml tiemn TEtbbS.
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130
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144.n
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1= 18
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lU. M
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la,, 11
la. M
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● Direct summation (Glatt, Adams, ~ Johnstq 1953, ref. l?)
x Wogman, Kllputrlck,et, al,, (Gordm-Wilson), 1945( raf.39)
+ Rodnl,Pltzer, et aL (A.EI.) 1953(ref. 40)
O Colllns ~ Keyes,1938(ref. 1$ +

3 — Rigid rotator, harmonic awillator
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Figure 7.- ComperlBon of ideal-gaa heat.capwi~ functio~ variouaw ccm-

plrtea. A = Tabulated - Other.
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● Dlreti summation (Glatt, Adams,~ Jcbtcm, 1953, ref. ~

+ RawJni, Pltzer, et al. (A.P. l.), 19S3(ref. 40)

X Wagman, Kllpatriclqe?aL (Gordon-Wilson), 1945 (ref. 39)
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