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NATIONAL ADVISORY COMMrrTEE FOR AERONAUTICS 

TECHNICAL NOTE 4265 

COMPOSITION AND THERMODYNAMIC PROPERTIES 

OF AIR IN CHEMICAL EQUILIBRlliM 

By W. E. Moeckel and Kenneth C. Weston 

SUMMARY 

Charts have been prepared relating the thermodynamic properties of 
air in chemical equilibrium for temperatures to 15,0000 K and for pres-
sures from 10-5 to 10+4 atmospheres. Also included are charts showing 
the composition of air, the isentropic exponent, and the speed of sound. 
These charts are based on thermodynamic data calculated by the National 
Bureau of Standards. 

INTRODUCTION 

The properties of argon-free air in chemical equilibrium, based on 
the latest information on the thermodynamic constants for air, are pre
sented in tabular form in reference 1. For convenience in handling com
putations involving the dynamics of air in equilibrium, these data have 
been prepared in chart form. The information contained in these charts 
duplicates the data contained in the Mollier diagram of reference 2, but 
the present form of the charts may be more convenient for many purposes. 

SYMBOLS 

a speed of sound, ft/sec 

g graVitational constant, 32.17 ft/sec 2 

h enthalpy, BtU/lb; h = 0 for molecular air at 00 K 

J mechanical equivalent of heat, 778 ft-lb(Btu 

~ molecular weight of mixture 

~i molecular or atomic weight of the ith constituent 
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molecular weight of undissociated air, 28.966 for the composition 
used 

p pressure, atm 

I 
,1-

l 

R 

S 

T 

TO 

vi 

wi 

Yi 

z 

y 

P 

Po 

Btu 
gas constant, 1.987 mole-oR 

Btu 
entropy, (Initial mole of air) (OR) 

temperature (consistent units) 

reference temperature, 273.160 K 

volume fraction of ith constituent 

weight fraction of ith constituent 

concentration of ith constituent, number of particles per atom of 
air 

pRT 

local isentropic exponent 

density, lb/cu ft 

reference density, 0.0807 lb/cu ft 

DESCRIPTION OF CHARTS 

o The equilibrium composition of air for temperatures to 24,000 K 
and for densities from 10-6 to 10 times the reference density is shown 
in figure 1, which was constructed from data in reference 3. The com
position is given in terms of the number of particles per atom of air . 
This number times 1.991 is the number of particles per undissociated 
molecule of air. The factor is 1.991 instead of 2.0 because argon is 
included in the composition assumed in reference 3. The volume fraction 
is 

Yi 
vi = 

L Yi 

(1) 
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where Yi is the ordinate of figure 1 for the ith constituent. The 

molecular-weight ratio in terms of Yi is 

1.991 L Yi 
i 

Thus, in terms of Yi and Z, the volume fraction is 

1.991 Yi 
vi = Z 

The weight fraction of each constituent is given by 

(2) 

( 4) 

Figure 2 is a key to the thermodynamic charts, showing the range of 
pressures and enthalpies found in each chart. The charts themselves are 
presented in figure 3. These thermodynamic charts, in contrast to the 
composition charts, are for air free of argon and carbon dioxide. 

For convenience, data from reference 4 were used to extend the charts 
o -2 down to a temperature of 200 K in the range of pressures from 10 to 

10+2 atmospheres. Furthermore, perfect-gas relations were used to complete 

the region below 20000 K between 10-5 and 10-2 atmosphere on chart 1 of 
figure 3. 

Included on these plots of enthalpy against pressure are lines of 
constant siR, constant temperature, and constant molecular-weight ratio 
Z. Constant-density lines are not included. The density can be computed 
from the equation of state: 

pJl pJlO 
p=-=--

RT ZRT 

For p in pounds per cubic foot, p in atmospheres, and T in oR, 

p 
p = 39.65 ZT 

(5) 

(6) 
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The speed of sound can be calculated from 

a2 = ygJRT = ~ yZTgJ 
JI Jlo 

NACA TN 4265 

(7) 

For a in feet per second and T in~, this becomes 

a = 41.43 .JyZT (8) 

The quantity y is the derivative of log p with respect to log p along 
the local isentrope, and is the local isentropic exponent. This exponent 
is replotted (from ref. 5) in figure 4 as a function of enthalpy for 
several values of siR. The speed of sound calculated from equation (8) 
is plotted in figure 5 as a function of temperature for several pressures. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, February 6, 1958 
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Note: To obtain particles per initial molecule of air, multiply ordinate by 1.991. 
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Figure 1. " Equilibrium composit1on of air to 24,0000 K. 
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Note : To obtain particles per initial molecule of air, multiply ordinate by 1.991. 
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Figure 1 . - Continued. Equilibrium compos ition of a ir to 24,0000 K . 
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~: To obtain particles per initial molecule of air, multiply ordinate by 1.991 . 
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~: To obtain particles per initial molecule of air, multiply ordinate by 1.991 . 

~ ~ .=.. 

~'F I~I~@ _- oV N ~ : i~ 'II~ - w ~_I~::<' ',,:r 
-==- / : ~-'-'" ::.:or=:::= _of:!::: ~-= 

~N~ ~~ -; r C- - -:- I~:. 0 .0 - 0 ~;;: :tJ~o 
"'_ ,_,"",~ -31=""" 0"" = 4 

=-1" I .-:= ~~ e-iZ - '0 E ";_,l1; 

l;if; 

fit 

[ft'I141¥\t't,;j~I · I 11 - 1- 1 , I-.-L 1 I 1 N il/ -lid 1'\ 1;.... I~fx:b. I - l2l2ib I ' r=-I l , q ,,; I~'b 
tEkl I lHllfull 1- rl fJ I 1 I & I I I I I Lll __ LLLfJrTLLT'KJ=I"T "'I'E' LJ ®@I I _I 1 :d ti,.d £I~ 
f2r"1 l;ii!!ifflV\I :;I ~ W'tJl t t 1\ 1 tillV'I 1 1 1 1 V II I II =:.~~L-· I 1 ~~1 Ilrl ,I I b r~ 

1\ Ii 1' 1' I II I :c VI II 
r~I~' l ili ltW1 n'~tl~Jllll -I\11 II bUll VI IIII I "l=t'tl }J It: I fl:jr:J~ [l nH'tll~;'R1i 

I N# /::1;;; hll 111If±r ~ tin I L I I \ I I I N II I I i I I I I I I I -I I io\l I 'i. I' I -I.i 
I I I II I I I I IJ I II t I I 1\1 I \l 1 tel ~ 1/ 

, ", I I I A I I I I I I I } PltJ! N -!~\1ID ! .lH ! Ib'" ;u.lw~1 

I ~ 1IIIl~IIII"~n'lfNtfW1~111I 
~I ' I I '1/ ~ & 

: A..L.L..l:::: 

EItIJ "I ~ ~ "'I~ 
~I ~L-I I 1~1:~~1 bl '-I~ 

~~I.o++1 '~~~i0p.~i0 It- I c;j1f±pIF; 
I '~ ._ .. V'f II I I I 1 = 13~~' 1 I'V 

F II 1\ II I I I 1 1 r'l I I I I X i'-I +~I I=. I 1 I 1 I I /I 1 'J l-kl'\ 

Alii m ~ 1IIIIItmJ 11111111111 E 
Figure 1. - Continued. Equilibrium composition of air to 24,0000 K. 
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Note: To obtain particles per initial molecule of air, multiply ordinate by 1 . 991. 

-~""-
+.3'_: N 

~HSI~,L; ~ 
w-I '- I , ~ I ' I I!C U?ffff'k 
E hl l r : Ii::t:Ii@~-u='I~rTW 

IEtlf+~iL1 F' f:i~1 I-Ill 0 1 

rlJ:::;H I I 1 -;:lii~l: I A 1\ 

' l eeqa=tn~g 
00;;1 /,i.U'liihIiI\I/.HiFl I e 

1ifIrl tt=11, 17fiml11ti:...l .1",!B-,I= li2l. f 1/, 
ram~h:,.=. lmllmll -illiliW!_1if I I I I 1\ rr 
!$I~I,rflmjfllli\FI~I.li I"I-e l I 1\ I 

--+-
:.:i l~~~ 

, ·';o, .... W I .. ? 
::1:.i±I4:41~1 -'".± 1 ~ 

~N+IIII · IIII ,., I I 1:.1.::1 
p ,== 

~1~1:li~f;Q:I~LJj~ 
- '=LM I I': 1=- f"G: 1 ·1 I I- I I I Ik 

-. f7VE I"+k I 1 J JS: 
i1fUJ I I I I I I f't~ 

»1·-1= llliiU111-f'tl - I~ 
L 

I'" 
l'-... 

" 
1'\ 
.f' Vo+ 

j.' 

H.; 1 " 

~;::I'it' I H 

' I ;p 

~ 

'nx
' ,:11 ,.;" .... i- ~ ! 

[7' ' ''' 

H, , ~tJL~; 

. ~ 'I ,.Jlljjj tt ,"~~ 4~ 

:· ILo. fii 
.11 ' t;··mtt 

J~ I ~~1!!ll 
~~ 

,:;' htl 
., ';! Isl-rlff 

~ .1 ;Junlfffi 
, ',I ';; ltIl. 'lw11F-J ',!ill.' Ij 

~' I " I , J i!fj I ='HI\l l$iI~~ I I I I I' I I I I Vlr-r-LI 171 I~ 1\1 1, 1 I ",Ii :;U!l,j 
1lifI 'l' lftdiF.11 1 I 1 j-I~I I I I I' I I ~ I I I I A71 TTTY I I I I I I I I'\.IT I I 1'(1 I Hl iilltEt! 
J¥!H I:'i br l'irhtl-,: ~1WI~n~ I- I 1\ I III I I I III I I I I I I I I' I N In I I 1\:1 1'4HWlrIJ1btf 

1~I~jlflllflln~lflfit.ltl" 1 I_I ul C fT\TTT17ITTTJ I I I I I I I I I I I I I I I I IS\[ I · 1 ';l 1 ·,:Rl~iI$lmrl~:r 
l¥Fffr;tl~.=t1· 1 I I I I \ I 1/1 1 I I Y I I I linn I I I I I I 'I 1', 11 I 1'1 I·, 1 , I , l )I) lrn~ ~ 

Imi~ ,~' I~ .ttt~ l~ ,lltl lM _ 1\ Ir! 17 . 'If''' ~ - l'-."lt t. ' h:i ~~ ;;:1 :1~ 
1ffi1 lttil Hiff I r~ r,PL I~~ · 1 \ j .". I ~ ,,£11., "l!j 

.01 ,,;.; 1\. . 't1!,c.r'''1 
:;m L 1. "' :: 
!L~I 1 · 1 II II 1 I II '~I I I I I I I IV I I I /I I I I I I I I I I I I I I I I I I I I I I , I 17' ill , !',l lI::!, 

- ' '=r~l\ 

IY 

17 

v 

J 

~"4T~ltc I , ~r:; f;rI l \ 1 I : I I I I l it I \I I J I 1-+--1.... 1- _1 I I I' 1 I I I 11_ I I " 1- I , v I, ~ 
"" "-''' ;ir, lTTT' 

~- ",I',:dm 
f I f'., , ' rID 

~, r l'~ ~ 1\1 I 17 
II 

'\ ~ 
FI "I'· r"!fr#i' Imm . ,. n .!L c" " ... " ~j..,-:-1irr ...... , ...... f\ I 1/ 

.0011~rM~I%Ii1~I;t;' i l®~ '%1 11 IllJt 
11111'\ 

1\ ,." ,. ,]< ,,, 11 ,, .1 111111 [\ 
I'ill 

fll J I 1rt1 
, .:;, 

H 
':-0' 

1~", I "I, I "r , I 'i" I 'III ~jlrll lj: I ,II; I ' I:~ I :t~ 
o 2000 4000 6000 8000 10,000 12,000 14,000 16 ,000 18,000 20,000 22,000 24,000 26,000 

Temperature , T, oK 

(el fo - 10-
2

• 

Figure 1 . - Continued. Equilibrium composition of air to 24,0000 K. 
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Note: To obtain particles per initial molecule of air, multiply ordinate by 1.991. 
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Figure 1. - Continued. Equilibr1um composition of air to 24,0000 K. 
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Note: To obtain particle. per initial molecule of air , multiply ordinate by 1 . 991. 
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Figure 1. - Continued. Equilibrium composit10n of air to 24,0000 K. 
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F1gure 2. - Key to thermodynam1c charts for a1r. 
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Abs olute pressure, p, atm 

(a) Chart 1. 

Figure 3. - Thermodynamic charts for air. 
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Figure 3. - Continued. Thermodynamic charts for air. _J 
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Absolute pressure, P, atm 

(d) Chart 4. 

F1gure 3. - Cont1nued. Thermodynam1c charts for a1r. 
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F1gure 3. - Continued . ThermOdynamic charts for air. 
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Absolute pressure, p! atm 

(r) Chart 6. 

Figure 3. - Continued. Thermodynamic charts for air. 
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(g) Chart 7. 

I F1gure 3. - Cont1nued. Thermodynam1c charts for a1r. 
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(h) Chart 8. 

Figure 3. - Continued. Thermodynam1c charts for a1r. 
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Figure 3. - Continued. Thermodynamic Charts for air. 



( 

24 NACA TN 4265 

1:>,000 

I Y ;;;rlIlI/IN 1 I VIr! II ' II if Fi ,f, .t 1'""111 r / 
II II 

e;~ .... , 7 I; Ifll IIJ It 'r1! 11 rI II I:i:11 L!i ld:: 1, 
11 

§ I :;g:! {~4'> lJ..-t1 Ilf .~ r ~"9 1 f fl'~MrJ f'<: 1'1 
~ ~ '.. 'fHU, tf lJlr. ,fit :--{I'l U: El. 1 -lIt ~ .;, I-:' Itva 

E 2' llil t~\oJ.d1 1111 lL ~LiH~ L fZfj!It IlJ-lf.1 ' ~ 
11, E, ~ .· ~I ffif r'J ell III ! 1!-1t7 7 " 11JI- l'ff rr 'I' It t1 I l 
~ , 1/1IIi I f j,-,'(J I tt. J. I I H 1.11 ..1lLll.dll 

.. . .•. ,R flY, IL IN I I III I"": Ht Iii -1 r~ '1 ~~ .luLL ..111... 
tl: .J.. 't1 lL II -111 V:i 't± l. '(7 II / II tfr 

lO,ou §" b'. II.. Wfil~m 'oJ,;f I II k/-:/lf 1M,) T Ill I ~ -I I I 1/ 
§ 9 1= ~1 f II l-f II I L 'd[J If I f 1! III .1 Jtj J.L11k1 1. 

~ ~ I?~ 1/ II i nlll! 'II I L I-r II / WI ft. t1 1 J~~ 
~ E- . !~!Il I~~ ~. 7 / II f IlI lf.-.--trT ll " lYi U III/I I C1 IL 0 

tQ lO,ov ,. il/IMI! 1../ -I Iv! / J...r til I 711 1.1 nl/'tJJ f: 
E , l ~ . V.....rt11 t. U fnll JIl' Lit ~~ III I .l ~ ..1 .1 I:1U~ 

F J j:I:j !E I ~ ! Hl1 11 . ,SYRf.d ' .. LV' "lfirL .~ il ttl III lY '.1lL ~ ~ @ 
10,400f---:--t=f -il--,f'i+i; V ~ IILf- It fif1 [} II ..t~ t IIIII,~ I-n l lf L J ktf7 III (~. 

tt I "c If 1$ .J.IF" p t~t.t 'f-1 'c! LL It J II k:: L I I11 IJd IT .1 u: lL 
I----+-'---+.:~f--'--t--'fi U:-~ II Iml/I/~ k ./ I 1.7< fif J~ lIi~ 11 11)41 II II JIJ.-O 

I I Ii. HW ' ,... ~ I t llt .L ~ml i ilL 7 '-'c J.d:"7 .1 LL .lid':. Ulf 
2001----'-+-'-'-+-'-l-:ti.i>;,. Lf~11 1111\_ §1 j,~.~/; .;-:.'Cl UIlL I.d~t~ i! t3.I1 .1V,,:dTL 11 J.t 

10, I.~ 11 111{l1' I.~ -:.J;;,y:/ ' /1/ . 61 IT HIT Ill/II 1fllf--f. ;' r, I II rJ 
1--.,-+--,-+'.,-+-+. _ $l1'j : ~ t'=l I f~ IJ If "f'fo- Li 11 1 JL Ii"J IJ U 

.: . ~jl-tt1 11.~ \tJ. '.Aif 1 Ilkit1 lill j/tf:.. L111 1.11:. 
10, I=' ~ I (;t, ":Ilf ,,,,lhh / 1/, I II h"rl lit of/. I Ji l j/rf 

I. ~~ I 't lit f!.ltl I lilk /11 ~ UIIJLL I JI1 II 
\---"---'-Eo"';-+-'-"'If';,-~,·+-c '" . It . 1 /\1 U- f I !.'- t V I f L 'Y I III . I \I" 

~ '" U J 1/ fcA 'ff II II 1/ ~I]" I PHI l LIf" 

9 , 00~0_5 2 4 6 8 10-4 2 4 6 8 10-3 2 4 6 8 10- 2 
(j) Absolute pressure , p, atm 

(J) Chart 10. 

Figure 3. - Continued. Thermodynamic charts for a1r. 
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(k) Chart 11. 

F1gure 3. - Continued. Thermodynamic charts for air . 
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Figure 3. - Continued. Thermodynamic charts for air. 
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Figure 3. - Continued. Thermodynamic charts for air .. 
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Figure 3. - Continued. Thermodynamic charts for air. 
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F1gure 3. - Continued . Thermodynamic charts for a1r . 
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F1gure 3. - Cont1nued. Thermodynam1c chart. for a1~. 
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Figure 3. - Continued . Thermodynamic charts for a1r. 
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Absolute pressure, P, atm 

(r) Chart 18 . 

F1gure 3 . - Continued . Thermodynamic c~a~t6 for air . _J 
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F1gure 3. - Continued. Thermodynam1c charts for a1r. 
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Figure 3. - Concluded. Thermodynamic charts for air. 
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