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A Review of Available Eata on the Heat Capacity 
of Sena Connon fcst'3. 

by 

I.H.Ring* and P.^.David» 

K.A.E. Ref:    Gns/3100/3200A59 

ggmgr 

This report compares the valuer of the heat capacities of 3cmo 
oomaon gases, au derived from well :mown source», «id tabulates the 
most reliable valuus of specific heat at constant pressure and total 
heat.  These values are presented in a form useful for calculations 
on combustion at relatively low temperatures, i.e. temperatures at 
which the effects of dissociation con be noticeted. 

?ho effect of pressuro en the heat oapacily has been calculated 
according to the most reliable dat:. available. 

The investigation covers tha fellowinc gases over a range of 
temperatures from 0° to 3000°C, «nd a ran^o cf pressures from 0 to 
500 lb./in.2, except in the oase cf stc.ja, '.There it wa3 extended to 
1000 lb./in.2 for temperatures below lOOO'to: ote-im (H2O), hydrogen (H2), 
nitrogen (Ng), oxygon (02), oarbor. monoxide (CO), oarbon dioxide (CO2), 
air, nitric oxide (NO) and nitrous oxide (NgO). 

* Attached from Cramonwealth Aircraft Corp.Pty.Ltd., Melbourne, Victoria, 
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1       Introduction 

The specific heats of many gases at high temperatures have been 
thoroughly investigated in recent years, but there is a wide disoepanoy 
In the figuraci quoted in many reference boo'is and reports. 

This report endeavours  to lir.t  Ae vr.i.u-3 rf specific hervts and 
entholi;ico of the ernwen ^sae::,  <-..-i dtrivuC. from well iaic.vn sources, and 
tc tabulate the most reliable value.i ii. •: frjja useful fer oalorilations 
on ccmbur.iion at relatively lrw tent erature:-,   e.j.  with hydrogen 
peroxide as oxidiser.       i'urther,  th.- effect of pressure on the siieoifio 
heats rota. cnthxJ."..iu5 has been calculr.tcd according to the .nost reliable 
data avhilabl J,  and is als« tabuliittd. 

Thi3 inv'rutir.&tior. has b>--?:i limited to the temperature range from 
0° to 3000rC, the upper limit, being chosen as the extreme temperature 
at which it might be possible  to neplect the effects of dissociation« 
parti0i.ilf-.rly at pressure::  .j'-ush as fx»ur in rocket combustion ohambors. 

Por the then lodynamic ;>roi-ortles of Keines at higher temperatures,       . 
reference-  should be ,n:ide tr the collection of data made by BeotonV2?/. 

The ßasea treated belrw are steam (Hgd), hydrogen (l^)»  nitrogen 
(Nj)»  oxygen (02),  carbon monoxide  (CO),  carbon dioxide  (COg)»  air, 
nitric oxidj  (Mo)  and nitrous exile  (N20). 

2        Steam (H20) 

Pnr the rurprso of arwparilip the values given by various authors 
of the  specific and total heats rf steam,   the total heat from 0° to 
t°0.  has,  in each oase,  been calculated for the range frrm 0^ to 3000PC. 
The basic data is variously quoted for the ideal gaseous state  (P = 0) 
and for P =1 atmosphere.      Those car.net bo compared directly as the 
heat content of the water up tr 1CC°C.  anil  the latent haat,  as well 
ac the •••ffect of tho change of pr-=.-; mm,   •: -;J ineV.iued in the latter. 
Comparison may \».- made .luproxiraafcily h>v.v>-v-r,  b.twoon tho  total heat3 
from 100" tr. t°C.  found by diffeivsnoe. 

Table 1 shows the tctal heats for stem from 0° t" t'ta.,   derived 
frrm readily available sources.       It is arranged in three parts: 

(a) That derived Crem duta refurring to the ideal gaseous 
state (p crO). 

(b) That derived from dxta referring to a pressure of 1 atm. 

(o)    That derived frTi dt.tr. referring to i: pressure of 300 lb./in.2 

absolute,  vhiob was chosen arbitav-.rily as a typical com- 
busion ührnibci" jilv.-viin». 

The most reliable data is based on the work of Gordon'     '§ who 
calculated the thermodynamic properties of steam in the ideal gaseous 
state fron spejti-opoo;iio d:ii.a.       In a resent paper,  Wagman, Kilpatriok, 
Taylor, Pitzer and Konaini(17) havo applied a small additive crrreotion, 
as given by WilsonC10/,   to i.iovelrai'a values,   and these corrected figures 
are those roooianunded for use.       other authors,  notably JustiW, 
Spie-rs(2),  Hutto(7)  ana. Le-.ri.s and vo;i Elbe(15)  quote- Gordon's figures 
without making the oorroction3,  aiid the values of Schmidt(9),  from an 
unknown source,   ajtree very closely with the latter group. 

-3 - 
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Bio effeot cf pressure on the heat capacity of steaia is best 
indicated by the work of KoohO*), who tabulated the total heat frcm 
0°0. o?ar a range of temperatures from 10°C. tc 550°C. for pressures 
up to 300 kg/on?. 

Bie influence    of pressure is expressed by his formula: 

AH 
- 5.76603 P 

(Vico)2-82 
p3 

from which is derived 

A, 0.162602   P T 

531.77463  3.86669 x lCr^ 

(VlOO)^ + (TAoo)31-6 

74.448458  1.22167» * IP1*1 

(T/LOO)« *  (Vl00)32-6 

where  AH *> increment of total heat due to change cf pressure from 
0 to P lb./in.2 absolute. 

AKp *•   increment of speoifio heat at constant pressure due to 
change cf pressure frcm 0 to P lb./in.2 absolute. 

T = temperature °K. 

The figures of '.«"agnail et al., having been chosen as the most 
reliable for the ideal gas, have been retabulated in Table 2, (Speoifio 
heat at constant pressure) and in Table 3(Total heat from 0°C).  The 
corrections due to changes of pressure, and the latent heat, both 
derived from Koch's formulae and table, have been applied, and the 
resultant tables show the figures for the pressures 0, 14.7» 100, 200, 
300, 500 and 1000 lb./in.2 absolute.  Over 1000°C., the pressure 
correction is very small and is therefore expressed as an increment to 
be added for eaoh 100 lb./in.2 increase in pressure above 1 atmosphere, 
up to 500 lb./in.2. 

The variation of Kp with pressure, over the low temperature range, 
as shown in Table 2, is plotted in Fig.1. 

• Comparison of the chosen figures of Table 3 with those at 14.7 and. 
300 lb./in.2 of Table 1, showa that the values derived from CallendarW, 
Sohüle(5) and Partington and Shilling(°), give good agreeaient up to 
500°C, while at higher temperatures the discrepancies are large.  The 
values derived frcm the elder sources, StodolaT" (Entropy Chart No. Il) 
and International Critical Tables(8), are unreliable.throughout.  The 
figures issued in the data sheets of Walter ,/'erke"°) P*J show reasonable 
agreement up to 1000°C. but large variations above that temperature. 

It should be noted that Spiers (*•'  givus values cf the specific heat 
at constant pressure for Pel atnu, claiming that their aocuraoy is 
sufficiently good for the range from 1 to 10 atm., and also below 1 Mm. 
In the case of H20, Koch's figures show this, to be incorrect below 
temperatures of about 60CPC.,  '»hero, as is seen in Fis.l, pressure has 
a large effect on Kp .  This is confirmed by Callendar. 

-4- 
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3  The Permanent Ggggg 

Hie gases H2, TX%, 02» CO, COg, air, I» and N9O at« here grouped 
together because the methcd ef treating then has been substantially the 
sane.      In all cases,  the values of the'truo specific hears at constant 
pressure have been found from the best available- 3ouroe and tabulated 
in Table 4. 

Values rf total hest are quoted in the form we require, by both 
JustiW and Ctaiersv2), but their points do not always lie on smsoth 
curves and are therefore open to 3ome doubt.    Iho ourvc.i of Kp    (Kj> for the 
ideal gaseous ütat;-, i, ;, I'=0) have therefore, been jjuooessivuly integrated 
to obtain the vulunc cf the total h-.^t frcm ö'> to t^C.,  and these are 
tabulated in Table 5. 

With small differences,  due rrcbably to the varying accuracy of 
converting figurae from the sane e-uros to different units,  the figures 
given by the fcllcwing .v.thcrc: for   IX the go3es with the exoeption. of 
CO2» air und NgC,  rcyult in the same values of total heat:    JustiW, 
Sjpiers(2', Hutte(7)# penning md Whiffin^), idkefM-), Lewis and von 
Elbel1?) ^nd -.ragman ot al(i7). 

Other authors, such as atedola^',  3chule'-'' and Partington and 
Shilling^, and International Critical TablesW,  quote figures v/hioh 
are based on older data, are therefore unreliable, and are here neglected. 

The effect of pressure on the heat capacity of the pases has been 
calculated according to th--- method rf JustiW, and is expressed in the 
tables us incremented (i H100 !ind AK-      ) to be auded to the value for 

n "100 
F*=0,  for-every 100 lb,/in.' eforeasure.      Theü^ corrections are valid 
for pressures up to 500 lb ./in.    absolute, and '.Acre no values arc 
stated,  ore negligibly small. 

3.1 hydrogen (H2) 

The most reliable figures for the specific heat of H2 are based 

en the spectro30opio measurements of JJavis and JohnstonPw, which served 
as the common source for the authors above.  The values of Schmidt(20; 

and »alter ii'erkev21) agree below 1000°C., but ever  this temperature are 
consistently lov. 

3.2 Kitrogen (Mfe) 

Johnston raid Davis(22; provide the source for the values of the 
true specific heats of Nj, in the ideal gaseous state.      The values 
given by 3chniidt(20) and Walter Werke(21; 
entire range from 0r to 30000C. 

agree very well over the 

3.3 Oxygen (o2) 

Tho values given by Johnston and vralker(2-'^ are the basis for the 
figures of the author;; quoted above, and the figures of Refs. (20) and 
(21) arc  in good agreement. 

3.4 Carbon monoxide fCO) 

All the      .,_. ._     
and Davi3(22), and Sohmidt(20; and Walter Sarkal*-^ agree with these 

closely.  The actual values adopted in this report, are taken from 

authors referred to above have used.the values of Johnston 
(2lJ 
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Jumü(l). but it is noted that his value of the specific heat »* 
SSmt p»..u^ at 250Ü°C *— not Ue on the -~*««T« *""«* 
«Totter point«.    This value has, tterefore, been corrected. 

3.5    Carton dioxide (C02) 

The values of the specific heat» adopted for C02 are derived fro. 
Vagnen et ü(17).    They aw based on the statistical osculations of 
S£l(*), with a small additive correct^ for rational stitching, 
a. given by Jilson(lÖ).    Lewis and von ElboW, WeoW, «d ( 
Fennin* ana «hiffin(13), quote these same.values, but JustiW. Spiersl^, 
S(f)!scSt(2C;) Walter Ve*e(^J «*v figures which correspond 
Sosrty to onTanother, out r,re somewhat leer than .Varans' at the 
hipher temperatures. 

It should be noted that the accuracy of the figure, for OO2above 
1500°C. is seriously reduced, and there is no *»ttfioation in tte data 
available, for quoting the specific heats  to more than teo figures. 

3.6   Air 

Eüonwood, Kulik and Gay(25) quote, for the specific heat of dry 
air. figuros attributed to H.L.Johnston who calculated Hie values frcm 
«peotrographic date.    Bensor, .,'ilcox and Voit(26) have takon these 
figuros and smoothed thorn to an umpirical curvo given by: 

«P 
0.2A45 - 3.9708 x lo"5.T + 8.9359 x 10" .T2 

for temperature frcm 200° +0 633°X}    and 

s 0.2U3 + 1.0886 x 10"5v/l.8T- 976 

.for tomporatures from 633° to 3056' K. 

The values of the specific heat found from this ourve have been 
adopted in this report, and tho total hoata havo boon derived in tho 
usual way by successive integration. 

Justi*1), Spiors^), Hutto(V), ScLnidt(2°) and Koonan and Kftyo(28) 
quote figures for the heat capacity of air, but their figures, although 
corresponding closely to one another, differ widely fron thoso adopted 
here, which räprosont. the latest N.A.C.A. data. 

3.7 Nitric oxldo (NO) 

Tho work of Johnston and Chapman^ provides the sourco for the 
values of specific heats and unthalpios quoted by JuattW, Penning and 
VShiffin(13), FikoC^J, and Lewis and von aboU5;.    No othor author 
amongst thoso referred to, considora this gas. 

3.8 Nitrous oxide (N20) 

Kassel(at-'1 derived figures for NgO up to a temperature of 1500°K. 
These values have been quoted by HutteU) and Fenning and Y/hiffinl1^. 
Justi(i), however, has considered Kassol'3 rosults in conjunction with 
ttoorotical data, and has produood valuos for the specific heat and 
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enthalpy up to 3000°C.      Theao.are slightly lower than Kassel's values. 
Justi's figures for the totul heat from CPO., however,  do not all lis 
on a. smooth curve,   -o hij values of the specifio heat have been 
integrated to obtain the total heat values adopted in this report. 

4 The Specific Heat Difference, K„ - Kv 
p 

The values of the specific heat differences for the ideal gaseous 
state, derived from R = 1.987 CHll/lb.molo. (Rcf. (17)), arc presented in 
Table 6(a). 

H2O deviates substantially from the ideal relationship at low tem- 
pera tures and hijjh pressures as zlicnm in Table 6(b). 

5 Concliu-icns 

The values of the specific and total heats of certain gases, as 
quoted in many reference books and reports, show v.-ido discrepancies. 
This la particularly „o in the care of steja. 

The values Mt out in Tables 2,  3, 4 '.nd 5 of thi3 report are 
derived frcm -^he most reliable data available, and cm be U3ed as a 
basis for future combustion calculations, | ro*»tdod the effect of 
dissociation can be neglected. ' ' 

The effect of pressure on the heat oa,<xity of gases is, in general, 
very small, .xcept in the case of steam at temperatures below 1000°C. 
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Tech. Note No. Aero.1846 
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.. 

K2C - True Jpuclflo Heat s.t  :onst.\jit Prousure fcr 

Prajjurua Frcm C to 1000 lb./in.2 Absolute 

CET/lb.AC. 

1100 
120Ü 
1300 ; 
1400 
1500 

0.C07 
0.621 
0.634 
O.646 
O.658 

0.607 
0.621 
0.034 
O.046 
0.658 

ÄKP100 Spacifio hoat gradient 
per 100 lb./in. 2 pras-j 
sure difforunoe, valid: 
but—*U 14.7 and 500 
lb./in.2 aba. 

0.001 
0.001 
0 
0 
0 

1600 0.667 0.667 0 
1700 0.677 0.677 0 
1800 0.685 0.685 0 
1900 0.693 O.693 0 
2000 0.701 0.701 0 

2100 0.71 0.71 0 
2200     1 0.71 0.71 0  • 
2300     i 0.72 0.72 0 
2400 0.72 0.7^ 0 
2500    ; 0.73 0.73 0 

2600 0.73 0.73 0 
2700 0.74 0.74 0 
2800     i 0.74 0.74 0 
2roo 0.74 0.74 0 
3000 0.75 0.75 0 

i 
n 



Tech. Note No. Aerc.1846 
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lable 3 

II20 - Tctal Heat Fran Cc tc t°C for Pressures 

jrcia 0 to 1000 lb./in.2 Ab3olute 

1 

t°c. 
Ko 

fc CHU/Lb. 

P-0 Eb./bb8 14.7 ICO 
'•'-"   '"1 

2X 300 500 iv'  •• 

0 0 0 0 0 0 ' 0 0 
15 

100 

200 

300 

44.7 

50.4 

•137.5 

15.1 15.2 

10c. 1 

15.4 

100.3 

15.5 

100.4 

203.5 

15.8 

100.6 

203.6 

16.6 

101.3 

204.0 

635.I 

686.8 

734-3 

67-, 8 

730.4 

66S.3 

726.1 7».2 711.4 678.2 

400 186.0 783.0 780.4 777.7 774.6 763.1 754-6 
500 256.1 833.2 831.4 823.6 827.3 823.7 814.5 

600 287.8 885.0 583.6 882.3 38C.6 878.0 371.6 
700 341.2- 538.5 337.4 936.4 335.0 333.1 323.4 
800 356.4 953.7 932.8 992.1 950.9 3S3.4 385.9 
300 453.2" 1050.5 104S.7 1049.2 1043.1 1047.0 IO44.2 

1000 511.6 •3108.3 uoe.3 1107.3 IIO6.3 1106.0 1103.8 

AH100 - Heat gradient p sr 100 
lb,/in.2 pressure 

between 14.7 and 500 
lb./in. 2 abs. 

1100 571.6 1168.9 - 0.5 
1200 633.0 1230.4 - 0.5 
1300 635.8 1253.2 - 0.4 
14-00 759.9 1357.3 - 0.4 
1500 825.1 1422.5 - 0.3 

1600 851.3 1488.7 - 0.3 
1700 358.5 1555.3 - 0.3 
1800 102>'..6 1624.0 - 0.3 
1900 103 5. 6 1632.0 - 0.3 
2000 II65.3 1762.7 - 0.2 

2100 1236 1833 - 0.2 
2200 1307 19C4 - 0.2 
23C0 1373 1976 - 0,2 
2400 1451 2048 - 0.2 
2500 1523 2121 - 0.2 

2600 1556 2194 - 0.2 
2700 1670 2267 - 0.2 
2800 174*. 2341 - 0.2 
2900 1       1816 2415 - 0.2 
3000 ;      1393 

! 

2490 - 0.2 

- 12 
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gable 6 

The Specific Heat Difference, JC; - • v 

(a) For the ideal ga.3eoua atute. 

Gas -.feijht 
1 • Kp - \ 

%° 18.016 0.1103 

% 2.016 C.085 

-7'2 28.02 0.070? 

p2 32.00 0.0621 

CO 28.01 0.0709 

'r2 44.01 0.0451 

Air 23. ?6 0.0686 

NO 30.01 0.0662 

NgO 44.02 0.0451 

0») H20 - for the non-ideal sa3eoUa 8tate> 

JJLE1V*~ 
' ib.7K:2 I    100   l 

100 

200 

300 

«.oo 

500 

C0362 

200 300 500 1000 

Liquid State 

C'.0?72  I 0.0575 

I 0.1063  Jo".0536= 

IdetJ. Gaseoua State 

O.O652 

0. lü^r, 

0.0319 

0.0738 

C.1054 

* Derived from Ref.  (16), llaiMg 
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