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NATIONAL ADVISORY COMMITIXE FOR AEZtONAuTICS 

THERMODYNAMIC PROPEREES OF PROW(=Ts OF COWSTION OF HYDROGEN 

WITH AIR FOR TEMpERclTuREs O F  600' TO 4400° R 

By Robert E. English and Cavour H . Hauser 

SUMMARY 

Thermodynamic propert ies  of hydrogen and i ts  products of codus t ion  
w i t h  air  a re   t abula ted   in  a form  convenient for   use  in   cycle   analysis  and 
design of turbojet  engines. O n l y  low pressures  are-considered, and t he  
e f fec ts  of dissociat ion are ignored.  Several  themadynamic  processes 
w e r e  analyzed, and their analysis is i l l u s t r a t e d  by numerical example. 
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LNTRCIDUCTIOM 

Interest use of liquid hydrogen as a fuel for  turbojet   engines 
has recently  increased.  For example, reference I shows that large  gains 

fue l   in   h igh-a l t i tude  flight. Accurate  analysis of engines  using t h i s  
fuel requires information on properties  of the collibuation products.  For 
example, it i s  shown in   re fe rence  2 that simple correctfon of the  proper- 
t ies  of JP-4 f u e l  w i l l  r e s u l t   i n   e r r o r s  of 3 and 5 percent   in  the calcu- 
l a t ion  of fuel   specif ic  impulse and thrust   per  unit air flow,  respectively. 
Tables and charts f o r  thermodynamic calculations  involving air, hydrogen, 
and other fuels, taking i n to  account t he   e f f ec t s  of dissociation, are 
given in reference 3; the tables, which neglect  dissociation,  present  gas 
proper t ies   for   in te rva ls  of 50' R. 

. in p e r f o m n c e  can  be  obtained f o r   a i r c r a f t  designed f o r   t h e  use of this 

The purpose of the analysis contained herein i s  t o  present t h e m -  
dynamic properties of hydrogen and i ts  conibustion products and methods 
for   using these properties in a form convenient for cycle analysis and 
design of turbojet  engines. 

The general method of attack is s imi l a r   t o  that i n  reference 4. Data 
on gas propert ies  w e r e  obtained  from reference 5. Properties of the com- 

2999O R. These data are intended for use i n  combination with air proper- 
ties in   re fe rence  5; f o r   t h i s  purpose, the  properties of air i n  table 1 
of reference 5 were  k t e r p o h t e d   t o  lo i n t e rva le   fo r  temperatures from 

r bustion  products are presented  in   table  I f o r  temperatures from 60O0 t o  

I 
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3000° t o  4400' R. -Properties of air and conkustion  products are presented 
in   t ab l e  I1 f o r  temperatures of 3O0O0 t o  4400' R. The data presented are 
f o r  low pressures, Bnd the  effects  ofkdissociation  are  ignored. 

The enthalpy of gaseous hydrogen f u e l  (considered t o  be the real 
gas, para-hydrogen, a t  l-atm pressure) was evaluated from reference 6 ,  
and the   resu l t s  are tsbulated i n  table  III from the boiling point (36.5O 
R) t o  1260° R i n  100 increments. 

The general metho& for using the tabulated data are described i n  
the  section APPLICATION O F  TABLES. Their  use i s  also i l lus t ra ted  by 
several numerical examples. The method af construction of tables  I and 
I1 is presented in appendix A .  

.< 

; 

A,, 

%r 

b 

"p 

cV 

f 

Q 

H 

h 

hf 

J 

K(P 

% 
m 

P 

9 

SYMBOLS 

ideal  nozzle throat  area required t o   p a s s  1 ( lb   a i r ) / s ec  a t  
c r i t  i c a i  conditio&- 

. . ""-. . . -. . - . . . . 
.. .. 

. - . . . . . . . . 

cr i t ica l   ve loc i ty ,  
.. . 

specific heat at c0nstan.t;- volume, Btu/( lb) (OR)' 

f ue l - a i r   r a t io  

standard gravitational  acceleration, 32.174 f t/sec2 

chernical energy of hydrogen corresponding t o  enthalpy  values of 
tables I t o  111, BEu/lb 

specific  enthalpy,  Btu/lb 

spec i f ic .  enthalpy of .fuel,  Btu/lb 

mechanical equivalent of heat, 778.16 f t - l b / B t u  

constant of integratl 'olrin eq. ( 4 )  

constant of integrat ion  in   eq.  (5) . .  

molecular  weight - ." 

pressure, lb/sq f t  

lower heating  value of hydrogen a t  25' C and colrstant  pressure, 
Btu/lb "- 
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R gas  constant,  ft-lb/(  lb) (OR) 

R, gas  constant  for air, 53.342 f t-lb/( lb) (OR) 

R univeraal  gas  constant, 1545.32 f t - lb/(  lb-mole) (OR) 

T temperature, OR 

- 

d% largest  acceptable interval in T for   sat isfactory  tabulat ion of 
enthalpy h, OR 

d% 
largest   acceptable   interval   in  T for   sat isfactory  tabulat ion of 
qh, OR 

largest   acceptable interval in T for   sat isfactory  tabulat ion of 
*q,  OR 

v velocity,   f t /sec 

W weight of gas, l b  

B empirical constant i n  eq. ( ~ 4 )  

A Y r a t i o  of specific  heats, cp/cv 

'IB combust ion efficiency .. 
L, C small-stage,  or  polytropic,  compression  efficiency 

q-, T small-stage, or polytropic,  expansion  efficiency 
r\ 

cp J2 dT, Btu/(lb)(OR) 

*C CP,b - Cp,a,  Btu/( lb ) (OR) P 

*h % - h, B t U / l b  

*R - R,, 329.92 ft-lb/(lb>(OR) 

(u r a t i o  of specific  heats,  cp,b/cp,a 

Subscripts: 

a air (gas a)  
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C cordbustion gases in  numerical example 4 

d air in numerical example 4 

S stat ic   condi t ions 

t total conditions 

1 i n i t i a l  

2 final 

Superscriptsr - 

- unit 6 of per lb mole 

1 first approximation- 

NACA RM E56GO3 3 

c 

11 second approximation 

D e t e r m i n i n g  h and cp .. . . 
I n  computiw  enthalpy h and cp f o r  a known temperature and fuel- 

air ratio,  use the following: equations: 
. .  . " 

The values  of ha and 'Pa may be  obtalned from either table  I1 of t h i s  
report   or   table  1 of -reference 5, the source dependin@; on whether the.. . 
temperature is greater or lees than 3oOOo R. Both $h and qq may be 

" 

read from tables- I * -herem. - - - - -  - - - - . .- . . -. . .. . .. ." 
. .  .. . 

"" 

. .. . . 

Determining T from h and f- 

For a known conibination of enthalpy h and fue l - a i r   r a t io  f, a 
first  approximation of the temperature T' can be obtained by se t t ing  

hk f h - (1) 

L 

. 
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and reading T1 from table II or   t ab le  1 of reference 5. Corresponding 
t o  the temperature T I ,  a value of can then be determined from table 
I or  -11. A second apgro&&tcon o f  the teqerature T" can be obtained 
from 

- - f 
l + f %  

.u 
D This  process can be continued to  obtain  additional,  successive approxima- 

hydrogen w-ith air, this process  converges. 
B t i ons  of t he  temperature. Por the gases resulting f r o m  combustion of 

The work of carrying this  process  to convergence  can be reduced 
though the use of the following equation,  developed Ln appendix B: 

The derivatives d$h/dT and dhddT are assumed constant from T t o  
T I  i n  the derivation. For tenperatures T of 60O0 t o  3500' R, use of 
equation (B4) permits  determination of the temperature directly from the 
value of qh i n  the equation. The greatest e r ro r  in T obtained from 
t h i s  process, w h i c h  occurs f o r  stoichiometric mixtures at high tempera- 
tures, i s  l e a s  than 7O. A more accurate result can be obtained  by sub- 
s t i t u t i n g  $h from eqmtion (B4) into equation (A10) and  determining T 
from the resulting -=ue of ha; f o r  temperatures of 600° t o  3!500° R, the 
er ror  i s  then no greater than 20. 

* 

.I 

For a temperature T of 3500° R and a s toichiometr ic   fuel-air   ra t io  
of 0.02921, the temperature T' is 4356' R. In  order  to  permit  use of 
t h i s  technique  for te&c&atures as high as 3500° R, table II was extended 
t o  4.400' R. Although propert ies  may be read f r o m  the table f o r  tetapera- 
t u re s  up t o  4400° R, use of equation (B4) is not  always  possible f o r  
teqera tures - .  above 3500' R. 

Determining T from Q and f 

The theore t ica l  problem of determining temperature T from cp and 
f is j u s t  like that of finding T from h and f. However,  two sepa- 
rate methods for  obtaining approximate values of T are presented. "he 
choice of the method t o  be used depends on the temperature range. 

m e  r e l a t ion  corresponding t o  equation (B) i s  

(1 + f) $4 
% - 1 + f w'(l - 0.0016 T'f) 

- 
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and $6 is  the value of $q, at a temperature T' such that VA E cp. 
A value of qV f r o m  equation (3) can be substi tuted  into  equation (All) 
and the result ing  value of [Pa used t o  deter mi^ temperyrfure; a b8SiC 
l imi ta t ion   on . th i s   equa t ion   res t r ic t8  its- w e  t o  temperatures of 60O0 to 
1000° R, where the error i n  the resultant temperature w i l l  be lese than 
90 

1 

and 

reduce t o  

* q = * c  I n ' I J + K $  
P 

Conibination of equations (4) and (5) with equation ( A l l )  yields  

Equation (6)  is only approximate, because c ~ , ~ ,  SCp, and, thus, 0) 

were considered t o  be constant l a  its derivation. The terms o) and 
[(a - l)Kq - 41 were assigned values that keep' l o w  the e r ror  i n  equa- 
t ion  (6) .  The resulting re la t ion  is 

. 
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'pa = (1 + f)cP - 3.5307 f 
1 + 10.663 f 

A value of  'pa computed from equation (7) can  be  used t o  determine tem- 
perature in table 11 o r  Fn table 1 of reference 5. The temperatures so 
determined are  within loo of the  correct value fo r  temperatures of 1000° 
t o  2850° R, and the  greatest e r ror  i s  only 5O f o r  temperatures of L200° 
t o  270O0 R. 

- 

After evaluating 'pa from equation (7)  to   ob ta in  a first approld- 
mation, increasingly  accurate  values of temperature can be  obtained by 
perf or- the following successive  operations: 

(I) For  an estimated temperature, read qp from t ab le  I or 11. 

( 2) Compute 'pa from equation (AU) . 
(3) Use th i s   va lue  of 'pa with  table I1 or   t ab l e  1 of reference 5 

t o  obtain a next approximation of the  temperature. 

Successive  repetitions of this process converge t o  the correct  value. At 
3500° R and stoichiometric fuel-air ra t io ,  the e r r o r   i n  temperature is 
reduced  about 65 percent by each  successive  computation. A t  lower t e m -  

than 65 percent. 
peratures and lower fuel-air rat ios ,   the   reduct ion in e r ro r  is greater 

- 
G a s  Constant R 

For the   per fec t  gases assumed herein, the problem of determining  the 
gas  constant R is simpler  than that of e i the r  h o r  cp because of the 
lack of va r i a t ion   i n  R with temperature. From equations (A9) and (A14), 

R = 53.342 + 329.92 f 
l + f  

Specific Heats and Ratio of Specific H e a t s  y 

Specific  heat for constant  pressure  can be determined from 

* Specific  heat  for  constant volwne is 

. cv = cp - - R 
J 
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Ratio of specific  heats y i s  

NACA FM E56GO3 a 

y ~ c p  (10) 
cp -: 

Values OS cp, a and qC i n  tables I and 11 permit  determination o f  each 

of these three variables - cp, cv, and y. For many thermodynamic proc- 
esses -imrolvi.ng small changes in  temperature, these  properties can be used 

. .  i9 
with  both  greater  precision and convenience than the vaiues of h and cp 
from tables I and 11. % 

P 

" 

\ 

The same methods for analyzing thermodynamic processes in gas tur- 
bines as described in reference 4 m y  be employed. 

R p2 - ln,- 
p1 

= 'p2 - (P1 

Constant smaU"stage efficiency. - For couIpression.with  constant 
small-stage,  or  polytropic,  efficiency. qo,c, equation (7) of reference 4 

. 9- - 

s t a t e s  that . 

For expansion with constant  mall-atage  efficiency q T, equation 
(6 )  of reference 4 maay be  writ ten as => 

. " . 
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Correction of the  heating  value  to a value  corresponding t o   t h e  datum tem- 
peratures of tables  I an3 I1 and reference 5 results i n  a chemical  energy 
H for use i n  equation (15) of 50965.4 Btu per pound (see appendix C ) .  

Data for   the   fue l   en tha lpy  hf were obtained f r o m  references 6 and 
7 and are presented i n  tab le  111. Reference 6 cohtains  the most extensive 
correlation of the  properties of hydrogen available.  Reference 7 presents 
some of the  data from reference 6 i n  a form that is more convenient f o r  
engineering  calculations.  Table III presents  values of enthalpy i n  Btu 
per pound f o r  the real gas para-hydrogen f o r  a pressure of 1 atmosphere, 
i n  loo increments, from the   boi l ing  point  (36.5') to 1260° R. A discus- 
sion of the  derivation of table IIL i s  given in  appendix D. 

Values of  ideal-gas  enthalpy a t  temperatures above 1260' R may be 
read from tab le  6-12 of reference 7 .  A t  these elevated temperatures  the 
difference between ideal-gas and real-gas enthalpies at I-atmosphere 
pressure i s  negligible for engineering  calculations. 

The  boi l ing  point  of  l iquid para-hydrogen a t  atm6pheric  pressure 
i s  given i n  t ab le  29 of reference 6 as 20.27O K (36.5O R). The l a t en t  
heat of vaporization at t h i s  temperature from equation (9.3) of reference 
6 i s  213.4 calor ies   per  mole (190.5  Btu/lb) . 

. The following six examples demonstrate  use of the  hb le s  and some 
of the  problems for which they are applicable. The problems are stated 
and solved, and the  sources of information  (equations and tables) are 
listed at  the right maran. 

1. Calculation of h  and CP 

Values of the enthalpy h and the function Cp may be  calculated 
direct ly   for   given temperatures T 1  and T2 and f u e l - s i r   r a t i o  f. 

Given: 
T 1  = 1200° R 

T2 = 320O0 R 

f = 0.020 

w To find: 

h2 - h l  " 
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Method: 

hl = 291.30 + - 0.020 
I. 020 

h2 = 849.48 + - 0.020 
1 .ozo 

291.30  Btu/( Sb air) at TI I 
0.79628 Btu/(lb  air)(OR) -1 (table 1, ref. 5) 
849.48  Btu/( lb afr) a t  T2 

1.06676 Bk/( lb air) (OR) 

2440.6 B t u / l b  

53.2760 Btu/(  lb) (OR) 

(table 11) 
d z 
r 

(table I) 

8046.8 B t u / l b  

13.9355 Btu/(  Ib) (OR) 
(table II) 

(2440.6) = 339.G 
I 

(8046.8) = 1007.26 B t u / ( l b  g a s )  
. 

hZ - hl = 668 .lI Btu/( lb gas) 

CP = 'Pa + 1-t-f qq f 

'pl = 0.79.628 + - O o o 2 0  I. 020 (XL.2760) = 1.01738 Btu/(lb gas)(oR)}izi)) 

. . . . .  

( P ~  = 1.06676 + - (13.9355) = 1.34000 

(P2 - 'P1 = 0.32262 Btu / (  lb  gas) (OR) 

2. Compression Process 

A cons tan t  small-stage  efficiency q for the compreasion process i 
"r c is assumed. 
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Given: 

. 

T1 = 800' R 

= 0.92 l-L, c 
P2/P1 = 4.0 

Gas = Air 

To f ind:  

Method: 

11 

'P1 = 0.69558 Btu/( lb) (OR) at T1 

hl = 191.81 Btu/lb a t  TI 
( t ab le  1, ref. 5) 

3. Combustion Process 

The ideal temperature after conibustion will be  calculated for a 
given initial temperature and f ue l -a i r   ra t io .  

Given: 

Tt, = 1200° R 

f = 0 . O E  

qB = 1.00 
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The gaseous hydrogen f u e l  and t h e  air a r e .  -a_ss=.d . to . .bef&ly mixed at  
the  initial teqerature Tt, 1. 

To - find: 

" - .. - 
. .  . .  .- . -. ~ 

... - . .  . " "  

Tt-, 2 

Method: 
.- 

c 
- (table 1, ref. 5 )  a 0 

. . . . . . .  N 

hartr1 = 291.30 Btu/(lb air) ".  .. 

......... 
..... - 

H = 50965.4. Btu/( lb fuel) . .  " . . . .  - . .  (appendix c ) 
= -4102.44 Btu/( lb fue l )  

"" . 

. .  

( t a b l e  =I) 

1100.81 Btu/( I .  mixture) t 

. . . . .  

- - ( l .OI5 ) (11012-5 )  
1 + (0.035)(13.150) E1 - (0.00025)(4042)(0.015)~ 

.9359.5 Btu/lb . . . . . . . . . . .  

962.49 Etu/lb air 
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TtJ2  = T : J 2  = 3581' B at qf t, 2 ( t a b l e  II) 

Verification of this result  using  equation (A10) indicates  the tempera- 
t u re  is correct within 0.5* R. 

4. A Mixing Process 

A mixing process is considered i n  which a quantity of dry air at  a 
Eu a given  temperature i s  mixed with combustion gases having a di f fe ren t  tern- 

perature. A constant pressure l eve l  is assumed fo r  the  process. Such a 
process might occur in an air-cooled  turbine i n  which the cooling air is 
exhausted In to  the  main gas stream. "he  temperature,  enthalpy, and other 
properties of the gas w i l l  be determined after mixing OCCUTS. 

s 

Given: 

Consider  gases  c  (combustion  gases) and d (sir) a t  condition 1 t o  
be mixed, yielding a mixture at condition 2. 

W, = 1 lb 

. -  

fCf1 = 0.015 

T, t 1 = 3600' R 
I f  

Wd = 0.05 lb air 

T d J t J  1 = 1800O R 

To find: 

Method: 

A heat-balance equation f o r  the mixing process m~ty be  writ ten 
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or, rearranging and dividing by .the t o t a i  weight, 

ht ,2  - wa + *c 
- Wchc,t.2 ,+ Wdhd,t,2 - Wchc, t , l  + Wdhd,t,l - 

wd + wc 

= 968.21 + ($-@ (9425 .Z] 

= 1107 .SO €!tu/( lb codmation  gases) 

ha > >  = 449.71 Btu/( l b  air)  ( t a b l e  1, ref. 5 )  

= 1076.18 Btu/( Ib mixture) 1 
The f u e l - a i r   r a t i o  of the final mixture 

- - (0.015)(1) 
(1) + (1.015)(0.05) 

The temperature Tt,2 may now be found in the 68me manner as i n  
example 3. The f i rs t  approxiwtion of temperature Ti ,  ia 3960° R 
( t a b l e  I1 at h.2) . . . . . . .  . .  . .. . - . . .. -. . .. . .- 

- - (1.01428) (10713.6) 
1 + (0.01428)(13.C197) [I. - (0.00025)(3960>(0.01428)] I 

= 9174.9 Btu/lb J 
( eq. (B4) j t ab l e  11) 
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. 

f2  
%,t,2 = ht,z - 1 + f 2  *Jl,t,2 I 

= 947.01  Btu/( lb  air) 

T" = 3529' R 
t, 2 

(table II) 

Verification Of this result using equation ( U O )  i nd ica t e s   t he  tempera- 
ture i s  correct within 0.5O R. 

The gas  constant R2 for t he  f in&l mixture is 

329 -92f 2 % = 53.342 + 1 + f2 

= 53.342 1.01428 (329.92) 

= 57.987 f t - lb / (  lb) (OR) 

The function CP is  t, 2 

'a, t, 2 

Q, = 14.2728 at Tt,, 

= 1..09579 at T 
t, 2 

9 ,  

Qt, 2 = 1.09579 + 0'01428 1.01428 (14.2728) 

= 1.2967 Btu/ (  1% mixture) (OR) 

\ 
5. Calculation of C r i t i c a l  Velocity f o r  a Mixture of Combustion Gases 

The critical veloci ty  for a mixture of co&ustion gases i s  found as 
f ol1ows. 
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Given: 

NACA RM E%03 t 

Tt =--3529O R 

f = 0.01428 . . .. . - . . . . - . . . . " 

R = 57.987 f t - lb/( lb)(OR)  (see examp-) 

To find: 

Method: 

(ea. 3.4, ref. 8; 
symbols changed 

to- correspond t o  
." 

those 

cp -= 0.2980 + 1.01428 01428 ( 3.504) I 
= 0.3473 B~x/(  lb) (OR) 1 
Y =+ 

cp-J 

=0.3473-(:3898176) 
0.3473 

= 1.273 

- - $(1*273) (32.174)  (57.987} (3529) 
2.273 

= 2716 ft/sec I 

used herein) 
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D 
U 

3 
b( 

6.  Expansion in a Nozzle 

The exit s ta t ic  temperature,  velocity, and throat area for  the  expan- 
sion of a mixture of combustion gaaes in an ideal nozzle will be evaluated. 

Given: 

Tt = 2500° R 

Pt,  1 = 2116.22 lb/sq ft 

f = 0 .Ol428 

To find: 

*BY 2 

v2 

A,, 

A t  teqerature Tt,l, 

%, t, 1 = 0.99497 Btu/( la) (OR) ( t ab le  1, re f .  5) 

%, t, 1 = 13.1455 B k / (  lb) (OR) ( t ab le  I) 

- 
%,l - %,t,l + * %,t,l 

= 1. BO05 Btu/ (  Lb) (OR) J 
For L d e a l  expansion in a nozzle, 

= 1.18005 + mln(&) 1 (eq. ( 13) ) 

= 0 -95681 Btu/( lb gas) (OR) I 
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The f iret approximation 
equation (7) : 

L- 
. ." . 

L 

. for temperature T,,z may be obtained by u e i q  

(1 + f)cPe,2 - 3.5307 f 
S, 2 1 + 10.663 f - I 

- - (1.01428)(0.95681) - 3.5307(0.01428) (eq. (7)) 1 + 10.663(0.01428) 
E 0.79847 Btu/( lb air) (OR) 

TA12 p: U 1 O o  E 
. .. . 

(table 1, ref. 5) 

" 

U s i n g  the steps on page 7 of the AF'PLICATIOIP OF TABLES for the succeeding 
approximations, 

. . -. 

= 0.79779 Btu/ (  lb air) (OR) 

Ts, 2 = Ti,2 = L207O R a t  9: (table 1, ref.  5) 
f f  - 

. .. 

Further sppmximations m e  unnecessary, as the same tempratwe TZ 
would result. 

. .  

Calculate V2 f r o m  

h = 645 -78 + * *01$28 (5809.4) 1 (eq. ( A I O )  ; t ab le  
t, 1 1, ref'. 5; table 

hs,2 = 293.09 + 0*01428 1.01428 (2456 -0) (eq. ( AlO) ; table 
1, ref. 5; tab le  c 
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v2 = dzgJ(1.t’ 1 - he, 2) 

= J22t32.174) (778.16)  (727.57 - 327.67) 

= $475 ft/sec 

The ideal nozzle throat area required t o  pass 1 pod of a i r  per 
second (assuming constant y from the  inlet   total   state to the throat) is 

, 

. qC ’ = 3.011 Btu/( lb) (OR) a t  T t , l  table I) (es. (A=); 
P’ 

1 = 0.2863 + ( 3 .Oll) 1.01428 

A, = 

= 0.32869 Btu/( lb) (OR) J 

0.32869 ‘o.,,,,,) 
= 1.2932 J 

1 
2932 + 1 

A,, = 0.04763 ( sq f t )  ( sec)/lb 
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DERIVATION OF TABLES I AND 11, COMBUSTION-GAS VALUES OF qh, 

OF HYDROGEN WITH AIR 

Physical  Relatians 

The following  composition of air on 8 volume basis was chosen i n  
reference 5 and was.:assWed herein as w e l l :  

Oxygen 0.209 9 
Nitrogen .7803 
Argon ,009 8 

I. moo 

The following atomic weights were also taken from reference 5: 

Oxygen 16.000 
Nitrogen 14.008 
Argon 39.950 
Eydrogen 1.0080 

Complete combustion of f pounds of hydrogen with 1 pound of air 
results i n  t h e  following  relation: 

f 
2.016 ?. 28.9692 (0.2099 O2 + 0.7803 N2 + 0.0098 A)- 

2. i16 (Hz0 - $-.02) + 28...i692 (0.2099 02 + 0.7803 N2 + 0.0098 A} 
( a  

The stoichiometric  fuel-& ratio is 0.02921. 

In order t o  simplify  the  determination of mixture character is t ics  
t ha t  follows, the cmibustion  products w e r e  considered t o  be a m i x t u r e  ofL 
two gases  a and b, where gas a is  a i r  and gas b is the  hypothetical 

gas (Hz0 - 02). One pqmd. of gas b .is . , -  

tP c. 
U. 
hI 

. 

L 
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For a mixture of these two gases, 

WaCp,a + %%,b 
c p =  w a + w ,  

which can be  modified to read 

where 

Similarly, 

For 

W a = I  a;nd h = f  

21 
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f h .=. ha + - I + f $ h  

f cp=cpa+- 1 + f * g  

For the  universal  gas constant E on page 201 of reference-5 and t h e  
value of  Ra on page 202, 

- 
R b = - =  % 4.032 1545' 32 = 383.26. Tt-lb/ (lb) (41) 

WR = 383.26 - 53.342 = 329.92 ft- lb/(lb)(%) (A141 

where the  average  molecular  weight of gas b is  4.032 (1/2 mole having 
EL weight of 2.016 l b )  . I 

Computations 4 .  

The properties qhJ qg, and f were determined Prom the tabular cp . -. 

values in reference 5 and equations (A8).  These values were computed. a t  
20' i n t e rva l s   i n .  temperature and then  quadratically  interpolated t o  lo 
in te rva ls   for  qh and qg and t o  5' in tervals  for Both epecific 
heat  for air cp, a and a were also computed f o r  5' intervals i n  tem- 
perature, where 

cP 
- 

which can be rewrit ten aa 



1 

The temperature  intervals  for  tabulation were established by: emgloy- 
ing the following  criterion:  For  both convenience  and  accuracy, d i rec t  
use of the  tabulax values without  interpolation  should  permit  computation 
of both h and rp with an  error  corresponding t o  B temperature change 
of no greater than 0.5O. Use of the   re la t ion  

permits  reducing  equation (AIO) to 

The se lec ted   c r i te r ion   for   sa t i s fac tory  computation of h is satisfied 
if enthalpy h is  determined at a terqperature corresponding t o  t h e  
nearest  integer. Because the tabulations of enthalpy  for air h, in 
table I of reference 5 aqd i ts  d e n s i o n  in  table I1 herein are f o r  1' 
i n t e rva l s   i n  temgerature, this requirement is automatically  fulfi l led,  
and the first term on the  right side of equation ( U S )  may be set equal 
t o  zero.  Equation (Al6) c m   t h e n  be rewrit ten as 

. e 

A where ,  according t o  the se lec ted   c r i te r ion   for   sa t i s fac tory   e r ror  in h, 
5 1.0. From equation ( ~ 7 )  and the   def ini t ion of CD, 

Because dT becomes smaller RS f and CD increase, the  most extreme 

conditions  occur at high  temperature  and fuel-air ra t io .  The value of 
greatest dT for a temperature of 4400' R and stoichiometric  fuel-air 

*h 
r a t i o  (0.02921) is 2.8'. A temperature  interval of 1' is thus satisfac- 
tory  for   tabulat ion of $he 

*h 

U s e  of the   re la t ion  
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In  a fashion directly paralleling  that f o r .  equation (Al6), equation (Al9) 
can be reduced to a form like. that of equation {AlB), namely, 

This relation is  satisfied by tabulating qq f o r  each lo R. 

An interval of 5O R was.a%itrmily  selected f o r  tabulation of each 
of the factors 0, c ~ , ~ ,  and $%. 

.... . 
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DERIVATION OF EWATION FOR DETEEMINING T FROM h AND f 

Assume that the  derivatives d$ddT and WdT me  constant f'ram 
T t o  T', tha t  is, 

and 

- *h a$h 
T ' - T  dT 

= -  

Division of equation (B2) by (Bl) yield8 

- 
Use of the  definit ion of qh in  equation (A8) permits  reducing th i s  
expression t o  

dhb *a 
% - *h dT dT 
hB - ha ah, 

dT 

"- - - 
- 

Conibination of this  expression  with  equations (A101 and ( A l l )  f ie lds  

. Because of the approximate nature of equations (BI) and (BZ), equation 
(B3) yields only approximate results. I n  order t o  obta in   be t te r   resu l t s  
'than those  obtainable f r o m  equation (B3), the   re la t ion  w8.6 adgusted to 

* produce 
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where $ is  an e q i r i c a l l y  determined coefficfent.  

An invest igat ion of a su i t ab le  value of p . . r esu l ted  in 

$ = 0.00025 

- " ... 

(B5 1 
IF 
C 
U 
h 
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ENTHALPY FROM TABLES I TO II-r 

The lower heating  value of  hydrogen at 25O C and constant pressure 
is given in reference 9 a8 q = 51571.4 Btu per pound. 

The chemical energy E corresponding to the enthalpy values of a*, 
combustion products, and fuel given in tables  I to I11 m y  be  evaluated 
from the  following heat-balance equation a t  a temperature of 25O C 
(536.69O R) : 

or 

q h = h ; b - h ,  

From equation (A2), 

- 
%20 

432 

= 4255.9 Btu/(lb mole) 

- 
= 3723.0 Btu/(lb mole) 

% = (4255.9 - 3723-0)(&)\ 2 
= 1187.7 BGu/lb 

'#h = 1187.7 - 128.3 
= 1059.4 Btu/lb 

(c2) 

( table  15, ref. 5) 

(table 13, ref. 5) 
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I 

H = 128.3 + 1059.4 + 51571.4 - 1793.7 
(eq- (c1)) 

= 50965.P Btu/(lb fuel) 

. 

. 

. 
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DERIVATION OF TABLE 111, ENTHALPY OF TEE REAL (LAS 

N 
(D 
0 
dt 

PAM-HYDROGEN AT A PRESSURE O F  1 A'INOSPHERF: 

The  two modifications of hydrogen,  para-hydrogen (p-E2) and ortha- - 
hydrogen ( ~ - H z )  have d i f f e r ing   t hem1   p rope r t i e s  a t  low temperatures. 
The enthalpies  and  other  properties of each of the  modifications are 
given in  reference 6. A t  temperatures of 900° R and above, the  equi l ibr i -  
um composition is 75 percent and 25 percent E-%; t h i s  composition 
is r e f e r r e d   t o  as normal hydrogen  (n-HZ). - A t  lower temperatures  the 
equilibrium  percentage of p-H2 increases   unt i l  a t  the  saturat ion t e m -  
perature (36.5' R) the equilibrium  compoeition is 99.80 percent - p-% 
and 0.20 percent - o-HZ (see  table  12, ref. 6).  

The enthalpy of - p-Hz a t  low temperatures is considerably lower than 
t h a t   f o r  - 0-%. For example, the  heat  given  off in the  conversion of n-% 
t o  p-Hz a t  the  saturat ion temperature is 226.8 Btu per pound. Liquid 

hydrogen  produced f o r  we in  a i r c r a f t  w i l l  probably be essent ia l ly  p-Hz, 
because it would otherwise be imprac t i ca l   t o   s to re   t h i s   fue l .  Reference 
10 (ch. IV) indicates  that  the  reconversion of - p-Hz t o  o-Hz is a rela-  
t i ve ly  slow process at the low temperatures (less than  about 620° R )  at 
which there  is  an appreciable difference in   the   en tha lpy  for o-% and 
p H 2 .  Therefore, f o r  all prac t ica l  purposes i n  cycle analysis,   the 
enthalpy  for  pure p H 2  can be used over the   en t i re  range f o r  which gas- 
property  data  are  available. 

- 
t - 

- 
1 

- 
- 

The basic data in  preparing  table 111 were obtained from tab le  4 of 
reference 6, which gives  enthalpy  values f o r  the  ideal  gas p-Hz. In order 
to   obtain  values   for  the r e a l  gas , correction  factors from table  23 of 
reference 6 and  from tab le  6-4 of reference 7 were used.  Although i n  
both  references this ideal-   to  real-gas  enthalpy  correction is f o r  n-Hz, 
the  error  in applying it t o  the  enthalpy  for g-H2 is probably  very small, 
because the  correct- is f o r  an intermolecular  effect, whereas the d i f -  
ference between O - H ~  and p H 2  occurs  within  the  molecule. The values 

- 

- 

- ,. for  the  real-gas  enthalpy of p-Hz obtained for the  temperatures  l isted 
- 

- 
i n  table 4 of reference 6 were quadratically  interpolated a t  temperature 
intervals  of 100 R for table  III. - 
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TABTZ 11. - THERMODYNAMIC PROPERTIE3 OF A I R  AT Low PFXSSLlFlES, AND COMBUSTION-OAS VAIUE3 OF 

-#h, w9, a, c AND #, FOR COMBUSTION OF HYHlOOM HITI1 AIR 
play D 

T, 
9( 

3 0 0 0  
3 0 0 1  
3 0 0 2  
3 0 0 3  
3 0 0 4  

3 0 0 6  
3 0   0 5  

3 0 0 7  
3 0 0 0  
3 0 0 9  

3 0 1 0  
3 0 1 1  
3 0 1 2  
3 0 1 3  
3 0 1 4  

3 0 1 5  
3 0 1 6  

3 0 1 8  
3 0 1 7  

3 0 1 9  

3 0 2 0  
3 0 2 1  
3 0 2 2  

3 0 2 4  
3 0 2 3  

3 0   2 5  

3 0 2 7  
3 0 2 8  
3 0 2 9  

3 0 3 0  

3 0   3 2  
3031 

3 0 3 3  
3 0   3 4  

3 0 3 5  
3 0   3 6  

3 0 3 8  
3 0   3 7  

3 0 3 9  

3 0 4 0  
3 0 4 1  
3 0 4 2  

3 0 4 4  
3 0 4 3  

3 0 2 6  

7 9 0  . 6 8  

7 9 1 . 2 7  
7 9  0 - 9 7  

7 9 1 . 5 6  
7 9 1 . 8 5  

7 9 2 . 1 5  
7 9 2 . 4 4  

7 9 3 . 0 2  
7 9  3 3 2  

7 9 2 . 7 3  

7 9 3 . 6 1  

7 9 4   2 0  
7 9 3 . 9 0  

7 9 4 :   4 9  
7 9 4 .   7 8  

7 9 5 . 0 8  
7 9 5 .   3 7  
7 9 5 .   6 6  
7 9 5 . 9 5  
7 9 6 .   2 5  

7 9 6 .  5 4  
7 9 6 .  8 3  
7 9 7 .  1 3  
7 9 7 ;  4 2  
7 9 7 .  71 

7 9 8 -  0 0  

7 9 8 .   5 9  
7 9 8 .   8 8  
7 9 9 . 1 8  

7 9 9 . 4 7  
7 9 9 .   7 6  

8 0 0 .  3 5  
8 0 0 . 0 6  

6 0 0 .  6 5  

7 9 8 -   3 0  

8 0 0 .  9 4  
8 0 1 .  2 4  
8 0 1 . 5 3  
8 0 1 .  8 2  
8 0 2 . 1 2  

8 0 2 .   4 1  
8 0 2 . 7 0  
8 0 3 .  0 0  
8 0 3 .   2 9  
8 0 3 .  5 8  

0 0 3 .  8 7  
8 0 4 .  1 7  
8 0 4 .  4 6  
0 0 4 .  7 5  
8 0 5 -  0 5  

1 . 0 4 7 7 9  
1 . 0 4 7 0 9  
1 . 0 4 7 9 9  
1 . 0 4 8 0 9  
I . 0 4 0 1 8  

1 . 0 4 8 3 8  
I . 0 4 8 2 0  

1 . 0 4 8 4 8  
1 . 0 4 8 5 7  
1 . 0 4 6 6 7  

1 . 0 4 8 7 7  
1 . 0 4 8 8 7  
1 0 4 8 9 6  
11 0 4 9 0 6  
1 - 0 4 9 1 6  

1 -  0 4 9 2 6  
1 . 0 4 9 3 5  
1 . 0 4 9 4 5  
1 . 0 4 9 5 5  
1 .  0 4 9 6 4  

1. 0 4 9 7 4  

1. 0 4 9 9 3  
1. 0 5 0 0 3  
1. 0 5 0 1 3  

1 . 0 4 9 8 4  

1 .  0 5 0 2 3  
1 .  O S 0 3 2  
1. 0 5 0 4 2  
1.  0 5 0 5 2  
1- 0 5 0 6 1  

1 . 0 5 0 7 1  

1 . 0 5 0 9 0  
1 . 0 5 0 8 1  

1- 0 5 1 0 0  
1 - 0 5 1 1 0  

1 . 0 5 1 2 0  

3.- 0 5 1 3 9  
1 .  0 5 1 2 9  

1 - 0 5 1 5 8  
3.. 0 5 1 4 9  

I- 0 5 1 6 8  

1. 0 5 1 9 7  
i. 0 5 1 8 7  

1. 0 5 2   0 7  

1 - 0 5 1 7 8  

I. 0 5 2 1 6  
I -  0 5 2 2 6  
1. 0 5 2 3 5  
1. 0 5 2 4 5  
3.. 0 5 2 5 4  

7 3 8 2   . 6  
7 3  8 5 - 9  
7 3 8 9   - 2  
7 3 9 2  - 4  
7 3 9  5 -7 

7 3 9 9  - 0  
7 4 0 2  .3 
7 4 0 5  -6 
7 4 0 R  .8  
7 4 1 2  .l 

7 4 1 5 . 4  
7 4 1 8   . 7  
7 4 2 1 . 9  

7 4 2 8   - 5  
7 4 2 5   . 2  

7 4 3 1  .e  
7 4 3 5  .1 
7 4 3 0  . 4  
7 4 4 1   - 6  
7 4 4 4   - 9  

7 4 4 8   . 2  
7 4 5 1   - 5  
7 4 5 4 . 0  
7 4 5 8  .1 
7 4 6 1   - 3  

1 4 6 4   - 6  
7 4 6 7  - 9  
7 4 7 1 . 2  
7 4 7 4 . 5  
7 4 7 7  . a  
7 4 8 1  -3. 
7 4 8 4  . 4  
7 4 0 7   . 7  

7 4 9 4 . 2  
7 4 9 0   - 9  

7 4 9 7 . 5  
7 5 0 0  . 8  
7 5 0 4  -1 
7 5 0 7  . 4  
7 5 1 0   . 7  

7 5 1 4  . O  

7 5 2 0   - 6  
7 5 1 7  - 5  

7 5 2 3   . 9  
7 5 8 7   . 2  

7 5 3 0  . S  
7 5 3 3  . 8  
7 5 3 7  .l 
7 5 4 0 . 4  
7 5 4 3  .7 

1 3 . 7 2 0 6  

1 3 . 7 2 2 8  
1 3 . 7 2 1 7  

1 3 . 7 2 3 9  
1 3 . 7 2 5 0  

1 3 . 7 a 6 0  
1 3 . 7 2 7 1  
1 3 . 7 2 8 2  
1 3 . 7 2 9 3  
1 3 ;   7 3 0 4  

1 3 .   7 3 1 4  
1 3 . 7 3 2 5  
1 3 . 7 3 3 6  
1 3 .   7 3 4 7  
1 3 .   7 3 5 8  

1 3 -   7 3 6 8  

1 3 .   7 3 9 0  
1 3 .   7 3 7 9  

13. 7 4 0 1  
1 3 .   7 4 1 2  

1 3 .   7 4 2 2  
13. 7 4   3 3  
1 3 .   7 4 4 4  
1 3 . 7 4 5 5  
1 3 .   7 4 6 5  

1 3 .  7 4 7 6  
1 3 .  7 4 8 7  
1 3 .  7 4 9 8  
1 3 .  7 5 0 9  
1 3 ;  7 5 1 9  

1 3 -   7 5 3 0  
1 3 . 7 5 4 1  
1 3 .   7 5 5 2  

1 3 -   7 5 7 3  
1 3 -   7 5 6 3  

1 3 . 7 5 8 4  
1 3 . 7 5 9 5  
1 3 . 7 6 0 6  

1 3 .   7 6 2 0  
1 3 .  7 6 1 7  

1 3 .   7 6 3 9  
1 3 .   7 6 5 0  
1 3 .  7 6 6 0  
1 3 .   7 6 7 1  
1 3 . 7 6 8 2  

1 3 . 7 6 9 3  
1 3 .   7 7 0 4  
1 3 - 7 7 1 s  
1 3 ;  7 7 3 6  
1 3 . 7 7 3 7  

a 

1 9 . 2 0 3  

1 2 .   2 0 9  

1 2 .   2 1 5  

1 2 . 2 2 1  

1 2 .   2 a 6  

1 2 .   2 3 2  

1 2 .   2 3 8  

1 2 .   2 4 4  

1 2 .   2 5 0  

1 2 .   2 5 6  

1 .2929 

- 2 9 2 9  

- 2 9  3 0 

- 2 9  3 0 

- 8 9 3 1  

. a 9 3 1  

- 2 9 3 2  

.2 9 3 2 

.2  9  3  3 

-2  9 3 4 

57 

3 . 2 8 1  

3 . 2 8 3  

3 . 2 8 6  

3 . 2 8 8  

3 . 2 9 0  

3 . 2 9 3  

3 - 2 9 5  

3 . 2 9 7  

3 . 3 0 0  

3 . 3 0 2  
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305 0 
3051 
305 2 
3053 
3054 

3055 

305 
3058 
3059 

3060 
3061 
3068 
3063 
3064 

3065 
5066 
3067 
3068 
3069 

3070 
3071 
3072 
3073 
3074 

3075 

3077 
3076 

3078 
3079 

5 0 8 0  
3081 
3082 

3084 
3083 

3085 
3086 
3087 
3088 
3089 

3090 
3091 

3095 
3094 

3095 
3096 

3 098 
3097 

3099 

3054 

3092 

805.34-~ 1.05264 
805.  63 1.05273 
8 0 5 . 9 3  1.053383 

806.52 1.05302 

806.81 1.05311 

807.40 i.05330 
807.69 1.05340 
807.99 1.05349 

808,28 1.05359 
808. 57 1 .OS369 
8 0 8  - 8 7  1.05378 

809.46  1.05397 

806.28 I. 05892 

807. I O  I .  05381 

809.16 1 .a5388 

810.05 l.054lb 
809.75 1.0540 

810.34 1.05426 
810.63 1.05436 
810.93 1.05445 

811.22 1.05455 
811. 51 1.05465 
811.81 I * 05474 
812.10 I 1.05484 
812.39 1 .os494 I 
812.68 1.05503 
812.98 1.05512 
813.87 1 . 0 5 5 2 8  
813.56 1.05533 
813. 86 1.05541 

814.15 I. 06552 
814.44 1 .OS561 
814  .74 1 .OS570 
815.03 1 .OS560 
815.35 I. os589 

815.63 1.05599 
815.91 1.05608 
816.21 1.05618 
816.50 1 .OS627 
8 16.  80 1.05637 

817. 0 9  1.05646 
817 38 1 05656 
817'  66 1'05665 
817:  97 . .  1 :OS675 
818.27 1 .a5684 

818.56 1 - 0 5 6 9 4  
818.85 1 05703 
819.15 1: 0571s 
819.44 I. 0 5 7 3 2  
819.74 1.05752 

I I 

= 3oOo0 to 4-O RJ 

75513.3 13.  7759 

7s6o.a 13. 7792 

7553 .6 13. 7770 
7556.9 13. 7781 

7563.5 13.  7803 
7866.8 13. 7814 
7570.1 13.7825 

7576 - 7  13. 7847 
7573 .4 13. 7836 

7580 . O  13. 7858 
7583.5 13. 7869 
7586 . 6  1 5 .  7880 

7593 .2 13. 7903 
7589 .9 13. 7892 

7596 .5 13. 1914 
7599 . 8  1s. 7925 
7603 .I IS. 1937 
7606 . 4  13. 7948 
7609.7 13.  7959 I 
7613 . O  15.7970 
7616 .3 13.7981 
7619 .6 13. 7992 
7622.9 15.  8003 
7626.2 13. 8 0 1 4  

7689 .5 13. 8025 
7632 .9 13. 8036 

763.9 .5 13. 8057 
7636 . 2  13. 8047 

7646 .l 13. 8079 
7649 .4 13. 8089 
7652 .7 13. 8100 
7656 - 0  13. 8110 
7659 i4 13;  8121 I 
7662.7 13. 0131 

7669 - 3  13. 8152 
7672 -6 13. 8162 
7675 .9 15. 8173 

7682 .6 13. 8194 
7679 .2 13. 8 1 8 3  

7666 . o  15 .  8 1 4 2  

7685.9 1 s .  a 2 0 4  
7689.2 IS. 82x5 
7692 . 5  13.  8225 

7695 . 8  15.  8a36 
7699 .2 13. 8a.46 

7705.8 13.  8261 
7702 .5 13. ea57 

! 
" 

1 
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(u 
ED 

3 1 0 3  
3 1 0 4  

3 1 0 6  
3 1 0 5  

3 1   0 7  
3108 
3 1 0 9  

3 1 1 0  
3 1 1 1  
3 1 1 2  
3 1 1 3  
3 1 1 4  

3 1 1 5  
3 1 1 6  
3 1 1 7  
3 1 1 8  
3 1 1 9  

3 1 2 0  
3 1 2 1  
3 1 2 2  
3 1 2 3  
3 1 2 4  

3 1 2 5  
3 1 2 6  
3 1 2 7  
3 1 2 8  
3 1 2 9  

3 1 3 0  

3 1 3 2  
3 1 3 1  

3 1 3 3  
3 1 3 4  

3 1 3 5  
3 1 3 6  
3 1 3 7  
3 1 3 8  
3 1 3 9  

3 1 4 0  
3 1 4 1  
3 1 4 2  

3 1 4 4  
5 1 4 3  

3 1 4 5  
3 1 4 6  
3 1 4 7  
3 1 4 8  
3 1 4 9  

8 2 0 . 0 3  

8 2 0   . 9 1  
8 2 1 . 2 1  

8 2 1 . 5 0  
8 2 1 . 7 9  
8 2 2   . 0 9  
8 2 2  . 3 8  
8 8 2   . 6 8  

8 3 8  : 2; 

8 2 2   . 9 7  
8 2 3   . 2 6  
8 2 3   - 5 6  
8 2 3   - 8 5  
8 2 4  i14 

8 2 4  . 4 4  

8 2 5   - 0 3  
8 2 4   - 7 3  

8 2 5   . 3 2  
8 2 5   - 6 2  

8 8 5   . 9 1  
8 2 6  - 2 1  
8 2 6  . 5 0  
8 2 6  .80 
8 2 7  . 0 9  

8 2 7 . 3 9  
8 2 7 . 6 8  
8 2 7   - 9  8 
8 2 8 . 2 7  
8 2 8   - 5 7  

8 2 8   - 8 6  
8 2 9 . 1 5  
8 2 9 . 4 5  
8 2 9   . 7 4  
8 3 0 . 0 3  

8 3 0   - 3 3  
8 3 0 . 6 8  
8 3 0 . 9 2  
8 3 1   - 2 1  
8 3 1 . 5 1  

8 3 1 . 8 0  
8 3 2  -10 
8 3 2   . 3 9  

8 3 2   - 9 8  

8 3 3  28 

a 3 2   - 6 9  

8 3 3  :57 
8 3 3 . 8 7  
8 3 4   . I 6  
8 3 4  . 4 6  

1 . O S 7 4 1  

$ :%E2 
1 . 0 5 7 7 0  
1 . 0 5 7 7 9  

1 . 0 5 7 8 9  
1 . 0 5 7 9 8  
1 - 0 5 8 0 8  
1 . 0 5 8 1 7  
1 . 0 5 8 2 7  

1 . 0 5 8 3 6  
1 . 0 5 8 4 5  
1 . 0 5 8 5 5  
1 . 0 5 8 6 4  
1 - 0 5 8 7 3  

1 . 0 5 8 8 3  

1 ' 0 5 9 0 2  
1 0 5 8 9 2  

1 : 0 5 9 1 1  
1 . 0 5 9 2 1  

1 . 0 5 9 3 0  
1 - 0 5 9 4 0  

1 . 0 5 9 5 9  
1 . 0 5 9 4 9  

1 . 0 5 9 6 8  

1 . 0 5 9 8 7  
1 . 0 5 9 7 8  

1 . 0 5 9 9 7  

1 - 0 6 0 1 6  
1 . 0 6 0 0 6  

1 . 0 6 0 2 5  
1 - 0 6 0 3 4  
1 . 0 6 0 4 4  
1 . 0 6 0 5 3  
1 . 0 6 0   6 3  

1 . 0 6 0 7 2  
1 . 0 6 0 8 2  
1 . 0 6 0 9 1  

1 . 0 6 1 1 0  
1 . 0 6 1 0 0  

i . 0 6 1 2 8  
1 . 0 6 1 3 8  
1 . 0 6 1 4 7  
1 . 0 6 1 5 6  

1 . 0 6 1 6 6  
1 . 0 6 1 7 5  
I . 0 6 1 8 4  
1 . 0 6 1 9 3  
1 . 0 6 2 0 3  

*ha 
B t u / l b  

7 7 1 2 . 4  
7 7 1 5 . 8  
7 7 1 9 . 1  
7 7 2 2 . 4  
7 7 2 5 . 7  

7 7 3 2 . 4  
7 7 2 9 . 1  

7 7 3 5 . 7  
7 7 3 9  .l 
7 7 4 2 . 4  

7 7 4   5 . 7  
7 7 4 9  . o  
7 7 5 2   - 4  

7 7 5 9  . o  
7 7 5 5  - 7  

7 7 6 2   . 4  
7 7 6 5   . 7  
7 7 6 9  . O  

7 7 7 5 . 7  
7 7 7 2   . 3  

7 7 7 9  .o 
7 7 8 2   . 3  

7 7 8 9  .o 
7 7 8 5  .7 

7 7 9 2   . 3  

7 7 9 5  .7 
7 7 9 9  .o 
7 8 0 5 . 6  
7 8 0 2   - 3  

7 8 0 9 . 0  

7 8 2 2 . 3  

7 8 1 9  0 
7 8 1 5   - 6  

7 8 2 2   ' 3  
7 8 2 5  16 

7 8 2 9  0 
7 8 3 2  ' 3  
7 8 3 5   ' 7  
7 8 3 9  ' 0  
7 8 4 2  13 

7 8 4  5 . 7  

7 8 5 2  -3 
7 8 4 9  .O 

7 8 5 6   - 7  
7 8 5 9  .o  
7 8 6 2  - 4  
7 8 6 5   . 7  
7 8 6 9  .1 
7 8 7 2   - 4  
7 8 7 5  .? 

1 3 . 8 2 8 8  
1 3   - 8 2 9 9  
1 3 . 8 3 0 9  
1 3 . 8 3 2 0  
1 3  . a 3 3 0  

1 3 . 8 3 5 1  
1 3 . 8 3 4 1  

1 3 . 8 3 6 2  

1 3 . 8 3 8 3  
1 3 , 8 3 7 8  

1 3 . 8 3 9 3  
1 3  6 4 0 4  
1 3 . 8 4 1 5  
1 3 : 8 4 2 5  
1 3 . 8 4 3 6  

1 3 ' 8 4 5 7  
1 3   8 4 4 7  

1 3 1 8 4 6 8  

1 3 : 8 4 8 9  
1 3   8 4 7 9  

1 3 . 8 5 0 0  

1 3 . 8 5 2 2  
1 3 . 8 5 1 1  

1 3 . 8 5 3 3  
1 3 . 8 5 4 3  

1 3 . ~ 5 5 4  
1 3 . 8 5 6 5  

1 3 . 8 5 8 7  
1 3 . 8 5 7 6  

1 3 . 8 5 9 8  

1 3 . 8 6 0 9  
1 3 . 8 6 1 9  
1 3 . 6 6 3 0  
1 3 . 8 6 4 1  
1 3 . 8 6 5 8  

1 3 . 8 6 6 3  
1 3   8 6 7 4  
1 3 :  8 6 8 4  
1 3 . 8 6 9 5  
1 3 . 8 7 0 6  

1 3 . 8 7 1 7  
1 3   8 7 2 7  
1 3 ' 8 7 3 8  
1 3 :   8 7 4 9  
1 3 . 8 7 6 0  

1 3 . 8 7 7 0  
i3:siai 
1 3 . 8 7 9 3  
1 3 . 8 6 0 2  
1 3 . 8 8 1 3  

m 

1 2  ..319 

1 2 . 3 2 5  

1 2   3 3 1  

1 2  - 3 3 7  

1 2 . 3 4 3  

1 2 . 3 4 9  

1 2 . 3 5 4  

L 2   - 3 6 0  

1 2   . 3 6 6  

1 2   - 3 7 2  

3 .2940  

. 2 9 4 0  

. 2 9 4 1  

- 2 9 4 1  

. 2 9 4 2  

. 2 9 4 2  

. 2 9 4 3  

. a 9 4 3  

- 2 9 4 4  

- 2 9 4 4  

t 
B f d  
CP' 

(Ib)(*, 
3 . 3 2 8  

3 -  3 3 0  

3 . 3 3 2  

3 . 3 3 4  

3 - 3 3 7  

3 . 3 3 9  

3 - 3 4 1  

3 . 3 4 4  

3 .  3 4 6  

3 .   3 4 6  
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T, 
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315 0 
315 1 
3152 

3154 
3153 

3155 
3156 

3158 
3157 

3159 

3160 
3165 

3161. 
3162 

3164 

3165 
3166 

3168 
3167 

3169 

3171 
3170 

3173 
3174 

3175 
3176 
3177 
3178 
3179 

3180 

317a 

3182 
3181 

3183 
3184 

3186 
3185 

3187 
3188 
3109 

3191 
3190 

3192 
3193 
3194 

3195 

3197 
3196 

3198 
3199 

Btu/lb a i r  
ha! 

034  .75 
835.04 
835.34 

835.92 
835.63 

836.22 

836.01 
836.51 

837.10 
837.40 

837.69 
837.99 
830.28- 
0 3 0 .  58 
838.  87 

839.17 

839.76 
a39.46 

840. 35 
046. O S  I 

840.64 
840.94 88:;: 3: 
841.82 

842.12 
642.  41 
842.  71. 
043.00- 
8 4 3 ..34 

~ 4 3 .  e a  

a44.  47 

843.59 

8 44. i 8  

844.76 

845  .b6 
045  -35 
845.65 

846 . 2 4 .  
8 4 5 . 9-4 

846 .53 
- 8 4 6  .83 

047.49 
847 .12 

847  .71 

848 
848 3.Q . 
0 4 8 :  6.0- 
848 ..89 
849 .19 . 

L- - . " 

1.06212 
I . 06.22:l 
1 . 06233 
1.062 40 
I . 06 2.419 
I. 06259 
I .062 68 
1.06277 
1. 0628.6 
I. 06296- 

1.06345 

1.06384 
1.06314 

1.06333 
1.06342 

1.063 2 
I. 06321 
I. 06370 i .  0 6 3 7 9  
1.06349 

1.06398 
1 - 0.6447 
1 - 06417 
1. 06426 
1.06435 

1.06445. 

1.06463 
I. 06454 

1.06472 
1.06482 

1.06491 
1 - 06500. 
1: 065iQ 
1.06519 
1.06528 

I .06530 
I . 0 6 5 4 ?  
1 .Of3556 

1. .06575 
1 .06565 

1 .06584 
1 .06593 
I .06602 
1 .Oh612 
1 .066?1 

I .06630 

1 466;48 -06639 

I :06658- 
1 .066k7 

_ .  . 

. ". . 

*h * 
B tU/lb 

" 

7879.1 
7882. 4 
7885.8 
7889.1 
7892. 5 

789 5. 8 

7902. 5 
7905.8 

" .  

7899.2 

7909. a 
7912 5 
791 5: 9 
7919. 2 
7922. 6 
7925. 9 

7989.3 

7936. 0 
7932. 6 

7939.5 
7942.7 

794.6. 0 
7949.4 
7952. 7 
7956. 1- 
7959.4 

7962. 0 
7966. I 
7969. 5 
7972. 8 
7976. 2 

7982. 9 
7979. 6 

7986 3 
7989: 6 
7993.0 

7996.4 
7999.7 
8OO3.1: 
8006. 4 
8.0 a 9. . 8 

8016. 5 
8013.2 

8023: 2 
8019 9 

8026.6 

8050.0 
8033. 3 
8036.7 
8040.1 
8043 - 4 

t4C 
L 

" 

I .. 

13.  8867 1 ! I 
13.8878 
1 3 .  8888 

13 - agio. 13. a899 

1 3 -  89ao 

13.8931 
13  -89.42 
13.8953 
13 - 0964 
13.8975 

13.8985 
13.6996 

13.9018 
13.9007 

1 3  - 9.0 2 0  

1 3 - 9 Q 3 9  is :4 os 0 
13..9061 
-13. 9071 
13.9083 

13.9093 
13. 9103 

13.9125 
13.9114 

13.  9135 

1 5 .  9-146 
13.9156 
13.9167 
13 - 9178 
13.91as 

13.  9199 
13.9209 
15. 9820 
13. s a 3 a  
23; 9a4i 

17: 926a 
I S .  9251 

13. 9272 
13. 9283 
13.9293 

13.  9303 
13.  9314 
1 3   9 3 8 4  
13:  9335 
13.9345 

.. " 

tp 

r -- - -  tn 0 w 
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TABLE 11. - Continu&. T T l E t M O D Y H M I C  PROPERTIES OF A I R   A T  LOW PRESSURES, AND COMBUSTIONdAS 

VALUES OF th, $9, m, c ~ , ~ ,  AND t, FOR COmUSTION OB KYIPLOQEN WITH AIX 
P 

T, 
OR 

3 2 0 0  

3 2 0 2  
3 2 0 1  

3 2 0 3  
3 3 0 4  

3 3 0 5  

3 8 0 7  
3 3 0 6  

3 2 0 8  
3 2 0 9  

3 2 1 0  
3 2 1 1  
3 2 1 2  

3 2 1 4  
3 2 1 3  

3 2 1 5  
3 2 1 6  
3 2 1 7  
3 2 1 8  
3 2 1 9  

3 2 2 0  
3 2 2 1  
3 2 2 2  
3 2 2 3  
3 2 2 4  

3 2 2 5  

3 2 2 7  
3 2 2 8  
3 2 2 9  

3 2 3 0  
3 2 3 1  
3 2 3 2  
3 2 3 3  
3 2 3 4  

3 2 3 5  
3 2 3 6  
3 2 3 7  
33   38  
3 2 3 9  

3 2 4 0  
3 2 4 1  
3 2 4 2  
3 2 4 3  
3 2 4 4  

3 2 4 5  
3 2 4 6  
3 8 4 7  
3 2 4 8  
3 2 4 9  

3 2 1 6  

Bt+/lb a i r  
ha, 

8 d 9 . 4 8  s 4 9 . i e  
8 5 0 . 0 7  
8 5 0 . 3 7  
8 5 0 . 6 6  

8 5 0 . 9 6  
8 5 1 . 2 5  

8 5 1 . 8 4  
8 5 1 . 5 5  

8 5 2 . 1 4  

8 5 2 -   4 3  
8 5 2 :   7 3  
8 5 3 . 0 2  
8 5 3 . 3 2  
8 5 3 .   6 1  

8 5 4 . 2 0  
8 5 4  ~ 5 0  

8 5 3 . 9 1  

8 5 4 . 7 9  
8 5 5 . 0 9  

8 5 5 . 3 8  
8 5 5  - 6 8  

8 5 6 . 2 7  
8 5 5  - 9 7  

8 5 6 . 5 6  

8 5 6 . 8 6  
8 5 7 . 1 5  
8 5 7 . 4 5  
8 5 7 . 7 4  
8 5 8 . 0 4  

8 5 8 . 3 3  
8 5 8 . 6 2  
8 5 8 . 9 2  
8 5 9  - 2 1  
8 5 9  - 5 1  

8 5 9 . 8 0  
8 6 0 . 1 0  
8 6 0  - 3 9  
8 6 0 . 6 9  
8 6 0 . 9 8  

8 6 1 . 2 8  
8 6 1 . 5 8  
8 6 1 . 8 7  

8 6 2 :  4 7  
8 6 2  1 7  

8 6 2   7 6  
863:OS 
8 6 3 . 3 5  
8.6 3 . 6 5  
8 6 3 . 9 4  

IT - 3000' to 4 ,40 

1 . 0 6 6 7 6  

I. 0 6 6 9 4  
1 . 0 6 6 8 5  

I .  0 6 7 0 4  
1 . 0 6 7 1 3  

1 - 0 6 7 3 2  
1 . 0 6 7 3 1  
1 . 0 6 7 4 0  
1 . 0 6 7 5 0  
I. 0 6 7 5 9  

1 ~ 0 6 7 6 8  i: 0 6 7 7 7  
1 . 0 6 7 8 6  
1. 0 6 7 9 6  
1 . 0 6 8 0 5  

1 . 0 6 8 1 4  
1 I 0 6 8 2 3  
1 . 0 6 8   3 2  i: o 6 8 4 a  
1 . 0 6 8 5 1  

1 - 0 6 8 6 0  
1 - 0 6 8 6 9  
1 - 0 6 8 7 8  
1 - 0 6 8   8 8  
1 * 0 6 8 9 7  

I .  0 6 9 0 6  
2 . 0 6 9 1 5  

1 . 0 6 9 3 4  
1 . 0 6 9 2 5  

1 . 0 6 9 4 3  

I .  0 6 9 5 2  
I. 0 6 9 6 1  
1 . 0 6 9 7 0  
I. 0 6 9 7 9  
1 * 0 6 9 8 8  

1 . 0 6 9 9 8  

1 - 0 7 0 1 6  
I. 0 7 0 0 7  

I i 0 7 0 a 5  
1 . 0 7 0 3 4  

1 . 0 7 0 4 3  

1 . 0 7 0 6 1  
1 . 0 7 0 7 0  
1 . 0 7 0 8 0  

2 . 0 7 0 8 9  

1 . 0 7 1 0 7  
1 . 0 7 0 9 8  

1 . 0 7 1 1 6  

1 . 0 7 0 5 a  

1 . 0 7 1 2 5  

Btu/lb 
*h * 

8 0 4 6 . 8  
8 0 S O  .I 
8 0 5 3  . 5  
8 0 5 6   . 9  
8 0 6 0   . 2  

8 0 6 3  -6 
8 0 6 7  - 0  
8 0 7 0  - 3  
8 0 7 3 . 7  
8 0 7 7 . 1  

8 0 8 0 . 4  
8 0 8 3 . 0  
8 0 8 7 . 2  

8 0 9 3 . 9  
8 0 9 0 . 5  

8 0 9 7 . 3  
8 1 0 0 . 6  
8 1 0 4  . O  
8 1 0 7 . 4  
8 1 1 0 -  8 

8 1 1 4 . 1  
8 1 1 2 . 5  
8 1 2 0 . 9  

8 1 2 7 . 7  

8 1 3 1 . 1  
8 1 3 4  - 4  
8 1 3 7 . 8  
8 1 4 1   - 2  

8 1 3 4 . 3  

0 1 4 4 . 6  

814FI - 0  
8 1 5 1 . 4  
8 1 5 4 . 7  
8 1 5 8  - 1  
8 1 6 1 . 5  

8 1 6 4 . 9  

8 1 7 1 . 7  
8 1 6 8 . 3  

8175-0 
8 1 7 8 . 4  

8 1 8 5 . 2  

" .  - . ~  

8 1 8 1  - 8  

8 1 8 8   - 6  
8 1 9 2  . O  
8 1 9 5  -3 

8 1 9 8   - 7  
8 8 0 2  -1 

8 2 0 8  : 9 
8 2 0 5  5 

8 2 1 2  : 2 

1 3 . 9 3 5 5  
1 3 . 9 3 6 5  
1 3 . 9 3 7 6  
1 3 . 9 3 8 6  
1 3 . 9 3 9 6  

1 3 .   9 4 0 6  
1 3 . 9 4 1 6  
1 3 ~  9 4 2 6  
1 3 :  9 4 3 6  
1 3 .   9 4 4 7  

1 3 .  9 4 5 7  
1 3 .   9 4 6 7  
1 3 .   9 4 7 7  

1 3 . 9 4 9 8  
1 3 .   9 4 8 8  

1 3 . 9 5 0 8  
1 5 . 9 5 1 9  
1 3 .  9 5 2 9  
1 3 .  9 5 3 9  
1 3 . 9 5 5 0  

1 3 . 9 5 6 0  
1 3 .   9 5 7 1  
1 3 .   9 5 8 1  
1 3 -   9 5 9 2  
1 3 ;   9 6 0 3  

1 3 .  9 6 1 3  
1 3 .  9 6 2 4  
1 3 .  9 6 3 5  
1 3 .  9 6 4 5  
1 3 :  9 6 5 6  

1 3 .   9 6 6 6  
1 3 -  9 6 7 7  
1 3 .   9 6 8 8  
1 3   9 6 9 8  
1 3 :   9 7 0 9  

1 3 .  9 7 1 9  
1 3 .  9 7 3 0  
1 3 .  9 7 4 1  
13. 9 7 5 1  
1 3 .  9 7 6 2  

1 3 . 9 7 7 3  
1 3 .   9 7 8 3  
1 3 .   9 7 9 4  
1 3 .   9 8 0 5  
13. 9 8 1 5  

1 3 -   9 8 2 6  
1 3 . 9 8 3 7  
1 3 .   9 8 4 7  
1 3   9 8 5 8  
13. 9 8 6 9  

. - "~ 

m 

1 2 . 4 3 3  

z a  . 4 3 8  

1 2   - 4 4 4  

l a  - 4 4 9  

1 2 . 4 5 4  

1 2 , 4 5 9  

1 2 .   4 6 4  

1 2 . 4 7 0  

1 2 . 4 7 5  

l a .  4 8 0  

0.295 0 

- 2 9 5  0 

- 2 9 5 1  

* 2 9 5  1 

.2 9 5  2 

. a 9 5 2  

- 2  9 5 3 

. 2 9 5 3  

- 2 9 5 4  

- 2 9 5 4  

61 

3. 3 7 8  

3 . 3 7 5  

3 . 3 7 7  

3 . 3 7 9  

3 . 3 8 1  

3.   36 3 

3 . 3 8 5  

3 . 3 8 7  

3 . 3 8 9  

3 . 3 9 a  



62 NACA RM E56G03 

T, 
OR 

385 o 
3251 
3252 
3253 
325 4 

3255 
3256 
3 a 5 7  
3258 
3259 

3260 
3261 
3262 
3263 
3264 

3265 
3266 
3 267 

3269 
3268 

5270 
3271 
3272 

3274 

3275 

3277 

3279 

3200 
3201 

3363 
3202 

3384 

3285 
3286 
3287 
3200 
3289 

3290 
3291 
3a92 
5293 
3294 

3295 

3997 
3296 

3298 
3299 

3373 

3876 

3378 

.666 -01 
065 .?I 
866.30 
866.60 
866.89 

867  19 
867.49 
867.70 

868.37 
868.08 

860.67 
860.97 
869.26 
869.  56 
069.  85 

8 7 0 .  1 5  
070;  45 
070.74 
871 04 
071: 34 

871. 63 
071.  93 
872.22 

072. 01 
072. 52 

073. 11 

073. 70 
673.  99 
874.  29 

874.50 
074. 88 
675. 17 
075. 47 
075.  76 

076. 06 
076. 36 
076. 65 
876. 9 5  
077. 24 

077.  54 
077.  04 

810.43 
078. 13 

070.  72 

873. 4 0  

7""- - L- 

1 07134 
1 :07143 
1 07152 
1'07161 
1:07170 

1.01179 

1.071  97 
1 .a7180 

1.07206 
1 .07215 

1 07242 

1.07261 
1.07251 

1.07970 

+. 07388 .07279 

1.07306 
1.07297 

1.07315 
1.07324 
1 07333 
1: 07342 
1.07351 

1. 07360 
1. 07369 
I. 07376 

1.07396 
1. 07387 

1. 07405 
I. 0741 4 
1.07423 
1 .  07432 
1.07441 

1.07450 

1. 07468 
1.07459 

1.07477' 
1.07486 

I. 07 4 9s 
1.  07504 
1. 07513 i; 07522 
1. 07531 

1. 07540 

1. 07558 
i. 07549 

1.07567 
1. 07576 

rT 30000 to 4 

*h 
Btu/lb 

- 

A- 

8215 . h  
0219 . O  
8232 . 4  
8285.8 
0229 .E 

8232 .6 

6939.3 
8242.7 
8246 .l 

0249.5 
8 2 5 2   - 9  
8 2 5 6   - 3  
8259 . ?  

ea36 . o  

8 2.6 3 - i 
0266.5 
6269 - 9  

8276.6 
8273.9 

a280 . o .  
0983.4 

8997. o 
8~393.6 

8266.6 
8.29 0 - 2 

0300.4 
0303 . 0  
8307 .2 
6310 !6 
0314.0 

8317.4 
8320.8 

8 5 8 7 . 6  
8394.2 

8331.0 

0334.4 
8 337. R 

6344.6 
0341.2 

0 5 4 6 . 0  

8351.4 
8354.9 

8361.7 
8350. 3 

0365.1 

8 3 6 R .  5 
0371. 9 

0378. 7 
6382.1 

13575.3 

i 
" 

L 

13.9079 
3.3 -9090 
13.9900 
13.9911 
15.9928 

13.9943 
13.9953 
13.9964 
13.9975 

13.9985 
1 3  * 9996 
1 4  * 0006 

14.  0027 
14.0017 

1 4 . 0 0 3 0  
14. 0 0 4 8  
1 4 .  0059 
14.0069 
14.0080 

14.0090 

1 4 .  03.11 

14.0132 
14.0122 

1 4  - 0101 

L4.0143 
14.0153 
F4. 0 1 6 4  
14.0174 
1 4 . o i e s  
14.0195 
14.0206 

14.0226 
1 4 . P 2 1 6  

14.0237 

14.0247 

1 4 ;  0260 
14.0257 

14.0388 

1.4. 0299 
14.03 9 

14.0330 
14. 0320 

14. 0340 

1 4 .  a378  

14. 0351 
1 4 .  0361 
1 4 -  0 3 7 8  

14. 0392 
14.058a 

m 

12.489 

la .49c 

14.49€ 

12. 501 

12 . 5 0 €  

12.511 

12. 521 

12.527 

13.532 

247 
(lb) (-1 

0.2955 

.2955 

.a956 

.2956 

.a957 

.2957 

.?958 

.2958 

. a959 

.2959 

JCPJ 

($?& 
3.594 

3.596 

3.398 

5 .  4 0 0  

3. 4 o a  

3.404 

S. 4 0 6  

3. 4 0  B 

5 . 4 1 0  .- 

3 . 4 z a  

.. . 

. .  

" 



NACA RM E56G03 

~ 

3 3 0 0  
3 3 0 1  
3 3 0 2  
3 3 0 3  
3 3 0 4  

3 3 0 5  
3 3 0 6  
3 3 0 7  
3 3 0 8  
3 3 0 9  

3 3 1 0  
3 3 1 1  
3 3 1 2  
3 3 1 3  
3 3 1 4  

3 3 1 5  

3 3 1 7  
3 3 1 6  

3 3 1 8  
3 3 1 9  

3 3 2 1  
3 3 2 0  

3 3 2 8  
3 3 a 3  
3 3 8 4  

3 3 2 5  
3326 
3 3 8 7  

J 3 2 9  
3 3 8 8  

E 3 P  
5 3 3 2  
3 3 3 3  
3 3 3 4  

3 3 5 5  

3'33: 
3 3 3 8  
3 3 3 9  

3 3 4 0  
3 3 4 1  

3 3 4 3  
3 3 4 4  

3 3 4 5  
3 346 
3 347 
3 3 4 8  
3 3 4 9  

3 3 4 a  

Btu/lb alr  
ha 8 

8 7 9 .  o a  
879.32 
879.61 
879.91 
8 8 o . e o  
8 8 0 . 5 0  
8 8 0 . 8 0  

881.39 
8 8 1 . 0 9  

881. 6 8  

881. 9 8  
882. a8 
8 8 3 .  5 7  
882.87 
883. 16 

883. 46 
8 8 3 .   7 6  
884.05 
884.35 
884. 6 4  

8 8 4 . 9 4  
885.  24 
885. 5 3  
885. 83 
886. 1 2  

8 8 6 .  4 8  
886. 7 2  
887. 0 1  
8 8 7 -   3 1  
8 8 7 . 6 0  

887.90 
888.20 
8 8 8 . 4 9  

889.08 
888.79 

8 8 9 . 5 8  
8 8 9 . 6 7  
8 8 9  - 9 7  
8 9 0 :  2 7  
890.56 

8 9 0 - 8 6  
891.16 
891.45 
8 9 1 .   7 5  
8933. 0 5  

8 9 2 .   3 5  
8 9 2 .   6 4  
8 9 2 -   9 4  
8 9 3 .   2 4  
8 9 3 . 5 3  

I. 0 7 5 8 5  
1.07603 
1.07594 

1.07612 
1.07621 

1 ~ 0 7 6 3 0  
1 - 0 7 6 3 9  
1' 0 7 6 4 8  
1' 0 7 6 5 7  1 :  0 7 6 6 6  
1. 0 7 6 7 5  
1 0 7 6 8 4  
1 :  0 7 6 9 3  
1. 0 7 7 0 2  
1. 07711 

1.07780 

1. 0 7 7 3 7  
1. 0 7 7 2 8  

1. 0 7 7 4 6  
1. 0 7 7 5 5  

1. 0 7 7 6 4  

1. 0 7 7 8 2  
1. 0 7 7 7 3  

1. 0 7 8 0 0  
1. 0 7 7 9 1  

1. 0 7 8 0 9  

1- 0 7 8 2 6  
1. 0 7 8 1 7  

1-.07835 
1.07844 

I. 0 7 8 5 3  
1 . 0 7 8 7 1  
1.07862 

1.07880 
1.07889 

I. 0 7 8 9 8  
1 0 7 9 0  
1: 0 7 9 A  
1: 0 7 9 2 4  
I. 0 7 9 3 3  
I. 0 7 9 4 2  
1. 0 7 9 5 1  
1.07960 
1 0 7 9 6 9  
1.07978 

1.07987 
1.07996 
1. 0 8 0 0 4  
1. 0 8 0 1 3  
1.08022 

8385.5 
8388.9 
8 3 9 2 -  3 
8395.7 
8 3 9 9  - 1 
8 4 0 2 -  6 
8406. 0 
8 4 0 9 .  4 
8412.8 
8 4 1 6 . 2  

8 4 1 9 -  6 
8423.0 
8 4 2 6 . 4  
8429.8 
8 4 3 3 -  5 

8436.7 

8443.5 
8 4 4 0 . 1  

8446.9 
8 4 5 0 -  3 

8 4 5 7 . 1  
8453.7 

8460. 6 
8 4 6 4 . 0  
8467. 4 

8 4 7 0  - 8  
8 4 7 4 . 2  
8 4 7 7  .7 

8484.5 
8 4 8 1 . 1  

8 4 8 7 . 9  
8 4 9 1  - 3  
8 4 9 4  -7 
8 4 9 8  .a 
8 5 0 1 .  6 

8 5 0 8 .  4 
8 5 0 5 . 0  

8515.3 
8 5 1 R .  7 

8525.5 
8 522.1 

8529.0 
8532.4 
8 5 3 5 . 8  

8539.2 
8542.7 
8546.1 
8549.5 

8511.9 

8552.9 

1 4  - 0 4 0 3  
1 4 . 0 4 1 4  
1 4 . 0 4 2 4  
14.0435 
1 4 - 0 4 4 5  

1 4  - 0 4 5 6  
1 4 . 0 4 6 7  
14.0 477 
14.0488 
14.0498 

14- 0 5 0 9  

14. OS30 
14. 0 5 1 9  

1 4 . 0 5 4 0  
F 4 .  0 5 5 1  

1 4 . 0 5 6 1  
1 4 . 0 5 7 2  
1 4 . 0 5 8 2  
14.0592 
1 4 . 0 6 0 3  

14. 0 6 2 4  
1 4 .  0 6 1 3  

14. 0 6 3 4  
14. 0 6 4 4  
14. 0 6 5 5  

14. 0 6 6 5  
14. 0 6 7 5  
14. 0 6 8 6  
14 - 0 6 9 6  
1 4  - 0 7 0 6  

14 - 0 7 1 6  

1 4  .0737 
1 4  - 0 7 4 7  
1 4  - 0 7 5 7  

1 4 . 0 7 2 7  

3.4.0778 
1 4 . 0 7 6 8  

1 4  .0798 
z 4   - 0 7 8 8  

1 4 . 0 8 0 8  

14.oaa9 
14.0819 

14.0839 

14.0859 
1 4 . 0 8 4 9  

14. a 8 6 8  
1 4 . 0 8 7 8  
1 4 . 0 8 8 8  
1 4  0 8 9 9  
1 4 ;  0 9 0 9  

m 

1 2 . 5 3 7  

12.542 

1 2 . 5 4 7  

12.553 

12.558 

12. 5 6 3  

l a .  5 6 8  

12.574 

12.579 

].a960 

- 2 9 6 0  

.a960 

- 2 9 6 1  

. a 9 6 1  

. 2 9 6 a  

- 2 9 6 8  

.2963 

.2963 

2 9 6 4  

63 

*c ' 

&A) 
3 - 4 1 5  

5 - 417 

5 - 4 1 9  

3.421 

3 . 4 2 3  

3.  425 

3.427 

3.4a9 

3 . 4 3 1  

3.433 
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T, 
OR 

3 3 6  1 
3 3 5 0  

3 3 5  3 
3 3 5 4  

3 3 5 6  
3 3 5 5  

3 3 5 7  

3 3 5 9  
3 3 5 8  

3 3 6 1  
3 3 6 0  

3 3 6 2  

3 3 6 4  
3 3 6 3  

3 3 6 6  
3 3 6 5  

5 3 6 7  
3 3 6 8  
3 3 6 9  

3 3 7 0  
3 3 7 1  
3 3 7 2  

3 3 7 4  
3 5 7 3  

3 3 7 6  
3 3 7 5  

3 3 7 7  

3 3 7 9  
3 3 7 8  

3 3 6 1  
3 3 8 0  

3 3 8 2  

3 3 8 4  
3 3 0 3  

3 3 8 5  
3 3 8 6  
3 3 8 7  
3 3 8 8  
3 3 8 9  

3 3 9 0  
3 3 9 1  
3 3 9 8  
3 3 9 3  
3 3 9 4  

3 3 9 5  

3 3 5 8  

33994 
3 3 9 8  
3 3 9 9  

Btu/lb air 
ha* 

-8 9 3  . 8 3 
a 9 4  ~ 13 
a 9 4  : 42 
8 9 5 . 0 2  
8 9 4 . 7 2  

8 9 5 . 3 8  
8 9 5 .  6 1  
8 9 5 .  si 
8 9 6 .  5 0  
8 9 6 .  2 1  

8 9 6 .  8 0  
8 9 7 . 1 0  
8 9 7 . 3 9  

8 9 7 . 9 9  
8 9 7 .   6 9  

8 9 8 .  2 9  
8 9 8 .  5 8  
8 9 8 . 8 8  
8 9 9 .  18. 
8 9 9 .   4 7  

8 9 9 . 7 7  
9 0 0 . 0 7  
9 0 0 . 3 6  
9 0 0 . 6 6  
9 0 0 . 9 5  

9 0 1 . 5.5. 
9 0 1 . 2 5  

9 0 1 . 8 4  
9 0 2 . 2 4  
9 0 2 . 4 3  

9 0 3 . 0 3  
9 0 2 .   7 3  

9 0 3  - 32 
9 0 3 . 9 1  
9 0   3 . 6 2  

9 0 4 .  2 1  
9 0 4 . 5 0  
9 0 4 . 8 0  
9 0 5 . 1 0  
9 0 5 .   3 9  

9 0 5 . 6 9  
9 0 5 .   9 9  
9 0 6 .   2 8  

9 0 6 .  8 8  
9 0 6 .  5 8  

9 0 7   4 7  
9 0 1 . 1 7  

9 0 8 . 0 7  
9 0 8 .   3 6  

9 0 7 :   7 7  

1 . 0 8 . 0 3 1  8 5 5 - 6 - - 4  
1 . 0 8 0 4 0 - 1   8 5 5 9 .  R 
1 0 8 0 4 9  8 5 6 3  ; 2  
1 0 8 0 5 7  8 5 6 6 .  6 
1 . 0 8 0 6 6  B570.1 I 
1 . 0 8 0 9 3  8 5 8 0 . 4  
1 . 0 8 1 1 0  8 5 8 7 . 2  
1 . 0 8 1 0 1  8 5 8 3 . 8  I 
1 . 0 ~ 1 2 8   e 5 9 4  .I i . 0 8 1 1 9 :   8 5 9 0  .7 

1 . 0 8 1 3 7  8.597  .5  
1. 0 8 1 4 5 .  8 6 0 1  . O  
1. 0 8 1 5 4 .  8 6 0 4   . 4  

1. 0 8 1 6 3  8 6 0 7  -8 

1. 0 8 1 9 8 .   8 6 2 1   . 6  

1 . 0 8 8 0 7 -  8 6 2 5 . 0  
1 . 0 8 2 1 6 .  8 6 2 8 . 4  
1 . 0 8 2 2 5  8 6 3 1 . 9  
1 . 0 8 2 3 3 .  8 6 3 5 . 3  

- " 

1 . 0 8 2 4 2   8 6 5 8 . 8  

1 . 0 8 3 0 4  8 6 6 2 . 8  
1 . 0 8 3 1 3  8 6 6 6 . 3  

1 . 0 8 3 3 0  8 6 7 3 .  1 
1 . 0 8 3 2 2  8 6 6 9 .  7 

I. 0 8 2 9 5   8 6 5 9 . 4  

1 . 0 8 3 3 9 .  8 6 7 6 .  6 
1 . 0 8 3 4 6  8 6 0 0 .  0 

1 . 0 8 3 6 5  8 6 8 6 .  9 
1 . 0 8 3 5 7 -  8 6 8 3 ,  5 

F .  oa3'1-4 8 6 9 0 .  s 
1 . 0 8 3 8 3  8 6 9 3 .  8 
1 . 0 8 3 9 2  8 6 9 7 .  2 
I. 0 8 4 0 4  8 7 0 0 .  7 

1.08418 8 7 0 7 .  6 
1 . 0 8 4 0 9  8 7 0 4 . 1  

1 0 8 4 2 6  8 7 1 1 .  0 

1 4   - 0 9 5 9  

1 4 . 0 9 8 9  
1 4 . 6 9 9 9  
1 4  : i o 0 9  
1 4 . 1 0 1 9   1 2 .   5 9 9   - 2 9 6 5  
1 . 4 .  1 0 2 9  
1 4 . 1 0 3 9  

1 4 . 1 0 5 9  
1 4 . 1 0 4 9  

1 4 . 1 0 6 9  l a .  6 0 4   . 2 9 6 5  
1 4 . 1 0 8 0  
1 4 . 1 0 9 0  

1 4 . 1 1 1 0  
1 4 . 1 1 0 0  

1 4   . I 1 3 0  
1 4   - 1 1 2 0   1 2   . 6 0 9   . a 9 6 6  

1 4  - 1 1 4 0  
1 4  - 1 1 5 1  
1 4   . 1 1 6 1  

1 4  . 1 1 7 1   1 2 . 6 1 4   . 2 9 6 6  
1 4 . 1 1 8 1  
1 4   . I 1 9 1  
1 4 . 1 2 0 2  
1 4 . 1 2 1 2  

1 4 . 1 2 a a   1 2 . 6 1 9   . a 9 6 7  

1 4 . 1 8 5 4  

1 4 . 1 2 3 3  
1 4 . 1 2 4 3  

1 4 . 1 2 6 4  

1 4 . 1 2 7 5   1 2 . 6 8 4   . 2 9 6 7  
1 4 . 1 2 8 5  
L 4 . 1 2 9 5  

1 4 . 1 3 1 6  
1 4 . 1 3 0 6  

1 4 . 1 3 2 7  1 1 . 2 - 6 2 9 1  

1 4 . 1 3 3 7  
1 4 . 1 3 4 8  
1 4 . 1 3 5 8  

. a 9 6 8  

1 4 . 1 3 6 8  I I 
1 4 . 1 3 7 9  1 1 2 .   6 1 4 1   . a 9 6 8  
1 4 . 1 3 8 9  
1 4 . 1 3 9 9  
1 4 . 1 4 1 0  

I 1 4 . 1 4 2 0  I - ..- .. . . ... .. . - -  . . "_ . . . . . . . . . - . . . 

*c ' P 
(IF%) 
3 . 4 3 5  

3 . 4 3 7  

3 . 4 5 9  

3. 4 4 1  

5 . 4 4 3  

3 . 4 4 5  

3. 4 4 7  

5. 4 4 9  

3. 4 5 1  

3. 4 5 5  

- ." .. . 

+ 
m a. 
N 

.I 

. - . . . . - 

- 
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V 
I 

0 . 
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3 4 0 0  
3 4 0 1  
3 4 0 2  

3 4 0 4  
3 4 0 3  

3 4 0 5  
3 4 0 6  
3 4 0 7  
3 4 0 8  
3 4 0 9  

3 4 1 0  
3 4 1 1  
3 4 1 2  
3 4 1 3  
3 4 1 4  

3 4 1 5  
3 4 1 6  
3 4 1 7  
3 4 1 8  
3 4 1 9  

3 4 2 0  
3 4 2 1  
3 4 2 2  

3 4 2 4  
3 4 2 3  

3 4 2 5  

3 4 2 7  
3 4 2 8  
3 4 2 9  

3 4 3 0  
3 4 3 1  
3 4   3 2  
3 4 3 3  
3 4 3 4  

5 4 5 5  
3 4 3 6  

3 4  38 
3 4   3 7  

34   39  

3 4 4 0  
3 4 4 1  
3 4 4 2  
3 4 4 3  
3 4 4 4  

3 4 4 5  

3 4 4 7  
3 4 4 6  

3 4 4 8  
3 4 4 9  

3 4 a 6  

Btu/lb air 

9 0 8 .  $2 
9 0 8 .  
9 0 9   2 6  
9 0 9 :   5 6  
9 0 9 . 8 5  

9 1 0 . 1 5  
9 1 0 .   4 5  
9 1 0 . 7 5  
9 1 1 . 0 4  
9 1 1 .   3 4  

9 1 1 . 9 4  
9 1 1 .   6 4  

9 1 2 .   2 3  
9 1 8 . 5 3  
9 1 2 .  83 

9 1 3 .  4 8  
9 1 3 .  1 3  

9 1 3 -  7 2  
9 1 4 .  0 2  
9 1 4 .  3 1  

9 1 4 .  6 1  
9 1 4 .  9 1  
9 1 5 .  2 0  

9 1 5 .  8 0  
9 1 5 .  5 0  

9 1 6 .  1 0  
9 1 6 .  3 9  

9 1 6  9 9  
9 1 6 .  6 9  

9 1 7 :   2 8  

9 1 7 .  5 8  
9 1 7 .  8 8  
9 1 8 -  1 7  
9 1 8 .  4 7  
9 1 8 .  ?7 

9 1 9 .  0 7  
9 1 9 .   3 6  

9 1 9 .   9 6  
9 1 9 .  6 6  

9 2 0 .   2 5  

9 2 0 .  5 5  
9 2 0 .  8 5  
9 2 1 .  1 4  
9 2 1 .  4 4  
9 2 1 .  7 4  

9 2 2 .  0 3  

9 2 2 .   6 3  
9 2 2 .   3 3  

9 2 3 .   2 2  
9 8 2 .   9 3  

1 . 0 ~ 4 7 0  
i 0 8 4 7 9  
1 ' 0 8 4 8 8  
1: 0 8 4 9 7  
1 . 0 8 5 0 5  

1 . 0 8 5 1 4  
1 . 0 8 5 2 3  
1 . 0 8 5 3 2  
1-08 5 4 0  
1 . 0 8 5 4 9  

1 0 8 5 6 7  I.: 0 8 5 7 5  
I 0 8 5 8 4  
1: 0 8 5 9 3  

I .  0 8 6 0 2  
I .  0 8 6 1 0  
1 .  0 8 6 1 9  

1: 0 8 6 3 6  

I .  0 8 5 5 8  

1 086a .a  

1. 0 8 6 4 5  
1. 0 8 6 5 4  
I .  0 8 6 6 2  
1. 0 8 6 7 1  
5:  0 8 6 8 0  

1, 0 8 6 8 9  

1' 0 8 7 0 6  
1 0 8 6 9 7  

1. 08 '723  
I: 08715  

1. 0 8 7 3 2  
I 0 8 7 4  
1: 0 8 7 4 8  
1 0 8 7 5 8  
1: 0 8 7 6 6  

1 . 0 8 7 7 5  
1. 0 8 7 8 4  
1. 0 8 7 9 2  

1. 0 8 8 0 9  
1. 0 8 8 0 1  

1.  0 8 8 1 8  
1.  0 8 8 2 7 .  
1. 0 8 8 3 5  
1 0 8 6 4 4  

1 0 8 8 6 1  

1 . 0 8 8 7 8  
1: 0 8 8 7 0  

I. 0 8 8 8 7  
1. 0 8 8 9 5  

8 7 2 8 . 2  
8 7 3 1 . 7  
8 7 3 5 . 1  
8 7 3 8   . 6  
8 7 4 2 . 0  

R74 5 . 5  
8 7 4 8 . 9  

8 7 5 5 . 8  
8 7 5 2 . 4  

8 7 5 9 . 3  

8 7 6 2 . 7  
8 7 6 6 - 2  

8773.1 
8 7 6 9 . 6  

8 7 7 6 . 6  

8780.0 
8 7 8 3 . 5  
8 7 8 6 . 9  
8 7 9 0 . 4  
879 3 .  a 
8 7 9 7 . 3  
8 8 0 0 . 7  
8 8 0 4 . 2  
8 8 0 7 . 6  
8 8 1 1 . 1  

8 8 1 4 .  s 
8 8 1 8 .  0 
8 R 2 1 . 4  
8 8 2 4 . 9  
8 8 2 8 . 4  

8 R 3 1 . 8  
8 8 3 5 .  3 
8 8 3 R .  7 

8 8 4 5 .  6 
8 8 4 2 . 2  

8F149. I 
8 A 5 2 . 6  

8 A 5 9 . 5  
8 ~ 1 5 6 .  o 

8 R 6 2 .  9 

8 R f i A .  4 
8 0 6 9 .  9 
8 8 7 3 . 3  
8 8 7 6 . 8  
8 8 8 0 -  3 

8 8 8 3 . 7  
8 8 8 7 .  2 
8 R 9 0 .  7 

I 4 - 1 4  30 
1 4 . 1 4 4 1  
1 4 . 1 4 5 1  
1 4 . 1 4 6 2  
1 4 . 1 4 7 2  

1 4 . 1 4 8 3  
1 4 . 1 4 9 3  
1 4 . 1 5 0 3  

1 4 . 1 5 2 4  
1 4 . 1 5 1 4  

1 4 . 1 5 3 4  
1 4 . 1 5 4 5  

1 4 . 1 5 6 5  
1 4 . 1 5 5 5  

1 4 . 1 5 7 5  

1 4 , 1 5 8 5  

1 4 -   1 6 0 6  
1 4 . 1 5 9 6  

1 4 .  1 6 1 6  
1 4 . 1 6 2 6  

1 4 . 1 6 3 6  
1 4 . 1 6 4 6  
1 4 . 1 6 5 6  
1 4 . 1 6 6 5  
1 4 . 1 6 7 5  

1 4 .  1 6 8 5  
1 4 . 1 6 9 5  
1 4 .  1 7 0 5  
1 4 .  1 7 1 5  
1 4 .  1 7 2 5  

1 4 :   1 7 3 4  
1 4 . 1 7 4 4  
1 4 . 1 7 5 4  
1 4 . 1 7 6 4  
1 4 . 1 7 7 4  

1 4 .   1 7 9 4  
1 4 .  1 7 8 4  

1 4 .   1 8 1 4  
1 4 .   1 8 0 4  

1 4 .   1 8 2 5  

1 4 . 1 8 3 5  
1 4 . 1 8 4 5  

1 4 . 1 8 6 6  
1 4 . 1 8 5 6  

1 4 . 1 8 7 6  

1 4 . 1 8 8 7  
1 4 . 1 8 9 7  
1 4 .  1 9 0 8  
1 4 -  1918 
1 4 .  1 9 2 6  

m 

1 2 . 6 3 8  

1 2 . 6 4 3  

1 2 . 6 4 8  

1 2 . 6 5 2  

1 2 .   6 5 7  

1 2 .  6 6 2  

1 2 .   6 6 6  

1 2 .   6 7 1  

1 2 .  fi75 

1 2 .  A 8 0  

1.2 96  9 

- 2 9 6 9  

. 2 9 6 9  

. 2 9 7 0  

. a 9 7 0  

. 2 9 7 1  

- 2 9 7 1  

- 2 9 7 2  

- 2 9 7 2  

- 2 9 7 3  

65 

3 . 4 5 5  

3 . 4 5 7  

3 .   4 5 9  

3. . 4 6  1 

3. 4 6 3  

3- 4 6 5  

3. 4 6 7  

3. 4 6 8  

3 .  4 7 0  

3. 4 7 8  
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TABLE 11. - Cmitlnued. ~ O D Y N A M I C  PROPERTIES OF AIR AT M U  PFlRSSURX.3, AND C O W S T I O N - 0 4 3  

3 4 5 0  
3 4 5 1  

3 4 5 3  
3 4 5  2 

3 4 5 4  

3 4 5 5  
3 4 5 6  
3 4 5 7  

3 4 5 9  
3 4 5 8  

3 4 6 0  
3 4 6 1  
3 4 6 2  
3 4 6 3  
3 4 6 4  

3 4 6 5  
3 4 6 6  

3 4 6 8  
3 4   6 7  

3 4 6 9  

3 4 7 0  
3 4 7 1  
3 4 7 2  
3 4 7 3  
3 4 7 4  

3 4 7 5  
3 4 7 6  
3 4 7 7  
3 4 7 8  
3 4 7 9  

3 4 8 0  
3 4 8 1  

3 4 8 3  
3 4 8 4  

3 4 8 5  
3 4 8 6  
3 4 8 7  
3 4 8 8  
3 4 8 9  

3 4 9 0  
3 4 9 1  
3 4 9 2  

3 4 9 4  
3 4 9 3  

3 4 9 6  
3 4 9 5  

3 4 9 7  
3 4 9 8  
3 4 9 9  

3 4 8 2  

Btu/lb air 
ha 

9 2 3 . 5 2  
9 2 3 .   8 2  
9 2 4 . 1 2  
9 2 4 .   4 1  
9 2 4 . 7 1  

9 2 5 . 0 1  

9 2 5 . 6 1  
9 2 5 .   3 1  

9 2 5 .   9 0  
9 2 6 . 2 0  

9 2 6 . 5 0  
9 2 6 .  8 0  
9 2 7 . 1 0  

9 2 7 .   6 9  

9 2 7 . 9 9  
9 2 8 . 2 9  

9 2 8 . 8 8  
9 2 8 . 5 9  

9 2 9 . 1 8  

9 8 9 . 4 8  
9 2 9 . 7 8  

9 8 7 . 4 0  

9 3 0 . 0 7  
9 3 0 . 3 7  
9 3 0 . 6 7  

9 3   0 . 9 7  
9 3 1 . 2 6  
9 3 1  - 5 6  
9 3 1  - 8 6  
9 3 2 . 1 5  

9 3 2 . 4 5  
9 3 2 . 7 5  
9 3 3 . 0 4  
9 3 3 . 3 4  
9 3 3   - 6 4  

9 3 3 . 9 3  
9 3 4 . 2 3  
9 3 4  - 5 3  -~ . . ~ ~  
9 3 4 . 8 3  
9 3 5 . 1 2  

9 3 5 . 4 2  

9 3 6  - 3 1  
9 3 6 . 0 2  
9 3 5 . 7 2  

9 3 6  : 6 1  

9 3 6 . 9 1  
9 3 7   . 2 1  
9 3 7 . 5 1  
9 3 7 . 8 0  
9 3 8  .IO 

1 * 0 8 9 0 4  
1 - 0 8 9 1 3  
I - 0 8 9 2 1  
1 . 0 8 9 3 0  
1 . 08.9  3 8 

1 . 0 8 9 4 7  
1 . 0 0 9 5 6  
1 . 0 8 9 6 4  
1 . 0 8 9 7 3  
1 . 0 8 9 8 1  

1 . 0 8 9 9 0  
1 . 0 8 9 9 9  
1 - 0 9 0 0 7  

1 . 0 9 0 2 4  
1 . 0 9 0 1 6  

1 . 0 9 0 3 3  
1 . 0 9 0 4 2  
1 . 0 9 0 5 a  
1 . 0 9 0 5 9  
1 . 0 9  0 6 7  

1 . 0 9 0 7 6  
I. 0 9 0 8 5  
1 . 0 9 0 9 3  
I .  0 9 1 0 2  
1 . 0 9 1 1 1  

1 . 0 9 1 1 9  
1 0 9 1 2 8  
1 . 0 9 1 3 6  
1 . 0 9 1 4 5  
1 . 0 9 1 5 3  

1 * 0 9 1 6 2  
1 ~ 0 9 1 7 1  
1 . 0 9 1 7 9  
3. , 0 9 1 8 8  
1 - 0 9 1 9 6  

1 . 0 9 2 0 5  
1 0 9 2 1 3  
1 . 0 9 2 2 2  
1 . 0 9 2 3 0  

1 . o 9 a 5 6  
1 . 0 9 2 6 4  
1 . 0 9 2 7 3  
1 . 0 9 2 8 l  

1 . 0 9 2 9 0  
1 . 0 9 2 9 8  
1 . 0 9 3 0 7  
1 . 0 9 3 1 5  
1 . 0 9 3 2 4  

8 9 0 1  1 
8 9 0 4 '  6 
8 9 0 8 '  0 
8 9 1 1 '  5 

~~ 

0 9 1 5 :  0 

8 9 2 1 . 9  
8 9 1 8 .  4 

8 9 2 8 .  8 
8 9 2 5 .  4 

8 9 3 2 .  5 

8 9 3 5 . 8  

8 9 4 2 . 7  
8 9 3 9 . 5  

8 9 4 6 .  2 
8 9 4 9 . 7  

8 9 5 6 . 6  
8 9 5 3 . 1  

8 9 6 0 . 1  
8 9 6 3 . 6  
8 9 6 7 . 0  

8 9 7 0 . 5  

8 9 7 7 . 5  
8 9 7 4 . 0  

8 9 8 0 . 9  
8 9 8 4 . 4  

8 9 8 7 . 9  

8 9 9 4 . 8  
8 9 9 1 , 4  

8 9 9 8 . 3  
9001 - 8  

9 0 0 5 . 3  
9 0 0 8  . 8  
9 0 1 2 . 2  
9 0 1  5 .? 
9 0 1 9   . 2  

9 0 2 2   . 7  
9 0 2 6  . l  
9 0 2 9   - 6  
9 0 3 3 . 1  
9 0 3 6 .  6 

9 0 4 0 . 1  
9 0 4 3   - 5  
9 0 4 7  0 
9 0 5 0 :  5 
9 0 5 4  . O  

9 0 5 7 . 5  
9 0 6 Q .  9 
9 0 6 4  - 4 

9 0 7 1 . .  4 
9 0 6 7 . 9  

1 4 . 1 9 3 s  
1 4 . 1 9 4 5  

1 4 . 1 9 6 s  
1 4 . 1 9 5 9  

1 4 . 1 9 8 C  

1 4 . 1 9 9 C  
1 4  2OOC 
14: 2 0 1 c  
1 4 .  2 0 2 0  
1 4 .  2 0 3 1  

1 4 .  2 0 4 1  

1 4 :   2 0 6 1  
1 4  2 0 5 1  

1 4 .  2 0 7 1  
1 4 ,   2 0 8 1  

1 4 .   2 0 9 1  
1 4 .   2 1 0 0  
1 4 . 2 1 1 0  
1 4 . 2 1 2 0  
1 4 .  2 1 3 0  

1 4 .  8 1 4 0  

1 4 .  2 1 6 0  
1 4 .  2 1 5 0  

1 4  2 1 7 0  
1 4 :  2180 

1 4  2 1 9 0  

1 4 .   8 2 1 0  
1 4 :  2 2 0 0  

1 4 .   2 2 2 9  
1 4 . 2 ~ 1 2 0  

1 4 .  s a 3 9  
1 4 .  2 2 4 9  
1 4 .   2 2 5 9  
1 4 .   2 2 6 8  
1 4 .  2 2 7 8  

1 4 -  2 2 8 8  
1 4 ;  2 2 9 8  
1 4 .  2 3 0 7  
1 4 .  2 3 1 7  
1 4 .  2 3 2 7  

1 4 .  2 3 3 7  

1 4 .  8 3 5 6  
1 4 :  2 3 4 7  

1 4 . 2 3 6 6  
1 4 .   2 3 7 6  

1 4 .  2 3 8 6  
1 4 . 2 3 9 6  
1 4 .  2 4 0 6  
1 4 .  2 4 1 6  
1 4 . 2 4 2 6  

(I) 

1 2 . 6 8 4  

1 2 -   6 8 9  

l a .  6 9 4  

12. 6 9 8  

1 2 ,   7 0 3  

1 2 .   7 0 7  

1 2 . 7 1 2  

1 2 .   7 1 6  

1 2 .   7 8 1  

1 2 .   7 2 6  

2 . 2 9 7 3  

2 9 7 4  

. a 9 7 4  

. 2 9 7 4  

. a 9 7 5  

- 2 9 7 5  

. 2 Y 7 6  

- 2 9 7 7  

. 2 9 7 7  

* C . J  

3 . 4 7 4  

3 . 4 7 6  

5 . 4 7 8  

3. 4 8 0  

3. r 8 a  

3 . 4 8 4  

3 . 4 8 5  

3 . 4 8 7  

3 . 4 8  9 

3 . 4 9 2  
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T 
3 5 0 1  
3 5 0 0  
3 5 0 2  
3 5 0 3  
3 6 0 4  

3 5 0 5  
3 5 0 6  
3 5 0 7  
3 5 0 8  
3 5 0 9  

3 5 1 0  

m t  
3 5 1 3  
3 5 1 4  

3 5 1 5  

3 5 1 7  
3 5 1 6  

3 5 1 8  
3 5 1 9  

3 5 2 0  
3 5 2 1  
3 5 2 2  
3 5 2 3  
3 5 2 4  

3 5 2 5  
3526 
3 5 2 7  
3 5 2 8  
3 5 2 9  

3 5 3 0  
3 5 3 1  
3 5 3 2  
3 5 3 3  
3 5 3 4  

3535 
3536 
3537 
3538 
3539 

3540 
3541 
3542 
3543 
3544 

3545 
5546 
3547 
3548 
3549 

9 3 8 . 4 0  1 . 0 9 3 3 2  
9 3 8   7 0  1 0 9 3 4 1  
9 3 9 1 0 0  1 1 1 0 9 3 4 9  
9 3 9 . 2 9  1.09358 
939.59  1.09366 I 
939.89 1 . 0 9 3 7 5  
940.19 1.09383 
9 4 0  - 4 9  3. - 0 9 3 9 2  
941.08 1 . 0 9 4 0 9  
9 4 0  - 7 8  1 . 0 9 4 0 0  

941.38 
941.68 
941.98 

942.57 I 1.09451 

942. 87 1 . 0 9 4 6 0  

9 4 3  4 7  1 - 0 9 4 7 7  
943.17 1 - 0 9 4 6 8  I 943:76 ::09465 
944.06 1.09494 

944.  36 1.09502 
944.66 1.095li: 
944.96 1 . 0 9 5 1 9  

945.55 1 0 9 5 3 6  
9 4 5 . 2 5  1.09528 

945.85 1.09545 
946.15 1.09553 
9 4 6 .   4 5  1.09562 
9 4 6 . 7 4  1.09570 
9 4 7 . 0 4  1.09579 

9 4 7   3 4  1.09587 
9 4 7 1 6 4  1.09595 

948.23 I. 0 9 6 1 2  
947.94 1 .  0 9 6 0 4  

9 4 8 . 5 3  I. 0 9 6 8 1  

949.13  1.09637 
9 4 8 . 8 3  1.09629 

9 4 9 . 4 3  1.09646 

9 5 0   - 0 2  1.09663 

950.32 1 . 0 9 6 7 1  
9 5 0   - 6 2  1.09679 
9 5 0   - 9 2  1.09688 

9 4 9 . 7 a  I - 0 9 6 5 4  

I. 0 9 7 0 5  
9 5 1 . 8 1  I 1 - 0 9 7 1 3  

Btu/lb 
%* 

9 0 7 4  .9 
9 0 7 8 . 4  
9 0 8 1  . 8  

9088.8 
9 0 8 5 - 3  

9095.8 
9092.3 

9099.3 
9102.8 
9106.5 

9109.7 
9113.2 
9116. 7 
9120.2 
9123. 7 

9127. 2 
9130.7 
9134. 2 
9137. 7 ~~ . 
9141. 2 

9144. r 
9151. 6 
9148. 2 

9 1 5 5 -  1 
9 1 5 8 :   6 .  

9 1 6 2 . 1  
9165.6 
9169. i 
9172.6 
9176.1 

9179. 6 
9 1 8 3 . 1  
9186. 6 
9190.1 
9193. 6 

9 1 9 7 . 1  
9200.6 
9204.1 
9207.6 
9 2 1 1 . 1  

9a18. L 
9814.6 

9228.6 
9225.1 
9221.6 

1 4  .a436 
1 4 . 2 4 4 6  
14.2456 
1 4 . 2 4 6 6  
1 4 . 2 4 7 6  

14.2486 
1 4 . 2 4 9 6  
1 4 . 2 5 0 6  

14.2526 

1 4 . 2 5 3 6  

14.2556 
1.4.2546 

14. 2566 
14. 2 5 7 6  

14.8516 

i4..2687 

1 4 .  2 7 0 8  
1 4 .  2 7 1 8  

1 4 .  a 6 9 7  

1 4 ;  2 7 2 8  

1 4 .  a 7 3 8  
1 4 .  a 7 4 8  

1 4 . 2 7 7 8  

14. 2 7 5 8  
1 4 .   2 7 6 8  

14. 2 7 9 8  
14. 2 8 0 8  
14. 2 8 1 8  
3.4.  2 8 2 8  

1 4 .  2 8 3 8  

1 4 .  2 8 5 8  
14. 2 8 4 8  

1 4 .   2 8 68 
14.  2878 

1 4 -  2 7 8 8  

14.2888 
1 4 . 2 8 9 8  
1 4 . 2 9 0 8  

1 4 .  2 9 2 8  
14. 2 9 1 8  

f 

L 

m 

1 2   - 7 3 0  

l a .  7 3 5  

1 2   - 7 3 9  

1 2 . 7 4 4  

12 - 7 4 9  

1 2 . 7 5 5  

1 2   - 7 5 8  

12.762 

12.767 

1 2 . 7 7 1  

&l,Y 
(lb)(OR) 

).a978 

.a976 

. a 9 7 8  

.a979 

.a979 

- 2 9 8 0  

-2 9 8 0 

.2980 

.e981 

- 2 9 8 1  

67 

*cp. 

B a J  
(lb)(*) 
3.49 3 

3.495 

3 . 4 9 7  

3.498 

3 . 5 0  0 

3 .   5 o a  

3. 5 0 4  

3.506 

3.508 

3.509 
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TABLE 11- --Continued. THERMODYNAMIC PROPERTIES OF BIR AT LOW PREsSuRBs, MID C O ~ U ~ T I O N ~ ~  

vm OF %* m, Cp,as AHD FOR COMBUSTION Op EYDROQM WITH liIR 
P 

[T 3ooo? to 4 m 0 .  R.] 
T, 
OR 

9 a> 
- . . . . . . . 

'h' 
Btu/lb air Btu/(lb)(%) Btu/lb Btu/(lb)(OR) 

%* 
*cp, 'P, a' m 

c1:;%3, (I$&) 
3 5 5  0 9 5 3   . 3 . Q .  

3 5 5 3  
3 5 5 2  

1 4 .  2 9 4 8  9 2 5 3 .  1 . .. 1. 0 9 7 6 3  9 5 3   - 6 0 . .  3 5 5  1 
3 .   5 1 1  0 . a 9 8 2  1 2 .   7 7 6   1 4 . 2 9 3 8   9 2 4 9 .  6 1 .  0 9 7 5 5  

9 5 3   . 9 0  1. 0 9 7 7 2 -  9 2 5 6 .  6 1 4 . 2 9 5 8  

3 5 5  4 
9 5 4   . 1 9  1 .  0 9 7 8 0  9 2 6 0 .  1 1 4 .  . . 2 9 6 8  
9 5 4  . 4 9  1. 09.988. 9 2 6 3 .  6 1 4 . 2 9 7 6  

3 5 5  5 9 5 4   . 7 9  1. 0 9 7 9 6  9 2 6 7 .  1 1 4 . 2 9 8 7   1 2 .   7 8 0  

1 4 . 3 0 0 7  9 2 7 4 . 1   - 1 . . 0 9 8 1 3  9 5 5 . 3 9  3 5 5 7  

5 .  613 . 2 9 8 2  

3 5 5  a 
3 5 5 9  

9 5 5  . .68  1. 09@23.. 9 2 7 7 .  6 1 4 .  3017 
9 5 5  -9.6 1. 0 9 8 3 0 .  9 2 8 1 .  1 1 4 .   5 0 2 7  

3 5 6 0  9 6 6 . 2 8  1 .  0 9 8 3 8  9 2 8 4 .  6 1 4 .  3 0 3 7  1 2   . 7 8 5   . 2 9 8 2  3.516 
3 5 6 1  9 5 6   - 5 8  1. 0 9 8 4 6 .  9 2 8 8 .  1 1 4 .  3 0 4 7  
3 5 6 2  
3 5 6 3  

9 5 6  . 8 8  I .  0 9 8 5 5  9 2 9 1 .  6 1 4 .  3057 
9 5 7  -17 1 -  0 9 8 6 T  9 2 9 5 .  2 1 4 .  3067 

3 5 6 4  9 5 7 . 4 7  1 . 0 9 8 7 2 .  9 2 9 8 . 7  1 4 . 3 0 7 7  

3 5 6 5  9 5 7 . 7 7  1 . 0 9 8 8 ~  9 3 0 2 . a   1 4 .  3067 1 2 . 7 8 9  . a 9 8 3  5 . 5 1 7  

3 5 6 7  
3 5 6 6  9 5 8   . 0 7  1. 0 9 8 8 9  9 3 0 5 . 7  1 4 .  3 0 9 7  

9 5 8 . 3 6  1. 0 9 8 9 7  9 3 0 9 . 2  1 4 .  3 1 0 7  

3 5 6 9  
3 5 6 8  9 5 8   . 6 6  1. 0 9 9 0 5   9 3 1 2   . 7  1 4 .  3117 

9 5 8   . 9 6  1. 0 9 9 1 4  9 3 1 6 .  2 1 4 . . 3 1 . 2 7 .  

3 5 7 1  
3 5 7 0   9 5 9 . 2 6  

1 4 .   3 2 1 7  . 9 3 4 7 . . 8  1. 0 9 9 8 . 8  9 6 1 . 6 5  
3 5 7 9  
3 5 7 8  

1 4 .   3 1 9 7  9 3 4 0 . 8  1. 0 9 9 7 2   9 6 1 . 0 6  
3 . 5 2 0   - 8 9 8 4  1 2 . 7 9 8  1 4 . 3 1 6 7  9 3 5 1 . 3  1 . 0 9 9 6 i  9 6 0 . 7 6  

3 5 7 6  
3 5 7 s  

1 4 . 3 1 7 7  9 3 3 3 . 8  1 . 0 9 9 5 5  9 6 0 . 4 6  
1 4 .  316.7 9 3 3 0 .  3 1 .  0 9 9 4 7  9 6 0 . 1 6  3 5 7 3  

3 5 7 4  

1 4 .  3 1 5 7  9 3 2 6 . 7  1 .  0 9 9 3 9 .  9 5 9   . 8 6  
1 4 . 3 1 4 7  9 3 2 3 . 2  1 .  O 9 . 9 3 a   9 5 9 . 5 6  

3 5 7 2  

3 . 5 1 8   . 2 9 8 3   1 2 . 7 9 4  1 4 . 3 1 3 7  9 3 1 9 - 7  -. 1 . 0 9 9 2 2  

9 6 1 . 9 5  1 . 0 9 9 9 7  9 3 5 1 . 3   1 4 . 3 2 2 6  

3 5 8 0  9 6 2 . 2 5  1 . 1 0 0 0 5  9 3 5 4 . 8  1 4 . 3 2 3 6  1 2 .   8 0 2   * a 9 8 4  3 . 5 2 2  

3 5 8 3  
3 5 8 1  9 6 2 . 5 5  1 . 1 0 0 1 3  9 3 5 8 . 4   1 4 .   3 2 4 6  

9 6 2 . 8 5  1 . 1 0 0 2 a  9 3 6 1 . 9  1 4 . 3 2 5 6  
3 5 8 3  
3 5 8 4  

9 6 3 . 1 4  i . 1 0 0 3 Q  9 3 6 5 . 4  1 . 4 .  5 2 6 6  
9 6 3 .   4 4  1 . 1 0 0 5 9  9 3 6 8 . 9  1 4 . 5 2 7 6  

3 5 8 5  
3 5 8 6  

9 6 5 . 7 4  1. 1 0 0 4 7  9 3 7 a . 4  1 4 .  5 2 8 6  12. 8 0 7  . a 9 8 4  5 - 5 8 4  

.. . .. . ! .- . 

3 5 5 6  9 5 5   - 0 9 .  1 4 .   2 9 9 7  9 2 ' 7 0 .  6 1- 0 9 8 0 5 .  

3 5 7 7  1 4 . 3 9 0 7  P 3 4 4 . 3 .  1 . 0 9 9 B a  9 6 1 . 3 5  

9 6 4 . 0 4  1 4 . 3 2 9 6  9 3 7 5 . 9  1 . 1 0 0 5 6  
3 5 8 7  

1 4 . 3 3 1 5  9 3 8 3 1 0  1 . 1 0 0 7 2  9 6 4 .   6 3  3 5 8 8  
1 4 .  5 5 0 5  9 3 7 9  4 1 . 1 O D . 6 4  9 6 4 .  3 4  

3 5 8 9   9 6 4 .   9 3  

1 4 . 5 3 5 5  9 3 9 7 . 0  l : l O f O 6  9 6 5 1 8 3  
1 4 .   3 3 6 4  9 4 0 0 .  5 1 . 1 0 1 1 4  9 6 6 .   1 2  

3 5 9 2  
3 5 9 3  

3 - 5 8 6  - 2 9 8 5  1 2 . 8 1 1  1 4 , 3 3 3 5  9 3 9 0 . 0  1 . 1 0 0 8 9  9 6 5 . 2 3  
14. 5 3 4 5  9 3 9 3 . 5  1 1 0 0 9 7  9 6 5  5 3  3 5 9 1  

3 5 9 0  

1 4 .  3 3 2 5   9 3 8 6 -  5 1 . 1 0 0 8 1  

3 5 9 4  

- 1 4 . 3 4 a 3   9 4 2 1 . 7  1 . l o i s 4   9 6 7 . 9 1  3 5 9 9  
14. 3 4 1 3  9 4 1 8 .  1 1 . l o 1 5 5  9 6 7 .   6 1 .  
1 4 .   3 4 0 4  9 4 1 4 .  6. 3. - 1 0 1 4 7  9 6 7 .   3 1  3 5 9 7  

3 5 9 8  

1 4 .   3 3 9 4   9 4 1 1 .  I 1 . 1 0 . 1 3 9  9 6 7 .  0 2  
5 . 5 2 7  . a 9 8 5  1 2 .  R 1 5  1 4 . 3 3 8 4  9 4 0 7 .  6 1 . 1 0 1 3 1  9 6 6 . 7 2  

3 5 9 6  
3 5 9 5  

1 4 .  3 3 7 4  9 4 0 4 . 1  I .  1 0 1 2 2  9 6 6 .   4 2  

- .  - - . . .. "- "- " 1 - - - -. .. - - ~ . - - . " . - - .. i 
~ . - .. .. . .. " .. - . 

" . .. - . -  . ." 

8 
h) 
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TABLE Et. - Continued. THERMODYNAMIC PROPERTIES OF AIR AT rpU VUFlES, AND COKEUSTION-UA3 
VALUES OF qh, eq, m, cgla,  AND J, m COWSTION OF ~ ~ ( I E H  WITH AIR 

[T - 3 m o  to 44000 RJ 
P 

T, 
"R 

3600 
3 8 8 8  
3603 
3604 

3605 
3606 
3607 
3608 
3609 

3610 
3611 
3612 
3613 
3614 

3615 
3616 
3617 
3618 
3619 

3621 

362 3 
3622 

3624 

3625 
3626 
3627 
3628 
3629 

3630 
3631 

3633 
3634 

3635 
3636 
3637 
3638 
3639 

3640 
3641 

3643 
3642 

3644 

3645 
3646 
3647 
3648 
3649 

3 6 a o  

3633 

Btu/lb air 
ha' 

; ; i :  
969 I1 
969:  41 

969.  71 
970. 01 
970.  30 
970- 60 
970.90 

971. 5 0  
971- 20 

971. 8 0  
972.  09 
972-  39 

972  .69 

973.28 
972  -99 

973.58 
973.88 

974 -18 
974.48 
974  -78 
975 - 08 
975.38 

975.68 
975.97 
976 - 27 
976.57 
976.87 

977 - 17 
977.47 

978.01 
977  77 

978.37 

978.67 
978 * 9 6  
979 - 26 
979.56 ~ . ~~ 

979 - 86 
980.16 
98 0 - 46 
980.76 
981.06 
981 - 36 
981.66 
981.  95 

982.55 
982.  25 

982-  85 

1 .lo172 

I. 10197 
$: € $ E 8  
1.10205 

1.10214 
I. 10222 
1.10230 
1.10238 
1.10241 

1.10263 
1.10255 

1 .lo271 
1.10280 
1.10288 

1.10296 
1.10304 
1.10312 
1.10321 
3.. 10329 
1.10337 
1.10345 
1.10354 
1 - 10362 
1 - 1 0 3 7 0  

1 - 10379 
1 - 10387 
1 - 1 0 3 9 5  
1 - 10403 
1.LQ412 

1 .lo420 
1.10428 

3.. 10445 
1.104 36 

1.10453 

I. 10461 
1 .lo469 
1.10477 
I. 10486 
1.10494 

1.10502 
1.105LO 
1.10518 
1.10527 
1.10535 

1.10543 
1.10551 
1 - 10560 
1 - 10568 
1 -  10576 

Btu/lb 
'h' 

" 

9425.2 
9428.7 
9432 .2 
9435 7 
51439 :3 
9442 - 8  
9440  -3 

9453 - 4  
9449.8 

9456.9 

9460.4 
9463.9 
9467.5 
9471.0 
9474.5 

9478.1 
9481.6 
9485. I 
9488.6 
9498.2 

9495.7 
9499.2 
9502.7 
9506. 3 
9509.8 

9513. 3 
9516.9 
9520. 4 

9 527. 4 

9534.s 
9531. 0 

9538.0 
9541. 6 
954s. 1 

9583.9 

9548 - 6 
9552- 2 
9555.7 
9559.2 
9562- 8 

9566. 3 
9569. 8 

9576. 9 
9573.4 

9580. 4 

9584 . o  
9587.5 
9591.1 
9594.6 
9598.1 

1 4  -3433 
1 4  -3443 
1 4  -3452 
1 4  -3462 
14 -3472 

1 4  -3481 
1 4  -3491 
14.3501 
14.3510 
1 4  - 3520 
14  .3530 
1 4  .3539 
14.3549 
1 4  -3559 
i4 i3569 
14.3578 
1 4  - 3588 
14.3598 
1 4  -3608 
1 4  .3617 

i 4.3627 
i 4 - 3637 
1 4  - 3 6 6 1  
i4  -3657 
14  .3667 

14 - 3  677 
14.3686 
14.3696 
14.3706 
1 4  -3716 

14.3726 
14.3736 
14.3746 
14.375 5 
14.3765 

14.3775 
14.3785 
14.3795 

14.5814 
14,3804 

14.3824 
I. 4.38  34 
1 4  .3844 
14. 3853 
14.3863 

14. 3873 
1 4  .3883 
14.  3892 
1 4  - 3902 
14.3912 

(D 

l a .  8 8 0  

12 .e24 

12 - 828 

12.833 

l a .  836 

12. 840 

12.845 

12.849 

12.853 

12.857 

;€L7 
lb)  (OR)  

m.2986 

.2986 

- 8 9 8 6  

-2987 

.2987 

.a988 

3 9 8 8  

-2988 

.2989 

.2989 

69 

*c * 

3. 529 

3 - 5 3 1  

3.533 

3.534 

3. 536 

3.538 

3 -539 

3.541 

3.543 

3.545 

I . a  
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TABLE 11. - Continued. l"0DYNnAMIC PROPERTIES OF AIR AT KM PRESSURES, AND C O M B U S T I O ~ d A 9  

VUUFS OF iph, #'q, m, c ~ , ~ ,  AND *c FOR COPIBUSTION UF HYDROGEN WI!l'H AIR 
P 

I- 

T, 
4( 

3 6 5 0  

3 6 5  2 
3 6 5  1 

3 6 5  5 
3 6 5 4  

3 6 5 5  
3 6 5 6  
3 6 5 7  
3 6 5  8 
3 6 5 9  

3 6 6 0  
3 6 6 1  
3 6 6 2  
3 6 6 3  
3 6 6 4  

3 6 6 5  
3 6 6 6  
3 6 6 7  
3 6 6 8  
3 6 6 9  

3 6 7 0  
3 6 7 1  
3 6 7 2  
3 6 7 3  
9 6 7 4  

3 6 7 5  
3 5 7 6  

3 6 7 8  
3 6 7 7  

3 6 7 9  

3 6 8 0  
3 6 8 1  
3 6 8 h  
3 6 8 3 .  
3 6 8 4  

3 6 8 5  
3 6 8 6  
3 6 8 7  
3 6 8 8  
3 6 8 9  

5 6 9 0  : s i ,  
5 6 9 3  
3694 

3 6 9 5  
3696 
3697 
3690 
3699 

9 % 3  . I 5  
9 6 3   . 4 5  
9 8 3   - 7 5  

9 8 4 . 3 5  
9 8 4 . 0 5  

9 8 4 . 6 5 .  
9 8 4 . 9 4  
9 8 5 . 2 4  
9 8 5  * 5 4  
9 8 5 . 8 4  

9 8 6 .   1 4 . .  
9 8 6 . 4 4  
9 8 6 . 7 4  
9 8 7 . 0 4  
9 8 7 . 3 4  

9 8 7   . 6 4  
9 8 7 . 9 3  

9 8 8 . 5 3  
9 8 8 . 2 3  

9 8 8   . 8 3  

9 8 9 . 1 3  

9 8 9 . 7 3  
9 8 9 . 4 3  

9 9 0 . 0 3  
9 9 0 . 3 3  

9 9 0   - 6 3  
9 9 0 .   9 3  
9 9 1 . 2 2  
991 - 5 2  " "" 

9 9 1 . 8 2  

9 9 2 . 1 2  
9 9 2 . 4 2  
9 9 2 . 7 2  

9 9 3 . 3 1  

9 9 3   - 6 1  

9 9 4 . 2 1  
9 9 3 . 9 1  

9 9 4 . 5 1  
9 9 4 . 8 1  

9 9 3  . o a  

9 9 6 . 0 1  
9 9 6 . 3 1  

9 9 6 . 6 1  
9 9 6 . 9 1  

9 9 7  - 5 1  
9 9 7 .  a 1  
9 9 7  i s1  

I . l o 5 8 4  
1 . 1 0 5 9 2  
1 . 1 0 6 0 0  
1 . 1 0 6 0 8  
1 . I 0 6 1 6  

1 . I 0 6 2 4  
1 . 1 0 6 2 2  
1 . 1 0 6 4 1  
I . I 0 6 4 9  
1 . 1 0 6 5 7  

1 . I 0 6 6 5  
1 . I 0 6 7 3  

I . I O 6 9 0  
I . I O 6 8 1  

1 : l o 6 9 8  

1 . I O 7 0 6  
1 . 1 0 7 1 4  
I . I 0 7 2 3  
1 . l o 7 3 1  
I . I 0 7 3 9  

1 . 1 0 7 4 7  
1 . l o 7 5 5  
1 . l o 7 6 3  
I . I 0 7 7 1  
1 . I 0 7 7 9  

1 . 1 0 7 8 7  

I . l o 8 0 4  
1 . I O 7 9 5  

1 . I 0 8 1 2  
1 . l o 8 2 0  

I . l o 8 2 8  

1 . I 0 8 4 4  
1 . l o 8 3 6  

1 . 1 0 8 5 3  
1 . 1 0 8 6 1  

1 . 1 0 8 6 9  
1 . l o 8 7 7  
1 . I 0 8 8 6  
I . 1 0 8 9 4  
1 . l o 9 0 2  

1 . l o 9 1 0  
0 9 1 8  

1 . 1 0 9 3 4  
1 . 1 0 9 4 3  

* :i 0 9 8 6  

1 . I O 9 5 1  
1 . 1 0 9 5 9  
1 . 1 0 9 6 7  
I .  1 0 9 7 5  
1 . 1 0 9 8 3  

#'h* 
Stu/lb 

9 6 0 5 . 2  
9 6 0 1 . 7  

9 6 0 8 . 8  
9 6 1 2 . 3  
9 6 1 5 . 8  

9 6 1 9 - . 4  
9 6 2 2 . 9  
9 6 2 6 . 5  

9 6 3 3 .  !i 
9 6 3 0 . 0  

9 6 3 7 .  I 
9 6 4 0 . 6  

9 6 4 7 . 7  
9 6 4 4 . 2  

9 6 5 1 . 3  

9 6 5 4  . e  
9 6 5 8  - 3  
9 6 6 1   - 9  

9 6 6 9 . 0  
9 6 6 5 . 4  

9 6 7 2  . 5  
9 6 7 6 . 1  
9 6 7 9 . 6  
9 6 8 3 . 2  
9 6 8 6 . 7  

9 6 9 0 . 3  
9 6 9 3 .  B 
9 6 9 7 . 3  
9 7 0 0 . 9  
9 7 0 4  . A  

9 7 0 8 . 0  
9 7 1 1 . 5  
9 7 1 5 . 1  
9 7 1 a .  6 
9 7 2 2 .  Z 

9 7 2 5  * 7 
9 7 2 9 . 3  
9 7 3 2  * 8 
9 7 3 6 . 4  
9 7 3 9  - 9 

9 7 4 3 . 4  
9 7 4 7 . 0  
9 7 5 0  * 5 
9 7 5 4 . 1  
9 7 5 7 . 6  

9 7 6 1 . 2  

9 7 6 8 . 5  
9 7 6 4 . 7  

9 7 7 5 . 4  
9 7 7 1 . 9  

1 4 . 3 9 3 1  

1 4 : 3 9 s r  I 1 4  3 9 4 1  I 

I 1 4  - 3 9 6 0  

I 1 4 . 3 9 7 0  
1 4  - 3 9 8 0  
1 4 . 3 9 9 0  
1 4 . 3 9 9 9  
1 4  - 4 0 0 9  

i4.4066 
1 4 . 4 0 7 6  
1 4 . 4 0 8 5  
1 4 . 4 0 9 5  
1 4  - 4 2 0 5  

1 4  - 4114 
1 4  4 1 2 4  

1 4 . 4 1 4 3  
1 4 . 4 1 3 3  

14. .  4 1 5 3  

1 4 . 4 1 6 3  
1 4 . 4 1 7 9  
1 4 . 4 1 8 1  
1 4 .  4191 
1 4 . 4 2 0 1  

1 4 . 4 2 1 1  
1 4 .  42Z30 
1 4 . 4 3 3 0  
1 4 . 4 2 4 0  
1 4 . 4 2 4 9  

1 4 . 4 2 5 9  
1 4 .  4 2 6 9  
1 4 . 4 2 7 9  

1 4 .  4 2 9 8  

1 4 . 4 3 0 8  
1 4 .  4 3 1 8  
1 4 .  4 5 2 7  
1 4 .   4 3 3 7  
1 4 . 4 3 4 7  

I 4 , 4 a 8 8  

1 4 .  4 3 5 6  
1 4 . 4 3 6 6  
1 4 .  4 3 7 6  
1 4  . 4 3 0 6  
1 4 . 4 3 9 5  

1 2   . E 6 5  

L 2 . 8 6 9  

1 9 . 8 7 3  

1 2 . 0 7 7  

1 2 .  081 

1 2 . 8 8 5  

1 2 .   8 8 9  

1 2 .  8 9 3  

1 2 . 8 9 7  

c 

1.299 0 

- 2 9 9 0  

- 2   9 9  0 

. 2 9 9  1 

. 2   9 9  1 

. a 9 9 a  

. 2 9 9 2  

. a 9 9 2  

. 3 99 3 

. a 9 9  3 

3 . 5 4 t  

3 . 5 4 e  

3 . 5 5 c  

5 . 5 5 1  

3 . 5 5 2  

3 . 5 5 5  

3. 5 5 6  

3 . 5 5 8  

3 -  5 6 0  

3. 561 

8 
N 
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* 

3750 

375 2 
375 1 

375 3 
3754 

375 5 
375 6 
3757 
3758 
375 9 

3760 
3761 
3762 
37  63 
37  64 

5766 
3765 

3768 
3767 

37  69 

3770 
3771 
3772 

3774 
3773 

3775 
3776 
3777 
3778 
5779 

3780 

3782 
3781 

3783 
3784 

3785 
3786 
3787 
3788 
3789 

379 0 
3791 
3792 
3793 
3794 

3795 
3796 
3797 
3798 
3799 

1013.09 I 1.11393 
" -- . . . 

1013.39.;. I. 11401 
1011.69 1.11409 
1013 - 99 1.11417 
1014 * 29 1.11425 

1014.59  1.11433 
1014.89  1.11441 [ 
1015.  i9  1.11449 

1015.79. 1.11465.. 
1015.49 1.11457 I 
1016.09 1.1147..3 
1 0 1 6   - 3 9 .  1.114.81.. 

1016  .99 1. 11497 
1016.69 1.11489 

1017 * 29 1. 11505 

1017  -59. f I. 11513 

1019 - 0 9  I 1 .  11.653. 
1019  -69 1 -  11569 
1019  -39 t 1.11561 

1019  -99 .I* 3.1577 
1020  -29 -1.1.1585 

1020.  59- 1. 11593 
1020.89 . 1. 11601 
1021.19 1. 11609 

1021.79  1-  11625 
1021. 49.  1.  11617 

1023.59 1.11673 
1023.89 1.11680 
1024.19 z.116ae 
1024 49" ... f * 11696 
1024 * 79 -1: 1 1 ~ 0 ~ 4  

1025. 0 9  ... .1. 11712 
1025.39 1.11720 
1025.  69 1. 11Z2.8. 
1025.99 I. 11756 
1026.29 . 1,11744 

1026.59 1.11752 
1026.89 1.11759 
1027.19. 1.11767 
1027.49 1.11775 
1027.79 i .  11783 

j . .  

i 
9957 .I 14.  4804 12.  94a 

9P6-4.2 I 4  .4902 
9960.6 1 4  . 4 8 9 - 3  

9967 .-e 1 4  - 4 9 1 1  
9971.4 1 4  .4P21 
-9974>:9 14  .4930 12. 946 

9982.1 1 4  .4949 
9978.5 14.4939 

9 9 8 5 - 6  14.4958 
e8.9. - - .  -2. 14  4967 

-§99.-2-,€1 . 3.4 .4977 l a  .94s 
999.6.3 14.4987 

14003.5. 14.  5006 
9999 .9 1 4   - 4 9 9 6  

1Q007 - 1  1 4   - 5 0 1 5  
. , . .  . . .  

10010.6 14 . s o 2 5  1 3 . 9 5 3  

i t-  
.. - .  . 

0014.2  14 . s o 3 5  
10021.4  14.5054 
0017.8  14,5044 

10024 .9 . I  1 4  -5063 
. .  

." 

1002.8.5  14. 5 0 7 3  f 2. 957 

10035.7 14. 5o9a 
10039.2 14. 5109 
10042 .e 1 4 .  5112 

10046.4 1 4 .  5131  12.961 
10050 . o  F4.5131 

10057.1 14. Si50 
10053 . 6  14.  5140 

10032 - 1  14.  5083 

10064 .3 114.  14. 5 1 6 0  5169 I 12.96-S 10060.7 

10078-:6 I 14. 5 2 0 8  - 1  
10082 .2 14. 5218 . 12.969 
10085.8 I 14.5227 
10089.4  14.5237 
100.93 ..O. 1 14. 5247 
10096 .5 11.4. 5256 I 

.2997 

-2997 

.299 8 

.299 B 

. a99 8 

.2999 

.299 9 

.2999 

- 5  0 0  0 

-3000 

~ 

Jc 

J .579 

3. 581 

3.588 

3.584 

3 . 5 8 6  

3.587 

5 . 5 8 9  

3 * 590 

3 . 5.9 a 

3 . 5 9 3  

1 

. 
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(D 
Eu 

0 + 

rl 
0 

u 
I 

D 

* 

Btu/lb air 
ha' 

' 
3 8 0 0  
3 8 0 1  

1 0 2 8  ..09 

1 0 2 9   - 2 9   3 8 0 4  
1 0 2 8 -   9 9  3 8 0 3  
1 0 2 8   - 6 9  3 8 0 2  
1028 . 3 9  

3 8 0 5  1 0 2 9   . 5 9  
3 8 0 6   1 0 2 9 . 8 9  
3 8 0 7  1 0 3 0 . 1 9  

3809 
3 8 0 8   1 0 3 0 . 4 9  

3 8 1 0  1 0 3 1 . 0 9  
3 8 1 1  I 3 8 1 2  1 0 3 1 . 6 9  

1 0 3 1 . 3 9  

3 8 1 3   1 0 3 1 . 9 9  
I 3 8 1 4  

3 8 1 5  
3 8 1 6  
3 8 1 7  

3 8 1 9  
3 8 1 8  

13820  
3 8 2 1  

3 8 2 3  
5 8 2 2  

3824 

3 8 2 6  
3 8 2 5  

3 8 2 8  
3 8 2 7  

3 8 2 9  

38 3 1  
3 8 3 0  

3 8 3 2  
3 8 3 3  
38   34  

3 8 3 5  
3 8 3 6  
38   37  
3 8  38 
38 39 

f 1 0 3 0 . 7 9  

I 1 0 3 2 1 a 9  

1 0 3 2 . 5 9  
1 0 3 2 . 8 9  
1 0 3 3 . 1 9  
1 0 3 3 . 4 9  
1 0 3 3 . 7 9  

1 0 3 4 . 0 9  

1 0 3 4 . 6 9  
1 0 f 4 . 3 9  

1 0 3 4 . 9 9  
1 0 3 5 . 3 0  

1 0 3 5 . 6 0  
1 0 3 5 . 9 0  
1 0 3 6 . 2 0  
1 0 3 6  - 5 0  
1 0 3 6 - 8 0  

1 0 3 7 . 1 0  
1 0 3 7   - 4 0  
1 0 3 7  - 70  

I 1 0 3 8 - 0 0  
1 0 3 8 . 3 0  

I 1 0 3 8 . 6 0  

I 1 0 3 8 . 9 0  
1 0 3 9 . 2 0  
1039-50 I 1 0 3 9 . 8 0  

3 8 4 0  
3 8 4 1  

1 0 4 0 . 1 0  

1 0 4 1 . 3 1  3 8 4 4  
1 0 4 1 . 0 0  3 8 4 3  
1 0 4 0  - 7 0  3 8 4 2  
1 0 4 0 . 4 0  

13845 
3 8 4 6  
3 8 4 7  
3 8 4 8  
3 8 4 9  
1 

1 0 4 1 . 6 1  
1 0 4 1 .   9 1  
1 0 4 2 . 2 1  
1 0 4 2 . 5 1  
1 0 4 2 . 8 1  

1 . 1 1 7 9 1  

1 4  - 5 3 9 0  1 0 1 4 6 . 7   1 . 1 1 8 1 5  
I 4  - 5 3 8 1  1 0 1 4 3 .  2 1 . 1 1 8 0 7  
1 4  . 5 3 7 1  1 0 1 3 9 . 6  1 . 1 1 7 9 9  

3 . 5 9 5  0 . 3 0 0 1   1 2 . 9 8 0  1 4  - 5 3 6 2  1 0 1 3 6 . 0  

1 . 1 1 8 2 3  1 4  . 5400  10150.3  

1 . 1 1 8 3 1  

1 4  - 5 4 4 8  1 0 1 6 8 .  3 1 . 1 1 8 6 2  
1 4  - 5 4 3 8  1 0 1 6 4 .  7 1 . 1 1 8 5 4  
1 4  - 5 4 2 9  1 0 1 6 1 . 1  1 - 1 1 8 4 6  
1 4  - 5 4 1 9  1 0 1 5 7 -  5 1 . 1 1 8 3 9  

3 . 5 9 7  - 3 0 0 1  1 2 . 9 8 4  14 - 5 4 1 0  1 0 1 5 3 . 9  

1 . 1 1 8 7 0  10171.  9 1 4  . 5 4 5 7   1 2 .   9 8 8  . 3 0 0 1   3 . 5 9 8  

1 . 1 1 8 8 6  1 4  - 5 4 7 6  10179.  I 
1 . 1 1 8 7 8  

1 4  - 5 4 8 6  1 0 1 8 2 .  7 1 . 1 1 8 9 3  
1 4  - 5 4 9 5   l ( 1 1 8 6 .  3 1 . 1 1 9 0 1  

14 . 5 4 6 7   1 0 1 7 5 .  5 

1 . 1 1 9 0 9  1 0 1 8 9 .  8 1 4  - 5 5 0 5  1 2 . 9 9 2  

1 4  - 5 5 4 2  1 0 8 0 4 .  2 1 - 1 1 9 4 0  
1 4  -5533 1 0 2 0 0 .  6 1 . 1 1 9 3 2  
1 4  - 5 5 2 4  1 0 1 9 7 .  0 1 - 1 1 9 2 5  
1 4  - 5 5 1 4  10193-  4 1 - 1 1 9 1 7  

3 .  6 0 0  . 3002  

1 . 1 1 9 4 8  

1 4  - 5 5 7 1  1 0 2 1 5 .  0 1 . 1 1 9 6 4  
1 4  , 5 5 6 1  l o a l l .  4 1 - 1 1 9 5 6  

3 . 6 0 1  - 3 0 0 2  1 2 , 9 9 6  1 4 . 5 5 5 2  1 0 2 0 7 .  8 

I .  1 1 9 7 2  

3.603 - 3 0 0 2  1 2 . 9 9 9  1 4 . 5 5 9 9  1 0 2 2 5 . 8  1 . 1 1 9 8 8  

1 4   - 5 5 8 9  1 0 2 2 2 . 2  1 . 1 1 9 8 0  
1 4 . 5 5 8 0   1 0 2 1 8 .  6 

1 - 1 1 9 9 6  

1 4 . 5 6 3 6  1 0 2 4 0 .  2 1 - 1 2 0 L 9  

1 4 . 5 6 1 8  1 0 2 3 3 . 0  1 . 1 2 0 0 3  
1 4 . 5 6 0 8  1 0 2 2 9 .  4 

1 -12Ol .L  1 4 - 5 6 2 7  1 0 2 3 6 . 6  

1 . 1 3 0 2 7  

1 4 . 5 6 7 4  1 0 2 5 4 .  5 1 . 1 2 0 5 0  
1 4  5 6 6 5  1 0 2 5 0 -  9 1 - 1 2 0 4 3  
1 4 . 5 6 5 5  1 0 2 4 7 . 4  1 e L 2 0 3 5  

3 . 6 0 4  -3003 1 3 . 0 0 3   1 4 . 5 6 4 6  1 0 8 4 3 .  8 

1 0 2 5 8 -  1 1 4 . 5 6 8 3  

1 - 1 2 0 6 6  

1 4 .  5 7 2 1  1 0 2 7 2 .  5 1 . 1 2 0 8 9  
1 4 . 5 7 1 1   1 0 2 6 8 .  9 1 . 1 2 0 8 2  
1 4 . 5 7 0 2  1 0 2 6 5 . 3  1 - 1 2 0 7 4  

3. 6 0 6  . 3 0 0 3   1 3 . 0 0 7  1 4 .  5 6 9 3  1 0 2 6 1 .  7 

1 . 1 2 0 9 7  1 4 . 5 7 3 0  1 0 2 7 6 . 1  

1 - 1 2 1 0 5  5 .  6 0 7  - 3 0 0 3  1 3 .  0 1 0  1 4 . 5 7 4 0  1 0 2 7 9 .  7 
1 . 1 2 1 1 3  

1 . 1 8 1 3 6  

1 4 . 5 7 4 9   1 0 2 8 3 . 3  

1 4 . 5 7 7 7   1 0 2 9 4 . 1  

1 . 1 2 1 a i  1 4 . 5 7 5 8  1 o a 8 6 .  9 
1 . 1 2 1 2 8  1 4 . 5 7 6 7  1 0 2 9 0 .  5 

1 0 2 9 7 . 7  3. 6 0 9  . 3 0 0 4  1 3 . 0 1 4  1 4 . 5 7 8 6  
1-12152 

1 4 .  5 8 2 3  1 0 3 1 2 -  1 1-12175 
1 4 .   5 8 0 5  1 0 3 0 4 .  9 1 . 1 2 1 6 0  
1 4 -  5 7 9 5  1 0 3 0 1 .  3 

1 . 1 2 1 6 7  1 4 . 5 8 1 4  1 0 3 0 8 . 5  
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TABLE 11. -. CDntlnued. TEJXRMODYNAMIC PROPERTIES OF AIR AT Low PRBSSURES, UiD COMBUSTION-QA3 
VALUES OF *h, $'?, co, c ~ , ~ ,  AND ec FOR COMBUSTION OB HYDROOEJJ VSTK AIR 

P 
[T - 3000' to 4400' R J  

T, as "7 m % I  'h, Pa* ha* 
. .  

% Btu/(Ib)(q) Btu/lb Btu/(lb)(OR) Btu/lb air 

3 8 5 0  

1 4 . 5 8 6 1  1 0 3 8 6 . 5  1 . 1 2 2 0 6 .   1 0 4 4 . 0 1  3 8 5 3  
1 4 . 5 8 5 2   1 0 3 2 2 . 9  1 . 1 2 1 9 9  1 0 4 3 . 7 1  3 8 5 2  1 4 . 5 e 4 a   1 0 3 1 9 . 3  1 . 1 2 1 9 1  1 0 4 3 . 4 1 .  3 8 5 1  

3 . 6 j . O  ' ) . 3 0 0 4  F 5 .  0 1 8  1 4 . 5 8 3 3  1 0 3 1 5 . 7  1 . 1 2 1 8 3  1 0 4 3  .ll ru 

3 8 5 4  1 4 . 5 8 7 1  1 0 3 3 0 . 1  1 . 1 2 2 1 4  1 0 4 4 . 3 1  

3 8 5 5  

1 4 . 5 9 0 8  1 0 3 4 4 . 5  1 * 1 2 2 4 5   - 1 0 4 5   - 5 1  385-8  

3 . 6 1 8  , 5 0 0 4  1 s .  022 1 4 . 5 8 8 0   1 0 3 3 3 . 7  1 . 1 2 a 2 ~   1 0 4 4 . 6 1  
3 8 5 6  1 4   5 8 8 9   1 0 3 3 7 . 3  1 . 1 2 2 3 0  1 0 4 4   . 9 1  
3 8 5 7  1 4 : 5 8 9 9  1 0 3 4 0 . 9  1 . 1 2 8 3 8  1 0 4 5 . 2 1  

3 8 5 9  1 4 .  5 9 3 - 8   1 0 3 4 8  .I 1 . 1 2 8 5 3  1 0 4 5   . 8 1  

3 8 6 0  1 0 4 6 . 1 1  

1 4 ' 5 9 5 6   1 0 3 6 2 ' 5  1 . 1 2 2 8 5 -  1 0 4 7  01 3 8 6 3  
1 4  5 9 4 7   1 0 3 5 8  g 1 . 1 2 2 7 7  1 0 4 6 . 7 1  3 8 6 2  1 4 . 5 9 3 7   1 0 3 5 5 . 3  1 * l 2 2 6 ?  1 0 4 6 . 4 1  3 8 6 1  3 .  6 1 5  . 3 0 0 5   1 3 .   0 2 5  1 4 .  5 9 2 7   1 0 3 5 1 . 7  1 . 1 8 2 6 1  

3 8 6 4  1 4 :  5 9 6 6   1 0 3 6 6 : 1  1 . i a 2 9 2 .  1 0 4 7 :   3 1  

3 8 6 6  
1 4 :  5 9 9 5   1 0 3 7 6 .  g 1 . 1 2 3 1 6   1 0 4 8 .   2 2  3 8 6 7  

3 .   6 1 5  . S O 0 5  1 3  . 0 2 9  1 4 .  5 9 7 6  1 0 3 6 9 . 7  1 . 1 2 3 0 0 .   1 0 4 7 . 6 2  3 8 6 5  
1 4  5 9 8 5  1 0 3 7 3 .  3 1 . 1 2 3 0 8 -  1 0 4 7 . 9 2  

3 8 6 8  1 4  6 0 0 5  1 0 3 8 0 .  5 1 . 1 2 3 2 3   1 0 4 8 .   5 2  
3 8 6 9  14: $ 0 1 4  1 0 3 8 4 .  I 1 . 1 2 3 3 1 .   1 0 4 8 . 8 ~  

3 8 7 0  

14. 6 0 6 3  1 0 4 0 2 . 3  1 . 1 8 3 7 0   1 0 5 0 .  Y. .  3 8 7 4  
1 4 .  6 0 5 3  1 0 3 9 8 - 6  1 . 1 2 3 6 2 .   1 0 5 0 .   0 2  3 8 7 3  
1 4 . 6 0 4 5  1 0 3 9 5 . 0  1 . 1 2 3 5 . 4 .   1 0 4 9 . 7 8  3 8 7 2  
1 4 .  6 0 3 4  1 0 3 9 1 .  4 1 . 1 2 3 4 7   1 0 4 9 .   4 2   3 8 7 1  

3. 6 1 7  .SO05 1 3 . 0 3 3  1 4 .   6 0 2 4   1 0 3 8 7 . 7   1 . 1 2 3 3 9   1 0 4 9 . 1 2  

3 8 7 5  1 0 5 0 . 6 3 .  1 . 1 2 3 7 7  1 0 4 0 5 . 8   1 4 . 6 0 7 2  13.016 

1 4 .  6 1 0 1  1 0 4 1 6 . 6  1 . 1 2 4 0 1   1 0 5 1 .   5 3  3 8 7 8  

1 4  6 0 8 2  1 0 4 0 9 .  4 1 . 1 2 3 8 5  1 0 5 0   9 3  3 8 7 6  
5 . 6 1 8  . 3 0 0 6  

3 8 7 7  1 0 5 1 :   2 3   1 . 1 8 3 9 3  1 0 4 1 3 .  0 1 4 :  6 0 9 1  

3 6 7 9  1 0 5 1 .   8 3  1 . 1 2 4 0 8 .  1 0 4 2 0 .  2 1 4 .  6 1 1 1  

3 8 8 0  3 . 6 3 U  - 3 0 0 6   1 3 . 0 4 0  14. 6 1 2 0  1 0 4 2 3 .  8 1 . 1 2 4 1 6  1 0 5 8 .  1 3 .  
3 8 8 1  1 0 5 2 .   4 3   1 . 1 2 4 2 4  1 0 4 2 7 .  4 1 4 . 6 1 3 0  
3 8 8 2   1 0 5 2 .   7 3   1 . 1 2 4 3 2  1 0 4 3 1 .  0 1 4 .  6 1 4 0  
3 8 8 3  1 0 5 3 .   0 3  1 . 1 2 4 4 0  1 0 4 3 4 . 7  

1 4 .  6 1 5 9  1 0 4 3 8 .  3 1 . 1 2 4 4 7   1 0 5 3 .   3 3  3 8 8 4  
1 4 . 6 1 5 0  

3 8 8 5  1 0 5 3 .   6 3  1 . 1 2 4 5 5 .  1 0 4 4 1 .  9 1 4 . 6 1 6 9   1 3 . 0 4 3   - 5 0 0 6  5.681 
3 8 8 7   1 0 5 4 .  2 3  1 . 1 2 4 7 1 .  1 0 4 4 9 .  1 1 4 . 6 1 8 9  

3 8 8 9   1 0 5 4 ,  8 3  1 . 1 2 4 8 6 .  1 0 4 5 6 .  3 1 4 . 6 a 0 8  

3 8 8 6  

3 . 6 8 3  . s o 0 7  1 3 .   0 4 7   1 4 . 6 2 1 7   1 0 4 5 9 . . 9  1 . 1 2 4 9 4  1 0 5 5 . 1 3  3 8 9 0  

1 4 . 6 1 9 8  1 0 4 5 2 .  7 1 . 1 2 4 7 8  1 0 5 4 . 5 3  3 8 8 8  

1 4 . 6 1 7 9   1 0 4 4 5 . 5  1 . 1 2 4 6 3   1 0 5 3 .   9 3  

3 8 9 1  

1 4 :   6 8 5 5  1 0 4 7 4 . 4  1 . 1 2 5 2 5  1 0 5 6 .   3 3  3 8 9 4  
1 4 ' 6 3 4 6  1 0 4 7 0 . 8  1 . 1 2 5 1 7   1 0 5 6 . 0 3  3 8 9 3  
1 4  6 2 3 6  1 0 4 6 7 . 2  1 . 1 2 5 0 9  1 0 5 5 . 7 3  3 8 9 2  
1 4 . 6 2 2 7   1 0 4 6 3 . 5  1 . 1 2 5 0 2 .   1 0 5 5 . 4 3  

3 8 9 5  1 0 5 6 .   6 4 .  1 1253 .3  1 0 4 7 8 . 0  1 4   6 2 6 4  

1 4 . 6 2 9 2   1 0 4 8 8 . 9  1 . 1 2 5 5 6  1 0 5 7 .   5 . 4 .  3 8 9 8  
1 4 : 6 2 8 3  1 0 4 8 5 . 2  1 1 1 2 5 4 8  1 0 5 7 .  8 4  3 8 9 7  
1 4 '   6 2 7 4   1 0 4 8 1 . 6  1 ' 1 2 5 4 0  1 0 5 6 .   9 4  3 8 9 6  

3 .  6 9 4  . 3 0 0 7  1 3 .  O S 1  

3 8 9 9  " 1 4 . 6 3 0 1  1 0 4 9 2 . 5  1. 1 3 5 6 3  1 0 5 7 .   8 4 .  
. -. .- ." - 

m 
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T m  11. - Continued. THERK)DYNAMIC P R O P E t T I E s  OF AT M Y  pFLE9SuT1Es, AUD CORBUSTION-GAS 
VALUES OF +,, #q, m , c ~ , ~ ,  AND tc FOR COMBUSTIOM OF HYrRO3EN WITH MR 

1) 

3900 
19988 
39 03 
3904 

3905 
3906 
3907 
39 08 
3909 

3910 
3911 
3912 
3913 
3914 

3915 
39  16 
3917 
3918 
3919 

3920 
3921 

3923 
3922 

3924 

3925 
3926 

3928 
3929 

3930 
3931 
3932 
3933 
39  34 

39  35 
3936 
3937 
3938 
59 39 

3940 
3941 
3942 
3943 
3944 

3945 
3946 
3947 
3948 
3949 

3997 

1058  -14 
058  .44 
058.74 

1059 - 0 4  
1059 - 34 
1059.65 
1059  -95 
1060.25 
1060.55 
1060  .85 

$ 

1061.15 
1061.45 
1061.75 
1062.05 
1062 .35 

1062.66 
1062.96 
1063  -26 
1063  -56 
1063 - 86 
2064.16 
1064.46 
1064.76 iOS5.06 
1065  -36 

1065 - 6 7  
1 0 6 5 - 9 7  
1066  -27 
1066.57 
1066.87 

1067.17 

1067.77 
1067.47 

1068.07 
1068 - 37 
1068 - 68 
1068.98 
1069.28 

1069 - 8 8  
1069-  50 

1070.18 
1070 - 4 8  
1070.78 
1071 -08 
1071  -38 

1071.69 
1071.99 

1072.59 
io72 : 5 9  
1072.89 

1 12579 

1'12594 
1'12586 

1: 12602 

I. 126.17 
1 - 12610 
1.12625 
I. 12633 
1 - 12640 
1.12648 
1.12656 
I. 18663 
1 * 12671 
1 12679 

I. i26B7 
I. 12694 
I. 12702 
1.12710 
1.12717 

I. 12733 
1. I2725 

1.12740 
1.12748 
1.18756 

1.12764 
1.12771 
1.12779 
1 - 12787 
1 12794 

1.12802 
1.12810 
1.12817 
1.12825 
I. 18833 
I. 12841 
1.12848 
I. 12856 

1.12871 
1.12864 

1.12887 
I. 12894 

1.12909 

1.12879. 

I - lag oa 
1. 12917 
1.12925 

1 -  12940 
1. 12932 

1.12947 

3000° to 4M0° K.7 

10496.1 14.6311 
10499.7 14.6319 
10503.3 14.6328 
10506.9 14.6336 
10510.6 

114.6345 
10 514 
10 517 
L O  521 
10525 
10528 

10 532.3 
10535. 9 
10539.5 
10  543 - 1 
T O  546.0 

10550.4 
10 554.0 
10 557.6 

10564 - 9  
10561. 2 

10568 - 5 
1 0 5 7 2 - 1  
10575.7 
10579 .4 
10 503 - 0 
10586 .6 
10590.2 
10593.9 
10597 .5 
10 601.1 

10604. 8 

10618. 0 
10608. 4 

10615.6 
1 0  619. 3 

10622. 9 
10626. 5 
10630. 2 
10 633.8 

- 2   1 1 4 . 6 3 5 3  
- 8  14.6362 
-4  14.6371 

-6  14.6388 
. O  14.6379 

10637. 4 

10641. 0 
10644.7 
10  648. 3 
10 651. 9 
1 0  65 5. 5 

10659. 2 

10666- 4 
10  670 - 0 
10673. 7 

10662. a 

14.6397 
14 - 6406 
I4  .6414 
14  -6423 
14  16432 

1 4   - 6 4 4 1  
1 4  -6450 
14.6459 

14.6477 
14.6468 

1 4  - 6496 14.6486 

1 4 - 6 5 0 5  
14.6515 
I 4.6584 

14.6534 
1 4 -   6 5 4 3  
14.6552 

14.6571 
14.6562 

14.6581 
14.6590 
14.6599 
1 4  -6609 
14.6618 

14.6628 
14 -6637 
14.6646 
14.6656 
3.4.6665 

1 4   - 6 6 7 4  
14.6683 
14.6692 
14.6701 
14.6710 

14.6719 
14.6729 
14.6738 

14.6756 
14.6747 

m 

13.054 

13.058 

1 3  - 061 

13 * 065 

13.069 

2 3 - 072 

13  -076 

13.079 

13.083 

13.006 

T 
Ib)(%) 

1.3008 

.3008 

-3008 

-3009 

-3009 

-3009 

-3010 

-30 i o  

-503.0 

.3011 

75 

PC! * 

O b )  ( W  

P 
Btu/ 

3 -626 

3. 6 2 7  

3. 629 

3 - 6 3 0  

3 - 632 

3.63 3 

3. 635 

3. 636 

3. 6 3 7  

3. 639 
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3950 1073 .19 
3951 1075.49 
3952 1073  .79 

3954  1074  .39 
3953  1074  -09 

3955 1074 .69 
3956 1074 .99 
3957 1075 .30 
3958 1075 .60 
3959 1075 .90 

3961 1076..  50 
3960 1076.20 
3962 1076.80 
3963 1077.  I1 
3964 1077.41 

3 9 6 5  1077 .71 
3966 1078 . Q l  

3968 1078 .6Z 
3967  1078.3a 

3969  1078.92 1 
3.079. 22 
1079.  53 

3973 1080. tz 

3975 1 0 8 0 . 7 3  
3976 1081. 0.3 
3977 1081.33 

3979 1081.93. 
3978 1081.  63 

3981 1 o e a .  53 
3900 .. 1082. a 3  

3982 1082.83 
3983 1083.13. 
3904 1083. 43 

3985 I 1083.73 
3986 

3988 1084.64 
3989  1084.94 

3987.. E::; 9: 1 
3990 1085. 24 
3991 1085. 5.4 

3995 1086.  15 
3994 1086.45 

3992  1085. 8 4  

" 

1. 1295.5 
1.12963 
I. 18970 

1 * 12985 
1 a 12.978 

1.12993 
1.13uo1 

1 .I3016 
1.13008 

1.13023. 

1 .I3031 

::k 3046 3039 ~ 

.1.13061. 
1.13054 

1.13069 
1.13071' 
1.13084; 
1.13092 
1.13099. 

1.13115 
1 .I3107 

1.13122 
I. 13130. 
1.13157 

i -13145 
1.13153. 
1.13160. 

1.13175 
1.13l68. 

1 -13i83: 

1.13198- 
1.13191_ 

1 .13206 
-1.131214. 

1 .I3221 .i .13229 
1.13236 
1.13244 
1 .lf251; 

1: 13289- 

1.13296 

1.13311, 
1.13304. 

I. 13319 
1.13326 

. . .  

*h* 
P *a 

"- 
10677.3  14.  6765 13.090 0.3011 3.640 

10684 - 6 .  14.  6783 
10688 . 2  14. 6793 

1.0680 -9  14.  6774 

1 0 6 9 1  -8 14.  6808 

10695 . 5  14.6811  -3011 3. 642 
-1069g .I 1 4  . 6 8 2 0  

10706 .3 1 4  - 6 8 3 9  
10708.7 14.6630 

10710 - 0  14.6848 

10713.6  14-6.857  13.097  .3012  3.643 
10717 - 3  14  .6861 
10720.9 14.6876 
10724.5 14.6886 
10726.2 114.6895 I 13.160 .5012 3. 645 10731.8  t4.6905 

-10739.1 1 4  6923 
1 0 7 3 5 . 4 "  14.6914 

10742.7 14:6933 
1.0746.3 14.6942 
10750 ~0 1-4 6952 
10753:6 114:6961 
10757.3 14.6971 
10760.9 14.6980 
10764;5 11416989 
i o 7 6 8 .  a:; : 1 4 . 6 9 i 9 9  
10771.8  14.7008 
10775.4  14  "7017 
10779 ..l I 14  .7027 
10782.7 I 14.7036 

3-0786. 4 14 ,7045 

10793.6 1 4  7064 
10790 - 0 ' .%.+.?OS5 
10797.3  14 1 1 0 1 4  
1 0 8 0 0 . 9  I 1 4 . 7 o a 3  
10804.6 L 4 3 0 9 . 2  
10808. 2 1 4  .-?101 
l O R 1 1 . 8  1 4  .?I11 
10815.4 14  .7120 
$0819. L. . a 2  -:lag.. 

. .. . 

t 

13.103  -3012 

1 5 . 1 0 7  - 3 0 1 3  

13.1l.Q -5013 

1 3  -1.13 - 5 0 1 3  

3. 6 4 6  

3 . 6 4 8  

3 . 6 4 9  

I 

3. 6 5 1  
.. . 

10840.9  14.7185  13.120  -3014 3 . 6 5 5  

1 0 8 4 8 . 2  14. 7 8 0 4  
10844.6 L 4  .7  94 

10851.9 14.7213 
10855.5 14.7222 

~ - " . """ . ... . ;:. , , . -ri- 7:- "" . : = .+. I .- - . rL ." z . - - 

"" . ._" 

." 
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TABLE 11. - Continued. THERMODYNAMIC PROPERTIES OB AIEl AT LOW PRESSUFES, AND COMBUSTION-OM 

:x:? 
4 0 0 2  
4 0 0 3  
4 0 0 4  

4 0 0 5  
4 0  06 
4 0 0 7  

4 0 0 9  
4 0 0 8  

4 0 1 1  
4 0 1 0  

4 0 1 2  
4 0 1 3  
4 0 1 4  

4 0 1 5  
4 0 1 6  
4 0 1 7  
4 0 1 8  
4 0 1 9  

4 0 2 0  
4 0 2 1  
4 0 2 2  
4 0 2 3  
4 0 2 4  

4 0 2 5  
4 0 2 6  
4 0 2 7  
4 0 2 8  
4 0 2 9  

4 0   3 0  
4 0 3 1  
4 0 3 2  
4 0 3 3  
4 0 3 4  

4 0  3 5  
4 0 3 6  
4 0 3 7  

4 0 3 9  
4 0  3 8  

4 0 4 0  
4 0 4 1  
4 0 4 2  
4 0 4 3  
4 0 4 4  

4 0 4 5  
4 0 4 6  
4 0 4 7  
4 0 4 8  
4 0 4 9  

B t d l b  air 
ha J 

1 0 8 8 .  26 
1 0 8 8   5 6  
1088' 8 6  
1 0 8 9 '  17 
1 0 8 9   1 4 7  

1 0 8 9 . 7 7  
1 0 9 0   . 0 7  
1 0 9 0 . 3 7  
1 0 9 0  - 6 8  
1 0 9 0 . 9 8  

1 0 9 1   - 2 8  
1 0 9 1 . 5 8  
1 0 9 1 . 8 8  

1 0 9 2   - 4 9  

1 0 9 2   . 7 9  

loss . x 9  

1 0 9 3   - 0 9  
1 0 9 3   - 3 9  
1 0 9 3   - 7 0  
i o 9 4  . o o  
1 0 9 4  -30 
1 0 9 4  -60 
1 0 9 4  - 9 0  
1 0 9 5  - 2 1  
1 0 9 5  -51 

1 0 9 5  - 8 1  
1 0 9 6  .I1 
1 0 9 6  - 4 1  

1 0 9 7  - 0 2  
1 0 9  6..  7.2 

1 0 9 7   - 3 2  
1 0 9 7   . 6 2  
1 0 9 7   . 9 2  
l a 9 8   - 2 3  
1 0 9 8 . 5 3  

1 0 9 8  -83 
1 0 9 9  - 1 3  
1 0 9 9  - 4 3  
1 0 9 9 . 7 4  
1 1 0 0   - 0 4  

1 1 0 0 . 3 4  
1 1 0 0  - 6 4  
1 1 0 0 . 9 4  
1101 - 2 5  
1 1 0 1 . 5 5  

1 1 0 1 . 8 5  
1 1 0 2 . 1 5  
1 1 0 2 . 4 6  
1 1 0 2   - 7 6  
1 1 0 3   - 0 6  

1 1 3 3 3 4  
1 ' 1 3 3 4 2  

I. 1 3 3 6 5  
1 . 1 3 3 5 7  
1: 1 3 3 4 9  

I. 1 3 3 7 2  
1 . 1 3 3 8 0  
1 . 1 3 3 8 7  
I. 1 3 3 9 5  
I. 1 3 4 0 2  

1 . 1 3 4 1 0  
1 . 1 3 4 1 0  
1 . 1 3 4 2 5  
1 . 1 3 4 3 3  
1 - 1 3 4 4 0  

1 . 1 3 4 4 8  
I . 1 3 4 5 5  
1 . 1 3 4 6 3  
1 . 1 3 4 7 0  
I. 1 3 4 7 8  

I. 1 3 4 8 5  
1. 1 3 4 9 3  

1 . 13.5 0 8  
1 . 1 3 5 1 5  

1 . 1 3 5 2 3  

1 . 1 3 5 3 0  
1 . 1 3 5 3 0  

1 . 1 3 5 4 5  
1 - 1 3 5 5 3  

I. 1 3 5 0 0  

1 . I 3 5 6 0  
1 . 1 3 5 6 8  
1 . 1 3 5 7 5  
1 . 1 3 5 8 3  
1 . 1 3 5 9 0  

1 1 3 5 9 8  
1 1 1 3 6 0 5  
1 . .13613 

1 . 1 3 6 2 8  
I -13620 

1 . 1 3 6 3 5  
1 . 1 3 6 4 E  
I. 1 3 6 5 0  
1 . 1 3 6 5 7  
1 . 1 3 6 6 5  

1 . 1 3 6 7 2  
1 . 1 3 6 7 9  
I - 1 3 6 . 8 7  
I ; I 3 6 9 4  
1 . 1 3 7 0 2  

1 0 8 5 9 .  i 

10866. 4 

1 0 8 7 3 . 7  
1 0 8 7 0 -  1 

1 0 8 6 a . 8  

1 0 8 7 7 .  4 
1 0 8 8 1 . 1  
1 0 8 8 4 .  7 
1 0 8 8 8 . 4  
1 0 8 9 8 . 0  

1 0 8 9 9 . 3  
1 0 8 9 5 . 7  

1 0 9 0 3  - 0 
1 0 9 0 6 . 6  
1 0 9 1 0 . 3  

1 0 9 1 3  * 9 

1 0 9 2 1 . 2  
1 0 9 1 7  - 6 

1 0 9 2 4 . 9  
1 0 9 2 8 . 5  

1 0 9 3 2 . 2  
1 0 9 3 5 . 8  

1 0 9 4 3 .  I 
1 0 9 3 9 . 5  

1 0 9 4 6 . 8  

1 0 9 5 0 -  4 
1 0 9 5 4 . 1  
1 0 9 5 7 . 7  
1 0 9 6 1 . 4  
1 0 9 6 5 .  0 

1 0 9 6 8 .  7 
1 0 9 7 2 . 3  
1 0 9 7 6 -  0 
1 0 9 7 9 .  6 
1 0 9 6 3 .  3 

1 0 9 8 6 .  9 
1 0 9 9 0 -  6 
1 0 9 9 4 . 2  

1 1 0 0 1 . 5  
1 0 9 9 7 .  9 

1 1 0 0 5 . 2  
1 1 0 0 8  - 9 
1 1 0 1 2 . 5  
1 1 0 1 6 .  2 
1 1 0 1 9 . 8  

~~ ~ ~ 

11033.5 
1 1 0 a 7 . 1  
1 1 0 3 0 . 8  
1 1 0 3 4 .  4 
1 1 0 3 R .  1 

1 4 . 7 2 3 1  
1 4 .   7 2 4 1  

1 4 - 7 2 5 9  
1 4 . 7 2 6 9  

1 4 - 7 8 5 0  

1 4  - 7 2 8 7  
1 4 . 7 2 9 6  
1 4 . 7 3 0 5  
1 4 -   7 3 1 5  

1 4 . 7 2 7 8  

1 4 . 7 3 2 4  
1 4 . 7 3 3 3  
1 4 . 7 3 4 2  
1 4 . 7 3 5 1  
1 4 . 7 3 6 0  

1 4   - 7 3 6 9  " 

I 4   - 7 3 7 9  
1 4   - 7 3 8 8  
1 4   - 7 3 9 7  
14 - 7 4 0 6  

1 4   - 7 4 1 5  
1 4 . 7 4 8 3  
1 4 . 7 4 3 2  
1 4  - 7 4 4 1  
i 4 i 7 4 4 9  

1 4   7 4 5 8  
1 4  - 7 4 6 7  
1 4  - 7 4 7 5  
1 4  - 7 4 8 4  
1 4 . 7 4 9 3  

1 4 - 7 5 0 2  
1 4  i 7 5 1 0  
1 4 . 7 5 1 9  
1 4  7 5 2 8  
1 4 : 7 5 3 3  

14 - 7 5 4 6  
1 4  - 7 5 5 5  
1 4 . 7 5 6 4  
1 4 . 7 5 7 3  
1 4 . 7 5 8 8  

1 4 . 7 5 9 1  
1 4  - 7 6 0 0  

1 4 . 7 6 1 8  
1 4  - 7 6 0 9  

i 4 . 7 6 3 7  

1 4 . 7 6 3 7  
1 4 . 7 6 4 6  
1 4 . 7 6 5 5  
1 4 . 7   6 6 4  
1 4   - 7 6 7 4  

m 

1 3 .   1 2 3  

1 3 -  137 

1 3 .   1 3 C  

1 3 .   1 3 3  

1 3 .   1 3 6  

1 3 .   1 3 9  

1 3 .  1 4 3  

1 3 .  1 4 €  

1 3 .   1 4 9  

1 3 . 1 5 a  

0 .3015  

- 3 0 1 5  

-3015 

-3  0 16 

- 3 0 1 6  

-3 0 I 6  

- 3 0 1 7  

- 3 0 1 7  

. 3 0 1 ?  

- 3 0 1 8  

77 

*ap* 

[lb)(%) 

3 . 6 5 5  

B t u /  

3 . 6 5 6  

3 . 6 5 8  

3 . 6 5 9  

3 - 6 6 0  

3 . 6 6 2  

3. 6 6 3  

3 . 6 6 5  

3 - 6 6 6  

3. 6 6 7  
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TABLE 11. - C o n t l m e d .  TBIS(M0DYNAMIC P R O P m T I E S  OF &!R AT Loy.wSuREs, C - U S T I O N S M  
VALUES OF eh, t,, m, cp,*, AND $c FOR COMBUSTION OF HYDRmEN WITH AIR 

P 
TT = 3000" t o  4400' FtJ pqZK m 

~ 

13.155 

13.158 

13.161 

15,164 

13.168 

13.171 

13.174 

13.177 

13.  180 

13.  183 

d 3 P  
405 3 
4052 

4054 

4055 
4056 
4057 
4058 
4059 

4060 
4 061 
4062 
4063 
40  64 

40  65 
4066 
40  67 
4068 
4069 

4070 
4071 
4078 
4073 
4074 

4075 

4077 
4076 

4078 
4079 

40  81 
4080 

408 3 
4084 

4085 
4086 

4088 
4089 

4090 
4091 
4092 
4093 
4094 

4095 
4096 
4097 
4098 
4099 

4oea 

4087 

H E  3 2  I 1.13709 
1103  .96  1.13724 

1 .13716 
.3010  3.669 

-5018 3. 6 7 0  

.3019 3. 671 

.3019 5. 67 5 

-5019 3.674 

. s o a o  5 . 6 7 5  

. s o 3 0  s.677 

11041 . 8  
1104 5 - 4  
11049 -1 
11052 .7 
11056.4 

1 4 . 7.6.8 3 
14. 7692 
1 4   - 7 7 0 1  
14.7710 
1 4  ..7719 

1104  -26 1'13731 
1104156 I 1113739 

14.7729 
14  .7738 
14.7747 
1 4 ..7 7.5 6 
14.  77 6 5  

14.7774 
14.7783. 
14.7792 
14  -7801 
1 4   - 7 6 1 0  

11060.1 1104 .86 

I .13768 1105 .77 

1.13753  1105  .16 
1.13746 

1105  -47 1.13761 

1106 .07 1.13776 

1106  .37 1 .I3783 
1106  .67 1.13790 
1106  .97. 1.13798 
1107.28.  1.13805 
1107  .58  1.13812 

11063. 7 
11067. 4 
11071.0 
11074 7 

11078. 4 

1 1 0 8  5 . 7  
1FD89.4 
11093. 0 

11082. o 

1107.88 1 * 13880 

1108 ~ 48 1.  13835 
~ 1 0 8 .  10 1.13887 

11096.7 

14.7847 11107.7 
14.7838 1.1104.0 
14.7828 11100.5 
14 .'7819 

T i 0 8  .79 1.13842 
1109709 I 1.13850 1.1111.3 1 14.7856 

14. 7865 
14. 7874 
3.4. 7883 
14. 7892 
14. 7901 

14. 7910 

11115. 0 
i l l  18.7 

111  26.0 
11129- 7 

111a2.3 

1109.39 

1.13887 1110.60 
1.13880 1110.30 
I. 13872 1110.00 
1.13865 1109.69 
I. 13857 

11133.3 ! 1110.91 

1.13925 1112.12 
1.13917 1111.81 
1.13910 1111.51 
1.1390~1 1111.21 
1.13895 

11137.0 I 14.  7919 
11140 7 14.7920 
1114413 114.7937 
11148 . O  - 1  14:  7946 

1112.48 

1.13968 1113.63 
1.L39.54  1113.33. 

1.  13939 1112.72 
1.13947 1113.02 

1.13932 11151.7 

11166.5 
14.7983 11162.7 
14.7973 11159. 0 
14.7964  11155.3 
14.7955 

14.7992 

14. 8001 
14. 8010 
14. 8019 
14. 8028 
14. 8.0 37 

1113.93 

1.13999 1115  .14 
1.13991 1114  .84 
1.13984  1114 - 5 3  
1.13977  1114  .23 
1.13969 11170 . O  

11173 .7 
11177 .3 
11181 . o  

, 5 0 8 0  3. 6 7 8  

, 3 0 2 1  3 .680 

111e4:7 I 
14.8046 
14.8055 
14.8064 
14. 8073 
14.8088 

11188.4 
11192. 0 
1119 5. 7 
11199. 4 
11203.0. 

1115:.4.4 1- 14006 
1115.74 1.14013 
1116  -04 1. 14021 

1116  -65 . 1.14035 
1116 .35  I. 14098 

1 e 
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TABLE 11. - ContlnueU. TIIERMODY#AMIC PROPHETIE3 OF AIR A!l? u3w PRESSURES, AND COHBUSTION-OPA 
VALUES OF e,, m, c ~ , ~ ,  AND FOR CO1IIBUSTIOH OF HYIROOW hT"H A m  

- 3O0O0 t o  440O0 R] 
P 

T, 
"H 
- x 
4103 
4104 

4105 
4106 
4107 

4109 
4108 

4110 
4111 

4113 
4112 

4114 

4115 
4216 

4118 
4117 

4119 

4121 
4120 

41  23 
4122 

4124 

4125 

4127 
4126 

4128 
4129 

4130 
4131 
4132 
4133 
4134 

4135 
4136 
4137 
4138 
4139 

4140 
4141 
4142 
4143 
4144 

4145 
4146 
4147 
4148 
4149 

Btaa/lb alr 
ha* 

1118 * 46 
1 $ % 8 :  
1119.37 
1119.  67 

1119.98 
1120.28 
1120.58 
1120.88 
11a1.19 

1121.79 
1121 * 49 

11a2.09 

1122.70 
1122.40 

1183.30 
1123.00 

1123.60 
11a3.91 

1134  -51 

1124 - 21 
1125.12 
1124 -81 

1125.42 
1125.72 

1126  -03 
1126.33 
1126  -63 
1126  .93 
1127 " 2 4  

1127 -84 
1127 .54 

3.128 -14 
1128 .45 
1128 -75 

1129  .05 
11a9 -35 
1zas -65 

.1130 -26 
1129  -96 

1130  .56 

1131  .17 
1130 - 8 6  

1131 .7"1 
1131.47 

1132 . 0 8  
1132 -38 
1132 -68 

1133 -29 
1132 .98 

1.14079 
$:  it2882 
1.14101 
1.14109 

1.14116 
1 - 14133 
1.14131 
1.14138 
1.14146 

1.14160 
1.14153 

1 - 14168 
1.14175 
1. 14183 

1.14190 
1.14198 
1.14205 
1.14212 
1.14220 

1.14234 
1.14227 

1 

1.14364 

1 .14278 
1.14271 

i -14285 
I -14893 
1 .14300 
1.14307 
1 .14315 
1 .I4322 
1.14329 

1 .14357 

1.14351 
1.14344 

1114358 
1.14366 

1.14373 
1 i14380 
1 .14388 

I .14402 
1.14395 

1 . 1 4 4 1 0  
1 .14417 
I .14424 
1.14431 
1 .14439 

11225 - 0 
11228.7 
11232 - 4 
11236 - 1 
11239 -7 

11243.4 

11250 - 7 11247 - 1  

1 1 8 5 4 . 4  
11258 - 1 
11861. 8 
11265.4 

11272 . E  
11276.5 

11a69.1 

11280. 1 
11283. 8 
11287. 5 
11291. 2 
11294. 8 

11298. 5 
11302. 2 
11305. 9 
11309. 5 
11313. 2 

11320. 6 
11316.9 

11324. 3 
11327. 9 
11331. 6 

11335. 3 
11339. 0 
11342. 6 
11346.3 
11350- 0 

11353.7' 
11357.4 
11361.1 
11364 - 7 
11368.4 

11372. X 
11375.8 
11379.5 
11383.2 
11386.8 

11390 5 
11394.2 
11397.9 
11401 -6 
11405-3 

14.8136 
14. 8145 
14.  8154 
14.8163 
14. 8172 

14.8181 
14.8190 
14. 8199 
14.8208 
14.8217 

14.  8225 
14.8234 
I 4  8 2 4 3  
i4: SZSZ 
14.  8261 

1 4  - 8270 
1 4 .  8279 
14. 8288 
14. 8297 
14. 8306 

14.  8315 

14.  8333 
14.  8324 

14.8342 
14.8358 

14.8361 
14.8370 
14.  8379 
14-  8388 
14; 8397 

14.  8406 
14.8415 
14.  8424 
14. 8433 
14.  8442 

14. 8451 
14. 8460 
14. 8469 
14. 8478 
14. 8487 

14. 8496 

14. 8514 
14.  8505 

14.  8523 
14.  8532 

14. 8541 
14. 8550 
14. 8559 
14. 8668 
14. 8577 

m 

13.  18€ 

13. 189 

13.191 

13. 194 

13. 197 

13.200 

13.  203 

13.  206 

13.  a09 

13. 211 

3.3082 

.3 o 2a 

- 3022 

.3023 

.3023 

-3023 

-3024 

- 3024 

-3024 

-3025 

*c ' 

( lb )  - (9 
Btfj 

3.682 

3.682 

3. 68C 

3. 68t 

3. 687 

3. 6 8 5  

3. 690 

3.691 

3. 69 3 

3. 694 
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.. 

4 1 5 0  
4 1 5 1  
4 1 5 2  

4154 
415 3 

4155 
4156 
4157 
4158 
4159 

4 1 6 0  

a m  
4163 
4164 

4165 

4167 
4166 

4168 
4169 

4170 
4171 

4173 
4172 

4174 

4175 

4 1 7 7  
4176 

4178 
4179 

4 1 8 0  
4 1 8 1  

4183 
4184 

4185 

4187 
4186 

4188 
4189 

4190 
4191 

4193 
4194 

4195 
4196 
4197 
4198 
4199 

4x83 

4.1 9 2 

1133.89 
1133.59 

1134.19 
1 1 3 4  ; S O  
1 1 3 4  .80 

1 1 3 5 . 1 0  

1 1 3 5  .70 
1 1 3 5 . 4 0  

1136  .Ol 
1136.31 

1137.52 
1137. €I? 
1 3 7  - 2 8 .  

1138  .I3 
1138.43 
1138- -73 - -  
Ti39 : 0 5  
1139 - 3 4  

1 1 3 9   - 6 4  
1139  .94 
1140.25-. 

1140:85 
1 1 4 0   5 5  

114.1.16 . 
1141.46 

1142.06 
1141.76 

1142.37 

1142.67 

1143.27 
1143.58 
1143.88 

1144 - 1 8  

1144  .78 
1144  .48 

1145  .09 
1145  .39 

1142.97 

1145 .69 - 
1145 .99 

1 1 4 6  - 6 0  
1146.30 

li46 190 

1147. a 1  
1147 .51 
1147 .81 
1148 .ll 
1148 .42 

1.14446 

1 .144.61 
1 .x4453 

1.14468 
1 .14475 

1 .14483 
1 .14490 
1 .14497 

1 .I4512 
1 .I4504 

1 .I4519 

3 ::44u46 
1'. 14541 
1 .14548 

1 .I4556 

1 .I4570 
1.14563 

1.14577 
1.14585 

1 .I4599 

1 . I 4  607 
1.14599 

1.14621 
1 .I4614 

1.14629 
I .I4636 
1 .I4643 
I .I4650 
1 .14658 

1 . 146.65 
1.14679 
1.14672 

1.14687 
I .14694 
1 .14701 

1 .I4715 
1 .14708 

1 .14730 
I .147a3 

1 . 1 4 7 3 7  
i .I4744 
1 .I4751 
1.14759 
1 .14766 

1 .14773 
I .14780 
1 .I4787 
1 .14795 
I.14802 

*h ' 
Btu/lb 

11409. 0 
11412. 7 
11416. 3 

114 23. 7 
11aao..o 

11427. 4 
11431. 1 
11434. 8 
11438. 5 
11442. a 
11445, 8 
11449. 5 
11453. 2 
11456. 9 
11460. 6 

11464.3 

11471.6 
11467. 9 

11479. 0 
11475. 3 

11482.7 
11486. 4 
11490.1 
11493.8 
11497. 4 

115ql. 1 
11504.8 
11508.5 
1151.2. 2 
11515. 9 

11519.6 
1 1 5 2 3 . 3  

11530.7 
11527. 0 

11534. 4 

11538.1 
11541 ..8 
11545. 5 
11549. 2 
11  552. 9 

11556.5 
11560. a 
11567.. 6 
11563. 9 

l.1571. 3 

11575. 0 
1157A. 7 
11582. 4 
11586. 1 
11589 . R  

1 4  - 8 5 8 6  
3-4  .e595 
1 4 .  8604 

1 4 . 8 6 2 2  
1 4 . R 6 1 3  

1 4  .A631 
1 4   . a 6 4 0  
14  .a648 
1 4   . E 6 5 7  
1 4  .a666 

14  .8675 
1 4   - 8 6 8 4  
14  a8693 
1 4 . 8 7 0 2  
1 4   . e 7 1 1  

14.8720 

14. 87.36. 
14.8729 

14. 8 7 4 7  
14.  8756 

1 4   - 8 7 6 5  

L 4   - 8 7 8 3  
1 4   - 8 7 7 4  

1 4  .0801 

14.8 810 
14  .8819 
1 4 . 0 8 2 8  
14.8836 
14.8845 

14  .a792 

L4.885.4 
14.8863 
1 4 . 8 8 7 2  
14. a e a o  
14.8889 

14. R 8 9 8  
14. 8 9 D 6  
14.8915 
1 4 -   8 9 2 4  
14.8932 

14.8941 
~ 4 . 8 9 5 0  
14.8959 
1 4  * 8 9 6 7  
14,  89.76 

14.. R905 
14.  8993 
1 4  9 0 0 2  

1 4   - 9 0 2 0  
1 4  I 9 W T ~ l  

m 'P. a' *ap' , Btu/ 
(lb)!*) (lb)(oR 

Btu/ 

13.214 0 . 5 0 2 s  5 .  696 

. 1 3 . 2 l T  . 3 0 2 5  3.691 

13.  220  .3036 3.698 

13.  223  .SO26 3. 6 9 9  

13. 286, .3027 J . ? O O  
I 

13.289  .3027  3.708 

13.231  .3027 3.702 

f 1 
13. 2 3 4  .3088 3 . 7 0 4  

1 3 . 2 3 7  . 5 0 a ~  3.705 

13. 2 4 0  .3028  3.707 

i - . .& 
hf 

Y 

I 

- 
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TABLE 

142365 

4 3 7 0  

4 a 7 a  
4 8 7 3  
4 a 7 4  

4 3 7 6  
4 1 7 5  

4 3 7 8  
4 a 7 7  

4 2 7 1  

4 2 7 9  

4 2 8 0  

t : s  
4 8 8 3  
4 2 8 4  

4 2 8 5  
4 2 8 6  
4 2 8 7  
4 8 8 8  
4 a 8 9  

4 a 9 0  
4 8 9 1  

4 8 9 4  

4 2 9 2  
4 2 9 3  

NACA RM E56G03 

ET = SoOOo to 4Q00° R J  

has m 
J$J *hJ 9,. 

Btu/ lb  air Btu/(lb)(%) Btu/lb Btu/(Ib)(oR) 23' 
($& (lb)(*) 

eop# 

1 1 6 3 . 8 7  3 . 7 8 0  0.3032 1 3 . 2 7 2  1 4 . 9 4 7 1  1 1 7 7 8 . 7  m 1 . 1 5 1 6 8  
1 1 6 4 . 1 7  
1 1 6 4 . 4 8  

1 4 . 9 4 7 9  1 1 7 8 2  4 1 . 1 5 1 7 5  

1 4 . 9 5 0 6 -  1 1 7 9 3 . 5  1 . I 5 1 9 6  1 1 6 5  .08 
1 4 .   9 4 9 7  1 1 7 8 9  . 8  1 . 1 5 1 8 9  1 1 6 4 . 7 8  
1 4 . 9 4 8 8  1 1 7 8 6 1 1  1 . 1 5 1 8 8  

1 1 6 5 . 3 8  3 . 7 9 2   . 3 0 3 2  1 3 . 2 7 5   1 4 . 9 5 1 4  1 1 7 9 7 . 2  1 . 1 5 2 0 4  

$ 1 6 5 . 9 9  

1 4 . 9 5 4 9  1 1 8 1 2 . 1  $ . 1 5 2 5 2  1 1 6 6 . 6 0  

1 4 .   9 5 3 2  l l B c 1 4 . 6  5 2 1 8  
1 4 . 9 5 2 3   1 1 8 0 0 . 9  5 2 1 1  1 6 5   - 6 9  ? : I  

1 1 6 6   - 2 9  .15a2 .5  1 4 . 9 5 4 1  1 1 8 0 8 . 3  

1 1 6 7 . 2 0  
1 1 6 7  - 5 1  

1 4 . 9 5 6 7  1 1 8 1 9 . 5   1 . 1 5 8 4 6  

1 4 .   9 5 9 4   2 1 8 3 0 .  6 1 . I 5 2 6 7  1 1 6 8   . I 2  
1 4 .   9 5 8 5  1 1 8 2 6 .  9 1 . 1 5 2 6 0  1 1 6 7   . 8 1  
1 4 .   9 5 7 6  1 1 8 2 3 .  2 I . I 5 2 5 3  

1 1 6 8  . 4 8  I . F 5 2 7 5  1 1 8 3 4 .  4 1 4 , 9 6 0 3  1 3 . 2 8 0  

1 4 :   9 6 2 9  1 1 8 4 5 .  5 1 : i s 2 9 6  1 1 6 9 . 3 3  
1 4   9 6 2 1  11841. 8 2 1 5 8 8 9  1 1 6 9 . Q 3  

3 . 7 2 4  . 3 0 5 2  

1 1 6 6 . 9 0  3 . 7 ~ 3  . 3 0 3 2  1 3 . 2 7 8  1 4 . 9 5 5 8  1 1 8 1 5 . 8  1 . 1 s a 3 9  

1 1 6 8 . 7 3  1 4 . 9 6 1 2  1 1 8 3 8 .  I I . 1 5 a 8 2  

1 1 6 9   . 6 4  1 4 .  9 6 3 8  1 1 8 4 9 -  2 1 . 1 5 3 0 3  

1 1 6 9 . 9 4  1.i53LO 

1 4 . 9 6 7 4  l l F 1 6 4 . 1  1 . 1 5 3 3 1  1 1 7 0 . 8 5  
1 4 . 9 ' 6 6 5  1 1 8 6 0 .  4 1 . 3 5 3 2 4  1 1 7 0 . 5 5  
1 4 .   9 6 5 6  1 1 8 5 6 .  7 1 . 1 5 3 1 7 .  1 1 7 0   - 2 4  

3 . 7 2 5  . 3 0 3 3  1 3 .  2 8 3  1 4 . 9 6 4 7  1 1 8 5 3 .  0 

1 1 7 1 . 1 5  

3 .   7 2 7  .?io33 13. 2 8 6  1 4 .  9 6 9 1  1 1 8 7 1 .  5 1 . 1 5 3 4 6  1 1 7 1 .   4 6  

1 4 . 9 6 8 9  1 1 8 6 7 . 8  1 . 1 5 3 5 8  

1 1 7 1 . 7 6  1 4 . 9 7 0 0  11875.3 1 . 1 5 3 5 3  
1 1 7 a . 0 6  

1 . 1 5 3 7 4  1 1 7 8 . 6 7  
1 4 :  9 7 1 7  11682.7 1 . 1 5 3 6 7  I t l a .  3 6  
1 4   9 7 0 9  1 1 8 7 9 .  0 1 . 1 5 3 6 0  

1 4 . 9 7 8 6  1 1 6 8 6 .  4 

1 1 7 2 . 9 7  1 . 1 5 3 8 1  1 1 8 9 0 . 1  1 4 . 9 7 3 5  

1 4 . 9 7 6 0  1 1 9 0 1 . 3  1 . 1 5 4 0 2 . .  1 1 7 3 . 8 8  
1 4 . 9 7 6 9  1 1 9 0 5 . 0   1 . 1 5 4 1 0 .  1 1 7 4 . 1 8  

14.9743 1 1 8 9 3 . 8  .I 3 8 8 .  7 3 . 2 7  
1 4 . 9 7 5 9  1 1 8 9 7 .  6 3 . 1 8 3 9 5  tl73.58 

3 . 7 2 8  -3033 1 3 . 2 8 9  

1 1 7 4 . 4 6  

1 4 .  9 8 0 3   1 1 9 1 9 ,  9 1 . 1 5 4 3 8 .  1 1 7 5 .   3 9  

3 .  7239 . 3 0 3 4  13. a 9 2  1 4 . . 9 1 ? 7  1 1 9 0 R .  7 1 . 1 5 4 1 7  
1 1 7 4 . 7 9  

14. 9 7 9 4  1 1 9 1 6 .  2 1 . 1 5 4 3 1  1 1 7 5 . 0 9  
1 4 . 9 7 8 6  1 1 9 1 2 . 4  1 . 1 5 4 2 4  

1 1 7 5 . 7 0  1 4 .   9 8 1 1  1 1 9 2 3 .  6 1 . 1 5 4 4 5 :  

1 1 7 6 . 0 0  1 . 1 5 4 6 2  

1 4 . .  9 8 3 7  1 1 9 3 4 . 7  1 . 1 5 4 6 6  1 1 7 6 . 6 1  
1 4 . 9 8 2 9  1 1 9 3 1 . 0  1 . 1 5 4 5 9 .  1 1 7 6 . 3 0  

3 . 7 3 0  - 3 0 3 4  13. 2 9 4  1 4 . 9 8 9 0  119127. 3 

1 1 7 7 . 2 3  1 . 1 5 4 8 0  1 1 9 4 2 . 2  1 4 . 9 8 5 4  

1 1 7 7 . 5 8  1 . 1 5 4 8 7  

1 4 - 9 8 9 8  1 1 9 6 0 . 8   1 . 1 5 5 1 5 . .  1 1 7 8 . 7 4  
1 4 . 9 8 8 9  1 1 9 5 7 . 1  1 . 1 5 5 0 8 .  1 1 7 8 .  4 . 3 .  

1 4 . 9 8 7 2  1 1 9 4 9 . 6  1 . 1 5 4 9 4  1 1 7 7 . 8 2  
3 . 7 3 1  . 3 0 5 4  1 3 . 2 9 7  1 4 . 9 8 6 3   1 1 9 4 5 . 9  

1 1 7 6 . 9 1  1 4 . 9 a 4 - 6  11938 .  s x .  1 5 4 7 3  

1 1 7 8 . 1 3  1 4 . 9 8 8 1  1 1 9 5 3 . 3  1 . 1 5 5 0 1  

. .  . .  . "  . .. . - . . . . . . - . . . . . . . .. " . . " . - .. . -. . 

.1 
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T, 
OR 

4 3 0 0  
4 3 0 1  
4 3 0 2  

4 3 0 6  
4 3 0 3  

4 5 0 6  
4 3 0 5  

4 3 0 7  
4 3 0 8  
4 3 0 9  

4 3 1 0  
4 3 1 1  
4 3 1 2  

4 3 1 4  
4 3 1 3  

4 3 1 5  
4 3 1 6  

4 3 1 8  
4 3 1 7  

4 3 1 9  

4 3 2 0  
4 3 2 1  
4 3 2 2  

4 3 2 4  
4 3 2 3  

4 3 2 5  
4 3 2 6  

4 3 2 8  
4 3 2 7  

4 3 2 9  

4 3 3 0  
4 3 3 1  

4 3 3 3  
4 3 3 4  

4 3 3 5  
4 3 3 6  
4 3 3 7  
4 3 3 8  
4 3 3 9  

4 3 4 0  
4 3 4 1  
4 3 4 2  
4 3 4 3  
4 3 4 4  

4 3 4 5  
4 3 4 6  
4 3 4 7  
4 3 4 8  
4 3 4 9  

4 3 3 8  

1 1 7 9 .   3 4  
1 1 7 9 . 0 4  

1 1 7 9 . 6 5  
1 1 7 9 . 9 5  
1 1 8 0 . 8 7  

1 1 8 0 . 5 6  
1 1 8 0 . 8 7  
1 1 8 1 . 1 7  
1 1 8 1 . 4 7  
1181. 7 8  

1 1 8 2 . 0 8  
1 1 8 2 . 3 8  
1 1 8 2 .   6 9  
1 1 8 2 . 9 9  "~ 

1 1 8 3 . 2 9  

1 1 8 3 .   5 9  
1 1 8 3 .   9 0  
1 1 8 4 . 2 0  
1 1 8 4 .  5 0  
1184. 8 1  

1 1 8 5 .   4 1  
1 1 8 5 . 1 1  

1 1 8 5 .   7 2  

1 1 8 6 .   3 3  
1 1 8 6 .  o a  

1 1 8 6 . 6 3  
1 1 8 6 .   9 3  

1 1 8 7 .   5 4  
1 1 8 7 .   2 4  

1 1 8 7 . 8 5  

1 1 8 8 . 1 5  

1 1 8 8 . 7 6  
1 1 8 8 . 4 5  

1 1 8 9 . 0 6  
1 1 8 9  - 3 7  

1 1 8 9 -   6 7  
1 1 8 9 . 9 7  
1 1 9 0 . 2 8  
1 1 9 0 .  5 8  
1 1 9 0 . 8 9  

1 1 9 1 .  is 
1 1 9 1 . 4 9  
1 1 9 1 . 8 0  
1 1 9 2 . 1 0  
1 1 9 2 .  4 1  

1 1 9 3 :   9 3  

1 . 1 5 5 2 2  
1 . 1 5 5 2 9  
1 . 1 5 5 3 6  
1 1 5 5 4 3  
1: 1 5 5 5 1  

I. I 5 5 5 8  
I. I 5 5 6 5  
1 . 1 5 5 7 2  

1 . 1 5 5 8 6  
1 . 1 5 5 7 9  

1. 1 5 5 9 3  
I 1 5 6 0  
1 : 1 5 6 0 9  
1 . 1 5 6 1 4  
1 . 5 5 6 2 1  

1 . 1 5 6 2 8  
1 . 1 5 6 3 5  
1 . 1 5 6 4 2  

f. 1 5 6 5 6  
1 . 1 5 6 4 9  

1 . 1 5 6 7 0  
1 . 1 5 6 6 3  

1 . 1 5 6 7 7  
1 . 1 5 6 8 4  
1 . 1 5 6 9 2  

1 . 1 5 6 9 9  
1 . 1 5 7 0 6  
1 . 1 5 7 1 3  
1 . 1 5 7 2 0  
I. 1 5 7 2 7  

1 . 1 5 7 3 4  

1 . 1 5 7 4 8  
1. * 1 5 7 4 1  

1 . 1 5 7 5 5  
1 . 1 5 7 6 2  

1 . 1 5 7 6 9  
1 1 5 7 7 6  

1. 1 5 7 9 0  
1 . 1 5 7 8 3  

1 . 1 5 7 9 7  

1 . 1 5 8 0 4  
1 . 1 5 8 1 1  

1 . 1 5 8 2 5  
1 . 1 5 8 3 2  

1 . 1 5 8 1 8  

1 1 5 8 3 9  
1 . 1 5 8 4 6  
1 . 1 5 8 5 3  
1 . 1 5 8 6 0  
I. 1 5 8   6 7  

B t u / l b  
*h * 

1 1 9 6 R .  2 
1 1 9 6 4 . 5  

1 1 9 7 1 . 9  
1 1 9 7 5 . 6  
1 1 9 7 9 . 4  

1 1 9 8 3  .l 
11986.6 
1 1 9 9 0  - 5 
1 1 9 9  4 - 2  
1 1 9 9 8  . O  

1 2 0 0 1 . 7  
1 2 0 0 5 . 4  
1 2 0 0 9  .l 
1 2 0 1 2 . 9  
1 2 0 1 6   . 6  

1 2 0 2 0 . 3  
1 2 0 2 4  - 0  
1 2 0 2 7  . 8  
1 2 0 3 1 . 5  
i 2 6 3 S 1 2  

1203R  .9  
1 2 0 4 2 . 7  
1 2 0 4 6 . 4  
1 2 0 5 0  -1 
1 2 0 5 3  . 9  

1 2 ~ 1 5 7   . 6  
1 2 0 6 1  - 3  

1 2 0 6 8  . 8  
1 a o 6 s . o  

1 2 0 7 2 . 5  

1 2 0 8 0  . o  
1 2 0 7 6   . 2  

1 2 0 8 3  .7 
1 2  O S 7  . 4  
1 2 0 9 1  .!a 
1 2 0 9 4  .9 
1 2 0 9 8  .6 
1 2 1 0 2 . 4  
1 2 1 0 6  .l 
1 2 1 0 9  . 8  

1 2 1 1 3   - 6  

1 2 1 2 1  - 0  
1 2 1 1 7   - 3  

1 2 1 2 4  . 8  
1 2 1 2 8   - 5  

1 2 1 3 2 . 2  
1 2 1 3 6 . 0  
1 2 1 3 9  -7 
1 2 1 4 3  . 4  
1 2 1 4 7   . 2  

1 4 .  9 9 0 7  
1 4 . 9 9 1 6  
1 4 .  9 9 2 5  
1 4 .  9 9 3 4  
1 4 .  9 9 4 3  

14- 9 9 5 2  
14- 9 9 6 1  

1 4  - 9 9.79 
1 4 -  9 9 7 0  

1 4 -  9 9 8 8  

1 4  - 9 9 9 7  
1 5  - 0 0 0 6  
1 5 . 0 0 1 5  

1 5 . 0 0 3 3  
1 5   . 0 0 2 4  

1 5  - 0 0 4 2  
1 5  - 0 0 5 1  
1 5  . 0 0 6 0  

1 5 . 0 0 7 7  
1 5   - 0 0 6 9  

15 . a 0 8 6  

1 5 . 0 1 0 3  
1 5   . 0 0 9 5  

1 5   . 0 1 1 2  
1 5 . 0 1 2 1  

15. 0 1 2 9  

1 5 .   0 1 4 7  
1 5 .   0 1 3 8  

1 5 -   0 1 5 5  
15; 0 1 6 4  

1 5 .   0 1 7 2  
1 5 .  0 1 8 1  
1 5 . 0 1 9 0  

1 5 .  0 2 0 7  
15- 0 1 9 8  

1 5 .   0 2 1 5  
1 5 :   0 2 2 4  

1 5 .  0 2 4 1  
1 5 . 0 2 3 2  

1 5 .   0 2 5 0  

1 5 .   0 2 5 8  
1 5 . 0 2 6 7  
1 5 - 0 2 7 5  
1 5   - 0 2 8 3  
1 5   - 0 2 9 2  

15. 0 3 0 0  
1 5 .   0 3 0 9  
1 5 .  0 3 1 7  
1 5 .   0 3 2 6  
1 5 .   0 3 3 4  

m 

1 3   - 3 0 0  

1 3   - 3 0 3  

1 5  - 3 0 6  

1 3 . 3 0 8  

1 3 . 3 1 1  

1 3 .   3 1 4  

13.   317 

1 3   - 3 1 9  

1 3 . 3 2 2  

1 3 . 3 2 5  

(lb)(OP) 

1.3035 

- 3 0 3 5  

- 3 0 3 5  

,3035 

.3036 

,3036 

- 3 0 3 6  

- 3 0 3 7  

- 3 0 3 7  

. 3 0 3 7  

*c ' P 
Btu/ 

, (lb) (OR 
3 - 7 3  3 

3 . 7 3 4  

3.13 5 

3 .   736  

3 . 7 3 8  

3 . 7 3 9  

3.   74 0 

3. 7 4 1  

3 . 7 4 8  

3 . 7 4 4  
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T, 
OR 

4 3 5 0  
4 3 5 1  
4 3 5 2  
4 3 5  3 
4 3 5 4  

4 3 5  5 
4 3 5 6  
4 3 5 7  
4 3 5 8  
4 3 5 9  

4 3 6 0  
4 3 6 1  
4 3 6 2  
4 3 6 3  
4 3 6 4  

4 3 6 5  
4 3 6 6  
4 3 6 7  
4 3 6 8  
4 3 6 9  

4 3 7 0  

4 3 7 2  
4 3 7 1  

4 3 7 3  
4 3 7 4  

4 3 7 5  
4 3 7 6  
4 3 7 7  
4 3 7 8  
4 3 7 9  

4 3 8 0  

4 3 8 2  
4 3 8 1  

4 3 8 4  
4 5 8 3  

4 3 8 5  
4 3 8 6  
4 3 8 7  
4 3 8 8  
4 3 8 9  

4 3 9 0  
4 3 9 1  
4 3 9 2  
4 5 9 3  
4 3 9 4  

4 3 9  5 
4 3 9 6  
4 3 9 7  
4 3 9 8  
4 3 9 9  

4 4 0 0  

B t u / l b  air 
ha* 

1 1 9 4 . 2 3  
1 1 9 4 . 5 3  
1 1 9 4 . 8 4  
1 1 9 5 . 1 4  
1 1 9 5 . 4 4  

1 1 9 5 . 7 4  
1 1 9 6 . 0 5  
1 1 9 6 . 3 5  
1 1 9 6 . 6 5  
1 1 9 6 . 9 6  

F i 9 7 . 2 6  

1 1 9 7 . 8 7  
1 1 9 7 . 6 6  

1 1 9 8  . .17  
1 1 9 8   - 4 8  

1 1 9 8 . 7 8  
1 1 9 9  * 0 8  
1 1 9 9 . 3 9  

1 2 0 0 . 0 0  
1 1 9 9 . 6 9  

1 2 0 0 . 3 0  
1 2 0 0  6 0  
1 2 0 0 ' 9 1  
1 2 0 1 : 2 1  
1 2 0 1 . 5 8  

1 2 0 1 .  s a  
1 2 0 2 .  l a  
1 2 0 2 . 4 3  

1 2 0   3 . 0 4  
1 2 0 8 . 7 3  

1 2 0 3 . 3 4  
1 2 0 3 . 6 4  

1 2 0 4 . 2 5  
1 2 0 4 . 5 6  

1 8 0 3 . 9 5  

1 2 0 4 . 8 6  

1 2 0 5 . 4 7  
1 2 0 5 . 1 6  

1 2 0 5 . 7 7  
1 2 0 6 . 0 8  

1 2 0 6 . 3 8  

1 2 0 6 :   9 9  
1 2 0 6  6 8  

1 2 0 7 . 2 9  
1 8 0 7 . 6 0  

1 2 0 7 .   9 D  
1 2 0 8 . 2 0  
1 2 0 8 .  5 1  
1 2 0 8 .  8 1  
1 2 0 9 .   1 2  

F a 0 9  - 4 8  

i 
1 . 1 5 8 7 4  
1.15881 
1 . 1 5 8 8 8  

1 . 1 5 9 o a  
1 . 1 5 8 9 5  

I. 1 5 9 0 9  
I. 1 5 9 1 5  

1 . 1 5 9 2 9  
I. 1 5 9 3 6  

i . 1 5 9 a 2  

1 . 1 5 9 4 3  
1 . 1 5 9 5 0  
1 . 1 5 9 5 7  
1 . 1 5 9 6 4  
1 . 1 5 9 7 0  

1 . 1 5 9 7 7  
1 . 1 5 9 8 4  

I. 1 5 9 9 8  
1 . 1 5 9 9 1  

1 . 1 6 0 0 5  

1 . 1 6 0 1 2  
1 1 6 0 1 9  
1 . 1 6 0 2 6  

1 . 1 6 0 4 0  
1: 1 6 0 3 3  

1 . 1 6 0 4 7  
1 . I 6 0 5 4  
1 . 1 6 0 6 1  
1 1 6 0 6 8  
1 1 1 6 0 7 5  

I. 1 6 0 8 . 9  
1 . 1 6 0 9 6  
I.. 1 6 1   0 3  
1 . 1 6 1   0 9  

1 . 1 6 o e a  

1 . 1 6 1 1 6  

1 . 1 6 1 9 0  

1 . 1 6 1 4 4  
1 . 1 6 1 3 7  

1 . 1 6 1 5 1  
I. 1 6 1 5 8  
1 . 1 6 1 6 5  
1 . 1 6 1 7 2  
1 . 1 6 1 7 9  

I. 16123 

1 ~ 1 6 1 8 6  
1: 1 6 1 9 3  
1 1 6 2 0 0  
1 1 6 2 0 7  
1: 1 6 2 1 4  

I. 1 6 8 2 1  

P 

B w l b  
'ha 

1 2 1 5 0 .  9 
1 2 1 5 4 . 6  
1 8 1 5 8 .  4 

1 2 1 6 s .  a 
1 2 1 6 . 2 .  1 

1 2 1 6 9 .  6 

1 2 1 7 7 .  0 
1 2 1 7 3 .  5 

1 2 1 8 0 . 8  
1 2 1 8 4 .  5 

1 2 8 0 6 . 9  
1 2 2 1 0 ;  6 
1 2 2 1 4 .  4 
1 2 2 1 F I .  1 
1 2 2 2 1 . 9  

1 2 2 4 4 .  3 
1 2 2 4 8 . 0  
12251 ~ t 3  
i a 2 a i :  5 
1 2 2 5 9 . 2  

1 2 8 7 0 . 5  
1 2 2 7 4 . 2  
1 2 2 7 8 -  0 

1 2 2 8 1 . 7  

1 2 2 8 9 .  2 
1 2 2 9 2 .  9 

1 2 8 8 5 .  4 

1 2 3 9 6 .  7 

3 .2300.  4 

1 2 3 0 7 .  9 
1 2 3 0 4 . 2  

1 2 3 1 1 .  6 
1 2 3 1 s .  4 

1 3 3 1 9 . 1  
1 2 3 2 2 .  9 
1 2 3 2 6 .  6 
1 2 3 3 0 .  4 
1 2 3 3 4 . 1  
1 2 3 3 7 .  9 

5000' t o  4400' RJ 

E 

- 
1 5 . 0 3 4 3  
1 5 . 0 3 5 1  
15. 0 3 6 0  
1 5  - 0 3 6 8  
1 5 . ;   0 3 7 7  

1 5 . .   0 3 8 5  
I S .  0 3 9 4  
1 5 .   0 4 0 2  

1 5 . 0 4 1 9  
1 5 .  0 4 1 1  

1 5  . (1.4.28 
1 5 .   0 4 3 6  
1 5 . 0 4 4 5  
1 5 . 0 4 5 4  
1 5 . 0 4 6 2  

1 5 .   0 4 7 1  
1 5 -  0 4 8 0  

1 5 .   0 4 9 7  
18..0488 

1 5 .   0 5 0 5  

15. a 5 1 4  
1 5 . 0 5 2 3  
1 5 .  0 5 3 1  
1 5 .   0 5 4 0  
1 S h Q ! L 4 8  

l 5 . - 0 5 5 ? .  

1 5 .  0 5 1 4  
1 5 -   0 5 6 6  

i s ;  os03 
1 5 .   0 5 9 1  

15. 0 6 0 0  
1 5 - 0 6 0 8  
1 5 .  0 6 1 7  
is. 0625 
1 5 .   0 6 3 3  

1 5 .  0 6 4 2  
1 5 .  0 6 5 0  
1 5 .  0 6 5 9  
1 5 .  0 6 6 7  
1 5 .  0 6 7 6  

1.5. 0 6 8 4  
15. 0 6 9 3  
1 5 .  0 7 0 1  
1 5 .  0 7 1 0  
1 5 .  0 7 1 8 .  

m 

~ 

1 3 . 3 2 7  

1 3 .   3 5 0  

1 3 . 3 3 3  

1 3 .  3 3 5  

13. 3 3 8  

13. 3 4 1  

1 3 . 3 4 3  

13. 3 4 6  

1 3 .  3 4 9  

1 3 .   3 5 1  

1 3 .  3 5 4  

1.3 0 3 8  

- 3 0 3 8  

. 5 0 3 8  

. 3 0 3 8  

. 3 0 3 9  

. 3 0 3 9  

- 3 0 3 9  

. 3   0 4  0 

. 3 0 4 0  

. 3 0 4 0  

.3  0 4 1 

3, ' 

3 . 7 4 5  

3 .   7 4 6  

3. 7 4 7  

3 .   7 4 8  

3 . 7 4  9 

3 . 7 5  1 

3. 7 5 2  

s. 7 5  3 

3 . 7 5 4  

3 , 7 5 5  

3. 7 5 6  
I --:- 
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TABLE 111. - ENTHALPY O F  THE REAL QAS PARA-HYDROCtEN 
L 

. 
* 

36.5 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

200 
210 
220 
230 
240 

2 50 
260 
2 70 
280 
290 

300 
3 10 
320 
330 
3 40 

3 50 
360 
370 
380 
390 

400 
410 
420 
43 0 
440 

AT A PRESSURE O F  1 ATMOSPHERF: 

hf 3 

B tu/lb 
81.41 
90.97 
117.81 
143.92 
169.30 
194.40 
219.63 

244.94 
270.34 
296.25 
322.85 
350.14 

378.30 
407.59 
437.97 
469.44 
504.33 

539.52 
575.01 
610.81 
646.92 
683.35 

720.08 
757.11 
794.46 
832.11 
870.08 

908.35 
946.93 
985.82 
L025.02 
1064.52 

L104.33 
L144.46 
L182.60 
.220.57 
.258.37 

.296.02 

.333  .48 

.370.79 

.407.92 

.444.89 

T, 
OR 

450 
460 
4 70 
4 80 
490 

500 
510 
520 
53 0 
540 

550 
560 
570 
580 
590 

600 
610 
620 
630 
6 40 

6 50 
660 
670 
6 80 
6 90 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

hf 
B tu/lb 

1481.70 
1518 -33 
1554.80 
1591.10 
1627.23 

1663.20 
1699 -00 
1734.63 
1770.10 
1805.39 

1840.70 
1875.97 
1911.20 
1946.41 
1981.57 

2016.70 
2051.79 
2086.84 
2121.87 
2156.84 

2191.79 
2226.71 
2261.57 
2296.42 
2331.22 

2365.99 
2400.71 
2435.41 
2470.12 
2504.82 

2539.53 
2574.24 
2608.94 
2643.64 
2678.35 

2713.06 
2 747.76 
2782.47 
2817.18 
2851.89 

T, 
OR 

8 50 
860 
8 70 
880 
890 

900 
9 10 
920 
930 
940 

9 50 
960 
9 70 
9 80 
990 

1000 
1010 
1020 
1030 
1040 

1050 
1060 
1070 
1080 
1090 

1100 
1110 
1120 
1130 
1140 

1150 
1160 
1170 
1180 
1190 

1200 
1210 
1220 

1240 
1250 
1260 

1230 

hf 
Btu/lb 

2886.59 
2921.31 
2956.02 
2990.73 
3025.43 

3060.14 
3094.85 
3129.56 
3164.27 
3190.90 

3233.70 
3268.40 
3303.11 
3337.83 
3372.53 

3407 -24 
3441.96 
3476.67 
3511.30 
3546.09 

3580.81 
3615.51 
3650.23 
3684.95 
3719.71 

3754. a7 
3789.25 
3 824.03 
3858.80 
3893.60 

3928.39 
3963.20 
3997.99 
4032.81 
4067.63 

4102.44 
4137.27 
4172.10 
4206.94 
4241.78 
4276.63 
4311.49 
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